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I 

Abstract 

Sustainable business conduct aims for long-term viability of a business model through a balance 
and integration of economic, social, and environmental considerations. Supply chains (SCs) have 
evolved from linear one-dimensional linkages towards dynamic networks with all members 
contributing to the output and the processes involved. The primary aim of a supply chain (SC) is to 
provide high service levels at the lowest possible cost whereas social and environmental 
dimensions are secondary or not considered. Many SC concepts, e.g. Just-In-Time, outsourcing, 
small batch sizes and frequent deliveries, appear to be incompatible with an integrated 
sustainability approach. Rising consumer awareness and stricter governmental regulations are 
driving factors that force companies to extend the sustainability concept into their SCs. Academics 
and practitioners have realised that SCs with their interactions and impacts have to be investigated 
in order to achieve true sustainability. Thus, sustainable supply chain management (SSCM) refers 
to a collaborative SC environment which facilitates the requirements to meet the sustainability 
imperative. SSCM broadens sustainability integration due to a holistic focus on all SC processes 
compared to a localised view on single companies. 

Research devoted to SSCM constitutes a pressing requirement as currently available frameworks, 
models, and roadmaps are generally inadequate for facilitating SC transformations and ongoing 
sustainability development. Most sustainability methodologies are also not directly applicable to the 
inherent complexity of SCs. The three dimensions of sustainability have predominantly been 
addressed in a stand-alone fashion by researchers. Companies and their SCs follow this trend as 
practical sustainability implementations are often silo-based and lack a systematic approach 
impeding the realisation of sustainability goals. A disconnect exists between sustainability vision, 
strategy and SC execution and there is little guidance either in research or practice in terms of 
models or roadmaps to bridge this gap. 

To address the above problems and issues this research explores, proposes, and validates 
concepts, models, and processes that support the development and implementation of SSCM. 
These artefacts have a holistic orientation spanning strategic SSCM constructs, transformational 
models, operational guidelines and a generic, customisable roadmap. 

This research followed an iterative multi-methodological approach made up of observation, theory 
building, and validation. Relevant literature was reviewed to synthesise foundational knowledge, 
classify areas of SSCM, identify research problems and derive research requirements. An 
exploratory Delphi study supported the identification and assessment of key themes and influential 
factors for SSCM. Conceptual theory building informed by literature and the Delphi findings guided 
the development of a SC transformation model. This cyclical management model is customised to 
the requirements in SSCM and outlines processes that enable SCs to transform and progress in 
sustainability development. Another major stepping stone was the realisation that SCs have to 
adjust their strategies depending on their level of maturity. A model is proposed that integrates 
sustainability in SCs with maturity considerations and facilitates a structured maturity progression. 
It puts forward that certain enabling factors help a SC to perform activities that support SSCM, 
whereas disabling factors may prevent a SC from doing so. As a SC engages in such activities it 
develops SSCM characteristics which in combination result in higher levels of maturity. A survey 
facilitated the confirmation of these modelled relationships and allowed for further exploration of 
determinants for SC performance and SSCM maturity. To overcome the difficulties of practical 
implementation, a roadmap for SSCM was constructed which leverages the strengths of the 
developed artefacts and translates them into prescriptive SC design requirements. It offers an 
integrated approach that outlines how SCs can adapt key operational issues to support a holistic 
sustainability strategy. The described research artefacts were refined, validated and peer reviewed 
through expert feedback, empirical testing, and dissemination through publication in journals, book 
chapters, and conferences.  
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1 Introduction 

Numerous interest groups including academics, governments, regulative bodies, and businesses 

have realised that human actions in general and business conduct in particular have to be 

evaluated against sustainability requirements (KPMG, 2011; H. L. Lee, 2008; Schmidheiny, 1992). 

These requirements can essentially be split into three interdependent dimensions encompassing 

environmental considerations, societal aspects and economic development (McIntyre, 2007). Many 

definitions for sustainability have emerged over the years (Marshall & Toffel, 2005), aimed at 

clarifying its true meaning and generally point to the need for human and economic development 

without compromising the ability of future generations to meet their needs. Protection of 

environmental resources and societal and cultural values are cornerstones of sustainability and 

help to maintain intergenerational equity (WCED, 1987). From a business perspective high 

economic growth cannot be achieved in the long run without protection of environmental and social 

needs but economic progress can also not be completely sacrificed for altruistic environmental or 

worker rights protection. The goal is rather to assure the long-term viability of a business model 

which can only be sustainable if shareholders, suppliers, employees, and customers see a future in 

it (McIntyre, 2007). Sustainability as a concept provides a vision or roadmap for the future 

(Viederman, 1995) but is difficult to grasp as sustainability issues usually involve stakeholders with 

different interests and opinions regarding their responsibilities and sustainability requirements 

(Mebratu, 1998; Nagpal & Foltz, 1995). Boundaries to an entity’s impacts and associated 

responsibilities are difficult to assess and assign (Marshall & Toffel, 2005) often due to insufficient 

understanding of influences and interdependencies in a system environment (K. Klein & Kozlowski, 

2000; Starik & Rands, 1995). 

Few industrial economies, businesses, or supply chains (SCs) in existence operate based on a 

truly sustainable model (Ekins & Max-Neef, 1992; Pagell & Wu, 2009). Attempts have been made 

to include sustainability considerations into business strategies and operationalise them through 

structured measurement and reporting practices (Elkington, 1998; Global Reporting Initiative, 

2011). While well-intended, such aspirations have also received criticism for their lack of guidance 

and focus (Brown, Dillard, & Marshall, 2006; Norman & MacDonald, 2004) as well as their potential 

to support hypocrisy, e.g. green-washing practices (Blengini & Shields, 2010; N. Krause, 2011; 

Robinson, 2004). Nevertheless, many businesses are taking sustainability challenges seriously and 

have started to investigate their own operations and also practices of their business partners 

(KPMG, 2011). Business conduct increasingly depends on efficient supply chain management 

(SCM) which has become a key requirement for success (Chen & Paulraj, 2004; Leenders, 2006). 

Globalisation trends coupled with market pressures pushing for cost efficiencies, tighter regulations 

regarding sustainable business conduct and increasing customer awareness, put pressure on SCs 

to integrate sustainability principles into their strategic priorities and daily operations (Carter & 

Rogers, 2008; Jayaraman, Klassen, & Linton, 2007; McIntyre, 2007; Seuring & Müller, 2008b).  
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Sustainable supply chain management (SSCM) has emerged as a relatively new field of research 

and practice to address the challenges connected to this development. While SSCM has become 

an enduring research area there is a lack of conceptual theory development backed by rigorous 

research approaches (Carter & Easton, 2011). SCs are complex structures that can span across 

multiple tiers of suppliers and customers (M. C. Cooper, Ellram, Gardner, & Hanks, 1997; R. 

Cooper & Slagmulder, 1999). Supply chain (SC) issues like maintaining visibility, dependence on 

collaborative practices, or accurate performance measurement reach a new level of importance as 

well as difficulty when environmental and societal considerations are added to economic 

necessities. Theoretical understanding of sustainability requirements in SCs is limited and there is 

a lack of knowledge with regard to practices, methods, and prerequisites for SSCM. Accordingly, 

also the currently available SC principles, frameworks and models are not designed to meet these 

challenges and generally do not allow the transformation of existing SC processes towards a 

sustainable focus. Hence, theoretical as well as procedural support is required in the form of 

conceptual insights, models of relationships, and practical roadmaps to address the outlined 

challenges. This research study follows a multi-methodological approach encompassing 

exploratory and explanatory elements. It aims to generate, refine, and validate theory and 

applicable research artefacts in order to advance the understanding of SSCM.  

This first chapter provides an overview of the motivational factors for this study and the research 

problems and issues. It furthermore summarises the research objectives and contributions and 

concludes with a structural overview of this thesis. 

1.1 Research Motivation 

Sustainability is accepted as a guiding principle, but is often not actually applied in business 

practices (Seuring, 2004). Negative impacts of business conduct might at some point force the 

global society to impose sustainable business practices (Svensson, 2007). Such a development 

would enforce strategies aimed at reducing environmental and societal impacts of products, 

services, and operations (see e.g. EUROPA, 2011). Companies will be best advised to face such 

challenges proactively with initiatives that complement their strategy (Prokesch, 2010). Significant 

proportions of the value of most goods and business revenues are actually generated through the 

SC (Lambert & Cooper, 2000) and sustainability considerations therefore also need to be 

integrated into SC functions such as procurement, manufacturing, distribution, warehousing, 

usage, and also recycling and disposal (Jayaraman, et al., 2007). This requirement is driven by 

many economic factors including legislations, customer interests, reputation gains, competitive 

market forces, and public pressures (Esty & Winston, 2006; Lieb & Lieb, 2010; Linton, Klassen, & 

Jayaraman, 2007; Nunen, Zuidwijk, & Moonen, 2005). The public only starts to realise what 

environmental impacts its demand for fresh produce at any time of the year might have. However, 

customers become more demanding and already routinely pay more for sustainable products 

(Ginsberg & Bloom, 2004). Furthermore aspects such us global warming, resource limitations, 

emissions, and health issues demand urgent attention by companies and their SCs (H. L. Lee, 
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2010). SCs are often driving forces behind competitive advantage nowadays (Carter & Rogers, 

2008; Jayaraman, et al., 2007; Seuring & Müller, 2008b; Vasileiou & Morris, 2006) which puts 

additional pressure on SCs to consider SSCM. 

Decision makers in SCs concerned with design aspects, strategic management, or operational 

decisions are in a crucial position to start sustainability initiatives (Sarkis, 1998) and have to 

consider the impact of their actions on the quality of life, safety, health, and welfare of the public 

while considering environmental impacts in order to act in an ethical manner (WFEO, 2000). 

Decisions in SCM can have significant positive and/or negative sustainability impacts through e.g. 

supplier selection and development, modal choices and vehicle routing, or location and packaging 

choices (Carter & Easton, 2011; Murphy & Poist, 2003). With regard to the manufacturing function 

of a SC, the focus is generally on resource efficiency, as a very significant amount of today’s 

production output is actually waste (Senge, Carstedt, & Porter, 2001). Environmental damage can 

however be minimised by designing all production stages in an environmentally sustainable way 

(Lye, Lee, & Khoo, 2001). SC logistics contribute significantly to the overall sustainability of a SC 

but their impacts and importance for SSCM are not well understood (Dey, LaGuardia, & Srinivasan, 

2011). Transportation costs always need to be considered, but current developments like rising 

energy prices, upcoming regulations or CO2 penalties make a sustainable approach to SCM even 

more urgent (Dey, et al., 2011) considering that transportation and logistics can account for up to 

75% of a firm’s carbon footprint (The Council of Supply Chain Management Professionals, 2008) 

and an estimated 5.5% of total world output (World Economic Forum, 2009). SC strategies are 

traditionally based on cheap transport, neglecting the importance of energy efficiencies and 

therefore require considerable rethinking (Halldórsson & Kovács, 2010). 

The idea of applying the concept of sustainability to one’s operations is embraced by many 

companies, but implementation remains difficult (L. Preston, 2001). Beamon (2005) highlights a 

gap in SC research surrounding the effects of decisions on present and future ecosystems. It is 

also not clear what constitutes an appropriate balance between individual requirements, the rights 

of stakeholders and the collective good (Woodhouse, 2001). The interaction of sustainability and 

SCs is a critical step in examining operations and sustainability (Kleindorfer, Singhal, & Van 

Wassenhove, 2005) and can be identified as a pressing research topic as it broadens the adoption 

and development of sustainability. In addition the focus is wider as it considers products or services 

throughout all production and delivery processes compared to a solely localised view on one 

company (Jayaraman, et al., 2007; Seuring & Müller, 2008b). Research however has only started 

to address the core requirements and multiple aspects of practices to support SSCM (Wagner & 

Svensson, 2010). The pressure to focus on the sustainability of SCs is especially given for global 

market products (Brent, 2002) and SSCM deserves special attention in light of current dynamic 

market trends and requirements, e.g. globalisation, growing dependence on foreign markets and 

imports, outsourcing, risks of SC disruption, or economic recessions. A higher degree of social and 

environmental control throughout the SC can yield financial benefits and support long-term 

relationships between business partners, which in turn support financial sustainability (McIntyre, 

2007; Porter & van der Linde, 1995). However, especially societal considerations have been 
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neglected so far by researchers (Gold, Seuring, & Beske, 2010). Many companies see the 

necessity to consider sustainability at a SC level (Turner & Houston, 2009). If actually 

implemented, sustainability principles are usually only applied within one’s own SC and do not 

extend towards second order SCs. Research concerned with connections across multiple SC 

levels remains also rather limited (Svensson, 2007). 

As can be seen from this snapshot of the literature, numerous factors motivate the engagement in 

SSCM research. It is furthermore evident that this emerging research area leaves many problems 

yet to be addressed.  

1.2 Problems and Issues 

SSCM has received a high level of interest from various parties and stakeholders. However, 

implementation of the sustainability concept within a single company is already a challenge and 

this is intensified when a whole SC is targeted. Transformation and ongoing development are 

hindered by a lack of systemic understanding, guiding principles, and structured approaches. 

Several key problems became apparent during the review of relevant literature and thus informed 

the direction of this research study: 

 Traditional SC configurations and practices are not necessarily supportive of sustainability 

aims. 

 Uncertainty and lack of knowledge with regard to what constitutes sustainable SCs and 

sustainable SC practices. 

 Decision making processes in SCs are often ad-hoc and silo-based which is detrimental to 

sustainability aims. 

 Sustainability initiatives are initiated on an ad-hoc basis without a sustainability strategy and a 

lack of coordination with SC members. 

 Sustainability visions and aims are often developed but are not implemented and practised in 

daily operations. 

 Life cycles of products and their impacts on the sustainability of SCs is often not considered 

due to a lack of a supportive SC environment. 

 Trade-off decisions regarding the sustainability dimensions and SC practices are not focussed 

on a holistic SC level but often on local optimisation. 

 Performance measurement is crucial for tracking changes and impacts but there is a lack of 

integrated sustainability measurement systems on a SC level. 

 There is a lack of integrated systems that can foster visibility and communication of 

sustainability aspects as well as SC alignment and collaboration.  

Based on the identified problems, a number of overarching issues could be identified which can be 

organised into four main categories:  

 Issues related to the identification and systemic understanding of sustainability requirements, 

SC practices and their relationships. 
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 Issues related to the alignment of sustainability goals and strategies with practices and 

processes in SCs. 

 Issues related to enabling factors and capabilities to foster SC transformation and 

implementation of SSCM. 

 Issues related to the integration of models and concept as well as the measurement and 

communication of sustainability levels in SCs. 

All identified problems are connected to at least one of the principal issues. Identification of these 

issues allows for a more holistic research approach that can address the issues and provide 

solutions to the problems.  

1.3 Opportunities 

The preceding explanations illustrated several key problems and issues connected to establishing 

sustainability in a SC context. These can be categorised as being of conceptual, operational, 

procedural, strategic, and technological nature. As seen in section 1.1, numerous research studies 

have approached SSCM from a variety of angles. Many important conceptual findings have been 

made and models have been proposed. However, the problems and issues outlined in section 1.2 

have not been addressed in an integrated fashion. Nonetheless, the insights gained in previous 

studies can be leveraged to inform this research and thus develop a more complete understanding 

of SSCM and applicable responses to many of the identified problems and issues.  

There is limited understanding of what constitutes sustainable SC operations or which practices or 

prerequisites are required to develop SSCM. The same is true for aspects that should be prevented 

or actively reduced in order to foster SSCM. SCs can differ significantly in terms of structure, reach, 

strategy, and operations. The issue of what generally applicable characteristics SSCs should 

possess remains largely unresolved. Another research opportunity presents itself based on the 

identification of such important factors in SSCM. That is, the dynamics between sustainability and 

SCM have to be investigated in order to drive theoretical understanding and practical 

implementation of SSCM. In combination these findings can inform the development of models that 

outline relationships in SSCM and provide targets and recommendations to guide initiatives. 

Existing and tested management approaches can be extended to incorporate the interactions and 

requirements of SSCM. There is an opportunity to support theoretical rigour as well as practical 

applicability of such artefacts through testing, evaluation, instantiation, and dissemination. 

Thus, the research opportunities are manifold and this study aims to provide results of 

interdisciplinary nature that deepen the understanding of SSCM.  

1.4 Research Objectives 

This research is motivated by the lack of systemic understanding of sustainability in SCs along with 

a lack of theoretical models as well as practicable guiding principles. Hence, the focus of this study 



Introduction 

6 

is on exploring factors and relationships needed for SSCM in order to develop theoretically sound 

and applicable artefacts that address the research issues and solve the research problems outlined 

in section 1.2. Advancing theoretical understanding of SSCM coupled with providing practical 

support for decision makers in SCs are driving this research.  

A structured research approach is required in order to gain the envisioned insights and develop the 

required artefacts. The detailed interconnected research objectives of this study are: 

 To identify influential factors for SSCM that can motivate sustainability in SCs as well as 

factors that can prevent such developments. The aim is furthermore to explore enabling 

factors for SSCM, capabilities, as well as characteristics exhibited by SSCs. This objective 

aims for an exploration into SSCM that provides a theoretical basis and supports the other 

research steps.  

 To describe and evaluate the importance of the factors and aspects that influence SSCM 

along with an assessment of their relationships and interdependencies. This process should 

result in a better understanding of the dynamics in SSCM. 

 To design models that support the transformation of SCs and their components and 

processes. The goal is to facilitate a move towards SSCM and continuous improvement by 

outlining and prescribing the required steps, connections, and activities.  

 To design models that support the ongoing development of SCs towards higher levels of 

sustainability performance by outlining stages or levels of SSCM development that provide 

goals to aspire towards and facilitate a structured progress.  

 To refine and validate the developed models and their SSCM relationships through evaluation 

by SC experts and hypotheses tests based on empirical data. 

 To develop a roadmap outlining the detailed processes, phases, and steps to develop SCs 

towards sustainability. Utilising the developed artefacts, the goal is to present a prescriptive 

roadmap that presents an exemplary overview of SSCM transformation and ongoing 

development.  

 To support the design of adaptive systems that integrate people, processes, and technologies 

in order to offer a more complete range of support mechanisms for SSCM. While a 

comprehensive design of such adaptive systems is outside of the scope of this study, the 

findings and artefacts should offer the basis for their development and structured 

implementation. 

1.5 Research Approach 

This study makes use of a multi-methodological research approach due to the holistic nature and 

range of the outlined research objectives. Exploratory components need to be connected with 

confirmatory methods as well as modelling and design activities. A customised research framework 

is developed to guide this study and derive valuable artefacts that are of practical relevance. A 

selection of suitable research methods supports these aims. The lack of current knowledge and 

theoretical development motivates an exploratory Delphi study with experts in the field. The 
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findings, coupled with relevant models from literature, facilitate the design of models for SSCM. 

The existence of modelled relationships is empirically tested through SC data gathered through a 

survey. Finally, the developed artefacts are leveraged to create a roadmap for SSCM. 

1.6 Research Contributions 

The justifying reasons and motivation to undertake this research can be divided into the 

requirement for the development of theoretical knowledge and furthermore a need for guidelines, 

models, and roadmaps to support practical application of SSCM. The research artefacts describe 

the requirements, factors, and relationships of SSCM. Hence, this research study advances 

theoretical knowledge through the investigation, description, and empirical evaluation of structures 

and dynamics in SSCM. From the perspective of practical application the research artefacts can 

benefit organisations, SCs, decision makers and other stakeholders to assess, implement, 

transform, continuously develop and advance SC sustainability.  

While the contributions of this study are manifold, the summarised key contributions are as follows:  

 Conceptual findings including the identification and evaluation of key elements and 

relationships in SSCM as well as an assessment of determinants for success in SSCM.  

 Design and development of models that illustrate transformation steps and requirements for 

SSCM. Furthermore the relationships between influential factors for SSCM are presented to 

support the journey towards higher levels of maturity. 

 Proposal of a generic, prescriptive roadmap for SSCM that offers practical support for the 

integration of research findings and models by providing a systematic design exemplar that is 

adaptable to unique SC characteristics. The SSCM roadmap as a design instantiation also 

illustrates the applicability of the developed concepts and models. 

 Support for the resolution of a wide array of perennial problems and issues that have beset 

research and practice in SSCM through conceptual findings, applicable models and a 

roadmap. 

 Support for decision makers in SCs to appropriately approach, design, and operationalise a 

transformation towards SSCM. Furthermore the models offer structured, ongoing support to 

manage and practice SSCM whilst continuously improving SC processes and sustainability 

performance.  

 Research artefacts that drive the sustainability agenda in SCs. Their domain independent, 

extensible, and customisable nature allow for various applications and can provide the 

background for the design of SSCM systems including e.g. monitoring and control tools. 

 A customised Delphi methodology that provides a unique example for exploratory research 

coupled with theory validation. The study illustrates how to leverage the strengths of the 

Delphi method in order to simultaneously generate knowledge, validate findings, and 

strengthen research artefacts.  
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 Dissemination of the research findings and artefacts through the publication of two journal 

papers, two book chapters and several contributions towards conference papers, 

presentations and seminars. 

1.7 Thesis Outline 

This doctoral thesis is organised into seven chapters outlined in this section. While there is some 

overlap, they can be broadly categorised into three interrelated segments, i.e. ‘Review and Theory 

Foundation’, ‘Exploration and Theory Building’, and ‘Validation and Theory Refinement’. 

 

Figure 1.1: Structure of this Thesis 

Chapter 1 introduces the reader to the topic and outlines motivating factors to conduct this 

research. Furthermore the research problems and issues are summarised along with the resulting 

research objectives. This chapter finishes with an account of the main contributions.  
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Chapter 2 provides foundational knowledge with regard to SCs by outlining the origin, aims, and 

characteristics of SCs and SCM. Furthermore it examines the underlying considerations and 

dimensions of the sustainability concept and provides the necessary understanding of related 

terminology. It then combines the previously discussed elements towards the concept of SSCM. 

The differences in comparison to regular SCM are discussed which leads to a detailed discussion 

of SSCM practices, methods and approaches. The chapter culminates in the identification of 

research problems, issues, and requirements to guide the direction of this study. 

Chapter 3 outlines the research objectives for this study and a customised methodology is 

developed to address the same. The interconnected steps that drive this research are explained 

and the overall logic and applicability of the multi-methodological approach is demonstrated.  

Chapter 4 describes a Delphi study on SSCM which was conducted over three rounds. Based on 

the multi-methodological approach, this Delphi study is of exploratory nature in order to gain an 

understanding of the factors that are of special importance in and for SSCM. Study participants are 

experts in the field and their aggregated opinions and insights lead to the development of models 

that describe SSCM factors, relationships, dynamics, and maturity considerations in SSCM.  

Chapter 5 describes the design, administration, and results of a survey study on SSCM. The main 

objectives are the confirmation of relationships in SSCM and evaluation of sustainability maturity in 

SCs. The data obtained from a multi-industry sample is utilised to test hypotheses describing the 

dynamics of the developed SSCM models. The survey results also offer insights into the practical 

application of sustainability principles and determinants for success in SSCM.  

Chapter 6 provides a discussion and evaluation of the research artefacts and research processes. 

The evaluation is supported by the development of a generic roadmap for SSCM which outlines 

guidelines that can be adopted by SCs and customised to their specific requirements. 

Chapter 7 provides a conclusion to this research. This chapter contains a short summary of the 

entire research and outlines its contributions as well as limitations. Thus, this chapter connects the 

research objectives to the research outcomes and developed artefacts.  
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2 Literature Review 

This chapter provides an overview of the extant literature on SSCM. Summarisation, synthesis and 

critique of literature related to SCM, sustainability and SSCM support the identification of current 

research problems and issues, and the development of research requirements. Thus, this chapter 

has two main purposes. Firstly, a review of related material provides the theoretical background 

and necessary knowledge of the field. Secondly, a synthesis and discussion of findings constitute 

the basis for the research objectives and help to determine a suitable research approach. The main 

sections of the literature review and their interrelations are shown in Figure 2.1. 

 

Figure 2.1: Structure of the Literature Review 

The literature on SSCM emerged from the research streams of SCM and sustainability. In order to 

provide a wide-ranging overview the literature review explores these three areas separately. 

Section 2.1 commences with an account of SCM including definitions, structures, strategies, and 

key elements whereas section 2.2 concentrates on sustainability definitions, dimensions, and 

concepts. These two sections prepare the background for an exploration of SSCM in section 2.3. 

The current state of this emerging field is summarised and concepts and models are critiqued. 

Sections 2.1, 2.2, and 2.3 contain a review of relevant models, selected based on their potential to 

provide conceptual, procedural, or technological support to develop and increase maturity in their 

respective areas. In section 2.4 key elements of SCM are revisited through a sustainability lens in 

an effort to synthesise practices, methods, and tools to support SSCM including associated 

benefits and challenges. Section 2.5 takes reference to the preceding sections by identifying 

problems and issues related to the reviewed material on e.g. concepts, practices and models 

whereas the requirements are related to exploration, design, modelling, and roadmap building. 
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2.1 Supply Chain Management 

SCM has seen increasing interest among researchers and practitioners especially since the 

realisation that businesses often no longer compete as independent entities. Competitiveness is 

rather determined by and highly dependent on the performance of their SCs (Lambert & Cooper, 

2000). Despite the growing popularity and importance of SCM as a research area, many 

publications have noted the lack of existing research (Chen & Paulraj, 2004; Meredith, 1998) and 

there is a considerable confusion with regard to existing terminologies. This section provides an 

introduction to the subject of SCM but cannot be exhaustive due the breadth of SCM literature. The 

focus is rather on the issues that are of relevance to this research. 

2.1.1 Introduction to Supply Chains  

The importance of the supply function in companies was recognised well before 1900 but 

performance oriented supply management is mainly a phenomenon of the 20th century. The 

growing importance of an effective and efficient supply function has been triggered by various 

influences, e.g. shortage of raw materials during the world wars, oil shortages and price escalation 

during the 1970s, or increasing global competition during the 1990s (Leenders, 2006). Chen and 

Paulraj (2004) trace the origin of the SC concept back to the quality revolution, materials 

management and integrated logistics, growing interests in industrial markets and networks, and 

influential industry-specific studies. Growing interest has resulted in terms which are often used 

interchangeably, e.g. purchasing, procurement, materials management, logistics, sourcing, supply 

management, or SCM (Leenders, 2006). Companies are nowadays challenged with demands from 

various interest groups such as private consumers and business customers, the public and 

regulative forces. Customers demand cheap, but innovative and differentiated products whereas 

public and regulative forces are pushing for the integration of social and environmental standards. 

Single companies can rarely fulfil these demands on their own but depend on partnerships and 

cooperation (Lambert, 2001; Lambert & Cooper, 2000). Thus, well-coordinated SCs allow 

companies to answer the challenges of steadily transforming business environments. 

A SC can be described as a network of organisations “that are involved, through upstream and 

downstream linkages, in the different processes and activities that produce value in the form of 

products and services in the hands of the ultimate consumer” (Christopher, 2005, p. 17). Terms like 

demand pipelines or value streams are also used to describe SCs (Chen & Paulraj, 2004).  

 

Figure 2.2: Basic Supply Chain (adapted from Ross, 2008) 
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SCs are also referred to as supply networks which encompass all essential components to produce 

and deliver a product, i.e. suppliers, manufacturers, distributors, brokers, retailers, and consumers 

(Hutchins & Sutherland, 2008). Multiple firms and the eventual end-customers are usually involved 

in a network of upstream and downstream connections including material, information and financial 

flows (de Man & Burns, 2006; Mentzer et al., 2001; The Council of Supply Chain Management 

Professionals, 2006). Figure 2.2 displays these relationships in form of a generic SC which 

encompasses the main components and connections. Demand is triggered by the consumer which 

is communicated in the form of orders and information flows to the other members of the chain. 

Materials and products flow towards the consumer in order to satisfy demand. A SC includes all the 

activities that are related to the transformation and flow of input materials to goods as well as 

information exchange (Seuring & Müller, 2008b). These processes and activities have to be well 

aligned to gain better results in providing products to customers and to increase efficiency and 

effectiveness of internal and external operations (Mentzer, et al., 2001). 

Mentzer et al. (2001) define three categories of SCs, i.e. direct, extended, and ultimate SCs. A 

direct SC involves a supplier, organisation, and a customer that is engaged in the upstream and/or 

downstream flows of information, finances, products, and/or services. An extended SC involves a 

supplier, organisation and customer, as well as the suppliers of the supplier, and the customers of 

the customer engaged in SC activities. An ultimate SC involves all parties engaged in the SC 

activities, which can include suppliers, customers, financial providers, market research firms, 

logistic suppliers, etc. A firm can be a part of several SCs depending on the products and services 

that they sell or provide. They can be a supplier in one SC, a distributor or partner in another, and a 

customer or even a competitor in a third SC (de Man & Burns, 2006; Mentzer, et al., 2001). 

2.1.2 Multiple Tiers in Supply Chains 

Companies often outsource business functions to focus on core competencies and to increase their 

competitiveness. If the suppliers follow similar strategies, a multi-tier supplier structure as depicted 

in Figure 2.3 may be the outcome.  

 

Figure 2.3: Multi-Tier Supplier Structure (adapted from R. Cooper & Slagmulder, 1999) 

In a typical multi-tier structure the size of the companies often drops at each tier down. While the 

end buyer might be major company, the average first tier supplier might employ 500 people, the 
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second tier supplier might only have 100 employees, dropping down to maybe 10 in the third tier. 

Another characteristic is that each SC member deals with a comparably small number of suppliers, 

e.g. the company at the top might deal with around 200 first tier suppliers whereas each first tier 

supplier has only 30 second tier suppliers which in turn might only have five to ten third tier 

suppliers (R. Cooper & Slagmulder, 1999). 

The term SC suggests that each SC member has only one other member on each side. Such a 

view appears inaccurate considering the multi-tier structure depicted in Figure 2.3. The analogy of 

a ‘value tree’ has been used to represent the multitude of relationships in a SC which 

“acknowledges that there are multiple inputs to the firm’s value added processes” (M. C. Cooper, 

Ellram, et al., 1997, p. 79). It is emphasised that SCs only appear like a chain if viewed down a 

specific channel, e.g. towards one specific customer. However, SCs usually look more like a set of 

tangled branching of which many branches are difficult to see from one particular perspective. The 

trunk represents the company perspective, the branches the supplier structure, and the roots the 

customer base. The tree would therefore appear different from each company’s perspective 

because they would choose different branches or roots for partnerships or alliances. Cooper et al. 

(1997) point out that firms should not necessarily pursue close partnerships with all suppliers since 

these require extensive managerial commitment and substantial time investments. Companies 

should therefore be selective about whom to build long-term SC partnerships with.  

SC relationships tend to be highly interdependent for several reasons. From a buyers perspective 

dependencies can arise due to missing development and design expertise, i.e. expertise of the 

suppliers become a crucial asset. Suppliers often not only produce parts but are also involved in 

research and development or even develop the outsourced parts independently. Additionally 

buyers often have to share internal information with the supplier. Such circumstances make it 

difficult to swap suppliers and give rise to the development of long-term relationships. On the other 

side, suppliers are often sensitive to changing demand due to a smaller customer base. 

Furthermore suppliers usually also invest considerable resources in terms of time and expertise 

development into a supplier-buyer relationship. Their technical expertise might be customised for 

certain buyers which in turn makes the buyers hard to replace in a short to medium timeframe. 

Interdependence can be identified as critical for the success of multi-tier structures as it motivates 

buyers and suppliers to develop long-term relationships and a stable and cooperative business 

environment with mutual benefits (R. Cooper & Slagmulder, 1999). 

2.1.3 Definition of Supply Chain Management 

The term SCM was coined in the 1980s but despite the attention it has received, there are still 

many different terms relating to SCM. Among others these include integrated purchasing strategy, 

supplier integration, buyer-supplier partnership, supply base management, strategic supplier 

alliances, SC synchronisation, network SC, value-added chain, lean chain approach, supply 

pipeline management, supply network, and value stream (Croom, Romano, & Giannakis, 2000; 

Tan, Kannan, & Handfield, 1998). 
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Various definitions of SCM exist, adding to the confusion. A comparison of common definitions is 

provided in Table 2.1 which also demonstrates the understanding of SCM over time.  

Source Definition 

Cooper et al. 
(1997) 

An integrating philosophy to manage the total flow of a distribution channel from supplier to ultimate 
customer. 

H. L. Lee & Ng 
(1997) 

The management of a network of entities that starts with the suppliers’ supplier and end with the 
customers’ customer for the production and delivery of goods and services. 

Lambert et al. 
(1998) 

SCM is the integration of key business processes from end user through original suppliers that provides 
products, services, and information that add value for customers and other shareholders. 

Tan et al. 
(1998)  

SCM encompasses materials/supply management from the supply of basic raw materials to final product 
(and possible recycling and re-use). SCM focuses on how firms utilise their suppliers' processes, 
technology and capability to enhance competitive advantage. It is a management philosophy that 
extends traditional intra-enterprise activities by bringing trading partners together with the common goal 
of optimisation and efficiency. 

Handfield & 
Nichols (1999) 

The SC encompasses all activities associated with the flow and transformation of goods from raw 
materials stage (extraction), through to the end user, as well as the associated information flows. 
Material and information flow both up and down the SC. SCM is the integration of these activities 
through improved SC relationships, to achieve a sustainable competitive advantage 

Mentzer et al. 
(2001) 

SCM is defined as the systemic, strategic coordination of the traditional business functions and the 
tactics across these business functions within a particular company and across businesses within the 
SC, for the purposes of improving the long-term performance of the individual companies and the SC as 
a whole. 

Simchi-Levi, 
Kaminsky & 
Simchi-Levi 
(2003) 

SCM is a set of approaches utilised to efficiently integrate suppliers, manufacturers, warehouses, and 
stores, so that merchandise is produced and distributed at the right quantities, to the right locations. And 
at the right time, in order to minimise system-wide costs while satisfying service level requirements. 

Christopher 
(2005) 

The management of upstream and downstream relationships with suppliers and customers to deliver 
superior customer value at less cost to the SC as a whole. 

Council of SCM 
Professionals 
(2006, p. 139) 

SCM encompasses the planning and management of all activities involved in sourcing and procurement, 
conversion, and all logistics management activities. Importantly, it also includes coordination and 
collaboration with channel partners, which can be suppliers, intermediaries, third-party service providers, 
and customers. It can be seen as an integrating function with primary responsibility for linking major 
business functions and business processes within and across companies into a cohesive and high-
performing business model. 

Stadtler & Kilger 
(2008, p. 11) 

SCM is the task of integrating organisational units along a SC and coordinating material, information and 
financial flows in order to fulfil (ultimate) customer demands with the aim of improving the 
competitiveness of a SC as a whole. 

Institute for 
SCM (2008) 

The design and management of seamless, value-added processes across organisational boundaries to 
meet the real needs of the end customer. The development and integration of people and technological 
resources are critical to successful SCM 

Table 2.1: Definitions of Supply Chain Management 

From the definitions in Table 2.1 it can be seen that SCM encompasses a range of activities and 

characteristics. There are commonalities between most definitions, as they generally consider “the 

external environment of an organisation” where the organisation can be identified as a “company or 

some other form of business unit” (Croom, et al., 2000, p. 68). SCM evolved through stages of 

increasing intra- and inter-organisational integration and includes independent organisations 

connected through bidirectional flows of materials, services, and information (M. C. Cooper, 

Lambert, et al., 1997). Furthermore SCM encompasses all management functions from the supply 

of raw material to the delivery of the final product and also recycling or re-use (Tan, et al., 1998).  

Part of the reason for the lack of a common definition is the fact that SCM evolved out of different 

areas of management. Initially SCM was mostly associated with physical distribution and 

transportation but various bodies of literature can be linked to SCM and have contributed insights 

from different angles to its development, e.g. purchasing and supply, logistics and transportation, 

marketing, organisational behaviour, contingency theory, institutional sociology, system 

engineering, networks, best practices, strategic management, and economic development (Croom, 
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et al., 2000). The perspectives from a purchasing/supply angle and from a transportation/logistics 

angle appeared to have the greatest overall influence on the development of SCM. 

 

Figure 2.4: Alternative Perspectives of SCM (adapted from Tan, et al., 1998) 

According to the definition by Tan et al. (1998), SCM integrates and utilises the processes, 

technology, and capability of suppliers to enhance competitive advantage and overall SC 

performance. Figure 2.4 demonstrates how SCM connects the formerly separated functions 

‘purchasing and supply’ and ‘transportation and logistics’ for more visibility and streamlining of 

processes. Tan et al. (1998) point out that a key component in the evolution of SCM is a strong 

corporate vision driving the transformation through internal and external linkages. The purchasing 

and supply perspective views SCM as synonymous with the integration of suppliers, i.e. SC 

partners working together towards effective and efficient management and alignment of their 

operations. The transportation and logistics perspective views SCM as being synonymous with 

integrated logistics systems aiming for improved visibility and reduced demand uncertainty which 

can help to reduce inventory, transportation costs, consolidate distribution centres, and provide 

better customer service (Tan, et al., 1998). 

2.1.4 Managing Supply Chains 

SCM has developed over time to become a recognised and crucial business function as well as a 

research domain. It is now accepted as a business philosophy for managing the complex 

relationships within SCs (Lambert & Cooper, 2000; Nunen, et al., 2005; Svensson, 2007). The term 

SCM is widely accepted even though some scholars question its appropriateness. Christopher 

(2005) points out that SCM should be named ‘demand chain management’ to reflect that it is driven 

by market demands and not by suppliers. Furthermore he emphasises that the word ‘chain’ should 

be replaced by ‘networks’ as a SC is rarely a linear chain but rather consists of multi-tiered supplier 

and customer structures1.  

2.1.4.1 Supply Chain Management Aims 

SCM is of importance to any company involved in SCs as it integrates business processes across 

the SC members in order to add value to all its stakeholders by providing information, products and 

                                                      

1 See chapter 2.1.2 for a more comprehensive discussion 
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services (Croxton, García-Dastugue, Lambert, & Rogers, 2001; Lambert & Cooper, 2000). Effective 

SCM allows for synchronisation of customer demands with upstream material flows from suppliers, 

resulting in a balance of company goals, e.g. high customer service, low product cost, and low 

inventories (Mentzer, et al., 2001). Main aims of SCM include the reduction of SC related costs, 

improvement of customer satisfaction through enhanced relationship management, increasing 

profitability and a sustained competitive advantage for all SC organisations (Bullinger, Kuhner, & 

Van Hoof, 2002; Carter & Rogers, 2008; Chen & Paulraj, 2004; Mentzer, et al., 2001; Seuring & 

Müller, 2008b). Several potential benefits of SCM are summarised in Table 2.2. 

Benefits to Buyer Benefits for Seller 
Economic: 
 Transfer financial risks 
 Lower cost/increase quality 

Economic: 
 Realise economies of scale 
 Reduce capacity utilisation risk 

Managerial: 
 Concentrate on core business 
 Manage fewer relationships 

Managerial: 
 Concentrate on fewer customers 
 Manage fewer relationships 

Strategic: 
 Competitively position the SC 
 Meet customer service objectives 

Strategic: 
 Plan for longer horizon 
 Invest for longer horizon 

Table 2.2: Potential Benefits of SCM (adapted from Ellram & Cooper, 1990, p. 4) 

There is a trend towards building competitive advantage through SCM, i.e. competition changes 

from the company level to the SC level as the next stage of competitive evolution (Leenders, 2006). 

Business performance and market success are no longer determined by a single firm but are 

aggregates of the performance of all SC members where the “real competition is not company 

against company, but rather supply chain against supply chain” (Christopher, 1992 in Cooper et al., 

1997, p.3). Thus, inter-organisational competition is being elevated to inter-SC competition (Chen & 

Paulraj, 2004). This focus on SCM to build competitive advantage is also pointed out by 

Christopher (1998, p. 18) who states that “the focus of SC is on cooperation and trust and the 

recognition that properly managed the whole can be greater than the sum of its parts”. It has to be 

recognised that this development can yield positive as well as negative results. If a SC collaborates 

on problem solving and efficiency gains, a reinforcing loop can be expected, i.e. ideas and 

solutions are jointly generated and improved through an iterative process. However, negative 

results may be expected if basic requirements for SC collaboration are not met, e.g. refusal of or 

delays in information sharing, incompatible organisational cultures, or misalignment of SC systems.  

2.1.4.2 Supply Chain Management Strategies and Activities 

Since SCM is of crucial importance for the success of all SC members, companies increasingly put 

emphasis on improving inter-company processes and communication. Mentzer et al. (2001) argue 

that a company has a true SC orientation if they can view the tactical implementations of the SC 

strategies in both directions of the chain. Hammer (2001) concludes that if efficiencies end at the 

edges of a company, unnecessary work, inconsistencies, errors and misunderstandings can be the 

result. Supply and demand planning must be integrated within each organisation and across the 

chain for proficient planning and control (Nunen, et al., 2005). The importance of intercompany 

coordination is therefore emphasised because “streamlining cross company processes is the next 
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great frontier for reducing costs, enhancing quality, and speeding operations” (Hammer, 2001, p. 

2). Cooper et al. (1997, p. 3) support this view stating that “a key driving force behind SCM is the 

recognition that sub-optimization occurs if each organization in the supply chain attempts to 

optimize its own results rather than to integrate its goals and activities with other organizations to 

optimize the results of the chain”. Improvements that can be contributed to effective SCM include 

SC coordination, information sharing, development of superior product and service strategies, 

demand planning and forecasting, as well as effective decision making (Hutchins & Sutherland, 

2008). A comparison of a traditional management and a SCM approach is provided in Table 2.3. 

This overview does not reflect that SCM approaches can differ, e.g. with regard to the level of 

supplier integration, but rather contrasts two approaches on opposing ends of a scale. 

Element Traditional Supply Chain 
Inventory management approach Independent efforts Joint reduction in channel inventories 

Total cost approach Minimise firm costs Chanel-wide cost efficiencies 

Time horizon Short term Long term 
Amount of information sharing and 
monitoring 

Limited to needs of current transaction 
As required for planning and 
monitoring processes 

Joint planning Transaction-based Ongoing 

Compatibility of corporate philosophies  Not relevant 
Compatible at least for key 
relationships 

Breadth of supplier base 
Large to increase competition and 
spread risk 

Small to increase coordination 

Channel leadership Not needed Needed for coordination focus 

Amount of sharing of risks and rewards Each on its own 
Risks and rewards shared over the 
long term 

Speed of operations, information and 
inventory flows 

“Warehouse” orientation (storage, 
safety stock) interrupted by barriers to 
flows; localised to channel pairs 

“DC” orientation (inventory velocity) 
interconnecting flows; JIT; quick 
response across the channel 

Information systems Independent Compatible, key to communications 

Table 2.3: Comparison of Traditional and SCM Approaches (adapted from M. C. Cooper & Ellram, 

1993; M. C. Cooper, Ellram, et al., 1997) 

SCM extends to company internal and external activities, e.g. planning and control of materials, 

information flows, network relationships, transportation and logistics (Chen & Paulraj, 2004; 

Lambert & Cooper, 2000). SCM may furthermore include cooperative SC efforts in areas such as 

marketing research, promotion, sales and information gathering, research and development, 

product design, total system/value analysis, product development, OM, manufacturing, and 

customer service (M. C. Cooper, Lambert, et al., 1997).  

Key aspects that determine the success of SCM include information sharing, risk and reward 

sharing, communication of goals and strategies, relationship management and cooperation, and 

the integration of processes and behaviours across the SC. Essential are furthermore trust, 

commitment, and interdependence between SC partners as well as a common SC vision and top 

management support (Mentzer, et al., 2001). Information systems (IS) are also integral to SC 

planning and control activities (M. C. Cooper, Lambert, et al., 1997). Top management support is 

crucial so that sufficient time, personnel and financial resources can be committed to long-term 

partners. Management needs to be aware of potential benefits achievable through SCM so that 

organisational values and management styles can be aligned accordingly (Chen & Paulraj, 2004).  
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2.1.4.3 Supply Chain Operations Reference Model 

Efforts have been made to create a common platform for SCM. One of the most recognised models 

is the Supply Chain Operations Reference model (SCOR) which is based on the five management 

processes plan; source; make; deliver; and return. For each process it defines elements, metrics, 

best practices, and technologies which can be used to describe SC relationships without 

unnecessary details (Bolstorff & Rosenbaum, 2003; McCormack, Ladeira, & de Oliveira, 2008). 

The process ‘plan’ refers to the levels of aggregation and information sources, ‘source’ to the 

selection of locations and products, ‘make’ to production sites and methods, ‘deliver’ to channels, 

inventory deployment and products, and ‘return’ to locations and methods (Supply Chain Council, 

2008). Its mission is to support SCM across industries, communicate SC practices, and to allow for 

performance measurement and benchmarking (Bolstorff & Rosenbaum, 2003). SCOR has not 

been developed to cover every aspect of SCM but is focussed on customer interactions as well as 

product and market transactions. It explicitly excludes certain processes and activities such as 

sales and marketing, research, technology and product development, and some elements of 

customer support. Several fundamental aspects are furthermore assumed but not explicitly 

addressed including training, quality, IT, and administration (Supply Chain Council, 2008).  

 

Figure 2.5: SCOR Model (adapted from Supply Chain Council, 2008) 

One critical element of the SCOR model is a scorecard framework for developing performance 

measures and goals. The purpose of this tool is to define an enterprise business strategy, align 

activities of SC members, and assess the value gained by efficiency improvements. It supports the 

assignment of responsibilities, definition of required improvements, and the estimation of potential 

financial gains from achieving set improvement targets (McCormack, et al., 2008). 

The SCOR model is subjected to regular reviews, extensions, and design improvements. As part of 

these continuous improvements, SCOR version 9.0 was updated to address environmental efforts 

through GreenSCOR which includes the following capabilities: 

 Industry best practices for an environmentally friendly SC, e.g. SC collaboration, reduction 

of fuel and energy consumption, minimisation and reuse of packaging materials. 

 Performance metrics to assess environmental performance, e.g. carbon and environmental 

footprint, emissions costs, percentage of energy costs on total production costs, ratio of 

waste vs. product production, and returned products disposed of vs. remanufactured. 

 Processes for waste management, e.g. collection and management of waste produced 

during production and testing (Blanchard, 2008). 
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The main drivers for using SCOR as described by the authors (Supply Chain Council, 2008) are 

the possibility for organised strategy development, process optimisation and re-engineering, 

standardisation, streamlining and alignment of management. The SCOR related modelling 

activities can help with new business start-ups, mergers, acquisitions or divestitures and support 

benchmarking as well as decisions regarding outsourcing of processes. There is furthermore a 

focus on horizontal integration emphasising an orientation towards process activities instead of an 

orientation towards organisational or functional elements performing activities. Such an orientation 

towards the process is also seen as a critical element of process maturity in SCs (McCormack, et 

al., 2008) which lend approaches akin to the SCOR approach to SC maturity development. 

2.1.5 Types of Supply Chains and Strategies 

SCs serve similar purposes but they can exhibit distinctive characteristics. SC strategies need to 

be tailored to meet the requirements of the business and the customer, i.e. SC strategies will fail if 

they operate on a one-size-fits-all or a try-everything mentality (H. L. Lee, 2002). It is therefore 

important to take the nature of the demand and supply for products into account. Fisher (1997, p. 

106) acknowledges that problems in SCs are related to “a mismatch between the type of product 

and the type of supply chain” and therefore divides products into primarily functional and primarily 

innovative products. Functional products are staples satisfying basic needs which among other 

aspects are characterised by low demand uncertainty and limited design changes. Innovative 

products are often related to fashion or technology and are characterised by unpredictable 

demand, short life cycles, and a greater product variety.  

Products with a stable demand combined with a reliable source of supply require a different SC 

strategy than products with unpredictable demand and unreliable supply (H. L. Lee, 2002). Lee 

(2002) expands on the idea of functional and innovative products and suggests the use of an 

uncertainty framework to determine an appropriate SC strategy. This uncertainty framework 

includes supply characteristics divided into stable and evolving supply. A stable supply 

environment is characterised by mature SC processes and a reliable supply base. On the other 

hand evolving supply involves developing and potentially rapidly changing SC processes with a 

supply base limited in size, experience, and reliability. The characteristics of functional and 

innovative products as well as stable and evolving supply are summarised in Table 2.4. 

DEMAND CHARACTERISTICS  SUPPLY CHARACTERISTICS 

Functional Innovative  Stable Evolving 
Low demand uncertainty High demand uncertainty  Less breakdowns Vulnerable to breakdowns 

More predictable demand Difficult to forecast  Stable and higher yields Variable and lower yields 

Stable demand Variable demand  Less quality problems Potential quality problems 

Long product life Short selling season  More supply sources Limited supply sources 

Low inventory cost High inventory cost  Reliable suppliers Unreliable suppliers 

Low profit margins High profit margins  Less process changes More process changes 

Low product variety High product variety  Less capacity constraint Potential capacity constraint 

Higher volume per SKU Low volumes per SKU  Easier to changeover Difficult to changeover 

Low stockout cost High stockout cost  Flexible Inflexible 

Low obsolescence High obsolescence  Dependable lead time Variable lead time 

Table 2.4: Demand and Supply Characteristics (H. L. Lee, 2002) 
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The appropriateness of a SC strategy depends on the combination of demand and supply 

characteristics. There are four broad kinds of SC strategies, i.e. efficient, responsive, risk-hedging, 

and agile which can be mapped against demand and supply characteristics as shown in Figure 2.6.  

 

Figure 2.6: Supply Chain Strategies Matched to Demand/Supply Uncertainty (H. L. Lee, 2002) 

SCs can exhibit characteristics connected to more than one SC strategy but the depicted 

arrangement demonstrates the need for different SC strategies depending on market 

circumstances. Each strategy has distinct characteristics which are outlined in the following 

subsections.  

2.1.5.1 Efficient Supply Chains 

Creating cost efficiencies is the main aim of efficient SCs. To achieve this goal a number of 

activities are usually pursued, e.g. elimination of non-value added activities, usage of optimisation 

techniques, aim for full capacity utilisation, pursuit of economies of scale, and accurate as well as 

cost effective IS (H. L. Lee, 2002). Optimised product configurations and postponement can be 

leveraged to match SC efficiency with increasing demands for product diversification while 

maintaining minimum inventories (Feitzinger & Lee, 1997). SCs are often focussed on efficiency 

gains but disregard other potential strategic priorities (Gordon & Sohal, 2001; H. L. Lee, 2002; 

Yusuf, Gunasekaran, Adeleye, & Sivayoganathan, 2004) which is also reflected by a focus on cost 

measures to assess SC performance (Beamon, 1999b). 

2.1.5.2 Risk Hedging Supply Chains 

Risk avoidance and risk sharing in regard to supply disruptions are the main aims for risk hedging 

SCs (H. L. Lee, 2002). Popular trends and practices aimed at performance increases and cost 

reductions, e.g. increasing SC complexity and interdependencies, single-sourcing, or the reduction 

of inventory and excess capacity, are exacerbating the vulnerability of SCs to disruptions 

(Hendricks & Singhal, 2005). Risks can furthermore arise from natural disasters, strikes, economic 

disruptions, or terrorism (Kleindorfer & Saad, 2005). SC disruptions are associated with significant 

negative economic consequences such as negative stock performance or equity risks while quick 

recoveries are often unlikely (Hendricks & Singhal, 2005). Risk management processes are 

therefore nowadays crucial assets for any SC strategy (IBM Global Services, 2009). Disruption 

risks can be addressed by either reducing their frequency or severity or increasing the SC’s 

capacity to sustain or absorb more risk (Kleindorfer & Saad, 2005). Common strategies include 
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pooling and sharing of resources, maintaining multiple alternative suppliers as well as increasing or 

sharing of safety stocks for crucial components. Risk hedging SCs depend on real time information 

sharing to achieve responsiveness and cost effectiveness and are often found in retailing where 

stock can be shifted from a site with excess inventory to one with low inventory (H. L. Lee, 2002).  

2.1.5.3 Responsive Supply Chains 

Flexibility and responsiveness to varying customer requirements are the main aims of responsive 

SCs (H. L. Lee, 2002). Responsiveness can be achieved through volume flexibility, i.e. adjusting 

production volume to match variable demand, and delivery flexibility, i.e. the ability to alter delivery 

dates. Furthermore there is process flexibility which is concerned with the ability to alter existing 

processes to different product types in a timely manner. Flexibility with regard to new product 

developments also adds to the responsiveness of a SC (Beamon, 1999b). 

Strategies like build-to-order and mass customisation are commonly employed demanding high 

order accuracy along with accurate IS (H. L. Lee, 2002). Postponement is a commonly used 

practice which delays product differentiation to a later point in the SC. Apart from the potential to 

increase responsiveness to changing customer demand, postponement can reduce the value and 

amount of inventory and associated holding costs (Beamon, 1998).  

2.1.5.4 Agile Supply Chains 

Agile SCs try to combine the aims and advantages of responsive SCs and risk hedging SCs (H. L. 

Lee, 2002). Agile SCs have four main objectives, i.e. customer enrichment ahead of the 

competition, low cost mass customisation, dealing with change and uncertainty through 

adaptability, and leveraging staff competencies across enterprises through IT (van Hoek, Harrison, 

& Christopher, 2001; Yusuf, et al., 2004). Mature agile SCs also aim to gain ownership of customer 

communities and niche markets, participate in manufacturing resource coalitions, and maintain a 

workforce operating among professional experts. To achieve agility, SCs have to integrate the total 

value creation process engaging in upstream and downstream collaboration with suppliers and 

customers, and lateral collaboration with competitors (Yusuf, et al., 2004).  

 

Figure 2.7: Agile Supply Chain (van Hoek, et al., 2001) 

Several SCM research streams and principles are connected to SC agility including lean 

production, mass customisation, postponement, efficient consumer response, and Just-In-Time 

(JIT). The insights gained in these streams can be utilised to derive building blocks or dimensions 



Literature Review 

22 

for agile SCs, i.e. customer sensitivity, virtual integration, process integration, network integration, 

and measurement as connecting element (van Hoek, et al., 2001).  

Customer Sensitivity 
Understanding and quickly responding to the market and customer requirements. This involves 
specialisation and the use of customisation to meet customer needs. 

Virtual Integration Using the internet to visualise information access, knowledge, and company capabilities. 

Process Integration 
Integrating key processes with parties along the SC to manage change across the organisation 
and the whole SC. 

Network Integration 
Ensuring companies along the SC share a common identity: information architecture, agile 
practices, compatible structures, and exchangeable capabilities. 

Measurement 
Measurement is used for calculating the agility in the SC and its relevance for each of the four 
dimensions. 

Table 2.5: Dimensions of Agile Supply Chains (van Hoek, et al., 2001) 

Research studies have shown that only a small proportion of companies have adopted agile SC 

practices whereas lean practices are prevalent (Gordon & Sohal, 2001; Yusuf, et al., 2004). Yusuf 

et al. (2004) therefore point out that more time, investment and research are necessary to fully 

develop and quantify the competitive outcomes of agile SC practices. 

2.1.6 Key Elements in Supply Chain Management 

Many decisions in SCM are subject to the SC environment, customer and regulatory requirements, 

and the nature of handled goods. Decisions are also affected by the layout of SCs as discussed in 

sections 2.1.1 and 2.1.2 and the influence of interrelated SC requirements and characteristics 

determined by respective SC strategies as explained in section 2.1.5. The potential interplay 

between them emphasises the complex nature of SCM as exemplified by the following influential 

aspects (Schiller, Bruun, & Kenworthy, 2010):  

 Quantities and type of freight, e.g. bulk, containerised, oversized, or perishable; 

 Distance between origins, processing transfer and storage points and final destinations; 

 Distribution considerations and availability of storage facilities; 

 Geographical, topological and climate characteristics; 

 Infrastructure characteristics and availability: ports, rail, roads, intermodal facilities, storage; 

 Shipping rates for the various modal options; 

 Economic, policy and governance factors: whether or to what extent aspects of the SC are 

subsidised, regulated, subject to taxation, whether there is competition or monopolistic control, 

whether all costs are internalised or externalised; 

 Business and market factors, e.g. market demands, customer expectations or seasonality. 

In order to understand these complex factors and decision making processes in SCs, it is advisable 

to investigate specific key elements in SCM covering a spectrum of organisational activities on 

strategic, tactical, as well as operational levels. Strategic decisions have a long-term effect on the 

company, e.g. positioning and capacity of production or storage facilities. Decisions undertaken on 

a tactical level typically have a time-horizon of several months, e.g. policies concerned with 

purchasing, production, inventory, or transportation issues. Operational decisions are made on a 

day-to-day basis, e.g. scheduling, routing, or truck loading (Simchi-Levi, et al., 2003). Several key 
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elements have been compiled in the following table which categorises them by their focus, i.e. 

achieving a globally optimised SC and/or managing uncertainty in a SC. 

Key Elements Global Optimisation Managing Uncertainty 
Distribution Network Configuration X  
Inventory Control  X 

Supply Contracts X  

Distribution Strategies X X 

Strategic Partnerships X  

Outsourcing and Procurement  X 

Product Design  X 

Information Technology X X 

Customer Value X X 

Table 2.6: Key Supply Chain Management Elements (Simchi-Levi, et al., 2003) 

The Distribution Network Configuration is crucial to any SC and requires advanced information 

in order to find an appropriate solution. Associated decisions include the selection of warehouse 

locations and capacities as well as production levels for all products and plants. Furthermore the 

transportation flows between the different warehouses, production facilities, or retailers have to be 

determined. The overall goal is to minimise total production, inventory, and transportation costs 

while satisfying service level requirements (Simchi-Levi, et al., 2003).  

Inventory Control is vital in SCM as inventory uncouples “the various phases of the process or 

service delivery system and thereby allow each to work independently of the other parts” (T. Hill, 

2000, p. 364). Inventory can be subdivided into process-related inventory and support inventory 

and SC members have different requirements in regard to inventory size, re-order times, or 

customer demand. Process-related inventory is directly connected to production or delivery 

processes whereas support inventory items support the overall running of an organisation. The 

different types of process-related inventory in a SC, i.e. raw material inventory, work-in-process 

inventory, and finished product inventory, serve different purposes as outlined in Table 2.7. 

Raw materials and bought-out-parts inventory allows to:  
 Cater for the variability of supply 
 Take advantage of quantity discounts or market prices 
 Provide parts holdings which could in future be in short supply 
 As a form of investment when price increases are anticipated 

Work-in-process inventory helps to maintain the independence of stages in the process by uncoupling the steps involved. 
 Orders being easier to schedule 
 Stabilising the different output rates at each part of a process 
 Reducing the total delivery lead time to supply customer demands 
 Facilitating higher utilisation of plant, processes, and labour 

Finished-goods inventory allows to: 
 Provide fast, off-the-shelf delivery 
 Achieve a steady delivery of goods to customers in the face of intermittent production or supply 
 Cope with fluctuations in demand, particularly in the case of seasonal products 
 Provide an insurance against equipment or process breakdowns or suppliers’ strikes 

Table 2.7: Roles of Types of Inventory (adapted from T. Hill, 2000; Simchi-Levi, et al., 2003) 

Individual companies are traditionally mainly concerned about their own profitability resulting in little 

attention paid to the effect of one’s strategy and decisions on other SC members (Simchi-Levi, et 

al., 2003). Supply Contracts help to mitigate these aspects and specify the conditions of the 
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relationship between suppliers and customers including pricing and volume discounts, lead times, 

or quality standards.  

Distribution and transportation account for high percentage of SC related costs for both 

manufacturing and service companies, making Distribution Strategy a key issue in SCM. These 

costs largely depend on the location of the trading partners and the selected mode of 

transportation. The five commercially used modes of physical transportation, i.e. rail, road, water, 

air, and pipeline, differ significantly in terms of price, speed and their share of goods moved. 

Price per tonne/mile Low Pipeline/Water Rail  Road Air High 

Speed, door to door Slow Water Rail Road Air Pipeline Fast 

% of goods moved High Rail Road Pipeline Water Air Low 

Table 2.8: Comparison of Modes of Transportation (adapted from T. Hill, 2000) 

Table 2.8 does not include considerations regarding the travel distances which might alter the 

relative positions of the different modes and furthermore only displays an approximated mix for 

developed economies. However, it provides a reasonable overview and it becomes evident that 

selection of the ‘wrong’ mode can be costly in terms of money, time and resources.  

Strategic Partnerships and SC integration are necessary in order to stay competitive as 

companies increasingly compete on a SC level (Chen & Paulraj, 2004; Leenders, 2006). Such 

strategies are becoming more important considering the ongoing trends towards outsourcing, shifts 

to countries with low labour costs, and reduction of physical infrastructure and inventories. (T. Hill, 

2000; Simchi-Levi, et al., 2003). Traditional management structures do not necessarily support SC 

integration but rather concentrate on functional SC connections resulting in local optimisations. 

Companies are however shifting from a functional focus towards process integration with cross 

functional, process oriented teams encompassing internal groups as well as external partners. 

Such a shift has to be facilitated by consistent definitions, executions, and measurements of SC 

processes so that a common language and expectations can be established (Bowersox, Closs, & 

Stank, 2000). A SC can be considered integrated when all product or service transfers are co-

ordinated to manage costs and inventory levels while maintaining the customers’ delivery 

requirements. Planning activities and execution processes can be integrated through collaborative 

planning and vendor managed inventory (T. Hill, 2000). Many companies have embraced 

partnerships in order to reduce cost, increase service levels, reduce demand amplification, and 

shorten lead times (Simchi-Levi, et al., 2003). The number of strategic partnerships are expected to 

increase further (IBM Global Services, 2009) which must be supported by common values and 

shared responsibilities, demanding the selection of partners with complementary visions, 

strategies, and operational capabilities (Bowersox, et al., 2000). 

Outsourcing and Procurement strategies determine whether a company decides to manufacture 

in-house or to buy from outside sources. Outsourcing with regard to components or entire products 

has primarily been employed to cut costs (Lakenan, Boyd, & Frey, 2001) and is applied to an ever-
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broader range of activities (IBM Global Services, 2009). Lakenan et al. (2001) point out that 

outsourcing manufacturing functions allows companies to concentrate on their core capabilities 

while a supplier’s potentially greater experience in manufacturing can facilitate quicker ramp-up of 

new products, smoother production processes, faster solutions to problems and access to 

innovative technology. Motivations for outsourcing include economies of scale at the suppliers end 

as they can aggregate production volumes from multiple customers allowing them to buy input 

material in bulk and at lower costs. Standard practices can be established to provide more 

production flexibility and to allow for better reactions to changes in macro demand. Inventory and 

cost reductions coupled with effective demand coverage can be achieved by pooling the 

inventories of multiple customers. Distribution benefits can also occur if the supplier can ship 

finished products directly to the final customers. (Lakenan, et al., 2001; Simchi-Levi, et al., 2003).  

Decisions associated with Product Design have the potential to influence SC efficiency with 

regard to inventory holding or transportation costs by giving consideration to economic packaging 

and transportation, concurrent and parallel processing, and standardisation (Simchi-Levi, et al., 

2003). Rapid product introductions and product rationalisations lead to constantly changing product 

portfolios confronting SC managers with steadily increasing complexity. Suppliers and customers 

are nowadays often integrated into product development processes and the rate of product design 

related outsourcing is expected to further increase (IBM Global Services, 2009). The benefits of 

such an integrated approach to product development are manifold. SC partners can benefit from 

each other’s expertise while being able to concentrate on their own core competencies. Suppliers 

can align their own processes to new product requirements before the design is finalised and point 

out potential problems early on. Customers on the other hand can influence the product 

development so that the final design will specifically meet their requirements (Hammer, 2001).  

Information Technology is one of the key aspects that drive SC efficiency nowadays, e.g. 

information sharing within firms and across SCs is needed in order to enable and to fully exploit the 

power of SC integration (Bowersox, et al., 2000). Modern technology allows us to capture data on 

an unprecedented scale. To truly support the aims of the SC it becomes increasingly more 

important to store and communicate the ‘right kind’ of information. Organisations and supply 

networks need to share ‘just enough but not too much’ information so that they are able to adapt 

quickly to new requirements but are not overwhelmed by unnecessary data (Kolb, Collins, & Lind, 

2008; Simchi-Levi, et al., 2003). 

A company’s contribution to its customers is known as Customer Value. This is the value a service 

or a product offers as perceived by the customer. This perception can be categorised into 

conformance to requirements, product selection, price and brand, value added services, and 

relationships and experiences. Companies have to determine the kind of SC that fulfils these 

requirements and offers the best service to the customer (Gardiner, 2006; Simchi-Levi, et al., 

2003). SCs are often assessed and compared in terms of price and product assortment. However, 

SC success is rather dependent on the value it provides to the end-customer, value being “the 

measure of desire for a product and its related services” (Bowersox, et al., 2000, p. 1). Bowersox et 

al. (2000) therefore emphasize that firms have to extend their management practices beyond 
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suppliers and include suppliers’ suppliers so that their views on resource needs and constraints, 

threats, opportunities, and weaknesses can be considered. 

2.1.7 Supply Chain Maturity 

Business structures and characteristics can be categorised into separate levels of maturity 

describing associated behavioural, regulative, and performance standards. Maturity models usually 

include components related to definition, measurement, management, as well as business process 

control (McCormack, et al., 2008). Maturity models can help businesses to gain an overview of 

their own processes and performance and supports benchmarking with competitors. Other benefits 

include the establishment of a structured approach including a common vision and language. 

Furthermore they can help to find a feasible starting point and assist in the prioritisation of goals, 

tasks, and activities. By providing a clear structure, activities can be aimed directly at certain 

strategic goals in order to advance to higher maturity levels (Carnegie Mellon - Software 

Engineering Institute, 2002; Lockamy & McCormack, 2004; McCormack, 2001). The transformation 

of business processes is the foundation for SC maturity development. Relevant transformation 

approaches and maturity models are therefore reviewed. 

2.1.7.1 Supply Chain Transformation 

Models for structured process transformation and continuous improvement have been implemented 

in various fields and applications. One of the most recognised examples is the plan-do-check-act 

(PDCA) cycle or ‘Deming Wheel’ (Deming, 1986). PDCA is a four step approach for quality and 

business process improvement which can implement change and improvement through an iterative 

problem solving process. During the planning step objectives and target levels are determined 

along with processes or methods to reach these results. Accurate and complete definitions of these 

aspects are prerequisites for success. In the second step ‘do’, the new processes are implemented 

on a relatively small scale in order to test changes without major consequences. ‘Check’ is 

concerned with measuring the newly introduced processes and the effects of the implementation. 

Comparing the measured results against the expected results helps to ascertain any positive or 

negative effects. In case of differences, another cycle or a series of cycles can be started. The 

fourth step ‘act’, makes any improvements permanent. A procedural block is implemented, e.g. in 

the form of employee training measures and clear documentation, to ensure that there is no return 

to formerly replaced behaviours. The iterative nature of this approach ensures that processes are 

improved and process understanding is continuously extended (Deming, 1986; Gardiner, 2010).  

The DMAIC methodology was introduced along with the development of the six sigma approach. It 

was inspired by the PDCA cycle and follows a structure with five phases, i.e. define, measure, 

analyse, improve, and control. It is aimed at improving existing business processes and starts with 

the definition of problems followed by measuring current process characteristics. The gathered 

data is then analysed to identify underlying problems which is followed by an improvement step in 

order to optimise the analysed process and eliminate identified problems. A control cycle which 
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entails continuous monitoring prevents processes from shifting back to previous patterns which is 

analogous to the procedural block in the PDCA cycle (Gardiner, 2010). 

Many management approaches support the idea of continuous improvement. Similarly the virtuous 

value creation cycle aims to continuously increase efficiency and market share. It follows a top 

level approach and is not just concerned with single processes but rather about the whole value 

creation cycle involving entire SCs. This cycle was derived from large retailers that are increasing 

their market share through continuous reinvestment in processes and technology. Greater 

productivity is the outcome which supports more investments in differentiating attributes like price, 

service or quality. Through these differentiators companies can deliver greater value to customers 

which in turn increases sales and market share (Gilmour, Maine, & Chu, 2004). 

There are other common approaches for business transformation, like the ARIS framework 

(Scheer, Abolhassan, Jost, & Kirchmer, 2003). There are also approaches which are more directly 

aimed at sustainability considerations, e.g. Natural Step (The Natural Step, 2009), or the 

framework for sustainable business transformation (Ahmed & Sundaram, 2009). They share similar 

underlying steps – discover and learn, strategise, design and transform, monitor and control – 

which can also fit the requirements for SC transformation. 

2.1.7.2 Supply Chain Capability 

Maturity development can be described as a series of successive levels or stages that a SC goes 

through from early forming stages to a collaborative SC environment with common goals, 

measures and extensive information and resource sharing. A maturity level can be defined as an 

evolutionary plateau of process improvement (Carnegie Mellon - Software Engineering Institute, 

2002). The concept of maturity is based on the assumption that processes can be organised into 

life cycles or stages of development (McCormack, et al., 2008). Maturity models are meant to be 

practical which demands that stages are clearly definable, manageable, measurable, and 

controllable throughout time. Some advantages that are associated with higher maturity levels 

include better control of results, improved forecasting of goals, costs, and performance, greater 

effectiveness in reaching defined goals, and the improved ability to propose new and higher targets 

for performance (Lockamy & McCormack, 2004; McCormack, et al., 2008). 

A seminal capability model with five maturity layers has been developed by Carnegie Mellon 

(Carnegie Mellon - Software Engineering Institute, 2002) defining practices and characteristics for 

each level of process maturity. While initially aimed at assessing process maturity levels at 

software suppliers, it popularised the maturity concept and its structure has been adapted to fit 

other purposes (Dooley, Subra, & Anderson, 2001) including systems engineering (Bate et al., 

1995) or workforce development (Curtis, Hefley, & Miller, 2001). Due to the many adaptations, a 

multi-disciplinary project has been developed known as ‘Capability Maturity Model Integration’ 

including product and process development and supplier sourcing (CMMI Product Team, 2002).  

Each level of capability maturity describes the extent to which a process is defined, managed, 

measured, controlled, and effective. At maturity level one, processes are ad hoc and business 
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success depends solely on the competence of individuals. More visibility is evident in level two as 

requirements, processes, work products, and services are managed. Maturity level three demands 

well documented standardised processes. Next, performance measures have to be established to 

manage processes quantitatively. Thus, the performance of processes becomes controlled and 

predictable. Maturity level five focuses on a continuous improvement process, so that all the goals 

for the preceding levels can be optimised further (Paulk, Curtis, Chrissis, & Weber, 1993a, 1993b). 

With regard to maturity progression, it is pointed out that skipping levels is counterproductive as 

each level is foundational for the successive level (Carnegie Mellon - Software Engineering 

Institute, 2002; Lockamy & McCormack, 2004). While it is up to the individual organisation to 

decide about the timing of improvements, they may put the stability of improvements at risk if the 

foundation for their institutionalisation has not been completed (Paulk, et al., 1993a, 1993b). The 

time it takes to progress to a higher level varies between organisations but average times of about 

25 months have been quoted for software engineering processes (W. Hayes & Zubrow, 1995).  

2.1.7.3 Supply Chain Agility 

Yusuf et al. (2004) propose a maturity model for SC agility which was influenced by a model for 

virtual organising developed by Venkatraman and Henderson (1998). It is organised in three 

maturity stages along with three interdependent dimensions of SC maturity, i.e. customer 

interaction, asset configuration, and knowledge leverage.  

 

Figure 2.8: Dimensions and Stages of SC Maturity (Yusuf, et al., 2004) 

The three maturity stages can be used to evaluate progress of the three dimensions of SC maturity 

(Yusuf, et al., 2004). Venkatraman and Henderson (1998) add two more considerations in their 

work, i.e. target locus which refers to a focus point of action and performance objectives for each of 

the three stages. The target locus would be on task units for stage one, on the organisation for 

stage two and finally extends to inter-organisational relations in stage three. The performance 

objectives for the three stages change from improved operating efficiency for stage one to 

enhanced economic value added which evolves further to sustained innovation and growth in stage 

three. Yusuf et al. (2004) point out that a SC aiming for agility should try to reach the characteristics 

and requirements specified in stage three. These requirements are “ownership of customer 

communities or niche markets, membership of manufacturing resource coalitions, and possession 

of a workforce that operates within a community of professional experts” along with an inter-

organisational target locus which drives “competitive strategies, plans and innovation” leading to 

sustained innovation and growth (Yusuf, et al., 2004, pp. 383-384). 
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2.1.7.4 Supply Chain Processes 

A five stage SC maturity model is proposed by Lockamy and McCormack (2004; McCormack, 

2001) describing the progression towards effective SCM and process maturity. Table 2.9 shows the 

five ascending stages of SCM maturity with the lowest level at the bottom. 

Extended 

• Competition is based on multi-firm SCs 
• Collaboration between legal entities is routine 
• Multi-firm SCM teams with common processes, goals and broad authority 
• Trust, mutual dependency and a horizontal, customer focused, collaborative culture is firmly in place  
• Process performance and reliability of the extended system are measured  
• Risks and rewards are shared 

Integrated 

• SC member cooperate on a process level  
• Structures/jobs are based on SCM procedures and traditional functions disappear 
• SCM measures and management systems are deeply imbedded in the organisation  
• Process performance becomes very predictable and targets are reliably achieved  
• SCM costs are dramatically reduced and customer satisfaction is high 

Linked 

• SCM is used with strategic intent and results  
• SCM jobs and structures are put in place 
• Inter-organisational cooperation with common SCM measures and goals 
• Process performance is more predictable and targets are often achieved  
• Continuous improvement efforts tackle root problems and SCM costs begin decreasing 
• Customers are included in process improvement efforts and are more satisfied 

Defined 

• Basic SCM processes are defined and documented 
• Organisations basically remain traditional 
• Process performance is more predictable. Targets are defined but most often missed 
• Local optimisation instead of SC collaboration 
• SCM costs remain high and customer satisfaction is still low despite improvements 

Ad-hoc 

• The SC and practices are unstructured and ill-defined and there are no process measures 
• Process performance is unpredictable 
• Targets, if defined, are often missed  
• SCM costs are high whereas customer satisfaction and functional cooperation are low 

Table 2.9: A Five Stage SCM Maturity Model (adapted from Lockamy & McCormack, 2004) 

All five levels are connected to maturity characteristics such as predictability, capability, control, 

effectiveness and efficiency as outlined in Table 2.9. At the ‘ad hoc’ level the SC is undefined and 

there are no established process measures. Process performance is therefore unpredictable and 

not on target. Functional cooperation between SC members is low which results in high SCM costs 

and unsatisfied customers. As maturity increases from the ‘ad hoc’ level to the ‘defined’ level, 

processes and targets become more defined and predictable. However, a focus on local 

optimisation prevails. Hence, SCM costs are still relatively high while customer satisfaction is low. 

The ‘linked’ level is referred to as the breakthrough level as SCM is applied strategically with 

appropriate structures. Measures and goals are shared and problems are solved on a SC level 

resulting in lower SC costs and higher customer satisfaction. Collaboration on a process level is 

common at the ‘integrated’ level along with organisational structures supportive of an integrated 

SCM strategy. SC members work collaboratively on planning and forecasting reducing costs while 

increasing customer satisfaction. In the ‘extended’ level finally competition moves to a SC level and 

SC members engage in complete information sharing and deeply embedded collaborative 

practices. Risks and SC investments are taken on together and the benefits are returned to the 

entire SC. A high level of trust and mutual dependency encourages firms to collaboratively develop 

common goals and processes to fulfil customer demand (Lockamy & McCormack, 2004).  

The SCM maturity model is designed to provide practical guidance in assessing a SC’s current 

condition and performance which in turn helps to focus and align improvement activities. 
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McCormack (2001) points out that depending on the level of SC maturity transformation and 

development requirements can be significantly different and the most appropriate areas for 

improvement should be targeted first. Overall, the value of the SCM maturity model lies in its ability 

to provide a balanced development approach based on specific targets, transformation guidelines, 

and structured performance evaluations to periodically reassess the SC itself and the results 

gained so far (McCormack, 2001). Advice on practical application, e.g. a roadmap, is not provided. 

2.1.7.5 Supply Chain Integration 

As support for SC integration, Stevens (1993) suggests a structured development approach in 

distinct phases. Phase one is about the evaluation of the competitive environment in order to 

identify customer needs, one’s own position and the positions of competitors. Phase two reviews 

SC operations to identify and evaluate areas with improvement potential and develop applicable 

improvement methods. Finally phase three is about developing a customised SC strategy along 

with tactical plans for implementation. Stevens (1993) points to four stages that a SC will have to 

undergo whilst developing an integrated SC strategy starting from a ‘baseline’ followed by 

‘functional integration’, ‘internal integration’, and finally ‘external integration’ as the highest level.  

External 
Integration 

• SC as an extended enterprise 
• Integration with all suppliers and customers 
• Mutual support and cooperation during all SC stages 
• Long-term commitments and elimination of multiple sourcing 
• Full management involvement at all levels 
• Characterised by synchronised material flows 
• Customer oriented instead of product oriented 
• Full understanding of customer’s products, culture, market and organisation 

Internal 
Integration 

• Planning and control processes are integrated  
• Focus is on the inward and outward flow of goods 
• Use of appropriate tools or methods, e.g. MRP and JIT 
• Full visibility form purchasing to distribution 
• Medium term planning 
• Focus on tactical rather than strategic issues 
• Emphasis on efficiency over effectiveness 
• Characterised by electronic data interchange 
• Reactive to customer demand rather than managing the customer 

Functional 
Integration 

• Emphasis on cost reduction and not overall performance improvement 
• Focus is on the inward flow of goods 
• Discrete business functions with separate inventory buffers 
• Customer service is still reactive 
• Some elements of internal trade-offs 
• Poor visibility of real customer demand 
• Inadequate planning and poor performance 

Baseline 

• Fragmented layout  
• SC responsibility dispersed across separate, independent departments 
• Characterised by reactive short term planning 
• Large pools of inventory, e.g. staged inventories 
• Independent and often incompatible control systems and procedures 
• High vulnerability to market changes e.g. supply and demand patterns 

Table 2.10: A Four Stage Maturity Model for SC Integration (adapted from G. C. Stevens, 1993) 

This four stage model emphasises effective SCM as crucial for the long-term success of any 

company. The main pitfall, and therefore also a prime option for improvement, is a focus solely on 

operational SC issues while neglecting the strategic importance of SC decisions. Following a 

structured approach focussed on developing strategic and tactical structures along with appropriate 

operational tools and techniques can overcome this challenge.  
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The four stage maturity model by Stevens is utilised by Geary, Childerhouse and Towill (2002) who 

superimpose their findings with regard to SC uncertainty onto this four stage maturity model. Four 

uncertainty dimensions are considered, i.e. process, supply, control, and demand uncertainty. 

Similarities emerge here, e.g. more mature SCs, i.e. with a higher level of integration, deal with less 

uncertainty. Furthermore the authors describe a correlation between a reduction of certain types of 

uncertainty and an increase in SC integration.  

2.1.7.6 Applicability of Maturity Models 

While the preceding sections have given an overview and a discussion of relevant SC maturity 

models, this section evaluates the applicability and usefulness of such maturity models.  

In an attempt to investigate the relationship between SC maturity and SC performance, 

McCormack et al. (2008) carried out a self-administered quantitative survey with a sample 

consisting of 478 valid responses from SC professionals across different industries in Brazil. 

Specifically the authors investigate the five stage maturity model by Lockamy and McCormack 

(2004) as discussed in section 2.1.7.4 which they combine with the SCOR2 model in order to 

evaluate the four performance areas of ‘plan’, ‘source’, ‘make’, and ‘deliver’. The SCOR 

performance area ‘return’ was not included for evaluation as the authors claim that associated 

processes are not significant factors in many companies. Especially in light of developments with 

regard to end-of-life consideration and associated product design implications (see European 

Union, 2000, 2003; Kleindorfer, et al., 2005; Linton, et al., 2007), this decision appears to be 

lacking rationale. Furthermore self-reported performance measures were utilised due to the scale 

of the study which could indicate objectivity issues. Responses could be grouped into each of the 

five maturity levels even though the two levels ‘linked’ and ‘integrated’ accounted for roughly 85% 

together. The study results indicate significant correlations between all four performance areas and 

SC maturity which were confirmed through structural equation modelling (SEM). The authors 

conclude that the use of maturity indicators to direct and measure process improvement is 

beneficial to SC performance. It is furthermore concluded that maturity models can contribute 

significantly to theory and practice of SCM. Quantification of SC maturity and performance levels 

utilising a maturity model is also seen as supportive for aligning performance measurements and 

process improvement with SC strategy.  

Geary et al. (2002) also argue for the usefulness of maturity models to improve SC performance. 

The iterative, structured approach of maturity models allows companies to significantly raise their 

maturity level by identifying and specifically targeting their current shortcomings. Higher maturity 

levels are associated with less process, supply, control, and demand uncertainty. In their study 

maturity improvements also resulted in a significant increase in bottom line performance. Thus, 

also Geary et al. (2002) strongly suggest the use of a structured maturity model to facilitate SC 

transformation and development. 

                                                      

2 See section 2.1.4.3 for a review of the SCOR model 
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The capability maturity model as discussed in section 2.1.7.2 has proven to be a practicable 

approach for business development which is supported by its many adaptations (CMMI Product 

Team, 2002). Dooley et al. (2001) studied the applicability of the maturity construct and found that 

having defined, managed, measured, and continuously improved processes in place was positively 

correlated with the level of business success. They furthermore conclude that maturity is a 

generalisable approach which can be adapted to different purposes. 

2.2 Sustainability  

Sustainability and sustainable development have become common terms used by various parties 

in different contexts, e.g. for business development, by national governments, international 

agencies and political groups. Despite being used in a rather inflationary manner the true meanings 

of these concepts remain difficult to grasp, e.g. when trying to define the dimensions of 

sustainability and the requirements for achieving genuine sustainable development. Schmidheiny 

(1992) eloquently concludes that sustainable development will require more than pollution 

prevention and altering environmental regulations. Ordinary people, e.g. consumers, business 

people, and farmers are the real environmental decision makers. It therefore requires that 

sustainability considerations are included in all decision-making processes of government 

agencies, businesses, and people in general. 

There is also debate among scholars whether sustainability can be achieved using the systems 

and practices currently in place. Viederman (1995) emphasises that many of today’s sustainability 

problems are results of technological and scientific successes and not of incidental failures. It is 

therefore debateable whether true change towards sustainable development can be achieved by 

utilising or merely adjusting current values and systems. Viederman (1995) suggests that 

sustainability is not a technical problem but rather a vision of the future providing a roadmap that 

focuses on appropriate values and ethical and moral principles.  

This section introduces relevant theories and developments in sustainability. It is aimed at 

providing a broad overview of the topic, its concepts, and furthermore introduces models that can 

support sustainability development. It supports the objectives of this study through the investigation 

of requirements for sustainability, its applicability and associated problems.  

2.2.1 The Sustainability Concept 

Economist Thomas Robert Malthus was one of the first economists to foresee that resource 

scarcity can limit economic and population growth, i.e. he estimated that any uncontrolled 

population increases geometrically, whereas subsistence can only increase arithmetically. Even 

though this theory is limited, e.g. technical innovations to increase production output are not 

considered, ‘the Malthusian theory of environmental limits’ is a precursor to sustainability (Mebratu, 

1998). Another influential report was published in the 1970s by the ‘Club of Rome’ and emphasised 

that the economic growth rates of that time could not be maintained without exceeding ecological 

resource limitations. The authors concluded that the limits to growth would be reached soon if 
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growth trends in terms of population, industrialisation, pollution, food production, and resource 

depletion remained unchanged. They furthermore point out the possibility of and necessity for a 

sustainable state of ecological and economic growth as an uncontrollable decline in population and 

industrial capacity might otherwise be inevitable (Meadows & Club of Rome., 1972). 

Numerous companies publish sustainability reports and many discussions and programmes aim to 

increase sustainability on organisational, national, or international levels. However, such efforts 

rarely follow standardised approaches and actions or statements often appear strategically 

disconnected. Terms like sustainability, sustainable development, or corporate social behaviour 

have become ‘buzzwords’ and are regularly used interchangeably despite significant differences. 

Thus, there is considerable confusion surrounding sustainability terms and concepts. A useful 

overview of what constitutes sustainable behaviour in the business and governmental context is 

provided by the United Kingdom governmental strategy report (HM Government, 2005) which aims 

to achieve: 

 Social progress which recognises the needs of everyone 

 Effective protection of the environment 

 Prudent use of natural resources 

 Maintenance of high and stable levels of economic growth and employment 

These statements provide helpful guidance towards sustainability understanding but do not 

constitute a comprehensive definition. This section therefore explores sustainability in detail.  

2.2.1.1 Sustainability Definitions 

The term sustainability is used rather inconsistently in order to describe various aspects connected 

to sustainability. Terms such as corporate responsibility (CR), sustainable development, or 

corporate social responsibility are used with the same meaning (KPMG, 2005). In addition to the 

inconsistent but ubiquitous usage the term enjoys increasing popularity among academics and 

practitioners alike which encouraged many organisations and institutions to publish their own 

sustainability definitions or metrics (Parris & Kates, 2003).  

Source Definition 

WCED, The Brundtland 
Commission (1987) 

Development that meets the needs of the present without compromising the ability of future 
generations to meet their own needs. 

IUCN, UNEP, & WWF 
(1991, p. 9) 

Improving the quality of human life while living within the carrying capacity of supporting 
ecosystems. 

Starik & Rands (1995, 
p. 909) 

Sustainability is the ability of one or more entities, either individually or collectively, to exist and 
flourish (either unchanged or in evolved terms) for lengthy timeframes, in such a manner that the 
existence and flourishing of other collectives of entities is permitted at related levels and in 
related systems. 

Munro (1995) 
Sustainable development is the complex of activities that can be expected to improve the human 
condition in such a manner that the improvement can be maintained. 

Table 2.11: Definitions of Sustainability and Sustainable Development 

In the 1990s over 100 definitions of sustainability existed (Elkington cited in Marshall & Toffel, 

2005). This adds to the confusion surrounding the meaning of sustainability as “almost every 

article, paper or book on sustainability bemoans the fact that the concept is broad and lacks a 

broad consensus”, which is “usually followed by the authors’ own preferred definitions which in turn 
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add to the lack of consensus” (Bell & Morse, 2008, p. 9). Marshall and Toffel (2005) conclude that 

this definitional chaos rendered the term sustainability less meaningful and distracts from its true 

meaning and pressing sustainability issues.  

The most cited and also most recognised definition was coined by the World Commission on 

Environment and Development (WCED) or Brundtland Commission in 1987. Mebratu (1998) points 

out two key concepts inherent to this definition, i.e. the concept of needs with special emphasis on 

the needs of the poor; and the concept of limitations “imposed by the state of technology and social 

organisation on the environment’s ability to meet present and future needs”. The Brundtland 

definition emphasises the relation between environmental improvement and social equitability 

through sustainable economic growth. Due to its popularity it is also the most criticised definition. 

Starik and Rands (1995, p. 909) point out that it “can be perceived as anthropocentric; indefinite on 

what “needs” and whose “needs” have priority; silent on changes in technology, resource 

distribution, and quality; and unclear regarding the benefits, costs, and strategies of 

intergenerational sacrifice and transfers”. The authors suggest that a more comprehensive 

definition should include the concepts of irreplaceability, biodiversity, carrying capacity, 

socioeconomic and ecological system resilience, and futurity. Starik and Rands (1995) furthermore 

emphasise that sustainability has multiple levels and systems3 which need to be effectively 

integrated to achieve sustainability. Despite all criticism, Mebratu (1998, p. 494) acknowledges its 

usefulness stating that “despite its acclaimed vagueness and ambiguity, the WCED definition of 

sustainable development has been highly instrumental in developing a ‘global view’ with respect to 

our planet’s future”. A similar view is taken by Nagpal and Foltz (1995) who acknowledge its deep 

and lasting impression on students of development. It also provided agreement on obligations to 

future generations as human activities often result in long lasting repercussions.  

2.2.1.2 Corporate Sustainability 

Despite the misleading usage, sustainability has become a crucial concept which is underlined by 

the steadily growing number of related publications as well as ongoing discussions among 

companies, politicians, and academics. In the business context terms like sustainability, 

sustainable development, CR or corporate sustainability are often used interchangeably. As this 

research is concerned with sustainability in the SC context, it is important to define CR in more 

detail. Table 2.12 provides several relevant definitions. 

  

                                                      

3 The multiple levels and systems in sustainability are discussed in detail in section 2.2.3.2.  
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Source Definition 

Epstein (1987) 

Corporate social responsibility relates primarily to achieving outcomes from organisational 
decisions concerning specific issues or problems which (by some normative standard) have 
beneficial rather than adverse effects on pertinent corporate stakeholders. The normative 
correctness of the products of corporate action have been the main focus of corporate social 
responsibility. 

Dyllick and Hockerts 
(2002) 

Corporate sustainability can be defined as meeting the needs of a firm’s direct and indirect 
stakeholders (such as shareholders, employees, clients, pressure groups, communities etc), 
without compromising its ability to meet the needs of future stakeholders as well 

World Business Council 
for Sustainable 
Development (2004) 

The commitment of business to contribute to sustainable economic development, working with 
employees, their families, the local community and society at large to improve their quality of life. 

Kleindorfer et al. (2005) 

Sustainable OM is the set of skills and concepts that allow a company to structure and manage 
its business processes to obtain competitive returns on its capital assets without sacrificing the 
legitimate needs of internal and external stakeholders and with due regard for the impact of its 
operations on people and the environment. 

Sustainable Asset 
Management Group 
(2005) 

Sustainable organisations integrate economic, environmental, and social criteria into strategy 
and management; pursue opportunities and manage risks that accompany sustainability trends; 
and create long-term shareholder value by leading their industry with a strong commitment and 
superior performance in all these dimensions. 

Dow Jones 
Sustainability Indexes 
(2011) 

Corporate Sustainability is a business approach to create long-term shareholder value by 
embracing opportunities and managing risks deriving from economic, environmental and social 
developments. 

Table 2.12: Definitions of Corporate Responsibility/Sustainability 

Several key aspects emerge from the definitions of corporate sustainability in Table 2.12. A 

company following corporate sustainability should concentrate on social and environmental 

prerequisites in addition to economic concerns considering the impacts and interdependencies of 

corporate decisions on all three dimensions. Furthermore corporate sustainability depends on a 

long-term focus in order to satisfy current as well as future shareholder and customer demands. 

From such a perspective not only financial assets should be considered ‘capital’ but also natural, 

human, and social stocks following the strategy to live on the income that capital provides and not 

on the capital itself (Dyllick & Hockerts, 2002; Zink, 2008). Business activities have been identified 

as crucial for sustainability efforts and companies have been encouraged by regulative bodies to 

adopt respective strategies (United Nations, 1992). Sustainable companies do not only need to 

take all three dimensions into account but must also determine how many resources they want 

allocate to each dimension. This forces them to re-evaluate their strategies and develop integrated 

approaches that consider the interdependencies between their actions and sustainability 

requirements. Such an approach has to ensure business success while creating acceptance by all 

stakeholders.  

2.2.1.3 Implications 

The Brundtland commission proposed a fundamental change of values at the time, as they 

emphasised the importance of social and political issues with special attention to the social and 

economic situation in developing countries which they identified as one of the main reasons for 

unsustainable behaviour in such regions. The Brundtland report contains a combination of radical 

as well as reformist elements. It suggests that environmental sustainability is not achievable if the 

problems of uneven wealth distribution and poverty are not dealt with simultaneously. It therefore 

emphasises the interdependencies between the dimensions of sustainability and that associated 

problems can only be resolved in a mutually reinforcing fashion. The promotion of more human 
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development in order to tackle environmental concerns is the reformist element of the report. 

However, it is also emphasised that such development has to be in accordance with the 

requirements of other sustainability dimensions (Robinson, 2004; WCED, 1987). Ongoing 

sustainability issues and reluctance for behavioural change demonstrate that current forms of 

development do not meet the requirements set by the Brundtland definition. 

Taking all these considerations into account it is possible to derive several key implications. First it 

has to be recognised that the main function or overall goal of sustainable development is to meet 

human needs taking into account several dimensions, e.g. economic, social, environmental, 

ethical, and cultural. Furthermore it can be concluded that the potential to meet these needs are 

limited due to scarcity of resources. These limited resources have to be distributed evenly, i.e. they 

have to be shared between members of today’s generation without compromising the availability to 

future generations. Human development consists of processes and activities which help people to 

fulfil needs and improve the quality of life. The outcome would be people who can be described as 

“healthy, well-nourished, clothed, and housed; engaged in productive work for which they are well-

trained; and able to enjoy the leisure and recreation we all need” (Munro, 1995, p. 28). The term 

‘sustainable’ implies that something can continue indefinitely. Thus, sustainable development 

means that human requirements can be fulfilled for the foreseeable future including e.g. creation of 

products, resource extraction, nature conservation, healthcare and education.  

2.2.1.4 Issues and Concerns 

Concerns and criticism have been articulated regarding sustainability. Some scholars question 

whether sustainability is even an achievable goal or rather an oxymoron, as there is e.g. no 

sustainable industrial economy in existence which operates on the basis of a non-depleting stock of 

environmental capital (Ekins & Max-Neef, 1992). The objective of sustainable development has 

been described as trying to achieve the impossible and essentially a contradiction in terms as the 

two imperatives of development and economic growth on one side and sustainability on all three 

dimensions on the other side appear to be opposed to each other (Goulet, 1995; Robinson, 2004). 

Robinson (2004) discusses three main areas of concern, i.e. vagueness in terms of definition, 

hypocrisy in terms of environmental behaviour, and fostering of delusions. Sustainability has also 

been used to misinform in order to gain advantage for narrow or special interests (Munro, 1995). 

Several definitions were discussed and some key implications were extracted. However, the 

number of publications aimed at defining sustainability (e.g. Mebratu, 1998; Parris & Kates, 2003; 

Pezzoli, 1997; Robinson, 2004) as well as the number of existing definitions underline the fact that 

sustainability has different meanings to different stakeholders. Mebratu (1998) points out that 

stakeholders tend to attach different meanings to sustainability depending on their political position 

or subjective views.  

There is considerable disagreement on how sustainability aims should be achieved. The 

Brundtland definition for example provides no policy guidance (Starik & Rands, 1995). Despite 

general agreement that sustainability is a necessary goal, there is usually little agreement on 

specific steps or actions that have to be taken. It remains unclear whether sustainable development 
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can be achieved through steady adjustments to existing systems or whether radical changes in our 

social and economic behaviour are necessary. When trying to characterise activities or processes 

as sustainable, predictions of future effects become necessary. Such predictions are obviously 

rather uncertain and even support by rigorous analysis does not guarantee conclusive results 

(Munro, 1995). The ‘2050 Project’ tried to tackle these problems by mapping out potential 

sustainable future scenarios based on the values and beliefs of people from diverse backgrounds. 

The overall goal was to identify common elements and most importantly a common endpoint at 

which most of the scenarios would be compatible. The authors conclude that “a single, globally 

acceptable endpoint will either be so general as to invite the same old criticisms or so culturally 

specific that it will be rejected by many who do not identify with it” (Nagpal & Foltz, 1995, p. 160).  

2.2.2 Dimensions of Sustainability 

From the definitions discussed in section 2.2.1.1 it can be derived that sustainability has three 

basic dimensions, i.e. economic, environmental and social. The interdependent nature of their 

relationships are depicted in Figure 2.9, e.g. actions taken to improve one sustainability dimension 

can potentially have positive and/or negative effects on the other dimensions.  

 

Figure 2.9: Dimensions of Sustainability  

Some authors include additional dimensions. Authentic sustainable development, according to 

Goulet (1995), consists of an economic dimension aiming for the creation of wealth and improved 

conditions of material life; a social dimension dealing with health, education, housing, and 

employment; a political dimension referring to human rights and political freedom; a cultural 

dimension which provides identity and self-worth to people; an ecological dimension recognising 

nature as a crucial but finite resource; and a final dimension named the full-life paradigm, referring 

to the ultimate meaning of life and history. However, most publications agree that there are three 

main dimensions (see e.g. Carter & Rogers, 2008; Munro, 1995; Seuring & Müller, 2008b). Even 

though these dimensions are interdependent, it is useful to first review them individually to illustrate 

their different aims and characteristics.  
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2.2.2.1 Environmental Sustainability 

Mebratu (1998) identifies two primary reasons for differences in understanding of the word 

environment. Firstly, the terms ‘environment’ and ‘ecology’ have become synonymous in their 

usage. Secondly, there is a threat of abstraction due to the distended notion of these terms 

suggesting that individuals’ environmental concerns should extend towards all parts of the 

environment. It is therefore useful to first define ecology and environment in order to clarify the 

difference in meaning. Environment refers to an aggregate of surrounding things and conditions 

that influence the life of a person or population. Ecology however is a branch of biology that studies 

the relationships between organisms and the environment (Costello, 1995).  

The environment provides us with the resources to fulfil our requirements and forms the backbone 

for all human activities by allowing us to develop socially and economically. In order to assess 

whether our actions are environmentally sustainable we need to specify what our supporting 

ecosystem is. For developed industrialised countries the supporting ecosystem extends to the 

entire world itself whereas for indigenous people it might only be their immediate surroundings. 

Developed nations use products from all over the world and therefore impact not only on their own 

territories but on a global scale, e.g. through emissions. Thus, with regard to trade, technology 

transfer, and environmental impacts, most of the world’s population depend on ecosystems that are 

often extended to the global level (Munro, 1995).  

Another important aspect with regard to environmental sustainability is to determine the carrying 

capacity of an ecosystem, i.e. the maximum impact it can sustain. There are limits to the capacity 

of all ecosystems to withstand impacts without dangerous deterioration (IUCN, et al., 1991). In 

order to be sustainable an ecosystem has to be able to support the health of organisms while 

maintaining productivity, adaptability, and capacity for renewal (Munro, 1995). The report ‘Caring 

for the Earth’ puts forward that policies and technologies need to be developed to balance human 

numbers and life-styles with carrying capacity while enhancing it by careful management (IUCN, et 

al., 1991). Many people live in a manner that assumes no direct limitations to the carrying capacity. 

This is often justified by claiming that new technologies and potential resource substitutes will 

provide new resources and clean the environment. Such a view ultimately assumes that the earth’s 

carrying capacity is infinite. On the other side proponents of sustainable behaviour claim that the 

carrying capacity has already been exceeded because negative environmental impacts outweigh 

social and economic benefits. A pragmatic determination of the carrying capacity is to ensure the 

health and productivity of all related ecosystem components which would not require a definition of 

human carrying capacity on objective grounds or a global consensus on how much economic 

growth is sustainable (Munro, 1995). Thus, from a holistic sustainability standpoint a more 

differentiated aim can be taken, i.e. a balance of economic and social benefits and environmental 

deterioration. 

Reporting on environmental issues has become common practice among globally operating 

companies. Companies nowadays also cater to customer preferences for environmentally friendly 

products and offer ‘green-label’ products. However, this trend may in fact be short-lived, since 

environmentally friendly products might soon be a standard customer expectation (KPMG, 2011). 
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2.2.2.2 Social Sustainability 

Social sustainability is largely determined by the cultural context and depends upon social norms 

such as customs, traditions, or laws. Development and activities are usually socially sustainable if 

they conform with current social standards and do not exceed people’s tolerance for change 

(Munro, 1995). Hence, in contrast to environmental sustainability there are no specific limits such 

as carrying capacity. Limits to social norms are difficult to quantify as they are hard to analyse and 

to measure and are furthermore subject to constant change and adjustments, e.g. opinions on the 

acceptability of behaviour change over time. Social developments are therefore constrained as 

they are usually subject to gradual evolutions (Munro, 1995). Thus, the nature of gradual 

developments of social norms does not support radically different ideas or approaches due to 

people’s resistance. This realisation is essential for any approaches to advance sustainability. 

Associated frameworks, models, or tools have to take these characteristics into account and are 

probably advised to integrate current social values. 

Cultural contexts also determine social responsibility measures and there are obvious differences 

with regard to social standards in different geographic regions. In general, companies and their 

SCs should take on social responsibilities through measurable policies and procedures that support 

corporate behaviour designed to benefit the workplace, the individual, the organisation, as well as 

the larger community (Engel, 2011). Social topics were mentioned in the CR reports by about two-

thirds of the 250 largest global companies in 2005, whereas by 2011 this became the norm for 

these companies. Social issues do not always enjoy the same importance as environmental topics 

and are often covered in a more superficial way. Discussed issues usually include four major 

areas, i.e. labour standards, working conditions, community involvement, and philanthropy 

(Hutchins & Sutherland, 2008; KPMG, 2005, 2011). 

2.2.2.3 Economic Sustainability 

Economic sustainability at the most basic level is about achieving a trade-off between economic 

gains and associated costs. If judged purely on financial measures, a business could be described 

as economically sustainable if the income outweighs the costs. However, this view is too simplistic 

as it fails to account for changes over time, e.g. costs of production or resource extraction can vary 

considerably over time. Thus currently viable businesses might not be sustainable in the long run if 

costs increase above a certain level. Furthermore businesses depend on resources and a social 

system in order to manufacture their products or offer their services. Thus, resource extraction 

beyond the point of renewability or a possibility of substitution does not allow sustained economic 

growth but merely short term economic gain. The same reasoning applies to social exploitation. A 

company cannot abuse the social background in which it operates beyond the limits of social 

sustainability. Such behaviour could negatively affect demand for a company’s offerings or limit the 

availability of labour which is just as crippling as an unavailability of natural resources. Economic 

sustainability therefore depends on predictable supply as well as predictable demand and can be 

severely affected by a decline in either one of them (Munro, 1995). Munro (1995) concludes that 
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economic sustainability is essentially constrained by any factor that disturbs a viable balance 

between benefits and costs. 

For any profit driven company economic sustainability is usually the most important dimension as 

economic success is the basis for survival. Respective financial statements are also highly 

regulated. In 2005 however only a minority of the CR reports published by the 250 largest global 

companies discussed economic impacts from a sustainability perspective (KPMG, 2005). However, 

there is a shift towards integrated reporting, i.e. combined CR and financial reporting which has 

been associated with enhanced financial value. Such reporting approaches force companies to 

measure and manage their financial situations with regard to their impacts on society and the 

environment thereby driving innovation, the discovery of business opportunities and continuous 

improvement (KPMG, 2011).  

2.2.2.4 The Triple Bottom Line 

Sustainability is widely accepted as a guiding principle but remains difficult to operationalise due to 

missing conceptualisations of the sustainability dimensions that are applicable to businesses. 

There are several sustainability frameworks which are aimed at the description of indicators, 

characteristics or ratios for sustainability (e.g. Global Reporting Initiative, 2011; NZBCSD, 2002). 

These differ mainly in terms of scale and focus, e.g. national, global or company levels. In the 

1990s Elkington suggested to take social as well as environmental considerations into account in 

addition to economic performance. This concept is known as Triple Bottom Line (TBL) (Elkington, 

1998) and has been adopted by an increasing number of organisations (Marshall & Toffel, 2005). It 

is based on the principle that organisations pursuing sustainability should base their decisions not 

only on economic returns but also on environmental protection and social justice. Marshall and 

Toffel (2005) divide TBL into three concepts. Eco-efficiency refers to the optimisation of economic 

and environmental goals. Fair trade considers social consequences of business activities and 

environmental justice aims for social equity along with environmental protection. Unique to the TBL 

is the notion that the fulfilment of such obligations needs to be measured, calculated, audited and 

reported akin to financial statements published by public companies (Norman & MacDonald, 2004). 

Marshall and Toffel (2005) criticise TBL for lacking a meaningful foundation as the implementation 

of its three concepts does not necessarily lead to sustainability. While acknowledging that 

businesses should have more than one bottom line, they propose to expand the boundaries set by 

TBL. It has long been accepted that companies have a responsibility to their various stakeholders 

which includes not only economic but also social, ethical, and environmental considerations. 

Norman and MacDonald (2004) see a shortcoming in the fact that social and environmental bottom 

lines cannot be assessed as easily as economic facts. Even if relevant issues could be measured, 

there would always be disagreement among stakeholders about the weighting assigned to them. 

There may even be a danger inherent in the uptake of TBL by many companies as it suggests that 

there is a sound methodology for the estimation of a meaningful and comparable TBL. The authors 

conclude that TBL may in fact only be an economic bottom line with the addition of vague social 

and environmental commitments and serves best to facilitate hypocrisy (Norman & MacDonald, 
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2004). Another critique concludes that TBL is limited and conceptually flawed as it misrepresents 

sustainability and fails to provide a focus or essential goals (Brown, et al., 2006). 

The discussed criticism of TBL can be extended to other sustainability frameworks and may 

partially be explained by the ambiguity surrounding the term sustainability and the difficulty to 

assign specific measures to social and environmental aspects. Furthermore companies can 

potentially use sustainability frameworks as pretence for commitment to social, environmental, and 

ethical issues. This underlines the fact that merely adopting a sustainability framework does not 

make a company sustainable but that serious strategic commitment is needed so that guiding 

principles become integrated and are consistently followed.  

2.2.3 Sustainability Maturity 

Maturity considerations in sustainability are reviewed in this section in order to investigate avenues 

for sustainability transformation and development. Insights are derived by reviewing several 

relevant concepts and models. A hierarchical comparison of sustainability requirements is followed 

by a comparison of levels of sustainability and their relationships. Finally, sustainability 

performance is considered concentrating on a hierarchy of sustainability indicators. 

2.2.3.1 Sustainability Hierarchy 

Figure 2.10 displays a sustainability hierarchy which categorises sustainability requirements into 

four distinct levels (Marshall & Toffel, 2005). It is organised similar to Maslow’s hierarchy of needs, 

i.e. the successive levels of the pyramid relate to increasingly higher order sustainability constructs 

(Quak & de Koster, 2007).  

 

Figure 2.10: Sustainability Requirements Hierarchy (Marshall & Toffel, 2005) 

Essential sustainability considerations are at the hierarchy’s foundation providing a baseline for 

sustainability definitions and incorporating actions that directly endanger human survival. Hence, 

level 1 describes minimum requirement for sustainable behaviour but is too narrow to capture the 

entire spectrum of the sustainability concept. Level 2 widens the focus and includes actions that 
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reduce human life expectancy or lead to deteriorating health. Such unsustainable actions can 

include e.g. ozone layer depletion or environmental pollution. Level 3 gives consideration to the 

extinction of other species and human rights’ violations. Human rights are limited to general 

requirements as outlined by the United Nations Universal Declaration of Human Rights (see United 

Nations, 1948). Level 4 finally adds concerns which are difficult to define as they are based on 

more subjective values and beliefs. Due to this difficulty, disagreements are likely to arise about the 

sustainability of actions defined by the highest hierarchy level.  

Marshall and Toffel (2005) point out that real sustainability issues are likely to span multiple levels 

including significant feedback loops between the levels. As an example they highlight that climate 

change can be the cause for species extinctions which in turn could have a severe impact on 

people in developing nations who rely on those species for food, shelter, or medicine.  

Time needs to be considered from two different angles when trying to judge or specify sustainable 

behaviour. Firstly, the impacts of today’s actions for the future have to be estimated along with the 

time it takes until effects can be measured or become evident. Secondly, consideration has to be 

given to whether an action that influences an ecosystem can be considered sustainable if the 

system will eventually recover from this action. Furthermore it would need to be evaluated what 

timeframe for recovery could be considered sustainable.  

Benchmarking and the appropriate selection of a point of reference also become important when 

assessing sustainable behaviour. It needs to be determined whether impacts on an ecosystem 

should be compared to the current state of the system, a previous state, or a potential state in the 

future. A similar problem arises when comparing different locations e.g. when trying to assess and 

compare working standards and conditions in a developing country with a developed economy.  

Hence, the outlined aspects have to be taken into account when trying to assess the sustainability 

of actions which largely depend on the different levels of sustainability, time considerations and the 

appropriateness of benchmarks used for comparisons. 

2.2.3.2 Multi-Level Sustainability 

There is general agreement that sustaining in general involves several dimensions of time as well 

as other factors connected to the social, environmental, and economic dimensions (Stead & Stead, 

1992 in Starik, 2004). The concept of multiple levels and systems in sustainability is therefore put 

forward by several authors (K. Klein & Kozlowski, 2000; Starik, 2004; Starik & Rands, 1995). At the 

centre is the individual level surrounded by organisational, political-economic, social-cultural, and 

ecological levels as depicted in Figure 2.11. 
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Figure 2.11: Multiple Levels and Systems of Sustainability (adapted from Starik & Rands, 1995) 

These five levels interact though systems or interconnections of related components, i.e. inputs, 

processes, outputs, and feedbacks. Open system models provide the basis for these interactions 

focussing on the elements that can be controlled by the system. Inputs (natural, human, and 

financial) are sourced externally and transformed to outputs (products, services, and by-products 

such as waste and emissions) internally via throughput processes (research, development, 

production, distribution, marketing, and administration). Feedback consists of information that 

either be limiting or reinforcing, i.e. suggest the elimination/decrease of a current action or its 

continuation/increase in order to produce a desirable system condition (Starik & Rands, 1995).  

The described levels are interdependent with different requirements and encouragements needed 

at each level in order to achieve overall sustainability. The interconnections between individuals, 

organisations, political-economic and social-cultural entities as shown in Figure 2.11 and Table 

2.13 exemplify that the ability of single organisations or SCs to become sustainable depends on the 

acceptance of sustainability efforts at all levels. Interaction and communication between these 

levels along with suitable feedback measures can also be identified as a key requirement.  

Ecological Level 

Utilisation of natural resource inputs at sustainable rates 
Processes designed for maximisation of conservation and minimisation of waste 
Development of goods and services for sustainable use and disposal/recycling 
Generation of only assimilable outputs, which are ecologically useful or neutral 
Effective mechanisms for sensing, interpreting, and responding to natural feedback 
Promotion of values of environmental protection, sensitivity, and performance 
Development of principles, strategies, and practices for ecosystem viability 

Individual Level 
Inclusion of sustainability considerations in job design, selection, and training 
Promotion of sustainability-oriented innovation by systems and structures 
Reinforcement of a sustainability orientation by cultural artefacts 

Organisational Level 

Initiation of and involvement in environmental partnerships 
Absence of targeted protests by environmental activists 
Utilisation of environmental conflict-resolution practices 
Participation in industrial ecology and other waste-exchange arrangements 
Allocation of extensive resources to inter-organisational ecological cooperation 

Political-Economic Level 

Encouragement of pro-sustainability legislation 
Promotion of market-based environmental policy approaches 
Encouragement and development of full-environmental-cost accounting mechanisms 
Promotion of peak organisation support for sustainable public policy 
Promotion of peak organisation sustainability-oriented self-regulatory programs 
Participation in peak organisations specialising in promoting sustainability 
Opposition to anti-sustainability and/or promotion of pro-sustainability subsidies 

Social-Cultural Level 

Involvement with social-cultural elements to advance sustainability values 
Involvement in educational institutions' environmental literacy efforts 
Provision of environmental information to various media 
Dissemination of sustainability information from culturally diverse stakeholders 
Attention to environmental stewardship values of organisational members 

Table 2.13: Multilevel / Multisystem Sustainable Organisations (Starik & Rands, 1995) 
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The available literature on multi-level sustainability does not explicitly discuss the interactions of 

multiple organisations in SCs and does therefore not identify associated sustainability activities or 

characteristics. Identification of such influential factors for SSCs seems however necessary due to 

the growing importance of SCs in terms of value generation and competitive advantage (Chen & 

Paulraj, 2004; M. C. Cooper, Lambert, et al., 1997; Leenders, 2006) as well as their environmental 

and social impacts (Hutchins & Sutherland, 2008; Schiller, et al., 2010).  

2.2.3.3 Sustainability Performance 

As became evident through the preceding discussions, performance measurements are crucial to 

support sustainability assessments and development. It was furthermore shown that performance 

on multiple levels has to be considered. A shift of focus in performance measurement is evident on 

an organisational level as it increasingly moves from a process or company level towards SC 

measurements which consider wider system implications. This shift of scope can lead to 

complications due to increased complexity and involvement of more stakeholders. A high degree of 

alignment is needed between SC members due to different priorities and potential reluctance to 

share performance information with other SC members.  

Figure 2.12 shows levels of sustainability indicators organised in a hierarchical fashion giving 

consideration to requirements for performance measurement at different levels of organisational 

development (Veleva, Hart, Greiner, & Crumbley, 2001). It is proposed that the development of 

sustainable systems is a continuous, evolutionary process consisting of setting goals and 

measuring performance. Different organisations or industries start this evolution from different 

backgrounds, capabilities and at different starting points. It is furthermore emphasised that 

sustainable systems “cannot be achieved by companies or industry alone but rather requires 

cooperation and coordination among companies, communities and government at many different 

levels” (Veleva, et al., 2001, p. 449). A hierarchy describes the evolution of sustainability 

performance measurement. 

 

Figure 2.12: Hierarchy of Sustainability Performance (Veleva & Ellenbecker, 2001) 

Level 1 refers to compliance and conformance indicators which keep track of process compliances 

with regulations or industry standards. Such indicators are often not self-motivated but are driven 

by external forces, e.g. governments. Level 2 also includes inputs, outputs and performance on a 
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facility or company level. Such indicators can generally be connected to efficiency measurements 

and are therefore essential for developing and maintaining a competitive advantage. Level 3 

indicators are described as facility effects indicators and help to assess the effects of facility on the 

environment, workers, or public health. Up to this level, the focus has been on company internal 

measurements. Level 4 introduces a new perspective as the focus widens to go “beyond the 

boundary of the company/facility processes to look at supply chain as well as product distribution, 

use and ultimate disposal” (Veleva, et al., 2001, p. 450). Such indicators are generally connected to 

SCM for sustainable operations and SCM for sustainable products4 (Jayaraman, et al., 2007; 

Seuring, Sarkis, Müller, & Rao, 2008) and consider performance levels of other SC member and 

overall SC measures. Examples for such SSCM indicators include percentage of products 

designed to be easily reused or recycled; percentage of suppliers receiving safety training per year; 

embodied energy in key raw materials and packaging; and amount of emissions generated during 

transportation. Level 5 of the hierarchy finally relates the effects of companies and SCs to the 

carrying capacity of the environment. Such indicators can usually not be generated on a company 

or SC level and require extensive collaboration with communities and governmental agencies 

(Veleva & Ellenbecker, 2001; Veleva, et al., 2001).  

2.3 Sustainable Supply Chain Management 

Many companies have started to consider sustainability concepts for their own company. However, 

sustainability management has to take whole SCs into account as typically 50-70% of the value of 

a product is derived from suppliers (Mahler, 2007; Mahler, Callieri, & Erhard, 2007). In the United 

States the retailer Wal-Mart is estimated to annually sell goods worth US$30 billion, or 10% of all 

imports, that are made by about 30,000 factories in China. Hence, Wal-Mart’s environmental 

footprint is primarily influenced by the design of SC operations (Birchall, 2008). Wal-Mart plans to 

reduce its environmental footprint throughout the SC by a number of initiatives, e.g. by working with 

individual suppliers towards energy saving and reduction of packaging waste. Other internationally 

operating firms have also proposed initiatives to reduce waste and pollution in China’s export-

focused manufacturing industries (Birchall, 2008).  

Thus, efforts in sustainability management that only concentrate on single enterprises cannot 

achieve genuine sustainability (Mahler, 2007; Mahler, et al., 2007). The inherent complexities of 

SCs create challenges when integrating sustainability considerations into SC decisions but 

examples have shown that making sustainability a strategic imperative helps to overcome such 

challenges (Beard et al., 2011). Some companies have recognised this pressing need and best-in-

class companies take environmental initiatives and social responsibilities seriously (Engel, 2011).  

It has to be recognised that many major companies see the need to improve the sustainability of 

their SC, be it for economic, marketing or ethical reasons. However, it is also evident that strategies 

and approaches are mainly not aimed at holistically improving SC impacts on all sustainability 

                                                      

4 See section 2.3.1 for a review of SCM for sustainable products and operations 
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dimensions. Instead the focus is often rather uni-dimensional neglecting the interdependencies 

between sustainability dimensions (Carter, 2005; Carter & Easton, 2011).  

 

Figure 2.13: Sustainable Supply Chain Management (adapted from Carter & Rogers, 2008) 

Much of the available research follows this trend and examines the sustainability of SCs only from 

one dimension, e.g. examining environmental issues, work safety, or human rights. Little attention 

or consideration is given to examining the interrelationships (Carter & Easton, 2011; Carter & 

Jennings, 2002). An emphasis on the environmental and economic dimensions is also evident 

whereas the social considerations appear neglected (Bansal & McKnight, 2009; Gold, et al., 2010; 

Kleindorfer, et al., 2005; Pagell & Wu, 2009). Especially interesting for businesses is the question 

whether socially beneficial and environmentally friendly SC practices can complement each other 

and support profitability. Of even greater importance to practitioners might be the question whether 

more sustainable behaviour will result in economic gain. The literature is inconclusive in this regard 

and there is certainly a lack of empirical research devoted to these questions. Hoffman and 

Bazerman (2005, p. 16) note that “when those in the win-lose camp argue their case, those in the 

win-win camp counter with examples of environmentally friendly behaviour creating new 

profitability”. They conclude that more sustainable behaviour can be profit-compatible and move 

the focus from the short-sighted question whether sustainable practices pay out at all towards the 

more directed questions of how and under which specific circumstances they can pay out. 

Interestingly the authors stress that people and organisations tend to overly discount the future with 

the result that upfront capital expenditures promising significant annual returns in the long run are 

too often foregone (Hoffman & Bazerman, 2005).  

2.3.1 Classification and Themes within SSCM 

Companies have long been encouraged to integrate sustainability policies (United Nations, 1992). 

SCs are of growing importance in a globalised world as they facilitate the distribution of goods by 

linking companies and customers in different regions. As the focus on single companies is shifting 

towards SCs, the sustainability debate needs to evolve as well towards a strategic focus on SSCM 

(Carter & Rogers, 2008; Jayaraman, et al., 2007; Seuring & Müller, 2008b; Vasileiou & Morris, 
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2006). In order to understand this debate one must be aware of sustainability concerns in SCs and 

potential mitigation strategies. Along with the need to investigate sustainability in SC practice, a 

research body has developed mainly after 1990 (Carter & Rogers, 2008; Linton, et al., 2007; 

Seuring & Müller, 2008b). Most empirical research studies have used data from multiple industries 

to derive generalisable findings and sufficient sample sizes (Carter & Easton, 2011) but especially 

the characteristics of service SCs have not been examined yet (Breidbach, Reefke, & Wood, 2011; 

Sampson & Spring, 2011). Hence, the discussion is biased towards goods centric SCs (Ellram, 

Tate, & Billington, 2007).  

SCs are intricate structures often made up of physically dispersed companies dealing with different 

business regulations and customer requirements. Traditionally sourcing decisions are mainly 

concerned with cost, quality, delivery terms, and flexibility considerations (Gardiner, 2010). 

Sustainability concerns add another layer of difficulty. SCs are deeply rooted and dependent on the 

available physical infrastructure and usually aim to find supply sources that allow them to minimise 

their overall costs. Due to the low costs incurred by transportation in comparison to manufacturing 

and holding costs, supply from cheaper, distant sources is often seen as the best option. SC 

strategies are also usually based on the assumption of cheap transport (Halldórsson & Kovács, 

2010). For many products, the possibility of lower production costs far outweighs the respective 

increase in transportation costs (Schiller, et al., 2010). SCs do not necessarily lend themselves to 

quick operational shifts or strategic reorientations due to their complexity, their dependence on 

existing infrastructure, their economic importance and the prevailing purely cost based sourcing 

considerations.  

Literature on SSCM approaches the topic from different angles and can therefore be divided into 

respective categories. One approach is to classify the SSCM literature into SCM for sustainable 

products and SCM for sustainable operations (Srivastava, 2007). SCM for sustainable products 

takes the design of products into account and furthermore assesses the sustainability qualities over 

the entire lifecycle of a product. Linton et al. (2007) suggest that SC strategies must be extended to 

include any by-products, and product lifecycle considerations. SC offerings should be optimised not 

only from a current cost standpoint but also from a total cost standpoint including the effects of 

resource depletion and the generation of pollutants and waste. 

SCM for sustainable operations involves operational aspects, e.g. (reverse) logistics, network 

design, waste management, transportation and distribution, as well as sustainable manufacturing 

(Srivastava, 2007). In order to ensure that a company operates sustainably, all upstream and 

downstream connections in the value chain need to be considered and sustainability issues at all 

points have to be evaluated as they ultimately affect the whole SC. Unsustainable behaviour on 

one side can affect every part of the chain and ultimately make it everyone’s concern (Esty & 

Winston, 2006, pp. 60-61). Research in this area however is limited and the role and importance of 

logistic processes for SSCM is not well understood (Dey, et al., 2011). 

SCM for sustainable operations and SCM for sustainable products and their dimensions can be 

further subdivided into more focused topics. An overview of this literature classification of SCM is 

given in Figure 2.14 which outlines and organises the different areas.  
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Figure 2.14: Classification of Literature in SSCM 

Irrespective of the distinctions between these topics, a SSCM strategy needs to consider the three 

dimensions of sustainability in an integrated manner. A variety of methods and practices can help 

to overcome the specific challenges arising from the different topics as discussed throughout 

section 2.4. The classification of the literature exemplifies that researchers and practitioners 

address sustainability aspects in SCs from different angles. Faced with such diverse requirements 

and the need for a holistic SC response towards sustainability challenges (Carter & Easton, 2011), 

there is a clear requirement for models and guidelines to support SC transformations and 

development.  

2.3.2 Definition of SSCM 

Much of the research related to sustainability in SCs has failed to consider the many facets of the 

sustainability concept outlined in sections 2.2.2 and 2.2.3 and disregarded the requirement for a 

holistic approach to SSCM (Carter & Easton, 2011). From the definitions of SCM and sustainability 

discussed in sections 2.1.3 and 2.2.1.1 it can be synthesised that sustainability on a corporate level 

aims for the integration of social and environmental concerns in addition to economic viability 

whereas SCM aims for inter-organisational coordination of business processes and alignment of 

company goals. The importance of sustainability in a business context is underlined by the fact that 

most international organisations publish annual sustainability reports (KPMG, 2005, 2011) and also 

by the amount of available definitions. In contrast, SSCM is an emerging discipline. Table 2.14 

provides an overview of several relevant definitions. 
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Source SSCM Definition 
New Zealand Business Council 
for Sustainable Development 
(2003) 

Management of raw materials and services from suppliers to manufacturer/service 
provider to customer and back with improvement of the social and environmental 
impacts explicitly considered. 

Srivastava (2007) 
Green SCM is integrating environmental thinking into SCM, including product design, 
material sourcing and selection, manufacturing processes, delivery of the final product to 
the consumers as well as end-of-life management of the product after its useful life. 

Carter & Rogers (2008) 

SSCM is the strategic, transparent integration and achievement of an organisation’s 
social, environmental, and economic goals in the systemic coordination of key inter-
organisational business processes for improving the long term economic performance of 
the individual company and its SCs. 

Seuring & Müller (2008b) 

SSCM is the management of material, information and capital flows as well as 
cooperation among companies along the SC while taking goals from all three 
dimensions of sustainable development, i.e. economic, environmental and social, into 
account which are derived from customer and stakeholder requirements. In sustainable 
SCs, environmental and social criteria need to be fulfilled by the members to remain 
within the SC, while it is expected that competitiveness would be maintained through 
meeting customer needs and related economic criteria. 

Baburdeen, Metta, & Gupta 
(2009) 

SSCM involves the planning and management of sourcing, procurement, conversion 
and logistics activities involved during pre-manufacturing, manufacturing, use and post-
use stages in the product lifecycle in closed-loop through multiple lifecycles with 
seamless information sharing about all product lifecycle stages between companies by 
explicitly considering the social and environmental implications to achieve a shared 
vision. 

Pagell & Wu (2009) 

A SSC is one that performs well on both traditional measures of profit and loss as well 
as on an expanded conceptualisation of performance that includes social and natural 
dimensions. SSCM is then the specific managerial actions that are taken to make the 
SC more sustainable with an end goal of creating a truly sustainable chain. 

Table 2.14: Definitions of Sustainable Supply Chain Management 

The introduction of sustainability into SCs started with environmental considerations and from a 

research perspective was mainly concerned with assessing potential economic implications. The 

term ‘Green SCM’ was coined which is concerned with the utilisation of innovations for 

environmentally beneficial outcomes as well as forward and backward inclusion of SC members 

with regard to environmental practices and strategies (Berger, Flynn, Hines, & Johns, 2001). 

Research suggests that it can add economic value to SCs to consider their environmental impact 

due to e.g. regulations, customer perceptions, risk management, general efficiency gains, and cost 

savings (K. Green, Morton, & New, 1996). Realising an integrated green SC has been found to 

lead to higher competitiveness as well as economic performance (Rao & Holt, 2005). The link 

between environmentally sound practices and economic gains has been the main driving force for 

companies to adopt environmentally sustainable SC practices (Bowen, Cousins, Lamming, & 

Faruk, 2006).  

SSCM extends the focus of traditional SCM to improve the long-term economic performance of the 

SC as a whole and the firms involved (Svensson, 2007), similar to the triple bottom line approach 

for single organisations (Carter & Rogers, 2008). SSCM refers to the transparent integration and 

achievement of economic, environmental and social goals by effectively coordinating the main 

inter-organisational business processes (Carter & Rogers, 2008; Clift, 2003). Key aspects of SSCM 

practices include the sustainability of the SC network and environment, application of 

environmental-friendly strategies, and taking social responsibilities into account (Svensson, 2007). 

Baburdeen et al. (2009) add life-cycle considerations and systems thinking to derive a definition of 

SSCM. This particular definition emphasises that product life stages are divided into pre-

manufacturing, manufacturing, use, and post-use, claiming that current SCM literature is mainly 

focussed on the first three stages neglecting the importance of ‘post-use’.  
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Koplin, Seuring and Mesterham (2007) state that, for a SC to achieve sustainability, its members 

have to address supply operations, supply management, supply strategy, and supply policy from a 

sustainability angle. An overview of these four areas can be seen in Table 2.15. 

Supply Operations Supply Management Supply Strategy Supply Policy 
 Payment Processing 
 Purchasing 
 Invoice Management 
 Delivery 
 Order Fulfilment 
 Cost Estimation 
 Requirement Identification 
 Scheduling & Evaluation 

 Demand & Risk Analysis 
 Product/Service Research 

& Development 
 Compliance Regulation 
 Supplier Management 
 Budgeting 
 Logistic Management 
 Financial Reporting 

 Relationship Strategy 
 Outsourcing Strategy 
 Innovation Strategy 
 Risk Strategy 
 Logistic Strategy 
 Network Strategy 
 Information Strategy 

 Ethics Policy 
 Environmental Policy 
 International Policy 
 Transparency /Reporting 

Policy 
 Value for Money policy 

Table 2.15: Four Levels of Supply Chain Management (Koplin, et al., 2007) 

A SC involves several companies, and the sustainability of the entire SC requires each of the 

individual companies to be sustainable (Hutchins & Sutherland, 2008). Thus, SSCs need to 

incorporate and extend beyond the fundamental matters of SCM such as product design, 

manufacturing, the creation and use of by-products, and product recovery and disposal (Linton, et 

al., 2007). Nunen et al. (2005) characterise SSCs by profit, people, and planet. Firstly, a SSC 

creates economic value added based on efficient product design and use of resources. Secondly, it 

needs to create customer value by offering profitable products and services while taking 

responsibility for the social and environmental impacts of its operations. Lastly, SSCs actively 

reduce the consumption of natural resources and production of waste through more efficient use of 

energy and materials. Thus, according to Nunen et al. (2005) SSCs are characterised by the 

creation of economic value based on efficient business processes that aim to reduce the 

consumption of scarce resources. To meet these requirements, members of a SC therefore need 

to minimise their environmental impacts through a reduction in the depletion of resources, 

implementation of cleaner processes, and reduction of operational wastes. In addition, 

organisations should implement efficient product management and relationship management with 

other members, and design products that can be recycled, reused, remanufactured, and disposed 

of safely (Linton, et al., 2007). 

Sustainability is realised when the performance of environmental, economic, and social 

considerations are simultaneously maximised (Carter & Rogers, 2008). Hence, it is essential to 

integrate environmental, economic, and social goals into strategies and consider business impacts 

throughout product lifecycles (Hutchins & Sutherland, 2008). However, many organisational 

sustainability reports show that firms fail to sufficiently address the environmental and social 

impacts of their operations (Veleva & Ellenbecker, 2001), as it can become a burden (Seuring & 

Müller, 2008b). SC impacts are also not consistently addressed (KPMG, 2005, 2011). Accurate 

performance measurement of sustainability across the SC is therefore a key requirement for SSCM 

so that impacts can be measured and a SC’s level of sustainability can be assessed 

(Gunasekaran, Patel, & Tirtiroglu, 2001).  
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2.3.3 Trade-off Relationships 

This research investigates the connection of sustainability and SCs, both areas characterised by 

potentially opposing goals and hence difficult decisions. Trade-off decision making is therefore 

explored in this section.  

A trade-off can be described as “a balancing of factors all of which are not attainable at the same 

time” (Merriam-Webster Online Dictionary, 2010), whereas a win-win situation is “advantageous or 

satisfactory to all parties involved” (Merriam-Webster Online Dictionary, 2010). Hence, when 

deciding on one option, often another option needs to be sacrificed. Mutually exclusive choices 

always involve opportunity costs as lost opportunities also involve loss of utility (von Wieser, 1927). 

Trade-off decisions are inevitable in the business and SC context, e.g. whether a SC aims for 

efficiency or agility. Strategic and operational choices have to be made but often companies cannot 

aim for two opposing choices at once. In his seminal article Skinner (1969) points out that 

production systems are usually designed as a blend of low costs, high quality, and acceptable 

customer service. However, such a strategy cannot result in high achievements in all these 

dimensions. Furthermore it must be distinguished between competitive priorities which may 

demand different policies, personnel, and operations. For example, SCs experiencing high demand 

uncertainty combined with high supply uncertainty would require an agile SC whereas low demand 

uncertainty combined with low supply uncertainty would support an efficient SC strategy (Fisher, 

1997; H. L. Lee, 2002). Skinner (1969) realised that awareness of trade-offs is often not given even 

though it is crucial when designing and operating production systems. Important decision areas 

include plant and equipment, production planning and control, staffing, product design and 

engineering, as well as organisation and management. This list can be expanded by decisions 

relating to environmental costs and risks, recruiting and retaining employees, impact of policies on 

organisational learning, safety and employee health, trade restrictions, producing vs. buying, 

supplier networks and locations, and competitive advantages of overseas production (Skinner, 

1996). Any system design includes significant trade-offs decisions which are often dynamic and 

have to be made on a regular basis (Skinner, 1969). Operational decisions cannot be isolated from 

the competitive environment and strategic facts. For example, the misalignment of SC strategies, 

operations, and competitive requirements is counterproductive (Fisher, 1997; H. L. Lee, 2002). 

2.3.3.1 Trade-offs in SCM 

Da Silveira (2005) describes three distinct phases in trade-off research. Early scholars viewed 

trade-offs as constraints to competitiveness and proposed that certain competitive capabilities are 

mutually exclusive, e.g. low unit cost vs. high product quality. This view changed from the 1980s as 

business results suggested that such capabilities could be developed simultaneously. New 

supporting management principles, e.g. TQM and JIT, supported the prevailing view that trade-offs 

can be avoided to some extent. Formerly opposed capabilities like quality, cost, or delivery may in 

fact be developed alongside each other but trade-offs can only be eliminated in some instances. In 

order to develop performance capabilities simultaneously, prerequisites are usually required 

including investments in operations, resources and capabilities. A sustained, coordinated approach 
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may also be essential facilitated by a continuous build-up of capabilities, implementation of 

improvement initiatives and coordination of these initiatives and capabilities towards overarching 

objectives (Clark, 1996; R. H. Hayes & Pisano, 1996). As the third stage in trade-off research da 

Silveira (2005) points to the combination of capability building and strategic repositioning 

depending on operational strengths. The first possibility being a bottom-up approach based on 

adjusting operations to support strategic objectives, and the second a top-down approach where 

the strategic direction and competitive priorities are repositioned to align with operational strengths.  

According to Stevens (1993, p. 3), SCM aims to “synchronise the requirements of the customer 

with the flow of material from suppliers in order to effect a balance between what are often seen as 

the conflicting goals of high customer service, low inventory investment and low unit cost”. SCM 

has to ensure high customer service levels at low cost, making trade-off management unavoidable. 

The relationships between SC functions and associated goals are shown in Figure 2.15. 

 

Figure 2.15: Functional SC Trade-offs (G. C. Stevens, 1993) 

In order to deal with these trade-offs, a holistic SC perspective is necessary whereas optimisation 

in functional areas would not realise the full performance potential of any SC (Lambert & Cooper, 

2000; H. L. Lee, 2010). Stevens (1993) states that SCs are often only analysed from an operational 

perspective while such elemental trade-offs should be evaluated from strategic, tactical, and 

operational perspectives. Objectives and policies that consider all SC requirements should be 

developed at a strategic level which includes outlining the physical shape of a SC, its competitive 

priorities, and organisational structures. Tactical decisions provide the means to realise the 

strategic objectives and involve determining specific goals and objectives for each function and 

selection of appropriate tools, approaches and resources. Finally from an operational perspective 

appropriate controls and performance measures have to be implemented (G. C. Stevens, 1993). 

Trade-offs have been extensively discussed for manufacturing (see e.g. Clark, 1996; Rosenzweig 

& Easton, 2010; Skinner, 1969, 1996; G. C. Stevens, 1993). It is suggested that major decisions in 

areas of competitive importance have to be aligned with business strategy and evaluated against 

strategic options and their opportunity costs. There is agreement that strategic differentiation is a 

key requirement for sustained success (T. Hill, 2000; Porter, 1980; Skinner, 1974). Common 

competitive priorities are cost, quality, dependability, flexibility, and innovativeness (Clark, 1996; 

Corbett & Van Wassenhove, 1993) and companies and their SCs have to evaluate on which 
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performance dimensions to compete in order to facilitate differentiation. Practical options include 

low cost positioning, superior product performance, reliability, fast delivery, or a focus on 

innovations. Confronted with such options and the need for differentiation, companies have to 

strategically align their efforts and resources. Competing on all performance dimensions at once 

can result in overall mediocrity and therefore failure in terms of differentiation (Porter, 1998). 

Characteristics of operational systems also often limit the ability to perform well in all dimensions 

since trade-offs have to be made in terms of system design, e.g. speed vs. flexibility (Clark, 1996; 

Skinner, 1969). Rosenzweig and Easton (2010) investigate trade-offs between the four competitive 

dimensions of quality, delivery, flexibility, and cost, concluding that on average manufacturers do 

not report any trade-offs. This result could indicate that the sampled manufacturers have slack 

relative to the asset frontier but not that there are no performance frontiers or trade-offs.  

A distinction can be made between external competitiveness and internal competence. Internal 

competence refers to abilities and qualities of a company’s internal operations whereas external 

competitiveness is oriented towards the customer and refers to the ability to meet market demands. 

Corbett and van Wassenhove (1993) define the three main dimensions of competence as cost, 

time, and quality whereas the dimensions of competitiveness are price, place, and product. The 

cost dimension refers to all discounted costs accrued through product development, production, 

delivery, service, and disposal; time refers to all lead time related aspects such as times between 

order receipt and delivery, variability, or time to market; quality finally relates to performance 

features, reliability, conformance, durability, serviceability, and aesthetics. The price dimension of 

competence refers to the sum of all discounted financial costs to the customer regarding ordering, 

receiving, using, and product disposal; place relates to delivery place or time, conditions for 

cancellations and adjustments, and product availability; the product dimension finally refers to the 

properties of the physical products. Excellent internal core competences do not necessarily result 

in external competitiveness. In fact core competences might be of very little value for a business if 

they are not aligned with its competitive positioning (Corbett & Van Wassenhove, 1993). An 

example for a common mismatch in SCM is trying to meet high demand uncertainty with very 

efficient, low cost SC practices (Fisher, 1997; H. L. Lee, 2002).  

2.3.3.2 Trade-offs Between Sustainability Dimensions 

Sustainable business models try to create win-win-win situations with regard to the sustainability 

dimensions but trade-offs are often unavoidable. Trade-offs with regard to climate change have 

received much attention, tie in closely with SC concerns, and are therefore a feasible practical 

example. There is an ongoing debate about climate change and potential mitigation strategies, e.g. 

the trade-offs between starting mitigation early compared to delaying actions. Vaughan, Lenton, 

and Shepherd (2009) investigate different strategies to reach atmospheric CO2 stabilisation and 

conclude that drastic climate change is more likely to be prevented if mitigation strategies are 

started earlier rather than a more aggressive decarbonisation at a later stage. Overshooting 

specified stabilisation targets, e.g. a maximum atmospheric CO2 concentration, could also result in 

irreversible damages. Hence, a comprehensive global approach might be necessary soon 

potentially requiring business to forego economic gain for holistic sustainability goals.  



Literature Review 

54 

2.3.3.3 Decisions in Trade-off Situations 

As compromises are often unavoidable, trade-off decisions should be aligned with operational and 

strategic business requirements (Skinner, 1969). Da Silveira (2005) concludes that most trade-off 

models focus on optimisation and not on the improvement of trade-offs. Optimisation methods are 

seen as especially useful for unavoidable trade-offs. However, reduction of trade-offs can be more 

useful for aspects under managerial control (da Silveira, 2005; R. H. Hayes & Pisano, 1996). A four 

step improvement approach is suggested encompassing the selection of target trade-offs based on 

competitive priorities; appropriate improvement approaches, e.g. enhancement, repositioning, or no 

action (see Slack, 1994); improvement initiatives for e.g. process technologies or procedures along 

with timing and sequences; and finally an estimation of payoffs and success probabilities. The most 

desirable implementation path can be chosen based on the resulting decision tree.  

2.3.4 Sustainable Supply Chain Maturity 

Most corporate sustainability approaches are recent developments, e.g. ISO 14001 for 

environmental management, the United Nations Global Impact, or the Global Reporting Initiative 

did not exist before 1996 (Birkin, Polesie, & Lewis, 2009). Integrated SC approaches are even less 

developed and the dynamics of sustainability maturity in SCs are largely unexplored. This section 

reviews several relevant concepts to gain an understanding of potential development stages of 

SSCM. As shown in Figure 2.16, there are facilitating factors for SSCM as well as potential barriers 

and enablers within each focal company and between SC members. Knowledge of such aspects is 

essential in order to support maturity development. 

 

Figure 2.16: SSCM Motivators, Barriers, and Enablers 

2.3.4.1 Motivating Factors 

Corporate sustainability has become important for many businesses but there are differences in 

terms of their motivations and goals. Motivators can be diverse ranging from economic to ethical 

considerations. Economic considerations include increased shareholder value, market share, 

increased business opportunities, innovation, reputation, and risk reduction. Other considerations 

are often driven by ethical values and codes of conduct. Employee motivation can also be a driver 

as many employees prefer to work for ‘responsible’ companies (KPMG, 2005, 2011). Seuring and 

Müller (2008b) identify legal demands and regulations as driving forces behind SSCM which is in 

line with the conclusions of Esty and Winston (2006) who identify government regulators and 

environmental groups as the main drivers. 

Pressures for sustainable business conduct can be applied by external parties. Esty and Winston 

(2006, p. 67) identify five categories of stakeholders who push for sustainability performance: 
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 Rule-Makers and Watchdogs such as government regulators and environmental groups 

 Idea Generators and Opinion Leaders including think tanks and academics 

 Business Partners and Competitors as well as suppliers and B2B customers 

 Consumers and Community including local officials and the general public 

 Investors and Risk Assessors such as stock market analysts and bankers 

Responses to stakeholders are a driving force for SSCM (Seuring & Müller, 2008b). Competitive 

advantage and reputation losses are frequently mentioned in literature (Esty & Winston, 2006; 

Seuring & Müller, 2008b). Regulations are often starting points but sustainability strategies differ 

significantly, ranging from cautious followers to proactive strategies. A proactive position, i.e. 

anticipating regulatory changes and reacting accordingly, can be beneficial when trying to gain a 

competitive advantage (de Brito, Carbone, & Blanquart, 2008; Hunt & Auster, 1990; Prokesch, 

2010). First mover advantages may include licensing royalties, development of unique capabilities, 

as well as a head start on the competition (Kleindorfer, et al., 2005). Practical implementation of 

sustainability programs can also be influenced by a corporate desire to do the right thing, customer 

demands, competitive pressures, and potential reputation gains (Lieb & Lieb, 2010).  

Best-in-class companies take their environmental and social responsibilities seriously and extend 

their influence into SCs. This is encouraged by regulations but increasingly through business and 

private customers who consider sustainability impacts in their purchasing decisions and risk 

evaluations (Engel, 2011; Esty & Winston, 2006). Business customers often demand the 

introduction of management systems to measure and control environmental and social standards 

(Seuring & Müller, 2008b). For example, in addition to pressures from governments, NGOs, 

environmental groups, and communities, customer demands motivate companies to implement 

ISO 14000 for environmental control (Corbett & Kirsch, 2001).  

2.3.4.2 Enabling Factors 

Four factors that facilitate the introduction and practice of SSCM are shown in Figure 2.13, i.e. an 

integrated SSCM strategy aligning initiatives with strategic priorities; risk management; an 

organisational culture embracing sustainability values; and transparency and engagement with SC 

stakeholders. Cross-company communication can also improve supply relations and the 

performance of each individual company (Carter & Rogers, 2008). Close SC relationships have 

been associated with the elimination of waste through e.g. quality management, reduction of 

pollution, pollution control, as well as pollution prevention (Bansal & McKnight, 2009). 

Management standards, e.g. ISO, often facilitate the first steps towards more sustainable 

operations by providing structured implementation processes, guidance, and pressure to 

continuously improve and document aims and results. Management systems can result in lower 

costs, more sustainable product designs, and enhanced reputation (Carter & Easton, 2011; Carter 

& Rogers, 2008). Suppliers are regularly forced to comply with certain standards by their customers 

(Hall, 2000) as they seek to improve their own environmental and social performance. Research 

suggests that organisations adopting environmental management systems are also more likely to 

implement greener SC practices (Darnall, Jolley, & Handfield, 2008). However, management 
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systems often only cover minimum requirements and are mainly focussed on environmental 

aspects whereas social management systems are less developed (Seuring & Müller, 2008b). The 

likelihood of adopting a new standard is higher at companies that already have other management 

systems in place (Corbett & Kirsch, 2001). Hence, experiences with one standard tend to be 

leveraged towards the adoption of new requirements. Process improvement philosophies 

employed in SCs, e.g. TQM or lean thinking, have also been found to improve environmental 

performance (Mollenkopf, Stolze, Tate, & Ueltschy, 2010; Pagell & Wu, 2009). Monitoring, 

evaluation, reporting, and sanctions among SC members can also motivate SSCM as business 

credentials depend on sustainable business conduct. Training and education of employees and 

suppliers allows companies to introduce sustainability measures into their SCs and helps to reduce 

barriers among the company’s and suppliers’ workforce. Introduction of sustainability policies and 

related goals can also translate into operational performance (Seuring & Müller, 2008b).  

2.3.4.3 Barriers 

Three interconnected barriers to SSCM are identified by Seuring and Müller (2008), i.e. higher 

costs, coordination effort and complexity, and insufficient or missing communication. It can be 

argued that if such barriers are overcome the resulting characteristics would become enablers for 

SSCM, e.g. SC wide cooperation which can improve sustainability performance for the whole SC 

and not just a single company (Zhu & Sarkis, 2006). With regard to cost barriers, Hoffman and 

Bazerman (2005) suggest that companies must realise that sustainability efforts can be profit-

compatible but can also result in higher costs, which however should not deter companies from 

following sustainability principles. 

2.3.4.4 SSCM Maturity Development 

Beamon (1999a) identifies several evolutionary stages of environmental management in SCs. This 

maturity model offers a good justification for the existence of development levels with regard to 

sustainability related SCM processes but does not cover social and economic aspects. The first 

level is aimed at ‘problem solving’ which follows traditional approaches with regulatory compliance 

seen as a cost burden. The second level is termed ‘managing for compliance’ and follows primitive 

attempts at environmental management and coordination. ‘Managing for assurance’ encompasses 

long range planning utilising risk management in order to balance potential future liabilities and 

associated costs. Level four, ‘managing for eco-efficiency’, favours pollution prevention instead of 

control and is characterised by waste minimisation and resource reduction. Product life cycles and 

the associated SC processes are considered in the highest ‘fully integrated’ level making 

environmental quality an aspect of total quality management.  

A similar approach is put forward through the Green Business Maturity Model aimed at defining, 

assessing, and monitoring sustainable businesses (GCIO & OMG, 2009). It supports the notion of 

maturity development but focuses on environmental issues and includes SCM as a peripheral 

concern. Five maturity levels are proposed starting with ‘ad-hoc’ where no formal sustainability 

commitment is evident. A common understanding of sustainability is developed at the second level 
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supported by an IT architecture and definition of dimensional priorities. A sustainability governance 

structure is developed at level three along with repeatable business processes and policies. At 

level four, the model is internally optimised and further extended. The highest level is characterised 

by economic returns from the green initiatives that can be redirected to further improvements. 

Based on a review of relevant literature, Reefke and Sundaram (2010) present a conceptual 

overview that summarises integral top-level aspects for SSCM development.  

 

Figure 2.17: SSCM Development (adapted from author's creation, Reefke & Sundaram, 2010) 

Four areas are included, i.e. supply network, SC elements, dimensions and levels of sustainability 

as well as stakeholders that are interested in a SSCM strategy and its outcomes. Whereas SCM is 

traditionally aimed at managing the SC with a primarily economic focus, SSCM adds two strategic 

dimensions taking into account social as well as environmental requirements. The authors 

therefore suggest that alterations to the strategic focus of a SC are necessary. A structured 

development and improvement process is proposed in order to transform a SC towards SSCM and 

to develop maturity as indicated by a multi-step transformation cycle. 

2.3.4.5 GAIA Maturity Model 

The GAIA SSC maturity model was developed by the LMI Research Institute based on the maturity 

model by Carnegie Mellon5 with the intentions to assess the current state of a SC and to provide a 

framework for achieving higher levels of sustainability (Boone et al., 2009). The rationale behind 

the model is explained by the lack of applicable tools to support sustainability decisions and to 

assess the sustainability of SCs. Similar arguments can be found in literature (Reefke & Sundaram, 

2010; Reefke, Sundaram, & Ahmed, 2010), supporting the need for structured SSCM development. 

The authors point to several key benefits of higher maturity levels, i.e. financial gain through 

increased resource efficiencies and less waste, improved brand recognition and reputation, 

improved competitive advantage, and risk reductions through proactive measures preventing 

potential non-compliance to regulations and environmental damage.  

                                                      

5 See section 2.1.7.2 for a discussion of the Carnegie Mellon maturity model 
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The GAIA model divides SCM into six components. ‘Strategy and Vision’ is seen as a fundamental 

component as it defines an overall vision and the timeline, scope and reach of the strategy. The 

‘Organisation and Culture’ component is about the presence of sustainability advocates near top 

level management, formal recognition programs, and SC collaboration. ‘Process and Policy’ is 

concerned with the integration of external pressures and internal proactive measures, the scope 

and reach of policies; and documentation requirements. The ‘Information and Communications’ 

component defines the processes and systems for capturing and communicating information 

across business functions, SC members and SC stakeholders. ‘Workforce and Skills’ refers to the 

abilities of employees to support SSCM including work skills, cross functional skills and teamwork 

requirements. Training requirements are considered along with the ability of mature SCs to develop 

and leverage sustainability skills. The focus within ‘Management Systems’ finally is on the 

integration of sustainability aspects into SCM and the support of communication and evaluations.  

The described six management components undergo a maturity development process divided into 

four stages or levels. The lowest level ‘Genesis’ is characterised by missing alignment between 

processes and environmental objectives with a focus on compliance with regulations. Problems 

encountered here are the lack of standardised management systems and reliance on the 

sustainability skills of individuals. During the ‘Advancing’ stage, processes and policies are 

developed towards long-term strategic objectives. Integration across business functions has started 

but relies on informal information channels and does not necessarily include SC partners. At the 

‘Innovating’ stage, the SC strategy becomes coordinated, information is increasingly exchanged 

with SC partners through formal data management, and additional workforce skills are developed 

through formal training. The highest maturity level ‘Accelerating’ is characterised by a sustainability 

vision, specific goals driving a long-term strategy, and proactive behaviour. Green initiatives are 

fully integrated across the SC supported by a highly skilled workforce and formalised IS.  

The GAIA approach offers two questionnaires to assess a SC’s maturity level which is determined 

by the lowest ranking of the six management components. The gap between the current and 

desired maturity stage of the SC needs to be evaluated and plans with specific targets can then be 

developed. Advancing to a higher maturity stage becomes possible when all management 

components are at the same stage and can be elevated in combination. This implies that all six 

components are of equal importance and that misalignment of the components’ maturity levels is 

counterproductive. Logically the lowest aspects need to be targeted first while continuous maturity 

reassessments and progress tracking provide guidance.  

2.4 Key Elements in Sustainable Supply Chain Management 

Along with the increase in economic and public importance of SCs, the adverse impacts of SC 

operations become also more prominent. Schiller et al. (2010) point out several related concerns: 

 Energy consumption and pollution 

 Social equity: artificially cheap transportation creates market and wage distortions 

 Accessibility equity: the needs of disadvantaged people are neglected 
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 Overdependence upon trucking leads to emphasis on and expansion of roads 

 Infrastructure demands are land consuming 

 Overdependence upon a limited number of major ports and intermodal transfer locations 

leads to impacts on select locations and abandonment of others 

 Prices of globalised goods do not reflect their externalities and trading partners are 

reluctant to internalise costs. 

 Emission levels will not reduce through market mechanisms or current regulations 

 Global SCs imply vulnerability to world events 

Hence, it is crucial to investigate strategies, methods, and tools that have the potential to support 

SSCM. Most research on corporate sustainability has focussed on manufacturing and management 

processes in single companies (Bansal & McKnight, 2009), neglecting transportation and 

distribution and the importance of SC linkages and relationships. A holistic overview of 

requirements for SSCs is required. The SCM key elements identified in section 2.1.6 are therefore 

investigated through a sustainability lens in the following subsections. 

2.4.1 Distribution Network Configuration 

The focus in SCM is predominantly on market and manufacturing issues and SC strategies are 

usually based on cheap transportation (Halldórsson & Kovács, 2010). Poor design of transportation 

channels however can lead to SC disruptions and higher environmental impacts and requirements 

around reverse logistics, e.g. returns or recycling, add further complexity (Harris, Rodrigues, Naim, 

& Mumford, 2010). Changes in SC conditions, e.g. rising fuel prices, can furthermore result in 

performance problems and risk of disruption demanding a sustainable orientation of the SC 

configuration (Halldórsson & Kovács, 2010).  

Schiller et al. (2010) suggest to increase transportation efficiencies through vehicles utilising 

efficient technologies, more fleet differentiation, collaborative fleet management, load matching, 

and optimised scheduling. These measures could allow for more appropriate vehicle selections 

depending on the transportation job and help to avoid partial loadings and waiting times. Improved 

intermodal transitions can minimise costs further while preventing congestion, noise, and pollution. 

Considering new supply sources and shortening of SCs present opportunities to mitigate the 

negative aspects of transportation and distribution but may have to be promoted by policy efforts 

and outweighed against purchasing costs, volatility risks, and infrastructural requirements 

(Badurdeen, et al., 2009; Schiller, et al., 2010).  

Reverse logistics is increasingly investigated as a potential avenue to reduce SC waste and utilise 

resources from products at the end of their useful life through reuse and recycling (Kocabasoglu, 

Prahinski, & Klassen, 2007). Such measures present an opportunity to reutilise obsolete products 

and can lead to improved product designs. However, necessary monetary investments have to be 

warranted through economic benefit as well as certainty of supply (Bansal & McKnight, 2009; 

Geyer, Wassenhove, & Atasu, 2007).  
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Industrial symbiosis emphasises on reduction opportunities regarding system level waste. It relies 

on an improved flow of production by-products utilising the residual value of waste products as 

input material for other processes. Thus, it goes beyond waste control or prevention by utilising 

waste within a system of companies potentially operating in different industries. In contrast to 

predominant strategies in SCM which often involve geographical dispersion, industrial symbiosis 

requires close physical connections. However, there are limitations with regard to the depth of such 

relationships and the rate of waste recovery. A high degree of cooperation and coordination 

requires exceptional relationship management and waste output has to match quality, quantity, and 

logistics requirements as input material. The high degree of interdependence also makes the 

system vulnerable to changing market requirements, e.g. demand swings or price changes (Bansal 

& McKnight, 2009). Hence, industrial symbiosis may hold potential in certain SC constellations but 

has limitations with regard to risk management and implementation difficulties.  

2.4.2 Inventory Control 

The reduction of travel distances supports sustainability goals (Schiller, et al., 2010) suggesting a 

move from centralised inventories to several decentralised facilities as a viable option. Downsides 

of this strategy are potentially higher fixed costs due to more items in inventory and higher overall 

facility cost. However, an emphasis on increasing accessibility can reduce transportation needs 

and result in lead time reductions. Third party logistics providers can help to consolidate 

consignments, thus reducing costs, when dealing with small shipping quantities.  

Inventory holding costs are higher than the generally assumed 20-25% but can add up to 60% of 

the cost of an item that stays in inventory for 12 months (Engel, 2011). Inventory control is tightly 

linked with IT and the availability of demand and supply information which are crucial for reducing 

excessive inventory levels and costs caused by spoilage, insurance, theft, and obsolescence (Wu 

& Edwin Cheng, 2008; Zhao, Xie, & Zhang, 2002). Also demand amplification is highly detrimental 

to sustainability goals and associated risks should be decreased by better communication, 

inventory related information exchange, and accepted mitigation strategies (H. L. Lee, 

Padmanabhan, & Whang, 1997a, 1997b). Inventory control is therefore a priority for best-in-class 

companies and emphasis should be placed on accurate demand planning and forecasting as a 

prerequisite for optimal inventory levels (Engel, 2011). 

SC disruptions have negative economic impacts on the affected organisations (Hendricks & 

Singhal, 2005) and are often due to shortages in supply and insufficient inventory levels. Single 

sourcing and lean supply strategies have resulted in increased dependence on suppliers. While 

such strategies in fact often facilitate better cost control and help to eliminate non-value adding 

activities (R. Cooper & Slagmulder, 1999; Mollenkopf, et al., 2010), they can also make a SC more 

vulnerable to disruptions caused by e.g. natural disasters or political upheaval (Cooke, 2011). Risk 

management has become a major challenge in SCM (IBM Global Services, 2009) and possible risk 

mitigation options include a diversification of suppliers to provide backup sources for products and 

materials. Encouraging suppliers to establish additional supply locations and adding buffer stock for 

pivotal materials can provide further support to counteract SC disruptions (Cooke, 2011).  
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2.4.3 Supply Contracts 

Building strong relationships between SC partners is crucial for SSCM since each SC member 

must meet sustainability criteria (Hall, 2000). One way to ensure appropriate codes of conduct and 

supplier sustainability performance are audits which can include accreditation requirements, 

inspection of facilities, or reviewing documentations (Smith & Feldman, 2003). Based on such 

performance evaluations, supply contracts may be awarded, additional assessments may be 

scheduled or certain conditions may be imposed on the supplier. Larger companies often require 

all their suppliers to obtain accreditation standards which force them to change their practices 

accordingly (Sroufe & Curkovic, 2008). Management standards can contribute to sustainability 

performance (Corbett & Kirsch, 2001; Zhu, Sarkis, & Geng, 2005) and Pagell and Wu (2009) 

emphasise that supplier certifications can specifically address the social sustainability dimensions, 

e.g. with regard to child labour and unsafe working conditions. 

Instead of imposing sanctions, failure to meet supplier compliance standards can be addressed by 

joint efforts to develop necessary skills and procedures. Collaboration in supply relationships can 

be fostered through appropriate SC incentives and education across the tiers of a SC (Rao & Holt, 

2005). This can prevent issues like concealing non-compliance or damaging a supplier’s reputation 

and competitiveness which in turn might lead to deterioration in sustainability performance. 

Dedication to partnerships can result in more supply options, higher transparency, more accurate 

performance assessment, and overall closer buyer-supplier relationships (Faisal, 2010; Jørgensen, 

Pruzan-Jørgensen, Jungk, & Cramer, 2003). A SC segmentation approach can help to manage the 

complexities of collaborative arrangements by concentrating on critical SC partners (Barratt, 2004). 

Commitment to long-term contracts can encourage suppliers to set up additional facilities 

minimising the risk of SC disruptions (Cooke, 2011). Favourable supply terms are often negotiated 

but companies fail to realise these benefits due to miscommunicated contract terms or the inability 

to monitor contract compliance. Maintaining and managing supply contracts in a central repository 

within the SC function may therefore be advisable and presents an opportunity for cost reductions 

and risk mitigation (Engel, 2011).  

2.4.4 Distribution Strategies 

Low cost solutions that ensure the availability of goods and services are paramount for any SC. 

SCs strategies are therefore often aimed at high product mobility to compensate for the prevalence 

of global, long distance SCs. There are arguments against long SCs, e.g. vulnerability against 

world events, higher emissions, and difficulties to measure and assign externalities (Schiller, et al., 

2010). Maintaining decentralised local capacity and allowing for some slack resources also allow 

SCs to cope with SC uncertainties and risks of disruption (Jüttner & Maklan, 2011). Intermodal 

transport along with more appropriate, efficient and cleaner forms of transportation can mitigate 

sustainability issues in distribution. While high utilisation remains important when selecting 

transportation modes, the emission efficiency has to be considered as well. Ocean shipping and 

rail have carbon emissions that are only a fraction of that caused by road haulage and airfreight 
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(Winebrake et al., 2008; World Economic Forum, 2009). This is obviously of economic as well as 

environmental benefit and can furthermore foster logistics integration in SCs (de Brito, et al., 2008; 

Lambert, 2001). A recent study among practitioners found that aspects of transportation, 

warehousing, and distribution have been neglected so far and emissions or energy consumption 

are not generally considered for supplier selection. Initiatives and sustainability objectives are also 

often not extended to second tier or third tier SC members (IBM Global Services, 2009). 

Several options can be identified to foster more sustainable distribution strategies (Colicchia, 

Melacini, & Perotti, 2011; Schiller, et al., 2010): 

 Increasing the efficiency of freight vehicles and use of alternative fuels 

 Improved strategies for maintenance, disposal, and operator skill improvement 

 Differentiation of the fleet, e.g. smaller and non-motorised vehicles 

 More efficient scheduling and vehicle use, i.e. increase in utilisation 

 Improved intermodal services and facilities through network redesign 

 Policy efforts to promote shifting the truck-train breakeven point towards rail 

 Ocean shipping reforms 

 Shifting airfreight to high speed rail services 

 Shipment consolidation 

 Reverse logistics 

 Redistribution of sourcing 

 Carrier selection based on sustainability considerations 

 Shortening of SCs 

 Policies to promote shortening distances and reducing volumes of freight 

This list provides a series of distribution alternatives for SCs to explore. A survey of CEO’s in 2008 

showed that several of these options are actually considered in practice (Lieb & Lieb, 2010). 

Interdependencies exist between distribution strategies which may manifest themselves through 

synergies or trade-offs due to incompatibilities. Lean and green strategies are often seen as 

compatible due to their focus on waste reductions, e.g. the reduction of inventory and associated 

sourcing, producing, transporting, packaging, and handling activities. However, lean strategies 

such as JIT are focussed on small lot sizes that require in fact more transportation, packaging, and 

handling. Trade-offs and potentially undesirable SC impacts may be mitigated through the 

optimisation of lot sizes as well as reusable packaging and containers (Mollenkopf, et al., 2010).  

2.4.5 Strategic Partnerships 

Strategic partnerships are becoming increasingly important considering the ongoing trends towards 

outsourcing, shift to cheap labour countries, less physical infrastructure and inventory, and the vital 

role of SCs in providing delivery advantage (T. Hill, 2000; Simchi-Levi, et al., 2003). One avenue 

towards sustainable competitive advantage is to create collaborative long-term relationships 

between SC partners (Faisal, 2010). SC collaboration was also found to foster company internal 

collaboration and improve service performance (Stank, Keller, & Daugherty, 2001). Harris et al. 
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(2010) suggest more horizontal and vertical collaboration between logistics operators in order to 

tackle sustainability challenges. Lee (2008) points out the importance of long-term strategic 

relationships in order to support sustainability initiatives. A complete rethink of a SC structure may 

be necessary “including cutting out middlemen, changing suppliers and supply locations, taking a 

more holistic view of costs and benefits, and taking a longer term view of supplier relationships” (H. 

L. Lee, 2008, p. 18). It is emphasised that initiatives need to reinforce each another and that SC 

problems cannot be solved in isolation. More social and environmental SC control has been 

associated with financial benefits and long-term relationships which in turn support economic 

sustainability (McIntyre, 2007; Porter & van der Linde, 1995).  

Active management of strategic partnerships is crucial for sustained value and continuous 

improvement. According to Engel (2011) a relationship management program has to provide a 

mechanism that ensures that relationships stay healthy and vibrant, a platform for problem 

resolution, mutually beneficial continuous improvement goals, and control over performance 

objectives. Two-way communication and mutual active engagement are pointed out as keys to 

success. SC leaders or companies that are associated with the final product have to select their SC 

partners with particular care to protect their reputation as they will be held responsible for 

unsustainable behaviour within their SCs (Handfield & Nichols, 1999). In order to manage such 

risks, implementation guidelines to implement sustainable SC practices can provide useful 

assistance, e.g. Zhu, Sarkis, and Lai (2008) develop and validate several measurements and 

underlying factors for the implementation of green SCM practices.  

Robinson (1991) points out that sustainability requires the ongoing dynamic capacity to respond 

adaptively to changes. Hence, SC agility needs to be considered, i.e. customer sensitivity, virtual 

integration, process integration and network integration (van Hoek, et al., 2001; Yusuf, et al., 2004). 

Customer sensitivity corresponds to the requirement to understand and quickly respond to market 

requirements through collaborative initiatives. Virtual integration is about accessing and visualising 

information, knowledge and competencies on a SC level facilitated by IS. Process integration 

highlights the interdependence of SC members which are required to integrate key processes with 

their SC partners in order to manage change within their own organisation and across the SC. 

Lastly, network integration demands a common identity, compatible information architectures and 

structures, and commitment to cooperation (van Hoek, et al., 2001; Yusuf, et al., 2004). Van Hoek 

et al. (2001) add performance measurement as a further crucial element.  

2.4.6 Outsourcing and Procurement 

Similar to earlier business developments, sustainability may eventually become the norm, i.e. an 

order qualifier (Carter & Easton, 2011). Thus, sustainability needs to be actively encouraged by 

buyers so that sustainability performance can be marketed as an order winner (D. R. Krause, 

Vachon, & Klassen, 2009). Hence, outsourcing and procurement are crucial aspects in SSCM 

since “a company is no more sustainable than its supply chain – that is, a company is no more 

sustainable than the suppliers that are selected and retained by the company” (D. R. Krause, et al., 

2009, p. 18). Traditional purchasing strategies may not be as effective for SSCM (Pagell, Wu, & 
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Wasserman, 2010). To support sustainable purchasing decisions, Pagell et al. (2010) therefore 

propose a purchasing portfolio matrix taking into account transaction cost economics, the resource-

based view, and stakeholder theory. The inclusion of other internal business functions in sourcing 

decisions can support the purchasing department by soliciting feedback and information on 

business objectives and strategies (Engel, 2011). Krause et al. (2009) suggest including 

sustainability as a competitive priority in purchasing and construct a purchasing model for SSCs 

based on the categorisation of purchases into strategic, bottleneck, leverage, and noncritical 

outlined by Kraljic (1983). Traditional competitive priorities in purchasing include quality, cost, 

delivery, and flexibility which should be extended to include innovation. Purchasing requirements 

for different product categories can be derived (D. R. Krause, Pagell, & Curkovic, 2001):  

 For strategic items a focus on innovation is necessary to emphasise sustainability 

requirements for new product developments. Closer collaboration and transfer of know-

how are decisive factors along with commitment to sustainability from suppliers.  

 Bottleneck items put buyers in a dependent position making it difficult to assert pressure on 

suppliers. Industry standards for sustainable operations can be encouraged instead.  

 For leverage items emphasis should be put on recycling and waste prevention. Know-how 

transfer of improved practices across the SC is therefore important.  

 For noncritical items it may be easier to establish sustainability requirements due to a large 

supply base. Procedures regarding supplier selection and retention need to be adjusted 

accordingly, e.g. certifications as selection criterion. 

These purchasing requirements emphasise the need for SC collaboration and long-term 

commitments between buyers and suppliers. Pursuing a sustainable sourcing strategy can be 

complicated by dynamic market requirements and globalisation trends. Main driving factors for 

outsourcing are cost, flexibility, and concentration on core capabilities (Lakenan, et al., 2001). 

Global sourcing is often seen as the only option to gain a competitive advantage and is pursued 

especially by larger companies. However, it is often not supported by integrated global sourcing 

strategies (Trent & Monczka, 2003). Trade-offs between sustainability goals are often necessary, 

e.g. maintaining control on working conditions or dealing with an increase in shipments along with 

potentially longer distances (Faisal, 2010). Effective supplier-buyer relationships are needed which 

can be fostered through trust, commitment, and long-term orientation whereas cultural differences 

can present obstacles (Cannon, Doney, Mullen, & Petersen, 2010; Trent & Monczka, 2003). Thus, 

to support sustainable purchasing in increasingly global SCs, one needs to investigate the role of 

culture in creating and maintaining long-term relationships. Cannon et al. (2010) point out that 

many uncertainties exist in this regard and suggest that an understanding of cultural values helps 

to develop and improve relationships and increases the likelihood of long-term success.  

Risk mitigation, e.g. preventing SC disruptions, is tightly coupled with sourcing decisions (Cooke, 

2011; Engel, 2011). Local production has been suggested in order to increase self-reliance and 

security of regions (Schiller, et al., 2010). Sourcing decisions can be supported by risk mitigation 

methodologies including the identification of risk elements, determination of associated risk 

probabilities, assessment of potential financial impacts, and the prioritisation of risks for monitoring 
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and prevention (Engel, 2011). Diversification of the supply base and higher safety stock for critical 

items (Cooke, 2011) along with compliance management, production standards and real time 

communication (Olson & Wu, 2011) can also help to absorb the risks associated with sourcing. 

Product lifecycle management can help mitigate sustainability risks by maintaining visibility, 

interoperability and information exchange between SC partners and focussing on the impacts of a 

product throughout its entire life (Badurdeen, et al., 2009). Life cycle assessment (LCA) 

emphasises proactive behaviour and demands careful supplier selection. LCA thinking can also 

lead to the creation of new business opportunities as previously unidentified problems may be 

recognised by partners along the SC (Birkin, et al., 2009).  

2.4.7 Product Design 

Trends in SC practice indicate that sustainability concerns are increasingly being addressing by 

modifying product design and packaging, incorporating sustainability initiatives into SC strategies, 

and establishing carbon management goals (IBM Global Services, 2009). Product designs often 

reflect the prevalent market conditions during their creation, e.g. products tend to be geared 

towards full replacement instead of repair when wages outweigh material costs. Extending product 

life helps to reduce product obsolescence (Linton, et al., 2007). Modular product designs can be 

beneficial as they allow for easier repair, remanufacturing, and automated problem diagnosis. 

Furthermore, modular designs facilitate reuse, recycling and disposal due to easy disassembly 

(Kleindorfer, et al., 2005). Reduction and reuse of product packaging also present opportunities to 

reduce SC impacts (World Economic Forum, 2009). Factors which are often neglected in product 

design are by-products created during production, distribution, product use as well as disposal. SC 

integration can help to mitigate associated negative impacts (Faisal, 2010). 

To support the aims of SSCM, product design along with product life cycle considerations can be of 

special importance (Bevilacqua, Ciarapica, & Giacchetta, 2008). LCA can be useful to decrease 

adverse product impacts in pre-production production, during its use and after its disposal, and has 

been pointed out as one of the main methods to integrate environmental thinking into SCs 

(Badurdeen, et al., 2009). However, there appears to be a lack of guidelines with regard to such 

integrations. SCs could furthermore require restructuring to integrate LCA and different types of SC 

structures demand different kinds of LCAs (Hagelaar & van der Vorst, 2001). SC practices have 

impacts during each of the product lifecycle stages and product design should reflect this 

accordingly, e.g. ascertain that products can be manufactured, transported, used, and disposed of 

through sustainable practices (Badurdeen, et al., 2009). It has however also been pointed out that 

LCA does not consider the entire SC and that a shift towards a holistic SC focus is required 

(Colicchia, et al., 2011).  

Design strategies targeting sustainability challenges include ‘Design for Environment’ (DfE). DfE 

aims to reduce the amount of energy and material needed for the provision of goods and services 

by including environmental considerations in all design stages, e.g. from project definition to 

concept and prototype development, field testing and commercial launch. Furthermore the design 
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needs to reflect the entire life cycle of a product. Thus, DfE and LCA are tightly connected and are 

useful concepts for developing and maintaining SSCs (Bevilacqua, et al., 2008). Borchardt et al 

(2010) point out that DfE is rarely considered by small and mid-sized companies due to e.g. lack of 

expertise, appropriate design tools, or missing know-how about how to change existing processes. 

Such difficulties have to be overcome in SCs as products are often designed and built through a 

SC effort. Larger SC members with more resources and expertise may need to support their 

smaller SC partners in order to fully utilise the advantages of DfE and LCA.  

Including end of life consideration into product designs can result in considerable lower disposal 

costs and recovery of valuable resources (Boks & Stevels, 2007; Borchardt, et al., 2010). 

Regulations already force companies to recycle or to be responsible for disposal of their products; 

e.g. legislations in the European Union require manufacturers to design their cars so that 95% can 

be recycled (European Union, 2000, 2003). Such regulations can act as entry barriers for new 

competitors (Faisal, 2010) and add complexity and challenges to a SC, e.g. uncertainties regarding 

the organisation of recovery processes and the division of associated costs and benefits in a SC.  

2.4.8 Information Technology 

Company success increasingly depends on SC coordination as much of the revenue is usually 

generated through the SC (Lambert & Cooper, 2000). Information sharing impacts economic 

performance, e.g. inventory levels and respective costs can decrease with an increase in the level 

of information sharing (Wu & Edwin Cheng, 2008). Appropriate information technology (IT) is of 

special importance for SC performance, e.g. exchange of inventory, forecasting, and sales 

information supports the reduction of cycle times and inventory costs while improving order 

fulfilment and customer service (Stein & Sweat, 1998; Zhao, et al., 2002). SCs should avoid 

selecting technology before assessing their specific requirements as processes and workflows will 

have to be designed accordingly. Inefficient processes need to be reviewed first followed by 

selecting the most appropriate software to achieve the required improvements. IT systems should 

support easy retrieval and viewing of required data in order to make sound business decisions and 

avoid complicated workarounds (Engel, 2011). It is also important for SCs to store and 

communicate the ‘right kind’ and ‘just enough but not too much’ information to support quick 

adaptation to new requirements without being overwhelmed by unnecessary data (Kolb, et al., 

2008; Simchi-Levi, et al., 2003).  

The control of sustainable practices is complicated in SCs (Faisal, 2010) and demands compatible 

and user-friendly IT supporting performance measurement. SC performance cannot be holistically 

measured by financial ratios and logistics indicators alone but is affected by intra organisational 

issues, the quality of relationships between SC members, as well as demands from customers and 

stakeholders (de Brito, et al., 2008). To support SSCM, IT must also capture the total cost of SC 

activities from the extended SC including usage of resources and creation of by-products (Linton, 

et al., 2007). The linkages and dynamics in a system like a SC are of special importance for an 

accurate performance assessment (Singh, Murty, Gupta, & Dikshit, 2009). Performance 

measurements in SCs are beset by a lack of connection with strategy, focus on cost to the 
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detriment of non-cost indicators, lack of a balanced approach, insufficient focus on customers and 

competitors, focus on local optimisation, and a lack of system thinking (Shepherd & Günter, 2006). 

Hence, even if certain sustainability indices can be measured, integrated IT approaches are 

needed to link environmental, economic and social performance to strategic SC objectives. 

A performance measurement system is essential for any improvement activity (McCormack, et al., 

2008). Effective communication and evaluation of a SSCM strategy requires a common language, 

e.g. the use of KPIs to support informing, steering, and controlling (Sürie & Wagner, 2008). 

Indicators are commonly used in the context of sustainability in order to analyse progress and 

performance and to communicate developments (Segnestam, 2002). Companies use performance 

indicators representing the company goals but SCs are complex networks with a cross-functional 

process oriented nature (Sürie & Wagner, 2008). Appropriate selection of performance measures 

as part of a SSCM strategy is therefore essential to prevent functional silos. A balanced approach 

is required to accurately evaluate SC performance including financial and non-financial measures 

classified according to strategic, tactical and operational levels (Gunasekaran, et al., 2001; Kaplan 

& Norton, 1993, 1996). Qualitative indicators are often neglected as it is sometimes neither 

financially viable nor practical to record qualitative data (Sürie & Wagner, 2008) but demand 

attention since some sustainability aspects may only be captured qualitatively. 

2.4.9 Customer Value 

Integrating sustainability considerations as a strategic priority can lead to improvements with regard 

to image or reputation (Chinander, 2001). Customer interest in SC sustainability is increasing, e.g. 

a 2009 survey showed that about two-thirds of the customers of third party logistic providers are 

sensitive to sustainability issues (Lieb & Lieb, 2010). The customer base may furthermore be 

extended towards environmental and socially conscious customers (Faisal, 2010). Potential 

advantages of a sustainable SC can go far beyond reputation benefits including reliable long-term 

supply sources, increased visibility and control throughout the SC, reduction of price and volume 

volatility, improved quality, and increased efficiency (H. L. Lee, 2008). These aspects are of course 

beneficial for customers and hence ensure the profitability of each company in the SC.  

The current focus on sustainability and associated consumer preferences have also led to green-

washing practices which in turn resulted in growing scepticism among consumers (Blengini & 

Shields, 2010; N. Krause, 2011). In order to reap the benefits of sustainable practices, SSCs have 

to distinguish themselves from SCs employing green-washing practices. Sustainability 

communication can provide customers with information about a SC’s practices and values 

including e.g. sustainability reports akin to financial reports, certifications through independent 

organisations, or development of eco labels to be applied to products (Blengini & Shields, 2010; 

Global Reporting Initiative, 2008). Success of such communication instruments hinges on the 

acceptance level of customers, i.e. they have to see value in a SCs sustainability efforts (Blengini & 

Shields, 2010). It has become fairly common practice among companies to report on the 

sustainability of SC in their CR reports. Supplier issues are also mentioned in a majority of CR 
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reports published by the Fortune 500 showing that companies are increasingly being asked to 

extend their responsibility down the SC (KPMG, 2005, 2011).  

Similar to sustainability regulations, sustainability reporting is often also imposed on companies 

through governmental reporting guidelines and policies. However, in order to effectively address 

industrially induced problems, government efforts have to be supported by voluntary efforts from 

businesses (Shrivastava, 1995). Reporting on sustainability related issues and publishing 

sustainability reports is common place nowadays especially for larger companies. Reporting has 

been steadily increasing from 1993 onwards. A shift from solely environmental reporting up until 

1999 to a more comprehensive sustainability reporting scheme is also evident covering social, 

environmental, and economic reporting (KPMG, 2005). SC efficiencies are furthermore seen as a 

key factor to further exploit CR financial value and extend sustainability measures beyond easy 

company-internal changes (KPMG, 2011). 

2.4.10  Traditional vs. Sustainable Supply Chains 

Based on the review of key SCM elements in section 2.1.6 and a review of the same elements 

through a sustainability lens in this section, a summary was constructed which compares traditional 

SC practices with practices in a sustainable SC as shown in Table 2.16.  

SCM Elements Traditional SC Sustainable SC 

Distribution 
Network 
Configuration 

Emphasis on low cost configuration whilst 
maintaining high service levels 

Elimination of all distribution related wastes and 
incorporation of all sustainability costs 

Inventory Control 
Lowering inventories to cut fixed costs with 
emphasis on high mobility 

Strategic placement of inventory to ensure 
accessibility  

Supply Contracts 
Concerned with economic aspects governed by 
a bidding mentality  

Outlining multi-dimensional sustainability 
requirements and emphasising collaborative 
relationships 

Distribution 
Strategies 

Emphasis on low cost modalities with a focus 
on a high degree of mobility 

Emphasis on inter-modal connections with a 
focus on a high degree of accessibility 

Strategic 
Partnerships 

Mainly functional connections striving for 
optimisation of functional performance 

Integrated planning and collaborative 
environment among strategic SC partners 

Outsourcing and 
Procurement 

Mainly aimed at cutting costs and concentration 
on core competencies 

Sourcing and procuring to support long-term 
goals with sustainability as core competency  

Product Design 
Based on economic packaging, transportation, 
and standardisation to meet customer 
requirements  

Considers full lifecycle of products along with 
reverse logistics to eliminate all occurring waste 
and ensure non-harmful design 

Information 
Technology 

Information sharing restricted to transactional 
data disconnected from social, environmental, 
and overall SC requirements  

Fully integrated sustainability oriented systems 
that allow for access to all relevant SC data 

Customer Value 
Providing high service levels at lowest possible 
cost 

Provide additional customer value through 
collaboration, reputation gains, and long-term 
relationships 

Table 2.16: Traditional SC vs. Sustainable SC (Reefke & Sundaram, 2012) 

This section provided an overview of important SC issues and sustainability concerns, outlining 

potential avenues for practitioners on how to move their SCs into a more sustainable direction. The 

interconnected nature of SC elements, sustainability concerns, and requirements is also 

emphasised. It presents a starting point for decisions makers in SCs that can guide a long-term SC 

strategy as well as operational decisions. As a key insight this review has shown that companies 
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should avoid disconnected ad-hoc sustainability initiatives in their SCs. They should instead focus 

on a holistic SSC strategy with a long-term focus and align their practical choices accordingly.  

Carter and Rogers (2008) employed conceptual theory building based on a literature review in 

order to derive propositions which point out advantages of SSCs. These propositions provide a 

good summary of potential outcomes of SSCM. They are also supported by the literature presented 

throughout section 2.4 and were therefore adapted to include the findings from this review: 

 A strategic SSCM approach will achieve higher economic performance. 

 Vertical coordination and integration can mitigate risks of supply uncertainty and resource 
dependence and therefore improve economic sustainability. 

 SCs which integrate social and environmental sustainability may be more difficult to 
imitate, thus leading to economic sustainability. 

 Elimination of opportunistic behaviour and local optimisation that disregards the effects on 
the SC will improve economic sustainability. 

 Effective adaptation to environmental challenges along with social and cultural changes will 
improve long-term economic success. 

These propositions are reasonably well justified by the reviewed literature but were obtained 

through conceptual theory building. Confirmatory studies are therefore necessary to provide more 

insights on their validity. Despite this limitation, the propositions underline the importance of 

exploring SSCM and the need for appropriate support mechanisms. A resulting research avenue is 

to examine the different transitional stages that a SC needs to move through towards a holistic 

sustainability orientation. That is, levels of sustainability maturity for SCs have to be defined along 

with the requirements and characteristics to support their sustainability strategies and their current 

level of development. As discussed earlier, SSCM has to be seen as a long-term commitment 

which does not necessarily lend itself to a quick transition. As pointed out by several publications in 

the field (Lockamy, Childerhouse, Disney, Towill, & McCormack, 2008; McCormack, et al., 2008; 

Reefke, et al., 2010), this transition needs to be facilitated by a structured approach which helps to 

guide SCs on their path towards sustainability. In order to further investigate this research 

requirement, secondary material on maturity concepts was reviewed throughout this literature 

review in sections 2.1.7, 2.2.3, and 2.3.4. Linking these maturity considerations with sustainability 

concerns and requirements in SCs can result in a more complete systemic understanding of SSCM 

and can guide SCs on their path towards sustainability.  

2.5 Problems, Issues and Requirements 

Sustainability concerns are increasingly considered in business practice and the sustainability 

imperative has resulted in growing interest of academic researchers. In turn, this led to the 

development of independent organisations and bodies that are primarily aimed at supporting these 

advancements. Sustainability efforts are still primarily geared towards single businesses and are 

not tackling the unique requirements and challenges present in SCs. Application of sustainability 

concepts appears uncoordinated even on a company level despite support options. A SC naturally 
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has a larger impact and more influence to push sustainability principles to the forefront of business 

conduct. Systematic sustainability development and implementation approaches are hardly evident 

at present due to insufficient understanding of SSCM requirements and a lack of models and 

roadmaps applicable to SCs. 

This section is aimed at interpreting key insights of this literature review. Identification of the main 

research gaps can be broken down into identifying the problems, overarching issues, and resulting 

research requirements. The problems are presented in section 2.5.1, followed by the key issues in 

section 2.5.2, and the resulting research requirements in section 2.5.3. 

2.5.1 Problems 

Problems need to be described and their boundaries defined in order to find an appropriate 

solution. Having a clear overview of what a problem consists of and who it concerns provides a 

common understanding of the problem itself and its effects. Identification of specific problems 

therefore helps to generate potential solutions and guides the solution finding processes. A range 

of problems connected to the implementation and application of SSCM emerged throughout the 

literature review. These are compiled into several key problems described in this section. 

2.5.1.1 SC Configuration not Supportive of Sustainability Aims 

Most businesses are not necessarily concerned with environmental or social considerations and 

base their decisions on economic reasoning. However, businesses and their SCs are increasingly 

faced with sustainability issues and have to deal with them (Corbett & Klassen, 2006; Kleindorfer, 

et al., 2005). SCs have also started to incorporate sustainability concerns into their strategic 

objectives (KPMG, 2011; Zhu, et al., 2008). The review of SCM concepts, structures, and key 

issues in section 2.1 elaborated on the complex interactions in SCs. There is an apparent gap in 

knowledge regarding how sustainability can be aligned with the types and strategies of SCs 

outlined in 2.1.5 and how SC strategies need to be altered. In combination with the review on 

SSCM research and developments in section 2.4, it becomes evident that traditional SC 

configurations are not supportive of sustainability aims. There is a prevalent tendency to 

emphasise short term economic results over long-term strategic plans and a reluctance of 

companies to share information with their SC partners. These problems are amplified by the 

structural complexity of SCs as shown in section 2.1.2, the magnitude of activities that are 

performed as shown in section 2.1.6, and the differences between SC strategies as explained in 

section 2.1.5. Overall, many traits of SCs, including concepts and systems, could potentially 

support SSCM but would need to be adjusted accordingly as discussed in section 2.4.10. 

2.5.1.2 Uncertainty about Sustainable SC Practices 

There is a high degree of uncertainty with regard to what constitutes sustainable SC operations 

and activities. No generally applicable and coherent set of practices has been established in order 

to foster sustainability in SCs (Pagell & Wu, 2009). This uncertainty is partially caused by the lack 

of a decisive definition for SSCM and the lack of an accepted classification of SSCM themes as 
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discussed in sections 2.3.1 and 2.3.2. Uncertainty also stems from the variety of approaches and 

concepts surrounding sustainability principles and unawareness of the characteristics of a SSC. 

The review of SSCM key elements in section 2.4 has provided a discussion of these aspects to 

support the understanding of SSCM. It remains unclear how the SC practices prevalent in different 

SC strategies, as outlined in section 2.1.5, may be leveraged to support sustainability aims. 

Complexity in SCM and the breadth of SC activities underline the need for a coordinated strategy 

as decision makers will be uncertain about their choices. Apart from the fundamental problem of 

determining the appropriateness of certain practices, uncertainty about SSC practices can also be 

traced back to missing knowledge about the importance of practices for SSCM, e.g. regarding SC 

logistics (Dey, et al., 2011). Uncertainty also originates from the trade-off relationships between the 

sustainability dimensions as discussed in sections 2.3.3. 

2.5.1.3 Sustainability Decision Making is Ad-hoc and Silo-based 

As discussed in section 2.2.2, sustainability can be split into three interrelated dimensions. 

Furthermore there are different levels of sustainability to consider as shown in section 2.2.3.2. 

Sustainability related decisions are daunting tasks for businesses due to these inherent 

complexities, let alone for SCs. The complexities and difficulties of sustainability development in 

SCs have been discussed in section 2.3 with special emphasis on requirements for SSCs in 

section 2.4. Decisions in SCs can broadly be split into strategic, tactical, and operational 

categories. Considering the explained issues and associated requirements, it becomes obvious 

that sustainability considerations in a SC add additional challenges for decision makers. Examples 

include decisions concerned with the alignment of sustainability goals across a SC, how to 

approach a SC transformation and the identification of specific facilitating requirements for SSCM 

for all SC members. Hence, sustainability decision making processes in SCs appear ad-hoc, 

generally do not follow a structured approach, and are lacking coordination. Especially 

interrelations between SC members are not considered and synergies are not exploited. 

Furthermore, the impacts of decisions on all three sustainability dimensions are not well 

understood. In short, companies often make decisions as if based in a silo without considerations 

to their immediate and longer term effects on the SC. 

2.5.1.4 Sustainability Initiatives are Ad-hoc and Uncoordinated 

Sustainability initiatives are predominantly introduced on an enterprise level and are not 

coordinated with the SC. Contributing reasons may include missing collaboration, trust, strategic 

alignment, commitment, and unawareness of improvement opportunities. As shown in sections 

2.1.6 and 2.4.5, companies depend on their SC partners and the importance of efficient SCM for 

the success of each individual company is steadily growing. For many industries an increasing 

proportion of value is generated through their SCs as discussed in sections 2.1.1and 2.1.3. Directly 

linked to this development are adverse social and environmental impacts of SC activities which are 

increasing accordingly. True sustainability can therefore only be achieved through a SC effort 

(Carter & Rogers, 2008; Hutchins & Sutherland, 2008; Veleva & Ellenbecker, 2001) as discussed in 
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section 2.3.2. Coordination of sustainability initiatives across SCs is therefore crucial to achieve this 

goal but is rarely seen in practice.  

2.5.1.5 Gap between Sustainability Vision and Implementation in Reality 

The impacts and acceptance of sustainability in SCs are diminished by a gap between strategic 

sustainability vision and the practical implementation of sustainability efforts. As shown in sections 

2.2.2.2, 2.2.2.3, and 2.4.9, most large companies regularly publish sustainability reports in an 

alleged effort to demonstrate their sustainability achievements (KPMG, 2005, 2011). However, thus 

far no truly sustainable SC exists (Pagell & Wu, 2009). Sometimes CR reports contain sections on 

sustainability performance of SCs, however these are seldom informative. Generally, managerial 

decisions are aimed at presenting a strong focus on sustainability whereas in practice efforts and 

activities are ad-hoc and uncoordinated. A sustainability vision cannot be achieved by a set of non-

recurring tasks but needs to be fostered by long-term engagement as emphasised in sections 

2.2.3.1 and 2.4.10. Organisations make use of valuable concepts like LCA or DfE as shown in 

sections 2.4.6 and 2.4.7 but realisations of the actual vision are not always evident. Thus, SCs are 

missing a coherent implementation path comprised of steps, processes, and activities, which 

support the connection of a sustainability vision to strategic planning, operational reality, and 

feedback mechanisms that foster continuous improvement. 

2.5.1.6 Sustainability not considered throughout Product Life Cycles 

The consideration of PLC is one avenue for creating more sustainable business conduct. Following 

the cycle of material extraction, product creation, usage, and disposal can identify areas for 

improvement, e.g. design aspects, manufacturing operations, or material usage. SCs are mainly 

concerned with the creation of a product or service and PLC can support the aims of SSCM 

(Badurdeen, et al., 2009) as discussed in sections 2.3.2 and 2.4.7. In order to exploit potential 

benefits, the SC structure needs to be supportive of the requirements for PLC. Such requirements 

include willingness for collaboration between SC members, sharing of information, and a high 

degree of SC visibility. As explained in section 2.1.2, SCs are composed of multiple tiers 

resembling a network of suppliers and customers. Maintaining visibility and control are challenging 

for any SC but are of crucial importance for life cycle assessments. Due to the sheer complexity of 

tracking entire life cycles of products, application of PLC is still in its infancy (Hutchins & 

Sutherland, 2008; Seuring & Müller, 2008b). A lack of supportive SC strategies and policies for 

PLC assessments lies at the heart of this problem. 

2.5.1.7 Lack of Understanding how to Create Win-Win Situations 

As evident from sections 2.2.1, 2.2.3, and 2.3.3, decision makers in SCs can be faced with trade-

offs forcing them to make decisions that may not be optimal on all three sustainability dimensions. 

More traditional trade-offs in SCM include decisions concerned with the appropriateness of SC 

layout and strategies to meet market requirements as shown in section 2.1.5. As discussed in 

sections 2.1.6 and 2.4.10 there are also conflicts between local optimisation and optimisation on a 
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SC level, disregarding adverse effects on SC performance and foregoing synergistic improvement 

options. Naturally, SSCM should endeavour to minimise the need for trade-offs and create win-win-

win situations, e.g. it has been shown that overall SC performance can benefit from the addition of 

environmental considerations to existing SC practices (Corbett & Klassen, 2006).  

Sustainability decisions appear more simplistic at a strategic level, e.g. regarding the 

implementation of a sustainability vision and goals. However, the appropriateness of decisions is 

more difficult to judge for distinct operations or tactical issues as adverse impacts can be hard to 

estimate due to e.g. time lags or lack of expertise. Thus, an improved understanding of influential 

aspects in SSCM along with detailed process structures are required to make informed decisions in 

trade-off situations. 

2.5.1.8 Lack of Integrated Sustainability Measurement Systems on a SC Level 

A SSC needs to assess its performance not solely based on economic aspects but needs to 

account for its impacts on environmental and social systems (Starik & Rands, 1995). At the heart of 

many implementation and development problems lies the difficulty to obtain comprehensive 

sustainability information on a SC level. Complex SC structures (see section 2.1.2) are contributing 

factors here along with the trend towards global SCs as sustainability requirements, business 

regulations, and reporting standards differ between global regions. SC wide sustainability 

measurement is furthermore dependent on the commitment of all SC members and their ability to 

capture the required information as discussed in sections 2.2.3.3 and 2.4.8. Factors like size, 

financial resources, and management support influence a company’s ability and willingness to 

measure sustainability performance. Other prerequisites for more holistic SC assessments include 

visibility of SC structures coupled with alignment aspects such as collaboration, information sharing 

and a common strategic vision. SC measurements for assessing sustainability on all three 

dimensions appear uncoordinated due to a lack of integrated systems which facilitate controlled 

measurement, modelling, and performance tracking on a SC level.  

2.5.1.9 Lack of Integrated Systems for Communication of Sustainability Aspects 

Communication of sustainability information is crucial for SSCM as discussed throughout section 

2.4 and prominently in section 2.4.8 and can be separated into internal SC communication and 

communication with external stakeholders through reports and publications. Effective 

communication supports SC visibility, the alignment of vision, goals and initiatives, and the 

identification of underperforming areas on an enterprise and SC level. External parties are also 

interested in a SC’s sustainability performance as indicated by the discussion of the sustainability 

concept in sections 2.2.1 and 2.2.2. Sustainability demands of regulative bodies and customers 

were also identified as a major motivational factor for SSCM as seen in section 2.3.4.1. As shown 

in section 2.4.9 effective communication mechanisms and divulgence of sustainability performance 

affect a SCs reputation and therefore contribute to customer value. Sustainability reporting 

techniques however are often uncoordinated due to a lack of standards (KPMG, 2005, 2011). 
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Sophisticated communication systems are commonplace in SCM, e.g. for inventory management 

and production planning. However, there is an apparent lack of integrated systems which facilitate 

communication of sustainability issues across the SC and harmoniously integrate people, 

processes and technology. This is closely related to the lack of sustainability measurement 

systems as effective measurement is crucial for effective SC communication and vice versa. 

2.5.2 Issues 

This section aims to synthesise the identified problems into top-level issues which can inform the 

development of key research requirements. The rationale for this approach is to identify and 

subsequently address the underlying, systemic issues in SSCM in order to support the 

implementation and application of sustainability in SCs.  

The resulting issues are of conceptual, procedural, strategic, and technological nature and are 

outlined in detail in the following sub-sections. It needs to be emphasised that these issues are 

interrelated, e.g. addressing issues related to sustainability understanding in SSCM may affect and 

support subsequent issues. Hence, addressing more fundamental issues can be seen as a 

prerequisite for tackling the other issues.  

2.5.2.1 Identification and Understanding of Sustainability Requirements  

Adoption of sustainability presents a profound change in terms of assumptions, values, and goals 

that underlie business practice. To support such a shift, a good understanding of the sustainability 

concept and sustainable practices is required which holds true for SSCM. Transforming an existing 

system, i.e. a SC, has to be grounded in full understanding of the sustainability approach before 

other transformational measures, e.g. changing processes and introducing initiatives, can be 

started. Furthermore to facilitate a transformation towards SSCM, identification of sustainability 

requirements specific for SCs becomes a necessity. Research on sustainability in SCs is still in its 

infancy and current SC practices are also not geared towards sustainability. Existing knowledge 

regarding the adoption of sustainability usually only covers partial aspects of SCs. There is no 

comprehensive framework which outlines e.g. sustainable SC operations and their applicability. 

Furthermore current work is inconclusive about the prerequisites which need to exist in order to 

facilitate transformation and execution of SSCM. A more holistic overview of influential factors in 

SSCM is therefore needed and should be supported by descriptions of their interactions.  

2.5.2.2 Alignment of Sustainability Goals and Strategies with Practices and 

Processes 

Realisation of strategic goals through manifestation of supportive operational practices is 

challenging in most business environments and is dependent on the degree of change that is 

required coupled with the willingness and commitment to pursue the strategic goals. The literature 

review outlined the complexity of sustainability and SC principles. Hence, a transformation towards 

SSCM constitutes a complex endeavour as far-reaching changes to SC policies and practices may 
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be required. More explicit issues include obvious tensions between economic goals and social and 

environmental requirements. Due to the complexity of SC structures there are also issues 

associated with the alignment of company internal sustainability goals and SC goals. It is apparent 

that establishment of a sustainability strategy spanning the entire SC is a challenging task but also 

key to success. This is emphasised by practical problems like silo-based decision making and ad-

hoc initiatives. Hence, there are issues related to the alignment of sustainability goals and 

strategies with SC practices demanding approaches to develop and guide synergistic strategies. 

2.5.2.3 Capabilities & Enablers for Implementation & Execution of Processes & 

Systems 

The literature review revealed several problems related to implementation and execution issues 

including missing alignment during implementation, lack of holistic life cycle considerations, and 

missing understanding of SSCM execution. Thus, there are issues related to capabilities and 

enabling factors that can support the implementation and execution of SSCM processes and 

systems. These issues extend towards missing knowledge of SSCM capabilities and enabler 

dimensions and furthermore missing understanding of their interactions. Knowledge of these 

aspects can help to bridge the gap between sustainability vision and specific SC practices. 

Decision makers require guidance for a sustainability transformation with regard to e.g. 

methodologies, process selections, development steps, and monitoring requirements. Currently 

available models and frameworks do not provide this specific support but may be leveraged to 

inform the development of focussed approaches and guidelines for managerial decisions in SSCM. 

2.5.2.4 Integration, Measurement and Communication 

Lastly, there are issues related to integration, measurement and communication. Integration refers 

to the ability to incorporate a model or concept into a system, e.g. the ability to integrate, monitor 

and control processes into individual companies and the entire SC. Development and subsequent 

integration of respective systems can then facilitate the measurement of sustainability 

performance. Measurement throughout the SC is critical in order to maintain control and be able to 

counteract adverse effects or replicate efforts which yielded positive results. Proper performance 

measurement is furthermore the basis for effective communication with stakeholders, both internal 

and external. Problems associated with these issues refer to a lack of coordinated sustainability 

measurements and communication systems. Currently available frameworks identify a range of 

measurements for the sustainability dimensions but are not targeted towards SCs. There are 

furthermore issues that relate to the degree of adaptability, flexibility, and extensibility of 

measurement and communication systems. That is, how well can a system be adapted to user 

requirements; how flexible is it in terms of supporting modifications; and how well it can be 

extended with new functionalities. Starting points to address the identified issues may include 

assessing measurement approaches and indicators, and modelling of causal relationships. 
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2.5.3 Requirements 

New insights into SSCM are required in order to address the issues raised in 2.5.2 and to solve the 

problems identified in 2.5.1. These key research requirements for SSCM are depicted in Figure 

2.18 along with the relationships between the identified research problems and issues.  

 

Figure 2.18: Overview of Research Problems, Issues, and Requirements 

The requirements are phrased to guide this study, i.e. to develop feasible research objectives and 

select appropriate methodological methods. Answering each individual requirement constitutes a 

valuable outcome on its own albeit limited in terms of the number of identified issues and problems 

it addresses. The combination of results can comprehensively address all issues and provide 

solutions to the problems. The research requirements and their outcomes are logically 

interconnected, i.e. some research requirements should be addressed first. The insights and 

findings gained can subsequently inform the processes to address the other research 

requirements. The identified requirements are therefore presented according to this sequence.  

2.5.3.1 Identification of SSCM Factors and Relationships 

“Identification and description of the factors and aspects that influence SSCM along with their 

relationships and interdependencies”  

Findings from this requirement mainly address the issues described in sections 2.5.2.1 and 2.5.2.2 

and provide solutions to the associated problems as outlined in Figure 2.18. A combination of 

research approaches is necessary in order to support this requirement. Conceptual theory building 
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can synthesise existing research in related areas and make it applicable to SSCM, e.g. 

identification of sustainable operations for the different functions of SCs along with the adaptation 

of related models and frameworks to describe relationships and interdependencies in SSCM. An 

exploratory study can identify and describe influential factors and aspects in SSCM to address the 

lack of existing knowledge in this area. Identified relationships need to be confirmed through 

empirical SC data. 

2.5.3.2 Design of Models to support SSCM Transformation 

“Design and validation of models that support the transformation of SC components, activities, and 

processes” 

This research requirement is primarily derived from the need to address the issues presented in 

sections 2.5.2.2 and 2.5.2.3. The design of models for SSCM helps to address alignment issues in 

SCs and also provides a background for the implementation and execution of SSCM systems and 

processes. Transformation of a SC requires an assessment of SC components and activities as 

well as re-designs or introduction of processes. Hence, a model that supports the transformation of 

SC components, activities, and processes is required. This research requirement demands 

different research approaches. Conceptual work helps to explore existing models that support 

business transformations and can therefore significantly inform model building. Exploratory 

research supports the design aspects whereas confirmatory research supports the need for 

validation of developed artefacts and modelled relationships. 

2.5.3.3 Design of Models and Roadmaps for SSCM Development 

“Design and refinement of models and roadmaps outlining the processes, phases, and steps to 

develop SCs towards sustainability” 

There is a clear requirement to create models and roadmaps that outline the top level processes 

and detailed steps that need to be performed in order to develop SSCs. This requirement is mainly 

derived from the issues in sections 2.5.2.3 and 2.5.2.4 and aims for more holistic models and 

roadmaps that can guide the design, implementation and ongoing execution of SSCM. Partially 

informed by the findings from the preceding requirements, designing such models and roadmaps 

addresses issues connected to the implementation and ongoing execution of SSCM and provides 

support for the integration of systems for measurement and communication. Again, conceptual 

work can be the foundational basis for the design process which may be further enhanced through 

modelling exercises and exploratory findings. Refinements can be achieved through empirical 

validation and comparisons to related models. 

2.5.3.4 Design of Adaptive SSCM Systems 

“Design of adaptive SSCM systems that integrate people, processes, and technologies” 

The last research requirement points to the need to design systems that can harmoniously 

integrate people, processes, and technologies to explicitly support SSCM in a holistic fashion. It is 
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therefore closely tied to the issues identified in sections 2.5.2.2, 2.5.2.3 and 2.5.2.4. Such SSCM 

systems complete the necessary artefacts to guide a transformation towards SSCM and support 

ongoing execution and improvement. Adaptive SSCM systems should be able to accommodate 

varying SC conditions and individual user requirements. There is a requirement for SSCM systems 

but such developments are beyond the scope of this research. Above all, SSCM systems need to 

be based on a manifested understanding of SSCM outlined by the preceding requirements. Thus, 

necessary insights and building blocks towards SSCM systems are provided. 

2.5.4 Summary of Problems, Issues and Requirements 

A review of relevant literature led to the synthesis of problems in SSCM which were connected to 

four overarching issues. In a last step four key requirements were developed to address the 

research issues and solve the research problems. The requirements relate to necessary concepts, 

models, roadmaps, and systems for SSCM. An overview of these relationships is presented in 

Figure 2.18. The research requirements are interconnected, i.e. developed results inform each 

other and help to enhance and validate overall findings. The outcomes of these requirements are 

envisioned to support successful design, implementation, and management of SSCs. 

2.6 Summary  

Sustainability refers to the need to address and manage issues with regard to economic, social, 

and environmental dimensions in a balanced and integrated manner. SSCM refers to a 

collaborative SC environment which facilitates and fulfils the requirements to meet the sustainability 

imperative. The requirement to consider sustainability has been widely recognised by regulative 

bodies, companies, and also consumers. At this critical juncture, SCs are well-positioned to support 

sustainable development due to their wide-ranging impacts and influences. Decision makers in 

SCs are therefore tasked with initialising strategic sustainability orientations and operational shifts. 

Discussion of the literature showed that SCs have to be re-designed in order to face current and 

future sustainability challenges. SCs and sustainability requirements are both characterised by 

complex interactions which have to be understood and properly integrated to foster SSCM. While 

many applicable methods, tools, and sustainable SC practices could be identified, their focus is 

generally on isolated SC issues or they are simply not tailored towards the use of SSCM. The 

identified research problems, issues and requirements emerged from the finding that current 

understanding of SSCM is still in its infancy. Available approaches, frameworks and models to 

support sustainability in SCs lack structure, coherence, adaptability and flexibility, and are generally 

inadequate to facilitate SSCM transformation and development. 

A multi-methodological research approach is used to find solutions for the research problems and 

issues. The underlying reasoning for this approach and the detailed research methods and steps 

are described in the research methodology chapter. 
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3 Research Methodology 

This chapter outlines the chosen research methodology and explains the validity and applicability 

of the chosen approach. While the preceding chapter analysed what has been studied in SSCM so 

far and why, this chapter intends to explain how this particular study will be conducted. An 

appropriate methodology is essential for successful research as it helps to guide and evaluate the 

research processes and findings. The coverage of research requirements outlined in section 2.5.3 

indicates that a selection of research approaches is necessary in order to develop applicable 

responses to the problems and issues. This chapter is therefore mainly concerned with the 

development of an appropriate multi-methodological research approach. The structure of this 

development process is outlined in Figure 3.1. 

 

Figure 3.1: Structure of the Research Methodology  

In section 3.1 research objectives specific to this study are outlined which were informed by the 

research problems, issues and requirement discussed throughout section 2.5. Based on the 

realisation that a single methodology cannot sufficiently address these objectives, the applicability 

of a multi-methodological approach is discussed in section 3.2. A range of relevant frameworks is 

reviewed in section 3.3 after the appropriateness of a multi-methodological approach has been 

discussed. Based on the preceding discussion, a customised research methodology is developed 

in section 3.4 which adapts accepted research frameworks to the requirements of this study. This is 

followed by an outline of research steps and proposed artefacts in section 3.5 before specific 

research methods are explained in the remaining sections. 

3.1 Research Objectives 

The literature review has introduced the background knowledge for this research and aspects of 

interest in SSCM were identified. These overviews and discussions enabled the identification of 



Research Methodology 

80 

gaps in the existing body of knowledge as well as problems and issues in SSCM. In combination 

these allowed for the development of the research requirements presented in section 2.5. These 

findings need to be formulated into a set of research objectives upon which the methodological 

approach can be chosen. It became evident that SSCM lacks theoretical background knowledge 

and applicable support mechanisms. This research aims to address the identified issues and solve 

the associated problems in an approach suitable and feasible within the constraints of this study. 

Due to restrictions in terms of time and scope, it is impossible to carry out all identified research 

requirements in a comprehensive fashion. Despite these boundaries, this research provides 

insights and artefacts by addressing the following research objectives: 

1. Exploration, identification and importance evaluation of factors that are of relevance for the 

development of sustainability in SCs and the transformation towards SSCM.  

2. Design and development of a model that takes into account the importance and influence 

of SSCM factors in order to provide support for the transformation of SCs towards 

sustainability. 

3. Design and development of a model that supports the ongoing development of SCs and 

guides a structured progression towards higher levels of sustainability understanding, 

integration and performance. 

4. Creation of a roadmap specific to the requirement of SSCM that combines the theoretical 

building blocks in order to provide practically applicable, prescriptive support for SSCM 

implementation.  

5. Validation and evaluation of the developed SSCM concepts and models through 

instantiation in a roadmap for SSCM, through an iterative validation process by domain 

experts and through confirmation using empirical evidence.  

The research objectives outlined are interrelated and the proposed findings inform each other in 

order to create research artefacts and achieve a deeper understanding of SSCM. An appropriate 

research methodology is required in order to address these objectives and support the evolving 

nature of this study. Hence, the selection of a suitable research methodology is motivated and 

informed by the objectives this study aims to address. The next section therefore evaluates the 

applicability of methodological approaches.  

3.2 Applicability of Multi-Methodological Research 

Using multiple methodologies has become an accepted and increasingly popular approach for 

conducting research in management sciences (Johnson & Onwuegbuzie, 2004; Molina-Azorίn, 

2011). Many researchers advocate multi-methodological approaches due to the flexibility and 

benefits that they can provide (Johnson & Onwuegbuzie, 2004; Mingers, 2001; Nunamaker, Chen, 

& Purdin, 1991) and supportive research frameworks have been developed (Hevner, March, & 

Park, 2004; Johnson & Onwuegbuzie, 2004; Mingers & Brocklesby, 1997; Nunamaker, et al., 

1991). Multi-methodological approaches can increase overall validity of findings (McGrath, 1982) 

and have also been encouraged for conducting research in SSCM (Carter & Easton, 2011).  
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This section is concerned with the appropriateness of a multi-methodological research approach for 

this study. This process involves a discussion of philosophical underpinnings, research in SCM, 

and characteristics of multi-methodological approaches. 

3.2.1 Research Philosophy 

The nature of the research questions at hand requires the researcher to define the boundaries of 

the world about which the question is asked (Habermas, 1988). As outlined in section 3.1, the 

research questions that this study will address revolve around the exploration of SSCM factors, 

design requirements in SSCM, and evaluation as well as validation of research findings. Thus, the 

research design needs to reflect these specific objectives and be planned accordingly.  

Usage of terms related to philosophical issues or research paradigms varies and their meaning is 

not always clear (Collis & Hussey, 2003; Tashakkori & Teddlie, 2010). There are two accepted 

main paradigms for which different terms exist. The positivistic paradigm is generally associated 

with quantitative research and deductive reasoning whereas qualitative research and inductive 

reasoning are usually connected to an interpretivist paradigm. Furthermore there are several 

philosophical assumptions informing aspects of inquiry such as what constitutes knowledge 

(ontology), how knowledge is known (epistemology), the values (axiology), and the investigation 

process (methodology) (Creswell & Creswell, 2005). The main characteristics of these aspects of 

inquiry or assumptions with regard to the two main paradigms are summarised in Table 3.1. 

Assumptions Positivist / Quantitative Interpretivist / Qualitative 

Ontological Reality is objective and singular Reality is subjective as seen by participants 

Epistemological 
Researcher is independent from that being 
researched 

Researcher interacts with that being researched 

Axiological Value-free and unbiased Value-laden and biased 

Methodological 

Deductive approach 
Cause and effect 
Static design 
Context free 
Generalisations leading to prediction, 
explanation and understanding 
Accurate and reliable through validity and 
reliability  

Inductive approach 
Mutual simultaneous shaping of factors 
Emerging design 
Context bound 
Patterns and theories developed for 
understanding 
Accurate and reliable through verification 

Table 3.1: Assumptions of Research Paradigms (adapted from Collis & Hussey, 2003) 

There is considerable discussion about the dichotomy between quantitative and qualitative 

approaches and their appropriateness for different research objectives. The two main paradigms 

can be seen as extremes at opposite ends of a continuum with their features and characteristics 

adjusting as a researcher moves along this continuum (Collis & Hussey, 2003; Morgan & Smircich, 

1980). Punch (1998) argues that quantitative research has historically been directed at theory 

verification and qualitative research at theory generation, but there is no necessary connection 

between purpose and approach. Tashakkori and Teddlie (2010) finally conclude that most 

quantitative research is confirmatory involving theory verification whereas much qualitative 

research is exploratory involving theory generation. A multi-methodological approach has the major 
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advantage that it facilitates simultaneous research on exploratory and confirmatory questions 

thereby enabling the researcher to generate and verify theory in the same study.  

Proposing knowledge and validating knowledge are two interconnected components of any 

research process (Meredith, Raturi, Amoako-Gyampah, & Kaplan, 1989). This research study 

embraces this realisation by aiming to explore SSCM factors, propose SSCM models and a 

roadmap, and evaluate the findings and artefacts. Based on the specific research objectives of this 

study and the philosophical discussion provided in this section, it can therefore be concluded that a 

research approach embracing a combination of paradigms and respective methods is suitable and 

can provide considerable advantages.  

3.2.2 Research in Supply Chain Management 

The field of SCM is subject to constant and rapid advances, e.g. technical as well as organisational 

changes. There is a need for pragmatic research that is useful to operations managers, industry, 

and society (Meredith, et al., 1989). This dynamic development is reflected by researchers through 

the application of various research methods in order to investigate the phenomena related to SCM 

(Seuring, Müller, Reiner, & Kotzab, 2005). When selecting a research strategy one has to be aware 

of the trade-offs between research goals, e.g. control, realism and generalisability. Research in 

SCM is primarily placed in a positivist paradigm and often characterised by normative and 

quantitative research (Golicic, Davis, & McCarthy, 2005). In the domains of OM and SCM empirical 

research is a well-established way of building or verifying theory and can provide the building 

blocks for mathematical or simulation modelling, e.g. “causal relationships can be refined and 

explored through subsequent mathematical and simulation modelling research” (Flynn, Sakakibara, 

Schroeder, Bates, & Flynn, 1990, p. 252). In OM, exploratory research aimed at building theory is 

generally less common than confirmatory and purely theoretical research as it can require more 

resources. However, in order to fully describe some of the unique characteristics of the OM field 

some high-risk research cannot be avoided (Chase, 1980). Flynn et al. (1990) point out that 

exploratory research is needed in order to create a foundation for verifying research and to 

broaden the theoretical OM background. Boyer and Swink (2008, p. 339) observe “a notable 

growth in empirical research generally, and in survey based research in particular”. Specifically to 

cope with the rapid developments in SCM it has been suggested that innovative approaches to 

empirical research need to be used which allow for a targeted exploration of the full meaning of 

SCM. Applying a variety of research methodologies might therefore be necessary in order to 

satisfactorily answer research question in SCM (Seuring, Müller, Reiner, et al., 2005). Today’s 

research environment is also rather interdisciplinary, which is also true for research in SCM, and 

the nature of research often requires the researcher to complement a variety of methods with one 

another (Johnson & Onwuegbuzie, 2004). 

Based on this general methodological discussion it can be stated that multi-method approach 

which consists of quantitative as well as qualitative components is feasible and applicable in SCM. 

A full review of research methodologies in OM and SCM is beyond the scope of this study but 
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readers may refer to Meredith et al. (1989), Melnyk and Handfield (1998), or Kotzab, Seuring, 

Müller and Reiner (2005) for extensive overviews. 

3.2.3 Characteristics of Multi-Methodological Research 

Philosophical and methodological issues in multi-methodological research have been discussed for 

several decades but there is still a lack of consensus on design definitions, applicable research 

procedures, philosophical foundations, and associated challenges (Creswell & Creswell, 2005). 

Despite these issues, multi-methodological research has become well accepted and generally 

collects, analyses, and mixes both quantitative and qualitative data in a single study or series of 

studies in order to better understand research problems (Creswell, 2009). It is however more than 

a simple combination of qualitative and quantitative methods but has become a methodological 

orientation on its own (Tashakkori & Teddlie, 2010). 

A research approach is chosen based on the nature of the phenomenon and the type of research 

questions. While quantitative research methods generally maximise external validity, e.g. control 

and generalisability, qualitative research maximises internal validity, e.g. realism (Golicic, et al., 

2005). However, both observe the same reality albeit different aspects of it (McCracken, 1988). A 

mixed method approach can help to overcome disadvantages of one method by combining the 

strengths of a variety of methods (Creswell & Plano Clark, 2007). In a quantitative approach the 

researcher wants to describe a phenomenon from the view of the informants. These descriptions in 

combination with literature sources should thereby lead to first hand understanding of the 

phenomenon under investigation. Based on this understanding the qualitative data is then analysed 

inductively, i.e. the detailed descriptions are translated into more general perspectives, e.g. 

categories, themes, dimensions, or codes. The result is a substantive theory which is “typically a 

process model describing relationships among variables with feedback loops that capture the 

dynamic nature of the phenomenon” (Golicic, et al., 2005, p. 21). Quantitative approaches on the 

other hand aim to develop and test more generally applicable formal theories. Research questions, 

i.e. hypotheses, are usually developed and subsequently tested through deductive reasoning. 

Here, the theory is the starting point which is tested or verified by confronting it with real world data. 

This data is collected through instruments of measurement such as surveys or experiments and is 

used to verify formal theory. Hypotheses are formulated to test the significance and strength of 

proposed relationships (Golicic, et al., 2005). Figure 3.2 shows potential relationships between 

these approaches. 

 

Figure 3.2: Combination of Research Methodologies  
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Qualitative and quantitative research can support each other in various ways and the design of a 

research study has to be planned accordingly. Classifications of such design types have been 

proposed by several authors. Creswell (2005) identified four primary multi-methodological designs 

whereas Tashakkori and Teddlie (1998) point towards eight design combinations. Based on this 

classification, a useful overview is provided by Mingers (2001) who identified five typical ways of 

integrating multiple methodologies. 

Type of Design Description Illustration 

Sequential 
Research methods follow a sequential order 
with earlier results feeding into later stages. 

Quantitative questionnaire followed by 
interviews to improve understanding of results 

Parallel 
Methods are carried out in parallel with results 
feeding into each other. 

Observation and recording of participants’ 
behaviour coupled with interviews 

Dominant 
One main research method is selected with 
contributions from other methods. 

Ethnography or observations supported by 
statistical data analysis 

Multi-Methodology 
Combination of methods from different 
paradigms, customised for certain tasks. 

Combination of interviews, questionnaires, data 
analysis, and conceptual models. 

Multi-Level 
Different research methods are employed 
simultaneously at different organisational levels 

Survey of operators or shop floor employees 
and interviews with supervisors and managers. 

Table 3.2: Types of Multi-Methodological Research Designs (adapted from Mingers, 2001) 

As can be seen from Table 3.2, a combination of different research methods can be applicable in 

various scenarios and can furthermore strengthen the validity and insights of findings beyond that 

of a single design (Morse, 2003). In other words, multi-methodological research can lead to a better 

understanding of the research problem and validate the research outcomes (Cao et al., 2006). 

Apart from the many advantages that a multi-methodological approach has to offer, there are also 

several challenges that a researcher needs to be aware of. Firstly, there may be confusion 

between the quality of data and inferences that are made. There may also be issues regarding 

standards for interpreting and evaluating research outcomes as quantitative and qualitative 

approaches often demand different characteristics to be present in order to establish validity 

(Tashakkori & Teddlie, 2010). More practical issues regarding the actual application can also pose 

challenges. The researcher needs to have at least basic methodological skills in quantitative and 

qualitative data collection and analysis. Furthermore, multi-methodological research can potentially 

consume more time and resources (Creswell & Creswell, 2005). 

3.2.4 Justification for a Multi-Methodological Approach 

Traditionally research methodologies in OM came from research concerned with modelling or 

statistical analysis, i.e. a purely quantitative background (Meredith, et al., 1989). Methodological 

aspects were not seen as an issue and methodological discussions are largely absent in normative 

and descriptive research (Bertrand & Fransoo, 2002). Coming from this background, research in 

this area has been less integrative and research methodologies are generally less developed than 

in many other fields. Research that is meant to be of academic value and practical applicability will 

have to include the “exploration and interpretation of procedures and processes which may not be 

embedded in a rational, single-objective, or value-free context” (Meredith, et al., 1989, p. 300). 

Depending on the research objectives, a combination of approaches may therefore be necessary. 
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A multi-methodological research approach can be justified by the fact that all research methods 

have certain drawbacks and one research methodology might not be sufficient on its own 

(McGrath, 1982; Nunamaker, et al., 1991). A single research methodology might therefore not be 

appropriate as it cannot necessarily assess and explore the observable facts in a coherent fashion 

(Pinsonneault & Kraemer, 1993). Given the variety of objectives that this research attends to, a 

multi-methodological approach is a reasonable solution as it can outweigh the disadvantages of 

single research methods. A combination of methodologies may yield better outcomes and deeper 

insights into a problem area (Cao, et al., 2006). Lee (1991) furthermore points out two general 

advantages of multi-methodological approaches, i.e. that their combined results may facilitate full 

understanding of a problem; and that triangulated results may ensure validation of the results and 

interpretations.  

While suitable multi-methodological research frameworks have not all been aimed at research in 

SCM in particular, there are many commonalities between areas. In fact, mixed methods have 

been found useful in areas such as OM, SCM, management sciences, IS, social and behavioural 

sciences (Johnson & Onwuegbuzie, 2004; Mingers, 2001; Mingers & Brocklesby, 1997; Seuring, 

Müller, Reiner, et al., 2005). There is a strong link between IS, OM and SCM as they are all applied 

sciences that should endeavour to pursue research that is applicable to the real world (Galliers & 

Land, 1987; Meredith, et al., 1989). Based on this realisation, a selection of applicable frameworks 

from these fields is therefore reviewed in the next section which will aid in the development of a 

research methodology specific to the requirements of this study. 

3.3 Review of Relevant Research Frameworks 

The last section ascertained that a multi-methodological approach is appropriate and necessary in 

order to fulfil the research objectives outlined in section 3.1. This section is therefore aimed at 

introducing a selection of research frameworks that are relevant for this research and that can 

inform and guide the development of a customised research approach. As there are many potential 

frameworks that can be followed, this review will concentrate on several representative research 

frameworks and will highlight their characteristics and strengths.  

3.3.1 Research Cycle for OM/SCM 

One research framework proposed for OM is the research cycle by Meredith, et al. (1989) of which 

an adapted version is shown in Figure 3.3. The framework attempts to nurture and encourage a 

methodological discussion in OM and bridge the gap between research that proposes knowledge 

and that which validates knowledge. The authors argue that “all research investigations involve a 

continuous, repetitive cycle of description, explanation, and testing” (Meredith, et al., 1989, p. 301). 

It is recognised that an individual study may involve only one or a combination of stages. Division 

between the stages is also not as distinct, i.e. researchers may combine activities from different 

stages or alternate between stages as the research progresses. However, it essentially demotes 

knowledge proposal and knowledge validation to two interdependent components of an ongoing 
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research cycle. Hence, complete research cycles have to be performed in order to produce 

validated theory that enhances the existing body of knowledge.  

 

Figure 3.3: Cycle of Research Stages (adapted from Meredith, et al., 1989) 

The description stage must precede the other two stages and is therefore the starting point for any 

research. Descriptive research is aimed at reporting and recording elements of interest about a 

subject which will then result in a documented characterisation. These outcomes may in turn be 

used to generate theories, frameworks, models, and concepts. In addition exploratory research can 

result in a more detailed level of description by investigating aspects in more depth and thus 

increase the understanding of the area and give further meaning to existing knowledge. 

The explanation stage includes activities like the postulation of concepts or the construction of 

action-reaction or cause-effect relationships. Outcomes of these activities can then inform the 

construction of models and frameworks that show the dynamics between the identified 

relationships. Such modelling activities can offer researchers a frame of reference to design 

subsequent research studies, evaluate existing research, and generate verifiable hypotheses. In 

addition, theories can be developed that describe the principles of the models, the 

interrelationships between its variables, and some boundary defining criteria. 

The testing stage finally aims to test the concepts, models and their relationships, hypotheses and 

predictions. Thus, testing verifies the correctness of previously developed artefacts and helps to 

refine or expand them. At this stage rigor is important and statistical tests and experimentation are 

commonly used. As indicated by the cyclical connection, testing can result in the realisation that 

more descriptions or explanatory investigations are required. 
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3.3.2 Research Model for Problem-Solving 

A model developed by Mitroff, Betz, Pondy, and Sagasti (1974) provides a seminal contribution to 

the methodological discussion in OM. The model emerged based on approaches used during the 

emergence of operational research (Bertrand & Fransoo, 2002) but its usefulness can be extended 

“to cover a broader range of more generic scientific activities” (Mitroff, et al., 1974, p. 47). While it 

has been developed with mainly quantitative analysis in mind, its main ideas are useful to inform a 

customised methodological approach. 

 

Figure 3.4: Research Model for Problem-Solving (adapted from Mitroff, et al., 1974) 

As can be seen in Figure 3.4, the model consists of four interrelated steps or outcomes and several 

connecting phases, i.e. research activities or requirements. The authors argue that there are no 

simple starting or ending points for research so that the research cycle could begin and end at any 

of the steps. However, most research projects would usually start with a problem situation. During 

the conceptualisation phase, a conceptual model of the problem situation is constructed that 

displays e.g. the influential factors or variables. The conceptual model is then transformed into a 

scientific model that defines the causal relationships between the variables. A model solving 

process is performed next, e.g. through statistical analysis, which results in a solution, if one can be 

derived. These results are then fed back to the problem and implemented, after which another 

cycle can be started.  

There are several key strengths and characteristics to this model. A complete research study would 

include a cycle of ‘conceptualisation – modelling – model solving - implementation’. The authors 

state that shortcuts through their model are commonly taken by researchers but often lead to 

flawed research designs. Leaving out steps, e.g. modelling or implementation, can impair the 

validity of findings. Mitroff et al. (1974) furthermore warn against placing too much emphasis on 

validation, as a perfect match between a model and reality can only rarely been achieved. This is 

supported by Bertrand and Fransoo (2002, p. 254) who add that reality in OM “cannot be fully 

captured and an over-axiomatic approach in empirical research should therefore be avoided”. 
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3.3.3 Multi-Methodological Approach for Systems Development 

A well-accepted and influential multi-methodological approach was introduced by Nunamaker et al. 

(1991). This approach represents a research cycle as outlined in Figure 3.5 and consists of four 

research strategies, i.e. theory building, experimentation, observation, and systems development. 

The structure was originally designed for IS research which itself has adopted other existing 

research methodologies from other fields.  

 

Figure 3.5: Multi-Methodological Research Approach (Nunamaker, et al., 1991) 

The authors’ underlying view is that all research follows a pattern of ‘problem, hypothesis, analysis, 

and argument’. The process starts by observing and recognising a problem in a research domain 

which is translated into a suitable hypothesis. An analysis is then undertaken to confirm and 

generalise the hypothesis. Such an analysis can be composed of formal proofs, developed 

systems or opinion surveys. The original hypothesis can then be confirmed through the resulting 

evidence or argument that the analysis provided.  

Nunamaker et al. (1991) translated this process into a research framework with four 

methodological approaches that complement each other. Theory building aims at developing new 

ideas and concepts as well as constructing conceptual models and frameworks. Theory building 

alone often lacks practical relevance but can be used to suggest hypotheses, design experiments, 

or conduct systematic observations.  

Experimentation includes research strategies such as experiments or simulations aimed at 

validating the developed theories. The results may then in turn be used to refine theories and 

systems. 
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Observation includes methodologies like case and field studies or surveys. Such unobtrusive 

methods can be used to get a better overview of the research domain, to formulate hypotheses, or 

to arrive at generalisations for later investigations. Insights can be very relevant to the domain but 

are contextual which requires the researcher to report on the study conditions.  

Systems development includes concept design, construction of system architecture, prototyping, 

product development and technology transfer. In IS research this is the hub which interacts with 

other methodologies. 

3.3.4 Integration of Behavioural Science and Design Science 

In order to respond to any design challenges that are involved in this research study, a research 

framework proposed by Hevner et al. (2004) can offer useful guidance. The authors state that IS 

research is characterised by two main research paradigms. There is the behavioural research 

paradigm that attempts to assess human and organisational behaviour upon which theories can be 

created or verified. The design science paradigm on the other hand seeks “to extend the 

boundaries of human and organizational capabilities by creating new and innovative artefacts”. 

Design science research is a problem solving paradigm and “knowledge and understanding of a 

problem domain and its solution are achieved in the building and application of the designed 

artefact” (Hevner, et al., 2004, p. 75). Research artefacts include constructs, models, methods, and 

instantiations. In light of these characteristics it can be argued that the research framework shown 

in Figure 3.6 is also applicable to the fields of OM and SCM. 

 

Figure 3.6: Integration of Behavioural and Design Science (adapted from Hevner, et al., 2004) 

The framework is composed of three areas, i.e. the research environment, the research process, 

and the available knowledge base. The creation of research objectives is linked to the environment, 

i.e. business needs have to be assessed and evaluated with regard to people, organisation, and 
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technology. The research process combines two complimentary components. Development of 

theories and artefacts is supported by a justification and evaluation component which helps to 

assess and refine the artefacts and theories through a range of evaluation methods. The 

knowledge base offers foundational building blocks for the research process as well as 

methodological approaches that can guide and inform artefact development and evaluation.  

The key strengths of the presented framework can be attributed to its integrative nature. Firstly, it 

places importance on the assessment of environmental factors in order to derive actual business 

needs. Secondly, the framework puts emphasis on the importance and usefulness of foundational 

and methodological knowledge. Both areas help to shape the research process and ensure 

practical relevance as well as academic rigour. Finally, another key strength lies in its cyclical 

approach towards artefact development and evaluation which helps to generate justifiable and 

generalisable theories and artefacts.  

Guideline 1 -7 Description 

Design Artefact Production of a viable artefact in the form of a construct, a model, a method, or an instantiation. 

Problem Relevance The objective is to develop solutions to important and relevant business problems. 

Design Evaluation 
The utility, quality, and efficacy of a design artefact must be rigorously demonstrated via well-
executed evaluation methods 

Research Contribution 
Provide clear and verifiable contributions in the areas of the design artefact, design foundations, 
and/or design methodologies. 

Research Rigor Application of rigorous methods in both the construction and evaluation of the design artefact. 

Search Process 
Utilisation of available means to reach desired ends while satisfying laws in the problem 
environment. 

Communication 
Effective presentation of research to technology-oriented as well as management-oriented 
audiences. 

Table 3.3: Research Guidelines Design Science (adapted from Hevner, et al., 2004) 

Hevner et al. (2004, p. 82) also devised research guidelines, as shown in Table 3.3, in order to 

“assist researchers, reviewers, editors, and readers to understand the requirements for effective 

design-science research”. Such guidelines should not be used as mandatory requirements as each 

research project has its own unique requirements. Researchers must therefore decide based on 

their judgement which guidelines are most appropriate for the project at hand (H. K. Klein & Myers, 

1999). Hevner et al. (2004, p. 82) agree to this view but conclude that their seven guidelines 

“should be addressed in some manner for design-science research to be complete”.  

3.4 Adapted Research Framework 

Based on the chosen multi-methodological approach and the identified research objectives, this 

section develops a research framework which is customised to address the research objectives 

presented in section 3.1. This research seeks to deliver results which are of value to theory as well 

as to practitioners confronted with sustainability challenges in SCs. The research framework 

therefore needs to support theory observation, problem identification, data collection, theory 

building, development of research artefacts and structured evaluation processes.  
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Figure 3.7: Customised Research Framework 

As can be seen in Figure 3.7, the customised framework adapts elements from the frameworks 

reviewed in section 3.3. By integrating their principles and strengths, the selection of mutually 

complementary research methods can be guided; the research objectives can be addressed in a 

logical manner; and the research outcomes can be evaluated. 

The creation of artefacts for SSCM is the main aim of this study. Accordingly, the customised multi-

methodological research approach follows the guidelines put forward by Hevner et al. (2004). The 

first criterion calls for the production of viable artefacts. Design and development of SSCM artefacts 

is a major research phase and is going to be supported by validation procedures. Secondly, 

relevant problems need to be addressed. The importance of the research at hand has been 

outlined throughout the literature review and culminated in research problems, issues, and 

requirements in section 2.5 which underline the need to develop suitable solutions. The third 

criterion demands that the usefulness of developed artefacts is evaluated which is taken care of 

through an evaluation component embracing several evaluation methods. A significant contribution 

to the research domain must be made according to the fourth criterion. Outcomes of the research 

objectives outlined in section 3.1, i.e. validated solutions to these problems, will be of theoretical as 

well as practical relevance. Research rigour will be ensured by the multi-methodological approach 

which can provide deep insights into the problem area and strengthen validity and the evaluation 

methods as outlined in section 3.8. With regard to the utilisation of available means, the emerging 

nature of the research area has to be pointed out. Several specific research methods will be 

utilised as outlined in section 3.5. Lastly, the research process and its outcomes have to be 

communicated to adequate audiences. The evaluation phase proposes evaluation through experts 

and peer review which will in turn be contributing to the existing body of knowledge. 

The following subsections address the reasoning behind the structure of the research framework in 

more detail, whereas section 3.5 introduces the specific research steps, methods and artefacts.  
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3.4.1 Observation 

Observation is a foundational component in this research study and serves several purposes. It 

provides the necessary background to conduct this study, helps to gain a deep understanding of 

the related research areas, aids in the identification of research problems and requirements and 

thus, in the development of specific research objectives. It furthermore provides a context or a 

frame of reference that supports the evaluation of research artefacts. Empirical data as well as 

information and insights from the body of knowledge form the basis for this observation (Meredith, 

et al., 1989), acknowledging the need for practical relevance and academic rigour (Hevner, et al., 

2004). While observation plays an important role especially in the beginning of the study, 

observation will continue throughout the study as it guides and informs the development, design, 

and validation of artefacts. 

3.4.2 Theory Building 

Theory building has the aim to develop new ideas, concepts, constructs, and identify relationships 

between the identified SSCM factors. As shown in Figure 3.7, theory building utilises the insights 

gained from observation and conceptualises these towards SSCM concepts, modelling, 

hypotheses and roadmap development. Theory building alone can lack practical relevance 

(Nunamaker, et al., 1991). This conceptualisation will therefore provide the background for the 

development of artefacts specific to SSCM. Furthermore hypotheses with regard to relationships in 

SSCM will be formulated which will in turn aid in the evaluation of the developed models. 

3.4.3 Artefact Development 

All of the reviewed research frameworks point out the need for artefact development in order to 

establish relevance and communicate findings. As can be seen from the research objectives, main 

aims of this research include the design of models for SSCM which are comprised of the identified 

SSCM factors and relationships. Furthermore a realistic roadmap needs to be developed that 

facilitates direct application of the developed models. These models and roadmap will be designed 

based on the theory building activities and furthermore be informed by relevant models, 

approaches, and SSCM factors identified through observation.  

3.4.4 Evaluation 

Evaluation of research findings is crucial in order to assess and refine theories and artefacts 

(Hevner, et al., 2004; Meredith, et al., 1989; Nunamaker, et al., 1991), ensure consistency between 

results and the motivating research problems (Mitroff, et al., 1974), and test the correctness or 

applicability of concepts, models, relationships, and hypotheses (Meredith, et al., 1989). Evaluation 

can furthermore indicate whether more observations or empirical insights are required (Meredith, et 

al., 1989; Mitroff, et al., 1974). The evaluation methodology will include expert validations of models 

and relationships, hypotheses testing using empirical data, instantiation of SSCM models in the 

SSCM roadmap, and peer review through publications, conferences, and presentations. 
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3.5 Research Steps and Artefacts 

This research project follows a specific structure and the consecutive steps in the research process 

are outlined in Figure 3.8. These steps are tightly interconnected and will yield results for 

academics as well as practitioners.  

 

Figure 3.8: Sequence of Research Steps 

The research process is divided into five steps which are outlined in the following subsections. 

Despite being explained in a separated fashion, it needs to be emphasised that the research steps 

are interdependent and inform each other. The research artefacts are derived from separate steps 

as well as from the combination of research steps. The somewhat hierarchical depiction in Figure 

3.8 was chosen to show the general sequence of research steps. 

The Delphi study and the survey on SSCM were approved by the University of Auckland human 

participants ethics committee as shown in Appendix A.1.  

3.5.1 Step 1 – Study Foundation 

Step 1 provides the theoretical foundation by analysing prior research and other relevant sources. 

This research step follows a sequential approach, i.e. foundational work in the areas of SCM and 

sustainability will be investigated. This culminates in a review of existing knowledge in SSCM. 

Various sources can be considered in this step like theories, concepts, models, or frameworks 

developed in academic studies as well as from practitioner sources.  

3.5.2 Step 2 – Conceptual Theory Building 

The study foundation will provide the necessary knowledge in order to identify the research 

problems, issues and the respective research requirements in the second research step. 

Furthermore this step entails conceptual theory building, i.e. models of interaction and preliminary 
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framework will be constructed based on the information and insights gained in step 1. This second 

step therefore concludes the foundational component of this study, provides the research aims, 

and supports the justification for the successive research steps. 

3.5.3 Step 3 – Exploration 

Step 3 aims to explore the field of SSCM by following a bottom-up approach. That is, findings will 

be derived through firstly specifying foundational aspects and elements which can then be 

arranged to greater, emergent constructs. A Delphi study will be conducted to facilitate this 

exploration into SSCM. A Delphi allows for obtaining the most reliable consensus of opinion of a 

group of experts by employing a series of questionnaires interspersed with controlled opinion 

feedback. As this Delphi study aims at the development of SSCM constructs it will be carried out as 

a multi-step process beginning with identification/elaboration of a set of concepts followed by 

classification/taxonomy development. The main artefacts of this research step will be the 

identification and rating of key aspects and themes in SSCM. Furthermore models/frameworks of 

interaction in SSCM will be created based on those findings. The models/frameworks will be 

validated throughout the Delphi study and through successive research steps.  

3.5.4 Step 4 – Confirmation 

Step 4 is mainly aimed at evaluating artefacts developed up to this point and confirming their 

underlying assumptions and structures. The core of this step revolves around the construction and 

subsequent testing of conceptual relationships. Testing of these relationships will therefore allow 

for confirmation of some of the exploratory as well as conceptual research findings. Insights will be 

sought from practitioner sources, i.e. SC professionals who are able to judge and evaluate aspects 

relevant to SSCM within their own work environment. Confirmation will be supported by data 

collected through a survey which presents an efficient means to collect primary data and is also a 

commonly applied method for such purposes. The survey will be driven by findings and insights 

gained from the preceding steps. It is therefore the logical continuation for this evolving research 

approach. Apart from these confirmatory purposes with regard to the artefacts, the survey may also 

achieve more insights to formulate or support general hypotheses about SSCM.  

3.5.5 Step 5 – Validation 

The last research step has several aims with the predominant goal being to establish validity with 

regard to the developed artefacts. As part of the analysis and discussion the main research 

findings will be revisited and evaluated with regard to how well they meet the developed research 

requirements. Validation of the research artefacts is based on a combination of approaches. The 

validation procedures employed throughout the different research steps will be explained. A critical 

assessment of the research artefacts and chosen research approaches will highlight their 

shortcomings as well as strengths. Discussion of the artefacts in light of existing studies will 

highlight their implications for current theory and potential avenues for further research studies will 
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be outlined. In order to demonstrate the study’s implications for professional practice, a roadmap 

for SSCM will be developed based on the validated constructs. This roadmap can potentially guide 

business practice by enabling SCs to apply the developed generic artefacts to their specific 

operational requirements. Thus, apart from the purpose of validation, additional research artefacts 

will be constructed in this research step.  

3.5.6 Research Artefacts 

As can be seen in the depiction of the research step sequence in Figure 3.8, the combination of 

research steps culminates in a series of research artefacts. They answer the identified research 

requirements and in combination provide a comprehensive solution to many identified problems 

and issues. The research artefacts can be organised into different categories, i.e. concepts, models 

and frameworks, hypotheses, and roadmap.  

Artefacts of conceptual nature will mainly be derived from research steps 1 and 2 but also the other 

steps may provide contributions here. Examples here include a classification of SSCM related 

concepts, key issues in and requirements for SSCM, and identification key research requirements.  

The models and frameworks will mainly be derived from research step 3, i.e. the explorative Delphi 

study, and through the theoretical background gained in the preceding two steps. That is, the 

models are constructed based on the insights gained from the Delphi and informed by related 

relevant concepts, models and frameworks. Research steps 4 and 5 will also contribute to the 

modelling activities through confirmation and validation in addition to the validation through the 

Delphi itself. The value of the model and frameworks lies in the identification and description of 

relationships and interactions between SC constructs relevant for SSCM. The model building 

approach furthermore acknowledges the unique requirements for SSCM. Overall the models and 

frameworks outline how to transform a SC towards sustainable practices and how to direct a long-

term strategy to build sustainable competitive advantage. 

The next category of research artefacts has been termed ‘hypotheses’ and refers to the formulation 

of issues and relationships based on made observations. These hypotheses can be derived from 

all research steps. For example, they may be found through conceptual theory building conducted 

in research steps 1 and 2. Furthermore hypotheses can emerge in the explorative or confirmative 

steps, e.g. correlations between elements in the survey can lead to the formulation of new 

hypotheses or can also confirm one found through the conceptual work. The hypotheses 

developed in this research study add value to theoretical knowledge as they describe general 

relationships or propositions in the field of SSCM. They may furthermore guide future research by 

proposing research avenues that require testing or validation.  

The three previously described artefact categories will inform the construction of a roadmap for 

SSCM. All research artefacts are logically connected and are therefore ideally suited to be 

combined towards a roadmap which can guide SSCM implementation. The main contribution of the 

roadmap lies in the combination of other research artefacts in an effort to support practical 

implementation of SSCM.  
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The subsequent sections will explain the outlined research steps in more detail and provide 

background information on as well as justifications for the chosen research methods. 

3.6 Review and Theory Foundation 

The theoretical foundation is an important part in any research study as it provides the basis as 

well as research justification. As depicted in Figure 3.8 the theoretical foundation consists of two 

interrelated steps. The first step is a literature review that analyses related publications in the fields 

of SCs, sustainability, and SSCM. This is followed by a synthesis of the findings and results along 

with a conceptualisation of the main research problems and issues as well as resulting research 

requirements. Based on this step, research objectives can be developed that will be addressed by 

this study. A research framework is developed based on the objectives, which will guide the 

subsequent steps of this research study. 

3.6.1 Literature Review – Aims 

This research project combines a variety of research methods. As a first step a literature review is 

conducted which is seen as an integral step for any research project and provides the theoretical 

background for a study (Easterby-Smith, Thorpe, & Lowe, 2002). It is generally considered to be an 

essential part of theory building research as it allows to specify constructs which can then influence 

the theory building process (Eisenhardt, 1989; Saunders, Lewis, & Thornhill, 2009). A literature 

review is “a systemic, explicit, and reproducible method for identifying, evaluating, and synthesizing 

the existing body of completed and recorded work produced by researchers, scholars, and 

practitioners” (Fink, 2005, p. 3) which can include reports of research, observation, and opinion 

(Borg & Gall, 1989). Relevant publications need to be interpreted and synthesised (Merriam, 1988) 

in order to provide “a statement of the state of the art and major questions and issues in the field 

under consideration” (Gill & Johnson, 1991, p. 21). By using existing publications, researchers 

have the opportunity to analyse material without having to create data through a collection process. 

The main aims of literature reviews are firstly to create a summary of existing research in the field 

by identifying patterns, themes, and issues; and secondly to discover the conceptual content of the 

subject area and contribute to theory development (Meredith, 1993; Seuring & Müller, 2008b). The 

literature review influenced this study as it revealed new research opportunities and provided the 

necessary knowledge basis to undertake this project.  

3.6.2 Literature Review – Process 

A literature review process can analyse the reviewed material in two ways, i.e. a descriptive 

analysis on one hand and a content analysis on the other hand. A content analysis aims at 

categorising the reviewed publications according to content and structural dimensions. A 

descriptive analysis concentrates on formal aspects of the reviewed material, e.g. timely 

distribution of publications, categorisation according to the used methodology and research aim 

(Mayring, 2003; Seuring & Müller, 2008b; Seuring, Müller, Westhaus, & Morana, 2005). For 
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archival research Searcy and Mentzer (2003) and Srivastava (2007) suggest using a combination 

of content and descriptive analysis. 

Apart from the type of analysis, a literature review should follow a structured approach as it is 

impractical or impossible to read every publication in the field. Exhaustive reviews can only be 

carried out in emerging fields or for narrow research problems (Seuring, Müller, Westhaus, et al., 

2005). Interest in sustainability has increased significantly over recent years, both on the 

practitioner as well as academic side, which led to a constantly rising number of publications. Due 

to these reasons conducting a complete review in the field of SSCM is impractical, even though it is 

a relatively recently established area. These facts underline the importance for a structured 

process as only significant publications should be considered for inclusion (Collis & Hussey, 2003).  

Several articles have attempted at least partial reviews of related literature in the field (e.g. 

Kleindorfer, et al., 2005; Seuring & Müller, 2008b; Seuring, Müller, Westhaus, et al., 2005; 

Srivastava, 2007) which can provide some guidance for the review process. A literature review 

process is adopted as shown in Figure 3.9 which is in line with the objectives of this study.  

 

Figure 3.9: Literature Review Process 

The review concentrates only on a content analysis of literature for several reasons. Firstly, this 

study does not have archival research as its main aim and a focus on descriptive analysis would be 

beyond the scope of this study. Secondly, previous reviews have already focussed on descriptive 

analysis of related literature (Seuring & Müller, 2008b; Seuring, Müller, Westhaus, et al., 2005; 

Srivastava, 2007). Lastly, the focus of the literature review has to be on content analysis in order to 

discover key problems or gaps in the body of knowledge. The review therefore concentrates on 

material collection, i.e. the definition and delimitation of sources and the actual collection process. 

In order to structure the reviewed material, the structural dimensions and analytical categories are 

determined next. This is supported by material analysis, synthesis, and evaluation. Lastly, the 

identification of key problems and issues results in the development of research requirements that 

drive subsequent research steps.  

3.7 Exploration and Theory Building 

An exploratory study is envisioned based on the results of the theory foundation, i.e. a ranking-type 

Delphi study which is aimed towards the exploration and investigation of factors connected to 

Material Collection and Selection of Sources

Category Selection and Identification of Structural Dimensions

Material Analysis, Synthesis, and Evaluation

Extraction of Key Research Problems and Issues

Development of Research Requirements
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SSCM. The reasoning and characteristics of this Delphi are carefully outlined in the following 

subsections with special emphasis on the customised Delphi process and the applicability of a 

ranking-type Delphi for the purpose of this research. 

3.7.1 The Delphi Method 

The Delphi method was first used in the 1950s in a research study called ‘Project DELPHI’ 

conducted by The RAND Corporation. The objective was “to obtain the most reliable consensus of 

opinion of a group of experts” employing a “series of intensive questionnaires interspersed with 

controlled opinion feedback” avoiding “direct confrontation of the experts with one another” (Dalkey 

& Helmer, 1963, p. 458). This approach was directed at numerical estimations and has been 

adopted in e.g. public administration, medicine, and technology diffusion (Schmidt, 1997).  

Delphi studies aim “for the systemic solicitation and collation of judgements on a particular topic 

through a set of carefully designed sequential questionnaires interspersed with summarized 

information and feedback of opinions derived from earlier responses” (Delbecq, Van de Ven, & 

Gustafson, 1975, p. 10). Linstone and Turoff (2002, p. 3) characterise Delphi “as a method for 

structuring a group communication process so that the process is effective in allowing a group of 

individuals, as a whole, to deal with a complex problem”.  

Okoli and Pawlowski (2004) point out questionnaire design issues are similar to those of surveys. 

Researchers may include questions that solicit quantitative and qualitative data and have to ensure 

their relevancy for the study as well as their validity. A suitable panel of experts who are qualified to 

answer the questions needs to be appointed next. After administration of the questionnaire, the 

researcher needs to analyse the responses upon which they base the second Delphi round. Here, 

the panel is asked to revise their original responses based on the provided group feedback from 

the first round. This can be repeated until a group consensus is reached or when sufficient 

information exchange has been obtained (Delbecq, et al., 1975). The panel members remain 

anonymous to each other but are known to the researcher (Okoli & Pawlowski, 2004). The Delphi 

method therefore prevents the group consensus from being dominated by some individuals. 

Judgements can also be aggregated when individuals are potentially unwilling to work with each 

other in a face-to-face setting (Delbecq, et al., 1975) or live far apart. 

The Delphi method is suitable for complex problems especially if “the gathering of subjective 

judgements moderated through group consensus is the only approach possible in absence of 

precise analytical techniques” or if “personal contact is not possible due to time and cost 

constraints, or is not desirable, due to concerns about the difficulty of ensuring democratic 

participation” (Linstone, H.L. (1978) in Day & Bobeva, 2005, p. 104). The Delphi method can be 

categorised into two main variants and has been tailored to a variety of problems and outcome 

goals. A ranking type Delphi is employed to achieve group consensus on the importance of aspects 

in relation to each other. The other variant aims for the development of concepts and frameworks 

and typically begins with the identification of a set of concepts followed by classification (Okoli & 

Pawlowski, 2004). 
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3.7.2 Characteristics of Delphi Studies 

Okoli and Pawlowski (2004) provide an overview of the Delphi procedure and its strengths and 

weaknesses. They characterise the Delphi method along the evaluation criteria shown in Table 3.4. 

Evaluation Criteria Characteristics of Delphi 

Representativeness of 
sample 

The questions that a Delphi study investigates are those of high uncertainty and speculation. 
Thus, a general population, or even a narrow subset of a general population, might not be 
sufficiently knowledgeable to answer the questions accurately. A Delphi study is a virtual panel 
of experts gathered to arrive at an answer to a difficult question. Thus, a Delphi study could be 
considered a type of virtual meeting or as a group decision technique, though it appears to be 
a complicated survey. 

Sample size for statistical 
power and significant 
findings 

The Delphi group size does not depend on statistical power, but rather on group dynamics for 
arriving at consensus among experts. Thus, the literature recommends 10–18 experts on a 
Delphi panel. 

Individual vs. group 
response 

Studies have consistently shown that for questions requiring expert judgment, the average of 
individual responses is inferior to the averages produced by group decision processes; 
research has explicitly shown that the Delphi method bears this out. 

Reliability and response 
revision 

Pretesting is also an important reliability assurance for the Delphi method. However, test-
retest reliability is not relevant, since researchers expect respondents to revise their 
responses. 

Construct validity 

In addition to what is required of a survey, the Delphi method can employ further construct 
validation by asking experts to validate the researcher’s interpretation and categorisation of 
the variables. The fact that Delphi is not anonymous (to the researcher) permits this validation 
step, unlike many surveys. 

Anonymity 
Respondents are always anonymous to each other, but never anonymous to the researcher. 
This gives the researchers more opportunity to follow up for clarifications and further 
qualitative data. 

Non-response issues 
Non-response is typically very low in Delphi surveys, since most researchers have personally 
obtained assurances of participation. 

Attrition effects 
Similar to non-response, attrition tends to be low in Delphi studies, and the researchers 
usually can easily ascertain the cause by talking with the dropouts. 

Richness of data 
In addition to the richness issues of traditional surveys, Delphi studies inherently provide richer 
data because of their multiple iterations and their response revision due to feedback. 
Moreover, Delphi participants tend to be open to follow-up interviews. 

Table 3.4: Characteristics of Delphi Studies (Okoli & Pawlowski, 2004) 

The Delphi technique can improve on individual opinions for several reasons. Firstly, the total 

information available to a group is greater than for individuals, so that a group can consider more 

factors than an individual. A group is also less susceptible to negative influences which includes 

bias caused by repetition rather than rationality or strength of arguments and the influence of 

dominant individuals and members who concentrate on winning arguments instead of reaching the 

best possible group output (Martino, 1983 in: Lummus, Vokurka, & Duclos, 2005). 

3.7.3 Problems and Issues of Delphi Studies 

There are a number of issues that researchers have to be aware of when conducting a Delphi. 

There is considerable variance between different studies in regard to design and implementation. 

Such variations can include factors like the anonymity of the respondents, whether open-ended or 

structured questions are used, and the number of required iterations and feedback reports. The 

choice of decision rules used to aggregate the judgements of the respondents is also influential. 

The format of a Delphi furthermore generally depends on the nature of the problem under 

investigation and constraints like finances or human and time resources (Delbecq, et al., 1975). 
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Specifically for ranking-type Delphi studies, Schmidt (1997) identifies three issues which need to be 

resolved for a sound study. Firstly, the researcher must know when to stop polling. Rankings might 

prove meaningless if polling stops too soon while too many rounds would take up the researcher’s 

and experts’ time and resources. Secondly, consideration has to be given to the number of items 

that are carried over to subsequent rounds as too many ranking items can cloud consensus. Lastly, 

researchers must use applicable statistical techniques to support their conclusions. 

Apart from such design issues that have to be considered, there are also risks or reasons for 

failures of Delphi studies. Delphi can yield valuable research results and appears to be a fairly 

simple concept, but researchers need to be aware of the potential problems and reasons for failure. 

This includes imposing of preconceptions upon the study participants by over-specifying the 

structure of the Delphi and not allowing for the contribution of other perspectives. Also, researchers 

should not assume that Delphi can be a surrogate for all other human communications. Poorly 

designed feedback mechanisms can furthermore fail to summarise and present the group 

responses and prevent common interpretations. An artificial consensus can occur through ignoring 

and not exploring disagreements, so that discouraged dissenters may drop out. Researchers 

should also not underestimate the demanding nature of a Delphi in terms of commitment required 

by the facilitator as well as the participants (Linstone & Turoff, 2002). The group can also exert 

‘social pressure of agreement with the majority’ on its members, resulting in a less insightful least 

common denominator (Martino, 1983). Delphi results might also suffer from compound ambiguity 

caused by improperly questionnaire design (Strauss & Zeigler, 1975). 

3.7.4 Applicability of the Delphi Method 

This research is not addressing one single research question but has a wider focus which demands 

appropriate research methods. Linstone and Turoff (2002) identify a series of properties that 

indicate the appropriateness of a Delphi. 

 The problem does not lend itself to precise analytical techniques but can benefit from 

subjective judgments on a collective basis 

 The individuals needed to contribute to the examination of a broad or complex problem 

have no history of adequate communication and may represent diverse backgrounds with 

respect to experience or expertise 

 More individuals are needed than can effectively interact in a face-to-face exchange 

 Time and cost make frequent group meetings infeasible 

 The efficiency of face-to-face meetings can be increased by a supplemental group 

communication process 

 Disagreements among individuals are so severe or politically unpalatable that the 

communication process must be refereed and/or anonymity assured 

 The heterogeneity of the participants must be preserved to assure validity of the results, 

i.e., avoidance of domination by quantity or by strength of personality ("bandwagon effect") 
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This study is aimed at an exploration of factors and themes in SSCM along with an assessment of 

the current comprehension of what constitutes SSCM. The Delphi method therefore seems a 

reasonable choice to achieve these objectives. There are other methodological options that could 

have been chosen which are similar in their approach, e.g. surveys or group discussions. However, 

Delphi combines features of these two methods and allows for a structured communication process 

that includes feedback to the respondents without dominating opinion leaders. It furthermore 

eliminates the problem of having to meet physically which is especially difficult with expert 

participants. Unlike a survey which is conducted only once, Delphi also allows the revision of 

previous answers and for feedback among the respondents. In addition to the already mentioned 

aspects there are number of specific reasons why a Delphi study is appropriate:  

 The ranking Delphi combines two main activities, i.e. gathering expert opinions with regard 

to factors in SSCM and subsequent rating according to importance. It thereby relates 

directly to the first research objective for this study (section 3.1). 

 This study investigates influential factors for SSCM. As no comprehensive overview exists 

in the literature, a Delphi study that utilises the inputs from experts in the field is a suitable 

means to aggregate insights from different standpoints. 

 In comparison to responses from individual experts, e.g. interviews, a Delphi study has the 

advantage of building towards a consensus on the emerging findings. This characteristic 

can be leveraged to address the objectives of evaluation and validation.  

 A moderate number of experts is suggested for Delphi studies, e.g. between 10 to 50 

participants (Delbecq, et al., 1975; Ludwig, 1997; Rowe, Wright, & Bolger, 1991). Even 

when considering that there might only be a limited number of experts with appropriate 

knowledge related to SSCM, soliciting an expert panel of suitable size seems manageable. 

 Delphi offers flexibility as modifications can be made according to the emerging 

requirements of the study. Rating results can be strengthened by soliciting additional 

comments supporting a deeper understanding of the research questions (Okoli & 

Pawlowski, 2004). 

3.7.5 Selection of Experts 

A Delphi seeks opinions from experts which need to be carefully selected once the research 

problem is precisely formulated. Delphi studies are not dependent on a sample that is 

representative of a population (Okoli & Pawlowski, 2004) but require qualified experts with 

thorough understanding of the issues at hand. Effective participation of respondents cannot be 

expected unless they: (1) feel personally involved in the problem of concern; (2) have pertinent 

information to share; (3) are willing to participate on top of their other duties; (4) feel that they will 

benefit from the study (Delbecq, et al., 1975). Finding the right respondent group is of course not 

unique to Delphi but is a problem in the formation of any research group (Linstone & Turoff, 2002). 

Identification and selection of experts for this study will use a structured approach which is in 

accordance with recognised guidelines (Dalkey, 1969b; Dalkey & Helmer, 1963; Delbecq, et al., 

1975; Okoli & Pawlowski, 2004). The main steps in this process are displayed in Table 3.5. 



Research Methodology 

102 

Steps: Procedures: 

1: 
Preparation 

 Collect relevant academic and practitioner literature 
 Identify relevant disciplines, e.g. academia, companies, government, NGOs 
 Identify relevant organisations, institutions, or agencies 

2: 
Selection 

 Select individuals in relevant disciplines 
 Select individuals in relevant organisations 
 Select individuals from relevant publications 

3: 
Additions 

 Contact selected experts 
 Ask experts to point out additional experts 
 Nominate additional experts 

4: 
Invitation 

 Sort all potential experts according to suitability/preference 
 Invite preferred experts to reach target size for each panel 
 Stop when maximum size for each panel is reached 

Table 3.5: Selection of Experts in a Delphi Study 

Preparation: This first step aims to identify the kind of knowledge required for participation 

(Seuring & Müller, 2008a) and necessary qualifications (Delbecq, et al., 1975). It helps to 

categorise experts so that an important class of experts is not overlooked (Okoli & Pawlowski, 

2004). Since this exploratory Delphi is aimed at gathering a wide array of opinions, it is appropriate 

to consider experts from different disciplines, i.e. academics, practitioners, government 

representatives, and experts from NGOs. At this step, Delbecq et al. (1975) emphasise to focus on 

the identification of classes of experts instead of specifying individual respondents.  

Selection: In this second step target groups with relevant information or experiences are identified 

upon which individuals are selected. A nomination process can increase motivation to participate 

since it is flattering to be nominated as an expert respondent (Delbecq, et al., 1975).  

Additions: In the third step identified experts can be asked to nominate other potential individuals. 

This has to be facilitated by providing a description of the study, its objectives, and procedures.  

Invitation: In this step the suitability of all identified experts is assessed and they are assigned to a 

panel which best fits for their characteristics. Each chosen expert needs to be provided with study 

details including required time commitments, questionnaire submission guidelines, and envisioned 

number of rounds. Invitation ceases once the desired number of experts has been reached. 

3.8 Validation and Theory Refinement 

Validating or confirmatory research is required in order to extend and validate the insights obtained 

from the exploratory research components. The reasoning for conducting a survey and the 

necessary background knowledge for this approach are outlined in the following sections. 

3.8.1 Overview of Survey Research 

Survey research is commonly used in management sciences and provides “a low cost, non-

invasive means for measuring aspects of an operational or supply chain issue” (Boyer & Swink, 

2008, p. 339). A survey strategy facilitates the efficient collection of large amounts of information 

and therefore plays an important role to gather primary data (Kotzab, 2005; Zikmund, 2003). 

Survey research is among the most common approaches in OM research and is useful to identify 
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behavioural factors and attributes which are not directly observable but may only be assessed 

through perceptual measures. They also allow to collect information from individuals directly 

responsible for managing the operations of interest (Boyer & Swink, 2008). Surveys are 

furthermore distinguished from other research methods as they can “estimate with considerable 

precision the percentage of a population that has a particular attribute by obtaining data from only a 

small fraction of the total population” (Dillman, 2007, p. 38). An overview of survey characteristics is 

presented in Table 3.6. 

Evaluation Criteria Characteristics of Surveys 
Representativeness of 
sample 

Using statistical sampling techniques, the researchers randomly select a sample that is 
representative of the population of interest. 

Sample size for statistical 
power and significant 
findings 

Because the goal is to generalise results to a larger population, the researchers need to select 
a sample size that is large enough to detect statistically significant effects in the population. 
Power analysis is required to determine an appropriate sample size. 

Individual vs. group 
response 

The researchers average out individuals’ responses to determine the average response for the 
sample, which they generalise to the relevant population. 

Reliability and response 
revision 

An important criterion for evaluating surveys is the reliability of the measures. Researchers 
typically assure this by pretesting and by retesting to assure test-retest reliability. 

Construct validity Construct validity is assured by careful survey design and by pretesting. 
Anonymity Respondents are almost always anonymous to each other, and often also to the researcher. 

Non-response issues 
Researchers need to investigate the possibility of non-response bias to ensure that the sample 
remains representative of the population. 

Attrition effects 
For single surveys, attrition (participant drop-out) is a non-issue. For multi-step survey studies, 
researchers should investigate attrition to assure that it is random and non-systematic. 

Richness of data 
The richness of data depends on the form and depth of the questions, and on the possibility of 
follow-up, e.g. interviews. Follow-up is often limited when respondents cannot be tracked. 

Table 3.6: Characteristics of Surveys (adapted from Okoli & Pawlowski, 2004) 

3.8.2 Types of Survey Research 

Researchers usually distinguish between exploratory, confirmatory and descriptive survey 

research. Exploratory surveys are aimed at gaining preliminary insight into a topic and are usually 

carried out to investigate a new phenomenon. Descriptive survey research is not necessarily aimed 

at theory development but rather at understanding the relevance of a certain phenomenon and 

describing its distribution in a population (Forza, 2002). Confirmatory surveys are carried out when 

a theory has already been articulated and is aimed at “testing the adequacy of the concepts 

developed in relation to the phenomenon, of hypothesised linkages among the concepts, and of the 

validity boundary of the models” (Forza, 2002, p. 155).  

Survey research is generally based on a questionnaire which allows study participants to respond 

to the same, prearranged set of questions. Questionnaires are commonly used for descriptive as 

well as explanatory research and can either be self-administered or interviewer-administered. Self-

administered surveys are completed by the respondents without further help whereas responses in 

interviewer-administered questionnaires are recorded by an interviewer. Selecting a particular 

questionnaire type is influenced by the required sample size, the type and number of questions, 

and the importance of unbiased responses. Self-administered surveys are more common due to 

advantages in terms of practicality, time and place requirements (Kotzab, 2005; Zikmund, 2003).  

Self-administered surveys can be broadly categorised into online-based administration, postal, or 

delivery and collection (Kotzab, 2005). When first introduced, web-based surveys were criticised for 

not being accessible to all potential respondents (Grant, Teller, & Teller, 2005). However, this 



Research Methodology 

104 

concern can nowadays clearly be dismissed especially when the targeted sample comes from a 

professional business background. Several advantages of web-based surveys can be identified. 

Apart from increased response rates, Grant et al. (2005) identifies the following aspects: 

 A context driven interview situation: Web-based surveys allow to control the order of 

questions and provide support if needed. They offer advantages of interviewer-based 

questionnaires whereas visual and verbal information can support reasoned responses. 

 A combination of survey and limited observation: Researcher can collect information 

like the date and time of access, duration of response, or provide information on the 

respondents’ identity. This helps to monitor the survey progress, response speed, and 

increases reliability and accuracy. 

 The digitisation of information: The gap between paper and analysis software is 

removed as all inputs are available in digital format. This helps to avoid input mistakes and 

furthermore reduces time and money investments. Observation of responses in real time 

also allows for immediate actions, e.g. sending out reminders. 

 Dramatisation of stimuli: Respondents’ interest, motivation, and interactivity can be 

improved due to the potential to use quality colours, figures, tables, and images. Thus, 

response rates may be higher and validity improved. 

Responding to a questionnaire is a social exchange and a self-administered survey is more likely to 

yield high and useful responses if respondents see a positive ratio of rewards vs. effort (Dillman, 

2007). Tailoring the survey according to the specific requirements of the population and the nature 

of the objectives is essential for quality and quantity of responses. Where applicable, this research 

therefore closely follows the tailored design approach developed by Dillman (2007).  

3.8.3 Survey Data and Sampling 

A sample is a subset of a larger population which is characterised by certain common 

characteristics (Zikmund, 2003). Sampling is the process of utilising a sample in order to make 

inferences about the population as a whole and is necessary as including entire populations is 

often impracticable. Samples are often based on sampling frames, e.g. mailing lists or membership 

data (Kotzab, 2005; Zikmund, 2003). In order to gather statistically representative data for an entire 

population, probability sampling is preferable. However, many logistics researchers make use of 

non-probability sampling (Kotzab, 2005).  

Differences between the planned and the actual sample size of a survey are determined by the 

number of distributed questionnaires and the response rate. Response rates can vary greatly, but 

may be influenced by techniques such as pre-notification of respondents, follow-up mailings, 

incentives, and survey timing. Findings on the success of such techniques are somewhat 

inconclusive (Grant, et al., 2005; Kotzab, 2005). It is also of special importance to avoid 

misinterpretations of survey items to ensure the reliability of responses (Dillman, 2007). 

Surveys often utilise measurement scales to facilitate ratings or rankings. Common scales measure 

on a nominal, ordinal, interval, or ratio level. The use of a suitable scale determines the type of 
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analysis that can be done with the resulting data (Kotzab, 2005). The four different types of 

measurement scales can be seen in Table 3.7 along with a description of the basic empirical 

operation and possible test of statistical significance for each scale. 

Scales Empirical Operation Possible Test of Statistical Significance 

Nominal Determination of equality 
Chi-square test 
t-test of proportion 

Ordinal Determination of greater or less 
Chi-square test 
Kolmogorov-Smirnov test 

Interval Determination of equality of intervals or differences 
Z-test (large sample) 
t-test (small sample) 

Ratio Determination of equality of ratios 
Z-test (large sample) 
t-test (small sample) 

Table 3.7: Measurement Scales (adapted from S. S. Stevens, 1946; Zikmund, 2003) 

Targeting professionals adds challenges to a survey and its design. For one, participants are filling 

the survey not just as an individual but rather as representatives of their organisation. Especially for 

self-administered surveys, activities such as defining, sampling, contacting, and obtaining 

responses are challenging. In general response rates for business surveys appear to be lower than 

in other areas. However, higher response rates may be expected if individuals are targeted directly 

instead of the company as a whole. Tailoring the survey to a greater degree than for other 

populations may also be required. This is in contrast to the more common approach to target a 

greater audience with a standardised survey in order to increase the sample size (Dillman, 2007).  

3.8.4 Problems and Issues of Survey Research 

Limitations of survey based research include the potential for measurement errors due to 

subjectivity or bias; difficulties with respondents’ interpretations of questions and measures, and 

potential lack of knowledge. Increasing numbers of business surveys have also led to ‘survey 

fatigue’ so that managers are increasingly unwilling to participate in a study and researchers are 

faced with low response rates (Boyer & Swink, 2008; Singhal, Flynn, Ward, Roth, & Gaur, 2008). 

Sampling is used to find the distribution of certain characteristics in the respective population. 

Random sampling can support the goal of precise estimates and larger sample sizes are usually 

associated with higher precision (Dillman, 2007). Common pitfalls are random sampling errors and 

systematic errors which have to be avoided (Zikmund, 2003).  

Source Description of Error Consequences of Error 
Sampling 
Error 

The result of surveying only some (randomly 
selected) elements of the survey population 

Statements about the entire population may be 
imprecise or results may differ between samples. 

Coverage 
Error 

The result of not allowing all members of the survey 
population to have an equal or known chance of 
being sampled for participation in the survey 

A population is not fully represented by the sample. 
Standard error becomes difficult to estimate and 
findings may not be representative. 

Measurement 
Error 

The result of poor question wording or questions 
being presented in such a way that inaccurate or 
un-interpretable answers are obtained. 

Answers between respondents cannot be 
compared. A useful interpretation of results 
becomes impossible. 

Nonresponse 
Error 

The result of people who respond to a survey being 
different from sampled individuals who did not 
respond, in a way relevant to the study. 

Results will only be representative for a certain 
group of the populations. Generalisations become 
an issue. 

Table 3.8: Survey Errors and Consequences (adapted from Dillman, 2007) 
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Dillman (2007) identifies four sources of errors and related consequences which should be reduced 

to a minimum. Random sampling and coverage errors can either be easily avoided or in some 

cases not influenced at all. Measurement and nonresponse issues can be addressed directly 

through a careful design of questions, questionnaires, and administration (Dillman, 2007). To 

ensure validity and reliability, researchers must also choose feasible analysis and documentation 

methods to report on the population, response rates, and the sample size (Kotzab, 2005).  

Several potential limitations specific to web-based surveys can be identified. The issue of low 

response rates may be amplified by a lack of reachability due to e.g. obsolete email addresses or 

the unavailability of personal email addresses. Business environments are also plagued by a 

growing number of solicited as well as unsolicited emails. Due to this information overflow potential 

respondents are less likely to respond even if the study is of interest to them. Respondents might 

furthermore be reluctant to trust links sent via email (Grant, et al., 2005).  

3.9 Summary 

The research objectives specific to this study were developed first in section 3.1 which was 

followed by discussions of the philosophical and methodological background required to undertake 

this study in section 3.2. A multi-methodological research approach customised for the objectives 

of this study was presented in section 3.4. This research framework contains key elements of 

relevant and well accepted frameworks (Hevner, et al., 2004; Meredith, et al., 1989; Mitroff, et al., 

1974; Nunamaker, et al., 1991) which were discussed in section 3.3 and is based on several 

interrelated phases, i.e. observation, theory building, artefact development, and evaluation. The 

detailed research steps and the corresponding methods were outlined in section 3.5. Methods 

concerned with reviewing material and the study foundation were presented in section 3.6. This 

was followed by a review of the Delphi method to support exploration and theory building in section 

3.7. Finally, the characteristics of survey research and its applicability for validation and theory 

refinement were outlined in section 3.8. 
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4 SSCM Delphi Study 

In order to explore the characteristics and issues of SSCs, a Delphi study was selected as a first 

methodological step. Delphi studies are often used when expert opinion is the best available 

source for information (Martino, 1983) and if empirical or formal experimentation is not a practical 

option. SCs are cross-organisational constructs making it rather complicated to gather empirical 

evidence (Lummus, et al., 2005). Gathering expert opinion through a Delphi was therefore 

identified as a viable option in order to explore influential factors and relationships in SSCM.  

More detailed reasons for adopting the Delphi method were explained in section 3.7.4 along with 

the method’s characteristics and strengths in sections 3.7.1 and 3.7.2 while design considerations 

were reviewed in section 3.7.3. In combination these aspects guided the development, 

administration, and analysis of this study. A sequential structure was followed as outlined in Figure 

4.1. This structure signifies the layout of this chapter but also shows the sequence of actual 

research steps that were performed. 

 

Figure 4.1: Structure of the SSCM Delphi Study 

Section 4.1 starts with an account of the considerations employed to identify and select a group of 

experts. The interrelated Delphi rounds are presented in the subsequent three sections. Round one 

(section 4.2) utilised a series of open-ended questions in an attempt to identify relevant factors in 

SSCM. It contains a thematic analysis of the responses and an account of initial modelling 

activities. Section 4.3 presents the second round including the processes to facilitate an importance 

rating of identified SSCM factors as well as an assessment and refinement of the initial models. 

The last Delphi round in section 4.4 aimed at a re-rating of SSCM factors and a final assessment 

and refinement of the developed models. The overall results of the Delphi study are presented in 

section 4.5 in an integrated fashion, i.e. the identified SSCM factors and importance rating results 
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are presented in relation to the developed models. An evaluation of the Delphi processes is 

provided as part of the discussions in section 6.5.1.  

Some clarification has to be provided with regard to the iterative nature of this Delphi. This Delphi 

aimed for a minimum of three rounds based on the guidelines discussed in section 4.4.3.2. 

Satisfactory results could be obtained after three rounds with little evidence suggesting that 

additional iterations would have resulted in further insights. All three rounds were administered 

online in order to shorten the time and effort needed to fill the questionnaires and improve 

accessibility. 

4.1 Expert Selection 

This Delphi sought a consensus among a group of experts which are also referred to as panellists, 

participants, or respondents. An appropriate panel of experts is of great importance to the success 

of a Delphi study and their demographics have to be well balanced. These demographics need to 

be explained so that the relevance and reliability of the respondents can be judged (Schmidt, 

1997).  

The selection process which was followed can be reviewed in section 3.7.5 whereas this section is 

focused on the aspects of relevant panel characteristics, considerations with regard to sample size, 

specific inclusion criteria, and selection procedures. 

4.1.1 Panel Characteristics 

The creation of an expert panel is one of the first tasks in any Delphi and is crucial for study 

success as its composition greatly influences the quality of the results. Scheele (2002) proposes 

several kinds of panellists in order to create an appropriate mix, i.e. stakeholders who are directly 

affected; experts with relevant knowledge or experience; facilitators with skills in clarifying, 

organising, synthesising, and stimulating; and potentially individuals who can supply alternative 

global views of the culture and society. There are no clear rules with regard to the proportions of 

panellists and customised approaches are usually required. Scheele (2002, p. 65) suggests that 

when “options and interests are clear but acceptance of direction and action is fractioned, 

stakeholders might predominate” whereas a high proportion of experts might be best if “it is clear 

who has to act, but not clear how”. A high proportion of facilitators can be useful in case of unclear 

issues, relationships, and values.  

For this Delphi study it was decided that a high number of experts is most useful. This study 

accepted the assumption that true sustainability can only be achieved if entire SCs are taken into 

consideration (Carter & Rogers, 2008; Hutchins & Sutherland, 2008; Veleva & Ellenbecker, 2001). 

It is therefore possible to follow the guidelines by Scheele (2002) as it is reasonably clear who has 

to be involved to create more sustainable SCs, whereas it is not clear how this goal can be 

achieved. One of the key aspects was to determine the prerequisites that experts had to meet in 

order to be considered. In a Delphi study concentrating on core issues in SSCM, Seuring and 
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Müller (2008a) selected academics, experts from NGOs, and practitioners with the intention to 

include a wide range of interest groups and their respective opinions. A similar justification can be 

given for this Delphi as it followed an exploratory approach aiming to include a wide range of 

opinions. Inviting experts from academia, NGOs, private enterprises and governmental institutions 

seemed appropriate. 

4.1.2 Size of the Expert Panel 

The size of expert panels varies generally between studies (Delbecq, et al., 1975). Delbecq et al. 

(1975) recommend up to 15 participants and advise to use the lowest sufficient panel size. Ludwig 

(1997) puts the average number of panellists in Delphi studies as usually below 50 with the 

majority using between 15 and 20 participants. Researchers have to consider what constitutes a 

representative pooling of judgements and the experts’ ability to process the resulting information. 

More respondents may provide more ideas and insights but will complicate the summarisation 

process (Ludwig, 1997). Rowe et al. (1991) found evidence that more experts may increase 

accuracy but point out that one should not disregard the quality of panellists over a larger panel 

size. A Delphi always aims for an aggregation of varied information which clearly demands 

informed panellists (Rowe, et al., 1991).  

It is evident that the number of panellists for a Delphi study is highly debated and varies depending 

on the objectives of the study and the homogeneity of the panellists, i.e. more panellists for a less 

homogenous group (Delbecq, et al., 1975). A representative pooling of judgements may not be 

achievable with a small sample. However, if the sample size is too large, low response rates may 

be an undesirable outcome. A higher workload can also be expected as more responses have to 

be analysed and also the participants may have to rate more items (Hsu & Sandford, 2007). 

Hence, an appropriate balance had to be found for the purpose of this Delphi as it sought insights 

from academics as well as practitioners. The reviewed guidelines suggest a sample size of more 

than 15 and below 50 participants. An initial sample size of 30-40 experts seemed therefore 

appropriate in order to compensate for potential drop-outs. A sample size in this range should also 

keep the resulting analytical and administrative work as well as time and resource commitments 

within a manageable balance.  

4.1.3 Expert Inclusion Criteria 

Suitability of participants is crucial for the validity of a Delphi as it relates directly to the quality of 

results, e.g. a non-representative sample should be avoided (K. Q. Hill & Fowles, 1975). Hence, 

assessments of potential experts have to be as objective as possible (K. Q. Hill & Fowles, 1975; 

von der Gracht & Darkow, 2010). There is no generally preferred selection method but it is often 

based on aspects like the position in an organisation, a relevant publication record, or having direct 

experience or relationships with the issues under investigation (Hsu & Sandford, 2007). Experts 

also need to be knowledgeable in the area as having uninformed participants may result in higher 

fatigue and bandwagon effects, i.e. experts may drop out because of disinterest, or may concur to 
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group opinion without giving real thought to the aspects under consideration (K. Q. Hill & Fowles, 

1975; Rowe, et al., 1991). 

For the purpose of this study, potential participants had to be both willing to contribute and 

knowledgeable in areas related to SSCM. A ranking of experts according to criteria as suggested 

by von der Gracht and Darkow (2010) did not seem feasible due to a lack of sufficiently detailed 

background information on all participants. This study followed the procedure suggested by 

Williams and Webb (1994) who advocate the creation of inclusion criteria which the potential 

participants are subsequently matched to. Based on the central topics of this research, i.e. SCM 

and sustainability, experts were matched to the following inclusion criteria: 

1. Have a track record in professional and/or academic practice. 

2. Have experience in SCM and/or sustainability, substantiated through:  

a. employment as SCM practitioner for at least 2 years, or 

b. academic employment in areas associated with SCM for at least 2 years, or 

c. having published in the research areas in respected publication outlets, or 

d. employment at SC stakeholders, e.g. government and NGOs, or 

e. employment in sustainability related functions. 

3. Demonstrate continuing professional interest in SCM and/or sustainability. 

These criteria were developed in order to attract a diverse range of experts. The Delphi method 

was designed so that experts can inform each other, i.e. “allowing each expert the opportunity to 

derive benefits from communicating with others possessed of different information” (Rowe, et al., 

1991, p. 241). The answers given by a reasonably diverse group of experts should result in more 

varied information but participants need to be experienced albeit within different realms of 

knowledge (Rowe, et al., 1991).  

The developed inclusion criteria match these suggestions. Criteria 1 and 2 guided the expert 

selection by excluding potential participants that did not exhibit the necessary knowledge. Criterion 

3 was included to minimise attrition effects that often occur in multi-round Delphi studies. The aim 

to attract ‘interested and suitable’ instead of ‘disinterested’ experts was also supported by clearly 

communicating participants’ responsibilities, necessary time involvement, as well as the usefulness 

of the study outcomes. 

4.1.4 Invitation and Selection of Experts 

This Delphi followed the principle of providing and adhering to expectations set at the beginning of 

the study (Day & Bobeva, 2005). Concise and clear information was given to all participants with 

regard to study objectives, time commitment, expected input, and pre-requisites in terms of 

knowledge. They were furthermore assured full anonymity, access to the study results on request, 

and the right to withdraw their contributions (see Appendix A.4).  

Mainly experts from academia and companies were interested in participation while positive 

responses from NGOs and government institutions were negligible. The invited experts were 

therefore divided into two panels and are subsequently referred to as ‘academic panel’ and 
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‘practitioner panel’. The academic panel included experts with publications in the field, a related 

teaching background, or associated research interests. Thus, it included professors and associate 

professors, university lecturers, and PhD students undertaking research in SCM or sustainability. 

Experts for the practitioner panel mainly consisted of SC managers, environmental managers, 

health and safety managers, and corporate sustainability managers.  

4.2 Round One: Identification of SSCM Factors and Models 

In this section the design and rationale of the first Delphi round is explained and the results are 

analysed. Round one resembled an exploratory brainstorming session and utilised open-ended 

questions with the aim to gather a wide range of responses. 

The round one process followed a sequential structure which started with the development of an 

initial design which was finalised after pilot testing and subsequent refinement. The questionnaire 

was then administered and remained accessible until a sufficient sample size was reached. Round 

one concluded with an analysis of the responses employing thematic analysis and cognitive 

mapping in order to identify emerging themes and structures. The results of this analysis provided 

the background for the second round of the Delphi study presented in section 4.3. 

The design, administration, and analysis of the first round are explained in the following sub-

sections. 

4.2.1 Design of Questionnaire for Round One 

This questionnaire was designed to identify of a wide range of factors connected to SSCM and 

essentially worked like a brainstorming session. According to Schmidt (1997) respondents should 

be encouraged to submit as many responses as possible in order to maximise the possibilities to 

reveal and capture insights. It had to be appealing to both expert panels and furthermore adhere to 

a reasonable timeframe as an overly complicated and lengthy first round could have deterred 

experts from participating. One aim was to start with a reasonably high number of participants so 

that potential attrition between rounds would not affect the quality of the study. In order to ensure 

an appropriate design and to yield valid results, the questionnaire was also subjected pilot testing.  

Firstly, the development process is explained, followed by an outline of the pilot tests and an 

overview of the final first round questionnaire.  

4.2.1.1 Development of Questionnaire 

There are essentially two approaches to the first round of a Delphi as it can be of confirmatory or 

exploratory nature. For follow-up studies a confirmatory approach can be employed which usually 

involves the circulation of a predefined list of issues (Brancheau, Janz, & Wetherbe, 1996). Such a 

list can be generated from the literature or through interviews with domain experts and can 

overcome weaknesses associated with polling activities (Day & Bobeva, 2005). However, 

determining such predefined lists is not feasible within relatively new areas of research. An 
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exploratory approach is advisable for more vague and ill-defined issues present in organisations 

(Day & Bobeva, 2005) which is usually facilitated by a set of initial open-ended questions (Hasson, 

Keeney, & McKenna, 2000).  

Obtaining adequate answers from open-ended questions can be challenging. However, the use of 

open-ended questions is necessary if the researchers cannot create closed-ended questions with 

pre-selected items which is the case for exploratory studies (Dillman, 2007; Zikmund, 2003). 

Participants generally do not have ready-made answers but their responses rather depend on the 

willingness to interact with and reflect on the questions. They are furthermore required to write 

complete answers which is more demanding and time consuming than selecting defined options 

(Dillman, 2007). Analysis also tend to be more complex as each respondent’s answers will be 

unique and have to be interpreted and categorised (Engwall, 1983; Zikmund, 2003). The reliability 

of such an analysis may therefore be sacrificed to some extent in favour of gaining insights and 

unexpected information (Engwall, 1983). Advantages of open-ended questions are that 

“respondents are able to give their opinions as precisely as possible in their own words” (Collis & 

Hussey, 2003, p. 179), unexpected information can be gained (Engwall, 1983), and unanticipated 

reactions can be elicited (Zikmund, 2003). Open-ended questions can provide insights which could 

be modified into closed-ended questions in future surveys and are appropriate for self-administered 

studies (Dillman, 2007). Based on these characteristics and the aims of the first Delphi round, an 

exploratory approach based on a set of open-ended questions was therefore chosen. 

There is only limited knowledge on the effects of question wording or questionnaire design on the 

responses given to open-ended questions (Gendall, Menelaou, & Brennan, 1996). A study by 

Engwall (1983) found that the length and content of responses may vary depending on the 

respondent’s occupational role. Questions themselves can also be determinants of length and 

context of responses. For self-administered questionnaires, Gendall et al. (1996) point out that 

providing more space for responses can produce marginally more words but also state that this 

may not necessarily result in more ideas if the aggregate of all responses is considered. 

4.2.1.2 Pilot Testing Questionnaire for Round One 

Pilot testing should be conducted prior to administering a questionnaire so that the structure and 

design can be tested and evaluated by a small group of individuals (Hasson, et al., 2000). Hence, 

two pilot tests were conducted which involved the circulation of the initial first round questionnaire 

to seven academics with experience in SCM and questionnaire design.  

The first round of a Delphi is of utmost importance to its overall validity as it provides the foundation 

for subsequent rounds. Hence, the pilot testers were given instructions to comment on the flow and 

arrangement of questions, the comprehensibility of explanations and descriptive figures, the 

applicability of questions and descriptions to yield useful responses, and the identification of any 

grammatical or logical errors. Furthermore the testers were asked to review the participant 

information sheet as well as the invitation letter (see Appendix A.2 and Appendix A.4). These were 

designed to outline the characteristics and background of the study and provided the participants 

with an account of ethical considerations and contact details. This Delphi was administered through 
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a web-page and the pilot tests were conducted following the same process. The full instructions 

given to the pilot testers can be reviewed in Appendix A.3. Specifically the pilot testers were asked 

to comment on the following aspects: 

 Purpose: Do you think the survey will elicit what we hope it will?  

 Style: Are the questions framed/phrased in an appropriate fashion? 

 Understanding: Do you see any issues with the way it is designed or the explanations? 

 Ease of use: Any problems in using the survey website or the questionnaire? 

 Any important details that you think are missing and should be included? 

Two rounds of pilot tests were conducted which led to the following improvements: 

 Addition of descriptive elements to improve understanding and attract interest in the study. 

 Adjustment of question flow to make the questionnaire more approachable. 

 Change of question design, including question phrasing and layout of answer possibilities. 

4.2.1.3 Final Design for Round One 

Based on the preceding development steps the design for the first round of the Delphi was 

finalised. In this section only the most important aspects are highlighted whereas the actual first 

round questionnaire can be reviewed in Appendix A.5.  

The first page presented participants with the study objectives, their approximate time involvement, 

and a reminder that their personal opinions were sought. They were reminded about the availability 

of the results and had to consent to participation.  

 Objectives of this survey 

(1) Identification of key characteristics that enable SCs to successfully pursue sustainable 

transportation, distribution and warehousing. 

(2) Identification of KPIs to measure and monitor performance in regard to the interrelated 

dimensions of sustainability (environmental, social, and economic) in SCs. 

On the second questionnaire page, participants were presented with an initial description of SSCs. 

Based on the findings from the literature review it was decided to target this first round at aspects 

of SSCM which have been neglected by prior research or demand more investigation due to 

emerging SC requirements. The investigative focus was on the areas of SC transportation, 

warehousing, and distribution. 

SSCs need to balance economic goals with environmental and social imperatives throughout 

the lifecycle of products (or services). SCs are connected by Transportation, Warehousing, 

and Distribution activities. These activities have received little attention in sustainability 

research. The focus of this study is to address this research gap.  

This introduction was designed to familiarise the participants with the main aims of SSCs and the 

study focus. The aims of decreasing the time requirements and making the questionnaire more 

approachable are reflected by the brevity of the introduction. 
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Participants were presented with a high level SSCM model to illustrate the relationships between 

SC members and SC activities. Along with the participant information sheet, the consent form, the 

email invitation, and the initial explanation, the participants should have gained a good 

understanding of the study aims. Participants were then presented with three questions.  

1. In YOUR OPINION, what are KEY Performance Indicators/Measures/Metrics of SSCs?  

2. In YOUR OPINION, what are KEY Characteristics/Capabilities/Enablers of SSCs?  

3. Please feel free to leave additional comments on: 

 Sustainability in SCs in general. 

 Other particular aspects of SSCs that require further research. 

Following a structured data collection process (Schmidt, 1997), the questions were designed to 

encourage participants to provide as many suggestions as possible. The questionnaire refrained 

from proposing a minimum number as this could have discouraged respondents from exceeding 

that suggestion. Respondents were encouraged to provide descriptions and justifications by the 

open-ended nature of the questions and by emphasising that the study seeks their personal 

opinions. This level of freedom was also intended to prevent survey fatigue. 

The first question aimed at discovering applicable SSC measurements and eliciting the 

participants’ opinions with regard to the level of importance or impact that operations have on SC 

sustainability. The second question asked participants to identify key characteristics that SSCs 

should exhibit, capabilities that SSCs need to possess, and enabling factors that help to build those 

capabilities and characteristics. The third question allowed participants to provide comments about 

issues that they see as uniquely important or that require further research. Its less directed nature 

allowed for unearthing insights that were not discovered through the more directed questions.  

The aggregation of individual answers combined with frequency counts were used to give an 

indication about the importance of the identified items. As pointed out in the literature (Engwall, 

1983; Zikmund, 2003), participants do not necessarily aim their answers at the respective question 

but overlaps and unanticipated reactions can be expected. Hence, following the aim to yield rich 

results, a cross comparison between all findings was included in the analysis process.  

The last page of the questionnaire gathered demographic data and participants were asked to 

provide an email address of their choice in order to be contacted for the subsequent round. 

4.2.1.4 Administration of Delphi Round One 

An invitation letter was sent electronically to each participant specifying the purpose and focus of 

the study, the researcher’s contact details, and instructions on how to access the online 

questionnaire. Participants had to agree to all ethical considerations and were not given access 

without their consent. Conducting this Delphi study online was motivated by an improved ease of 

access for the participants and researcher, greater control over the study progress, and elimination 

of transcription errors6. Two weeks after the initial invitation, a reminder was sent to all experts who 

                                                      

6 More detailed descriptions of conducting online questionnaires can be found in section 3.8. 
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had not yet responded. Overall the first round remained accessible for six weeks. All responses 

were collected online by the researcher, ensuring the anonymity of participants.  

4.2.2 Distribution of Responses 

The response rates indicate how important participants consider the study. They should be 

reported for each round as it allows for confirmation of relevant statistics and provides indications 

of flagging interest (Schmidt, 1997). In this section the response rates and times for the first round 

of this Delphi are presented along with the participants’ organisational backgrounds.  

4.2.2.1 Response Rates and Times 

The first Delphi round remained open until a sufficient amount of responses was collected. A total 

of 59 identified experts were contacted resulting in 35 responses over the six week period. The 

sample pool for the practitioner panel consisted of 31 experts of which 20 filled the questionnaire 

whereas 15 of the 28 selected academics responded. The response rates were 64.5% for the 

practitioner panel and 53.6% for the academic panel respectively. Hence, the practitioner panel 

was slightly overrepresented. An overview of the response rates is provided in Table 4.1.  

Panel Sample Pool Response Count Response Rate % of Total Responses 

Practitioner 31 20 64.5% 57.1% 

Academic 28 15 53.6% 42.9% 

Total 59 35 59.3% 100.0% 

Table 4.1: Delphi Round One Response Rates 

The length of responses varied and so did the response times. On average the 35 respondents 

spent about 20 minutes with the questionnaire. The response times are only indicative of the actual 

time inputs of the experts as, for example, the longest response time recorded was over 1 hour 

whereas the shortest was only about 2 minutes.  

Response Time Aspect Response Times (hour : minute : second) 

Average Time 00:19:32 

Total Time 11:24:00 

Shortest Time 00:02:06 

Longest Time 01:08:13 

Table 4.2: Delphi Round One Response Times 

4.2.2.2 Background Information of Experts 

Answers were obtained from experts with different work backgrounds aiding the discovery of 

unique insights and more generalisable findings (Rowe & Wright, 1999). The largest proportion of 

answers came from the organisation type ‘Education/Academic Institution’ since 15 respondents 

out of 35 had an academic background. The next highest organisation type with 22.6% was 

‘Transport/Storage’ which shows that a significant share of the practitioners came from a SC 

related background. Notably 3 respondents came from a governmental background and 1 from a 

NGO. Thus, professionals from non-profit driven institutions were represented with a share of more 
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than 12%. The remaining 9 respondents were distributed across a variety of organisation types. 

Some organisation types were underrepresented, e.g. areas connected to food production like 

agriculture, aquaculture, and horticulture as well as producers of raw materials, e.g. mining, 

forestry, and energy. While about 10% of respondents were from a trading background, there were 

no representatives from retailers. 

Organisation Type Response Count % of Total Responses 

Agriculture 1 3.2% 

Business Services 3 9.7% 

Education/Academic Institution 15 48.4% 

Export/Import 2 6.5% 

Government/Public/Defence 3 9.7% 

Information and Communications Technologies 1 3.2% 

Manufacturing 1 3.2% 

Nongovernmental Organisation 1 3.2% 

Transport/Storage 7 22.6% 

Wholesale Trade 1 3.2% 

Overall 35 100.0% 

Table 4.3: Delphi Round One Organisation Types 

Apart from the different organisational backgrounds it is important to report on the representation of 

organisation sizes which are presented in Table 4.4. Apart from the category ’50-99’ every 

available category was represented. However, there was a clear overrepresentation of larger 

organisations with 20 respondents in the ‘above 1000’ category and another 11 respondents 

reporting a headcount between 100 and 999. This may be attributed to the fact that 15 respondents 

came from academic institutions with large headcounts. Only 5 respondents came from companies 

with organisational headcounts of 50 or less.  

Organisational Headcount Response Count % of Total Responses 

1-5 2 5.7% 

6-19 1 2.9% 

20-49 1 2.9% 

50-99 0 0.0% 

100-499 6 17.1% 

500-999 5 14.3% 

Above 1000 20 57.1% 

Overall 35 100.0% 

Table 4.4: Delphi Round One Organisational Headcounts 

Overall a reasonable variety of organisational backgrounds was achieved, especially with regard to 

the organisation types. The influence and significance of the response rates and distributions on 

the results is difficult to determine. Due care was taken in the expert selection process, i.e. 

participants had to be knowledgeable in areas related to SSCM. This selection strategy however 

may have affected how certain groups were represented.  

4.2.3 Analysis of Responses 

This section focuses on the analysis of the qualitative data obtained in the first round which 

required the establishment of structures and appropriate presentation of the findings (Collis & 
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Hussey, 2003). The first part of this section outlines the reasoning of the analysis process and its 

specific steps. The actual analysis and the results are described next providing the foundation for 

the subsequent Delphi round. 

4.2.3.1 Outline of the Analysis Process 

In the first round questionnaire, the area of SSCM was narrowed into three open-ended questions 

aimed at specific areas of interest. While many of the responses were directed at the respective 

questions, there was also considerable overlap, e.g. answers given to one question were also 

applicable to others. Furthermore, aspects emerged that were not directly asked for, especially in 

question three which encouraged general comments. Hence, the responses were insightful but 

also diverse in nature. The analysis process had to accommodate this kind of information by 

providing guidance through a structured approach.  

This analysis required summarisation, identification, categorisation, and structure development. 

Data displays, i.e. network structures and matrices, are useful for such endeavours as they offer a 

visual format to prepare and present the research data systematically so that valid conclusions can 

be drawn (Miles & Huberman, 1994). Especially network structures were seen as useful for the 

outlined analysis activities as they allow to visually construct and illustrate relationships (Collis & 

Hussey, 2003) and thus support the development of linkages and the creation of models of 

interaction. Matrices on the other hand can be useful for organising and recording raw data and 

findings (Collis & Hussey, 2003). These approaches allowed for an iterative, intuitive analysis 

which supported the exploratory focus. 

The analysis process followed guidelines for general analytical procedure by Miles and Huberman 

(1994), but was adapted to meet the requirements of this analysis as presented in Figure 4.2.  

 

Figure 4.2: Analysis Process for Delphi Round One 

As a first step the answers given by the study participants were retrieved from the online 

questionnaire. The raw data was formatted coherently to facilitate the next step, i.e. coding and 

referencing of the data. Traceability was maintained with regard to the respective participant, date 

and time, as well as the question to which the answer was addressed.  

Nuggets were developed next in order to reduce the noise in the data and to identify the 

information referring directly to SSCM. Noise was reduced by consolidating information and the 

resulting nuggets were coded against the respective participant and question.  
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In the next step patterns and themes were formed for each question and the nuggets were sorted 

into emerging categories. Due to the exploratory nature of this round, a bottom-up approach was 

followed, i.e. categories were not imposed but emerged from the data. These categories were then 

compared to related frameworks from the literature.  

As stated, there was some overlap between questions. A cross comparison of the nuggets, 

categories, themes and patterns emerging from the separate questions informed each other and 

supported the development of overarching SSCM themes. This comparison included copying of 

nuggets across questions. Coding of nuggets was maintained so that they could be traced back to 

their origin.  

The establishment of patterns and themes included all data after the cross comparison and 

combination of findings. Structures connecting the themes were developed through the 

establishment of logical connections. Such connections emerged through a bottom-up approach 

which required familiarity with the area of SSCM. Furthermore, structures were informed by 

established models and frameworks. Results from both methods were ultimately combined to 

exploit their respective benefits, i.e. the objectivity of a bottom-up approach and the credibility and 

transferability offered by utilising established theoretical background.  

In a last step, models of interaction were developed based on the established structures in an 

attempt to identify dynamic relationships in SSCM. These modelling activities related directly to the 

research objectives in section 3.1 and also informed and structured the subsequent rounds of the 

Delphi study. The iterative structure of the Delphi allowed for validation of the resulting models 

throughout its rounds and further refinements based on the experts’ opinions.  

4.2.3.2 Analysis of Delphi Round One 

Following the analytical procedure outlined in section 4.2.3.1, the analysis process started with the 

collection of responses. All 35 experts answered the first two questions whereas the final question 

was optional and obtained 22 responses. Total responses (n=35) amounted to 4830 words or on 

average 138 words per respondent.  

During coding and referencing, each expert and their input were assigned a unique identifier. 

Responses were referenced to the response date and time and also connected to their respective 

question to support cross comparisons between questions. Spelling and grammatical errors were 

also corrected. Due care was taken not to alter the information but merely prepare the answers for 

the subsequent analysis steps. An illustrative excerpt of the coding, referencing, and formatting 

process referring to question number one by participant one is shown in Table 4.5. The complete 

coding and referencing of the answers can be seen in Appendix A.6. 

  



SSCM Delphi Study 

119 

Response Text 

Once a product comes off the manufacturing process there are several steps to get it to market 
Measuring points will be: 
Time and cost for storage of product 
Type of warehousing/storage required - open air, under roof, secure, refrigeration, Hazardous storage 
Time from product availability to shipment 
Availability of shipment options – e.g. for a specific market there may be only one available service every two months and 
another may have a weekly service option 
Transport from plant to storage to wharf - mode, time & cost 
Operational hours of warehousing, transport and wharves 

Table 4.5: Excerpt of Analysis Step 2  

The coded data was converted into concise pieces of information, or nuggets, in order to facilitate 

the organisation of the responses, make them accessible, and support the identification of themes. 

This removed the noise in the data by deleting unnecessary information, i.e. each of the nuggets 

only referred to one aspect. The complete list of developed nuggets can be seen in Appendix A.7. 

For illustration purposes an excerpt is given in Table 4.6 which refers directly to the excerpt 

provided in Table 4.5. Thus, the transformation of the coded, referenced and formatted raw data 

into concise pieces of information, i.e. nuggets, can be followed.  

Nuggets Description 

1 Time for storage of product; (1) 

2 Cost for storage of product; (1) 

3 

Type of warehousing/storage required: (1) 
o open air, (1) 
o under roof, (1) 
o secure, (1) 
o refrigeration, (1) 
o hazardous storage; (1) 

4 Time from product availability to shipment; (1) 

5 Availability of shipment options; (1) 

6 

Transport from plant to storage to wharf: (1) 
o mode, (1) 
o time; (1) 
o cost; (1) 

7 

Operational hours: (1) 
o warehousing; (1) 
o transport; (1) 
o wharves; (1) 

Table 4.6: Excerpt of Analysis Step 3  

The resulting nuggets were then organised into categories within each question. A bottom-up 

approach was followed so that categories could emerge. Organising the nuggets within each 

question was followed by a cross comparison of nuggets and themes leading to the duplication of 

nuggets across questions. While the origin of each nugget was referenced, the total number of 

copies was also recorded. This cross comparison enhanced the results because a more 

comprehensive list of categories emerged for each question.  

In analysis step 6 findings were combined across questions by reassessing identified categories. 

Through this analysis step results were expanded and similar or identical categories could be 

merged. The shown categories and nuggets may therefore also be found in other arrangements of 

the data. Figure 4.3 depicts an excerpt of the results of steps 4 to 6. Here, the category 

‘environmental/social’ can be seen with three assigned sub-categories, i.e. ‘safety’; 

‘utilisation/efficiency’ and ‘storage’. The sub-categories contain the developed nuggets including 
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the coding and referencing details, i.e. which participant contributed the information and how many 

copies exist.  

 

Figure 4.3: Excerpt of Analysis Step 4 to 6 

A further crucial step was the identification of overall patterns and themes based on the preceding 

analysis. Gaining an overview of SSCM related themes involved combining nuggets and categories 

from all questions. This thematic overview provided a summary of the SSCM themes that emerged 

in the first round and informed the development of the second round. The excerpt in Figure 4.4 

shows four identified themes starting with letters F, G, and H, i.e. ‘footprints’, ‘goals’, ‘greater 

community/society’, and ‘health and safety’ which are composed of the referenced, individual 

nuggets. A full overview of the themes developed can be found in Appendix A.8. 

 

Figure 4.4: Excerpt of Analysis Step 7  

Analysis step 8 is concerned with the extraction of key findings and structure development. Firstly, 

a bottom-up approach was used to let structures emerge from the data. Secondly, established 

models and frameworks from related literature were used to inform and superimpose structures on 

to these findings. The combination of both approaches led to results that utilise ideas and building 

blocks from theory but due to the simultaneous bottom-up approach the evolving structures are 

also tightly connected to the findings of round one and SSCM in general. A full overview of the 

results from this analysis step can be reviewed in Appendix A.8.  

The outcomes of the last step tied in with the development of models of interaction which were 

intended to display higher level constructs in SSCM whilst incorporating the detailed findings. 

These models illustrate the relationships of the developed structures and are mainly concerned 
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with the connections of enabling and disabling factors for SSCM as well as SSCM activities and 

characteristics. ‘SSCM Characteristics’ refer to qualities that are intrinsic to SSCs whereas ‘SSCM 

Activities’ refer to actions that are performed in order to become and stay sustainable. Enabling 

factors facilitate the development of SSCM characteristics and the associated activities whereas 

disablers prevent SCs from doing so. In order to support the structural development and modelling 

activities, the literature review identified models and frameworks which can inform and support the 

development of top level SSCM models. Several relevant models were reviewed in sections 2.1.7, 

2.2.3, and 2.3.4 which were mainly focussed on management and improvement methodologies, 

process and structure transformation, as well as maturity development. Step 9 of the analysis 

process was informed by the review of models and frameworks from the literature. Hence, this 

review process was influenced by the round one analysis and results as the findings from the first 

round influenced the model requirements. 

The initial models of interaction as they emerged from the first round are presented in Appendix 

A.8. Due to space restrictions only the final models are described in detail in sections 4.5.1 and 

4.5.2. These models were further refined throughout the Delphi study.  

4.2.4 Summary of Delphi Round One 

The first round of this Delphi study was aimed at the discovery of SSCM factors and was therefore 

dependent on insights from experts. To ensure practicality and rigour of the first round, two pilot 

tests were conducted with seven pilot testers (Appendix A.3). The refined, final questionnaire 

emerged from these tests (Appendix A.5) and was administered online to experts from academic 

as well as practitioner backgrounds. It was organised into three main sections, i.e. an introduction 

to the study, three open-ended questions, and a page for gathering demographic information. 

Ultimately, the approach was akin to a brainstorming session which aggregated the input of 35 

experts in the field, i.e. yield rich data from a diverse panel.  

The responses (Appendix A.6) were analysed and summarised into about 600 nuggets (Appendix 

A.7). These nuggets were then organised with the help of matrices, network structures, and 

mindmaps (Appendix A.8) in order to discover SSCM themes, structures, and relationships. In 

combination these efforts resulted in theoretical models depicting the main aspects of SSCM and 

their interconnections. The models helped to structure the nuggets and themes in order to facilitate 

their importance ratings in the second Delphi round. The developed models also had to undergo a 

rating process in order to evaluate their validity and applicability. The richness of the obtained 

responses and synthesised results indicated that a widening of the study focus beyond 

transportation, distribution, and warehousing was more suitable for the subsequent Delphi rounds. 
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4.3 Round Two: Rating of SSCM Factors and Models 

The second round of the Delphi was based directly on the analysed responses from round one and 

did not include additions from other sources. This round had two main objectives, i.e. rate the 

identified SSCM factors in terms of importance and evaluate the validity and applicability of the 

developed models. The design of the second round continued the efforts from the first round and 

was therefore based on the results of round one and the conducted analysis as described in 

section 4.2.3. 

In this section the design of the second round questionnaire is explained including an account of 

the voting scale development and the pilot test. The finalised questionnaire is presented which is 

followed by an analysis of responses. Special emphasis was put on the rating results, refinement of 

the proposed models based on the experts’ feedback and determining the level of consensus 

reached within the expert panel. These findings with regard to factor importance and the refined 

models provided the foundation for the third round. 

4.3.1 Design of Questionnaire for Round Two 

The design of the second round questionnaire needed to allow the experts to rate the SSCM 

factors and the proposed models, requiring the development of suitable rating scales. Traceability 

and feedback were also important, i.e. the experts needed to be able to see their round one input 

reflected in the second round design. Due to the large number of identified SSCM factors and the 

proposed models, the questionnaire furthermore had to be designed to be completed within a 

reasonable timeframe to prevent attrition effects. A balance had to be found between yielding rich 

results and potentially discouraging participation. To ensure the applicability of the questionnaire it 

was also subjected to pilot testing. 

This section commences with the development of rating scales, followed by an outline of the pilot 

test, and lastly presents an overview of the finalised questionnaire for round two.  

4.3.1.1 Development of Rating Scales 

Rating scales are commonly used in questionnaires requiring respondents to select one response 

from several options. These options are typically presented in hierarchical order with either each 

response option labelled or with labels only at the endpoints of the scale (Friedman & Amoo, 1999).  

Development of suitable rating scales to rate the identified SSCM factors and developed models 

from round one is an important factor for the validity of the Delphi results. The labels and their 

positions on scales have an impact on ranking results (Wildt & Mazis, 1978) and the range of the 

scale also affects respondents’ judgements (Ostrom & Upshaw, 1968). Abstract scales can allow 

for relative measurements and are particularly suited for measuring values, e.g. “in the 

development of goal weights to represent relative priorities for goal attainment” (Scheibe, Skutsch, 

& Schofer, 2002, p. 257). For Delphi studies not aimed at a consensus among experts but rather at 

the resolution of policy issues, Turoff (1970) advocates the use of scales without neutral answers in 
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order to promote a debate. However, forcing a choice by not providing a neutral response option 

should only be used if researchers believe that most respondents have an opinion (Friedman & 

Amoo, 1999). An odd number of options is preferable if respondents can adopt a neutral position 

(Cox, 1980). Otherwise, responses may become less accurate and results may be biased. 

Unbalanced rating scales should generally be avoided unless it is known whether respondents are 

leaning into one direction (Friedman & Amoo, 1999). With regard to the measurement of social 

characteristics it has been found that both balanced and unbalanced scales showed greater 

stability than abstract scales. Furthermore, unbalanced scales have higher stability and internal 

consistency than their balanced counterparts (Evans & Heath, 1995). There is debate regarding 

length, but researchers generally prefer five-point or seven-point scales. Scales with only two or 

three answer options cannot transmit much information and can frustrate or stifle respondents 

whereas more than nine answer options do generally not result in more accurate results (Cox, 

1980; C. C. Preston & Colman, 2000). Respondents may also be influenced by the order of 

responses with a tendency to prefer answer options on the left side of the scale. However, it cannot 

generally be determined which order results in more validity (Friedman & Amoo, 1999).  

Overall it can be concluded that literature on the use of rating scales is somewhat inconclusive and 

their use in Delphi studies is only rarely discussed. However, most researchers appear to advocate 

the use of five or seven-point Likert scales with a centred response option and accurate, balanced 

labels across the range of the scale. Hence, the rating scales employed in this second round 

followed these design suggestions.  

A five-point rating scale was used in the second Delphi round to rate the level of agreement with 

regard to the developed models. It provided the respondents with the following options from left to 

right: ‘strongly disagree’, ‘disagree’, ‘undecided’, ‘agree’, and ‘strongly agree’. A similar approach 

was taken in the design of the rating scales to assess the importance of SSCM factors. In 

accordance with the suggestions from the literature a five-point Likert scale was chosen with the 

following options: ‘unimportant’, ‘of little importance’, ‘moderately important’, ‘important’, and ‘very 

important’.  

Both scales consisted of five answer options with a centred response and a balanced layout. This 

consistency was aimed at avoiding confusion among participants. The selection of five-point scales 

over seven-point options was furthermore motivated by the iterative, consensus building nature of 

the Delphi. That is, a smaller scale can support the aim to reach a consensus in fewer rounds.  

4.3.1.2 Pilot Testing Questionnaire for Round Two 

Similar to the questionnaire design of the first Delphi round, a pilot study was carried out to 

maintain the logical connection of this second round to the preceding round as well as to ensure 

the applicability of the questionnaire design. An initial version of the questionnaire was circulated to 

five academics with a background in SCM and with experience in survey design. Along with this 

draft the pilot testers were presented with specific review instructions and with an account of the 

aims of this second round, i.e. to refine and evaluate the developed models, rate the identified 

SSCM factors, and build a foundation for subsequent confirmatory research. The instructions given 
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to the pilot testers can be reviewed in Appendix B.1. The pilot testers were specifically asked to 

comment on the following aspects and questions: 

 Purpose: Do you think the survey will elicit what we hope it will? 

 Style: Are the questions phrased appropriately? 

 Understanding: Are there any issues with regard to its design or explanations? 

 Ease of use: Any problems in using the questionnaire? 

 Any important details that are missing and should be included? 

 Any aspect that should not be included? 

 Is the given time estimate accurate? 

 Is this survey a logical progression from the first round? 

A well thought out design for the second round questionnaire was crucial for gaining valid rating 

results and provide the foundation for the subsequent round. The pilot test revealed the following 

potential shortcomings of the initial design which were subsequently eliminated: 

 Shortening of the survey to an approximate completion time of 30 minutes. 

 Elimination of the section on SSCM KPIs. 

 Improvement of neutrality, i.e. removal of potentially leading descriptions and questions. 

 Addition of descriptions to improve understanding and attract interest in the study. 

 Improvement of approachability by adjusting overall flow and arrangements, simplifying 

wordings, and an increased focus on the most important aspects. 

 Design changes, including question phrasing and layout of answer possibilities.  

 Improvement of formatting, e.g. use of fonts and colours to pointing out important aspects. 

 Elimination of any grammatical and other errors. 

The elimination of the SSCM KPIs was the most significant design decision which was motivated 

by the need to shorten the questionnaire and the lack of round one responses specific to 

performance measurement. This section was therefore dropped in favour of the more detailed 

findings in other areas. 

4.3.1.3 Final Design for Round Two 

The design for the second round was finalised after the pilot test. Round two consisted of 25 

questions which in turn contained 214 items to be rated. All identified items were included despite 

Martino’s (1983) caution against a large number of items in Delphi studies. This was justified by the 

positive results of the pilot test and the aim to utilise the rich insights gained in the first round. In 

this section several crucial design aspects of this second round are highlighted whereas the overall 

design and layout of the questionnaire can be reviewed in Appendix B.3.  

The questionnaire consisted of five separate pages plus two additional pages for study information, 

consent form, and acknowledgement. In accordance with the layout adopted in round one, 

participants were presented with the study objectives on the first page, which were separated into 

four main aspects.  
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 Objectives of this second round of the Delphi study 

(1) Rating of Key Themes that emerged from the answers of round 1. 

(2) Evaluation of a Continuous Improvement Process including a rating of specific aspects 

for each process step. 

(3) Rating of Enablers/Disablers/Activities/Characteristics that are relevant to successfully 

pursuing SSCM. 

(4) Rating of Research Opportunities/Requirements that emerged from round 1. 

The experts were given information on their approximate time involvement and a reminder that 

their personal opinions were sought and not information from other sources. Participants were 

informed that results would be available to them through the next round. Furthermore they had to 

consent to participation and were provided with a link that directed them to the participant 

information sheet. 

On page two key themes were presented which emerged in the round one analysis. In order to 

create an easily approachable questionnaire the themes were subdivided into four interconnected 

areas of SCM, i.e. SC planning, execution, coordination, and collaboration (SAP AG, 2011). The 

reasoning for this arrangement was to improve flow and design of the questionnaire as most 

experts could be expected to be familiar with these standard SC areas.  

Page three was based on the structure of the SSCM transformation process discussed in section 

4.5.1. Respondents were presented with the model and its description and instructed to rate the 

applicability of the proposed process and its sequence of steps, i.e. discover, learn, strategise, 

design, transform, monitor, and control. Furthermore participants were asked to assess whether for 

each step of the SSCM transformation process certain enablers can facilitate specific activities 

which result in essential characteristics for SSCM. Participants were also invited to provide 

suggestions that could improve the proposed transformation process and asked to rate the factors 

separately in terms of their importance for the respective steps of the transformation process. 

Again, participants were encouraged to provide suggestions. 

Page four was targeted at assessing the relationships between enablers, disablers, activities, and 

characteristics and the notion of SSCM maturity as proposed in the corresponding model in section 

4.5.2. Participants were introduced to the idea that enablers help SCs to perform activities that 

support SSCM, whereas disablers prevent SCs from such a development. Furthermore the model 

proposed that along with the development of SSCM characteristics and activities, SCs could reach 

higher levels of SSCM maturity. At higher maturity levels disabling factors would generally 

decrease whereas enabling factors are expected to increase, which would in turn allow for more 

activities directed at SC sustainability. The first question evaluated whether the model represents 

essential high level aspects of SSCM by instructing participants to rate their level of agreement with 

regard to the applicability of the model and the relationships between the model elements. The next 

four questions corresponded directly to the enablers, disablers, activities, and characteristics which 

were solely derived from the responses gained from the first round. Each of these factor categories 

consisted of separate items which had to be rated by the participants in terms of their importance. 
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Participants were encouraged to provide suggestions for model improvements and suggest 

additional items.  

Page five presented 21 research opportunities suggested in the first round with the request to rate 

them in terms of importance. Additional research opportunities could also be suggested and 

participants could comment on the existing list. The research opportunities were included to identify 

the most pressing research requirements in SSCM and inform future research possibilities. 

Page six requested demographic information and remained unchanged from the round one layout 

described in section 4.2.1.3. The last page acknowledged the experts’ time commitment and input.  

4.3.2 Distribution of Responses 

In order to improve traceability (Schmidt, 1997), this section presents the response distributions 

starting with an overview of the overall response rates followed by an outline of the experts’ 

backgrounds. Finally, the differences to the response rates from round one are assessed.  

4.3.2.1 Response Rates and Times 

The same participants as for the first round were considered, but excluded those that had declined 

participation. Due to low initial response rates, three reminders were sent in two week intervals and 

the second round was closed after ten weeks. 

Panel Sample Pool Response Count Response Rate % of Total Responses 

Practitioner 29 8 27.6% 33.3% 

Academic 22 16 72.7% 66.6% 

Total 51 24 47.1% 100% 

Table 4.7: Delphi Round Two Overall Response Rates 

As can be seen in Table 4.7, 29 invitations were sent to practitioners and 22 to academics. The 

response rates show that a higher proportion of academics responded. Academics were therefore 

overrepresented with a share of two thirds of the overall responses. Total responses are about 

31% lower than in the first round with 24 responses compared to 35 responses and a response 

rate of 47%. The total number of responses however was still well within the suggestions outlined 

for Delphi studies (Ludwig, 1997). 

Response Time Aspect Response Times (hour : minute : second) 

Median Time 00:35:25 

Average Time 00:51:42 

Average Time without Longest Time 00:35:02 

Total Time 20:40:59 

Shortest Time 00:10:05 

Longest Time 07:15:24 

2nd Longest Time 01:19:10 

Table 4.8: Delphi Round Two Response Times 

Based on the pilot tests, it was estimated that filling the second round questionnaire would take 

about 30 minutes. As can be seen from Table 4.8, the longest response time was recorded at over 
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7 hours resulting in an average response time of more than 50 minutes. Without this outlier, the 

average time reduced to 35 minutes with a total response time across all respondents of about 14 

hours. The median time indicates a similar result confirming the accuracy of the time estimate. A 

spread of response times was evident which was not found to be a determinant of response length 

or depth. All responses were considered for the final analysis. 

4.3.2.2 Background Information of Experts 

The distribution of respondents across organisation types differed somewhat from the first round. 

Academic institution was the largest category, as 16 responses came from academics. As in the 

previous round the next largest group of respondents came from ‘transport/storage’ whereas the 

third highest category was ‘business services’. There were no respondents connected to raw 

materials and furthermore no respondents with a background in trade. Representatives with 

potentially unique insights from these backgrounds were therefore not part of this second round. 

However, several other important organisation types are represented as shown in Table 4.9. 

Multiple selections were possible so that respondents could fully characterise their organisational 

background. As a result the 24 respondents selected 33 organisation types. 

Organisation Type Response Count % of Total Responses 

Agriculture 2 6.1% 

Business Services 3 9.1% 

Education/Academic Institution 16 48.5% 

Government/Public/Defence 2 6.1% 

Healthcare 1 3.0% 

Information and Communications Technologies 2 6.1% 

Transport/Storage 6 18.2% 

Other 1 3.0% 

Overall 33 100% 

Table 4.9: Delphi Round Two Organisation Types 

The organisational headcount shows a distribution similar to the first round, i.e. larger companies 

are overrepresented as shown in Table 4.10. This overrepresentation of larger organisations is 

partially due to the large headcounts of academic institutions.  

Organisational Headcount Response Count % of Total Responses 

1-5 3 8.7% 

6-19 0 0.0% 

20-49 0 0.0% 

50-99 2 8.7% 

100-499 1 4.3% 

500-999 4 17.4% 

Above 1000 14 60.9% 

Overall 24 100% 

Table 4.10: Delphi Round Two Organisational Headcounts 

The responses were not distributed evenly across organisation types and sizes. In contrast to 

surveys, Delphi studies are not necessarily dependent on a sample that is representative of the 

larger population. It is also near impossible to determine how a sample needs to be structured in 

order to be representative for a population of experts on SSCM. The experts for this study were 
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chosen based on variety of qualifications as outlined in section 4.1. An uneven spread of 

organisational backgrounds is therefore not necessarily concerning, i.e. the quality of responses is 

not only determined by the experts’ backgrounds. The experts’ opinions were not limited to their 

current occupation and this study aimed to extract their insights into SSCM across their entire 

breadth of knowledge and experience. This was also reflected by the fact that several respondents 

selected multiple organisation types as they felt that one selection would not fully characterise their 

occupational background. 

4.3.3 Analysis of Responses 

The responses obtained in this second round can be categorised into quantitative results from the 

rating activities, qualitative comments about the proposed models, and comments with regard to 

the completeness or organisation of rated items. The analysis is therefore divided into separate 

sections. The structure and methods of the analysis process are explained first whereas the actual 

analysis is illustrated in the remaining sections. 

4.3.3.1 Outline of the Analysis Process 

The validity of the overall Delphi results hinges on the analysis of each round. Accuracy and 

applicability have to be maintained for a logical progression into subsequent rounds. Schmidt 

(1997) points out that even though the ranking type Delphi has been used in various fields, no 

consistent method of analysis has emerged and researchers have not been consistent in reporting 

their results. Furthermore researchers have not made good use of statistics to support their 

findings. A structured analysis approach, as depicted in Figure 4.5, consisting of several 

interrelated steps was developed in order to address these typical shortcomings.  

 

Figure 4.5: Analysis Process for Delphi Round Two 

Firstly, the responses were collected and assessed for missing data points or double entries that 

could negatively influence the analysis. In a second step values were assigned to the rating options 

to facilitate a numerical analysis. Based on their mean ratings, items were then sorted according to 

the level of importance or agreement. A statistical analysis was carried out next in order to 

establish the level of consensus reached for each individual item. The last step finally connected 

the analysis process to the development of the third round of this Delphi. Key findings were 

extracted and all items which had not reached a sufficient level of consensus were identified so that 

they could be re-evaluated in the third round.  
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4.3.3.2 Delphi Round Two Analysis – Collection and Ranking 

All responses were retrieved from the survey website. 36 people in total had accessed the 

questionnaire of which seven skipped all questions and five filled it only partially. Hence, 24 

complete datasets could be included in the analysis process. 

In order to facilitate statistical analysis of the rating results, numerical values were assigned to the 

rating scales. The importance and the agreement scales were both based on a five point Likert 

scale so that their respective results could be analysed in a similar fashion. Numerical values were 

assigned in ascending order from one to five starting from the lowest level of importance or 

agreement to the highest level. In some cases a sixth option was added that allowed participants a 

‘non-response’ choice. These responses were not included in the development of mean ratings. An 

overview of the values for each rating option is shown in Table 4.11.  

Assigned Value 1 2 3 4 5 - 

Importance Scale Unimportant 
Of Little 

Importance 
Moderately 
Important 

Important 
Very 

Important 
Don’t know 

Agreement Scale 
Strongly 
Disagree 

Disagree Undecided Agree 
Strongly 
Agree 

 

Table 4.11: Rating Scale Values for Delphi Study 

After the assignment of values, mean ratings and the general dispersion of responses were 

calculated. The mean ratings allowed for a comparison of items by ranking them according to their 

level of importance. The standard deviation illustrated the spread of the responses and showed 

how tightly responses were grouped. The results of analysis steps 1 and 2 facilitated an 

assessment of the rating responses, e.g. through rankings, identification of differences and 

commonalities between items or categories, and identification of outliers. The results of analysis 

steps 1 to 3 can be reviewed in detail in Appendix B.4.  

4.3.3.3 Determining Consensus 

The round two responses were analysed in order to identify the items that had already reached a 

sufficient level of consensus among the Delphi participants. Responses were therefore analysed 

with measures of central tendency as well as dispersion. Since outliers, e.g. answers at the 

opposite extreme of most answers, have undesired effects on the mean, median and mode may be 

favourable to assess the general tendency of answers (Hsu & Sandford, 2007; Hung, Altschuld, & 

Lee, 2008). With regard to measuring dispersion, standard deviation (SD) and inter-quartile range 

are both viable options (Hung, et al., 2008; Lummus, et al., 2005). 

Available guidelines on how to determine the level of consensus in a Delphi study are rather 

inconclusive. Criteria have to be established in order to achieve consistency but such criteria are 

unfortunately subject to interpretation (Hsu & Sandford, 2007). Ulschak (1983) suggests 

establishing whether 80% of the participants’ answers fall within two joining answer options when 

using a seven point Likert scale. Mitchell (1991) suggests 75% using this method. Another 

approach for a four point Likert scale suggests that a minimum of 70% of participants have to rate 

an item at least ‘3’ or higher with a median of 3.25 or higher (P. J. Green, 1982 in Hsu & Sandford 
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(2007)). Based on a five point Likert scale, Loughlin and Moore (1979) define consensus as 51% 

agreement among respondents, i.e. being in the same rating option. According to the authors this 

procedure is similar to most other Delphi studies. Thus, in spite of the differences between these 

criteria, a consensus may have been reached if a sufficient amount of answers fall within a 

specified range (Miller, 2006 in Hsu & Sandford (2007)). These outlined guidelines were adapted to 

the requirements of this Delphi and utilised to assess consensus in round two and three as 

exemplified in section 4.3.3.4. 

In addition to methods suggested by literature related to Delphi studies, there are other potential 

options which can help to assess the level of consensus. Cluster analysis can be used to group 

objects, e.g. respondents, based on certain characteristics. Resulting clusters exhibit internal 

homogeneity and high external heterogeneity, i.e. objects within one cluster will be close together 

whereas the different clusters will be further apart (Hair, Black, Babin, Anderson, & Tatham, 2006). 

Thus, a cluster analysis is helpful to group similar responses and can therefore provide another 

indication for a consensus.  

For the purpose of grouping participants into clusters a non-hierarchical clustering procedure was 

used which allowed for specifying the number of cluster to be formed. Such a k-means clustering 

technique follows a three step algorithm (Hair, et al., 2006; IBM Corporation, 2010): 

1. Select initial cluster centres – A cluster seed as the initial cluster centre is selected and 

additional cluster seeds are then chosen until the specified amount of clusters is reached. 

The first seed is the first response which contains all data, i.e. no missing answers. The 

second seed is the second complete observation outside a zero minimum distance.  

2. Update initial cluster centres – Starting with the first respondent, each respondent is 

assigned to the nearest cluster, and that cluster mean is updated. The initial cluster centre 

is included in this mean and the updated cluster means are the classification cluster 

centres. 

3. Assign cases to the nearest cluster – In a third pass through the data each respondent 

is assigned to the nearest cluster and all other responses within a certain threshold are 

also included. This threshold distance is the Euclidean distance between that response 

and the classification centres. Final cluster means are calculated as the average of 

clustering variables for responses assigned to each cluster and do not contain 

classification centres.  

A final qualitative assessment, i.e. assessing the importance of a question for the study, was also 

carried out to ascertain that only the items which had reached a sufficient level of agreement were 

removed. Along with the other guidelines it became possible to make informed decisions. 

An account of the raw data, levels of consensus, the statistical analysis, and any other measures 

should be reported to support the researcher’s decisions (Schmidt, 1997) and are therefore shown 

in Appendix B.4. The next section shows a representative portion of the analysis carried out in 

steps 3 and 4, i.e. an assessment of consensus for the category ‘SC Planning’. 



SSCM Delphi Study 

131 

4.3.3.4 Delphi Round Two Analysis – Consensus and Findings 

The second round consisted of 214 items arranged in 18 questions. For each item, five measures 

were employed to determine the level of consensus. The mean rating showed how the respondents 

rated the items on average whereas the SD indicated the dispersion of responses. In case of a 

mean rating towards the end of the a five-point rating scale, e.g. between ‘important’ (4) and ‘very 

important’ (5), subjecting the item to another round of rating seemed unlikely to yield further 

insights as a high level of importance had already been established. The mean was seen as 

appropriate due to a low number of outliers overall. It was used in conjunction with the SD which 

provides a reasonable indication for the level of consensus by assessing the spread of answers, 

e.g. a tighter spread indicates that answers are closely grouped. Two more measures were used 

based on the guidelines outlined in section 4.3.3.3. Firstly, it was checked whether 51% of 

responses where within the same rating option. Secondly, it was checked whether 80% of 

responses could be found within two joining rating options. In addition, a cluster analysis was 

performed for each question. The cluster differences were taken into account in case the other 

measures showed inconclusive results.  

During the analysis it was found that the ‘80% criterion’ appeared to provide the most accurate 

indication of consensus, followed by the ‘51% criterion’. These were therefore given preference in 

the analysis process. In this section the items within ‘SC Planning’ are examined in order to show 

an illustrative example and to make the analysis process more transparent.  

The category of SC Planning consisted of 14 separate items which were rated according to their 

importance. Item 1 had 87.5% of responses within two joining answer options and furthermore 50% 

in the ‘very important’ option. In combination these measures indicate a sufficiently high level of 

agreement. Furthermore the mean rating was relatively high with 4.33 out of 5 and a SD of 0.82. 

The cluster analysis revealed a cluster difference of 1 with one cluster situated at 4 and the other at 

5 respectively. Thus, overall a high level of agreement had been reached and inclusion in further 

ratings was unlikely to yield further insights. It was therefore removed for the third round. Applying 

the same mechanisms, items 4, 7, 8, 9, 10, 11, and 13 were also removed. All of them had over 

80% in two joining answer options and also more than 51% in one answer option. The cluster 

differences were either 1 or 0 which also indicated a reasonable consensus. Mean ratings were not 

all situated at extreme ends of the scale with a range from 3.54 to 4.71. The SDs however revealed 

a spread for all questions with values fluctuating between 0.55 and 0.78. Hence, these items were 

excluded due to emphasis on the 51% and 80% criteria but also supported by the other indicators. 

Items 2, 3, 7, and 14 on the other hand were retained for the third round. None of them fulfilled 

either of the two main criteria, i.e. the highest percentage in one rating category ranged from 29.2% 

to 50% whereas the percentage in two joining categories ranged from 58.3% to 79.2%. The mean 

ratings indicated a medium level of importance throughout and the SDs were comparatively higher 

than for the previously discussed items ranging from 0.88 to 1.08. Hence, these findings suggested 

inclusion in round three to get a clearer picture of the respondents’ opinions. 
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Decisions on items 5 and 12 were not as straight forward as they both met only some of the 

criteria. Item 5 aimed at assessing the importance of location choices and received a mean rating 

of 3.71 with a SD of 0.75. Eleven respondents rated the item in this question as ‘moderately 

important’, 9 as ‘important’, 4 as ‘very important’, and no responses were at the lower end of the 

scale. This translates to 83.3% of responses in two joining categories and 45.8% in a single 

category. Thus, this item met the 80% criterion which provides the best indication for a consensus. 

The cluster analysis showed both clusters being in the ‘important’ category which also indicated 

agreement. Hence, this item was removed for the next Delphi round as the analysis indicated that 

inclusion in another round would not yield new insights.  

Item 12 aimed at assessing the importance of strategic frameworks, models and methods. Overall 

the results were similar to item 5 with a mean rating of 3.92, a SD of 0.78 and no cluster difference. 

The category ‘important’ was selected by 13 respondents whereas the categories ‘moderately 

important’ and ‘very important’ were chosen by 5 respondents and ‘of little importance’ got one 

response. Overall the results indicated a less homogenous distribution of responses as indicated 

by the higher SD, one outlier, and not meeting the 80% criterion. From a qualitative point of view, 

this topic, i.e. the importance of SSCM frameworks and models, was of special significance to 

address the research objectives. Taking the quantitative as well as qualitative considerations into 

account, it was decided to have this item re-rated in round three.  

In summary, a sufficient level of consensus was determined for ten items, whereas four items were 

subjected to a re-rating in round three of the Delphi. The same analysis procedure was applied to 

all 214 items of the second round. Overall, 113 items reached a sufficient level of consensus which 

left 101 items for inclusion in the third round. A complete overview of all analysis results can be 

found in Appendix B.4. 

4.3.4 Validation and Refinement of Models 

As explained in section 4.3.1.3, the 24 panel experts were asked to evaluate and validate the 

models developed in the first round. The experts’ diverse work backgrounds and their combined 

breadth of knowledge were highly valuable for refining the models. The second round 

questionnaire supplied the experts with the developed models and explained their structures and 

relationships. Two kinds of feedback were sought, i.e. rating scales to assess validity and 

applicability of the models and furthermore qualitative comments including suggestions, criticism, 

or approval. Rating the models was compulsory whereas commenting was optional. 

In this section the experts’ evaluations for the models are presented including an analysis of the 

ratings and comments. Models refinements are developed based on the findings. 
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4.3.4.1 Quantitative Validation of SSCM Transformation Model 

The SSCM Transformation Model was evaluated from three different angles which were assessed 

based on the experts’ level of agreement on a five point scale. Statistical measures as discussed in 

section 4.3.3.3 were used for a quantitative analysis of the responses.  

Delphi Round 2 Question Mean Rating 
Standard 
Deviation 

% in Highest 
Category 

% in 2 
Categories 

Applicability of process   4.21 0.66 54.17% 87.50% 

Sequence of process steps   4.00 0.88 50.00% 79.17% 

Enablers facilitate activities that 
result in characteristics   

3.96 0.75 58.33% 79.17% 

Table 4.12: Delphi Round Two Statistics on SSCM Transformation Model 

The first question asked whether the shown process is applicable for enabling SCs to transform 

and progress on a sustainability path. The mean rating was 4.21 with a SD of 0.66 and therefore 

situated between ‘Agree’ and ‘Strongly Agree’. Thirteen respondents selected ‘Agree’ and 8 chose 

‘Strongly Agree’ so that over 87% chose those two joining answer options. Only 3 respondents 

were ‘Undecided’ and none disagreed with the applicability of the process. A high level of 

agreement was therefore shown and the thresholds for a consensus were met. Hence, this 

question was removed for the third round of the Delphi. 

The second question aimed to assess the sequence of the process steps. In comparison to the 

previous question, the mean rating of 4.00 was slightly lower and the SD of 0.88 was higher. It was 

found that 7 experts ‘Strongly Agree’ with the sequence, 12 respondents ‘Agree’, and 3 were 

‘Undecided’ whereas 2 ‘Disagree’. Thus, there was a high level of agreement with the model 

sequence but the measures for determining consensus are slightly below the established limits. 

This question was therefore retained for re-rating in the third round.  

The participants were finally asked for their agreement that for each step of the SSCM 

transformation process certain enablers can facilitate specific activities which result in essential 

characteristics for SSCM. The mean rating was relatively high with 3.96 whereas the SD 0.75 

showed some dispersion. Overall 5 participants chose ‘Strongly Agree’ and 14 selected ‘Agree’ so 

that over 79% of respondents agreed with the relationships. Over 58% of respondents were 

furthermore in the ‘Agree’ category but 4 respondents chose a neutral stance and 1 expert 

disagreed. Despite the overall high level of agreement, this question was part of the third round in 

order to gain a higher level of consensus. 

4.3.4.2 Qualitative Validation of SSCM Transformation Model 

The experts were encouraged to provide comments on how to alter steps, elements, or any 

aspects of the model. This exercise yielded 6 comments which can be seen in Table 4.13.  
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Nr. Experts’ Comments 

1 

1) Certain enablers ("strategic skills" for example) may result in rational planning to join an industry coalition to fight 
against greenhouse gas regulation (e.g. Greenhouse Gas Coalition in NZ). Or... a firm may respond in more proactive 
ways (i.e. progressive towards sustainability goals). Strategic skills, for one, should be further qualified... skills in 
stakeholder management or political lobbying can enable or disable SSCM initiatives/characteristics.  
2) Sequence is good enough but in reality may not occur step by step. 
3) I disagree with the use of the word "enablers" because this implies a causal relationship between, for example, an 
organisational capability, and a POSITIVE outcome/characteristic. As shown in point 1) above, the "enabler" could 
give a characteristic that may be NEGATIVE. Perhaps the word CATALYSTS would be more neutral and applicable. 

2 
After monitoring if the design has not delivered the required results it does not pay to control. It requires relearning 
and redesigning. 

3 
Perhaps very naturally the proposed cycle shares striking similarities with various other cyclic approaches utilised in 
management (for example - PDCA) so it appears to be very useful and applicable. When presenting it feels more 
natural to list 'activities' first for each phase of the process, as they are more closely linked to the 'name' of the phase. 

4 
While I don't doubt the utility of the cycle, its presentation makes it difficult to follow. Some kind of tool kit, based on 
the format of existing ISO standards or TQM would be easier for people to deal with. Nothing wrong with the content, 
but breaking down into easy steps for companies would help. 

5 
I think you need to flesh out each of these by an example. Also, you may want to replicate the diagram for each 
question or use examples instead of putting the diagram at the top and expecting the audience to relate it closely to 
the question. Perhaps interlacing the diagram at the top while they can scroll down while looking at it may help. 

6 
Steps - I am thinking about a 'testing/pilot' phase to reduce the amount of non-value added effort before the actual 
transformation takes place - there is a need for sustainability (reduction of wasteful effort) to be reflected in the model. 

Table 4.13: Delphi Round Two Verbatim Comments on SSCM Transformation Model 

Comment Nr 1 included a series of thoughts. The first issue referred to the possibility that certain 

enabling factors could potentially not be aimed at supporting SSCM but rather at preventing 

initiatives, e.g. strategic skills could encourage SCs to oppose regulations aimed at establishing 

sustainability. The SSCM transformation model is aimed at SCs that have included sustainability in 

their SC strategy. The strategic decision for SSCM should govern the SC development and 

enablers would therefore not be targeted against this strategy. However, it may be worthwhile to 

investigate whether certain enablers could indeed be catalysts for and against SSCM.  

It was also suggested to rename enablers to ‘catalysts’. The name ‘enablers’ was specifically 

selected to emphasise their strategic importance and the difference to ‘disablers’. A more neutral 

term could potentially result in confusion regarding the distinction between enablers and disablers. 

As argued before, enablers in SCs that truly aim for SSCM should indeed enable sustainability. 

Furthermore no other comment questioned the applicability of the term ‘enabler’. Thus, there was 

no immediate need to change the terminology.  

Comment Nr 1 agrees with the general layout of the model sequence but suggests that it may not 

be as static as depicted. A similar albeit more detailed argument was provided by Comment Nr 2 

which proposes a connection from ‘monitor’ to earlier steps of the model, specifically to ‘learn’ and 

‘design’. It is suggested that controlling is not useful if the monitoring phase reveals a flawed 

design. Incorporating these suggestions could indeed lead to a strengthened model. One potential 

remedy could be to join the two phases ‘monitor’ and ‘control’ akin to other management cycles 

(Ahmed & Sundaram, 2009; Scheer, et al., 2003). This would not avoid the transition from monitor 

to control but rather make it less obvious. The SSCM transformation model also outlines distinct 

enablers, activities, and characteristics for both phases which make joining these impractical. The 

inclusion of feedback loops seemed a more feasible option including connections to ‘learn’ and 

‘design’, ‘strategise’ and ‘transform’. Hence, in the next iteration of the model such feedback loops 

were included emphasising its dynamic nature and degree of flexibility. 
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Comment Nr 3 confirmed the usefulness and applicability of the SSCM transformation model as the 

respondent perceived it as similar to other transformation approaches. Related management cycles 

have gone through various iterations confirming their applicability. A similarity of the SSCM 

transformation model to such cycles is therefore intentional. One major difference to other 

management cycles is its customisation for SSCM, i.e. SSCM factors or requirements are pointed 

out specific to each step. Comment Nr 3 suggests changing their arrangements so that activities 

are listed first. The current arrangement was based on the assumption that enablers allow SCs to 

perform activities which over time result in SSCM characteristics. This relationship received a high 

level of agreement so the suggestion to change the arrangement was not implemented.  

Comment Nr 4 acknowledged the utility of the model but criticised its presentation. The main point 

of critique was a lack of detail as the respondent suggested “some kind of tool kit” and breaking it 

“down into easy steps for companies”. The model presented to the respondents was a top-level 

model to guide strategic SC transformation and is missing detailed operational suggestions. 

Explanations and depictions also had to conform to the restrictions of an online questionnaire 

format which made providing more details impractical. Comment Nr 4 emphasised the need for a 

detailed roadmap that outlines specific steps, goals, and requirements from strategic, tactical, as 

well as operational viewpoints. Such a roadmap requires a top level foundation which this study 

aimed to provide. The need for a detailed roadmap for SSCM is addressed in later parts of this 

research (see section 6.4) based on the foundational research findings and artefacts.  

Comment Nr 5 was targeted at the questionnaire design rather than model evaluation. Comments 

and results did not indicate that respondents experienced difficulties using the questionnaire while 

its design was also pilot tested. The suggested use of actual examples to illustrate the model was 

disregarded in favour of general descriptions in order to avoid any leading influences.  

Comment Nr 6 recommended an additional testing or pilot step in order to “reduce the amount of 

non-value added effort before the actual transformation takes place”. Such an addition would 

explicitly add the requirement to test a new development before it is fully incorporated. Although not 

specified, ‘testing’ would naturally need to take place after the design phase and before ‘transform’. 

In many transformation or design frameworks, testing is often a part of the design process and not 

necessarily a separate step (Callaway, 1999). The SSCM transformation model was therefore 

altered to include a ‘design and test’ step.  

4.3.4.3 Refinement of SSCM Transformation Model 

Refinement of the SSCM Transformation Model was based on the quantitative and qualitative 

analysis. The quantitative analysis confirmed a high level of agreement with the overall 

applicability, sequence, and steps of the model. Given these results, it appears sensible to dismiss 

the need for any major model changes. Rather, the model was subjected to incremental 

improvements to elaborate on its existing strengths and eliminate points of valid criticism. The 

inputs for these incremental improvements were derived from the qualitative analysis.  
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Adding a joint ‘design and test’ phase was seen as a useful addition to the model for two reasons. 

Firstly, testing would not only occur after but most likely also during the design phase, i.e. testing of 

preliminary designs. Secondly, especially for strategic SSCM developments, testing may not 

always be a viable option but such changes could only be evaluated through implementation.  

Several comments criticised the arrangement of the steps calling for a more flexible structure, while 

the overall layout appeared to be sound as indicated by the high level of agreement. Several 

feedback loops were therefore incorporated originating from the monitor phase. A SSCM 

transformation project would usually progress until the monitor phase can assess its success. In 

case of failure the ideas should be subjected for another partial cycle. Thus, feedback loops were 

included connecting ‘monitor’ to ‘learn’, ‘strategise’, ‘design and test’, and ‘transform’.  

A third change emerged as a result of the preceding design decisions. Feedback loops also 

seemed sensible for the newly introduced ‘design and test’ phase, i.e. feedback loops which 

connect ‘design and test’ with ‘strategise’ and ‘learn’ were included. Feedback after testing can be 

beneficial if more information or strategic development is required, so that it may not be useful to 

follow through with implementation or perform a re-design.  

An overview of the model as it emerged after these refinements along with updated descriptions 

can be seen in Appendix C.2.  

4.3.4.4 Quantitative Validation of SSCM Maturity Model 

The SSCM Maturity Model was evaluated by the Delphi respondents through two questions 

assessing the level of agreement on a five point scale. 

Delphi Round 2 Question Mean Rating 
Standard 
Deviation 

% in Highest 
Category 

% in 2 
Categories 

Applicability of the model   3.75 0.90 54.17% 70.83% 

Relationships between the elements 
of the model   

3.67 0.87 54.17% 75.00% 

Table 4.14: Delphi Round Two Statistics on SSCM Maturity Model 

The applicability of the model was evaluated with regard to its representation of high level factors 

for SSCM maturity development. The experts showed a dispersed, but reasonably high level of 

agreement with a mean of 3.75 and SD of 0.9. Thirteen respondents chose ‘Agree’ making it the 

highest ranking answer option. ‘Strongly Agree’ and ‘Undecided’ received 4 responses each, 3 

respondents selected ‘Disagree’, and nobody strongly disagreed. Only one of the thresholds for 

determining consensus was reached and the question was retained for round three. 

The relationships between the elements of the SSCM maturity model were also evaluated. There 

were only small differences to the previous aspect which resulted in a slightly lower mean rating 

and SD. Thirteen experts chose ‘Agree’ and 3 ‘Disagree’ but 5 respondents were ‘Undecided’ and 

3 chose ‘Strongly Agree’. This question was included in round three with 54% of responses within 

one answer category but only 75% in two joining ones. 
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The agreement to this model was lower than for the SSCM transformation model. Reasons could 

include its more complicated arrangement or its linkages to less familiar models. Several of the 

comments also indicated that some participants were unsure about certain model aspects. Due to 

the space and time limitations in a questionnaire, a truly comprehensive explanation of the model’s 

origin, purpose, structure, and interactions was difficult to achieve. However, there was overall high 

agreement that this model represents the factors and relationships of SSCM maturity, e.g. for both 

questions over 70% of participants showed agreement compared to only 13% disagreement.  

4.3.4.5 Qualitative Validation of SSCM Maturity Model 

The experts were encouraged to suggest improvements for the SSCM maturity model which 

resulted in the seven comments shown in Table 4.14.  

Nr. Experts’ Comments 

1 I like this one better... 

2 
This model above could be a vicious or virtuous cycle taking SSCM maturity up or down. So the impression that going 
through this cycle will increase maturity is misleading. 

3 It is not clear that all SCs will approach sustainability leadership as they mature - some may plateau at compliance. 

4 The arrow from activities to the SSCM Maturity graph needs explanation. Do you need the graph in this model at all? 

5 

Each step of maturity would have different enables and disablers. Cf. Larsen and Myers which state that success at 
each stage of the project lifecycle is different. Also, I question the wisdom of maturity models. Refer to the debate 
between Nolan and a professor of UC Berkeley. Basically, there is no evidence for maturity models in IS and if you 
are following the lifecycle approach for maturity that is the population ecology or organisation as organism metaphor, 
you may be served better looking at sociology such as Giddens or Bourdieu to understand settings, contexts and 
academic concepts related to SC maturity. Or perhaps you might want to use the punctuated equilibrium model. 
Anyway, a lot of work needs to be done here. I suggest you look at the organisational learning literature and the 
institutionalization of new ways of doing things. 

6 
Horizontal axis could be the 'Activities Level' rather than time. Though this is an incremental approach and results can 
be achieved over time but time is not a determinant factor of SSCM. 

7 The disabling factors may not decrease; what decreases is the effect of the disabling factors. How to represent this? 

Table 4.15: Delphi Round Two Verbatim Comments on SSCM Maturity Model 

Comment Nr 1 showed that at least one expert preferred the SSCM maturity model over the 

transformation model which was not shown by the average agreement.  

Comments Nr 2 and Nr 3 both pointed out potential issues with regard to the progression between 

maturity levels. Comment Nr 2 suggested that a decline in the maturity level could happen instead 

of a positive progression. This could be true, if a SC experiences an increase of the effects of 

disablers or a decrease of enabling factors. Both scenarios could affect a SC’s ability to continue to 

perform activities that support SSCM which in turn could have a negative impact on SSCM 

characteristics. However, as it would be counterproductive to their success, a SC would not 

knowingly encourage such a development and strive to counteract a negative maturity 

development lessening the likelihood of a vicious cycle. Comment Nr 3 suggested that SCs may 

not consider further maturity progression or may plateau at a compliance level. While such 

scenarios are indeed possible, the comment fails to consider the reinforcing nature of positive 

results, e.g. success through SSCM should encourage SCs to continue their sustainability efforts 

and maintain their SSCM strategy. Both comments emphasised the need for a more approachable 

description for the SSCM maturity model. The model as depicted in the second round showed an 

‘idealised’ view, i.e. if a SC adopts SSCM, it would ideally progress in a steady fashion towards 

higher maturity levels. Both comments did not question the arrangement of model elements or their 
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relationships but seemed to agree with its logic. Hence, instead of alterations to the model, 

changes to the model’s description were included to emphasise its ‘idealised’ nature.  

Comment Nr 4 requested more explanation of the connection between ‘activities’ and the ‘maturity 

graph’ and also questioned the need for the graph. The connection suggests that certain activities 

may directly increase the maturity level while also helping to develop related SSCM characteristics. 

For example, undertaking audits or reporting may influence a SCs maturity level directly and 

elevate it from ‘unaware and non-compliant’ to ‘basic compliance’. The connection therefore seems 

appropriate but required more detailed explanations. Without the maturity graph the model would 

merely show the relationship between SSCM factors and fail to depict the larger context, i.e. the 

stages a SC may progress through as well as the dynamics between the model elements. Hence, 

no changes to the model seemed necessary. 

Comment Nr 5 doubted the validity of maturity models in general. This view can be dismissed 

based on the review of maturity models in sections 2.1.7, 2.2.3 and 2.3.4. As with most concepts, 

there is debate around maturity models as well. However, maturity models have been recognised 

in various business applications including SC as well as IS aspects (see e.g. Boone, et al., 2009; 

Carnegie Mellon - Software Engineering Institute, 2002; Geary, et al., 2002; G. C. Stevens, 1993). 

Additionally, the quantitative analysis has revealed a fairly high level of agreement for the 

applicability as well as sequence of the SSCM maturity model.  

Comment Nr 6 suggested replacement of the time axis on the maturity graph with a scale referring 

to level of activities. In contrast to comment Nr 4, this respondent sees a clear connection between 

activities and the maturity graph. A change of the time scale to an activities scale would shift the 

entire emphasis on the activities, away from other relationships in the model, e.g. between the 

existence of SSCM characteristics and maturity. Such an alteration would reduce the model’s 

complexity but potentially also its validity. It was also suggested that time may not be ‘a 

determinant factor of SSCM’. Based on other maturity models, a connection to a time scale can be 

justified as a maturity progression will not occur instantly and different time durations may apply to 

different SC constellations. The SSCM maturity model does not negate such developments but 

suggests an idealised progression over time which is in accordance with other maturity models.  

Comment Nr 7 suggested that not the number of disablers may decrease over time but rather their 

effects which may also be assumed for enablers. This expert explicitly accepted the relevance of 

time for the model. Some disablers are indeed likely to be unavoidable in a SC context, e.g. 

dependence on fossil energy or the influence of competitive forces on cost reductions. Potential 

solutions, e.g. efficiency gains, alternate sourcing or strategic alignment, cannot completely remove 

these disablers but only lessen their effects. Hence, a change to the model’s description was 

included.  

4.3.4.6 Refinement of SSCM Maturity Model 

While the validation indicated a need for alterations to the model’s description, the depiction of the 

model did not require any changes. This decision was justified by the high level of agreement to the 
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model design as explained in section 4.3.4.4. Furthermore, the analysis of comments revealed that 

most criticism could be attributed to interpretations and not the model logic.  

The model description was changed to emphasise the model’s idealised view of a SC’s 

progression towards SSCM. Furthermore it was pointed out that activities can potentially alter 

SSCM maturity directly. Lastly, the model description was altered to reflect that the number of 

enablers or disablers would not necessarily decrease as maturity increases whereas their effects 

might. A full account and description of the model is provided in Appendix C.2.  

4.3.5 Summary of Delphi Round Two 

The second round aimed to rate SSCM factors and evaluate models which were developed based 

on the first round results. Prior to administration, the questionnaire was subjected to a pilot test 

which resulted in re-designs in terms of length, descriptions and approachability. Divided into six 

sections, the first of these provided study information, research objectives, instructions, the 

participant information sheet, and a consent form. The second section aimed at rating of key 

themes in SSCM which were organised into SC planning, execution, coordination, and 

collaboration. Evaluation of a transformation model for SSCM was the objective of the third section, 

including importance ratings of SSCM factors specific to each model step. In section four the 

experts were asked to evaluate the SSCM maturity model’s applicability and its relationships along 

with ratings regarding the relevance of enabling and disabling factors, activities, and characteristics 

for SSCM. The importance of research opportunities was assessed in section five and the last 

section collected demographic information. Participants were encouraged to leave comments and 

suggest modifications with regard to the proposed models and SSCM factors in order to gather 

additional ideas and insights that did not emerge in the first round. 

The panel consisted of 24 experts with 16 academics and 8 practitioners. This expert panel 

supported the collection of diverse opinions as responses were not limited to the experts’ current 

organisational background but reflected their full occupational history. The drop in responses, from 

35 in round one, could be attributed to the required time involvement (about 35 minutes) and the 

increased level of engagement. The responses were organised to show the importance of the 

different SSCM factors and a consensus analysis was carried out to assess the level of agreement 

(Appendix B.4). This provided the foundation for the third round aimed at re-rating items that 

showed inconclusive results. The evaluation of the SSCM transformation and maturity models 

showed a high level of agreement with regard to their applicability and assumptions. The experts’ 

comments in combination with their ratings also resulted in model refinements which were re-

evaluated in the third round. 
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4.4 Round Three: Refinement of SSCM Factors and Models 

The third and final round of this Delphi aimed to clarify ambiguous ratings from the second round 

and obtain additional feedback to aid model validation and refinement. Based on these objectives, 

the third round consisted of another online questionnaire which included all items which had to be 

re-rated and the refined models. Feedback on the second round results, i.e. mean ratings and SDs, 

was provided to the experts so that they could review and compare their own decisions with the 

aggregated opinions of the panel. Through this evaluation and re-rating process a higher 

consensus was reached which strengthened the study results through less ambiguous ratings of 

the SSCM factors, final importance rankings, as well as refined and validated models.  

This section starts with an account of the design of round three. The response distributions and the 

analysis process are then presented which is followed by a validation and refinement of models.  

4.4.1 Design of Questionnaire for Round Three 

The design for the third round of this Delphi was similar to the second round in terms of its layout 

but only included the questions and items which did not reach a sufficient level of consensus. The 

main differences of this third round were the feedback component and additional instructions which 

outlined its adjusted focus on the re-ratings. Pilot tests were not deemed necessary due to the 

similarities in design and the fact that no design issues were raised in the second round. Instead 

the applicability of the questionnaire was confirmed with two researchers familiar with survey 

design. 

The procedure for the inclusion of items is explained first followed by a discussion of the feedback 

mechanisms to convey the results of the second round to the third round participants. Lastly, the 

final design is explained. 

4.4.1.1 Selection of Items for Re-rating 

In the second round analysis, all 214 rated items were checked for the level of consensus among 

the experts. This analysis is explained in detail in section 4.3.3.4 and was based on a quantitative 

assessment of the ratings given for each item. This was supported by a qualitative assessment 

which was used in case of inconclusive quantitative results. The mean ratings were used for 

importance rankings and to find items at the extreme ends of the rating scales whereas the SD 

helped to assess the spread among the responses. Furthermore two Delphi specific consensus 

measures were employed, i.e. the first measure calls for 51% of responses within one category of 

the five point scale whereas the second measure requires 80% of responses within two joining 

categories. Lastly, a cluster analysis was used to check whether differences could be found 

between the clusters. All measures were used in conjunction but special emphasis was given to the 

80% criterion as it appeared to provide an appropriate assessment of the level of consensus. As a 

result of this analysis 101 items were retained for the third round of the Delphi as can be seen in 

Appendix B.4. 
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4.4.1.2 Providing Feedback to the Panellists 

Controlled feedback is a main feature of the Delphi method and is communicated to the study 

participants in form of a summary of the results from the preceding round (Delbecq, et al., 1975). 

Feedback is a device for reducing noise and can motivate the participants due to its novel and 

interesting nature. It can be expected that participants adjust their answers towards the provided 

feedback, i.e. they are influenced by the aggregated opinion of the expert panel. Thus, providing 

feedback is beneficial for achieving a greater group consensus (Dalkey, 1969b). 

One possible feedback mechanism is the median for each rated item which is a robust indicator as 

it is not strongly influenced by outliers (Mitchell, 1991). For ranking Delphi studies Schmidt (1997) 

points to an interpretation of Kendall’s W, i.e. the percentage of participants that put an item in the 

top half of their list can be provided as feedback. Another approach is to provide opinions and 

reasoning of respondents who diverged significantly from the mean response (Dalkey, 1969b; 

Schmidt, 1997). However, Dalkey (1969b) found that such feedback neither increases the accuracy 

of initial results nor produces improvements on iteration. Many Delphi studies make use of the SD 

of ranks as a tool to convey the degree of consensus that has been reached. However, it has been 

pointed out that such use as a feedback tool can be misleading (Schmidt, 1997). Finally, a 

combination of mean ratings and SD constitutes an approachable feedback mechanism that is 

easily interpreted and provides a simple overview of the group opinion and level of dispersion 

(Lummus, et al., 2005; Seuring & Müller, 2008a).  

Several of these potential feedback mechanisms were not applicable to this Delphi. Firstly 

Kendall’s W is mainly used to measure the divergence of responses over successive rounds and is 

also usually applied for ranking exercises. Providing qualitative feedback, e.g. some respondents’ 

reasoning, was also not feasible as significant deviations were scarce. Additional qualitative 

information could have increased the time commitment of participants and hence resulted in lower 

response rates. 

An assessment of the responses showed a low number of outliers so that their potentially negative 

influence on the mean could be disregarded (Mitchell, 1991). The median is expressed without 

decimal places whereas the mean indicates more clearly the general trend of the responses. Many 

items were rated between 3 and 5 on the 5 point scale and the mean rating could show smaller 

nuances. The SD can generally provide an overview of the spread of responses and appeared to 

be useful supplemental information. The SD was also not used to convey the degree of consensus 

with regard to rankings in order to avoid misinterpretation. The mean rating and SD were therefore 

selected as feedback mechanisms. 

4.4.1.3 Final Design for Round Three 

The questionnaire for the third round consisted of eight pages. Page one introduced the objectives, 

i.e. a re-rating of round two items that did not reach a consensus and a re-evaluation of the refined 

models. It also gave participants a time estimate of 15 minutes for completing the questionnaire, a 

link to the participant information sheet, and the consent form.  
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Page two had descriptive purposes and explained the rating procedure which was distinct from 

round two. Firstly, it was pointed out that none of the questions were new, but that the 101 items in 

round three had not reached a consensus in the previous round. Secondly, participants were 

introduced to the feedback mechanisms and advised to take it into consideration when answering 

the questionnaire. The mean rating was explained as a value that ‘indicates how the respondents 

rated the items on average on a five point scale’ whereas the SD ‘indicates how much the 

responses fluctuated around the mean’. The rating procedure and the feedback measures were 

introduced on a distinct page to avoid any confusion and produce valid results. 

Page three was aimed at the evaluation of key themes in SSCM. The page description, figure, as 

well as the arrangement remained unchanged from the previous round but the total number of 

items was and the section on ‘SC Collaboration’ had been removed as all its items had achieved a 

consensus in the second round.  

Page four aimed to re-evaluate the SSCM transformation model and its components. As discussed 

in sections 0, 4.3.4.2, and 4.3.4.3 several changes were made after the second round including 

feedback loops, introduction of a test phase, and improved descriptions to reflect the changes. Two 

items referred to the sequence and relationships of the transformation model whereas 18 items 

referred to its separate steps. Respondents were again encouraged to leave comments on the 

model and their rating decisions. 

Page five referred to the SSCM maturity model. As explained in sections 4.3.4.4, 4.3.4.5, and 

4.3.4.6, the model was not altered but some adjustments to its description were made to improve 

understanding of the model dynamics. The idealised nature of the model was explained and the 

connections of its components were pointed out more prominently. Furthermore it was added that 

not only the number of enablers and disablers may change over time but also their effects. In total 

there were 52 items to be rated and participants were encouraged to provide comments.  

Page six was unchanged from the previous round but the number of research opportunities to be 

rated had reduced to 13. Page seven was designed to collect demographic information and page 

eight thanked participants for their time and ongoing support. 

The questionnaire with all models and their descriptions can be reviewed in Appendix C.2. 

4.4.2 Distribution of Responses 

This section concentrates on the distribution of responses for the third round including a 

comparison to the response rates of preceding rounds.  

4.4.2.1 Response Rates and Times 

The 24 respondents of the second round, consisting of 8 practitioners and 16 academics, were 

invited for the third round. No additional experts were considered due the iterative rating procedure 

and the requirement for a consistent sample. In addition to the initial invitation, three reminders 

were sent out in two week intervals. The third round remained open for eight weeks and was 



SSCM Delphi Study 

143 

terminated two weeks after the last reminder had been sent as the experience from the previous 

rounds indicated that a further extension would not result in significantly more responses. 

Panel Sample Pool Response Count Response Rate % of Total Responses 

Practitioner 8 6 75% 30% 

Academic 16 14 87.5% 70% 

Total 24 20 83.3% 100% 

Table 4.16: Delphi Round Three Overall Response Rates 

A total of 20 responses were received resulting in a response rate of 83.3% which was higher than 

in previous rounds. The rate of drop-outs from one ranking based round to another was quite low 

confirming the observations from other Delphi studies (Delbecq, et al., 1975). The ratio of 

academics to practitioners remained similar to the previous round with an underrepresentation of 

practitioners. The sample of 20 responses was within accepted suggestions for a Delphi.  

Response Time Aspect Response Times (hour : minute : second) 

Median Time 00:18:32 

Average Time 00:31:01 

Total Time 10:20:24 

Shortest Time 00:04:57 

Longest Time 02:25:19 

Table 4.17: Delphi Round Three Response Times 

Since the third round consisted of less than half as many items as the second round, a time 

estimate of 15 minutes seemed applicable. This estimate was close to the median time with most 

response times between 10 and 30 minutes. The average time was higher due to the influence of 

longer response times. The data was checked for missing values or any irregularities and all 20 

responses were included in the analysis. 

4.4.2.2 Background Information of Experts 

The background of respondents was obviously similar to the second round as only respondents of 

the second round were included. Potential issues regarding the experienced distribution of 

organisation types were discussed in section 4.2.2.2 and remain applicable to round three. 

Organisation Type Response Count % of Total Responses 

Business Services 2 8.7% 

Education/Academic Institution 14 60.9% 

Horticulture 1 4.3% 

Information and Communications Technologies 1 4.3% 

Transport/Storage 5 21.7% 

Overall 23 100% 

Table 4.18: Delphi Round Three Organisation Types 

Accordingly, the distributions with regard to the organisational headcount were very close to the 

second round with an overrepresentation of larger organisations.  
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Organisational Headcount Response Count % of Total Responses 

1-5 2 10% 

6-19 0 0% 

20-49 0 0% 

50-99 0 0% 

100-499 4 20% 

500-999 1 5% 

Above 1000 13 65% 

Overall 20 100% 

Table 4.19: Delphi Round Three Organisational Headcounts 

As in the second round certain organisation types and organisational headcounts are 

overrepresented. In section 4.2.2.2 it was concluded that this study was aimed at gathering the 

respondents’ expert opinions on SSCM and that their answers were not limited to their current 

occupations. The quality of responses and depth of knowledge was therefore not compromised. 

4.4.3 Analysis of Responses  

The responses can be split into quantitative ratings and qualitative comments and the analysis 

therefore followed similar steps as round two. Only an outline of the analysis process is provided 

due to the similarity with the analysis in section 4.3.3. Additionally, determinants for the termination 

of Delphi studies are discussed and subsequently applied. 

4.4.3.1 Outline of the Analysis Process 

The analysis process for round three was similar to the second round but included a decision 

process with regard to the termination of the study.  

 

Figure 4.6: Analysis Process for Delphi Round Three 

As a first step, the responses were retrieved and checked for missing data points, incomplete 

answers, and other inconsistencies. In a second step the re-rated items were ranked according to 

the ratings they were assigned. A statistical analysis was then carried out which firstly assessed 

the level of consensus for each item. Secondly it was evaluated whether the agreement among the 

experts had improved between rounds. The third round findings were then combined with the 

second round results, the differences were assessed, and it was determined whether the study 

should be terminated based on the considerations discussed in section 4.4.3.2. This led to the 

preparation of the final findings of the Delphi study presented in section 4.5. 

4.4.3.2 Termination of the Delphi Study 

Opinions vary with regard to the required number of rounds in a Delphi or when results can be 

regarded as sufficient in order to terminate the study. Traditionally Delphi studies consist of four 
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rounds but many recent examples prefer two to three rounds. If a Delphi is terminated too early the 

results may not be sufficiently meaningful whereas prolonging it unnecessarily would take a large 

amount of time and resources besides fatigue among the panellists (Hasson, et al., 2000; Schmidt, 

1997). Ideally a Delphi study should continue until no further insights are gained. For a ranking type 

Delphi this could be the case if the results only change marginally from one round to the next. 

Convergence towards a consensus takes place over rounds; however this does not necessarily 

indicate more valid responses. A general trend towards more valid judgments over iterations can 

however be found (Rowe, et al., 1991). 

One criterion to determine the right time for ending a Delphi is statistical evidence that the 

panellists have reached a consensus. Mitchell (1991) points out that there is little agreement with 

regard to what constitutes a consensus in a Delphi study and emphasises that there is a significant 

body of research that questions the applicability of reaching a consensus as a stopping criterion for 

Delphi studies. If Delphi studies are dragged out for too long, panellists may align their judgements 

to the feedback they were provided with. In such a case the consensus would have been reached 

due to growing fatigue with the study (Martino, 1972; Mitchell, 1991).  

Another reason to terminate a Delphi is a lack of progress, i.e. if the strength of consensus does 

not improve between rounds. However, the trade-offs between the feasibility of conducting another 

round and potential further gains have to be considered. Potential factors that influence the 

feasibility to conduct an additional round include the indulgence of panellists, the researcher’s 

resources, and time requirements (Schmidt, 1997).  

Generally the literature recommends two to four rounds (Linstone & Turoff, 2002). Mitchell (1991) 

concludes that there is a move away from Delphi studies over multiple rounds towards two rounds 

of rating citing Dalkey (1969a) and Dodge and Clark (1977) to support his claim. A three round 

Delphi can be a practical balance which is in accordance with other studies on SC aspects 

(Lummus, et al., 2005; Seuring & Müller, 2008a) and allows for a process made up of 

brainstorming, consolidation, and evaluation (Okoli & Pawlowski, 2004). It gives the researcher a 

useful “balance between time considerations, iterative refinement of ideas, and opportunities for 

controlled feedback” (Lummus, et al., 2005, p. 2692). Three rounds are also mentioned by other 

authors (Ludwig, 1997; Scheibe, et al., 2002; Uhl, 1971) as a suitable balance to reach a sufficient 

convergence of opinion.  

Based on these suggestions and the findings from the round three analysis which showed a strong 

consensus overall, the Delphi study on SSCM was terminated after three rounds. 

4.4.4 Validation and Refinements of Models 

After several refinements had been made to the models and descriptions in the second round, the 

respondents were again asked to evaluate them in terms of validity and applicability. All experts 

participated in the rating of the models whereas providing comments was optional.  

This section presents the quantitative and qualitative validations as well as refinements of the 

SSCM transformation model and the SSCM maturity model.  
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4.4.4.1 Quantitative Validation of SSCM Transformation Model 

Two questions aimed to evaluate the refined SSCM transformation model in the third round while 

the applicability of the process had already been confirmed in the second round. A summary of the 

results can be seen in Table 4.20. 

Delphi Round 3 Question Mean Rating 
Standard 
Deviation 

% in Highest 
Category 

% in 2 
Categories 

Sequence of process steps   4.15 0.75 60% 90% 

Enablers facilitate activities that 
result in characteristics   

4.10 0.45 80% 95% 

Table 4.20: Delphi Round Three Statistics on SSCM Transformation Model 

Firstly, the sequence of the process steps was re-evaluated. In comparison to the second round 

results, the mean rating improved from 4.00 to 4.15 and the SD decreased as well. ‘Agree’ was the 

highest rating category accumulating 60% of all responses. Additionally, 6 respondents chose 

‘Strongly Agree’ so that 90% of respondents were within these two highest rating categories. Only 

2 responses were located at the lower end of the scale, i.e. ‘Undecided’ and ‘Disagree’. The 

measures for determining consensus were therefore met. The higher ratings in comparison to the 

second round indicated that the refinements made to the model led to a higher level of agreement 

and that the sequence of the process steps was supported by the expert panel.  

The second question aimed to re-evaluate the relationship that for each step of the transformation 

process certain enablers can facilitate specific activities which result in essential characteristics for 

SSCM. The level of agreement and the level of consensus improved from the second round. The 

mean rating was higher with 4.10 in comparison to 3.96 in round 2 whereas the SD was 

significantly lower with 0.45 compared to 0.75. A consensus was reached with 80% of responses in 

the ‘Agree’ category and 95% within ‘Agree’ and ‘Strongly Agree’. Taking into account that only 1 

respondent was undecided and no participants disagreed, it could be concluded that the 

relationships between enablers, activities, and characteristics outlined by the refined SSCM 

transformation model were supported by the experts. 

4.4.4.2 Qualitative Validation of SSCM Transformation Model 

The request for comments on the refined model resulted in the five comments shown in Table 4.21.  

Nr. Experts’ Comments 

1 
It is a very methodical flow plan, however, I would suggest including a (REVIEW) box after control so that it becomes 
an ongoing loop of activities going back to discover and learn based on previous time around feedback/review/audit 
results. 

2 

I believe that elements of this process happen SIMULTANEOUSLY more often than the model suggests. I appreciate 
that causality is important for the development of a model, but not if it is not relevant in the end! "Learn" and 
"Strategise" are not steps and should be removed. "Transform" is a possible outcome, but so is "Not Transform". 
Rather than a model, I suggest you develop a "framework" which does not require algorithmic relationships between 
variables embedded within steps, but still is useful for practitioners to map out processes/mechanisms to reveal key 
insight in a case by case basis. For example, the dynamic capabilities framework is not a model, but is still considered 
a valuable perspective to reveal insight. 

3 None, as it seems quite comprehensive. 

4 The current model provides a comprehensive illustration. 

5 
There can be situations in which we may be able to skip some intermediate steps without sacrificing the performance 
or outcome. 

Table 4.21: Delphi Round Three Verbatim Comments on SSCM Transformation Model 



SSCM Delphi Study 

147 

The first comment acknowledged the overall soundness of the model but proposed another step 

called ‘review’ to improve the transition into another cycle. The two steps ‘monitor’ and ‘control’ 

were already targeted at reviewing results. This characteristic was also indicated by the feedback 

loops introduced based on the second round feedback. Hence, no alterations seemed necessary.  

Comment Nr 2 questioned the validity of steps and their sequence and suggested the development 

of a framework that would allow for a more flexible SSCM transformation strategy. The suggestion 

that ‘learn’ and ‘strategise’ are not steps could clearly be dismissed as such steps are part of many 

transformation cycles including SAP’s strategic enterprise management cycle, i.e. ‘strategic 

learning’, ‘analysis & planning’, and ‘strategy formulation’ (Norton, 1999). The framework for 

adaptive business networks (Heinrich & Betts, 2003) includes the steps ‘sense’ and ‘plan’ and the 

SMART framework for sustainable business transformation (Ahmed, 2009; Ahmed & Sundaram, 

2009) explicitly includes the steps ‘discovery and learn’ and ‘strategise’. The possibility not to 

transform is also not denied by the model. Hence, alterations to this top-level model were not 

indicated. In order to address the need for more practical transformation guidelines, the SSCM 

transformation model was embedded within a roadmap for SSCM in section 6.4.  

Comment Nr 3 and Nr 4 both emphasised that the model offers a comprehensive overview of the 

top-level steps necessary for SSCM transformation and suggested no alterations. 

Comment Nr 5 suggested that transformation steps may be skipped in some situations without 

sacrificing the outcome but failed to point out specific suggestions or illustrations. The SSCM 

transformation model was informed by established management approaches and therefore follows 

a cyclical layout with a set of steps. The model does not explicitly negate the possibility to skip or 

shorten steps but rather suggests that each step can be important for a successful outcome. 

Actively suggesting skipping steps may be mistaken for encouragement to do so. The importance 

placed on each step is determined by its specific tasks and requirements which are not necessarily 

known before the preceding steps have been accomplished. It appeared therefore more 

reasonable to emphasise this flexibility regarding transformation requirements. 

4.4.4.3 Refinement of SSCM Transformation Model 

As shown in section 4.4.4.1, agreement to the sequence of the process steps as well as the 

relationships between the model elements was very high and a consensus could be confirmed. The 

general applicability was already confirmed in the second round. Thus, the quantitative assessment 

did not indicate a requirement for model refinements.  

The experts’ comments shown in section 4.4.4.2 supported this conclusion. The comments mainly 

confirmed the model structure and suggested refinements had already been incorporated or could 

be dismissed. The final SSCM transformation model is presented in section 4.5.1. 

4.4.4.4 Quantitative Validation of SSCM Maturity Model 

As in the previous round, the SSCM maturity model was assessed in terms of its applicability and 

the relationships between its elements. The results can be seen in Table 4.22. 
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Delphi Round 3 Question Mean Rating 
Standard 
Deviation 

% in Highest 
Category 

% in 2 
Categories 

Applicability of the model  3.90 0.31 90% 100% 

Relationships between the elements 
of the model  

3.75 0.64 70% 90% 

Table 4.22: Delphi Round Three Statistics on SSCM Maturity Model 

A high degree of agreement was ascertained with regard to the applicability of the model. 18 out of 

20 respondents chose ‘Agree’ and only 2 respondents selected ‘Undecided’ resulting in a mean 

rating of 3.90 and a SD of 0.31 compared to a mean of 3.75 and a SD of 0.90 in round two. A 

consensus could also be established with 90% of experts choosing ‘Agree’ and 100% within two 

adjacent categories. Hence, the applicability of the model was confirmed by the experts. 

Ratings with regard to the relationships between the model elements were up from the second 

round which had resulted in a mean rating of 3.67 and a SD of 0.87. The mean rating was 3.75 on 

the five point scale with 14 respondents choosing ‘Agree’, 4 respondents were ‘Undecided’, and in 

each case 1 respondent choosing ‘Disagree’ and ‘Strongly Agree’. There was also less dispersion 

with a reduced SD of 0.64. The measures indicating consensus were therefore met and it was 

concluded that the expert panel approved of the outlined model relationships. 

4.4.4.5 Qualitative Validation of SSCM Maturity Model 

The request for improvement suggestions resulted in the comments shown in Table 4.23.  

Nr. Experts’ Comments 

1 Virtuous and vicious cycles missing 

2 
Very clearly portrays high level understanding of the process achievement in relation to time and relative influencing 
factors. Avoidance of cluttered detail makes it appealing and clear to boardroom members in particular. 

3 
Activities are micro-level items. It can hardly influence overall outcome, especially leadership. A right terminology is 
important. Does Activities lead to SSCM characteristics or opposite? 

4 
I think the bottom box sums it up. The other boxes appear unrealistically and needlessly sequential (although 
important to articulate the nature of the upward pointing arrow). 

5 
The growth in maturity need not be linear or steady. So is the effect of enablers and disablers on activities. Like all 
learning processes this model needs to reflect this aspect of learning and growth. Also there is a limit to growth. 

Table 4.23: Delphi Round Three Verbatim Comments on SSCM Maturity Model 

The first comment proposed that maturity development could follow a reinforcing positive or 

negative direction. The respondent accepted the arrangement of the model elements and their 

relationships as the existence of reinforcing cycles was suggested. As discussed in section 4.3.4.5, 

the SSCM maturity model shows an idealised progression, i.e. if a SSCM strategy is adopted a 

steady progression in maturity would be the aim. As concluded before, no revisions were required. 

Comment Nr 2 acknowledged the usefulness of the SSCM maturity model and points out its 

practical applicability facilitated by its concise representation of SSCM elements and relationships, 

and focus on high level aspects to attain SSCM maturity.  

Comment Nr 3 questioned whether performing activities alone can lead to success and 

sustainability leadership and also enquired whether performing activities leads to SSCM 

characteristics or vice versa. The model includes feedback loops and clearly suggests that 

activities are only part of a set of influential, interconnected factors. The results from the model 
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validation supported the relationship between SSCM activities and the development of SSCM 

characteristics. Hence, the issues raised here had already been addressed. 

Comment Nr 4 expressed agreement to the concept of SSCM maturity and the proposed 

relationships but questioned the sequential arrangement of model elements. Interestingly it is 

pointed out that these relationships explain the maturity progression in SSCM. 

The last comment proposed that there is a limit to maturity growth. This concern has been 

acknowledged as part of the development and discussion of the SSCM maturity model by 

proposing six levels of SSCM maturity (Reefke, et al., 2010). The existence of a linear maturity 

progression was also questioned. As pointed out before, the model shows an idealised progression 

but does not negate the existence of non-linear relationships.  

4.4.4.6 Refinement of SSCM Maturity Model 

As discussed in sections 4.4.4.1 and 4.4.4.4, the levels of agreement with regard to the applicability 

of the model and the relationships between its elements were high and a consensus among the 

experts was reached in both cases. In combination it was therefore concluded that the panel 

opinion did not suggest a requirement for additional model refinements.  

The discussion of the respondents’ comments mainly confirmed the results of the quantitative 

validation. Main points for consideration did not include modifications to the model structure but 

rather an emphasis on its idealised nature.  

4.4.5 Summary of Delphi Round Three 

The aims of this third round were to re-rate items that had not reached a consensus in the second 

round and to re-evaluate the refined SSCM maturity model and SSCM transformation model. The 

round three questionnaire can be reviewed in Appendix C.2. Its structure was similar to the second 

round but included results from round two as feedback in order to work towards a consensus 

among the experts. Additional instructions were also included to explain these mechanisms.  

For the expert panel all 24 experts from the second round were considered which resulted in 20 

responses. Academics were overrepresented with 70% of responses and the average response 

time was about 18 minutes. Overall 101 items were rated in the third round including an evaluation 

of the models for SSCM transformation and maturity. The analysis consisted of an assessment of 

the rating results and interpretations of comments provided by the experts. The rating exercise 

resulted in an improved overview of the importance level of the rated SSCM factors. It was 

furthermore confirmed by the experts that the two developed models show the elements and 

relationships that are essential for SSCM transformation and maturity development. Requirements 

for further refinements were not indicated by the results. 
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4.5 Overall Results of Delphi Study 

This Delphi study resulted in several artefacts and insights which can guide SSCM practice and 

research. The preceding sections concentrated on describing the analysis steps and some 

preliminary research outcomes were presented. This section is focussed entirely on presenting the 

overall results of this Delphi derived over the three successive rounds. Firstly, the modelling results 

regarding the relationships in SSCM are explained followed by the importance ratings of the model 

elements, i.e. SSCM factors. Lastly, the importance ratings of the key themes in SSCM are 

presented. The importance ratings regarding research requirements can be reviewed in section 

7.4.2 as they informed the development of future research opportunities. 

4.5.1 SSCM Transformation Model 

A variety of relevant transformation approaches and their commonalities were reviewed in section 

2.1.7.1 including PDCA (Deming, 1986), the ARIS framework (Scheer, et al., 2003), the Natural 

Step (2009), and a framework for sustainable business transformation (Ahmed & Sundaram, 2009). 

While some of these models are generic in nature, others are targeted at specific contexts. 

However, they do share common aims and are based on similar structures including steps related 

to discovering, strategising, designing, transforming, monitoring and controlling.  

 

Figure 4.7: SSCM Transformation Model (adapted from authors creation, Reefke & Sundaram, 

2010; Reefke, et al., 2010) 

Based on this review it was concluded that similar approaches are required for a SC transformation 

towards sustainability. Hence, the SSCM transformation model was informed by this review but 

also followed a bottom-up development approach as outlined in section 4.2.3 and was furthermore 

refined and validated by experts in sections 4.3.4 and 4.4.4. 

Many approaches highlight the need for discovering and learning in order to guide process and 

sustainability transformation. The Natural Step for instance emphasises to discover and learn about 

one’s processes in order to achieve more sustainable business practices (The Natural Step, 2009). 

Phases focussed on discovering and learning can therefore be the first steps towards more 
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sustainable SC processes. Discovering is mainly focussed on the identification and evaluation of 

external and internal requirements, whereas learning is concerned with the assessment of internal 

capabilities and support mechanisms.  

Strategising can be described as the development of a suitable and achievable strategic direction 

for SSCM and SC processes. Strategic choices are crucial for successful transformation and have 

long-term implications for a SC and its stakeholders. Hence, nearly all reviewed approaches 

encompass a strategic planning phase that aims to change and improve the existing strategic 

direction (Ahmed & Sundaram, 2009; Scheer, et al., 2003; The Natural Step, 2009; WBCSD, 

2004). Strategising is concerned with defining deliverables and aims of the transformation while 

balancing potential trade-off decisions.  

The phases design and transformation are based on the preceding learning phase and the 

developed strategic choices. Other approaches also include such steps, e.g. implementation or 

execution (Ahmed & Sundaram, 2009). The design phase translates the strategy into concrete 

methods and activities. A test function was included based on the expert suggestions (see section 

4.3.4.3) in order to validate a design before actual implementation. Feedback loops were 

introduced to allow backtracking to previous phases in case of unfavourable test results. A tested 

design is then implemented in the transformation phase putting the strategic decisions into action.  

Common transformation approaches end with ‘monitor’ and ‘control’ phases which feed back into 

the ‘discover’ and ‘learn’ phases as part of the continuous improvement cycle. Other approaches 

include similar functions albeit sometimes with a different nomenclature, e.g. review and learning, 

follow up, or feedback (Ahmed & Sundaram, 2009). The aim of the monitor phase is to assess the 

performance of the completed strategic SC transformation and to inform the SC members and 

stakeholders of the results and potential shortcomings. Based on the expert validation, several 

feedback loops were introduced that connect the monitor phase to the preceding steps, so that 

issues or shortcomings found through monitoring can be eliminated starting from the most 

appropriate phase. The control phase finally is about maintaining successful process 

transformations and a focus on SSCM as a whole.  

Upon completion, a new full cycle or a partial cycle can be performed to foster further 

improvements. Used on a continuous basis, the model can be used to facilitate a comprehensive 

transformation of SC strategy, structures, culture, business processes, and systems. The model 

proposes that certain elements, i.e. enablers, activities, and characteristics, are essential in each 

step. Several representative elements were identified through the first Delphi round and subjected 

to an importance rating in the second and third round. 

The model elements shown in Table 4.24 were ranked according to their importance rating 

obtained with priority given to the third round rating results. Due to the exploratory nature of the 

Delphi, this list should not be regarded as all-inclusive. It rather presents a wide-ranging overview 

that can guide transformation efforts by supporting prioritisation and resource allocation. The 

SSCM transformation model with its rated elements provides a concise overview of the steps, 

activities and requirements that can support transformations on a process and SC level. The model 
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follows a cyclical approach that can enable SCs to establish a common methodology and language 

to guide transformation efforts, align sustainability goals, and lead to continuous improvements in 

SSCM. 

 

SSCM Transformation Model Elements – Importance Ranking 
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 Discover     
1 Appropriate performance measurement tools   4.46 0.66 
2 Alignment of sustainability goals with current operations   4.38 0.71 
3 Awareness and documentation of SC impacts   4.00 0.83 4.20 0.41 
4 Awareness of the need to be sustainable   4.13 0.68 
5 Development and documentation of SSCM vision and goals   4.08 0.72 4.05 0.69 
6 Models/Frameworks for SSCM   3.63 0.97 3.95 0.60 
 Learn     

1 
Positive attitude towards SSCM including: 1) awareness of SC impacts and the value of 
sustainability; 2) mentality that allows for change   

4.42 0.78   

2 Analysis capabilities to assess and select between strategic options   4.17 0.92 4.35 0.59 
3 Education in terms of sustainability and SC concepts   4.21 0.66   
4 Mapping of operations and processes in SC   4.21 0.72   
5 Improvement of professional knowledge and qualification of staff   4.00 0.66   
6 Exploration of SSCM Models for improved sustainability in SCs   3.88 0.68   
 Strategise     
1 Clear SSCM vision and positive attitude towards strategy and goals   4.63 0.65   
2 Goal definition for entire SC   4.13 1.03 4.50 0.76 
3 Key performance measures to enable consistent measurements and documentation   4.25 0.74   
4 Selection of most crucial aspects/problems   4.21 0.72   
5 Active management, i.e. investigation of alternatives   4.17 0.76   
6 Improvement strategies aimed at models and processes   4.08 0.58   
7 Evaluation of options for transportation, warehousing and distribution   3.92 0.65   
 Design & Test     
1 Design in accordance with strategic vision and goals   4.54 0.66   
2 Management support for design activities and commitment to SSCM   4.42 0.83   
3 Information availability and appropriate technology to support transformation processes   4.29 0.62   
4 Realising benefits from previous improvement efforts   4.25 0.74   
5 Design of strategic SC locations   4.00 0.66   
6 Optimisation of entire SC with regard to every sustainability dimension   3.67 1.24 3.85 0.81 
7 Incremental improvement approach which supports a step by step redesign   3.75 0.85 3.85 0.59 
8 Consulting companies/experts to support the redesign of processes   3.50 0.72   
 Transform     
1 Transformation of operational practices towards sustainability   4.08 0.72 4.35 0.67 
2 Collaboration and trust with all stakeholders   4.29 0.75   
3 Integration of SC activities   4.29 0.62   
4 Increased collaboration and communication to ensure robust relationships   4.29 0.62   
5 Agility to ensure responsiveness and flexibility   4.08 0.72 4.15 0.49 
6 Streamlining of all internal and external business processes   4.04 0.81 4.05 0.69 
7 Incentives that drive the transformation process, e.g. regulations and requirements   3.83 1.09 3.85 0.81 
 Monitor     
1 Alignment of vision and actual state of SC processes   4.54 0.72   
2 Regular monitoring and reporting practices of economic, social and environmental aspects   4.17 0.87 4.45 0.60 
3 Access to information/communication technology and physical infrastructure   4.38 0.77   
4 Visibility/transparency of all processes   4.38 0.71   
5 Measurement and documentation of defined performance levels   4.25 0.74   
 Control     
1 Control SC operations based on SSCM principles/vision   4.08 0.83 4.30 0.57 
2 Recognition and competitive advantage as result of SSCM efforts   4.29 0.69   
3 Full information visibility   4.21 0.72   
4 Sustainable operational performance as result of SSCM efforts   3.92 0.72 4.00 0.56 
5 Contract management that enables full control along SC   3.83 0.96 3.85 0.67 
6 Standardised management standards that allow for performance comparisons/checks   3.96 0.81 3.85 0.59 
7 Usage of technology to ensure full control   3.71 0.75   

Table 4.24: SSCM Transformation Model Elements – Ranking 

4.5.2 SSCM Maturity Model 

Several relevant maturity models were reviewed in section 2.1.7, 2.2.3, and 2.3.4 with backgrounds 

in SCM, sustainability and SSCM. Companies and SCs generally aim to continuously improve, i.e. 
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they become more mature with regard to their processes, structures, policies, and capabilities. 

Hence, maturity models tie in closely with the idea of continuous improvement. A higher level of 

maturity should result in some form of advantage or gain for the SC and increase competitiveness. 

Maturity models help to visualise and characterise different levels of maturity and can guide the 

assessment of a SC’s current level of maturity. Thus, maturity models offer a structured approach 

for determining current capabilities and characteristics, and provide guidance for further 

development by pointing out targets to work towards.  

It can be useful to design maturity models for specific applications, e.g. SC agility (Venkatraman & 

Henderson, 1998; Yusuf, et al., 2004), general SCM maturity (Lockamy & McCormack, 2004), or 

also sustainability requirements (Marshall & Toffel, 2005; Veleva & Ellenbecker, 2001). A maturity 

model helps to establish a common structure to achieve a specific goal or a number of objectives. It 

should therefore provide a clear direction and shared vision by outlining the overall purpose of the 

transformation, provide a common language by setting goals and objectives, provide guidelines, 

determine responsibilities, define action plans outlining the steps to fulfil the goals and objectives, 

and help users to communicate and evaluate the strategic decisions (Ahmed & Sundaram, 2009; 

Carnegie Mellon - Software Engineering Institute, 2002; Phaal, Farrukh, & Probert, 2004). 

Furthermore the time dimension needs to be considered by outlining a progression strategy 

between the current state and the long-term vision (Phaal, et al., 2004).  

SC approaches that connect maturity considerations with sustainability imperatives are scarce. 

However, there is a requirement for a sustainability maturity model specific to SCs as shown in 

section 2.3.4 and the research requirement in section 2.5.3.3. Similarities between the reviewed 

maturity models became evident and the ideas and building blocks of these models were therefore 

leveraged towards SSCM. Hence, a SSCM maturity progression as depicted in Figure 4.8 was 

developed which offers support for a sustainable SC strategy. 

 

Figure 4.8: SSCM Maturity Progression (adapted from authors creation, Reefke, et al., 2010) 

Specific levels of maturity are outlined which provide directions and a vision for SSC development. 

It specifies goals and requirements to aim for and integrates the SSCM transformation model, i.e. a 

structured approach to meet the goals and requirements. A description of each maturity level and 

the respective goals and requirements are outlined in Table 4.25.  



SSCM Delphi Study 

154 

Level Description Goals and Requirements 

6 
Processes are systematically managed through 
continuous improvement. Full SC collaboration 
embracing sustainability leadership role. 

Keep optimising processes and ensure future 
leadership role. 

5 
Sustainability has become a fully integrated concept 
and SC has moved towards proactive measures. 

Make strategic concepts available to others and move 
towards leadership role. 

4 
SC is linked and includes a comprehensive 
sustainability performance measurement system. 

Move from compliance level towards proactive 
sustainability efforts. 

3 
Sustainability goals/standards have been defined and 
SC members are compliant with regulations.  

Establish key indices to measure sustainability 
performance within SC. 

2 
Sustainability measures are disconnected from 
strategic direction. Compliance on a basic level. 

Align sustainability goals and efforts with defined 
processes. Establish consistency.  

1 
SC is unaware and non-compliant to any regulations 
and undertakes no sustainability efforts. 

Raise sustainability awareness. Introduce 
sustainability initiatives. 

Table 4.25: SSCM Maturity – Description, Goals, and Requirements (Reefke, et al., 2010) 

The time dimension is addressed by outlining the strategic progression between the potential 

current state of a SC and the long-term vision. This progression is divided into six levels ranging 

from ‘un-aware and non-compliant’ as the lowest level of maturity to ‘extended and sustainability 

leadership’ as the highest level. This arrangement was informed by the reviewed maturity models, 

e.g. the five stage SC maturity model by Lockamy & McCormack (2004, p. 275) which shows “the 

progression of activities toward effective SCM and process maturity”, the four stage maturity model 

for SC integration by Stevens (1993), and the evolution of organisational sustainability (Veleva & 

Ellenbecker, 2001; Veleva, et al., 2001). 

The progression between the levels of maturity is supported through an iterative transformation 

process consisting of defined and established phases like discover, learn, strategise, design, 

transform, as well as monitoring and controlling functions (Ahmed & Sundaram, 2009; Reefke, et 

al., 2010). After the last phase a new cycle can be performed to further support the maturity 

development efforts. This proposed cyclical multi-step approach for maturity progression is 

common for business transformation as shown by e.g. the ARIS framework or the Natural Step 

(Scheer, et al., 2003; The Natural Step, 2009). Peer reviews through academic publication outlets 

support the theoretical background, structure, descriptions, and applicability of the maturity 

progression in SSCM (Reefke & Sundaram, 2010; Reefke, et al., 2010). 

 

Figure 4.9: SSCM Maturity Model 
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The SSCM maturity model presented in Figure 4.9 expands on the concept of maturity progression 

in SSCM by mapping the dynamic relationships between maturity and SSCM factors. The logic of 

this model can be summarised as follows: 

The existence of certain enabling factors helps a SC to perform activities that support SSCM, 

whereas disablers prevent a SC from doing so. In combination these result in certain 

characteristics that the SC possesses. As a SC develops such characteristics, it reaches 

higher levels of maturity. Along with higher maturity levels the amount of disabling factors 

and/or their effects decrease and the amount of enabling factors and/or their effects 

increase, which allow for more activities directed at sustainability in SCs. 

This relationship can be illustrated by using SSCM factors identified for performance measurement. 

The activity ‘definition and measurement of clear key performance indicators’ can only be 

performed if the enabler ‘performance measurement tools for consistent and accurate 

measurement’ exists but may be hindered by disablers like ‘misguided focus in the sustainability 

movement’ or ‘unaccounted costs’. The existence of SSCM enablers and performing activities 

supportive of SSCM will result in building SSCM characteristics that a SC exhibits. Continuing the 

example, the named enablers and activities build and ultimately result in the SC characteristics 

‘alignment and synchronisation of SC and sustainability initiatives and goals’ and ‘true cost 

allocation’. In turn, this logic also implies that the development of SSCM characteristics requires 

continuously performing certain activities which can only be achieved if appropriate enablers are in 

place. The SSCM maturity model is of cyclical nature and proposes that developing SSCM 

characteristics and performing SSCM related activities create SSCM maturity.  

The components of the SSCM maturity model were developed based entirely on the results from 

the Delphi study whereas the identification and description of maturity levels specific to SSCM was 

informed by the maturity models outlined in sections 2.1.7, 2.2.3, and 2.3.4. As described in 

sections 4.3.4 and 4.4.4, the model was validated and refined throughout the study. The experts 

showed a high level of agreement with regard to the model’s applicability and the relationships 

between its elements.  

The Delphi study identified and evaluated enablers and disablers of SSCM, as well as SSCM 

related activities and characteristics. These were identified in the first round and rated in terms of 

their importance in the subsequent two rounds. The following tables provide an overview of these 

model elements. They are shown in a ranked sequence based on the importance rating obtained 

with priority given to the third round ratings. A five-point scale was applied for all ratings as outlined 

and justified in section 4.3.1.1. 

Table 4.26 shows the 26 identified SSCM enablers. While all enablers were considered important, 

the ratings show a spread between importance levels. The enablers at the top of the list appear to 

describe rather foundational factors for SSCM, e.g. ‘top management support and approval’, 

‘awareness of potential benefits and pitfalls of sustainability efforts’ or also a ‘common SSCM vision 

along the SC’. These top ranking enablers may be seen as fundamental for a sustainability 

strategy. Hence, it can be interpreted that the top ranking enablers mainly indicate factors that have 
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to be in place for SSCM, i.e. are of universal nature. The enablers toward the bottom of the list 

include factors of potentially less fundamental nature, e.g. ‘subsidies to encourage more 

sustainable operations’ or ‘joint ventures’. Albeit still rated reasonably important for SSCM, the 

ratings could indicate enablers that are not of universal value to any SC. Their more specific nature 

can point towards additional initiatives or measures to support SSCM depending on the kind, 

layout, and requirements of a SC. 
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1 Top management support and approval   4.87 0.46 
2 Collaboration with staff   4.54 0.51 
3 Awareness of potential benefits/pitfalls of sustainability efforts   4.04 0.95 4.50 0.51 
4 Collaboration with suppliers   4.50 0.66 
5 Common SSCM vision along SC   4.50 0.66 
6 Performance measurement tools for consistent and accurate measurement   4.48 0.67 
7 Consumer awareness and resulting market pressures   4.13 0.74 4.45 0.69 
8 Collaboration with customers   4.42 0.72 

9 
Realisation of benefits through sustainability efforts, e.g. cost savings and reputation 
increase   

4.42 0.72 
  

10 Sufficient capital to cover initial investments and long-term goals   4.38 0.77 
11 Awareness and acceptance of necessary time and cost investments   4.29 0.86 
12 Models, frameworks, roadmaps to support transformation towards SSCM   4.17 0.82 
13 Efficient information/communication technology to increase sharing and updates   4.13 0.68 
14 Continued education for qualified and motivated staff   4.00 0.78 4.10 0.72 
15 Documentation of the impacts of SC   3.78 0.74 4.05 0.78 
16 Availability of sourcing and sale options   3.96 0.75 3.95 0.69 
17 Behavioural architecture, e.g. employee reward systems   4.00 0.78 3.95 0.76 
18 Incremental improvement approach   3.71 0.95 3.89 0.99 
19 Sustainable material inputs, e.g. renewable, not harmful, organic, fair trade   3.83 0.72 3.89 0.81 
20 Government intervention, e.g. compliance requirements and penalties   3.61 0.89 3.68 0.89 
21 Low cost solutions for documentation, payment, and traceability   3.83 0.87 3.55 0.60 
22 Collaboration with government   4.04 0.81 3.40 1.05 
23 Green-house gas schemes, e.g. emission trading or carbon offsets   3.43 0.95 3.40 0.75 
24 External consultants/partners to improve strategies and operations   3.46 0.83 3.30 0.92 
25 Joint ventures, e.g. to share facilities and equipment   3.46 0.83 3.30 0.86 
26 Subsidies to encourage more sustainable operations   3.46 1.02 3.30 1.03 

Table 4.26: SSCM Enablers – Ranking 

Table 4.27 shows the 21 identified disablers and their importance ratings. The spread of the ratings 

is not as pronounced as in the case of the enablers, indicating that most of the identified disablers 

are influential. Nevertheless, the ratings can be interpreted in a similar fashion. The top rated items, 

e.g. a ‘focus on short term financial performance’ and ‘missing collaboration and strategic 

alignment’ appear to be fundamental issues that have to be avoided. Some of the disablers ranked 

towards the top of the table can be out of the direct control of a SC, e.g. ‘cost of sustainability 

efforts’, ‘dependence on fossil energy’, or a ‘misguided focus in the sustainability movement’. 

However, the effects of such disablers could be decreased if counteracting enablers were in place, 

e.g. ‘top management support and approval’. Interestingly, the expert panel rated disablers 

connected to uncertainty or missing knowledge as being of only moderate importance, e.g. 

uncertainty about ‘infrastructure or operational requirements’ or ‘science on green-house gas 

emissions and carbon footprints’. Albeit a valid concern, the expert panel did not seem to feel that 

sustainability is exclusive to higher value products or services. It is also insightful to note that the 

‘nature of SCs, i.e. that SC operations can never be fully sustainable’ is considered to be a 

somewhat important disabler but not necessarily an inevitable obstacle.  
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1 Focus on short term financial performance, e.g. quarterly results   4.33 0.87 4.26 0.93 
2 Missing collaboration and strategic alignment   4.25 0.94 
3 Cost of sustainability efforts/strategy   4.21 0.93 
4 Misguided focus in the sustainability movement, e.g. only on green-house gas emissions   3.96 1.20 4.05 0.97 
5 Dependence on fossil energy   3.79 1.10 4.00 0.86 
6 Long distances to import/export goods to/from NZ   4.00 0.88 4.00 0.91 
7 Price war battles   4.04 1.16 3.95 0.83 
8 Loss of business to free trade zones/cheaper competition   4.08 0.93 3.95 0.85 
9 Missing research on the linkage/impact of SCs on environment and society   3.71 0.81 3.89 1.05 
10 Competition forces cost reductions regardless of other sustainability requirements   4.17 0.82 3.89 0.90 
11 Effects of sustainability strategy are too long-term   3.70 0.93 3.84 0.96 
12 Unaccounted costs, e.g. allocation of negative SC effects and related costs   3.78 0.95 3.83 0.79 
13 Unverified claims of sustainable practices by NZ companies   3.58 1.18 3.83 0.71 
14 Missing research on the service profit chain in logistics and SCs   3.92 0.72 3.79 0.98 
15 Competition encourages sub-optimal use of resources   3.96 0.86 3.76 0.90 
16 Uncertainty about infrastructure/operational requirements and necessary investments   3.70 0.97 3.74 0.65 
17 Missing research on employee satisfaction and societal welfare   3.63 0.77   
18 Missing research on particularities/restructuring needs of SCs in NZ/Australasia   3.63 0.71   
19 Nature of SCs, i.e. SC operations can never be fully sustainable   3.59 0.96 3.50 0.63 
20 Uncertain science on green-house gas emissions and carbon footprints   3.59 1.18 3.47 1.02 
21 Sustainability not applicable to low value products/services   3.70 1.18 3.37 0.76 

Table 4.27: SSCM Disablers – Ranking 

All of the identified 23 activities were rated as rather important for SSCM as can be seen in Table 

4.28. Many of the top ranking activities are related to measurement and assessment of SC 

performance, e.g. activities 1, 2, 5, 7 and 8. Hence, performance measurement can be considered 

of crucial importance for SSCM. Another commonality can be seen between activities 3, 4, 6, and 9 

which are all related to the reduction of resources and input material as well as the minimisation of 

waste. The lower ranking items seem less universally applicable and more dependent on layout 

and nature of a SC, e.g. ‘transport during off-peak times’ or ‘triangulation of containers’. However, 

all of the identified activities are of moderate to high importance for SSCM. 
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1 Definition and measurement of clear key performance indicators   4.65 0.65 

2 
Measurement of performance areas on all sustainability dimensions, i.e. outputs, impacts, 
damage   

4.48 0.73 
  

3 Minimising energy/material consumption through ‘reduce, reuse, recycle’   4.25 0.90 4.45 0.60 
4 Reduction of pollution to air, water, and land   4.43 0.59 
5 Identification and elimination of non-value adding activities   4.42 0.65 
6 Reduction of waste, e.g. damaged items, time, costs   4.39 0.66 
7 Accurate demand forecasting and balancing inventory   4.38 0.71 
8 Quantification of impacts of SC operations on all sustainability dimensions   4.35 0.65 
9 Considering end of life during design stages   4.33 0.76 
10 Discussion, investigation, and selection of alternative methods/options   4.04 0.69 4.30 0.66 
11 Continuous improvement process   4.13 1.03 4.25 0.97 
12 Minimisation of unnecessary freight movements   4.25 0.74 
13 Risk Management   4.25 0.74 
14 Integration, e.g. forward and backward integration   4.17 0.92 
15 Utilisation of renewable and alternative forms of inputs   4.13 0.68   
16 Reverse logistics   4.00 0.74 4.11 0.74 
17 Evaluation of market and sourcing locations, e.g. local vs. distant   4.08 0.58   
18 Examining the feasibility of transportation modes for commodities   4.08 0.78   
19 Usage of sustainable transport systems, e.g. lower emissions, noise levels   4.04 0.62   
20 Carbon foot-printing, i.e. measuring and tracking emission levels   4.04 0.91 3.90 1.02 
21 Regular and comprehensive updates/reports   3.96 0.86 3.90 0.72 
22 Triangulation of containers   3.76 0.77   
23 Transport during off-peak times   3.61 0.78   

Table 4.28: SSCM Activities – Ranking 
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All of the 26 identified SSCM characteristics were rated with moderate to high importance and the 

majority of items appear to be universally applicable. It is noteworthy that the three characteristics 

rated highest are related to SC alignment and collaboration. The expert panel also agrees that a 

SSC has satisfied stakeholders, customers, and employees and should exhibit a clear 

sustainability vision and mentality. The identified SSCM characteristics may be seen as guiding 

goals while the importance ratings can help to prioritise efforts or investments. Given this, it is 

interesting to note that some more ‘traditional’ SC aims were, by comparison, rated as less 

important for SSCM, e.g. ‘full utilisation’ or ‘no excess inventory or dead stock’. 

 
SSCM Characteristics – Importance Ranking 
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1 Alignment/synchronisation of SC and sustainability initiatives and goals   4.67 0.48 
2 Collaboration and trust among all SC stakeholders   4.50 0.59 
3 Long term relationships with SC partners and robust SC   4.50 0.78 
4 Sustained competitive advantage through SSCM   4.42 0.65 
5 Satisfied stakeholders, e.g. community and investors   4.21 0.78 4.40 0.68 

6 
Sustainability mentality, i.e. embracing change and supportive of sustainable 
developments   

4.39 0.72 
  

7 Driven by a sustainability vision shared by SC, customers, and stakeholders   4.38 0.65 
8 Existence of short/middle/long term plans with specific goals and objectives   4.21 0.78 4.35 0.67 
9 Satisfied customers, internal and external to SC   4.33 0.70 
10 Qualified staff with expertise in SCs and sustainability principles   3.96 0.86 4.30 0.57 
11 Satisfied employees   4.13 0.85 4.30 0.66 
12 True cost allocation, i.e. all SC impacts and costs are fully accounted for   4.29 0.75 
13 Minimal waste and sustained efficiency throughout SC operations   3.91 0.73 4.25 0.44 
14 Good contracts and contract management from ‘cradle to cradle’   4.21 0.72 
15 Increased visibility/transparency and information sharing among SC and stakeholders   4.17 0.64   
16 Responsiveness/agility to react to changing market requirements   4.17 0.64   
17 Recognised for SSCM, sustained efficiency, and sustainability mentality   4.04 0.75 4.15 0.67 
18 Internal structures to develop organisational capabilities   4.13 0.68   
19 Up-to-date technology, e.g. information technology, transport/manufacturing options   4.00 0.82 4.05 0.40 
20 Following and setting best practice standards   4.00 0.67 4.05 0.76 
21 Increased return on capital investments and low operating costs   4.04 0.62   
22 Low process variability including social and environmental aspects   3.59 0.73 3.75 0.64 
23 Strategic operational locations, e.g. proximity to SC partners   3.75 0.61   
24 Full utilisation of operational facilities/equipment   3.63 0.92 3.70 0.57 
25 No excess inventory or dead stock   3.57 0.84 3.58 0.69 
26 Exceeding regulations and compliance requirements   3.54 0.93 3.55 0.76 

Table 4.29: SSCM Characteristics – Ranking 

4.5.3 SSCM Key Themes 

Key themes central to SSCM were identified through the open-ended questions in the first Delphi 

round, then summarised and categorised through cognitive mapping as outlined in section 4.2.3. 

These SSCM themes were then evaluated in terms of importance on a five-point scale. 

 

Figure 4.10: SSCM Key Theme Categories 
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The themes were arranged into four well established categories which are crucial to SCM (SAP 

AG, 2011), i.e. SC planning, execution, coordination, and collaboration. Alternative arrangements 

were considered, but these categories were regarded as well suited to group themes in SSCM and 

provided a simple structure that was approachable and familiar to the expert panel.  

 
SSCM Planning Themes – Importance Ranking 

R
ou

nd
 2

 
R

at
in

g 

R
ou

nd
 2

 
S

D
 

R
ou

nd
 3

 
R

at
in

g 

R
ou

nd
 3

 
S

D
 

1 
Management Structure to support SSCM, e.g. top management support, commitment to 
SSCM   

4.71 0.55 
  

2 
Long-Term Focus on sustainability goals, e.g. accepting sustainability as part of long-term 
strategy   

4.46 0.78 
  

3 Applicable SSCM Goals, i.e. sustained competitive advantage, robustness of the SC  4.33 0.82 
4 Investments in sustainability strategy/efforts, i.e. investment decisions and cost allocations  4.04 0.62 
5 Sustainability Change Management, e.g. innovations and ability to improve   4.00 0.72 
6 Incentives for SSCM, e.g. regulations, subsidies, savings, consumer demand   3.88 1.03 3.95 0.76 
7 Uncertainty of future sustainability requirements and related investments   3.50 0.93 3.90 0.64 

8 
Strategic Frameworks/Models/Methods, e.g. to support discussion and investigation of 
alternatives   

3.92 0.78 3.85 0.88 

9 Management of Modal Choices, e.g. choosing appropriate transportation modes   3.83 0.64 

10 
Attention to NZ specific issues, e.g. food miles, restructuring needs in Australasia, SC 
length from/to NZ   

3.71 1.08 3.80 0.89 

11 Location Choices, e.g. locations of warehouses and related area usage   3.71 0.75 
12 Renewability of Resources, e.g. usage of (non-)renewable materials and energy   3.63 0.77 

13 
Research in sustainability and SCs, e.g. into effects of sustainability efforts, missing 
sustainability models/frameworks/roadmaps   

3.54 0.72 
  

14 Location Type, e.g. open air, refrigerated, hazardous storage   3.50 0.88 3.50 0.83 

Table 4.30: SSCM Planning Themes – Ranking 

SC planning involves decisions and processes on strategic, tactical, as well as operational levels. 

Typical examples may include demand planning, forecasting as well as network and distribution 

planning. A total of 14 SSCM planning themes were identified which all obtained moderately high to 

high importance ratings with a reasonable spread in the ranking. Noteworthy are the three top-

rated themes which show a considerable distance to the remaining themes. Thus, having an 

appropriate ‘management structure to support SSCM’, a ‘long-term focus on sustainability goals’, 

and ‘applicable SSCM goals’ are of crucial importance in SSCM planning. 

 
SSCM Execution Themes – Importance Ranking 
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1 
Availability of Information and Information technology, e.g. for forecasting, process 
variability, emissions, cost allocation, etc.   

4.50 0.78 
  

2 Operational Accuracy, e.g. timeliness, quality, correctness, zero damage, etc.   4.08 0.78 4.45 0.83 
3 Customer Satisfaction, i.e. meeting expectations of internal/external customers   4.38 0.71 
4 Employee Measures, e.g. satisfaction, training support, working conditions, remuneration  4.00 0.72 4.25 0.72 
5 Utilisation/Efficiency in Transportation, e.g. utilisation of vehicles, total distances travelled   4.13 0.68 
6 Utilisation/Efficiency in Warehousing, e.g. stock turns, energy/land usage   4.08 0.58 

7 
Measurement and Performance Tracking, e.g. access to and knowledge of effective tools 
and technology   

4.04 0.75 
  

8 Health and Safety Measures, e.g. accident rates and preventive measures   3.88 1.08 3.95 0.76 
9 Waste and Recycling Management   3.75 0.90 3.85 0.75 
10 Documentation, e.g. solutions for effective traceability   3.83 0.70 
11 Footprints of SC impact, e.g. tracking environmental footprints   3.75 0.90 3.80 0.95 
12 Resource Usage, e.g. energy or material consumption   3.75 0.68 
13 Maintenance of Equipment, e.g. vehicles, machinery, buildings, etc.   3.50 0.83 3.55 0.83 
14 Emission Levels and Types, e.g. greenhouse gas emissions or waste water  3.54 0.78 

15 
Consulting, e.g. outside help to support sustainability transformation like consulting firms, 
specialised freight companies, NGOs   

3.21 0.72   

Table 4.31: SSCM Execution Themes – Ranking 
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SC execution is generally concerned with managing orders, inventories, material flows, 

manufacturing and delivery, as well as transportation and warehousing. The 15 identified SSCM 

execution themes were rated moderately to highly important while showing a reasonable spread in 

the ranking. According to the expert panel, the most important execution themes are the constant 

‘availability of information and IT’, maintaining ‘operational accuracy’, and achieving ‘customer 

satisfaction’. High importance was also placed on the support and well-being of SC employees 

supporting the value of social sustainability and the influence of employees on SC performance. 

The expert panel assigned the lowest rating to ‘consulting’ which could be due to the fact that the 

influence of consulting firms or specialised freight companies on SSCM execution depends on SC 

structure and also the level of maturity. It is furthermore interesting to note that ‘emission levels and 

types’ were only rated as being of moderate importance which is in contrast to the emphasis that is 

often placed on these issues by companies and researchers.  

 
SSCM Coordination Themes – Importance Ranking 
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1 Alignment, e.g. synchronisation of SC elements, initiatives, goals   4.46 0.51 
2 SC Costs, e.g. cost allocations for all operations and reductions over time   4.33 0.64 
3 Accessibility of items/information, e.g. availability of inventory, tracking options   4.21 0.72 
4 SC Profits, e.g. revenue per unit of output, productivity of each operation   4.17 0.56 
5 Compliance Measures/Regulations, e.g. government or industry regulations   3.96 0.91 4.10 0.64 

6 
Targets and Benchmarking, e.g. investment/reduction targets and benchmarking with 
established measures   

4.00 0.93 4.10 0.45 

7 People Management, e.g. incentives, training, education   3.96 0.75 4.05 0.60 

8 
Contributions/Impacts on Local Community/Society, e.g. benefits provided, dependence on 
SC, noise levels, use of land   

3.75 0.94 3.90 0.79 

9 Trade-off Management, i.e. provide a balance between sustainability goals   3.92 0.97 3.80 0.52 
10 Cost Allocations for unaccounted SC impacts, e.g. emissions and environmental impacts  3.67 0.92 3.70 0.73 
11 Empowerment, e.g. education/training and support for sub-groups (women, handicapped)  3.33 0.92 3.30 0.57 

Table 4.32: SSCM Coordination Themes – Ranking 

SC coordination is about maintaining control over all SC processes through monitoring of 

operations, analysis, and process optimisation. Within this category 11 SSCM themes were 

identified. The ratings show that high importance was assigned to SC alignment and accessibility 

as well as economic concerns, e.g. SC costs and profits. The aspect of ‘empowerment’ was rated 

significantly lower than the other themes even though still rated as somewhat important.  

 
SSCM Collaboration Themes – Importance Ranking 
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1 Collaboration, e.g. information sharing, regular updates, joint ventures   4.33 0.92 
2 Integration of processes, i.e. full visibility from ‘cradle to grave’   4.33 0.70 

3 
Attitude towards SSCM, i.e. awareness of its values and aims, a mentality to embrace 
change   

4.29 0.81 
  

4 
External Relationship Management, e.g. measuring service levels, sustainability 
performance for external stakeholders   

4.25 0.68 
  

5 Internal Relationship Management, e.g. measuring strategic alignment within SC   4.21 0.59 
6 Shared Vision of SSCM, e.g. awareness/acceptance of sustainability values/strategy   4.21 0.78 

Table 4.33: SSCM Collaboration Themes – Ranking 

SC collaboration is concerned with building and maintaining SC relationships aiming to improve 

communications and information flows in order to enhance SC efficiency, increase visibility, and 

decrease SC costs. The six identified SSCM collaboration themes scored similarly high importance 
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ratings. Hence, all of these themes can be considered highly important for successful collaboration 

and, due to their neutral nature, also generally applicable to most SC configurations.  

4.6 Summary 

This three round Delphi study was designed as an explorative study with the objective of identifying 

and evaluating influential factors in SSCM and describing their relationships. The first round used 

open-ended questions that allowed the expert panel to provide rich answers. Cognitive mapping 

was employed to reduce the data to nuggets while retaining all information. These nuggets were 

sorted and arranged into themes, structures, relationships, and models of interaction.  

The second round provided the respondents with the analysed results from round one, i.e. the 

developed nuggets, or SSCM factors, arranged according to themes, model phases, and research 

opportunities in SSCM. An importance rating of the SSCM factors was one aim of the second 

round. Additionally, the SSCM transformation model and the SSCM maturity model were 

introduced for validation and refinement through the expert panel.  

The third and last round aimed at re-evaluating any ambiguous items and the refined models. 

Round two ratings were included as feedback information resulting in an improved overview of the 

importance of SSCM factors and refined model relationships. 

This study enhanced the understanding of SSCM by establishing the importance of influential 

factors and the proposal and validation of models that aid SSCM transformation and maturity 

development. Hence, the results can be used in a prescriptive manner by SCs to inform 

sustainability strategies. They can furthermore be incorporated into a roadmap for SSCM that 

outlines steps for SCs to pursue and to successfully integrate the insights and artefacts. 
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5 SSCM Survey  

Following the research cycle of exploration followed by validation (Meredith, et al., 1989), the 

SSCM survey was a direct continuation of the preceding research efforts. This survey 

supplemented the multi-methodological approach as it supported the validation of relationships in 

SSCM. One survey motivator was to gain insights into SSCM based on empirical data from SC 

practitioners to enhance the understanding of SSCM application. A second motivator was the 

requirement for validation of the relationships described in the developed SSCM models. Hence, 

the research focus was firstly of confirmatory nature followed by further data exploration. The 

survey was designed to address these objectives and followed a structure as outlined in Figure 5.1. 

 

Figure 5.1: Structure of the SSCM Survey 

The survey process started with the development of a conceptual model describing relationships in 

SSCM to be tested. This first step determined the survey requirements and therefore guided the 

survey design in order to yield data that facilitated addressing the survey objectives. The survey 

instrument underwent pilot testing to ensure its applicability. A final questionnaire design emerged 

which was administered to SC practitioners in managerial positions. Administration could be 

terminated after a sufficient sample size, response distribution and rate was reached. The analysis 

consisted of data assessment to affirm the suitability of responses for statistical analysis, data 

reduction using factor analysis, testing the model relationships, and regression analysis. An 

evaluation of the survey process is provided as part of the discussions in section 6.5.2. 

5.1 Conceptual Background 

This section is concerned with developing hypotheses to empirically examine and test the 

relationship between study variables. A hypothesis can be defined as “an unproven proposition or 

supposition that tentatively explains certain facts or phenomena” (Zikmund, 2003, p. 44). In order to 
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develop hypotheses, firstly a conceptual model was generated depicting the crucial relationships 

between the variables studied. The SSCM maturity model shown in section 4.5.2 entails 

relationships that can be considered representative for the dynamics in SSCM. Based on these 

relationships a series of hypotheses was phrased which could be subjected to testing.  

5.1.1 Conceptual Model 

The results from the Delphi study suggested different relationships between the SSCM factors and 

SSCM maturity, i.e. relationship between enabling and disabling factors, SSCM activities, SSCM 

characteristics, and levels of SSCM maturity. The conceptual model visualises the relationships in 

an abstract fashion as shown in Figure 5.2. 

 

Figure 5.2: SSCM Conceptual Model Informing Hypotheses (derived from Figure 4.9) 

The SSCM maturity model suggests a positive relationship between enablers and a SC’s ability to 

perform SSCM activities. Accordingly, disabling factors prevent SCs to perform such activities. The 

ability to perform SSCM activities should then support the development of SSCM characteristics, 

i.e. the more activities are performed the more characteristics should be exhibited. The existence of 

such characteristics and the ability to perform SSCM activities determine the level of SSCM 

maturity, i.e. the more SSCM activities and characteristics the higher the level of SSCM maturity. 

Lastly, as the level of maturity increases SCs should possess more enablers and less disabling 

factors. Accordingly this relationship is reversed for lower maturity levels. 

5.1.2 Devising Hypotheses  

The evaluations of the SSCM maturity model through the expert panel in the Delphi study showed 

a relatively high degree of agreement as shown in section 4.4.4.4 which supports the existence and 

accuracy of the modelled relationships. However, an independent assessment of the relationships 

is needed in order to further confirm their existence. Accordingly the six hypotheses shown in Table 

5.1 were devised. These were to be tested using empirical data from a sufficiently large, 

independent sample of SC practitioners. Null hypotheses describing the reverse possibilities were 

also formulated, i.e. that the predicted effects do not exist.  

The findings from the Delphi study suggest that there are enabling factors as well as disabling 

factors which can influence a SC’s ability to engage in sustainability related activities. H1 and H2 

were intended to test these relationships. H3 examined the proposed positive correlation between 

engagement in activities that support sustainability and the existence of characteristics typical for 

SSCM. The different levels of SSCM maturity and their correlations with an engagement in 
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activities supporting SSCM and the presence of SSCM characteristics were tested through H4. H5 

and H6 finally tested whether a higher level of SSCM maturity is correlated with the presence of 

more enabling factors and less disabling factors. 

Nr Hypotheses 

H1 
The presence of SSCM enablers is positively correlated to the ability of SCs to engage in activities that support 
sustainability. 

H10 
The presence of SSCM enablers is not correlated to the ability of SCs to engage in activities that support 
sustainability. 

H2 
The presence of SSCM disablers is negatively correlated with the ability of SCs to engage in activities that support 
sustainability. 

H20 
The presence of SSCM disablers is not correlated with the ability of SCs to engage in activities that support 
sustainability. 

H3 Engagement in activities that support sustainability is positively correlated with the presence of SSCM characteristics. 

H30 Engagement in activities that support sustainability is not correlated with the presence of SSCM characteristics. 

H4 
Engagement in activities that support sustainability and presence of SSCM characteristics is positively correlated with 
SSC maturity. 

H40 
Engagement in activities that support sustainability and presence of SSCM characteristics is not correlated with SSC 
maturity. 

H5 A higher level of SSC maturity is positively correlated with the presence of SSCM enablers. 

H50 A higher level of SSC maturity is not correlated with the presence of SSCM enablers. 

H6 A higher level of SSC maturity is negatively correlated with the presence of SSCM disablers. 

H60 A higher level of SSC maturity is not correlated with the presence of SSCM disablers. 

Table 5.1: SSCM Hypotheses Tested in Survey 

5.2 Survey Design  

The first step in a survey design is to identify the research objectives as it is otherwise impossible 

to design appropriate survey questions (Fowler, 1995). This survey had to produce reliable 

empirical data to facilitate testing the hypotheses developed in section 5.1.2. A difficult challenge in 

survey design is to translate objectives into a well conceptualised and methodologically sound 

questionnaire (Warwick & Lininger, 1971). Survey development spans planning, designing, and 

administration, usually involving multiple iterations. Pilot testing plays a critical role in the 

development phase and significantly informs the revisions (Iraossi, 2006).  

This section concentrates first on design considerations which are especially relevant for surveys in 

business contexts. Secondly the development of questions is explained and the rationale behind 

design choices is justified. Next, the pilot testing activities are outlined and how the testers’ 

feedback influenced the survey design. Lastly, the final survey design is presented. 

5.2.1 General Design Aspects  

Survey design decisions have to reflect the challenges associated with a business population 

(Dillman, 2007). As this survey on SSCM targeted business professionals, the design principles for 

business surveys outlined by Dillman (2007) were utilised. 

 Identify the most appropriate respondent for a business survey and develop multiple 

ways of contacting. 

This survey aimed to gain insights into SC practices. Respondents therefore had to be 

professionals that could make judgements about their company’s SCs based on adequate 
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knowledge of their internal operations and their SC network. To increase the diversity of responses, 

the survey had to be open to practitioners from various backgrounds and company sizes albeit with 

an adequate understanding of their SCs. Practitioners in managerial positions were therefore 

contacted, e.g. managers in SCM, OM, procurement, sales, and similar professions. Participants 

were contacted through newsletters, website links, emails, and presentations. 

 Plan from the beginning for a mixed mode design. 

Mixing different ways to distribute a survey increases flexibility and can encourage participation, but 

has to be accommodated by the survey design. For the SSCM survey two modes were utilised, i.e. 

a web-based format and a paper based version to be handed out during meetings and lectures. 

These requirements were reflected by the design, i.e. the versions for both modes were identical in 

layout and structure. The respective responses could be combined into one sample after their 

comparability was ascertained.  

 Develop respondent-friendly business questionnaires. 

According to Dillman (2007), business surveys often suffer from serious design flaws, e.g. they are 

often designed to be as concise as possible instead of emphasising that queries have to be read, 

fully comprehended, and thoughtfully answered. Furthermore questions may be too close together 

to minimise the total number of pages but preventing a clear navigational path. In order to improve 

understanding and questionnaire flow, the questions were grouped within categories and arranged 

within overarching topics. Illustrations were used to explain concepts and relationships reducing the 

need for lengthy descriptions. Breaks between questions and answer spaces were clearly 

indicated. The SSCM survey was also rather concise to allow for a clear navigational path and 

reduce the number of pages without cramming questions. Illustrations, explanations, and questions 

were phrased in a neutral, objective fashion to minimise potential sources of bias. 

 Provide instructions in questionnaire rather than in separate instruction booklet. 

Instructions are more effective if provided at the point at which they are required. Hence, 

instructions in the SSCM survey were short enough to be included along with the questions or the 

introductory sections. Due to the requirement for the respondents to be familiar with basic SC 

concepts, explanations could concentrate on conveying all information in a concise format.  

 Conduct cognitive interviews to help tailor the questionnaire to people’s ability to 

respond and to gather intelligence information for targeting its delivery and retrieval. 

Dillman (2007) emphasises that for self-administered surveys cognitive interviews are needed to 

test the questions and survey layout. A series of pilot tests were therefore conducted with survey 

specialists as well as with potential respondents. Firstly, an initial design was checked and further 

developed based on the input of survey experts. Secondly, the refined design was subjected to 

pilot tests with potential respondents, i.e. individuals that exhibit the characteristics outlined for 

survey participants. Interviews with pilot testers were conducted during and after the test, or written 

communication was used if face to face interviews were not feasible. The pilot tests are explained 

in detail in section 5.2.5. 
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 Target communications to gatekeepers where appropriate. 

It may often be impractical or even impossible to contact respondents directly. Instead it is required 

to target respondents through gatekeepers. For the SSCM survey, respondents were contacted 

through SC organisations and business committees as well as an educational institution.  

 Consider tailoring of correspondence and questionnaires to subgroups of a 

population. 

Tailoring of the questionnaire or invitations can improve response rates but is impractical for large 

scale surveys and can lead to issues with regard to the comparability of responses (Dillman, 2007). 

It was important for this survey that all responses were comparable in order to be included in the 

same analysis process. Tailoring of the survey administration was limited to the two different kinds 

of survey delivery. Tailoring of the questionnaire was only done on a superficial basis, e.g. 

changing of headings and introductory sections, but meanings were not altered.  

5.2.2 Question Design  

The quality of data obtained through a survey is highly dependent on good question design. 

Misinterpretations or potential differences in interpretation of questions should be avoided through 

a clear, direct, and easily approachable design (Fowler, 1995). There is no generally 

acknowledged, formal theory on question design but useful principles that can be followed. Iraossi 

(2006) points towards ‘relevancy’ and ‘accuracy’ as two basic rules. Questions are relevant if they 

yield information that is appropriate to the overall study purpose and can be considered accurate if 

the information is collected in a reliable and valid manner. To achieve relevance, the survey 

designer must be familiar with the questions, the questions’ objectives and the type of information 

required. Inaccurate information is usually generated if respondents do not clearly understand a 

question or if they are not knowledgeable enough.  

Respondents are unlikely to admit their own ignorance due to a desire to help or not to appear 

ignorant (Iraossi, 2006). It is therefore important to select appropriate participants instead of 

reverting to easier questions which might not give the insights necessary to meet the survey 

objectives (Moser & Kalton, 1971). Insightful and accurate answers are an outcome of the 

respondents’ willingness to participate and engage with the survey questions. Otherwise even well 

designed questions and selecting suitable respondents may not yield appropriate results (Iraossi, 

2006). To meet these requirements, the following design considerations were taken into account: 

 Wording style, type, and question sequence (Iraossi, 2006) 

 Design of a questionnaire that is interesting and engaging 

 Avoiding questions that are difficult to understand, time consuming, or embarrassing 

 Explanations have to be brief but appropriate as most respondents will not have thought 

about the survey questions at the level of detail required (Warwick & Lininger, 1971) 

 The survey designer should assume the position of the least informed participant as a 

baseline (Moser & Kalton, 1971) 
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As this survey was aimed at practitioners, the language used had to reflect this by avoiding wording 

and terms that could cause confusion. The SSCM survey was informed by the results from the 

Delphi study on SSCM. Hence, any terms that could cause confusion, e.g. of particularly academic 

nature, were avoided or rephrased. Explanations, questions, and answer options were arranged to 

complement each other and convey their meaning in a brief but exhaustive manner. Special 

attention was also given to appropriate question sequencing so that participants would not feel 

overwhelmed. Hence, the questionnaire started with demographic details and progressed with 

more engaging questions as participants became more familiar with the topic and layout. The 

growing realisation that sustainability concerns need to be addressed from a SC perspective 

(Mahler, et al., 2007) and increasing pressures from the public and government on companies, 

were also seen as a motivating factor for participation. Most questions required reflection and 

engagement, e.g. participants had to assess characteristics or performance levels of their SCs. 

Trade-off decisions had to be made with regard to the level of engagement, difficulty, length, 

approachability, as well as the prerequisite knowledge. The SSCM survey was designed with these 

considerations in mind and aimed for a practicable balance. As pilot testing can help to mitigate the 

risks associated with survey design (Iraossi, 2006; Warwick & Lininger, 1971), two pilot tests with a 

diverse group of testers were employed to aid the question design process. 

5.2.3 Question Content 

Apart from general design considerations, determining the content of the questions was another 

crucial aspect. The questions had to support the generation of data that would allow for an 

assessment of SSCM enablers, disablers, activities, characteristics and SSCM maturity levels in 

the respondents’ SCs. In order to test the developed hypotheses and validate the model 

relationships, SSCM factors identified through the Delphi study had to be selected. Survey items 

should only be included if they are relevant to the research outcome (Peterson, 2000). 

Furthermore, a lengthy survey can reduce a respondent’s willingness to participate (Iraossi, 2006). 

Following these design guidelines, it had to be ensured that items selected from the Delphi results 

were relevant for the survey objectives whilst being representative of the Delphi findings. Three 

guidelines were followed in this selection process in order to ensure that the ‘most representative’ 

items were selected: 

1. Selection of items that the experts rated as being of high importance. 

2. Selection of items that represented the full thematic spectrum of the Delphi results. For 

example, the enablers identified through the Delphi could be sorted into themes containing 

related items. At least one item from each category was included in the SSCM survey. 

3. Selection of items that were representative for their respective category, e.g. enablers or 

disablers. Based on their inter-correlations a representative selection of items was 

identified as indicated by Cronbach’s Alpha (Cronbach’s Alpha >0.7). 

Cronbach’s Alpha was employed as a measure to ensure that the final selection of items was a 

good representation of the overall dataset. Cronbach’s Alpha was appropriate because all items 

within one category measure different areas within a single construct (Hair, et al., 2006), e.g. the 24 
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identified enablers for SSCM constitute enabling factors in SSCM, albeit from different thematic 

areas. All selected SSCM factors had an Alpha factor exceeding 0.7 indicating sufficient internal 

consistency and reliability.  

In addition, suitable questions for measuring SSCM maturity levels had to be developed. The 

descriptions of the maturity levels as presented in Table 4.25 were utilised to devise questions that 

measured SSCM maturity from six SC angles, i.e. SC vision, strategy, processes, systems, culture, 

and skill development.  

5.2.4 Question Scales 

Considerations and issues with regard to measurement scales were discussed in sections 3.8.3 

and 4.3.1.1. Since the questions on SSCM maturity were based on the six maturity levels, a six-

point scale had to be utilised. To maintain consistency and comparability, the scales used to 

assess the existence of SSCM factors also offered six answer options, i.e. never (1), rarely (2), 

occasionally (3), regularly (4), frequently (5), and always (6). For the subsequent analysis the 

ratings were converted into numerical values assigned to them. 

A neutral position was not seen as a requirement as respondents could not really adopt a neutral 

position (Cox, 1980) when asked about the existence of SSCM factors or maturity levels. It could 

also be assumed that most respondents would have an opinion on the state of their SCs which 

legitimated the use of six-point scales (Friedman & Amoo, 1999). However, ‘non-response’ options 

were added so that respondents were not forced to answer. 

5.2.5 Pilot Testing  

Two pilot tests were carried out to maintain the logical connection of the survey to the preceding 

research steps and to ensure the applicability of its design. The first pilot test employed survey 

experts to validate the overall approach, layout, and design in order to ensure that the 

questionnaire met its objectives. After incorporating their suggestions into the survey design, a 

second pilot test was conducted with potential respondents, i.e. SC practitioners. The main aims 

were to eliminate any issues around understanding and to evaluate the practicality of the survey. 

5.2.5.1 Pilot Test with Survey Experts 

The first pilot test ascertained that the survey design was structurally and logically sound and 

followed accepted design standards. Two experienced academics were selected, both with a 

background in SCM and survey design. Along with a survey draft, the pilot testers were presented 

with review instructions, an account of the survey objectives, and the developed hypotheses for 

testing. The instructions given to the testers can be reviewed in Appendix D.2. Special emphasis 

was placed on whether the survey results could yield evidence to test the stated hypotheses and to 

validate the identified relationships in SSCM. Potential areas for improvement were pointed out by 

the pilot testers and subsequently eliminated including the following aspects: 
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 Mixing of answer options to avoid answer patterns. 

 Avoidance of leading descriptions to aid understanding and interpretation of questions, and 

prevent loading of answers. 

 Avoidance of separate statements or pieces of information in single answer options. 

 Reorganisation of descriptive elements to improve understanding, attract interest in the 

study and decrease ambiguity. 

 Increase in approachability by adjusting the question flow and simplification of wordings. 

 Addition of a more thorough statistical approach for the selection of answer possibilities 

informed by the results from the Delphi study. 

 Change of question phrasing and layout of answer possibilities.  

 Improvement of formatting, e.g. font, colours, pointing out the most important pieces of 

information through bold or italic font and use of capitalisation. 

 Elimination of any grammatical errors. 

One crucial change was to use separate questions to assess SSCM maturity. In the initial design 

only one question had been included based on the maturity level descriptions shown in Table 4.25. 

The pilot test revealed that too many separate concepts were included in these statements which 

were all connected to aspects around SC strategy, SC processes, SCM systems, SC culture, and 

sustainability skill development. Hence, the assessment of maturity levels was divided into 

separate questions referring to these aspects to facilitate a clearer measurement.  

5.2.5.2 Pilot Test with Potential Respondents 

After refinement of the survey design based on the experts’ suggestions, the focus changed to 

ensuring that potential survey participants would not have problems to approach and to 

satisfactorily complete the survey. Hence, the group of testers consisted of four SC practitioners 

that were representative of potential respondents. The objectives of this second pilot test were to 

improve the approachability of all survey segments, e.g. background information, explanations, 

instructions, questions and answer possibilities, and to assess the time requirements. All testers 

received the same information as final participants would to ensure that test conditions matched 

the actual survey administration and were furthermore presented with feedback instructions. Three 

of the pilot testers were interviewed about their impressions and one tester gave written feedback 

as presented in Appendix D.2. 

The interview sessions and observing the testers while they completed the survey proved to be 

especially valuable as it allowed identifying survey sections that caused testers to slow down or 

repeatedly change their answer selections. These were good indications for potential design issues 

which were not necessarily directly obvious to the testers. The verbal and written feedback also led 

to several design refinements which included an adjusted description of the study background and 

the removal of unnecessary acronyms to prevent confusion. Several small adjustments to single 

questions and answer possibilities were also incorporated to add precision and remove potential 

ambiguity. Finally, the time estimate to fill the survey of 15 to 20 minutes could be ascertained. 
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The pilot testers confirmed that SC practitioners should be able to successfully complete the 

survey. It also showed that respondents would require a fair amount of familiarity with SCs in 

general and their company’s SCs in particular. It therefore confirmed the decision to only consider 

respondents in managerial positions for this survey.  

5.2.6 Final Design of SSCM Survey 

The final design of the SSCM survey consisted of five pages which can be reviewed in Appendix 

D.4. Each page was designed for eliciting specific insights as outlined in this section. 

Introduction – The first page introduced the participant to the focus of the survey, its objectives, 

the approximate time involvement and information on the availability of results. A link to the 

participant information sheet was provided along with the ethical consent form which had to be 

agreed to in order to progress.  

Demographic Details – Page two gathered the respondents’ demographic details to aid the 

statistical analysis and slowly introduced participants to the survey layout by asking simple 

questions first. Specifically they were asked to provide information on their organisation type, 

location of their headquarters and workplace, and their managerial position. Furthermore, 

participants were asked to specify the geographical extent and range of their SCs so that the 

representativeness of the sample could be assessed.  

SSCM Factors – The third page gathered information about the participants’ SCs with regard to 

the existence of enabling and disabling factors, SSCM activities and SSCM characteristics. A six-

point measurement scale was employed as discussed in 5.2.4. The selection of survey items 

followed the approach outlined in 5.2.3 in order to increase the thematic diversity of the survey and 

guarantee a representative selection of SSCM factors. The final selection to measure each SSCM 

factor consisted of 12 enablers, 10 disablers, 10 activities, and 10 characteristics.  

Sustainability Maturity – Page four consisted of seven questions aimed at assessing SSCM 

maturity based on sustainability considerations with regard to time involvement, SC vision, 

strategy, processes, systems, culture, and skill development.  

Participants were first asked to estimate the number of years that their SCs had been investigating 

or applying sustainability principles with the rationale to assess the relationships between maturity 

levels, development of SSCM factors and necessary time investments. Based on the frequency 

scale they were then asked to rate how often sustainability considerations altered their SC visions. 

In each of the next five questions respondents were presented with answer options referring to the 

six levels of SSCM maturity. For instance, the question on SC strategy asked participants to select 

one out of six statements which best described their SC strategy: 

6. Sustainability considerations are paramount for our strategy 
5. We engage with our strategic partners to raise sustainability across our SC 
4. Sustainability is an integral part of our SC strategy 
3. Our SC strategy takes proactive sustainability measures beyond compliance 
2. Our strategy is geared towards basic compliance with regulations 
1. Sustainability is not considered 
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Answer option 6 described the highest maturity level whereas option 1 described the lowest 

maturity level with a gradual decrease of maturity descriptions in between. The assessment of SC 

processes, systems, culture, and skill development followed a similar layout. 

SSCM Goals – On page five participants were asked to select a statement that best reflected the 

current goals of their SCs. These were informed by the goals specified in Table 4.25 and therefore 

refer to the levels of SSCM maturity with a gradual increase from low (1) to high (6). 

6. Maintain current sustainability leadership position. 
5. Move towards sustainability leadership through continuous improvement cycles across the 

SC. 
4. Move from compliance level towards proactive sustainability efforts. 
3. Establish key indices to measure sustainability performance within SC. 
2. Align sustainability goals and efforts with defined processes to establish consistency. 
1. Start introducing sustainability initiatives. 

Additionally the answer option ‘sustainability is not considered’ was offered. This question 

demanded good understanding of SSCM concepts and was therefore placed at the end of the 

questionnaire so that participants would have been introduced to all major SSCM concepts 

throughout the questionnaire. The main aim of this question was to confirm the validity of 

previously given answers. Answers provided to this question had to be related to the answers given 

to the questions on page four. This question therefore allowed for validating survey responses and 

aided in the identification of inconclusive survey answers had to be removed from the sample. 

5.3 Survey Administration  

In this section the survey administration process is outlined and the response distribution is 

discussed. The data gathered through the survey was used for testing relationships among SSCM 

factors and the representativeness of the survey sample had to be evaluated. 

5.3.1 Selection of Participants 

In order to gather valid responses the survey had to be limited to participants who possessed 

sufficient knowledge of their SCs and were familiar with basic SC terminology and concepts. The 

SSCM survey was therefore aimed at SC practitioners in managerial positions but not limited to 

certain professional backgrounds.  

Contact details of individual SC professionals were not available for this study and could have led 

to opportunistic participant selection. Members of SC associations were therefore targeted and also 

SC professionals within postgraduate university programmes. This selection strategy helped to 

maintain an adequate spread of organisational backgrounds and guarantee a sufficient level of 

knowledge among the participants. The study requirements and objectives were made explicit in 

order to appeal only to subjects who met the outlined criteria. No incentives were offered. 
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5.3.2 Administration of Survey 

The SSCM survey was distributed through an online administration process, i.e. the survey and all 

necessary information was available through a website. Based on this information, potential 

participants could decide to fill the survey themselves or to forward it to someone more suitable. In 

addition the SSCM survey was also administered as a paper-based version. As outlined in sections 

5.2.1 and 5.2.6, the survey was designed for these two administration options and care was taken 

to maintain a high degree of similarity. Independent t-tests were carried out for all survey variables 

and significant differences between the results from the online and paper administration were found 

in only three instances. Hence, the answers could be aggregated into one dataset.  

The online version was circulated through two SC associations to target respondents from a large 

variety of organisational backgrounds. Through one of them about 400 companies were contacted 

through three rounds of invitations. The second association had about 100 member organisations 

which were informed of the study through a quarterly newsletter and a link on their website.  

The paper based version of the SSCM survey was distributed in postgraduate classes attended by 

SC professionals conducted at a NZ university and also classes conducted for new members of 

one of the SC associations. In total about 300 potential respondents were contacted in this way. It 

was made explicit that participation was voluntary and in no way related to the conducted classes.  

For the online administration, several invitations were sent to potential respondents whereas the 

paper-based version was introduced and explained by the researcher in person. The SSCM survey 

was distributed during a period of 7 months. Considering the rate of practical developments in 

SSCM, this collection period should not have caused any significant time bias. Response rates 

were relatively low and it was decided to terminate the survey distribution after a target sample size 

of at least 70 responses. This sample size was deemed sufficient for testing the hypotheses.  

5.3.3 Response Times 

All responses were checked for completeness and data integrity which resulted in the deletion of 

several datasets. 35 useful responses were received through the online administration and the 

paper-based version yielded 37 responses. Thus, 72 responses were collected in total. 

Response times were recorded for the 35 online responses which provided some insight into the 

‘amount of thought’ that went into the responses and supported the identification of unreliable 

responses. The pilot tests indicated that respondents would need about 15-20 minutes to complete 

the survey and a time estimate of 20 minutes was therefore given to the participants. This estimate 

proved fairly accurate as shown by the median response time and the average time. 

Response Time Aspect Response Times (hour : minute : second) 

Median Time 00:16:36 

Average Time 00:22:35 

Total Time 13:10:26 

Shortest Time 00:04:56 

Longest Time 02:22:13 

Table 5.2: SSCM Survey Response Times 
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5.3.4 Sample Background 

Demographic data was collected to assess the background of the survey sample. With regard to 

the organisation or industry type, the 72 respondents were allowed to select multiple options which 

resulted in 87 selections which can be seen in Table 5.3. The survey yielded responses from a 

large variety of industries with the highest percentage from a manufacturing background.  

Organisation/Industry Type Response Count % of Total Responses Category 

Aerospace 2 2.3% Goods 

Agriculture 4 4.6% Goods 

Biotechnology 1 1.1% Goods 

Business Services 3 3.4% Service 

Communication/Media 4 4.6% Service 

Construction 3 3.4% Goods 

Education/Academic Institution 4 4.6% Service 

Energy 3 3.4% Goods 

Export/Import 4 4.6% Goods 

Forestry 1 1.1% Goods 

Government/Public/Defence 4 4.6% Service 

Healthcare 4 4.6% Service 

Horticulture 2 2.3% Goods 

Information and Communications Technologies 3 3.4% Service 

Manufacturing 25 28.7% Goods 

Retail Trade 2 2.3% Goods 

Wholesale Trade 3 3.4% Goods 

Transport/Storage 4 4.6% Goods 

Other 11 12.6% - 

Overall 87 100% - 

Table 5.3: SSCM Survey Organisation/Industry Types 

As can be seen from Table 5.4, respondents came from a variety of company sizes. More than half 

of the respondents came from organisations with at least 1000 staff and another 25% had between 

100 and 999 staff. About 17% of responses came from companies with less than 100 staff. 

Organisational Headcount Response Count % of Total Responses 

1-5 1 1.4% 

6-19 4 5.6% 

20-49 6 8.3% 

50-99 1 1.4% 

100-499 15 20.8% 

500-999 3 4.2% 

1,000-4,999 17 23.6% 

5,000-9,999 7 9.7% 

10,000+ 18 25.0% 

Overall 72 100% 

Table 5.4: SSCM Survey Organisational Headcounts 

As discussed in section 5.3.1, the survey targeted SC practitioners in managerial positions ranging 

from junior positions to executive positions to ensure a sufficient familiarity with their respective 

SCs practices. As shown in Table 5.5, a good spread between the positions of respondents was 

attained. Almost half of the respondents characterised themselves as middle management 

whereas the remaining respondents were evenly distributed into high and low managerial positions. 
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Level/Position of Respondents Response Count % of Total Responses 

CEO/COO/CFO/Director 6 8.3% 

Senior management 14 19.4% 

Middle management 32 44.4% 

Junior management 13 18.1% 

Other 7 9.7% 

Overall 72 100% 

Table 5.5: SSCM Survey Level/Position of Respondents 

The SSCM survey was distributed via the avenues outlined in section 5.3.2. The bulk of 

respondents had their workplace in NZ and also about 60% of companies were NZ based due to 

the NZ focussed distribution. The study findings may therefore be especially suited to illustrate 

SSCM conditions in NZ. The representativeness of the survey sample has to be considered for the 

extrapolation of findings to other geographical regions. 

Country Respondent’s Workplace Company World Headquarters 

Australia 1 1.4% 6 8.3% 

China 0 0.0% 1 1.4% 

France 0 0.0% 3 4.2% 

Germany 0 0.0% 1 1.4% 

New Zealand 69 95.8% 45 62.5% 

Singapore 0 0.0% 1 1.4% 

South Korea 1 1.4% 1 1.4% 

Switzerland 0 0.0% 1 1.4% 

United Kingdom 0 0.0% 4 5.6% 

USA 1 1.4% 9 12.5% 

Overall: 72 100% 72 100% 

Table 5.6: SSCM Survey Location of Respondents 

The extent and range of the SCs that the respondents’ companies operate in were also recorded in 

order to evaluate the representativeness of the survey sample. Due to the overrepresentation of NZ 

based respondents and companies, the extent and range of SCs also showed a bias towards SCs 

operating to and from Oceania. A diverse range of SC connections was mapped out by 

respondents overall though as shown in Table 5.7. Thus, despite the described bias, the responses 

gathered in this survey were informed by insights from a variety of SC connections. 

To: Africa Asia Europe 
North 

America 
South 

America 
Oceania Total: 

F
ro

m
: 

Africa 4 1 2 0 0 4 11 

Asia 5 11 8 10 6 23 63 

Europe 6 6 12 5 4 15 48 

North America 6 12 10 11 9 18 66 

South America 0 1 4 6 7 6 24 

Oceania 22 32 26 26 23 61 190 

Total: 43 63 62 58 49 127 402 

Table 5.7: SSCM Survey Extent and Range of SCs 

The respondents were also asked for their degree of SC visibility. Table 5.8 shows that a higher 

degree of visibility existed towards the customer side whereas more than half of the respondents 

stated not to have visibility beyond the first tier on their suppliers side. It is noteworthy that overall 

visibility seemed somewhat limited despite the emphasis that is placed on SC visibility in the 
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literature (H. L. Lee, 2008; G. C. Stevens, 1993; Tan, et al., 1998). This finding therefore confirmed 

the importance of this study’s aim to provide foundational support for the development of integrated 

SC systems aimed at increasing the visibility of sustainability performance and SC alignment. 

SC Visibility towards First Tier Second Tier Third Tier >Third Tier Total: 

Suppliers 39 25 5 3 72 

% 54.2% 34.7% 6.9% 4.2% 100% 

Customers 26 32 11 3 72 

% 36.1% 44.4% 15.3% 4.2% 100% 

Table 5.8: SSCM Survey SC Visibility 

5.4 Analysis of Results 

Data relating to a series of variables was collected via the SSCM survey instrument and several 

interconnected steps were carried out in the analysis process as shown in Figure 5.3. 

 

Figure 5.3: Outline of SSCM Survey Analysis Process 

The survey responses were firstly assessed with regard to the obtained ratings followed by an 

assessment of the data in terms of its applicability for statistical analysis. In the next step the 

original variables were reduced to composite dimensions so that the subsequent correlation 

analysis could be carried out with a parsimonious set of variables. The correlation analysis 

provided the necessary insights to test the conceptual relationships developed in section 5.1.2. The 

survey data and analysis results were then used in regression analysis to investigate the influence 

of SSCM maturity on SC performance and the determining factors for SSCM maturity. 

5.4.1 Assessment of Survey Data 

This section concentrates on an evaluation of the ratings obtained and an assessment of the data, 

i.e. assumptions that had to be met for the subsequent factor, correlation, and regression analyses 

were checked through tests and visual inspection of the distributions. The details of this 

assessment can be reviewed in Appendix D. 
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5.4.1.1 Ratings of SSCM Factors 

The survey variables are shown in Table 5.9 ranked according to their mean ratings. This section 

concentrates on analysing the obtained ratings and furthermore contrasts these ratings to the 

importance ratings assigned by the Delphi experts as shown in section 4.5.2. 

Enablers Mean SD 

Top management support and approval  4.43 1.309 
Collaboration with suppliers  4.41 1.042 
Awareness and acceptance of necessary time and cost investments  4.37 1.290 
Efficient information/communication technology to increase sharing and updates  4.17 1.210 
Awareness of potential benefits/pitfalls of sustainability efforts  4.06 1.275 
Performance measurement tools for consistent and accurate measurement 4.03 1.353 
Sufficient capital to cover initial investments and long-term goals  4.01 1.357 
Continued education for qualified and motivated staff 3.93 1.397 
Realisation of benefits through sustainability efforts, e.g. cost savings and reputation increase  3.72 1.355 
Common sustainable supply chain management vision along supply chain 3.65 1.445 
Government intervention, e.g. compliance requirements and penalties 3.65 1.443 
Models, frameworks, roadmaps to support transformation towards SSCM 3.51 1.401 

Disablers Mean SD 

Focus on short term financial performance, e.g. quarterly results  4.19 1.307 
Long distances to import and export goods  3.91 1.556 
Competition forces cost reductions regardless of other sustainability requirements  3.90 1.308 
Cost of sustainability efforts/strategy 3.79 1.100 
Dependence on fossil energy 3.70 1.668 
Missing collaboration and strategic alignment 3.59 1.222 
Missing research on the linkage/impact of supply chains on environment and society 3.49 1.370 
Uncertainty about infrastructure/operational requirements and necessary investments 3.42 1.411 
Effects of sustainability strategy are too long-term 3.37 1.279 
Unaccounted costs, e.g. allocation of negative supply chain effects and related costs  3.17 1.126 

Activities Mean SD 

Accurate demand forecasting and balancing inventory  4.32 1.287 
Discussion, investigation, and selection of alternative methods/options  4.25 1.264 
Evaluation of market and sourcing locations, e.g. local vs. distant  4.17 1.352 
Regular and comprehensive updates/reports 4.15 1.370 
Continuous improvement process  4.12 1.321 
Risk Management 4.04 1.326 
Considering end of life during design stages 3.82 1.635 
Identification and elimination of non-value adding activities 3.61 1.338 
Measurement of performance areas on all sustainability dimensions, i.e. outputs, impacts, damage 3.53 1.394 
Reduction of pollution to air, water, and land 3.18 1.445 

Characteristics Mean SD 

Satisfied customers, internal and external to supply chain  4.24 0.992 
Existence of short/middle/long term plans with specific goals and objectives  3.94 1.340 
Following and setting best practice standards  3.93 1.324 
Responsiveness/agility to react to changing market requirements 3.87 1.264 
Collaboration and trust among all supply chain stakeholders  3.85 1.109 
Qualified staff with expertise in supply chains and sustainability principles 3.75 1.470 
Minimal waste and sustained efficiency throughout supply chain operations 3.72 1.267 
Sustained competitive advantage through sustainable supply chain management 3.70 1.458 
Alignment/synchronisation of supply chain and sustainability initiatives and goals 3.62 1.377 
True cost allocation, i.e. all supply chain impacts and costs are fully accounted for  3.61 1.449 

Maturity Mean SD 

Supply chain vision 3.55 1.199 
Supply chain culture 3.24 1.389 
Supply chain processes 3.19 1.526 
Supply chain systems 3.10 1.654 
Supply chain strategy 3.03 1.444 
Supply chain sustainability skill development 2.82 1.397 

Table 5.9: Survey Ratings of SSCM Factors  

With regard to the ratings obtained for the enablers, it was found that several of the enablers rated 

as highly important by the experts were also largely present in the SCs represented by the SC 

practitioners. This was true for enablers like ‘top management support and approval’, ‘collaboration 

with suppliers’ and ‘awareness of potential benefits/pitfalls of sustainability efforts’. Specifically the 
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somewhat lower presence of a ‘common SSCM vision along SC’ could be an aspect to improve 

upon as suggested by the high importance assigned by the Delphi experts. 

Overall, the disabler ratings suggested a lower presence of disablers in comparison to the other 

SSCM factors. However, many disablers appeared to be prominent in the survey sample. The 

disabler with the highest presence, i.e. ‘focus on short term financial performance’, was also rated 

as particularly important by the Delphi experts. Thus, a short term focus which is potentially 

detrimental to SSCM appears to be a dominating issue.  

Several of the activities that were assigned high importance for SSCM by the Delphi experts 

featured prominently at the lower end of the survey ratings. Especially the relatively low presence 

of ‘reduction of pollution’, ‘measurement of performance areas on all sustainability dimensions’, and 

‘identification and elimination of non-value adding activities’ suggests that a focus on more 

‘traditional SC activities’ dominates in SCs. This finding was supported by the higher ratings of 

activities like ‘accurate demand forecasting’ or ‘evaluation of market and sourcing locations’. 

Interpretation of the SSCM characteristics also revealed a focus on more ‘traditional’ SC 

characteristics, e.g. ‘satisfied customers’, ‘existence of plans’, ‘best practice standards’ and 

‘responsiveness/agility’. The variable ‘alignment of SC and sustainability goals’ was rated as the 

most important characteristic by the Delphi experts but rated relatively low in terms of actual 

presence in SCs. Also ‘true cost allocation’ appeared to be more difficult to achieve.  

Based on the maturity ratings, most SCs appear to be at maturity level 3 but slightly skewed 

towards lower maturity levels. This skewness was especially evident for SC strategy, systems, 

processes, and sustainability skill development. SC vision on the other hand showed the highest 

rating. This evidence suggests that SCs have started to integrate sustainability into the long-term 

visions but are still failing to implement sustainability in practice, e.g. in their systems and 

processes. A lack of focus on sustainability skill development supported this interpretation.  

The outlined discrepancies may potentially result in the overall ineffectiveness of the envisioned 

strategies or even worse in counterproductive results (Chinander, 2001). This issue may be 

especially relevant with regard to sustainability approaches like SSCM as e.g. values may be new 

to SC staff. Operational practices for SSCM could potentially be counterintuitive as they may 

appear opposed to purely cost focussed SCM practices or decision processes.  

5.4.1.2 Conceptual Assumptions for Factor Analysis 

The assumptions for factor analysis are more conceptual than statistical in nature. From a 

statistical point, “departures from normality, homoscedasticity, and linearity apply only to the extent 

that they diminish the observed correlations” and “only normality is necessary if a statistical test is 

applied to the significance of the factors”. Multicollinearity is actually desirable to some degree as 

interrelated sets of variables need to be identified (Hair, Anderson, Tatham, & Black, 1998, p. 99).  

Factor analysis produces factors based on the variables used as input, i.e. the possibility of poor 

results is high if a large set of conceptually unrelated variables are included. During the study 

design researchers are advised to identify key variables reflecting underlying factors while 
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conceptual considerations need to drive the selection of any variables for analysis. The number of 

variables should generally be minimised but a reasonable number of variables should be included, 

e.g. five or more variables that may be representative of each proposed factor (Hair, et al., 1998).  

As outlined in section 5.2.3, each SSCM factor category was measured by a set of variables, 

namely 12 variables for SSCM enablers, 10 variables for disablers, activities, and characteristics 

and 6 variables for SSCM maturity. The variables were based on the results of the Delphi study 

and selected because of their conceptual importance for their respective SSCM factor category. 

Thus, data reduction was performed separately for each factor category which supported the goal 

to derive meaningful and representative scores. The conceptual assumptions regarding the 

selection of appropriate variables were therefore met.  

5.4.1.3 Sample Intercorrelations for Factor Analysis 

The applicability of variables for factor analysis can be determined by examining the 

intercorrelations between variables. Two tests are commonly applied. The Bartlett test of sphericity 

provides the statistical probability that the correlation matrix shows significant correlations among 

its variables, i.e. it tests the null hypothesis that the correlation matrix is an identity matrix. For 

factor analysis to work the Bartlett’s test should be significant, indicating that there are in fact 

relationships between the variables. The measure of sampling adequacy (MSA) quantifies the 

degree of intercorrelations and shows the appropriateness of factor analysis on an index ranging 

from 0 to 1. A score of ≥0.8 can be interpreted as meritorious whereas scores <0.5 are 

unacceptable. Acceptable MSA values should first be determined for individual variables before the 

overall MSA can be evaluated (Field, 2005; Hair, et al., 1998).  

The variables were examined using the two suggested methods and therefore grouped into their 

respective categories, i.e. enablers, disablers, activities, characteristics, maturity. There were some 

missing values due to the answer options ‘not applicable’ and ‘don’t know’. Most of the variables 

had 0 missing values, a small number had 1 to 2 missing values, and one outlier had 8 missing 

values. Estimation of missing values is necessary if the sample size is a concern and if missing 

data is non-normally distributed (Tabachnick & Fidell, 2001 in Field, 2005). It was decided to 

replace missing values with the mean as an estimate, motivated by the concern that excluding 

values instead would lower the sample size. Mean replacement lowers the SD and therefore needs 

to be considered when determining the significance of results (Hair, et al., 1998).  

Twelve enablers were considered for the factor analysis. The correlation matrix revealed 

appropriate correlations between enablers 1 to 11 but showed that enabler 12 (government 

intervention) correlated with few variables. The MSA for enabler 12 was below the 0.5 threshold 

and scale reliability was improved through its deletion as indicated by a higher Cronbach’s Alpha. 

Enabler 12 was therefore excluded from the analysis. With 11 variables the correlation matrix 

showed sufficient intercorrelations, MSA values of ≥0.7 for individual variables and an overall MSA 

of 0.833. The determinant of the correlation matrix of variables was above the 0.00001 threshold 

with a value of 0.009 indicating that the variables were not correlated too highly. Hence, factor 

analysis was appropriate which was also supported by a highly significant Bartlett’s test (p<0.000).  
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A total of 10 variables comprised the disablers. The MSA for disabler 6 (dependence on fossil 

energy) was below the .5 threshold but the variable was retained because of its theoretical 

importance for SCs. All remaining variables showed MSA values between 0.624 and 0.847 with an 

overall MSA of 0.696. The Bartlett’s test and the determinant of the correlation matrix supported the 

applicability of factor analysis.  

The data set for the SSCM activities consisted of 10 variables. All tests supported the applicability 

of factor analysis and no variables had to be deleted. The same conclusions were drawn for the 

variables relating to SSCM characteristics and SSCM maturity. All 10 variables relating to SSCM 

characteristics and the 6 variables relating to SSCM maturity were therefore retained.  

5.4.1.4 Sample Size for Factor Analysis 

Regarding sample size requirements, Hair et al. (1998) suggest a minimum of five times as many 

observations as there are variables whereas Kass and Tinsley (1979) recommend a range of 5 to 

10 participants per variable for up to a total of 300 respondents. Tinsley and Tinsley (1987) 

conclude that researchers have some flexibility with regard to the sample size and the number of 

factors expected to emerge have to be considered. Including a sufficient number of variables to 

measure each factor increases the precision of factor analysis and lessens the requirement for a 

large sample size. Finally, when dealing with smaller sample sizes researchers simply have to be 

more cautious when interpreting the findings of a factor analysis (Hair, et al., 1998).  

Based on these suggestions it could be concluded that the requirements for sample size were met 

with 72 observations. As justified in section 5.4.1.3, missing values were replaced by the mean 

value so that 72 full datasets were available. Thus, the ratios between variables and observations 

ranged from 6.5 times as many observations as variables in case of the enablers to 12 in case of 

SSCM maturity with the disablers, activities and characteristics in between. 

5.4.1.5 Assumptions for Correlation and Regression Analysis 

Many parametric tests require certain assumptions to be met which can be broken down into four 

common tests (Field, 2005): 

1. Normally distributed data: Hypothesis testing relies on having normally distributed 

populations. Eyeballing of data distributions and tests of normality should be applied to test 

whether the data differs significantly from normal. 

2. Homogeneity of variance: Variances should be the same throughout the data, i.e. in 

correlation tests the observed variance of the variables should be stable at all levels. 

3. Interval data: If data is measured on a scale, it needs to be ascertained that the distance 

between points of the scale is equal at all parts of scale. 

4. Independence: Data collected from different participants needs to be independent, i.e. the 

behaviour of any one participant should not influence other participants’ responses.  

The correlation analysis was conducted with the composite factors which resulted from the factor 

analysis and their distributions were therefore examined. The assumptions of interval data and 
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independence of participants were satisfied through the scale design and administration processes 

as outlined in sections 5.2.4 and 5.3.2. Scale reliability for the factor components was assessed 

through Cronbach’s Alpha and can be considered good with a range from 0.661 for disabler 

component 1 to 0.920 for the maturity component. All other scales were well above 0.7. 

Homogeneity of variances and normality are related in most cases (Hair, Black, Babin, & Anderson, 

2010). The normality of the data distributions was assessed with normality tests, i.e. Kolmogorov-

Smirnov and Shapiro-Wilk, and descriptive statistics for skewness and curtosis. Since these tests 

have their limitations, e.g. significant results even from small deviations from normality (Field, 

2005), the data was also assessed through graphical screening using histograms, Q-Q plots and 

boxplots. Departures from normality were found, albeit only to a small extent. 

The distribution of the greater SC population is unknown and the central limit theorem applies as 

the sample size increases (Anderson, Sweeney, & Williams, 1999). Some non-normality can also 

be tolerated in parametric tests. If departures from normality are not too extreme and the planned 

analysis shows some robustness in this regard, then the original variables are preferable to data 

transformations (Hair, et al., 2010). In the case of correlation analysis, parametric as well as non-

parametric tests can be carried out, e.g. Spearman’s correlation coefficient (rs) and Kendall’s tau 

(τ). Hence, based on these considerations it was decided to accept the small departures from 

normality and hypotheses testing therefore relied on parametric and non-parametric tests. 

5.4.2 Factor Analysis 

The purpose of factor analysis is to identify a way “to condense the information contained in a 

number of original variables into a smaller set of new, composite dimensions or variates (factors) 

with a minimum loss of information” (Hair, et al., 1998, p. 95). Factor analysis is suitable when 

trying to identify representative variables from a larger set of variables to conduct other types of 

data analysis. Creating composite measures or a subset of representative variables is generally 

supported by conceptual and empirical issues and furthermore supports the aim to create a 

parsimonious set of variables (Hair, et al., 1998). Thus, factor analysis aims to provide a 

meaningful scheme that can facilitate the interpretation of a multitude of analysed behaviours with 

parsimonious explanatory constructs (Tinsley & Tinsley, 1987).  

5.4.2.1 Factor Analysis Approach 

Depending on the research aim, an exploratory approach or confirmatory factor analysis can be 

chosen. Hypothesis testing is possible using a confirmatory approach but it constitutes “a less 

stringent test of the hypothesized factor structure than does performing an exploratory analysis and 

then relating those results to a hypothesis” (Tinsley & Tinsley, 1987, p. 419). Hence, an exploratory 

approach to factor analysis was chosen. 

Generally two methods can be used in order to reduce a dataset and obtain factor solutions. 

Common factor analysis is most appropriate if latent dimensions in the dataset need to be 

identified. The component factor model on the other hand is appropriate when “the primary concern 

is about prediction or the minimum number of factors needed to account for the maximum portion 
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of the variance represented in the original set of variables” (Hair, et al., 1998, p. 102). Such 

principal component analysis is only concerned with establishing linear components within the data 

and relies on fewer assumptions in order to be accurate. It therefore constitutes a psychometrically 

sound procedure that is less complex than common factor analysis (Field, 2005).  

Principal component analysis was chosen as it aims to extract a minimal amount of factors. A 

parsimonious set of factors that summarised the survey variables was well suited to test directional 

relationships between the SSCM factors. Principal component analysis is conceptually less 

complex than factor analysis but solutions tend to differ little. Results derived from principal 

component analysis are specific to the sample. Generalisations can be allowed if a similar analysis 

with different samples shows the same factor structure (Field, 2005). The principal component 

analysis was furthermore based on the correlation matrix in favour of the covariance matrix. Use of 

the correlation matrix ensured that any differences with regard to the measurement scales were 

accounted for and eliminated the problem of having different variances for the variables which 

could create problems in principal component analysis (Field, 2005).  

As explained in section 5.2.3, the survey variables were selected to cover a wide spectrum of 

influential factors. Factor analysis was therefore carried out separately for each SSCM factor 

category due to this heterogeneity of selected variables7. The theoretical connections between 

these variables were also already supported by the Delphi results. 

5.4.2.2 Factor Extraction Criteria 

It may be appropriate to define the number of factors to extract before undertaking the factor 

analysis, e.g. when testing a hypothesis regarding the number of factors (Hair, et al., 1998). 

However, exploratory factor analysis requires the researcher to decide on the number of factors 

during the analysis. It is advisable to use a combination of decision criteria to arrive at an 

appropriate solution (Tinsley & Tinsley, 1987). The most representative but parsimonious set of 

factors should be extracted because under-extraction of factors may restrict the discovery of new 

constructs whereas over-extraction usually results in less interpretable and less reliable factors 

(Hair, et al., 1998; Tinsley & Tinsley, 1987). Factor analysis in this research aimed for data 

reduction and not the discovery of unknown underlying constructs which makes under-extractions 

less of an issue. The focus was on extracting a parsimonious set of factors to test the hypotheses 

which is in line with the guidelines for multivariate models (Hair, et al., 1998).  

This exploratory factor analysis required criteria for factor selection. Kaiser’s criterion suggests 

retaining factors with eigenvalues >1. The eigenvalues associated with each factor are 

representative of the variance it explains and the percentage of total variance explained (Field, 

2005). Kaiser’s criterion is simple and objective but may underestimate the number of meaningful 

factors (Tinsley & Tinsley, 1987). The use of eigenvalues to determine factors is most reliable when 

                                                      

7 An exploratory factor analysis with all variables was also carried out and showed clear distinctions 
between SSCM maturity, enablers, and disablers whereas more cross-loadings were evident 
between the SSCM characteristics and activities. Separate factor analyses were appropriate 
due to clearer factor development and prevention of theoretically unsound factor solutions.  
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dealing with 20 to 50 variables whereas less than 20 variables may result in too few factors (Hair, 

et al., 1998). 

Cattell’s scree test is based on the idea of extracting factors until the unique variance starts to 

dominate the common variance structure (Cattell, 1966, in Hair, et al., 1998). The latent root is 

plotted against the number of factors showing the cut-off point for the inclusion of factors at the 

point of inflexion of the curve. Stevens (1992, in Field, 2005) advocates scree plots as a reliable 

criterion for more than 200 observations. Scree tests usually result in more factors than does 

Kaiser’s criterion (Field, 2005; Hair, et al., 1998). Interpretation of a scree plot can lead to 

inaccuracies as interpretations may differ (Tinsley & Tinsley, 1987). Generally factor selection 

should not be solely based on the outcome of a scree test (Field, 2005; Tinsley & Tinsley, 1987).  

Another criterion is to determine the cumulative percentage of variance that is explained by the 

factor solution in order to ensure practical significance. Guidelines with regard to specific 

thresholds vary but in the social sciences it is common to consider solutions that account for 60% 

or less of total variance (Hair, et al., 1998). Tinsley and Tinsley (1987) state that no firm theoretical 

basis has been established but propose that 30% to 40% is probably too low whereas factor 

solutions explaining less than 50% are not uncommon.  

Alternatively the communalities of each variable can be considered. Again there are no hard and 

fast rules but values below 0.5 are considered problematic (Field, 2005). In case of low 

communalities, variables can either be ignored or deleted. Ignoring can be considered appropriate 

when the focus of the respective factor analysis is on data reduction (Hair, et al., 1998).  

5.4.2.3 Factor Components 

The factor extraction criteria described in section 5.4.2.2 were used in combination in order to 

identify appropriate factor solutions. An overview of all the survey variables can be found in 

Appendix D.5. The theoretical importance of each variable was also taken into account. Factor 

analysis of the 11 remaining enabler variables resulted in 2 factor scores based on the Kaiser 

criterion which explained a total variance of about 56%. Communalities of the individual variables 

showed values of slightly below 0.5 for three variables. The scree plot did not indicate that more 

than 2 factors should be extracted. Based on these findings 2 factors were extracted.  

Interpretation of the factor analysis for the disabler variables was challenging due to the somewhat 

heterogeneous nature of the disabler variables. Variable 9 was removed due to insufficient 

loadings and variable 4 because of undesirable cross-loadings. Individual communalities were well 

above the 0.5 threshold. The analysis resulted in 4 factor components for the disablers. Two 

components consisted of only one variable, i.e. sustainability costs and fossil energy, which 

seemed acceptable due to their significant loadings and heterogeneous nature. 

The full dataset of 10 variables was used for the factor analysis of the SSCM activities. The Kaiser 

criterion pointed to 1 factor which would have resulted in a low explanation of cumulative variance. 

A second factor was included with an eigenvalue of 0.999 raising the cumulative explained 

variance to 58%. Two individual communalities were only slightly below the 0.5 threshold. 
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The Kaiser criterion pointed to only one factor for the characteristics but the explained cumulative 

variance turned out to be below 50%. Inclusion of the second factor with an eigenvalue of 0.959 

resulted in an explained variance of 57%. One of the communalities was slightly below 0.5. 

Variable 3 was removed due to its low loadings on the resulting two factors. 

Factor analysis of the 6 maturity related variables resulted in a single factor. The Kaiser criterion 

was non-ambiguous and the total variance explained by the single factor turned out to be above 

72%. Only one of the individual communalities was slightly below the 0.5 threshold. Hence, 

retaining one single factor seemed the most appropriate factor solution for the maturity construct.  

5.4.2.4 Factor Rotation and Interpretation 

There are generally many potential factor solutions to a correlation matrix and rotation of factors is 

applied to find the best factor solution. Rotation methods spread the variance across factors more 

equitably, generally result in more interpretable solutions and are more likely to be generalisable 

(Tinsley & Tinsley, 1987). Rotation is therefore generally desirable as it simplifies the factor 

structure and results in theoretically more meaningful factor solutions (Hair, et al., 1998). Factor 

rotation procedures can be divided into orthogonal and oblique rotation. Orthogonal rotation should 

be applied when theoretical assumptions suggest that the factors are independent whereas oblique 

rotation is applied if theory suggests the factors might be correlated (Field, 2005). Oblique rotation 

is more flexible and also more realistic as it is not restrained by the assumption that factors are 

uncorrelated. Further advantages of oblique rotation may be that it “represents the clustering of 

variables more accurately” and “provides information about the extent to which the factors are 

actually correlated” (Hair, et al., 1998, p. 109). In many cases different rotation methods may yield 

similar factors especially if the underlying dimensions are uncorrelated (Tinsley & Tinsley, 1987).  

The suggestions regarding factor rotation supported an oblique rotation method. Resulting factors 

were likely to show some correlation due to the selection of survey variables, i.e. variables were 

initially selected to measure different facets of the same constructs. This decision was supported 

by the correlations between the components as shown in the matrices in Table 5.10. The results for 

each individual factor rotation showed that the extracted components were correlated to varying 

degrees. It can therefore be assumed that these are not independent as in such a case the same 

results as from an orthogonal rotation would have been expected, i.e. an identity matrix (Field, 

2005). Hence, the oblique rotations turned out to be an appropriate choice and the obtained 

solutions are probably more meaningful.  

 

Enabler Component 1 2 

1 1.000 .487
2 .487 1.000

Disabler Component 1 2 3 4 

1 1.000 0.214 0.168 0.065
2 0.214 1.000 0.020 0.129
3 0.168 0.020 1.000 -0.003
4 0.065 0.129 -0.003 1.000

Activities Component 1 2 

1 1.000 .593
2 .593 1.000

Characteristics Component 1 2 

1 1.000 .581 
2 .581 1.000 

Table 5.10: Component Correlation Matrices 
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The loadings for variables on components were assessed in order to interpret each resulting 

component. The factor matrices for each factor analysis were split into pattern and structure 

matrices since an oblique rotation was applied. A pattern matrix is generally preferable for 

interpretation as it contains information about the unique contribution of each variable. As a general 

guideline loadings should exceed 0.4 in order to be used for interpretative purposes (Field, 2005).  

Enablers Pattern Matrix 
Component 

1 2 

Continued education for qualified and motivated staff .840   
Performance measurement tools for consistent and accurate measurement .770   
Realisation of benefits through sustainability efforts, e.g. cost savings and reputation increase .709   
Top management support and approval .692   
Models, frameworks, roadmaps to support transformation towards SSCM .579   
Efficient information/communication technology to increase sharing and updates .514   
Collaboration with suppliers   .935
Sufficient capital to cover initial investments and long-term goals   .701
Common sustainable supply chain management vision along supply chain   .628
Awareness of potential benefits/pitfalls of sustainability efforts   .625
Awareness and acceptance of necessary time and cost investments   .565

Disablers Pattern Matrix 
Component 

1 2 3 4 

Uncertainty about infrastructure/operational requirements and necessary investments  0.810   
Unaccounted costs, e.g. allocation of negative supply chain effects and related costs  0.807   
Missing research on the linkage/impact of supply chains on environment and society  0.766   
Missing collaboration and strategic alignment 0.696   
Focus on short term financial performance, e.g. quarterly results   0.844  
Long distances to import and export goods  0.836  
Cost of sustainability efforts/strategy    0.941 
Dependence on fossil energy    0.968

Activities Pattern Matrix 
Component 

1 2 

Evaluation of market and sourcing locations, e.g. local vs. distant .871   
Identification and elimination of non-value adding activities .828   
Measurement of performance areas on all sustainability dimensions, i.e. outputs, impacts, damage .804   
Discussion, investigation, and selection of alternative methods/options .704   
Continuous improvement process .619   
Considering end of life during design stages   .783
Risk Management   .741
Accurate demand forecasting and balancing inventory   .694
Regular and comprehensive updates/reports   .658
Reduction of pollution to air, water, and land   .549

Characteristics Pattern Matrix 
Component 

1 2 

Alignment/synchronisation of supply chain and sustainability initiatives and goals .905   
Following and setting best practice standards .771   
Collaboration and trust among all supply chain stakeholders .698   
Existence of short/middle/long term plans with specific goals and objectives .663   
Qualified staff with expertise in supply chains and sustainability principles .661   
True cost allocation, i.e. all supply chain impacts and costs are fully accounted for   .778
Minimal waste and sustained efficiency throughout supply chain operations   .761
Responsiveness/agility to react to changing market requirements   .688
Satisfied customers, internal and external to supply chain   .669

Maturity Component Matrix 
Component 

1 

Supply chain systems 0.915 
Supply chain processes 0.890 
Supply chain culture  0.872 
Supply chain sustainability skill development 0.858 
Supply chain strategy 0.852 
Supply chain vision 0.691 

Table 5.11: Pattern Matrices for Factor Interpretation 

The pattern matrices shown in Table 5.11, i.e. the loadings and common themes of variables, were 

interpreted in order to give meaning to the extracted components. Interpretation and naming of the 

components facilitated successive assessments of relationships in SSCM. 
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Variables in enabler component 1 could be described as operational enablers whereas enablers 

related to strategy were found in component 2. The disablers could be clearly separated into 

components relating to uncertainty, market constraints, sustainability cost, and non-renewable 

energy. The two activity components related to process management and governance, risk, and 

compliance (GRC) management. Characteristics component 1 mainly described aspects related to 

strategic and operational alignment whereas characteristics component 2 was more related to SC 

performance. Finally, the maturity component was representative for SSCM maturity.  

Components Interpretation 
Enabler Component 1  Operational Enablers 
Enabler Component 2  Strategic Enablers 
Disabler Component 1  Uncertainty 
Disabler Component 2  Constraints of the Market 
Disabler Component 3  Cost of Sustainability  
Disabler Component 4  Dependence on Non-Renewable Energy 

Activities Component 1  Process Management 
Activities Component 2  GRC Management 

Characteristics Component 1  Strategic and Operational Alignment 
Characteristics Component 2  SC Performance 

Maturity Component   SSCM Maturity 

Table 5.12: Interpretation and Naming of Factor Components 

Factor scores were computed based on these identified components summarising the variables 

included in each component. The Anderson-Rubin method and the regression method for 

calculating factor scores yielded the same results. The resulting factors scores were therefore 

orthogonal with a mean of 0 and a SD of 1 (DiStefano, Zhu, & Mindrila, 2009). 

5.4.3 Hypotheses Testing 

All of the SSCM hypotheses propose correlations between factors in SSCM. Correlation analyses 

supported by visual interpretations of the data were therefore used to test the hypotheses. 

Structural equation modelling was considered but disregarded due to data availability, e.g. a larger 

sample size would have been required to produce meaningful findings (Westland, 2010).  

When performing statistical tests one has to be aware of whether a specific prediction of the 

outcome exists or not. In case of a directional hypothesis, i.e. if a prediction exists, a one-tailed test 

has to be performed. A smaller test statistic is needed if a prediction is made because only one tail 

of the distribution needs to be checked. Predictions have to be made before the data collection in 

order to claim the advantages of one-tailed tests (Field, 2005). All hypotheses were formulated 

before the survey was conducted. Hence, one tailed tests were appropriate. 

Visual inspections of the variables were carried out to interpret the general trend of relationships 

and identify outliers. For the correlation analysis the Pearson correlation coefficient was used as a 

parametric test. A value of +1 indicates a perfect positive relationship between two variables 

whereas a perfect negative relationship is denoted by a coefficient of -1. It is denoted by either ‘r’ or 

‘R’ and is a standardised measure commonly used to express the size of an effect with values of 

±0.1 representing a small effect, ±0.3 a medium effect and ±0.5 a large effect. Squaring the 

Pearson correlation coefficient is known as R2 or the coefficient of determination which measures 
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how much variability in one variable is explained by the other. Apart from parametric tests, non-

parametric statistics were used to account for data that potentially violates parametric assumptions. 

The Spearman correlation coefficient (rs) was used which ranks the data first and then applies 

Pearson’s equation. Kendall’s tau (τ) provides accurate estimates especially for small data sets 

with many tied ranks (Field, 2005) and was applied as another non-parametric test.  

5.4.3.1 Correlation of Enablers and Activities 

The factor analysis identified two scores for the enablers and also for the activities. Testing of the 

relationship between SSCM enablers and activities was therefore based on 4 correlations. 

 
Pearson 
Correlation 

Spearman 
Correlation 

Kendall’s Tau 
Goodness of 
Fit 

Finding 

Enabler Score 1 / 
Activities Score 1 

r = 0.633 
p < 0.01 

rs = 0.645 
p < 0.01 

τ = 0.462 
p < 0.01 

R2 = 0.400 
Significant positive 
correlation 

Enabler Score 1 / 
Activities Score 2 

r = 0.615 
p < 0.01 

rs = 0.572 
p < 0.01 

τ = 0.411 
p < 0.01 

R2 = 0.378 
Significant positive 
correlation 

Enabler Score 2 / 
Activities Score 1 

r = 0.527 
p < 0.01 

rs = 0.497 
p < 0.01 

τ = 0.357 
p < 0.01 

R2 = 0.277 
Significant positive 
correlation 

Enabler Score 2 / 
Activities Score 2 

r = 0.496 
p < 0.01 

rs = 0.491 
p < 0.01 

τ = 0.352 
p < 0.01 

R2 = 0.246 
Significant positive 
correlation 

H1 
The presence of SSCM enablers is positively correlated to the ability of SCs to engage in 
activities that support sustainability. 

H10 
The presence of SSCM enablers is not correlated to the ability of SCs to engage in activities 
that support sustainability. 

Table 5.13: Correlation of Enablers and Activities 

All tests confirmed significant positive correlations (p<0.01). H10 could therefore be rejected. 

5.4.3.2 Correlation of Disablers and Activities 

Four disabler components and two activity components were identified. Testing of the relationship 

between SSCM disablers and activities was therefore based on 6 correlations. 

 
Pearson 
Correlation 

Spearman 
Correlation 

Kendall’s Tau 
Goodness of 
Fit 

Finding 

Disabler Score 1 / 
Activities Score 1 

r = -0.267 
p < 0.05 

rs = -0.242 
p < 0.05 

τ = -0.156 
p < 0.05 

R2 = 0.071 
Significant negative 
correlation 

Disabler Score 1 / 
Activities Score 2 

r = -0.406 
p < 0.01 

rs = -0.366 
p < 0.01 

τ = -0.262 
p < 0.01 

R2 = 0.165 
Significant negative 
correlation 

Disabler Score 2 / 
Activities Score 1 

r = 0.030 
p = 0.403 

rs = 0.029 
p = 0.404 

τ = 0.010 
p = 0.452 

R2 = 0.000 
No significant 
correlation 

Disabler Score 2 / 
Activities Score 2 

r = -0.171 
p = 0.076  

rs = -0.137 
p = 0.125 

τ = -0.097 
p = 0.113 

R2 = 0.029 Negative correlation 

Disabler Score 3 / 
Activities Score 1 

r = -0.195 
p = 0.050  

rs = -0.168 
p = 0.079 

τ = -0.114 
p = 0.079 

R2 = 0.038 Negative correlation 

Disabler Score 3 / 
Activities Score 2 

r = -0.0239 
p < 0.05 

rs = -0.247 
p < 0.05 

τ = -0.168 
p < 0.05 

R2 = 0.057 
Significant negative 
correlation 

Disabler Score 4 / 
Activities Score 1 

r = -0.147 
p = 0.109 

rs = -0.089 
p = 0.230 

τ = -0.052 
p = 0.259 

R2 = 0.022 Negative correlation 

Disabler Score 4 / 
Activities Score 2 

r = 0.036 
p = 0.381 

rs = 0.045 
p = 0.355 

τ = 0.038 
p = 0.319 

R2 = 0.001 
No significant 
correlation 

H2 
The presence of SSCM disablers is negatively correlated with the ability of SCs to engage in 
activities that support sustainability. 

H20 
The presence of SSCM disablers is not correlated with the ability of SCs to engage in activities 
that support sustainability. 

Table 5.14: Correlation of Disablers and Activities 
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The analysis showed 3 statistically significant negative correlations, 1 negative correlation at 

p<0.10, and 2 negative correlations which were not significant. The existence of correlations could 

not be confirmed for the analysis of disabler score 2 (constraints of the market) and activity score 1 

(process management) as well as disabler score 4 (dependence on non-renewable energy) and 

activity score 2 (GRC management). The instances of weak correlations or no correlations were 

mainly related to disabler scores 2 and 4. These disabler components can be interpreted as 

‘unavoidable’ for many SCs and hence may be the reason for the lack of correlation.  

Taking this interpretation into account, there was overall evidence for a negative correlation 

between disablers and the ability to perform SSCM activities. H20 could be rejected. 

5.4.3.3 Correlation of Activities and Characteristics 

Two components were identified for both the activities and the characteristics. Testing of the 

relationship between activities and SSCM characteristics was therefore based on 6 correlations. 

 
Pearson 
Correlation 

Spearman 
Correlation 

Kendall’s Tau 
Goodness of 
Fit 

Finding 

Activities Score 1 / 
Characteristics Score 1 

r = 0.602 
p < 0.01 

rs = 0.590 
p < 0.01 

τ = 0.414 
p < 0.01 

R2 = 0.363 
Significant positive 
correlation 

Activities Score 1 / 
Characteristics Score 2 

r = 0.589 
p < 0.01 

rs = 0.606 
p < 0.01 

τ = 0.435 
p < 0.01 

R2 = 0.347 
Significant positive 
correlation 

Activities Score 2 / 
Characteristics Score 1 

r = 0.733 
p < 0.01 

rs = 0.727 
p < 0.01 

τ = 0.526 
p < 0.01 

R2 = 0.537 
Significant positive 
correlation 

Activities Score 2 / 
Characteristics Score 2 

r = 0.572 
p < 0.01 

rs = 0.543 
p < 0.01 

τ = 0.392 
p < 0.01 

R2 = 0.327 
Significant positive 
correlation 

H3 
Engagement in activities that support sustainability is positively correlated with the presence of 
SSCM characteristics. 

H30 
Engagement in activities that support sustainability is not correlated with the presence of 
SSCM characteristics. 

Table 5.15: Correlation of Activities and Characteristics 

All tests confirmed significant positive correlations (p<0.01). H30 could be rejected. 

5.4.3.4 Correlation of Activities, Characteristics and Maturity 

The factor analysis resulted in one maturity component and two components each for activities and 

characteristics. Testing this hypothesis was therefore based on 4 correlations. 

 
Pearson 
Correlation 

Spearman 
Correlation 

Kendall’s Tau 
Goodness of 
Fit 

Finding 

Activities Score 1 / 
Maturity Score 1 

r = 0.612 
p < 0.01 

rs = 0.603 
p < 0.01 

τ = 0.432 
p < 0.01 

R2 = 0.375 
Significant positive 
correlation 

Activities Score 2 / 
Maturity Score 1 

r = 0.626 
p < 0.01 

rs = 0.631 
p < 0.01 

τ = 0.452 
p < 0.01 

R2 = 0.392 
Significant positive 
correlation 

Characteristics Score 1 / 
Maturity Score 1 

r = 0.748 
p < 0.01 

rs = 0.770 
p < 0.01 

τ = 0.581 
p < 0.01 

R2 = 0.536 
Significant positive 
correlation 

Characteristics Score 2 / 
Maturity Score 1 

r = 0.604 
p < 0.01 

rs = 0.624 
p < 0.01 

τ = 0.432 
p < 0.01 

R2 = 0.335 
Significant positive 
correlation 

H4 
Engagement in activities that support sustainability and presence of SSCM characteristics is 
positively correlated with SSC maturity. 

H40 
Engagement in activities that support sustainability and presence of SSCM characteristics is 
not correlated with SSC maturity. 

Table 5.16: Correlation of Activities, Characteristics and Maturity 

All tests confirmed significant positive correlations (p<0.01). H40 could be rejected. 
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5.4.3.5 Correlation of Maturity and Enablers 

Hypothesis 5 was tested through correlations between the maturity score and 2 enabler scores. 

 
Pearson 
Correlation 

Spearman 
Correlation 

Kendall’s Tau 
Goodness of 
Fit 

Finding 

Maturity Score 1 /  
Enabler Score 1 

r = 0.575 
p < 0.01 

rs = 0.584 
p < 0.01 

τ = 0.426 
p < 0.01 

R2 = 0.331 
Significant positive 
correlation 

Maturity Score 1 /  
Enabler Score 2 

r = 0.576 
p < 0.01 

rs = 0.581 
p < 0.01 

τ = 0.414 
p < 0.01 

R2 = 0.332 
Significant positive 
correlation 

H5 A higher level of SSC maturity is positively correlated with the presence of SSCM enablers. 

H50 A higher level of SSC maturity is not correlated with the presence of SSCM enablers. 

Table 5.17: Correlation of Maturity and Enablers 

All tests confirmed significant positive correlations (p<0.01). H50 could be rejected. 

5.4.3.6 Correlation of Maturity and Disablers 

The relationship between SSCM maturity and SSCM disablers was tested using 4 correlations. 

 
Pearson 
Correlation 

Spearman 
Correlation 

Kendall’s Tau 
Goodness of 
Fit 

Finding 

Maturity Score 1 /  
Disabler Score 1 

r = -0.419 
p < 0.01 

rs = -0.416 
p < 0.01 

τ = -0.295 
p < 0.01 

R2 = 0.175 
Significant negative 
correlation 

Maturity Score 1 /  
Disabler Score 2 

r = -0.104 
p = 0.191 

rs = -0.094 
p = 0.217 

τ = -0.070 
p = 0.193 

R2 = 0.011 Negative correlation 

Maturity Score 1 /  
Disabler Score 3 

r = -0.324 
p < 0.01 

rs = -0.319 
p < 0.01 

τ = -0.225 
p < 0.01 

R2 = 0.105 
Significant negative 
correlation 

Maturity Score 1 /  
Disabler Score 4 

r = -0.054 
p = 0.326 

rs = -0.051 
p = 0.335 

τ = -0.025 
p = 0.378 

R2 = 0.003 Negative correlation 

H6 A higher level of SSC maturity is negatively correlated with the presence of SSCM disablers. 

H60 A higher level of SSC maturity is not correlated with the presence of SSCM disablers. 

Table 5.18: Correlation of Maturity and Disablers 

The analysis showed 2 significant correlations between maturity and disabler components 1 and 3. 

Negative correlations were found between maturity and disablers components 2 and 4 which were 

not significant. This lack of significance could again be explained by the nature of these disabler 

components, i.e. they may be inevitable depending on the SC layout. 

H60 could be rejected due to the negative correlations between maturity and SSCM disablers.  

5.4.4 Regression Analysis 

After testing the SSCM hypotheses, the attention turned to additional investigations based on 

regression analysis utilising the interpreted factor components outlined in section 5.4.2.4.  

5.4.4.1 Influence of SSCM Maturity on SC Performance 

Previous studies have confirmed a relationship between the maturity of SC processes and SC 

performance (Lockamy & McCormack, 2004; McCormack, et al., 2008). These results were not 

aimed at evaluating the influence of sustainability maturity on SC performance. This relationship 

however could be investigated with the data obtained through the SSCM survey by constructing a 

regression model focussed on determining the influence of SSCM maturity on SC performance. 
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Approach: The arithmetic means of the items within each component were used for the regression 

analysis. The scale for all items ranged from 1 to 6 as presented in section 5.2.4. The arithmetic 

means were deemed more meaningful for the regression results as they allowed for easier 

interpretation since the scales correspond to the proposed maturity levels in SSCM8. 

Control Variables: For the regression analysis, potentially confounding factors were controlled. 

These included the influence of managerial position9, company size10, company origin11 and the 

industry type12. None of the control variables had a significant impact when included into the 

regression model. 

Assumptions: The variables representing maturity and SC performance were subjected to a factor 

analysis and showed a clear distinction, i.e. they cleanly loaded onto two distinct factors. Only one 

predictor is used in the final regression model, hence multicollinearity is not of concern. The sample 

size of 72 is also well within the requirements for regression (Field, 2005), especially since a large 

effect between SSCM Maturity and SC Performance is evident. Only one response was more than 

±2 standardised residuals outside of its predicted value, which supports the assumption of a normal 

sample. The Durbin-Watson statistic of 1.971 indicates that the errors in regression are 

independent. The assumptions of linearity, homoscedasticity, and normality were also met as 

shown by the plots in Appendix D.7.  

Results: A summary of the regression model is shown in Table 5.19. The value of 0.362 for R2 

indicates that SSCM maturity can account for 36.2% of the variation in SC performance. For the 

given data the regression resulted in an F-ratio of 39.76 which is significant at p < 0.001, indicating 

that the regression model predicts SC performance significantly well. Cross-validation of the model 

based on the adjusted R2 indicates only a minimal loss of predictive power since the difference to 

R2 is only 0.9%. Hence, the model generalises well and accounts for almost the same variance if it 

had been derived from the population of the sample.  

 B SE B β 
Constant 2.416 0.244  
SSCM Maturity 0.457 0.073 .602* 

Note: R2 = 0.362; adjusted R2 = 0.353; * p < 0.001 

Table 5.19: Regression Model – SSCM Maturity and SC Performance 

Interpretation: Regression analysis showed that SSCM maturity is a good predictor of SC 

performance as indicated by the significant t-test of the b-value for SSCM maturity. The standard 

errors were also low. The following regression equation was derived: 

                                                      

8 Correlation analysis confirmed that the arithmetic means correlate directly with the factor scores. 
Regression analysis with the factors scores furthermore showed near identical results to those 
obtained using the arithmetic means.  

9 As indicated in Table 5.5 
10 Sorted into 4 size categories, i.e. 1-49, 50-499, 500-4999, and 5000+ 
11 Location of headquarters as shown in Table 5.6 
12 Categories of ‘Goods’ and ‘Services’ as specified in Table 5.3 
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SC Performance = 2.416 + 0.457 × SSCM Maturity 

Since arithmetic means were used, it can be said that SC performance is likely to increase by 

about .5 as SSCM maturity increases by one level. The standardised values indicate that if SSCM 

maturity increases by 1 SD (1.26), SC performance increases by 0.58 on the six-point scale (0.602 

× 0.96).  

5.4.4.2 Determinants of SSCM Maturity 

This section is focussed on identifying predictors, or determinants, for SSCM maturity in order to 

aid in the validation of the SSCM models and develop an approach to determine the level of SSCM 

maturity based on measurable variables. 

Approach: The SSCM factors were measured through a series of survey variables as outlined in 

section 5.2.6 which were condensed to overarching factors in section 5.4.2.4. All the factors 

relating to SSCM enablers, disablers, activities, and characteristics were considered as predictors 

for SSCM maturity. The arithmetic means of the SSCM factors were measured on a scale from 1 to 

6. In addition SC visibility towards customers and suppliers was considered which was measured 

on a 4-point scale. Furthermore the influence of time was accounted for by including data that 

measured, on a scale from 0 to 7, how long SCs had been investigating or applying SC principles. 

Control Variables: The potentially confounding influences of managerial position, company size and 

origin, as well as industry type were included as control variables and did not show any significant 

impact on the regression model. 

Assumptions: The collinearity diagnostics indicate that multicollinearity between the predictors is 

not an issue, i.e. the variance inflation factors are between 1 and 2 whereas the tolerance statistics 

are well above the 0.2 threshold. Common rules suggest 10 to 15 data points per predictor (Field, 

2005). Since the final regression model contains four predictors, the sample size of 72 is well 

above the required 40 to 60 responses. Two responses were more than ±2 standardised residuals 

outside of their predicted values. Hence, the sample appears to conform to the requirements for an 

accurate model. The Durbin-Watson statistic of 2.132 indicates error independence and the plots in 

Appendix D.7 show that the assumptions of linearity, homoscedasticity, and normality were met. 

Results: A summary of the regression model is shown in Table 5.20. The developed regression 

model accounts for 71.4% of the variation in SSCM maturity. The F-ratio of 41.74 was significant at 

p < 0.001, indicating high predictive power. The small difference between R2 and the adjusted R2 

also indicates that the model is generalisable.  

 B SE B β 
Constant -0.779 0.363  
Process Management 0.298 0.098 .253** 
Strategic and Operational Alignment 0.467 0.118 .377* 
SC Visibility towards Suppliers 0.289 0.111 .183*** 
Time 0.164 0.040 .313* 

Note: R2 = 0.714; adjusted R2 = 0.697; * p < 0.001; ** p < 0.01; *** p < 0.05 

Table 5.20: Regression Model – Determinants of SSCM Maturity 
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Interpretation: The t-tests for the b-values of the predictors were all significant at p < 0.05 and the 

following regression equation was developed: 

SSCM Maturity = -0.779 + 0.298 × Process Management + 0.467 × Strategic and Operational 

Alignment + 0.289 × SC Visibility towards Suppliers + 0.164 × Time 

The standardised β values indicate that as ‘Process Management’ increases by 1 SD (1.06), SSCM 

maturity increases by 0.319 maturity levels (0.253 × 1.26); as ‘Strategic and Operational Alignment’ 

increases by 1 SD (1.01), SSCM maturity increases by 0.475 maturity levels (0.377 × 1.26); as ‘SC 

Visibility towards Suppliers’ increases by 1 SD (0.8), SSCM maturity increases by 0.231 maturity 

levels (0.183 × 1.26); and as ‘Time’ increases by 1 SD (2.4), SSCM maturity increases by 0.394 

maturity levels (0.313 × 1.26). 

The presented regression model was developed using a stepwise, backward inclusion of predictors 

and was confirmed through a forced entry approach. The resulting model showed the highest 

predictive power while only containing significant predictors. It confirms the notion that SSCM 

characteristics and activities influence SSCM maturity as proposed in the SSCM maturity model. 

The importance of SC visibility and time investment are furthermore underlined.  

Additional Insights: The predictive power of the individual variables within ‘Process Management’ 

and ‘Strategic and Operational Alignment’ and their influence on SSCM maturity were also 

investigated. The regression showed that the aggregated factors can predict SSCM maturity 

whereas the individual variables did not show a large effect. Hence, this evidence suggests that the 

combination of SSCM factors supports the development of SSCM maturity whereas the existence 

of a single or limited number of factors does not necessarily support SSCM maturity. 

5.5 Summary 

The motivator to conduct the SSCM survey was to provide empirical evidence for relationships 

between SSCM factors, i.e. enablers, disablers, activities, characteristics, and SSCM maturity. 

These relationships were translated into hypotheses which informed the survey design and 

administration process. Hence, the survey questions were selected to provide insights with regard 

to the presence of SSCM factors in SCs. Administration was limited to SC professionals with 

sufficient knowledge about their SC structures and operations in order to yield valuable responses. 

An assessment of the resulting data confirmed the appropriateness for statistical analysis. Firstly 

an exploratory factor analysis was conducted to condense the variables into composite dimensions 

and identify underlying structures. The identified components were used in correlation analysis in 

order to test the developed hypotheses. The existence of relationships between the SSCM factors 

could be confirmed based on strong empirical evidence. In addition, linear regression models were 

constructed to explore the influential factors for SC performance and SSCM maturity.  
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6 Discussion of Results and Research Process 

This discussion chapter provides an in-depth evaluation of the research results and processes. 

Research requirements in SSCM were developed and presented in section 2.5 and specific 

research objectives were formulated in section 3.1. Research artefacts emerged through the 

research steps addressing these research objectives. These artefacts can be categorised into 

’Concepts’ ‘Models’ and ‘Hypotheses’ and are discussed in sections 6.1, 6.2, and 6.3. Based on 

these artefacts, a roadmap for SSCM is constructed in section 6.4. In section 6.5, the research 

processes are evaluated in terms of their strengths and limitations whereas the final section 

discusses the overall contributions of this study in the context of SC theory and practice. 

 

Figure 6.1: Structure of the Discussion 

The different artefacts influenced each other, i.e. conceptual results informed the model building 

activities and hypotheses were formed based on insights gained from both. Sections 6.1, 6.2, and 

6.3 are structured in a similar manner starting with an overview of research results followed by 

evaluations. Implications of the research artefacts are derived, i.e. how they support SSCM and 

how they contribute to the body of theory. Finally research recommendations and future research 

avenues are pointed out that could strengthen the developed artefacts. Apart from this discussion, 

a roadmap for SSCM is developed that leverages the insights and strengths of the research 

findings. Hence, an additional artefact is derived that can be used by SCs in a prescriptive manner 

to create and establish specific steps, elements, and goals in order to integrate and develop 

sustainability. 
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6.1 SSCM Concepts 

Several conceptual results have emerged mainly through the literature review on SSCM and the 

subsequent evaluation in the section on problems, issues, and requirements.  

 

Figure 6.2: Overview of SSCM Concepts 

SSCM concepts derived from the literature review include discussions of definitions that provide a 

high level overview of the aims and characteristics of SSCM and what constitutes a SSC. 

Secondly, a thematic classification of SSCM was presented providing structure to this research 

area. Furthermore domain requirements for SSCM were derived by analysing key elements in SCM 

through a sustainability lens. The section concerned with problems, issues and requirements can 

be described as a summary and an evaluation of aspects that require attention to support research 

and practice of SSCM.  

6.1.1 Evaluation and Implications of Conceptual Results 

The SSCM concepts provide foundational insights, i.e. the area of research was defined, 

categorised, and discussed based on relevant literature. The SSCM concepts were essential as 

foundation and justification for this research and are valuable as a starting point for other 

researchers. Practical relevance can especially be attributed to the description of SSCM key issues 

and the synthesis of problems, issues, and requirements. 

6.1.1.1 SSCM Definition 

Definitions for SSCM were reviewed in section 2.3.2 which concluded that a truly well-recognised 

definition of SSCM has not yet emerged. Furthermore there appeared to be considerable confusion 

with regard to the dimensions of sustainability. Some publications consider all three dimensions 

whereas many others are only concerned with environmental and economic dimensions. Most 

definitions are rather lengthy and complicated which may contribute to their low acceptance. 

Authors were obviously trying to include as many relevant aspects as possible into their definitions 

as they had to marry characteristics of SCM with sustainability concepts.  

6.1.1.2 SSCM Classification 

The classification of SSCM topics and themes presented in section 2.3.1 guided this study and 

helped to identify research requirements. This classification emerged throughout the literature 

review in an attempt to give structure to this growing field. Srivastava (2007) and Linton et al. 

(2007) influenced the top-level organisation of SSCM into SCM for sustainable operations and 
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SCM for sustainable products. Additionally, the discussion of key issues and requirements in 

SSCM in section 2.4 contributed significantly to its layout. The classification is one potential way of 

organising the various topics related to SSCM and current streams of research. It is not meant to 

be an all-encompassing framework but rather presents a hierarchical structure that allows 

researchers to characterise their research and identify the relationships with other areas. 

Furthermore, it provides guidance for future literature reviews and a starting point for an updated 

classification of SSCM.  

6.1.1.3 SSCM Key Elements 

Section 2.4 provides a detailed account of potential requirements and supporting mechanisms for a 

SSC. Its subsections are devoted to key elements in SCM which were analysed through a 

sustainability lens, i.e. requirements, methods, tools, and sustainability relationships between key 

elements were extracted from relevant literature. An overview and discussion emerged including a 

top-level summary presented in Table 2.16. These conceptual research artefacts constitute an 

important pillar of this research and relevant additions to the body of knowledge. Peer review 

strengthened the validity of the findings and aided in their evaluation (Reefke & Sundaram, 2012). 

The categories for these elements were based on well-accepted aspects of SCM (e.g. T. Hill, 2000; 

Simchi-Levi, et al., 2003), justifying the chosen approach. A descriptive analysis, e.g. with regard to 

research methodologies or timely distributions, was not deemed necessary due to the main focus 

on a thematic summary. The sources for the identification and discussion of sustainability aspects 

were therefore identified through content analysis, i.e. their thematic relevance, and encompassed 

mainly academic publications but more practically-oriented sources were also considered. The 

combination of sources resulted in a wide-ranging and current overview. A complete review of all 

potential sources is near impossible due to the amount of publications in SCM. The overview 

presented may therefore be seen as constrained but it offers a reasonably exhaustive discussion of 

key elements in SSCM. 

From an academic perspective, the SSCM key elements provide researchers with an overview of 

relevant literature and potential research avenues which are further explored in section 6.1.2. They 

also offer advice to SC managers by summarising requirements for a SSC on one hand and 

providing an account of potential tools and approaches to address these requirements. The brevity 

allows for a quick overview of SSCM but compromises on the level of detail of descriptions for 

specific methods, e.g. LCA or DfE. Hence, it provides an ‘executive summary’ which can be fleshed 

out and extended by utilising the provided citations.  

6.1.1.4 SSCM Problems, Issues, and Requirements 

Practical difficulties that SSCs are faced with and deficiencies in published research emerged 

throughout the literature review and were articulated into a set of problems in section 2.5.1. The 

problems were then translated into a summary of overarching issues allowing for a thematic 

separation of the problems. This conceptual multi-step process culminated in the development of 

research requirements to address the issues and solve the identified problems. Additional specific 
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research opportunities in SSCM were identified and ranked in terms of importance as part of the 

Delphi study.  

While all-inclusiveness cannot be assumed, the identified problems, issues, and requirements offer 

a wide-ranging overview of aspects that require attention in order to enhance theoretical 

understanding of SSCM and support practical application. The conceptual contributions can firstly 

be seen in the identification of problems that justify and underline the importance of undertaking 

this research. It became evident that problems emerged from all areas of SCM, calling for solutions 

that are appropriate for a wide array of applications. The translation of the problems into 

overarching issues prevalent in SSCM helped to categorise the problems so that specific research 

requirements could be derived which in turn resulted in targeted research artefacts. Due to this 

approach, even unidentified problems may already be partially addressed as unidentified problems 

are most likely connected to these four issues. Finally, the developed research requirements 

guided this study and inform future research.  

6.1.2 Recommendations for Conceptual Research 

Development of a more concise and precise definition of SSCM is recommended in order to guide 

academic research and influence SC vision statements as well as unify SC reporting practices.  

The classification of SSCM as well as the discussion of SSCM key elements includes publications 

and findings which were available at the time. While a wide array of findings was included, it is 

recommended that the presented classification needs to be expanded as the areas related to 

SSCM develop. The same is true for the identified domain requirements which reflect current SC 

practices and research findings. While the presented artefacts provide a baseline, they demand 

updating and expansion in order to keep up with the developments in SCM.  

One research opportunity connected to the SSCM classification would be to undertake a 

descriptive analysis of related research. This could provide insights into the timely and quantitative 

distribution of articles and the frequency of different methodologies and research aims. A better 

understanding of the perceived importance of research areas and the applicability of research 

methodologies could be achieved. Validations of the summary presented in Table 2.16, e.g. 

through multiple case studies, could strengthen these findings and provide managerial implications. 

Naturally the problems, issues, and requirements also require updating as research in SSCM 

progresses. The findings and research artefacts derived in this study help to address the identified 

issues and solve the problems. However, validation studies and refinement of the artefacts will also 

influence the understanding of what constitutes current research requirements in SSCM. The focus 

of this study has been on the foundational aspects of the research requirements explained in 

section 2.5.3. Hence, it can be argued that these requirements should be adjusted to reflect the 

current level of research and emphasise the need for validation, practical application, and 

refinement of the developed artefacts. Furthermore, the development of adaptive SSCM systems 

has become more feasible as this study established many of the foundational requirements.  
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6.2 SSCM Models 

The research requirements developed in section 2.5 highlighted a need for models describing the 

relationships among influential factors in SSCM in order to guide SSCM implementation and 

practice. Accordingly several modelling artefacts were developed that aim to meet these 

requirements.  

 

Figure 6.3: Overview of SSCM Models  

The SSCM transformation model was developed based on the findings from the exploratory Delphi 

study and informed by relevant and recognised business transformation models. It outlines steps 

and tasks that should be performed based on a continuous improvement cycle in order to support 

SC transformations towards sustainability. The SSCM maturity model also emerged from the 

Delphi findings and a review of relevant SC and sustainability maturity models. It outlines the 

phases, steps, and advancements that SCs undergo in their sustainability development. These 

relationships and interdependencies were tested and confirmed through the survey findings. The 

SSCM themes and factors were based on the responses of the Delphi experts and ranked in terms 

of their importance. These artefacts are useful in guiding SC decisions and managerial practice 

and they provide background information and support for the SSCM transformation and maturity 

models as well as potential future modelling developments. 

6.2.1 Evaluation and Implications of Modelling Results 

The modelling results advance theoretical knowledge in SSCM by providing insights into the factors 

that influence the development of sustainability in SCs. Most importantly the models identify 

relationships between components that need to be put into place, activities that should be 

performed, aspects that should be avoided, and goals that need to be achieved. They are also 

valuable for SC practitioners as they provide background and structure for practical SSCM 

development. 

6.2.1.1 SSCM Transformation Model 

The SSCM transformation model follows a cyclical continuous improvement approach. There has 

been much debate on the applicability, benefits, and shortcomings of structured process 

management methodologies (Andriopoulos & Lewis, 2009; Benner & Tushman, 2003; Gupta, 

Smith, & Shalley, 2006). Major influences on the process management literature can be traced 

back to seminal work e.g. by Ishikawa (1985) and Deming (1986) which led to methodologies like 

TQM and lean thinking. Process management approaches have since spread from manufacturing 
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to applications in various organisational aspects, e.g. research and design, product development, 

or distribution and sales. Even though process management approaches differ significantly in terms 

of scope and approach, they are generally based on measurement, improvement, and 

rationalisation of processes (Benner & Tushman, 2003). The SSCM transformation model entails 

similar components and follows accepted design guidelines. Its focus is on the identification of 

redesign opportunities, mapping and improvement of SC processes, and subsequent incorporation.  

Conflicts have arisen between proponents and opponents of process management methodologies, 

driven by a concern that they may only foster incremental improvement and prevent radical 

improvements (Benner & Tushman, 2003; Pagell & Wu, 2009). Incremental improvements build on 

existing organisational characteristics and capabilities whereas radical improvements occur 

through fundamental changes to organisational trajectories and competencies. Based on the 

findings by Benner and Tushman (2003) it can be stated that the implementation of process 

management techniques is likely to support innovation. Mapping of processes makes tacit 

organisational characteristics explicit, leads to better cognitive models of organisational activities 

and generally helps organisations to learn and understand their own processes. Initial 

organisational improvements and solution finding are supported through team approaches to 

problem solving, decentralised decision making, and collocated information. Furthermore, 

organisational changes spurred through process management may indeed be radical, especially in 

the case of underperformers, and can quickly lead to substantial performance gains. Additional 

cycles and repetition of organisation routines are then performed after this initial implementation. 

Over time best practices and developed organisational knowledge become standards whilst 

improvements become increasingly incremental as they build on prior achievements. These 

characteristics tie in well with the notion of SSCM maturity. 

The SSCM transformation model builds on these findings and can therefore provide guidance to 

managers tasked with SC transformation. It offers an overview of structured management steps 

and feedback loops fleshed out by the identification of enabling factors, activities and 

characteristics specific to each step. The associated importance ratings offer additional guidance. 

The SSCM transformation model therefore addresses the problem that SC managers fail to 

incorporate the knowledge of previous successes into new initiatives (Carter, 2005; Carter & 

Easton, 2011).  

With respect to the concern that radical improvements are not supported by process management 

methods, Pagell and Wu (2009) conclude that continuous improvement philosophies may be most 

useful in making existing SCs more sustainable. The authors suggest that continuous improvement 

may hinder radical change in organisational behaviour and therefore true sustainability. However, 

the authors fail to outline what radical change in a SC should encompass in order to facilitate true 

sustainability. Creating generalisable avenues for radical change appears to be a near impossible 

endeavour as operational SC conditions differ greatly. It also remains unclear whether radical 

changes could be triggered by any method or whether they may rather be reliant on the vision and 

insights of individuals. As discussed in section 2.2.2.2, people are generally opposed to radical 

changes but likely to accept gradual changes (Munro, 1995). Realistically, most companies and 
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SCs are also not willing, or unable, to abruptly abandon established SC relationships and practices. 

It is even more doubtful that companies and SCs would be willing to drastically change their 

business idea and associated operational targets. No truly sustainable SC is currently known 

(Pagell & Wu, 2009) partially due to the market requirements and business structures they are 

operating within. Several important disabling factors that can prevent SCs from becoming 

sustainable were presented in Table 4.27. Taking these disablers into account, an instant radical 

change towards true sustainability seems highly unrealistic for most SCs. Hence, a structured 

management process constitutes a more viable option for SC transformation. Of course SCs could 

endeavour to seek and introduce radical improvements whilst implementing the SSCM 

transformation model.  

6.2.1.2 SSCM Maturity Model 

The SSCM maturity model and the expert validation process were explained in section 4.5.2. The 

model relationships were explored and validated further through the survey results presented in 

sections 5.4.3 and 5.4.4. There is therefore evidence that the SSCM maturity model presents a 

fairly accurate overview of SSCM factors and relationships. In order to exemplify the value of this 

model, it was deemed useful to evaluate its characteristics by comparison to a related model for 

SSCs, i.e. the GAIA maturity model.  

Based on the descriptions given in section 2.3.4.5, it can be summarised that the GAIA model 

represents a broad approach to assessing and tracking the maturity levels of SCs. Although the 

authors point to a four step development process in order to establish the rigour of the model, the 

explanations provided appear somewhat incomplete to fully clarify its structure. More detailed 

information on the development process and the information used to develop its structure and 

components would help to create the needed rigour. In contrast to this, the SSCM maturity model 

emerged through a multi-step Delphi study based on the insights and opinions of experts. 

In addition to its rigorous development process, the SSCM maturity model was validated through a 

group consensus and empirical confirmation of the modelled relationships. This gives credibility to 

its practical applicability which could be further enhanced through implementation. While the 

practical applicability of the GAIA model is emphasised by its authors, there are no practical 

applications or other forms of evidence provided. Further confirmatory research could have 

improved validity of the model and confirmed its potential applicability.  

The six management components of the GAIA model are interdependent, for example strategies 

cannot be implemented and goals cannot be achieved unless workforce skills are developed and 

appropriate IS are employed. This interdependency implies that the lowest ranking component 

determines how well a SC can perform with regard to sustainability. The notion of interdependency 

can also be found in related, more established concepts, e.g. the capability maturity model 

(Carnegie Mellon - Software Engineering Institute, 2002), the balanced scorecard (Kaplan & 

Norton, 1993, 1996), or the service profit chain (Heskett, Jones, Loveman, Sasser, & Schlesinger, 

2008). These concepts have in common that separate but interdependent components of an 

organisation or SC have to be taken into account for long-term success. Thus, the notion of 
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interdependent model components that have to support each other in order to mature appears 

viable. The SSCM maturity model builds on this premise with its relational composition of model 

elements. The survey findings provided strong evidence for such interdependencies as shown by 

the correlations of SSCM factors in section 5.4.3 and the dependencies e.g. between SSCM 

maturity and SC performance in section 5.4.4.1. 

The SSCM maturity model supports maturity assessment through the identification and importance 

evaluation of SSCM factors. Furthermore, the SSCM survey instrument, as shown in Appendix D.4, 

has proven to be a practical assessment tool which can be adapted for relatively comprehensive 

SSCM maturity assessments. While the maturity assessment tools provided by the GAIA model 

tools may also be of value and are well described, detailed implementation guidelines as well as 

tests confirming their applicability are missing. In contrast, implementation issues for the SSCM 

maturity model were addressed through the SSCM roadmap as outlined in section 6.4 which can 

also support approachability and uptake by SCs.  

A lack of consistency regarding terminology is evident in the GAIA model, e.g. concepts like ‘green 

SCs’, ‘sustainable SCs’ and ‘environmental programs’ are used interchangeably. There is also no 

discussion or definition of what sustainability entails. The focus appears to be on environmental 

aspects with few references to social sustainability concerns. A more complete view of 

sustainability in SCs is prevalent in the literature and specifically includes economic, environmental 

and social dimensions (Carter & Rogers, 2008; Linton, et al., 2007; Reefke & Sundaram, 2010; 

Seuring & Müller, 2008b). The SSCM maturity model explicitly considers all sustainability 

dimensions and includes associated model elements making it more aligned with current 

developments in SSCM and potentially more appealing to users with a focus on social 

sustainability. 

Based on this discussion it can be concluded that the SSCM maturity model offers advantages 

over other models by providing a structured and validated maturity development approach.  

6.2.1.3 SSCM Themes 

Part of the Delphi study was devoted to the identification and ranking the importance of themes in 

SSCM, with the summarised results provided in section 4.5.3. The themes were sorted into four 

categories, i.e. SC planning, execution, coordination, and collaboration in order to provide a clear 

structure and facilitate the two rounds of rating. Responses gathered from 35 SC experts provided 

the background for their identification, representing an up-to-date overview of SSCM themes which 

is relevant to SSCM theory and practice. Especially in combination with the importance ratings, the 

SSCM themes can provide guidance when evaluating the current state of a SC. The existence of 

crucial elements and requirements for SSCM can be assessed and the importance ranking allows 

for prioritising the development of characteristics and measures related to these themes. With 

regard to theory development, the SSCM themes provide the first wide-ranging overview and 

therefore serve as a starting point for further discussions and extensions. They are also a starting 

point for related research opportunities as outlined in section 6.2.2.  
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The value of the SSCM themes may be seen as constrained due to the way they were developed. 

Identification of themes was solely based on the experts’ responses which covered a wide array of 

topics and fitted well with the four categories derived. For this reason and also to support the 

exploratory nature of the Delphi, the responses were not supplemented by additional sources. 

Thus, the identification of SSCM themes may be regarded as incomplete. Similarly, the subsequent 

importance rating was also dependent on the experts’ opinions. A robust process was followed as 

suggested by the Delphi literature utilising 24 experts in round 2 and 20 experts in round 3. 

However, the ranking may be seen as valid only for this particular group of experts. Thus, due to 

their empirical nature of origin the identification as well as ranking of SSCM themes could be 

limited in terms of their generalisability. Additionally, the interdependencies between themes were 

not further explored. This was partially achieved through the SSCM transformation and maturity 

models, but could still be regarded as a shortcoming. 

6.2.1.4 SSCM Factors 

The identification and importance ranking of factors in SSCM, i.e. enablers, disablers, activities, 

and characteristics, significantly informed the development of the SSCM transformation and 

maturity models. Hence, the SSCM factors constitute essential components of the modelling 

results that support SSCM transformation and maturity development. Their implications for SC 

theory and practice are similar to the benefits provided by the SSCM themes discussed in section 

6.2.1.3 but practical relevance is higher due to their specific nature with regard to the applicability 

of actions, tools and methods. Identification and evaluation of the SSCM factors responds directly 

to the uncertainties with regard to SSC practices and requirements that have beset SC research 

and management (Wagner & Svensson, 2010). Accessibility is enhanced through the discussion of 

the SSCM factors within the models and the presentation of their high-level relationships which 

also allows for an easier grasp of their applicability and implications. 

The SSCM factors share the same potential limitations as the SSCM themes, i.e. all-inclusiveness 

cannot be assumed and they should therefore be extended and updated continuously. 

Generalisability has also not been verified through practical application in different SC 

environments. Identification of system dynamics relationships has been partially achieved through 

the integration of factors into the SSCM transformation and maturity models while the importance 

rankings allow for inferences about the influence and impact of individual factors. However, 

relationships between individual SSCM factors in terms of interdependencies and influences were 

only partially achieved through the survey findings presented in section 5.4.4. 

6.2.2 Recommendations for Modelling Research 

Several recommendations for further research can be derived from the modelling artefacts. Firstly 

the SSCM transformation model and the SSCM maturity model require practical validation 

accomplished through implementation and subsequent ongoing application in SC settings. 

Systems could also be developed to support the aims of the models, e.g. performance 

measurement tools that can be linked to SC communication systems. Such systems need to be 
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customised to the specific characteristics of the selected SC environment. Implementation, 

application, and evaluation of results are at the core of this recommended modelling research. This 

proposed kind of study complements the modelling artefacts by aiming to extend the boundaries of 

human and organisational capabilities through the creation of new and innovative artefacts 

(Hevner, et al., 2004).  

Potential research opportunities can be seen in the extension and update of the SSCM themes and 

SSCM factors. Their interdependencies could be verified and further explored through case studies 

or survey results. Additionally, the identified themes and factors could be modelled in a simulation 

environment to study their dynamic relationships. Results gained here could further illuminate 

relationships in SSCM, reduce some of the limitations identified for the modelling results, and lead 

to enhanced managerial guidelines. 

6.3 SSCM Hypotheses 

Many of the findings and artefacts of this research study propose relationships or 

interdependencies between constructs. Hence, several hypotheses were put forward for validation 

and discussion in order to advance the theoretical understanding of SSCM. 

 

Figure 6.4: Overview of SSCM Hypotheses 

Although the SSCM models were already validated by SC experts, their underlying relationships 

were subjected to hypotheses testing in the SSCM survey. One hypothesis deals with the 

discrepancy between sustainability vision and operational reality. Another hypothesis has been 

termed ‘tightness of models’ and basically proposes that the developed artefacts and their 

components are tightly interwoven. That is, in order to increase sustainability performance, SCs 

must have interrelated components in place. Lastly, the research findings suggest that there are 

causal connections between SSCM elements which have been termed SSCM determinants. 

6.3.1 Evaluation and Implications of SSCM Hypotheses 

The SSCM hypotheses are connected to the conceptual and modelling results and were therefore 

already partially addressed in previous discussions. This section is devoted to further illuminate the 

hypotheses and discuss their individual implications. 
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6.3.1.1 SSCM Relationships 

In section 5.1 hypotheses were developed that describe relationships between SSCM factors 

suggested by the conceptual as well as the modelling activities. A survey was designed and aimed 

at SC practitioners in order to obtain data that could facilitate testing of the hypotheses.  

In summary, the development of hypotheses followed by confirmation gave further support to the 

validity and applicability of the models and also advanced systemic understanding of the dynamics 

in SSCM. As presented in 5.4.3, significant correlations were found for all hypotheses, confirming 

the existence of relationships between the SSCM factors as suggested by the SSCM maturity 

model. This confirmation greatly enhances the understanding of dynamics in SSCM and supports 

the applicability of the modelled relationships for SC practice and further research. Managerial 

implications can also be derived, as it was shown that SSCM factors in a SC environment do not 

operate independently but have to be seen from a system’s perspective. Practitioners can use 

these findings in order to guide decision making, e.g. regarding necessary investments, potential 

areas for improvements, or development of targets.  

The survey followed a robust process as outlined in chapter 5, but potential shortcomings of the 

SSCM relationships can be attributed to the nature of this empirical survey research. The study 

design may have influenced the obtained data through question selection and phrasing, choice of 

rating scales, or overall representation. The sample size of 72 coupled with the fact that most 

respondents came from NZ could be seen as limiting the generalisability of the SSCM 

relationships. The type of analysis conducted provides evidence for the existence of relationships 

in SSCM but directional causality could not be statistically proven. Even though there is support 

from the literature and the Delphi findings for directional relationships, this may still be seen as a 

limitation.  

6.3.1.2 Alignment of Vision and Reality 

While no specific reasons were explored, it became obvious that there is a discrepancy between 

strategic sustainability vision and operational reality. It seems that higher level management ‘does 

the talk but not the walk’. Evidence was provided through the SSCM survey and the findings 

related to maturity considerations in SCs as outlined in section 5.4.1.1. While vision statements 

reflect sustainability goals to some degree, the survey results suggest that SC processes, systems, 

and employee training seem to be lagging behind. More traditional SC operations with an economic 

focus were also more prevalent than factors with a holistic sustainability focus.  

A common problem with various initiatives or strategic alignments is a discrepancy between 

theories and practices endorsed by management and their actual application. As an example 

related to SSCM, Chinander (2001) investigated how environmental strategies are implemented in 

operational environments. The author points out that there is a lack of understanding whether 

stated management strategies are practically used. This problem of discrepancies is similar to the 

more general findings of Argyris (1998) who acknowledges this issue for various transformations. 

In accordance with the author’s distinction between external and internal commitment, one can also 
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assume that decision makers need to internalise the values of SSCM for a transformation to be 

truly successful. A mismatch between vision and reality can potentially be counterproductive 

(Chinander, 2001) and associated reasons need to be investigated. 

6.3.1.3 Tightness of Models 

As suggested by authors of other structured management approaches and maturity models (CMMI 

Product Team, 2002; Deming, 1986; Geary, et al., 2002; McCormack, et al., 2008), there appear to 

be interdependencies between model elements. As explained in section 5.4.4.1 the SSCM 

elements are tightly interlinked, confirming this notion, e.g. SC performance is partially explained by 

SSCM maturity. There was also evidence that only a combination of individual SSCM factors is 

influential for SSCM whereas individual factors do not have significant impacts as shown in section 

5.4.4.2.  

6.3.1.4 SSCM Determinants 

The analysis undertaken in section 5.4.4 used the survey data to investigate determinants or 

contributing factors for SSCM. The findings supported a connection between SC performance and 

SSCM maturity, i.e. SSCM maturity is a good predictor for SC performance. SC performance is 

likely to increase as SCs reach higher levels of maturity. This finding supports the conclusions of 

McCormack et al. (2008) who describe similar results13 albeit without a focus on SSCM maturity. 

Hence, there is strong evidence that a focus on maturity development is beneficial for SCs which 

underlines the importance of models that support maturity development and assessment. 

Apart from the relationships between SSCM factors and SSCM maturity, one determinant for 

SSCM maturity seems to be time, i.e. the more time SCs spend investigating sustainability the 

higher the level of SSCM maturity. While this relationship seems intuitive, it gives rise to the notion 

that immediate results are difficult to achieve. Hence, a long-term focus is necessary which 

supports the structured approach and dependencies proposed by the SSCM maturity model. The 

level of SC visibility towards suppliers was also found to be influential for developing SSCM 

maturity. Hence, creating higher levels of visibility appears to be a crucial element for SSCM.  

6.3.2 Recommendations for Research 

Overall, the hypotheses could be strengthened through further confirmatory studies, e.g. to confirm 

the existence of SSCM relationships or extend the insights with regard to SSCM determinants. The 

findings of the SSCM survey study were based on data from service as well as goods dominated 

industries, i.e. a multi-industry sample. An investigation into sustainability characteristics of service 

SCs could lead to further insights with regard to their unique differences (Breidbach, et al., 2011; 

Carter & Easton, 2011; Sampson & Spring, 2011). Additionally an investigation of the observed 

differences between vision and reality could clarify the reasons for their existence and their effects 

                                                      

13 See section 2.1.7.6 for a more detailed overview 
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on the SC. Related findings could then be incorporated into the SSCM models to help overcome 

these discrepancies. SSCM performance depends on the commitment of all SC members, as 

suggested by literature and the Delphi experts who emphasised the need for SC collaboration and 

alignment. One related research avenue would be to study the influence of companies on SSCM in 

relation to their strategic importance for the SC. It would be insightful to understand how, and by 

which SC member, SSCM should be initiated and the likelihood of acceptance in the SC depending 

on the characteristics of the initiating company. 

6.4 SSCM Roadmap 

It is the aim of this section to develop a prescriptive roadmap for SSCM that has its foundations in 

the research artefacts which were proposed, validated, and discussed in the preceding chapters 

and sections. This roadmap is designed to be general in nature and point towards methods, 

activities and factors that could contribute to SSCM. Its development was motivated by the 

aspiration to demonstrate the applicability of the research findings. It also answers the requirement 

for more prescriptive research in the management sciences “in order to develop research products 

which can be used in designing solutions for management problems” (van Aken, 2004, p. 220). 

Development of the roadmap was also inspired by the argument that descriptions help to 

understand the nature of problems, i.e. here the dynamics in SSCM, but cannot be considered 

sound change programs (Gregor & Jones, 2007; van Aken, 2004). 

6.4.1 Overview of Roadmap Elements 

It is clear that roadmaps will need to be customised for different SCs depending on their specific 

requirements and existing characteristics. However, despite such variations it is possible to identify 

practices, pathways, and a systematic approach that can be adopted by SCs. It is not the intention 

to provide one universal roadmap that can transform all SCs towards sustainability and increase 

their SSCM maturity level. Since universal applicability cannot be achieved, the aim is rather to 

provide a design exemplar (van Aken, 2004) that can be altered to suit the characteristics inherent 

to each SC. A top-level outline of the SSCM roadmap is shown in Figure 6.5. 

 

Figure 6.5: SSCM Roadmap – Overview 
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The generic SC depicted on the left of the roadmap overview is comprised of multiple tiers and a 

SC leader or focus organisation. This arrangement was informed by the literature reviewed 

throughout section 2.1, while the summary of aspects relevant at SC and enterprise levels were 

largely informed by the key elements in SSCM discussed in section 2.4. The arrows leading 

towards the bottom from each SC member point to essential aspects that need to be considered at 

the respective enterprise levels. Several enterprise-specific aspects like IT, inventory control, and 

staff training found here could be extended or adapted, depending on the requirements of each 

enterprise. The arrows going towards the top originate within the intersections of adjacent SC 

members indicating that a SSC requires alignment, leadership, and control on a SC level with 

regard to strategic, tactical and operational targets. Ideally, a SC would become more sustainable 

as each SC member matures. Such a development is indicated by the arrows pointing to the 

SSCM transformation model. This promotes the established multi-step approach for SSCM 

transformation as introduced in section 4.5.1. The maturity progression of the SC and its 

enterprises is envisioned according to the six maturity levels established in section 4.5.2. The 

progression should be supported by leveraging the validated dynamics between the SSCM factors 

as outlined by the SSCM maturity model. 

6.4.2 Detailed SSCM Roadmap 

While Figure 6.5 provides an overview of the main constructs that drive the SSCM roadmap, Table 

6.1 offers a detailed account of specific steps that need to be taken as well as goals and influential 

factors. Specific actions are necessary in each step of the transformation processes to facilitate the 

progression between maturity levels. The detailed SSCM roadmap provided in Table 6.1 shows a 

potential complete SC transformation towards SSCM starting from level 1 “un-aware & non-

compliant” towards level 6 “extended & sustainability leadership”. Actions are pointed out for each 

transformation step alongside universally valuable enablers and disablers as well as those that are 

of special relevance at certain levels of maturity. This roadmap demonstrates the applicability of the 

developed research artefacts. However, alterations to these suggestions will be necessary when 

adapting the roadmap to specific SC situations.  
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Level 6 Processes are systematically managed through continuous improvement. Full SC collaboration embracing sustainability leadership role. 
Discover Learn Strategise Design & Test Transform Monitor Control 

Explore continuous 
improvement methods, 
models, and frameworks 
Explore SC system 
thinking approaches and 
collaboration 
Explore SC practices at 
competition 

Assess possibilities for 
improvements and 
alternative approaches in 
SC  
Assess possibilities to 
integrate new 
improvement methods 
Capture and understand 
all SC structures,  
relationships, and system 
dynamics 

Select collaborative areas 
in SC 
Selection of incremental 
improvement options 
Prioritisation of targeted 
options 
Considering all SC 
implications with regard to 
choices 

Create customised 
improvement methodology 
based on SC 
characteristics 
Create plans for each SC 
member with a system 
focus  
Design collaboration 
systems 
Holistic update of 
performance measurement 
requirements 

Establish collaboration and 
trust with all stakeholders 
Address incremental 
improvements based on 
established priorities and 
system impacts 
Transform all SC 
operations to conform to 
sustainability goals 

Ensure full visibility of SC 
sustainability performance 
Tracking of collaborative 
SC relationships 
Tracking continuous 
improvement outcomes 
Monitoring of competitors’ 
performance 

Benchmarking with best of 
class 
Maintain full staff awareness 
and continuously update 
responsibilities and training 
requirements  
Identification of any 
deviations from SSCM 
strategy 

Enablers 
 Collaboration with staff, suppliers, customers 
 Full realisation of SSCM benefits 
 Continuous improvement models 

Disablers

 Lack of willingness for SC collaboration 
 Dependence on unsustainable resources 
 Price wars and competitive forces 
 Misguided strategic focus 

Goals 
 Collaboration and trust among all SC stakeholders 
 True cost accounting for all SC impacts 
 Setting best practice standards 

Level 5 Sustainability has become a fully integrated concept and SC has moved towards proactive measures. 
Discover Learn Strategise Design & Test Transform Monitor Control 

Explore sustainability 
vision and goal 
statements of industry 
leaders 
Explore research into SC 
and sustainability models  
Document own 
achievements and 
differences to 
competition/research 

Assess sustainability 
awareness and level of 
integration at each SC tier 
Assess future 
sustainability requirements 
and their impacts 
Assess feasible options to 
anticipate sustainability 
opportunities and 
requirements 

Map out long term strategic 
direction of SC  
Select most feasible SC 
areas for proactive 
sustainability measures  
Prioritisation of 
requirements 
Clarify reasoning for 
proactive measures and 
forecast impacts 

Design measures including 
responsibilities for and 
impacts on each  SC 
member 
Design in accordance with 
strategic SC direction, i.e. 
prevent adverse effects 
Define targets and design 
tools to measure impacts 

Inform all involved SC 
members and stakeholder 
of planned measures 
Train staff with regard to 
new responsibilities 
Introduce changes to 
performance measurement 
Follow established priority 
list 

Ensure that all involved 
staff have full visibility 
Utilise established targets 
and KPIs to study impacts 
of proactive measures 
Establish visibility on 
realised progress, benefits, 
costs, and impacts of 
proactive measures 

Update plans and targets 
depending on progress 
Recognise and counteract 
any deviations from plan 
Assess the positive/adverse 
effects of proactive 
measures on SC 
performance, strategic 
direction, and other targets 

Enablers 

 Focus on long term sustainability effects 
 Continued education of staff 
 Full realisation of SSCM benefits 
 Low cost solution for documentation 

Disablers

 Lack of short term deliverables 
 Missing research/SC knowledge 
 Uncertainty about operational requirements 
 Misguided strategic focus 

Goals 

 SC, sustainability initiatives and goals are aligned 
 Sustained competitive advantage through SSCM 
 Exceeding regulations & compliance requirements 
 Recognition for SSCM, efficiency and mentality 

Level 4 SC is linked and includes a comprehensive sustainability performance measurement system. 
Discover Learn Strategise Design & Test Transform Monitor Control 

Explore sustainability KPIs 
Explore comprehensive 
SC KPIs 
Explore performance 
measurement approaches  
Map out all SC linkages 
and information flows 
across entire SC 

Assess linkages across 
SC 
Assess performance 
measurement systems in 
place at each member and 
tier of SC 
Identify KPIs crucial for SC 
Assess how to 
communicate sustainability 
performance across SC 

Selection of pivotal SC 
linkages and potential 
shortcomings 
Prioritisation of 
sustainability and general 
SC KPIs 
Set control limits for KPIs 
Selection of holistic 
performance measurement 
and communication 
approaches 

Map required SC linkages 
with goals/standards/KPIs 
Design linked SC strategy 
Define SC specific KPIs 
capturing goals, 
compliance and strength of 
linkages 
Design SC performance 
measurement system 

Integrate performance 
measurement systems that 
link entire SC 
Educate SC staff in usage 
and maintenance of 
performance measurement 
system 
Align company and staff 
responsibilities along SC 

Tracking of usage and 
accuracy of performance 
measurement system 
along SC  
Information flows between 
SC members and 
availability of the right kind 
of information 
Necessity for changes to 
SC linkages and 
associated KPIs 

Correct for deviations from 
set standards, e.g. non-
usage or failing to maintain 
performance measurement 
system 
Investigate and correct if 
KPIs hit control limits 
Adjust if changes to the 
current setup are required 

Enablers 
 Common SSCM vision along SC 
 Documentation of SC impacts 
 Performance measurement systems 

Disablers

 Effects of sustainability strategy are too long-term 
 Missing collaboration and strategic alignment 
 Uncertainty about SC linkages and impacts 
 Misguided/limited focus on few SC impacts 

Goals 

 Long-term relationships and robust SC 
 Up-to-date information technology 
 Sustainability performance measurement across 

SC 

Level 3 Sustainability goals/standards have been defined and SC members are compliant with regulations. 
Discover Learn Strategise Design & Test Transform Monitor Control 

Explore sustainability 
principles 
Explore regulations 
specific to each SC 
member and SC 
Explore sustainability 
awareness level of staff 
Map out SC linkages and 
information flows across 
multiple tiers 

Assess compliance 
situation of SC and each 
member 
Define potential SC 
specific targets and 
standardisation 
requirements 
Assess how to 
communicate goals and 
sustainability principles 
along SC 

Selection of misalignment 
issues regarding 
compliance 
Prioritisation of 
sustainability goals and SC 
standards 
Selection of models and 
methods to gain full 
compliance and improve 
staff awareness 

Create comprehensive 
staff education plan  
Map SC with 
goals/standards for each 
member 
Design compliant SC 
strategy 
Define company specific 
KPIs capturing goals and 
compliance levels 

Educate SC staff in terms 
of goals, regulations and 
their responsibilities 
Enforce goals and 
standards based on 
prioritised list 
Align individual companies’ 
operations with SC 
strategy 

Tracking of goal 
achievements 
Deviations from 
compliance requirements 
Deviations from set 
standards 
Sustainability awareness 
levels 
Ensure that SC staff have 
access to goals and the 
established priorities 

Counteract any non-
compliance issues 
Control that set standards 
and goals are met 
throughout SC 
Ensure that established 
priorities are followed 

Enablers 
 Awareness of sustainability benefits/pitfalls 
 General SSCM education of staff 
 SC and sustainability models/frameworks 

Disablers

 Initial investments into sustainability efforts 
 Uncertainty about sustainability principles 
 Uncertainty about compliance requirements 
 Missing sustainability skills and lack of staff support

Goals 
 Sustainability mentality supportive of change 
 Sustainability vision across SC 
 Good contract management 

Level 2 Sustainability measures are disconnected from strategic direction. Compliance on a basic level. 
Discover Learn Strategise Design & Test Transform Monitor Control 

Explore basic compliance 
regulations specific to 
each SC member 
Explore requirements for 
basic staff awareness  
Map out crucial SC 
linkages and information 
flows 

Assess own situation in 
terms of misalignment with 
regulations  
Assess  options to create 
basic sustainability 
awareness 
Learn about potential 
compliance performance 
measures 

Selection of crucial 
compliance shortcomings 
Prioritisation of regulative 
requirements 
Selection of pivotal staff 
and SC linkages to 
improve regulative 
alignment 

Create basic education 
plan  
Map out SC with regulative 
adjustments 
Design SC adjustments to 
create basic compliance 
Define measurements that 
capture basic regulative 
requirements on company 
level 

Educate selected staff in 
terms of regulative 
requirements and their 
responsibilities 
Address regulation issues 
based on prioritised list 
Align current operations 
towards redesigned SC 
layout 

Ensure visibility of 
regulative requirements 
Tracking of compliance 
efforts 
Ensure that pivotal staff 
have access to the 
redesign plan and the 
established priorities 

Match basic compliance 
requirements with SC 
performance 
Control that pivotal staff are 
aware of responsibilities 
Ensure that established 
priorities to reach basic 
compliance are followed 

Enablers 
 Awareness of compliance requirements 
 Basic education of pivotal staff 
 SC models and frameworks 

Disablers

 Initial investments into sustainability efforts 
 Uncertainty about SC layout 
 Uncertainty about regulative requirements 
 Missing staff awareness 

Goals 
 Pivotal qualifications in SC / sustainability principles 
 Raise staff awareness for sustainability principles 
 Attain basic compliance requirements 

Level 1 SC is unaware and non-compliant to any regulations and undertakes no sustainability efforts. 
 

  

Common 
Enablers 

 Top management support 
 Collaboration with staff 
 Collaboration along SC 
 Focus on long-term sustainability effects 
 Sufficient capital to cover initial investments and 

long-term goals 
 Consumer awareness and resulting market 

pressures 
 Awareness and acceptance of necessary time and 

cost investments 
 Government intervention, e.g. compliance 

requirements and penalties 

Common 
Disablers

 Focus on short term financial performance 
 Cost of sustainability efforts 
 Lack of willingness for SC collaboration 
 Dependence on unsustainable resources 
 Price wars and competitive forces 
 Long distances to import/export goods 
 Missing research on SC impacts 

Common 
Goals 

 Satisfied SC stakeholders, partners, employees 
 Existence of short/middle/long term plans with 

specific goals and objectives depending on level of 
maturity 

 Internal structures to develop organisational 
capabilities 

 Visibility and information sharing within SC and with 
stakeholders 

 Minimal waste and sustained efficiency in SC 
 Return on investments and low operating costs 
 Responsiveness and agility to react to market 

requirements 

Table 6.1: SSCM Roadmap 
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6.4.3 Construction of the SSCM Roadmap 

The SSCM roadmap can be seen as prescriptive theory since it “provides a description of the 

method or structure or both for the construction of an artefact (akin to a recipe)” and can therefore 

be classified as theory for design and action (Gregor, 2006, p. 619). Development of the SSCM 

roadmap followed the aims of the research framework shown in Figure 3.7 with emphasis on the 

objectives of design science (Hevner, et al., 2004; Nunamaker, et al., 1991). The SSCM roadmap 

incorporates the study findings and insights from the existing body of published research which 

make it adequately grounded in existing theory. It includes the steps of the SSCM transformation 

model and the goals of the SSCM maturity model (Reefke & Sundaram, 2010; Reefke, et al., 

2010). It furthermore leverages the identified SSCM factors and takes into account their respective 

importance ratings to inform and suggest factors which may be of importance at specific 

transformation steps and/or maturity levels. Hence, the basic structure of the SSCM roadmap as 

well as the majority of its components is directly based on the SSCM artefacts developed through 

the Delphi study and the survey findings. 

Construction of theory for design and action can also be based on inventiveness and imagination 

ahead of supporting theory (Gregor, 2006). The SSCM roadmap therefore also includes elements 

which were based on synthesis and conceptualisation of relevant literature and not necessarily 

grounded in the empirical findings of this study. Overall, it presents an expository instantiation 

(Gregor & Jones, 2007) or design exemplar (van Aken, 2004) consisting of prescriptive 

suggestions that illustrate how SC managers can utilise the research findings in order to implement 

and develop SSCM in practice. 

6.4.4 Contribution of the SSCM Roadmap 

The theoretical contribution of a design artefact like the SSCM roadmap can be ascertained by 

evaluating its practical utility and usability, effectiveness, novelty, completeness, and consistency 

(Gregor, 2006; Hevner, et al., 2004; March & Smith, 1995; Platts, 1993). 

Practical utility, usability and effectiveness can only be satisfactorily confirmed through testing and 

implementation. The constraints of this study did not allow for such endeavours and the SSCM 

roadmap may therefore be seen as limited in these regards. It was shown in section 5.4.4.1 that 

there is a strong positive relationship between SSCM maturity and SC performance. A connection 

between SC maturity and performance was also confirmed in other contexts (McCormack, et al., 

2008). Hence, SCs are well advised to pursue maturity development. This is facilitated by the 

SSCM roadmap through structured management processes which are generally attributed with 

improved outcomes (Benner & Tushman, 2003; Pagell & Wu, 2009). Thus, while utility, usability, 

and effectiveness could not be empirically confirmed, the underlying elements and structures of the 

SSCM roadmap certainly provide theoretical support for its value. As recommended by literature 

(Dey, et al., 2011), the roadmap’s structure proposes that SCs start with simple, elemental tasks 

upon which more complex activities can be based. Accelerated success in SSCM could be a 
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practical outcome and therefore result in a quicker realisation of a positive ratio of associated 

benefits vs. resource requirements.  

The requirement of novelty has certainly been met as the SSCM roadmap is not only different to 

existing roadmaps due to its unique aims and content but also through the way it was developed. It 

also follows a consistent approach based on validated artefacts derived through robust research 

processes. It could be criticised with regard to its completeness which cannot be satisfactorily 

confirmed. The SSCM roadmap is directed towards SC managers seeking to formulate a SSCM 

strategy and could hence be tested utilising a process approach (Platts, 1993). The combination of 

case study testing and survey research could verify or improve the roadmap in terms of 

completeness and also provide evidence to support the validity of the approach. 

6.5 Evaluation of Research Processes 

Valid research findings depend on credible research processes which can be evaluated based on 

certain criteria including verifying the appropriateness of research methods, systematic data 

collection and analysis, references to accepted procedures and adequate discussion of the 

researcher’s decisions, arguments and interpretations (Silverman, 2001). This section concentrates 

on the research processes applied for the Delphi study and the survey on SSCM. 

6.5.1 Evaluation of the Delphi Process 

The Delphi study consisted of three interdependent rounds with qualitative as well as quantitative 

methods being employed in the analysis processes. This section focuses on evaluating the 

appropriateness, accuracy and dependability of the analysis techniques employed. 

6.5.1.1 Evaluating the Analysis of Delphi Round One 

Different criteria exist for the evaluation of an analysis process and there is generally no 

interpretive truth (Denzin & Lincoln, 2005). Evaluation criteria were established in order to ascertain 

that the analysis of the first round followed appropriate procedures. Criteria to evaluate entire 

phenomenological studies can also be used to assess the quality of an analysis process (Collis & 

Hussey, 2003). Four criteria could be identified based on suggestions from Lincoln and Guba 

(1985), i.e. credibility, transferability, dependability, and confirmability. These criteria are described 

as the naturalist’s equivalents to the conventionally used terms internal validity, external validity, 

reliability, and objectivity. Similar criteria are suggested by Leininger (1994), i.e. credibility, 

confirmability, transferability, saturation, meaning-in-context, and recurring pattern.  

Credibility and internal validity are essentially about ensuring that the inquiry enhances the 

probability of credible findings. Several activities can increase credibility. Prolonged engagement 

supports the researcher’s ability to learn, build trust, and eliminate misinformation. Persistent 

observation helps to increase the depth of understanding. Triangulation can help by using different 

sources and data collection methods. External checks and peer debriefing can also be performed. 
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Lastly, working hypotheses can be refined as more information becomes available during the 

investigation.  

Transferability is about determining whether results can also be applied to other situations. From a 

naturalist’s standpoint Lincoln and Guba (1985) state that it is not the researcher’s task to establish 

transferability but rather to create the database that allows later judgements. 

Dependability is about ensuring that the research processes and analysis are conducted 

systematically and are well documented. If credibility has been established, a certain degree of 

dependability can also be assumed.  

Confirmability is about the examination of research output, e.g. the data, findings, interpretations, 

and recommendations, to ensure it is supported by sufficient data and is internally coherent. 

Confirmability can be established by sufficient recording of the research process. Furthermore the 

research findings should be directly connected to the collected data. 

In order to evaluate the quality of the analysis process the described evaluation criteria were used. 

Credibility was facilitated through prolonged engagement of the researcher with the study and the 

field of interest. Engagement with SSCM was demonstrated through the literature review and 

involvement throughout the entire study – starting from design, to testing, administration, collection 

of results and analysis. Triangulation was used by drawing input from different sources to inform 

the analysis. Debriefing also helped to ensure credibility as external checks with advisors and pilot 

testers were performed on a continuous basis.  

Transferability was not the main aim of this first round due to its exploratory nature. The results 

eventually became more precise throughout the Delphi iterations which supported transferability. 

The round one analysis was documented so that the process can be replicated. 

Dependability was enabled by documenting each process step and following recognised general 

analytical procedures. Data displays were used as a method for analysing qualitative data (Miles & 

Huberman, 1994). Through reformatting the original data into networks, matrices, and charts it 

became possible to analyse the gathered information systematically and identify logical 

connections and conclusions. The prolonged engagement of the researcher with SSCM and the 

use of triangulation and peer debriefing also supported dependability.  

Confirmability was supported through the analysis process and its rigorous documentation. All 

findings were based solely on the gathered data while the developed models were additionally 

informed by relevant models from theory. The confirmability of the first round findings was 

furthermore enhanced throughout the course of the Delphi, i.e. the importance of factors and the 

validity of modelled relationships were verified and further insights were added.  
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6.5.1.2 Evaluating the Analysis of Delphi Round Two 

The checklist shown in Table 6.2 provides guidance for the evaluation of quantitative analysis and 

was used to evaluate the mainly quantitative analysis of round two. 

1 Are you confident that your research design was sound? 

2 Have you been systematic and rigorous in the collection of your data? 

3 Is your identification of variables adequate? 

4 Are your measurements of the variables reliable? 

5 Have you used appropriate statistical techniques in the analysis of your data? 

6 Is the analysis suitable for the type of scale (nominal, ordinal, interval or ratio)? 

7 Does the statistical analysis adequately test your hypotheses? 

Table 6.2: Evaluating Quantitative Data Analysis (Collis & Hussey, 2003) 

To meet the first criterion, common design guidelines for Delphi studies and surveys were followed 

as explained in section 4.3.1. Initial questionnaire designs were also subjected to pilot testing by 

academics familiar with the area of research and survey design. Their feedback resulted in several 

improvements to ensure the soundness of the design as explained in section 4.3.1.2. 

All responses were provided online which allowed for complete anonymity and ensured a 

systematic and rigorous data collection process, i.e. only complete datasets were accepted so that 

the data analysis was therefore not influenced by partial datasets. This study depended on insights 

from experts and only individuals who met the inclusion criteria were considered.  

Criteria 3 and 4 were not directly applicable as all variables were outcomes of the first round. To 

ensure reliability of the measurements, i.e. the scales of importance and level of agreement, 

established design guidelines were followed as outlined in section 4.3.1.1. 

Criteria 5, 6, and 7 were addressed by employing consensus measures and interpretive 

considerations derived from applicable sources on Delphi methodology. While there were no 

hypotheses to test, an assessment was made as to whether a sufficient level of agreement among 

study respondents had been reached. Determining a consensus in Delphi studies is a debated 

topic and there are no firm rules. The combination of measures as outlined in sections 4.3.3.4 and 

4.3.4 should have resulted in a reliable consensus assessment.  

6.5.1.3 Evaluating the Analysis of Delphi Round Three 

Analysis of the third round was similar to that of the second as the design and the measures for 

determining consensus remained comparable. The criteria from Table 6.2 are therefore applicable. 

The second round layout was carefully adjusted to support familiarity of the respondents with the 

design and reduce misunderstandings and wrong interpretations. The main differences were the 

reduced length and the introduction of feedback to communicate the second round results. The 

measures used to reduce the total number of items as well as the feedback mechanisms were 

based on accepted methods as discussed in sections 4.4.1.1 and 4.4.1.2. The data collection 

process was akin to the second round and the conclusion drawn in section 6.5.1.2 with regard to 

evaluation criteria 3 to 7 also remained true for the third round. It could be concluded that the 

overall consensus was significantly higher than after the second round as a consensus could be 
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established for many of the remaining 101 items. Hence, the Delphi was successful in building a 

consensus. 

 

Figure 6.6: Deviation in Delphi Rounds 

An assessment was made as to how the provided feedback, i.e. the mean ratings of round 2, 

influenced the re-ratings in the third round as shown in the overview in Figure 6.6. The average 

deviations in the second round were plotted on the X-axis against the respondents’ average 

deviations between their second and third round ratings on the Y-axis. This comparison could be 

made for the 6 practitioners and 14 academics who participated in both rounds. Both regression 

equations and R2 coefficients indicate a strong positive correlation and good approximations of the 

datasets. Hence, respondents whose round 2 responses deviated from the group average were 

likely to adjust their answers by approximately the same margin in the third round. Thus, these 

results were a clear manifestation of the desired convergence effect. 

6.5.2 Evaluation of the Survey Process 

Evaluating the limitations of the SSCM survey process helps to assess the generalisability of the 

results and possibilities to enhance or replicate the survey. Potential limitations may be connected 

to design aspects, composition of the sample, and the chosen analysis.  

6.5.2.1 Survey Design 

The survey design was informed by the findings of the Delphi study, i.e. the SSCM factors were 

measured through a series of items derived from the Delphi findings. These items were selected to 

create a comprehensive set of survey variables to measure the SSCM factors from various angles. 

A careful selection process was followed as outlined in section 5.2.2 and a wide-ranging set of 

variables was selected. However all-inclusiveness cannot be assumed and one limitation could be 

that unidentified indicators were not included. 
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This study utilised one method and one sample of respondents to assess all variables. Hence, 

common-method variance may be an issue which is a debated topic (see e.g. Chang, van 

Witteloostuijn, & Eden, 2010; Podsakoff, MacKenzie, Lee, & Podsakoff, 2003; Spector, 2006). This 

study was dependent on a self-report survey to obtain information on the internal state of SCs 

which would have been difficult to obtain by other means. While the potential for common-method 

variance may be drawback of this approach, it has been shown that the method itself does not 

necessarily produce bias (Spector, 2006).  

Potential limitations can arise from the use of measurement scales. Due care was taken in the 

selection of scales (see sections 3.8 and 5.2.1) and pilot tests were conducted (see section 5.2.5). 

Likert scales are commonly used in survey research but one needs to be aware of potential 

shortcomings, e.g. avoidance of extreme answer categories and negative answer possibilities. 

Survey participants often have a tendency to provide answers that might be seen favourably by the 

researcher (Crowne & Marlowe, 1960). While leading questions were avoided, such tendencies 

may still have surfaced, especially for the questions aimed at evaluating the disabling factors for 

SSCM due to their ‘negative’ nature. 

The collected responses were converted into numerical input in order to facilitate a quantitative 

analysis which is a commonly applied procedure. All questions were based on six-point interval 

scales and the visual presentation in the survey indicated equal intervals between answer 

possibilities. However, it could not be guaranteed that all respondents perceived the response 

possibilities as being of equal distance from each other. 

6.5.2.2 Sample Size  

The survey sample of 72 responses may be considered too low in order to deliver indisputable 

results. Several questions also offered non-response answer options, i.e. ‘don’t know’ or ‘not 

applicable’. Mean replacements were used for non-responses to facilitate a factor analysis with a 

complete dataset. This may have influenced the outcomes as a mean replacement lowers the SD. 

This decision was justified as outlined in section 5.4.1.3 and should not have significantly 

influenced the analysis due to the low number of non-responses. 

Correlation analysis facilitated testing of the hypotheses in section 5.4.3. Other types of analysis 

were considered but disregarded due to the limited sample size, e.g. structural equation modelling 

would have required a larger sample size (Westland, 2010). Cross-comparisons between different 

groups, e.g. organisation sizes or country of origin, were also considered but were rejected as 

statistically valid conclusions would have required a larger sample size. Hence, overall it can be 

concluded that the survey analysis was limited by the size of the sample.  

6.5.2.3 Sample Representativeness 

The sample included respondents holding various managerial positions representing different 

organisational backgrounds, company sizes, and SCs of various range/extent as presented in 

section 5.3.4. The sample consisted predominately of respondents based in NZ. In addition about 

two thirds of the respondent’s companies had their global headquarters in NZ. The sample could 
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therefore be representative for SCs operating in and from NZ but the possibility of generalisations 

beyond the NZ context may be limited. This sample composition has to be considered when 

extrapolating the findings to other contexts. 

6.5.2.4 Causality between Variables 

In section 5.4.3 hypotheses were tested using correlation analysis. Correlation should not be 

mistaken for causality as there are two problems with regard to assuming causality, namely the 

third-variable problem and determination of the direction of causality (Field, 2005).  

The third-variable problem states that known or unknown variables may be affecting the results. As 

outlined in section 5.2.3, the variables included in the survey were representative of the SSCM 

factors. Additional variables were identified in the Delphi study but were not included in the survey 

due to space and time limitations. Hence, there are unmeasured variables, as well as potentially 

unidentified variables, that may have influenced the observed correlations. Hence, the potential 

existence of such influences prevents any proof of causality. 

There is also no statistical evidence for the direction of causality, i.e. which variable causes the 

other to change. The relationships between SSCM factors were tested and many correlations were 

established. This however does not prove, for example, that a strong presence of SSCM enablers 

causes more engagement in SSCM activities. Even though this relationship appears intuitively 

sound, there is no statistical evidence against the reverse relationship. Even if the third-variable 

problem could be avoided, the correlation coefficients do not indicate the direction of causality 

(Field, 2005). Additional research, e.g. longitudinal studies, could help to further investigate this 

issue. 

6.6 Academic and Practical Implications 

The academic world is taking on the research challenges connected to the sustainability imperative 

and sustainability research is slowly becoming more mainstream (Corbett & Klassen, 2006). 

However, SSCM is a young field of research that has received only limited attention (Seuring & 

Müller, 2008b; Seuring, Müller, Westhaus, et al., 2005). There appears to be increased interest in 

recent years and several studies have advanced knowledge on SSCM but comprehensive 

overviews remain sparse. Truly acknowledged theories of SSCM do not exist and are therefore 

also not applied in SC practice. Further research in this emerging field is therefore suggested in 

order to exploit the sustainability opportunities in SCs (Carter & Easton, 2011; Colicchia, et al., 

2011; Dey, et al., 2011; Halldórsson & Kovács, 2010; Pagell & Wu, 2009). This study answered the 

call for more research. It advances theoretical knowledge by providing an overview of state-of-the 

art developments in the field and offering detailed descriptions of dynamics in SSCM. Empirical 

evidence allowed for a thorough investigation of the interactions in SSCM and gave substantial 

support to the applicability of the developed artefacts. 
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Holistic SC approaches acknowledging the causal relationships between the three sustainability 

dimensions are lacking. It is apparent that studies on environmental sustainability dominate 

whereas social aspects are often neglected (Bansal & McKnight, 2009; Gold, et al., 2010; 

Kleindorfer, et al., 2005; Pagell & Wu, 2009). Much previous research focussed on single SC 

entities or isolated organisational functions. This translates into a lack of understanding with regard 

to the integration of sustainability in SCs and the associated benefits (Rao & Holt, 2005). This study 

overcomes many of the described shortcomings whilst maintaining a holistic sustainability focus 

throughout all research processes and in the developed artefacts. The proposal and validation of 

relationships and influential factors offer a unique overview of requirements for SSCM. New 

insights into the interdependencies between factors and their influence on the success of a 

strategic sustainability orientation are provided to address the apparent lack of theory (Wagner & 

Svensson, 2010). Furthermore, potential benefits of SSCM in terms of SC performance were 

investigated, confirming related notions in the literature (Corbett & Klassen, 2006; McCormack, et 

al., 2008). 

Preliminary approaches integrating all sustainability dimensions can be found (Carter & Rogers, 

2008; Seuring & Müller, 2008b; Svensson, 2007) but they do not outline how to practically and 

effectively integrate such systems into SCs. Hence, there are fundamental aspects that have to be 

addressed by researchers including prescriptive models that show managers how to create SSCs 

(Pagell & Wu, 2009). The modelling artefacts put forward in this study offer detailed support in this 

regard. They provide validated processes that outline the integration of individual initiatives as well 

as a holistic SSCM strategy. The models remain generic in nature and are hence customisable for 

distinct SC requirements. They also offer a wide-ranging overview and evaluation of crucial 

elements or building blocks in order to shape a customised SSCM strategy.  

In spite of the growing acceptance of sustainability by companies and SCs, models or roadmaps 

that outline and guide potential progressions of SCs have not been found or are missing validation 

(Boone, et al., 2009; Reefke, et al., 2010). Maturity considerations seem essential in order to 

support SCs on their path towards basic compliance and on to more advanced levels of SSCM. 

Apart from management standards, e.g. ISO certifications, there is little empirical evidence with 

regard to the application of sustainability models in SCs. Most existing efforts are also based on 

established SC practices and fail to take into account potential unique requirements for establishing 

sustainability in SCs (Pagell & Wu, 2009). The SSCM models and the SSCM roadmap are tailored 

to address the shortcomings of existing approaches. They are prescriptive support tools that allow 

decision makers in SCs to follow a structured progression of their sustainability performance and to 

prioritise strategic as well as operational choices depending on their unique SC requirements. 

Hence, these artefacts are designed to complement existing SC approaches and allow for smooth 

strategic and operational transitions (Prokesch, 2010). 

Global and regional governmental as well as non-governmental bodies are supporting sustainability 

objectives. Many leading organisations are also taking on sustainability challenges motivated by 

internal and external factors. Decisions and developments in a SC are often initiated by dominant 

members which may have influence over other companies to incorporate sustainability principles 
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(Seuring, Müller, Westhaus, et al., 2005). Furthermore, efforts in SSCM are often driven by 

regulations, stakeholder pressure, or risk management (Seuring, 2004; Seuring, Müller, Westhaus, 

et al., 2005) and not necessarily by a change of strategic vision. The findings of this study suggest 

that sustainability efforts in a SC demand a high degree of communication and collaborative spirit 

in order to be successful. Hence, a common vision coupled with common goals and understanding 

between SC members is essential. Sustainability management requires understanding and support 

from all SC members, as well as appropriate development and implementation processes. The 

developed research artefacts provide the necessary support for these requirements. In addition, 

appropriate procedures and technologies are needed to support cross-functional and cross-

company information exchange and performance measurement in order to facilitate informed 

decision making. While such systems are extensions to this research, the study findings provide 

much of the necessary theoretical background and foundational building blocks for their 

development.  

6.7 Summary 

This chapter provided an overview and discussion of the research findings, developed artefacts 

and the research processes. Their strengths and limitations were outlined, along with potential 

research opportunities. Based on these discussions a roadmap for SSCM was developed. The 

roadmap provides a design exemplar which leverages the insights gathered in this study towards 

prescriptive guidelines for structured SSCM transformation and development. Hence, the roadmap 

provides support for the practical applicability of the artefacts through exemplary instantiation. 

Finally, the overall outcomes of this study were discussed in light of existing theory in SSCM and its 

practical application. 
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7 Conclusion 

This concluding chapter provides a summary of this research project organised into four sections.  

 

Figure 7.1: Structure of the Conclusion 

A synopsis of the research in section 7.1 outlines the study background and objectives and 

illustrates how the research artefacts address issues in SSCM. The contributions of this study and 

their value and implications for different stakeholders and domains are presented next. Limitations 

of this research are highlighted in section 7.3. Finally, directions for future research are pointed out 

to extend the study findings and artefacts and SSCM research in general. 

7.1 Overview of Research 

The aim of this study was to advance the field of SSCM by developing research artefacts that 

address identified knowledge gaps and problems in SC practice. This section gives a summary of 

the study background along with its key objectives and explains how issues in SSCM were 

addressed. 

7.1.1 Research Background, Objectives and Responses 

Sustainability in the business context refers to the integrated management of economic 

requirements, social responsibilities, and environmental protection. Integrating sustainability 

considerations into SCM is a key requirement because significant proportions of business profits as 

well as environmental and social impacts originate from SC operations. SCs are the connecting 

structures between customers and businesses dispersed around the world placing decision makers 

in SCs into a crucial position to enhance the sustainability of business conduct. Internal motivation 

for pursuing SSCM is usually connected to goals such as increasing shareholder value, market 
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share and employee motivation, realising business opportunities, driving innovation and reputation, 

risk reductions, and following ethical consideration for business conduct. External pressures 

include factors such as regulations and legislations, customer demands, and market requirements. 

A proactive position towards SSCM is advisable so that sustainability initiatives can be 

implemented to complement one’s strategy instead of being enforced by regulations and penalties. 

While most academics and practitioners agree that SSCM is the necessary evolution of SCM and 

corporate responsibility, there are many challenges to overcome. Issues identified through the 

literature review and described in section 2.5.2 range from conceptual and operational 

uncertainties to lack of procedural, strategic, and technological support. These issues were 

translated into five research objectives as outlined in section 3.1 which were approached through a 

series of interrelated research steps following the multi-methodological framework developed in 

section 3.4. The lack of conceptual and operational knowledge was addressed through the 

identification and evaluation of SSCM factors and the proposal and verification of SSCM 

relationships. These findings were leveraged towards models incorporating the SSCM factors 

whilst mapping out interrelations and dependencies in SSCM. The models provide integrated 

operational, procedural and strategic support for SSCM transformation and development by 

mapping out strategic goals, operational and tactical priorities and structured processes to follow. 

Practical support is extended through a roadmap that offers an instantiation of the research 

findings exemplifying their applicability. The study findings were further validated through peer 

reviews, expert evaluation, and hypothesis testing using empirical data. The developed artefacts 

also provide a foundation for SSCM system developments, e.g. for performance measurement, 

information sharing and decision making, in order to address the need for technological support. 

7.1.2 Key Features of Artefacts 

Several key artefacts were developed, i.e. the SSCM factors, the SSCM transformation model, the 

SSCM maturity model, and the SSCM roadmap. The main features of these artefacts are 

summarised in the following sub-sections.  

7.1.2.1 SSCM Factors 

The literature review revealed a lack of knowledge with regard to requirements for SSCM and the 

importance and appropriateness of SC practices, activities and methods. An exploration into these 

important questions was facilitated through a three round Delphi study. The insights from domain 

experts resulted in an overview of enabling and disabling factors for SSCM, activities which have to 

be performed, as well as characteristics that have to be developed in a SC in order to gain greater 

control over sustainability efforts. These SSCM factors were refined and evaluated in terms of their 

importance in two iterations. The final combination of the SSCM factors and their associated 

importance levels is based on a consensus of the experts and presents a unique addition to theory 

in SSCM. This knowledge allows SC managers to identify shortcomings evident in their SCs and 

select and prioritise appropriate factors to support their SSCM strategy. 
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7.1.2.2 SSCM Transformation Model 

A cyclical approach is proposed to support SSCM transformations leveraging the strengths of 

existing frameworks albeit adjusted to the unique requirements of SCs. The SSCM transformation 

model follows accepted design templates and consists of seven interdependent steps related to 

mapping of current SC processes, the identification of improvement opportunities, the re-design or 

development of processes that support the strategic SSCM orientation, testing and incorporation of 

changes, and monitoring and controlling of results. Feedback loops can add further refinements 

and help to prevent unnecessary steps. Specific requirements and activities are suggested for each 

step along with indications of their importance. While customised for SSCM, the transformation 

model is akin to other structured management approaches and can help to overcome barriers for 

change on functional, company, and SC levels. It can be customised for transformations on macro 

and micro levels, e.g. for strategic re-orientations or single process improvement.   

7.1.2.3 SSCM Maturity Model 

The SSCM maturity model incorporates the insights from relevant maturity approaches from 

management, SCM, sustainability, and SSC literature. Following the logic of maturity development, 

it assumes that SCs can become more mature over time as their operations and interactions 

evolve. The SSCM maturity model proposes a structured, iterative approach that allows SCs to 

actively increase their maturity level by identifying and targeting current weaknesses and following 

a stepwise progression based on six maturity levels describing specific goals and characteristics. 

Higher maturity levels are associated with higher SC control and less uncertainty. The survey 

results confirmed that higher SSCM maturity contributes to overall SC performance. The model 

outlines interdependencies between enablers, disablers, activities, and characteristics which have 

to be considered in order to reach higher levels of maturity. The existence of these relationships 

was confirmed and the importance of considering the interdependencies in SSCM was 

demonstrated through empirical evidence. Expert evaluations of the integrated SSCM factors 

furthermore illuminated the importance of specific actions, methods, and prerequisites in order to 

build SSCM maturity.  

7.1.2.4 SSCM Roadmap 

Design of the SSCM roadmap was motivated by the need for applicable SCM solutions and the 

requirement to demonstrate the integrated nature of the research artefacts. It consists of two main 

components, i.e. a top-level overview and a detailed exemplary instantiation of the roadmap for a 

generic SC scenario. The roadmap is process oriented, following the logic of the SSCM 

transformation model and the SSCM maturity model and furthermore leverages the knowledge 

gained about influential factors and relationships in SSCM. The incorporation of these components 

supports the adaptability of its structure to different SC requirements. It defines specific goals, 

steps, requirements, and activities along with suggestions regarding timing, priority, and outcome 

of actions and initiatives. It furthermore suggests responsibilities on SC and enterprise levels. The 

roadmap provides an end-to-end scenario starting from the initial incorporation of sustainability 
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principles as a strategic priority, to the development of operational abilities, to the integration of 

SSCM factors and processes, and the continuous improvement of the SC. Hence, this roadmap 

supports organisations, SCs, and their respective decision makers in their journey towards SSCM.  

7.1.3 Issues Addressed 

This research, through the aforementioned artefacts, aimed to address the theoretical and practical 

problems and issues in SSCM outlined in sections 2.5.1 and 2.5.2. The outcomes of this study 

address the issues as follows: 

Issues related to the identification and understanding of sustainability requirements 

Several of the SSCM concepts address issues related to missing knowledge or awareness in 

SSCM based on a review of related literature. Discussion of SSCM definitions improves the top-

level understanding of SSCM with regard to its aims, characteristics, and components. The SSCM 

classification organises related SSCM topics, identifies their relationships, and provides a structure 

for research. The examination of key elements in SCM through a sustainability lens finally resulted 

in a wide-ranging overview and discussion of methods, tools, and practices that have the potential 

to enhance sustainability within their respective elements and/or from a holistic SC view. 

Identification of the SSCM factors and their importance evaluations add empirically derived insights 

to address issues of understanding and awareness. In combination with the modelled relationships, 

they provide detailed information and a guiding structure of the requirements in SSCM. 

Issues related to the alignment of sustainability goals/strategies with practices/processes 

The insights derived through the SSCM concepts and SSCM factors are foundational and therefore 

also directly address alignment issues. Integrating these insights, the modelling artefacts support 

the translation of a high-level sustainability vision and associated goals into executable practices 

and processes. The SSCM roadmap provides a detailed scenario describing requirements to reach 

the goals associated with each maturity level. Decision support regarding alignment is also 

provided through the explanation of the relationships in SSCM in conjunction with the identified 

SSCM determinants. These insights demonstrate the interdependencies in SSCM and can 

therefore prevent inadequate SSCM approaches and point towards the required prerequisites.  

Issues related to the implementation and execution of processes and systems 

A comprehensive SC re-design towards SSCM is best executed through a structured, stepwise 

implementation of improved processes and systems. Combined, the transformation and maturity 

model provide a high level methodology for SSCM implementation as well as support for decisions 

at a process level. Difficulties with regard to execution are addressed through the ability to prioritise 

and select the most feasible methods or activities based on the identified importance level of 

SSCM factors. The SSCM roadmap outlines an exemplary implementation plan to demonstrate 

how the combined artefacts address the issues associated with SSCM implementation and 

execution. 
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Issues related to integration, measurement and communication 

Issues related to the integration of a SSCM strategy and processes are addressed through the 

design of the SSCM models and roadmap which outline the steps, goals and processes to develop 

SCs and their individual operations towards sustainability. While the combination of research 

artefacts presents a comprehensive foundation for systems that capture and communicate SC 

performance, the development of such systems was outside the scope of this research. The issues 

of measurement and communication are further explored in the research limitations in section 7.3.1 

and in the future research opportunities in section 7.4.1. 

7.1.4 Evaluation 

The customised research methodology developed in section 3.4 supports the validation and 

continuous refinement of research findings. The study artefacts were evaluated using a multi-

pronged approach consisting of expert validation, testing using empirical evidence, exemplary 

realisation of research artefacts, and publication of research findings.  

The SSCM transformation model and the SSCM maturity model were both subjected to expert 

validations as part of the Delphi study which lends itself to evaluation purposes through its multi-

round nature and its aim to achieve a consensus. The Delphi panel consisted only of domain 

experts from academic as well as practical SC backgrounds. Their insights and opinions were 

gathered over two evaluation rounds and leveraged for refinement and validation of the models in 

terms of applicability, validity, and correctness of structure and underlying assumptions. While the 

experts’ agreement to the models was high in the second round, their ratings and suggestions 

resulted in model refinements. The resulting overall agreement in the third round further increased 

for both models and the comments obtained did not indicate a need for further refinements. 

Hypothesis testing as part of the SSCM survey aimed to evaluate the accuracy of the modelled 

relationships in SSCM based on data gathered from SC representatives. The results confirmed 

strong correlations and supported the validity of the dynamics proposed for building SSCM 

maturity. A positive influence of SSCM maturity on SC performance could also be confirmed. The 

results also suggest the applicability of the SSCM survey as a practical tool to assess SSCM 

maturity.  

Apart from the aim to provide a prescriptive tool, construction of the SSCM roadmap was aimed at 

demonstrating the applicability of the developed artefacts and therefore helps in their evaluation. 

The roadmap provides an expository instantiation that shows the adaptability and integrated nature 

of its components and hence demonstrates their usefulness. It is however yet to be implemented 

and tested in practice. 

The concepts and models were also validated through publications and presentations. These 

dissemination efforts include two refereed journal publications, two book chapters and several peer 

reviewed conferences.  
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7.2 Contributions 

The main contributions of this research are the advancement of SC theory and practice through the 

creation of artefacts that describe the theoretical structures of SSCM, support its practical 

application, and provide the background for further research and developments. The combined 

research efforts are of relevance to the fields of OM, SCM, sustainability, research methodology 

and other domains. The following sub-sections present the key contributions of this research more 

specifically by highlighting the usefulness of the study findings and artefacts for different 

stakeholders.  

7.2.1 Decision Makers 

Decision makers in SCs are positioned at a crucial and influential position to direct the 

sustainability of their own SCs and influence the strategic directions and trends in SCM as a whole. 

This research provides conceptual, procedural, operational, and strategic support to guide SC 

decisions. The modelling results outline structures processes and guidelines to follow while 

maintaining flexibility and adaptability in order to allow for adjustments to specific user 

requirements. The importance evaluations support the prioritisation of activities, initiatives, or 

implementations. This guidance for decision makers is further supported by the specific goals 

outlined in the SSCM maturity model. Knowledge of the relationships in SSCM and determinants 

for success can be invaluable to guide strategic decisions. The SSCM roadmap provides a design 

example which can be replicated and adapted by SC managers. It furthermore helps to prioritise 

and synchronise processes as a SC matures. 

7.2.2 Organisations and Supply Chains 

This research supports organisations at all positions of a SC and of all sizes that are endeavouring 

to integrate SSCM. The continuous improvement approach, as explicated in the SSCM 

transformation and maturity models, can help organisations to adapt to new processes, learn from 

their experiences, and ultimately become more sustainable. It furthermore helps to overcome 

common internal barriers to strategic and operational adjustments. However, organisations are not 

limited to small changes. Depending on their characteristics, culture, and aims, they can leverage 

the insights to facilitate transformation, offered by e.g. the importance evaluations and the SSCM 

determinants. Truly radical improvements appear less likely as a SC increases in size and matures 

due to more complex structures and interactions. The suggested ongoing improvement 

methodology towards higher levels of SSCM maturity offers a flexible solution. As demonstrated by 

the roadmap a structured progression incorporating strategic goals and operational requirements is 

proposed. 

7.2.3 Supply Chain Management  

The motivation behind this research has been to extend sustainability from a focus on an individual 

company towards a view on SCs, targeting more wide-ranging business impacts and offering 
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possibilities for influential sustainability improvements. In this emerging field of research, this study 

makes several steps towards a more holistic understanding of SSCM through the identification and 

evaluation of influences, requirements, and SC dynamics. The modelling artefacts provide 

guidance in the endeavour to balance economic, environmental, and social requirements in SCs. 

SCM is a steadily evolving discipline and requires adaptable approaches. The proposed models 

and roadmap fulfil this requirement through their modular structure which allows for customised 

configurations and alterations as a SC matures and/or as SCM develops as a discipline.  

7.2.4 Sustainability Domain 

SCs are cornerstones for business conduct nowadays as they are the connecting structures 

between companies in dispersed locations. While SCs provide employment and are a major 

contributor to economic progress, their operations can have negative impacts on society and the 

environment, e.g. through emissions, unethical work conditions, etc. This research contributes to 

the sustainability domain from two main angles. Firstly, it supports the development of SSCs and 

thus the practical application of sustainability principles. Secondly, it promotes the discussion of 

sustainability in SCs through the publication and dissemination of findings. While the artefacts were 

developed with the application in SCs in mind, they have the potential to be generalised beyond 

this context. 

7.2.5 Other Domains 

Among other aspects, SCs depend on efficient communication, accessibility of information, and 

accurate measurements. As outlined in section 2.5.3.4, the design of adaptive systems is a key 

requirement to advance SSCM. While this research did not delve into the design of systems, it 

offers a guiding structure by outlining SC requirements and characteristics at different levels of 

sustainability development. Hence, it provides contributions at the intersection of IS and SCM. 

While all research artefacts are targeted towards the advancement of SSCM, this research also 

adds to the management domain in general. The SSCM transformation and the SSCM maturity 

model were informed by relevant publications and in turn advance the understanding of structured 

process management and maturity development. 

7.2.6 Research Process 

Two main contributions can be identified in terms of research process. A lack of practically relevant 

research has been bemoaned in literature (see e.g. Meredith, 1998; Meredith, et al., 1989; Platts, 

1993; Seuring, Müller, Reiner, et al., 2005). The customised multi-methodological research 

framework, as shown in Figure 3.7 and explained in section 3.4, presents a valuable approach to 

investigate emerging topics in OM, SCM, and other domains. It utilises elements of seminal 

research frameworks in order to guide and facilitate research concerned with the development, 

proposal, and validation of theory and artefacts. The integration of essential research steps for 

such endeavours, i.e. observation, theory building, artefact development, and evaluation, with 
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facilitating activities, i.e. conceptualisation, design, validation, dissemination, and feedback, support 

the creation of findings that are of theoretical value and practical relevance.  

Secondly, the Delphi study on SSCM adapted the Delphi method to simultaneously identify SSCM 

factors and research requirements, evaluate their level of importance, as well as propose, refine, 

and validate models. Hence, the characteristics of this technique, especially the availability of 

expert participants over multiple interrelated rounds, were leveraged beyond the usual Delphi aims 

of exploration and evaluation. The benefits of this approach are manifold. It allowed for refinement 

and validation of the developed models in terms of applicability by an expert audience made up of 

academics and SC practitioners. It also provided a logical structure for the questionnaires and 

made the study more engaging for the participants. These aspects potentially aided in participant 

retention and an increased level of thoughtfulness when providing answers. 

7.3 Limitations 

This section points out limitations of this study regarding the scope of this research and its 

objectives, the research processes, and the developed artefacts. 

7.3.1 Research Scope and Objectives 

The research opportunities in SSCM are manifold which became evident throughout the literature 

review and in particular in sections 1.1, 1.2, and 2.5. While many avenues and important questions 

could be explored in this study, the scope had to be limited to a manageable number of activities. 

Hence, the research objectives were developed as a feasible compromise. Especially the 

requirement for adaptive SSCM systems as outlined in section 2.5.3.4 could not be fully explored. 

The findings of this study provide a basis for such systems but important building blocks could not 

be addressed including e.g. the identification of KPIs, design of a scorecard, and general 

requirements for such systems in order to support adaptability, flexibility, and customisability.  

The reach of this study also had to be limited due to time and resource restrictions. While the 

survey sample was adequate for the statistical analysis, a more insightful investigation of the 

relationships in SSCM could have been facilitated by a larger and more diverse sample of 

responses. Differences between e.g. company sizes or locations could have been evaluated which 

could have strengthened generalisability of findings and model applicability.  

7.3.2 Research Processes 

While accepted guidelines were followed, some limitations can be identified with regard to the 

research processes. For both the Delphi study and the survey these limitations are associated with 

the characteristics of the samples. The composition of the Delphi sample of experts changed over 

the course of the three rounds. The first round was started with an even distribution of academics 

and practitioners but attrition over successive rounds resulted in an underrepresentation of 
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practitioners. Most experts were also based in NZ. These issues are not necessarily negative, 

though may have biased the outcomes to some extent. 

The responses gathered through the SSCM survey also showed a high percentage of NZ based 

participants and the sample size was somewhat limited. This data facilitated testing and 

confirmation of relationships in SSCM. While highly applicable to the NZ context, the survey 

findings should therefore be scrutinised for their general applicability due to the sample 

composition. 

7.3.3 Research Artefacts 

The research artefacts advance theoretical knowledge in SSCM and provide practical guidance. 

However, applicability has not been confirmed through implementation in a real SC. The 

information used in development and evaluation were derived empirically, but actual application 

and user testing could result in further refinements and extensions. Verifications of the relationships 

in SSCM based on different sample backgrounds and practical verifications of the importance 

levels assigned to SSCM factors could be valuable additions. All-inclusiveness, e.g. with regard to 

the existence of SSCM factors, can also not be assumed. Thus, there may be additional unknown 

influential factors or relationships that could not be identified. While the components, variables, and 

logic of the developed models can be considered fairly generalisable, their details, e.g. the 

importance of specific SSCM factors, may differ depending on geo-political SC contexts. 

The SSCM maturity model indicates causal relationships between its elements. While these appear 

theoretically valid, the statistical analysis of the survey data could only confirm correlations 

between the elements and causality could not be proven.  

This study, with its focus on sustainability and SCM, addresses dynamically evolving concepts. 

Hence, any method, model, or solution provided by this research requires continuous revisions to 

keep up with current SSCM requirements.  

7.4 Future Research 

This research project has achieved foundational results which provide the basis for future research 

in SSCM. These future research opportunities originate from two sources. Firstly there are 

opportunities to expand the study results and utilise them to generate new research artefacts. 

Secondly, several research opportunities were derived through the Delphi study on SSCM, i.e. 

suggested and rated in terms of importance by a panel of experts.  

7.4.1 Continuation of Research on SSCM 

The PhD research efforts have revealed that sustainability efforts often lack a systematic approach 

which leads to difficulties in the realisation of sustainability goals. It has in particular become 

evident that sustainability efforts in a SC require a high degree of communication and collaborative 

spirit in order to be successful. Sustainability management demands understanding and support 
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from all SC members as well as applicable development and implementation processes. 

Furthermore appropriate procedures and technologies are needed which support cross-functional 

and cross-company information exchange to facilitate decision making. Based on the research 

findings, a series of future research opportunities can be derived to extend the artefacts and create 

new insights. These proposed research opportunities can offer more holistic support for SSCM 

development: 

 Development of a monitoring and control tool (SSC Scorecard) to support a lifecycle 

management approach which can influence goals, vision, strategies, and processes of SCs. 

Performance measures identified through surveys as well as from literature should be linked 

into a holistic framework following a balanced scorecard approach. The design and 

implementation of a scorecard could enable SCs to assess sustainability performance in an 

integrated manner. 

 Incorporation of emerging trends and new technologies to refine the artefacts and support the 

ongoing introduction of more sustainable operations within SCs. 

 Design of system dynamics relationships, i.e. exploration of the causal linkages that drive or 

prevent the implementation of more sustainable operational practices. Case studies could 

provide the required background information. 

 Design of a system dynamics simulation model based on the SSCM factors, relationships, 

determinants and system dynamics. This could contribute to the knowledge required for the 

implementation of sustainability KPIs in SCs. It could furthermore aid in the creation and 

validation of the proposed SSC Scorecard and help to further explore trade-off and win-win 

relationships in SSCM. 

 Design of implementation guidelines that suggest and outline possibilities to integrate an SSC 

Scorecard approach and the results of system dynamics modelling in SCs.  

 Design of adaptive SSCM systems that harmoniously integrate people, processes, and 

technologies as suggested in sections 2.5.3.4 and 7.3.3. Such integrated systems need to be 

supported by implementation roadmaps and flexible architecture.  

 Testing of the SSCM roadmap through application following a process approach consisting of 

case study testing and survey verification (Platts, 1993). Such an approach could combine 

outcomes of case study testing, i.e. refinement and verification of applicability, with the rigour 

and validity offered by survey research. 

7.4.2 SSCM Research – Insights from the Delphi Study 

Part of the Delphi study was devoted to the identification of research opportunities in SSCM. In the 

first Delphi round the 35 domain experts were encouraged to leave comments on aspects of SSCs 

that require further research. Overall 21 potential research opportunities were extracted from the 

experts’ responses which were subsequently rated in terms of their importance on a five-point 

scale as outlined in section 4.3.1.1. Table 7.1 presents the opportunities ranked by importance with 

precedence given to third round ratings.  



Conclusion 

226 

It can be seen from the results that all of the proposed research opportunities were rated at least 

moderately important. It is interesting to note that several topics which have received a lot of 

attention in recent years were rated as only being of moderate importance, e.g. ‘CO2 emissions 

and carbon footprints’ or the ‘relation of food miles and sustainability impacts’.  

According to the experts’ opinions the most important research opportunity is the requirement to 

investigate the ‘actual costs of SC operations, e.g. unaccounted environmental and social impacts’. 

Throughout this study references have been made to this issue, e.g. what requirements need to be 

in place in order to assess the actual costs of SC operations on all three sustainability dimensions. 

Examples include appropriate performance measurement processes, e.g. the proposed SSC 

Scorecard, that support alignment and coverage of assessments as well as commitment 

throughout the SC in order to achieve a high degree of visibility, information exchange, and 

collaboration. A thorough investigation into this particular area could be accomplished through in-

depth case studies aimed at assessing SC structures, intended and unintended SC outputs, and 

cost accounting procedures. 

 
SSCM Research Opportunities – Importance Ranking 
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1 Actual costs of supply chain operations, e.g. unaccounted environmental and social impacts  4.58 0.58 
2 Future of supply chains in NZ, e.g. long-term outlook and restructuring in Australasia   4.48 0.59 
3 Investments into sustainability and their justifications   4.38 0.71 
4 Claims of sustainability and actual impacts of supply chains   4.13 0.85 4.30 0.86 
5 Impacts on society, i.e. positive/negative effects of supply chains   4.08 0.88 4.30 0.57 
6 Linkages of supply chains with environmental and social systems   4.09 0.85 4.30 0.57 
7 Awareness of positive impacts of sustainable supply chains   4.29 0.75 
8 Implementation hurdles of sustainability initiatives, e.g. time and cost requirements   4.29 0.69 

9 
Impact of competitive forces on sustainability, e.g. sustainability efforts prevented due to cost 
pressures   

4.27 0.70 
  

10 Energy availability, e.g. peak oil and dependence on petrochemicals of supply chains   4.04 0.81 4.25 0.79 
11 Future trends and developments in supply chains   3.92 0.88 4.25 0.55 

12 
Long-term effect of sustainability movement on NZ due to its long supply chains and 
resulting special requirements   

4.25 0.68 
  

13 Long-term SSCM results, i.e. potentials and resulting benefits   4.17 0.72 4.25 0.79 
14 Transportation modes, e.g. which mode works best for each commodity   3.96 0.82 4.10 0.55 
15 Service Profit Chain and its relevance for logistics/supply chain   3.86 0.89 4.05 0.62 
16 Cost allocations, e.g. for sustainability efforts and unaccounted supply chain impacts   4.04 0.69   

17 
Missing theory development to guide practice, e.g. lack of strategic models and applicable 
frameworks   

3.96 0.88 3.90 0.79 

18 Relation of food miles and sustainability impacts   3.82 0.91 3.90 0.79 
19 Employee satisfaction and societal welfare   3.88 0.85 3.75 0.79 

20 
Effects of overemphasis of certain aspects at the detriment to others, e.g. focusing solely on 
green-house gas emissions   

3.83 0.96 3.75 0.85 

21 CO2 emissions and carbon footprints   3.74 0.86 3.70 0.92 

Table 7.1: SSCM Research Opportunities – Ranking 

Other pressing opportunities include investigations into the ‘future of SCs in NZ’ and ‘investments 

into sustainability and their justifications’. Such research could be accomplished through interviews 

with SC experts or group consensus techniques. Research opportunities from rank 3 to rank 9 

relate to investigations of system relationships between prominent factors of SSCM albeit with 

differing focuses. Hence, utilising system dynamics modelling appears a viable research option 

which relates directly to the opportunities described in section 7.4.1. Data to drive and describe 

such system dynamics relationships could be obtained from existing literature and established SC 

and sustainability models or frameworks. Additional information could be acquired through case 

studies and interviews with SC practitioners. 
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In addition to the ratings, the experts were encouraged to provide comments and propose 

additional research requirements. Overall it was recognised that SSCM research is still in its 

infancy and hence demands more detailed investigations. It was suggested that sustainability 

principles have not been widely implemented in SCs yet, largely due to a prevailing focus on short 

term financial goals.  

A need for more research into SC policy frameworks was pointed out, i.e. determining appropriate 

incentives and requirements in order to move SC development into a more sustainable direction. 

Especially interesting was the notion that competitive forces could enable this transition if 

supported by the right policies.  

Research into revenue implications of SSCM was suggested which could consider time and SC 

maturity as determining factors. The structure of the SSCM maturity model could be leveraged in 

order to investigate revenue implications for SCs at the six maturity levels and investigate break-

even points, i.e. when initial investments are outweighed by revenue gains.  

Investigations of cost and accounting structures of modern corporations and their potential 

incompatibility with SSCM were deemed necessary. Specific issues to be assessed include 

possibilities for cost accounting of SC impacts, approaches to equitably share SC risks and 

benefits, and methods to improve the alignment of incentives and payment terms with sustainability 

goals in a SC.  

7.5 Final Remarks 

This research was motivated by the growing requirement for sustainable SC practices and the lack 

of necessary understanding and applicable support mechanisms. SCs operate in wider social 

systems governed by different cultures, values, beliefs, and perceptions of what constitutes 

appropriate behaviour. Unsustainable practices are an outcome of these systems and are often 

encouraged by the rules and values we define as a global society. Since SCs are subject to these 

constraints, SSCM can only solve a limited number of sustainability challenges. Nevertheless, SCs 

are at a crucial position to reshape business operations and reduce unintended by-products of our 

society. SCM needs to evolve from an executional focus towards a strategic priority with 

sustainability considerations ingrained in all decisions. Decision makers have to recognise that the 

benefits of a sustainability strategy may not always be immediate but can emerge at a slower rate. 

The artefacts put forward in this study support these necessary developments.  
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Appendix A.2 Participant Information Sheet 

Aim of Study: 

Hello, my name is Hendrik Reefke and I am a PhD student in the doctoral program at the University of Auckland Business 
School.  I would like to invite you to participate in my research on sustainable supply chain management (SSCM).  This 
research seeks to define and model SSCM through a multi-method approach encompassing opinions from industry experts, 
academics, as well as representatives from governmental and non-governmental organisations.  These insights will drive 
the development of knowledge, theory, and frameworks to gain a better understanding of the potential that SSCM offers and 
the barriers which have to be overcome.  Practical applicability of the results is a major aim of this study and will be 
demonstrated though roadmaps which will outline potential implementation processes.  You have been identified as an 
expert in the field under investigation and my supervisor and I are very interested in your opinions and insights that you can 
provide us with. 

Delphi Process: 

The aim of the Delphi study is to identify, categorise and evaluate key aspects for the sustainable management of supply 
chains.  The Delphi study is an iterative process that involves sending 3 rounds of questionnaires to the selected group of 
experts, seeking their insights into SSCM.  We expect your time commitment to this study to be less than 2 hours.  Round 1 
will elicit characteristics, capabilities, enablers and performance measures of sustainable supply chains.  These findings will 
be categorised and become the input to the second round which involves ranking and comparison by the participants.  The 
purpose of round 3 is to re-evaluate the rankings and possibly refine the results.  Round 3 will conclude with interviews with 
representative participants to provide explanations as well as provide a basis for the next phase of the research which will 
be the design and administration of a survey instrument. 

Participation: 

Participation in this research is voluntary and you may decline to take part without giving a reason.  You may withdraw 
participation at any time and you will be provided two weeks, from the date of the final round of the questionnaire being 
completed and returned, to withdraw your input from the study.  The information gathered from these questionnaires may be 
published in my PhD Dissertation and may also be included in published journal articles and conference proceedings.  If the 
information obtained from your participation in the project is reported or published, this will be done in a way that provides 
for complete anonymity, omitting identifiable details of you or your place of work.  All data collected will be stored securely 
on the University of Auckland premises, and destroyed by shredding or secure file erase after six years.  You will be 
informed of any publications that result from this research and provided with a copy if you request it.  

Your participation in the survey would be greatly appreciated.  If you agree to participate in this research, please indicate 
this by agreeing to the consent form in the online survey.  Thank you very much for your time and help in making this study 
possible.  If you have any queries or wish to know more please feel free to contact me. 

Hendrik Reefke 

 

Contact information for me, my PhD Supervisor, the Head of Department, and the University of Auckland Human 
Participants Ethics Committee Chair are provided below. 

Principal Investigator: 
 Hendrik Reefke, PhD Student 

Department of Information Systems and Operations Management 
Private Bag 92019, Auckland, New Zealand 
Phone: +64 (9) 021 100 5242 
Email: h.reefke@auckland.ac.nz 

PhD Supervisor: 
 Associate Professor David Sundaram 
 Department of Information Systems and Operations Management 
 Private Bag 92019, Auckland, New Zealand 
 Phone: +64 (9) 373-7599, ext. 85078 
 Email: d.sundaram@auckland.ac.nz 

Head of ISOM Department: 
 Professor Michael Myers 
 Department of Information Systems and Operations Management 
 Private Bag 92019, Auckland, New Zealand 
 Phone: +64 (9) 373-7599, ext. 87468 
 Email: m.myers@auckland.ac.nz 

Ethics Committee: 
 The Chair, Human Participants Ethics Committee 
 The University of Auckland, Office of the Vice Chancellor 
 Private Bag 92019, Auckland 1142, New Zealand 
 Phone: +64 (9) 373-7599, ext. 87830 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE ON 15th of July 2009 
for 3 years, Reference Number 2009 / 293  
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Appendix A.3 Pilot Tests 

Pilot Test 1 

Dear Pilot Tester, 

My supervisor David Sundaram and I have been working on the first round survey for our Delphi study on sustainability in 
supply chains. This study is primarily exploratory in nature and will be the foundation for a survey that will follow. 

Some background information on the Delphi process: 

The Delphi Study is an iterative process that involves sending 3 rounds of questionnaires to the selected group of experts, 
seeking their insights into sustainable supply chain management (SSCM). The participants of this Delphi Study are all 
experts in the field of sustainability and/or supply chain management. Experts will be grouped into panels representing their 
main background. Round 1 is based on an initial questionnaire and is used to elicit characteristics, capabilities, enablers 
and performance measures of sustainable supply chains. These findings will be categorized and become the input to the 
second round which involves ranking and comparison by the participants. The purpose of round 3 is to re-evaluate the 
rankings and possibly refine the results. Round 3 will conclude with interviews with representative participants to provide 
explanations as well as provide a basis for the next phase of the research which will be the design and administration of a 
survey instrument. The following overview illustrates this process: 

 

Your Feedback: 

We would greatly appreciate it if you could try the survey and provide us with some feedback on the following aspects: 
 Purpose: Do you think the survey will elicit what we hope it will? Are the questions framed/phrased in an 

appropriate fashion? 
 Understanding: Do you see any issues with the way it is designed or the explanations? 
 Ease of use: Any problems in using Survey Monkey or the questionnaire? 
 Time: How long did it take you? 
 Any important details that you think are missing and should be included 
 Any additional comments  

Keep in mind that participants will be provided with some additional information (Participant Information sheet) and are also 
'experts' in the area. 

Here is the link to the survey: 

https://www.surveymonkey.com/s.aspx?sm=1vFDZFQkxkdww_2fBc_2boBJwg_3d_3d 

As you might have guessed we would like your comments as soon as possible - hopefully early next week! 

Thanks for your help, 

Hendrik Reefke 
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Pilot Test 2 

Dear Pilot Tester, 

I would like to thank you again for the valuable feedback you provided to the previous pilot test of this Delphi on 
sustainability in supply chains. We took all your feedback into consideration and re-designed the survey. My supervisor 
David Sundaram and I have been contacting experts over the last couple weeks for our Delphi study. We are therefore 
hoping to go ahead very soon.  

Please find attached the Participant Information Sheet that we will be sending out and at the bottom of this page the email 
invitation we intend to use. 

Your Feedback: 

We would greatly appreciate it if you could help us with the following: 
1) test this re-designed survey (at https://www.surveymonkey.com/s.aspx?sm=TEAnPlgAQGnX0fTCiKKMLg_3d_3d ) 

and provide us with some feedback on the following aspects: 
 Purpose: Do you think the survey will elicit what we hope it will?  
 Style: Are the questions framed/phrased in an appropriate fashion? 
 Understanding: Do you see any issues with the way it is designed or the explanations? 
 Ease of use: Any problems in using Survey Monkey or the questionnaire? 
 Any important details that you think are missing and should be included? 

2) Do you see any issues with the design or the content of the Participant Information Sheet attached herewith? 
Remember that some/many participants may not read the participant information sheet and may directly do the survey! 

3) How is the design of the email invitation that we intend to send to the participants (see below)? 
4) Any additional comments?  

Once again, thanks for your help and support, 

Hendrik Reefke 

Appendix A.4 Invitation 

Dear Participant, 

I would like to invite you to participate in my research on sustainable supply chain management (SSCM). This research 
seeks to define and model SSCM through a multi-method approach encompassing opinions from industry experts, 
academics, as well as representatives from governmental and non-governmental organisations.  

You have been identified as an expert in the field under investigation and we are very interested in your opinions and 
insights. 

Please help us by clicking on the following URL to access the survey:  
https://www.surveymonkey.com/s.aspx?sm=TEAnPlgAQGnX0fTCiKKMLg_3d_3d  

It only takes 15 minutes. 

Participation is voluntary and you may decline to take part without giving a reason. All your responses are completely 
confidential. The Participant Information Sheet is attached herewith for your reference. 

Many thanks in advance for your help.  

If you do have any question about this survey, please email me directly at h.reefke@auckland.ac.nz 

Kind Regards, 
--  
Hendrik Reefke – PhD Candidate 
Department of Information Systems and Operations Management 
University of Auckland 
Private Bag 92019 
Auckland, New Zealand 
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Appendix A.5 Round One Questionnaire  
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Appendix A.6 Raw Responses 

In YOUR OPINION, what are KEY Performance Indicators/Measures/Metrics of Sustainable Supply Chains?  

Response Count: 35 

Nr Response Date Response Text 

1 Nov 4, 2009 
1:40 a.m. 

Once a product comes off the manufacturing process there are several steps to get it to market 
Measuring points will be: 
Time and cost for storage of product 
Type of warehousing/storage required - open air, under roof, secure, refrigeration, Hazardous storage 
Time from product availability to shipment 
Availability of shipment options – e.g. for a specific market there may be only one available service every two 
months and another may have a weekly service option 
Transport from plant to storage to wharf - mode, time & cost 
Operational hours of warehousing, transport and wharves 

2 Nov 4, 2009 
2:20 a.m. 

CO2 per weight of product including warehousing, transportation and distribution. 
Energy per weight of product including warehousing, transportation and distribution. 
Total kilometres travelled by transport mode. 
Total kilometres travelled by geography e.g. urban, peri-urban, rural etc (to try and gauge socio-
environmental impact). 
$ cost per unit delivered. 
$ revenue (along the supply chain) per unit delivered. 

3 Nov 4, 2009 
12:19 p.m. 

Total energy consumption 
Adherence to purchasing policies and sustainable standards 
Carbon footprint 
Consumer satisfaction 
Cost performance relative to other supply chains 

4 Nov 4, 2009 
7:52 p.m. 

Economic sustainability will include Profit and everything being EVA (economic value added) positive. 
Sustainability re resources consumed is impossible in Transport until such time as we consume renewable 
energy (electricity generated naturally, bio fuel (on basis it is not harming the environment as does palm oil 
derivatives). 
Therefore it must in the short term be about minimising energy consumed per tonne/km and 
minimising/eradicating emissions (CO2.CO, etc etc) 

5 Nov 5, 2009 
12:24 a.m. 

Energy used for transportation per unit 
distance travelled per unit 
Stock turns 
Litres of petrol for transportation per unit 
Amount of travel time / storage time in urban area relative to travel time / storage time in non-urban area 
(judge the impact of people living in urban areas) 

6 Nov 5, 2009 
1:38 a.m. 

Environmental Aspect: 
- GHG emissions (tCO2e) produced in phases Transportation, Warehousing and Distribution 
- KPI could be GHG emissions per individual product in tCO2e/product (or per container) 
Social Aspect: 
- Number of jobs offered to local community 
- Benefits provided to local community 
- Empowerment of certain groups (women / people with disabilities) 
Economic Aspects: 
- Turnover time in each phase (e.g. transportation time/unit, stock time/unit 
- Number of delivery delays/year 
- Number of incorrect deliveries/year 

7 Nov 5, 2009 
2:38 a.m. 

Total cost of the W/T/D parts in the whole supply chain; 
Total Energy used per item or tonne.  
Total $externalities caused per unit or tonne. This is where co2, smoke pollution costs etc comes in. 

8 Nov 5, 2009 
3:39 p.m. 

Carbon footprint 
Other environmental footprints 
Metrics of positive and negative economic impacts 

9 Nov 5, 2009 
7:06 p.m. 

total cost per kilometre for transport 
energy usage per kilometre (includes type of fuel and renewability) 
excess inventory (bad) 
size of warehouse/number of goods being moved and stored (should be a smaller ratio) 
comprehensibility of communication and order system (should be integrated throughout, updated regularly: 
communication should save unnecessary transport and storage: so some figure on breadth, depth and 
update frequency?) 

10 Nov 6, 2009 
1:01 a.m. 

reduction in cost year over year; less cost means less raw materials utilized 
it is all about cost - 

11 Nov 6, 2009 
1:33 a.m. 

Time in process metrics; transportation costs; distance travelled of materials / products / services; waste as a 
percentage of total value; value per unit of capacity at bottlenecks within the supply chain; measurements of 
negative outputs (e.g. pollution, spoilage, waste) 
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12 Nov 6, 2009 
8:41 a.m. 

Deliver on time in full - order fulfilment and quality of product 
Energy costs of storage and transportation - energy consumption - per sq ft or load per km 
Efficient reverse logistics - tracking of parts out in field - inventory level 
Locations of distribution centres and satellite warehouses - number of trip 

13 Nov 6, 2009 
2:08 p.m. 

key performance indicators/measures/metrics: profit, carbon footprint, timeliness, appropriate inventory that is 
accessible to the right person (e.g., customer at a retail store) at all necessary points in the supply chain 

14 Nov 9, 2009 
12:05 a.m. 

Container utilization, DIFOT, DIFOTIS, CO emissions, Actual vs. planned transit times, Demand Forecasting 
(made to order to minimize waste), Port omissions (creating additional trucking/Port movements) 

15 Nov 9, 2009 
5:26 a.m. 

Value placed upon and Enrichment of Employee Life 
Fuel Economy 
Energy Use - Facilities 
Land Utilisation 
Packaging Costs 

16 Nov 9, 2009 
6:12 p.m. 

Economic 
Productivity - Health & safety - accident, incident frequency measure 
Productivity - units handled per standard time measure (day / hour) 
Productivity - operating cost per unit handled 
Productivity - units handled / produced per FTE (full time equivalent 
Environment 
Energy consumption per unit handled / produced 
Resource utilisation per unit handled / produced 
Carbon production per unit handled / produced 
Waste production per unit handled / produced (split by recyclable / non-recyclable waste) 
Society 
legal, industry, and customer compliance measures 
Customer satisfaction 
Employee satisfaction 

17 Nov 11, 2009 
10:43 p.m. 

Total Cost of Distribution. per unit (e.g. Ton/m3). 
Percentage of freight moved by mode 
Environmental impact of the distribution. (e.g. Water, Air, Pollutants, CO2) per unit of distribution. 
Percentage of recycling / reuse (rain water capture and use, rubbish recycled) 
Average emission levels of fleet (age of fleets) 
Minimising non-essential freight movements 
Minimising non-essential logistics activities 
Warehousing practices - such as JIT (creates many shipments) vs bulk shipments less frequently. 

18 Nov 13, 2009 
3:15 a.m. 

Environment: 
- carbon emission per MT/mile 
- % of waste that is recycled from site 
- % of waste that is reused at site (i.e. heat) 
Society 
- degree to which supply chain activity contributes to local community 
- degree to which local community depends on supply chain activity 
Economy 
- Amount spent on 3PLs vs. company owned transportation and warehousing 
- Supply Chain spend as a % of Product sale 

19 Nov 15, 2009 
8:02 p.m. 

The amount of waste produced in the form of fuel usage for transportation, packaging and scrap produced 
through the manufacturing process, inefficient energy consumption from buildings and facilities and inefficient 
use of land for storage and distribution. The Cold chain in particular through the use of older facilities with 
inefficient cool store technology. 

20 Nov 18, 2009 
5:43 a.m. 

KPI's associated with the "perfect order" including metrics  associated with customer satisfaction (internal and 
external), technology and innovation, strategic, environmental, safety and social measures. 
Also, for a SC to be sustainable in the first instance it must achieve a workable balance between basic 
business goals and society/environmental goals. 

21 Nov 18, 2009 
11:00 p.m. 

Emission (transport and other operations) levels, distance travelled by trucks and other vehicles, usage of 
renewable and non-renewable resources, recyclable and non-recyclable material in packaging and products. 

22 Nov 18, 2009 
11:10 p.m. 

I tend to imagine a logistics company with a "balanced score card" with some "sustainable"-orientated supply 
chains (I doubt any supply chains are sustainable outside the "food-chain" of the natural world and I am not 
imaginative enough to believe anyone can come up with a truly sustainable supply chain at this point in the 
evolution of human societies).  I am comfortable with an incremental approach to "supply chains pursuing 
sustainable development", in contrast with "sustainable supply chains". 
Offhand, supply chains pursuing sustainable development would entail measures such as: 
Customer (operational) perspective: 
-on time delivery 
-goods delivered in expected shape and quality 
Financial perspective: 
-the usual stuff on profitable links in the supply chain and alignment of cash flow and flow of goods through 
each link in the chain 
Internal perspective: 
-Employee productivity in "green kms of delivered kgs per employee" or something innovative 
Innovation and learning perspective: 
-benchmarking against GRI measures (Global Reporting Initiative) globally for companies in the logistics 
industries (...with a target of investing $$$ per year in R&D to stay on top of the ranking 
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23 Nov 19, 2009 
8:42 a.m. 

1. Time between each delivery and receiving ends 
2. Costs involved 
3. Damage rate in transit 

24 Nov 19, 2009 
5:34 p.m. 

Measure weight carried per distance travelled and compare that to maximum load per vehicle (aimed at 
reducing empty and partial loads) 
Measure transport times actually taken compared to transport time without congestion (to reduce peak hour 
transport) 
measure volume and weight of waste product, packaging ( to reduce packaging requirements) 
Grade warehouse and distribution centre building sites on a scale of usefulness for farmland 

25 Nov 23, 2009 
4:35 a.m. 

"STOCK FRESHNESS" is a very informative KPI that serves almost as an X-Ray would do in the medical 
field. 
It measures the inventory turnaround time in days with the emphasis on optimisation rather than focusing on 
the extremes of JIT and Slow moving / Dead inventory.  
We are well aware of the transportation and resulting environmental impacts of JIT and the opposite impact 
of transporting large stocks that do not get consumed in time to provide an economic benefit. 
"Stock Freshness" is considered as a very clear indicator to the extent that top management in corporates 
have their annual performance measurement heavily weighted by Stock Freshness index. 

26 Nov 25, 2009 
2:42 a.m. 

Strength of the organisations' relationship with its stakeholders: Financial performance metrics, emotional 
performance metrics and customer service metrics 
Strength of the organisation's relationship with its suppliers:  metrics of co-evolution, metrics of strategic 
alignment 
Strength of the organisation's relationship with its environment: future creation in action; active metrics of 
sustainable practices measured by life cycle costs, inputs, processes and outputs 

27 Nov 25, 2009 
10:56 p.m. 

Total mileage from manufacturer to final disposal/recycle centre. 
Transport media (such as air, water, road, rail...) 
Transport type (heavy, light...) 
Transportation environment (such as air conditioned, open....) 
Handling In size (bulk, loose, palletised....) 
Size per order - handling out/distribution package (bulk, loose, palletised....) 
Storage environment in the warehouse  
Energy efficiency (storage, distribution, transportation, ordering and office administration) 
Compliance (MAF, HSNO, City Council, Regional Council, TelArc..........) 
Employee Training (foods, hazardous goods, freight forward such air freight, water freight, etc., container 
handling, information system) 
Service quality: delivery time, order processing time 
End-to-end service network (storage, transportation, distribution, disposal, packaging) 
Packaging (size, product..) 
Disposal (hazardous, non-hazardous..) 
Information systems (ordering, tracking, reporting, flexible accessibility) 
Efficiencies: Storage, handling, distribution.... 
Service cost: Storage, handling, distribution, transportation, disposal, packaging, stretch wrapping, labelling, 
ordering.... 
Documentation (hardcopy versus electronic) 
Health and Safety 
Operational staff (retention, working conditions, EEO and cultural diversity, working time, training, promotion, 
incidence, flexibility, remuneration........) 
Waste reduction, recycle and management 
Contract with: supplier, long range transporter, local transporter, customer,......... 
Risk Management 
Supplier practices (compliance, energy efficiency, working conditions, working time, training, promotion, 
incidence, flexibility, wage, health and safety,........) 
Vehicle maintenance 
Earth footprint 

28 Nov 26, 2009 
8:44 p.m. 

lowest impact on environment possible and maximising resource utilisation on the way 

29 Nov 27, 2009 
12:25 a.m. 

Generally, largest impacts in raw materials and manufacturing stages of supply chains. 
However, in terms of transportation, warehousing & distribution, the most material impact is emissions from 
transport and distribution. 
Key performance indicators are: 
- average GHG emissions per tonne km transported or distributed 
- total emissions from transport and distribution 

30 Nov 27, 2009 
7:56 a.m. 

I think you need to start strategy first the strategic context determines the key performance indicators and 
how the firms differentiate itself.  
We can use a balanced scorecard perspective.  
You should look at SAP's KPI hierarchy but I would recommend at least the following: 
1) EVA of the processes 
2) Cost of capital of the processes 
3) Cycle time improvement  
4) Flexibility in terms of time and marginal costs to respond to customized orders or orders (thus it goes back 
to the notion of strategy and what strategy is pursued whether it is agility).  
5) Responsiveness to swings in supply chain.  
6) Inventory Costs throughout supply chain 
7) Customer satisfaction cascaded down to these processes.  
8) FTE required to sustain these supply chains 
9) Stakeholder satisfaction and related to each component of the process 

31 Dec 6, 2009 
11:39 p.m. 

Throughput, leadtime to customer. Container turnaround, Demurrage days, Storage days 
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32 Dec 8, 2009 
2:22 a.m. 

Time - completed in the time frame required   
Cost - Best cost for the service provided 
Quality - low or minimal problems with damage and meeting customer service goals 
Innovation - ability to improve or prove low cost solutions for documentation, payment, and traceability.  
Sustainable - minimise wastage of resources (packaging), minimise transport routing to lower cost 
good utilisation fuel/vehicle capacities to reduce emission and road user costs 

33 Dec 11, 2009 
8:12 a.m. 

consistent Performance measure 

34 Dec 14, 2009 
2:54 a.m. 

DIFOTIS 
COST 

35 Dec 14, 2009 
9:35 p.m. 

Landfill waste produced 
Carbon footprint 
% of process that is value-added 
% of end-of-life product that is recycled/reused 

 
In YOUR OPINION, what are KEY Characteristics/Capabilities/Enablers of Sustainable Supply Chains?  

Response Count: 35 

Nr Response Date Response Text 

1 Nov 4, 2009 1:40 a.m. Information flows are the key element. 
If all parties working in the supply chain have access to a visibility tool to track the product from the 
time it is available at the manufacturing plant until it is loaded on a vessel, they will all have the best 
opportunity to execute their part of the process without delays. 
There are a variety of tracking systems which can be linked together and there are some that can take 
information in from several systems and provide a one-stop view - freight forwarders and some 
trucking companies specialise in this area. 
Good contracts with clear KPIs detailing who has to undertake which tasks when with regular 
monitoring and reporting times will enable the smoothest flow of product 
Properly trained staff with knowledge and expertise in the product handling as well as supply chain 
principles will ensure the robustness of the supply chain 

2 Nov 4, 2009 2:20 a.m. Enablers can exist anywhere within the supply chain. 
The key characteristics are awareness of both the need to be more sustainable and also the value to 
their business of a more sustainable approach. 
Forward thinking and responsive organisations with a willingness to embrace change. 

3 Nov 4, 2009 12:19 p.m. Low carbon footprint 
Recycling and reuse of packaging 
Transport savings/innovative transport options 
Cost savings enabling other value adds in sustainability 
Life cycle approach 
Adherence to TQM and other standards for sustainability 
ps. This question characteristics and capabilities and enablers are not the same, it would be helpful to 
have them defined and asked about separately 

4 Nov 4, 2009 7:52 p.m. Economic sustainability is ensuring management and Directors understand fundamental financial 
principles. 
Environmental sustainability will require GOVT intervention. 

5 Nov 5, 2009 12:24 a.m. Use of renewable energy inputs 
Discussion and investigation of alternative methods 
Awareness of impact of movement of goods on the lives of stakeholders (such as people living in the 
city) 
Capabilities to quantify impact of operations on environment (access to correct tools of methods for 
measuring) 
Capabilities to analyse various options and select between them (modelling/spreadsheet skills) 
Enabled by Board of Directors or shareholders to take a longer-term perspective as investments in 
sustainable initiative may not bring immediate benefits (companies that are listed on an exchange and 
judged by quarterly results may have difficulty) 

6 Nov 5, 2009 1:38 a.m. - Economic, social & environmental awareness of effects/impacts of supply chain 
- Total interconnectivity between different stages (elements) of supply chain to ensure constant flow of 
information. 
- Alignment of all stages (elements) of supply chain (effectiveness, efficiency) 
- Management approval 
- Existence of short-/middle-/long-term plan defining objectives/targets to move towards sustainable 
procedures 

7 Nov 5, 2009 2:38 a.m. Key enablers are proper true cost allocations by governments for modes of transport. e.g. in NZ we 
encourage road use by subsidies; in parts of Europe now they are encouraging use of water transport 
by capital subsidies rather than charging full cost to the roads as this would be politically unpopular. 

8 Nov 5, 2009 3:39 p.m. ISO14000, ISO9000, EMAS, SA8000 

9 Nov 5, 2009 7:06 p.m. communication systems (breadth and depth, ease of understanding, multi-mode: sophistication e.g. 
JIT) 
use of more sustainable transport systems (e.g. train rather than road) 
proximity of warehouse to upstream and downstream partners: location 

10 Nov 6, 2009 1:01 a.m. focus on the reduction of waste regardless of where it resides 
utilization of alternative forms of energy (skylights) to minimize costs 
enablers: don't know.... 
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11 Nov 6, 2009 1:33 a.m. Focus on managing variability in process flow and its impact on resource utilisation especially 
bottleneck capacities; measurement and monitoring of negative outputs as part of a continuous 
improvement process; orientation of measurement systems around economic, social and 
environmental perspectives; need to optimise the entire supply chain comprising all costs (benefits) 
including economic, social and environmental 

12 Nov 6, 2009 8:41 a.m. Information sharing 
Collaboration among supply chain members 
Energy efficient transport and storage 
Integration between supply, storage, distribution, and demand 

13 Nov 6, 2009 2:08 p.m. minimal travel (of shipped items), reduced wastage (due to spoilage, misplaced item, etc.) 

14 Nov 9, 2009 12:05 a.m. stability, visibility, measurements and planned improvements 

15 Nov 9, 2009 5:26 a.m. Trust with suppliers, employees, customers, government, and partners 
Collaboration with suppliers, employees, customers, government, and partners 
A mentality which refuses to accept that sustainability always necessitates tradeoffs (e.g., higher cost) 

16 Nov 9, 2009 6:12 p.m. Economic 
Best practice / Low operating cost 
Increased return on capital investment 
Environment 
Low environmental impact / energy consumption 
Minimal waste 
Society 
Best industry practice recognised through exceeding regulatory / other compliance requirements 
Satisfied customers 
Satisfied employees 
Satisfied industry stakeholders 

17 Nov 11, 2009 10:43 p.m. Improved Education 
Realisation of the Costs benefits of sustainability and the associated practices 
Technology and innovations around equipment 
Improvements in infrastructure (especially in roading) 
Improved models for supply chain sustainability, such as GreenSCOR which was developed years 
ago. 
Business Strategies and focus to reflect and monitor sustainable practices. 

18 Nov 13, 2009 3:15 a.m. - long term relationships with supply chain suppliers 
- positive relationship between community and where the supply chain operates 
- ongoing supply chain measurement against the KPIs listed above 

19 Nov 15, 2009 8:02 p.m. Looking at ways to reduce, reuse and recycle materials, transportation and energy consumption. 

20 Nov 18, 2009 5:43 a.m. The elimination of waste in all forms.    
From a process perspective the focus should be on streamline all the associated business processes 
(internal and boundary spanning) to identify and reduce all non-value adding activities. 

21 Nov 18, 2009 11:00 p.m. Characteristics: Addressing issues related to the SCs impact on environment. Aware and actively 
pursuing product design and development that supports reduce, reuse, recycle, and reverse logistics.
Capabilities: Maintain efficiency of operations based on environmental friendly processes. 
Enablers: Education, shared vision along supply chain, technology (and accessibility to). 

22 Nov 18, 2009 11:10 p.m. Supply chains pursing sustainable development have at least these characteristics: 
-driven by sustainable vision, values and championed by top management 
-positioned to support products and services pursing sustainable development (usually not low value )
developed internal 
-internally structured to develop organisational capabilities relevant to sustainably-orientated supply 
chains (key positions must have managers with suitable qualifications for sustain...) 
-key initiatives in sustainable development (see examples above) must be measured and follow a 
TQM type model 
-may be partnered with an NGO which is an expert in the area 

23 Nov 19, 2009 8:42 a.m. People, Information system, Management 

24 Nov 19, 2009 5:34 p.m. Minimal waste of transport, minimal waste of handling, minimal waste of raw materials, no harmful 
chemicals in raw material production processes and packaging, end of life considered as part of 
original design, no pollution of air water land, use of organic food products, use of fair-trade food 
products, use of raw materials that can be replaced (sustained e.g. forests), public transport facilities, 
renewable power supplies 

25 Nov 23, 2009 4:35 a.m. Landed cost plays a vital role in determining product sale prices and is often the differentiating factor 
that produces a sustained competitive advantage for companies.  
During the annual budgeting process, marketing and sales expenses are rather easily justified and 
supported in boardrooms, but distribution, warehousing and landed cost are squeezed to the 
maximum. The benefit is multi-fold. Six Sigma methodology always focuses on financial benefits to 
achieve even non-financial benefits viz. being recognised as a responsible organization who pays 
attention to sustainable supply chain methods. 
In the long term this results in a sustained competitive advantage to an organization especially when 
price war battles seem to be going nowhere and soon impact on product and service quality. 

26 Nov 25, 2009 2:42 a.m. Alignment with sustainability initiatives and goals both within and outside the organisation 
Not asking for my share of flesh, but looking at the collateral damage caused by  
actions that are not aligned with the sustainability initiatives/ goals. 
Profiting from Intelligent consumption and not induced consumption to the level of addiction. 
Transparency in Life cycle cost management in the organisation and sharing such information with 
others. 
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27 Nov 25, 2009 10:56 p.m. Quality of services; Quality of staff; Supply chain network; Compliance and certification management; 
Service cost; Technology usage; Training and development; Monitoring of supply chain network; Foot 
print: carbon, earth; Sustainability reporting 

28 Nov 26, 2009 8:44 p.m. integrated cradle to cradle approach 

29 Nov 27, 2009 12:25 a.m. Key characteristics of supply chains are in the choice of raw materials used.  
However, in terms of transportation, warehousing & distribution, key characteristics, capabilities & 
enablers are: 
- low GHG emissions forms of transport and distribution (i.e. minimal air freight; maximum train and 
sea freight transportation) 
- efficient processes 

30 Nov 27, 2009 7:56 a.m. 1) Systems: Supply Chain Management 
2) Organizational Processes 
3) Behavioural Architecture e.g. rewards systems 
4) Stakeholder engagement with the community for social and environmental betterment 

31 Dec 6, 2009 11:39 p.m. An infrastructure that can handle the volume of product currently required with a focus of future 
growth. Efficient process' for the movement of products. Minimal manual intervention, automation is 
the key. Triangulation of containers. Movement of products during off peak times. 

32 Dec 8, 2009 2:22 a.m. Reducing waste at all levels by using best transportation options this needs to be balanced with cost 
and using local versus distance. E.g. agriculture products grown in Ohakune transported to Auckland 
then transported back to Wanganui for retail sales. 
This may require rethinking of local versus distance distribution markets - use of internet/IT/E 
commerce options so goods move to the end retailer instead of cross docking at a wholesale DC. 
Joint ventures where a number of growers/manufacturers cooperatively own and use a warehouse 
facility.  
Balancing JIT inventory and holding stock so better utilisation of FTL (full truck) or rail carriage versus 
small LTL services.  
Large manufacturers lose to ports or Free Trade zones (E.g. Dubai) concentration and 24 hour full 
utilisation of airport/ports 

33 Dec 11, 2009 8:12 a.m. collaboration and communication 
34 Dec 14, 2009 2:54 a.m. Transparency, Flexibility, Cost effective 
35 Dec 14, 2009 9:35 p.m. A commitment by a firm's management to sustainability. 

Customers who care about sustainability and are willing to pay for it 
Government regulations 
Sustainability practices that also reduce cost 
Sufficient capital to invest in sustainable practices that have high initial investment costs but will 
reduce cost in the long run 

 
Please feel free to leave additional comments on: 1) Sustainability in Supply Chains in general. 2) Other particular aspects 
of Sustainable Supply Chains that require further research. 

Response Count: 22 

Nr Response Date Response Text 

1 Nov 4, 2009 1:40 a.m. It's important to link together the various elements in the supply chain so that they synchronise 
Sustainable supply chains require robust and strong relationships and contracts.  Obtaining a very 
cheap trucking rate for example exposes a company to service failures as the contracted party 
struggles to carry out the work with limited resources and may even fail due to bankruptcy. 
Environmentally sustainable has to be linked to economic sustainability - for many companies 
environmental benefits are only included where there is a related economic benefit - at least cost 
neutral 
Further research to be undertaken in examining modes of transport at peak/off-peak times by 
commodity.  What facilities are required?  What modes work best for each commodity? What 
investment has to be made - for example in rail transport or warehousing - and how can this 
investment be justified? 

2 Nov 4, 2009 2:20 a.m. Sustainability in NZ supply chains is in its infancy and is not well researched.  A few reports are 
constantly referred to but their findings have not been rigorously tested. 
Further research is needed into the export market supply chain.  This is to ensure claims of 
sustainable products, due to less intensive manufacturing processes in NZ, will stand up to 
international scrutiny. 

3 Nov 4, 2009 12:19 p.m. Certainly companies could be persuaded that sustainable supply chains also bring cost benefits in the 
form of savings. 
Maybe government intervention is needed as supply chains are not competing on a level playing field 
if some are putting money into being sustainable rather than letting the environment pay the cost. 
Should there be a 'Sustainably Distributed' logo like the Fair Trade logo for consumer awareness 
Further research on the actual costs of sustainability and who should bear those costs - see also 
statement one about possible cost benefits 

4 Nov 4, 2009 7:52 p.m. 1) The use of the term "sustainable' in transport is misleading. There is no such thing as a sustainable 
transport Chain whilst we burn fossil fuels. 
2) How competition in transport leads to sub optimal use of resources and fuel. Example is three or 
four shipping companies over-tonnaging a market. Consumers get the benefit of lower prices but more 
resources are consumed and more importantly the "carbon footprint" is way larger than it has to be. 
Result is consumers get cheaper products but at the cost of the environment. 

5 Nov 5, 2009 12:24 a.m. The problem that I have with this term is that supply chains by their very nature seek to be 
'sustainable' in that they strive to continue their existence.  
Area of further research: 
* impact of SCM on society; standards of living, quality of life (having trucks roar past all day and 
night?) etc. 
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* Water-footprint (In the USA I was buying bottled water from Fiji and fruits grown in near-arid regions 
where the water is 'invested' into the food, then transported elsewhere for consumption). 

6 Nov 5, 2009 2:38 a.m. Sustainability is a natural result if true costs are charged for the products causing the non-sustainable 
issues. e.g. in NZ dairy farming is indirectly subsidised by water loss to the community especially in 
south island. The dairy supply chain cost should include this as a transport cost because the water is 
being transported onto the farm from a distant point. The farm industry should therefore have to pay 
the full purchase and transport cost without subsidy. 
We have become sidetracked by linking sustainability to co2 only; whereas that is a very small part of 
the costs. 

7 Nov 5, 2009 7:06 p.m. The 100 km rule may well be coming.  New Zealand may suffer globally from the long distance 
required to import/export goods.  Communication and thus avoiding any unnecessary moving of goods 
will be critical within New Zealand. Replace as much physicality with communication.  If 
(hypothetically) peak oil finally really drives gas prices up, trucks may well be less of an option: even if 
converted to CNG (most likely scenario), roading itself requires petrochemicals: may eventually have a 
world with less maintained roads.  Trains may become best option overall. Or shipping.  How 
distribution hubs work long term may be different.  This may not apply short term, but overall again 
ways to communicate may be best option for distribution channels to give them the edge. 

8 Nov 6, 2009 1:01 a.m. We will only have sustainable supply chains as long as it doesn't cost anything - the minute it costs 
money - real money - to be green the directive will be lost. 

9 Nov 6, 2009 1:33 a.m. Afraid I am not particularly expert on sustainable supply chains but have put my thoughts into this 
survey for what they are worth. 
1) I think the first step is to get better information on both economic and social / environmental aspects 
of supply chains.  
2) Process variability I think is a key factor in supply chain performance (e.g. healthcare) and when 
one extends this to include social and environmental aspects, the need for better data and improved 
optimisation approaches is a fruitful area for further research 

10 Nov 6, 2009 8:41 a.m. Renewal resource; Reacting market demand 

11 Nov 9, 2009 12:05 a.m. 1) improved efficiency in Supply Chains means improved carbon emissions 
2) measuring actual emissions vs. averages 

12 Nov 9, 2009 5:26 a.m. I believe that unless the SSC movement decouples itself from the focus on CO2 emissions/carbon 
footprints (where the science is still, in my opinion, uncertain) it may completely fall by the wayside.   
The focus needs to be more on pollution reduction, employee and societal welfare. 
Research on employee satisfaction (service profit chain type stuff) on logistics/supply chain might be a 
fruitful endeavour. 

13 Nov 9, 2009 6:12 p.m. Many businesses / operations remain unaware that sustainable (or even green) supply chains are the 
result of utilising the most efficient and safest operating practices. 
Aspects that require further research (or perhaps just simple education) is the "myth" that low food-
miles = reduced environmental impact. This is particularly so from a NZ export requirement 

14 Nov 11, 2009 10:43 p.m. Sustainability can provide significant benefits to business, continued education to make businesses 
more aware of not only the environmental benefits but the financial and social benefits. 

15 Nov 18, 2009 11:00 p.m. Sustainability initiatives are not 'painkillers' which quickly deliver positive outcomes. Successful 
sustainability initiatives usually involve heavy initial investments, with results being seen only in the 
long run (a 'worse before better' dynamic). This is a big hurdle in its wide implementation. 

16 Nov 18, 2009 11:10 p.m. I suggest carbon footprinting as the most interesting topic.  This is coming.  It will be very interesting to 
see how supply chains in Australasia are restructured. 

17 Nov 23, 2009 4:35 a.m. An important factor involves appropriate packaging that reduces transportation costs and damage in 
particular. Damaged goods need to be replaced and impact on the environment. 
Acquiring accurate 'sell through' data from retail outlets to determine accurate forecasting. Inaccurate 
forecasting impacts very heavily on both sides - lost sales opportunity due to lack of stock and excess 
inventory resulting in dead stock. These negative impacts are both financial and particularly on 
Sustainable Supply Chains. 

18 Nov 25, 2009 2:42 a.m. Prosperity as well as sustainability is lost for the same reason, not caring for who pays for the 
unaccounted, costs. 
Collaboration is the key in any relationship. In SCM research it is talked about but we have not 
researched why it is not seen in practice? It is not just a gap in the theory practice continuum. 

19 Nov 25, 2009 10:56 p.m. Supply chain relates to two major areas: 1) products development and manufacturing supply chain, 
and 2) products storage, transportation, distribution, packaging, recycling and disposal supply chain. 
Item 1 may include item two with a small scale. Characteristics of the two different supply chains are 
completely different. It is highly recommended to narrow down the focus so that an optimal roadmap 
solution can be achieved within a doctoral research period.  

20 Nov 27, 2009 12:25 a.m. Generally, largest impacts in raw materials and manufacturing stages of supply chains. Impact from 
GHG emissions from transport and distribution is most material in the stages that this study is 
focussing on 

21 Nov 27, 2009 7:56 a.m. I think you need to link things to strategy.  
1) The linkage of supply chain systems and the eco and social systems...  
I think there is an assumption in your research that these systems do not interact well, the key issues 
is to link sustainability to superior EVA. 

22 Dec 14, 2009 2:54 a.m. The reality is that a business will only support a supply chain if it is efficient and cost effective. As soon 
as these parameters fail or are perceived to fail - organisations will see compliance to any supply chain 
fall. To this, operations and supports role outside of supply chain engineering their own networks. 
There is a temptation to make the supply chain complicated - as depicted in the graph; the said topic is 
in fact very simple. 
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Appendix A.7 Nuggets 

Nuggets from Responses to Question 1: 

1. Landfill waste produced; (35) 
2. Carbon footprint; (35) 
3. % of process that is value-added; (35) 
4. % of end-of-life product that is recycled/reused; 

(35) 
5. DIFOTIS; (34) 
6. COST; (34) 
7. consistent Performance measure; (33) 
8. Time - completed in the time frame required; 

(32) 
9. Cost - Best cost for the service provided; (32) 
10. Quality - low or minimal problems with damage; 

(32) 
11. meeting customer service goals; (32) 
12. Innovation - ability to improve; (32) 
13. prove low cost solutions for documentation, 

payment, and traceability; (32) 
14. Sustainable - minimise wastage of resources; 

(32) 
15. minimise wastage of packaging; (32) 
16. minimise transport routing to lower cost; (32) 
17. good utilisation fuel/vehicle capacities to reduce 

emission and road user costs; (32) 
18. Throughput; (31) 
19. Lead time to customer; (31) 
20. Container turnaround; (31) 
21. Demurrage days; (31) 
22. Storage days; (31) 
23. Strategic context determines the key 

performance indicators and how the firms 
differentiate itself; (30) 

24. Balanced scorecard; (30) 
25. SAP's KPI hierarchy; (30) 
26. EVA of the processes; (30) 
27. Cost of capital of the processes; (30) 
28. Cycle time improvement; (30) 
29. Flexibility in terms of time and marginal costs to 

respond to customized orders or orders (thus it 
goes back to the notion of strategy and what 
strategy is pursued whether it is agility); (30) 

30. Responsiveness to swings in supply chain; (30) 
31. Inventory Costs throughout supply chain; (30) 
32. Customer satisfaction cascaded down to these 

processes; (30) 
33. FTE required to sustain these supply chains; 

(30) 
34. Stakeholder satisfaction and related to each 

component of the process; (30) 
35. largest impacts are in raw materials and 

manufacturing stages of supply chains; (29) 
36. emissions from transport and distribution; (29) 
37. average GHG emissions per tonne km 

transported; (29) 
38. average GHG emissions per tonne km 

distributed; (29) 
39. total emissions from transport and distribution; 

(29) 
40. lowest impact on environment possible; (28) 
41. maximising resource utilisation on the way; (28) 

42. Total mileage from manufacturer to final 
disposal/recycle centre; (27) 

43. Transport media (such as air, water, road, rail...); 
(27) 

44. Transport type (heavy, light...); (27) 
45. Transportation environment (such as air 

conditioned, open....); (27) 
46. Handling In size (bulk, loose, palletised....); (27) 
47. Size per order - handling out/distribution 

package (bulk, loose, palletised....); (27) 
48. Storage environment in the warehouse; (27) 
49. Energy efficiency (storage, distribution, 

transportation, ordering and office 
administration); (27) 

50. Compliance (MAF, HSNO, City Council, 
Regional Council, TelArc...); (27) 

51. Employee Training (foods, hazardous goods, 
freight forwarding such as air freight, water 
freight, etc., container handling, information 
system); (27) 

52. Service quality: delivery time; order processing 
time; (27) 

53. End-to-end service network (storage, 
transportation, distribution, disposal, packaging); 
(27) 

54. Packaging (size, product..); (27) 
55. Disposal (hazardous, non-hazardous..); (27) 
56. Information systems (ordering, tracking, 

reporting, flexible accessibility); (27) 
57. Efficiencies: Storage, handling, distribution; (27) 
58. Service cost: Storage, handling, distribution, 

transportation, disposal, packaging, stretch 
wrapping, labelling, ordering....; (27) 

59. Documentation ( hardcopy versus electronic); 
(27) 

60. Health and Safety; (27) 
61. Operational staff (retention, working conditions, 

EEO and cultural diversity, working time, 
training, promotion, incidence, flexibility, 
remuneration...); (27) 

62. Waste reduction; (27) 
63. recycle and management; (27) 
64. Contract with: supplier, long range transporter, 

local transporter, customer,...; (27) 
65. Risk Management; (27) 
66. Supplier practices (compliance, energy 

efficiency, working conditions, working time, 
training, promotion, incidence, flexibility, wage, 
health and safety,...); (27) 

67. Vehicle maintenance; (27) 
68. Earth footprint; (27) 
69. Strength of the organisations' relationship with 

its stakeholders: (26) 
o Financial performance metrics; (26) 
o emotional performance metrics; (26) 
o customer service metrics; (26) 

70. Strength of the organisation's relationship with 
its suppliers: (26) 
o metrics of co-evolution; (26) 
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o metrics of strategic alignment; (26) 
71. Strength of the organisation's relationship with 

its environment: (26) 
o future creation in action; (26) 
o active metrics of sustainable practices 

measured by life cycle costs; (26) 
o sustainable practices measured by inputs, 

(26) 
o sustainable practices measured by 

processes; (26) 
o sustainable practices measured by outputs; 

(26) 
72. Stock Freshness; (25) 
73. inventory turnaround time in days; (25) 
74. Slow moving / Dead inventory; (25) 
75. environmental impacts of JIT vs. impact of 

transporting large stocks; (25) 
76. weight carried per distance travelled vs. 

maximum load per vehicle; (24) 
77. reducing empty and partial loads; (24) 
78. transport times actually taken vs. transport time 

without congestion; (24) 
79. reduce peak hour transport; (24) 
80. volume and weight of waste product; (24) 
81. reduce packaging requirements; (24) 
82. Grade building sites on a scale of usefulness for 

farmland; (24) 
83. Time between each delivery and receiving ends; 

(23) 
84. Costs involved; (23) 
85. Damage rate in transit; (23) 
86. Transport Emission levels; (22) 
87. Operations Emission levels; (22) 
88. distance travelled by trucks; (22) 
89. distance travelled by other vehicles; (22) 
90. usage of renewable resources; (22) 
91. usage of non-renewable resources; (22) 
92. recyclable material in packaging; (22) 
93. recyclable material in products; (22) 
94. non-recyclable material in packaging; (22) 
95. non-recyclable material in products; (22) 
96. balanced score card; (21) 
97. incremental approach; (21) 
98. Customer (operational) perspective: (21) 

o on time delivery; (21) 
o goods delivered in expected shape; (21) 
o goods delivered in expected quality; (21) 

99. Financial perspective: (21) 
o profitable links in the SC; (21) 
o alignment of cash flow; (21) 
o flow of goods through each link in the chain; 

(21) 
100. Internal perspective: (21) 

o Employee productivity in "green kms of 
delivered kgs per employee"; (21) 

101. Innovation and learning perspective: (21) 
o benchmarking against Global Reporting 

Initiative measures globally; (21) 
o target of investing $$$ per year in R&D; (21) 

102. "perfect order" KPIs; (20) 
103. internal customer satisfaction; (20) 
104. external customer satisfaction; (20) 
105. technology; (20) 
106. innovation; (20) 
107. strategic measures; (20) 
108. environmental measures; (20) 
109. safety measures; (20) 

110. social measures; (20) 
111. balance between basic business goals and 

society/environmental goals; (20) 
112. amount of waste fuel usage for transportation; 

(19) 
113. packaging and scrap; (19) 
114. inefficient energy consumption from buildings 

and facilities; (19) 
115. inefficient use of land for storage; (19) 
116. inefficient use of land for distribution; (19) 
117. Cold chain - use of older facilities with inefficient 

cool store technology; (19) 
118. Environment: carbon emission per MT/mile; (18) 
119. % of waste that is recycled from site; (18) 
120. % of waste that is reused at site (i.e. heat); (18) 
121. Society: (18) 

o Contribution of supply chain activity to local 
community; (18) 

o Dependence of local community on supply 
chain activity; (18) 

122. Economy: (18) 
o Amount spent on 3PLs vs. company owned 

transportation and warehousing; (18) 
o Supply Chain spend as a % of Product sale; 

(18) 
123. Total Cost of Distribution per unit (e.g. Ton/m3); 

(17) 
124. Percentage of freight moved by mode; (17) 
125. Environmental impact of the distribution; (17) 
126. e.g. Water, Air, Pollutants, CO2 per unit of 

distribution; (17) 
127. Percentage of recycling; (17) 
128. Percentage of reuse; (17) 
129. rain water capture and use; (17) 
130. rubbish recycled; (17) 
131. Average emission levels of fleet; (17) 
132. age of fleets; (17) 
133. non-essential freight movements; (17) 
134. non-essential logistics activities; (17) 
135. Warehousing practices: (17) 

o JIT with many shipments vs. bulk shipments 
less frequently; (17) 

136. Enrichment of Employee Life; (16) 
137. Fuel Economy; (16) 
138. Energy Use; (16) 
139. Facilities Land Utilisation; (16) 
140. Packaging Costs; (16) 
141. Economic Productivity; (15) 
142. Health & safety: (15) 

o accident rate, (15) 
o incident frequency measure; (15) 

143. Productivity: (15) 
o units handled per standard time measure; 

(15) 
o operating cost per unit handled; (15) 
o units handled / produced per FTE (full time 

equivalent); (15) 
144. Environment: (15) 

o Energy consumption per unit handled / 
produced; (15) 

o Resource utilisation per unit handled / 
produced; (15) 

o Carbon production per unit handled / 
produced; (15) 

o recyclable waste production per unit handled 
/ produced; (15) 
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o non-recyclable waste production per unit 
handled / produced; (15) 

145. Society: (15) 
o Society compliance measures; (15) 
o legal compliance measures; (15) 
o industry compliance measures; (15) 
o customer compliance measures; (15) 
o Customer satisfaction; (15) 
o Employee satisfaction; (15) 

146. Container utilization; (14) 
147. DIFOT; (14) 
148. DIFOTIS; (14) 
149. CO emissions; (14) 
150. Actual vs. planned transit times; (14) 
151. Demand Forecasting; (14) 
152. made to order to minimize waste; (14) 
153. Port omissions (creating additional trucking/Port 

movements); (14) 
154. profit; (13) 
155. carbon footprint; (13) 
156. timeliness; (13) 
157. appropriate inventory; (13) 
158. accessibility of inventory to the right person 

(e.g., customer); (13) 
159. accessibility of inventory at all necessary points 

in the supply chain; (13) 
160. Deliver on time in full; (12) 
161. order fulfilment; (12) 
162. quality of product; (12) 
163. Energy costs of storage; (12) 
164. Energy costs of transportation; (12) 
165. energy consumption per square feet; (12) 
166. energy consumption per load per km; (12) 
167. Efficient reverse logistics; (12) 
168. tracking of parts out in field; (12) 
169. inventory level; (12) 
170. Locations of distribution centres; (12) 
171. Locations of satellite warehouses; (12) 
172. number of trips; (12) 
173. Time in process metrics; (11) 
174. transportation costs; (11) 
175. distance travelled of materials; (11) 
176. distance travelled of products; (11) 
177. distance travelled of services; (11) 
178. waste as a percentage of total value; (11) 
179. value per unit of capacity at bottlenecks within 

the supply chain; (11) 
180. measurements of negative outputs; (11) 
181. measurements of pollution; (11) 
182. measurements of spoilage; (11) 
183. measurements of waste; (11) 
184. reduction in cost year over year; (10) 
185. less cost means less raw materials utilized; (10) 
186. it is all about cost; (10) 
187. total cost per kilometre for transport; (9) 
188. energy usage per kilometre; (9) 
189. type of fuel; (9) 
190. renewability of resources; (9) 
191. excess inventory; (9) 
192. size of warehouse/number of goods being 

moved and stored (should be a smaller ratio); (9) 
193. comprehensibility of communication; (9) 
194. comprehensibility of order system; (9) 
195. integration throughout; (9) 
196. regular updates; (9) 
197. communication should save unnecessary 

transport and storage: (9) 

o breadth, depth and update frequency; (9) 
198. Carbon footprint; (8) 
199. environmental footprints; (8) 
200. Metrics of positive economic impacts; (8) 
201. Metrics of negative economic impacts; (8) 
202. Total cost of the Warehousing parts in the whole 

SC; (7) 
203. Total cost of transportation in SC; (7) 
204. Total cost of distribution in SC; (7) 
205. Total Energy used per item or tonne; (7) 
206. Total $externalities caused per unit; (7) 
207. Total $externalities caused per tonne; (7) 
208. co2 costs; (7) 
209. smoke pollution costs; (7) 
210. Environmental Aspect: (6) 

o GHG emissions (tCO2e) produced in phases 
Transportation, Warehousing and 
Distribution; (6) 

o KPI-GHG emissions per individual product in 
tCO2e/product; GHG emissions per 
container; (6) 

211. Social Aspect: (6) 
o Number of jobs offered to local community; 

(6) 
o Benefits provided to local community; (6) 
o Empowerment of certain groups (women / 

people with disabilities); (6) 
212. Economic Aspects: (6) 

o Turnover time in each phase; (6) 
o transportation time/unit; stock time/unit; (6) 
o Number of delivery delays/year; (6) 
o Number of incorrect deliveries/year; (6) 

213. Energy used for transportation per unit; (5) 
214. distance travelled per unit; (5) 
215. Stock turns; (5) 
216. Litres of petrol for transportation per unit; (5) 
217. Amount of travel time; (5) 
218. storage time in urban area relative to travel time; 

(5) 
219. storage time in non-urban area; (5) 
220. judge the impact of people living in urban areas; 

(5) 
221. Economic sustainability: (4) 

o Profit and everything being EVA (economic 
value added) positive; (4) 

222. Sustainability in Transport is impossible until we 
consume renewable energy; (4) 

223. electricity generated naturally; (4) 
224. bio fuel-on basis it is not harming the 

environment as palm oil derivatives; (4) 
225. short term: (4) 

o minimising energy consumed per tonne/km; 
(4) 

o minimising/eradicating emissions; (4) 
226. Total energy consumption; (3) 
227. Adherence to purchasing policies; (3) 
228. adherence to sustainable standards; (3) 
229. Carbon footprint; (3) 
230. Consumer satisfaction; (3) 
231. Cost performance relative to other supply 

chains; (3) 
232. CO2 per weight of product for warehousing; (2) 
233. CO2 per weight of product for transportation; (2) 
234. CO2 per weight of product for distribution; (2) 
235. Energy per weight of product including 

warehousing, transportation and distribution; (2) 
236. Total kilometres travelled by transport mode; (2) 
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237. Total kilometres travelled by geography e.g. 
urban, periphery-urban, rural; (2) 

238. $ cost per unit delivered; (2) 
239. $ revenue (along the supply chain) per unit 

delivered; (2) 
240. Time for storage of product; (1) 
241. cost for storage of product; (1) 
242. Type of warehousing/storage required: (1) 

o open air, (1) 
o under roof, (1) 
o secure, (1) 
o refrigeration, (1) 

o Hazardous storage; (1) 
243. Time from product availability to shipment; (1) 
244. Availability of shipment options; (1) 
245. Transport from plant to storage to wharf: (1) 

o mode, (1) 
o time; (1) 
o cost; (1) 

246. Operational hours: (1) 
o warehousing; (1) 
o transport; (1) 
o wharves; (1) 

Nuggets from Responses to Question 2: 

1. A commitment by a firm's management to 
sustainability; (35) 

2. Customers who care about sustainability and are 
willing to pay for it; (35) 

3. Government regulations; (35) 
4. Sustainability practices that also reduce cost; 

(35) 
5. Sufficient capital to invest in sustainable 

practices that have high initial investment costs 
but will reduce cost in the long run; (35) 

6. Transparency; (34) 
7. Flexibility; (34) 
8. Cost effective; (34) 
9. collaboration; (33) 
10. communication; (33) 
11. Reducing waste at all levels by using best 

transportation options; (32) 
12. transportation needs to be balanced with cost; 

(32) 
13. use local versus distance transport options; (32) 
14. Ex: agriculture products grown in Ohakune 

transported to Auckland then transported back to 
Wanganui for retail sales; (32) 

15. Rethinking of local versus distance distribution 
markets; (32) 

16. use of internet/IT/E commerce options so goods 
move to the end retailer instead of cross docking 
at a wholesale DC; (32) 

17. Joint ventures where a number of 
growers/manufacturers cooperatively own and 
use a warehouse facility; (32) 

18. Balancing JIT inventory; (32) 
19. holding stock so better utilisation of FTL (full 

truck); (32) 
20. rail carriage versus small LTL services; (32) 
21. Large manufacturers lose to ports or Free Trade 

zones (E.g Dubai); (32) 
22. concentration; (32) 
23. 24 hour full utilisation of airport/ports; (32) 
24. Infrastructure that can handle the volume of 

product currently required; (31) 
25. Infrastructure with a focus for future growth; (31) 
26. Efficient process' for the movement of products; 

(31) 
27. Minimal manual intervention; (31) 
28. Automation is the key; (31) 
29. Triangulation of containers; (31) 
30. Movement of products during off peak times; 

(31) 
31. Systems: Supply Chain Management; (30) 
32. Organizational Processes; (30) 

33. Behavioural Architecture e.g. rewards systems; 
(30) 

34. Stakeholder engagement with the community for 
social and environmental betterment; (30) 

35. Key characteristics of supply chains are in the 
choice of raw materials used; (29) 

36. low GHG emissions forms of transport and 
distribution; (29) 

37. minimal air freight; (29) 
38. maximize train transportation; (29) 
39. sea freight transportation; (29) 
40. efficient processes; (29) 
41. integrated cradle to cradle approach; (28) 
42. Quality of services; (27) 
43. Quality of staff; (27) 
44. Supply chain network; (27) 
45. Compliance management; (27) 
46. certification management; (27) 
47. Service cost; (27) 
48. Technology usage; (27) 
49. Training and development; (27) 
50. Monitoring of supply chain network; (27) 
51. Foot print: (27) 

o carbon, (27) 
o earth; (27) 

52. Sustainability reporting; (27) 
53. Alignment with sustainability initiatives and goals 

both within and outside the organisation; (26) 
54. Not asking for my share of flesh; (26) 
55. looking at the collateral damage caused by 

actions that are not aligned with the 
sustainability initiatives/goals; (26) 

56. Profiting from Intelligent consumption and not 
induced consumption to the level of addiction; 
(26) 

57. Transparency; (26) 
58. transparency in life cycle cost management in 

the organisation; (26) 
59. sharing information with others; (26) 
60. Landed cost; (25) 
61. marketing and sales expenses are rather easily 

justified and supported in boardrooms; (25) 
62. distribution, warehousing and landed cost are 

squeezed to the maximum; (25) 
63. Six Sigma methodology; (25) 
64. non-financial benefits; (25) 
65. recognised as a responsible organization who 

pays attention to sustainable supply chain 
methods; (25) 

66. long term sustained competitive advantage; (25) 
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67. price war battles lead nowhere and impact on 
quality; (25) 

68. Minimal waste of transport; (24) 
69. minimal waste of handling; (24) 
70. minimal waste of raw materials; (24) 
71. no harmful chemicals; (24) 
72. end of life considered as part of original design; 

(24) 
73. no pollution of air water land; (24) 
74. use of organic food products; (24) 
75. use of fair-trade food products; (24) 
76. use of raw materials that can be replaced; (24) 
77. public transport facilities; (24) 
78. renewable power supplies; (24) 
79. People; (23) 
80. Information system; (23) 
81. Management; (23) 
82. Characteristics: (22) 

o Addressing SCs impact on environment; 
(22) 

o Awareness; (22) 
o Actively pursuing sustainable product design 

and development; (22) 
o reduce, (22) 
o reuse, (22) 
o recycle; (22) 
o reverse logistics; (22) 

83. Capabilities: (22) 
o Maintain efficiency of operations based on 

environmental friendly processes; (22) 
84. Enablers: (22) 

o Education; (22) 
o shared vision along supply chain; (22) 
o supporting technology; (22) 
o accessibility of technology; (22) 

85. Characteristics: (21) 
o driven by sustainable vision; (21) 
o driven by sustainable values; (21) 
o championed by top management; (21) 
o positioned to support products and services 

pursing sustainable development; (21) 
o usually not low value products/services; (21) 
o internally structured to develop 

organisational capabilities; (21) 
o key staff has suitable qualifications; (21) 
o key initiatives must be measured and follow 

a TQM type model; (21) 
o partnered with an NGO which is an expert; 

(21) 
86. elimination of waste; (20) 
87.  streamlining all the internal business processes; 

(20) 
88. streamlining all the boundary spanning business 

processes; (20) 
89. identify all non-value adding activities; (20) 
90. reduce all non-value adding activities; (20) 
91. reduce; (19) 
92. reuse; (19) 
93. recycle; (19) 
94. transportation; (19) 
95. energy consumption; (19) 
96. long term relationships with supply chain 

suppliers; (18) 
97. positive relationship between community; (18) 
98. positive relationship where the supply chain 

operates; (18) 

99. ongoing supply chain measurement against 
KPIs; (18) 

100. Improved Education; (17) 
101. Realisation of the Costs benefits of 

sustainability; (17) 
102. Realisation of the benefits of associated 

practices; (17) 
103. Technology and innovations around equipment; 

(17) 
104. Improvements in infrastructure; (17) 
105. Improvements in roading; (17) 
106. Improved models for supply chain sustainability; 

(17) 
107. Green SCOR; (17) 
108. Business Strategies; (17) 
109. selection of sustainable practices; (17) 
110. monitor sustainable practices; (17) 
111. Trust with suppliers; (16) 
112. trust with employees; (16) 
113. trust with customers; (16) 
114. trust with government; (16) 
115. trust with partners; (16) 
116. collaboration with suppliers; (16) 
117. collaboration with employees; (16) 
118. collaboration with customers; (16) 
119. collaboration with government; (16) 
120. collaboration with partners; (16) 
121. A mentality which refuses to accept that 

sustainability always necessitates trade-offs 
(e.g. higher cost); (16) 

122. Economic: (15) 
o Best practice; (15) 
o Low operating cost; (15) 
o Increased return on capital investment; (15) 

123. Environment: (15) 
o Low environmental impact; (15) 
o low energy consumption; (15) 
o Minimal waste; (15) 

124. Society: (15) 
o Best industry practice; (15) 
o exceeding regulatory requirements; (15) 
o exceeding compliance requirements; (15) 
o Satisfied customers; (15) 
o Satisfied employees; (15) 
o Satisfied industry stakeholders; (15) 

125. stability; (14) 
126. visibility; (14) 
127. measurements; (14) 
128. planned improvements; (14) 
129. minimal travel (of shipped items); (13) 
130. reduced wastage due to spoilage; (13) 
131. reduced wastage due to misplaced item; (13) 
132. Information sharing; (12) 
133. Collaboration among supply chain members; 

(12) 
134. Energy efficient transport; (12) 
135. Energy efficient storage; (12) 
136. Integration between supply, storage, distribution, 

and demand; (12) 
137. managing variability in process flow; (11) 
138. impact of process flow on resource utilisation 

especially bottleneck capacities; (11) 
139. measurement of negative outputs; (11) 
140. monitoring of negative outputs; (11) 
141. continuous improvement process; (11) 
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142. orientation of measurement systems around 
economic, social and environmental 
perspectives; (11) 

143. need to optimise the entire supply chain 
comprising all costs (benefits) including 
economic, social and environmental; (11) 

144. reduction of waste regardless of where it 
resides; (10) 

145. utilization of alternative forms of energy; (10) 
146. communication systems (breadth and depth, 

ease of understanding, multi-mode: 
sophistication e.g. JIT); (9) 

147. use of more sustainable transport systems (eg 
train rather than road); (9) 

148. proximity of warehouse to upstream and 
downstream partners; (9) 

149. strategic locations; (9) 
150. ISO14000; (8) 
151. ISO9000; (8) 
152. EMAS; (8) 
153. SA8000; (8) 
154. Enablers: (7) 

o true cost allocations by governments for 
modes of transport-e.g. in NZ we encourage 
road use by subsidies; (7) 

o encourage use of water transport by capital 
subsidies-practised in parts of Europe now 
rather than charging full cost to the roads as 
this would be politically unpopular; (7) 

155. Economic, social & environmental awareness of 
effects/impacts of supply chain; (6) 

156. Total interconnectivity between different stages 
(elements) of supply chain; (6) 

157. ensure constant flow of information; (6) 
158. Alignment of all stages (elements) of supply 

chain; (6) 
159. effectiveness; (6) 
160. efficiency; (6) 
161. Management approval; (6) 
162. Existence of short-/middle-/long-term plan 

defining objectives/targets to move towards 
sustainable procedures; (6) 

163. Use of renewable energy inputs; (5) 
164. Discussion and investigation of alternative 

methods; (5) 
165. Awareness of impact of movement of goods on 

the lives of stakeholders; (5) 
166. Capabilities to quantify impact of operations on 

environment; (5) 
167. access to correct tools of methods for 

measuring; (5) 
168. Capabilities to analyse various options and 

select between them; (5) 
169. modelling/spreadsheet skills; (5) 

170. Enabled by Board of Directors or shareholders 
to take a longer-term perspective as investments 
in sustainable initiative may not bring immediate 
benefits; (5) 

171. companies that are listed on an exchange and 
judged by quarterly results may have difficulty; 
(5) 

172. Economic sustainability: (4) 
o management and Directors understand 

fundamental financial principles; (4) 
173. Environmental sustainability: (4) 

o Government intervention; (4) 
174. Low carbon footprint; (3) 
175. Recycling and reuse of packaging; (3) 
176. Transport savings; (3) 
177. innovative transport options; (3) 
178. Cost savings enabling other value adds in 

sustainability; (3) 
179. Life cycle approach; (3) 
180. Adherence to TQM; (3) 
181. adherence to standards for sustainability; (3) 
182. awareness the need to be more sustainable; (2) 
183. awareness of the value of a more sustainable 

approach for SC/business; (2) 
184. Forward thinking; (2) 
185. responsive organisations; (2) 
186. willingness to embrace change; (2) 
187. Information flows; (1) 
188. all parties have access to a visibility tool to track 

the product from the time it is available at the 
manufacturing plant until it is loaded on a vessel; 
(1) 

189. full visibility to execute one's part of the process 
without delays; (1) 

190. variety of tracking systems can be linked 
together; (1) 

191. tracking systems that can take information in 
from several systems and provide a one-stop 
view; (1) 

192. freight forwarders and some trucking companies 
specialise in this area; (1) 

193. Good contracts: (1) 
o clear KPIs; (1) 
o detailing who has to undertake which tasks 

when; (1) 
o regular monitoring; (1) 
o regular reporting times; (1) 

194. enable the smoothest product flow; (1) 
195. Properly trained staff; (1) 
196. knowledge and expertise in product handling; (1) 
197. knowledge and expertise in supply chain 

principles; (1) 
198. ensure robustness of the supply chain; (1) 
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Nuggets from Responses to Question 3: 

1. The linkage of supply chain systems and the eco 
and social systems; (30) 

2. key issues is to link sustainability to superior 
EVA; (30) 

3. Largest impacts in raw materials and 
manufacturing stages of supply chains; (29) 

4. Impact from GHG emissions from transport and 
distribution is most material in the stages that 
this study is focussing on; (29) 

5. Supply chain relates to two major areas: (27) 
o products development and manufacturing 

supply chain (27) 
o products storage, transportation, distribution, 

packaging, recycling and disposal supply 
chain. (27) 
 Item 1 may include item two with a 

small scale; (27) 
 characteristics of the two different 

supply chain are completely 
different; (27) 

 It is highly recommended to narrow 
down the focus so that an optimal 
roadmap solution can be achieved 
within a doctoral research period; 
(27) 

6. Prosperity as well as sustainability is lost for the 
same reason: (26) 
o not caring for who pays for the unaccounted 

costs; (26) 
7. Collaboration is the key in any relationship; (26) 
8. Further research: (26) 

o Why is collaboration to account costs not 
seen in practice? It is not just a gap in the 
theory practice continuum; (26) 

9. appropriate packaging: (25) 
o reduces transportation costs (25) 
o reduces damage and the need for 

replacement; (25) 
10. accurate 'sell through' data from retailer; (25) 
11. determine accurate forecasting: (25) 

o Inaccurate forecasting impacts on lost sales 
opportunity due to lack of stock and excess 
inventory resulting in dead stock; financial 
loss; (25) 

12. Sustainability initiatives are not 'painkillers' with 
quick positive outcomes; (22) 

13. Implementation hurdles: (22) 
o Sustainability initiatives involve initial 

investments; (22) 
o sustainability results seen only in the long 

run; (22) 
o worse before better; (22) 

14. carbon foot-printing; (21) 
15. Restructuring of supply chains in Australasia; 

(21) 
16. no SSC apart from the 'natural food-chain"; (21) 
17. no truly sustainable supply chain at this point in 

the evolution of human societies; (21) 
18. "supply chains pursuing sustainable 

development" in contrast with "sustainable 
supply chains"; (21) 

19. Sustainability can provide significant benefits to 
business; (17) 

20. continued education to make businesses more 
aware of not only the environmental benefits but 
the financial and social benefits; (17) 

21. unless the SSC movement decouples itself from 
the focus on CO2 emissions/carbon footprints it 
may completely fall by the wayside; (16) 

22. science on CO2 emissions/carbon footprints is 
uncertain; (16) 

23. focus needs to be on pollution reduction, (16) 
24. focus needs to be on employee and societal 

welfare; (16) 
25. Research on employee satisfaction; (16) 
26. research on service profit chain on 

logistics/supply chain; (16) 
27. Many businesses / operations remain unaware 

that sustainable (or even green) supply chains 
are the result of utilising the most efficient and 
safest operating practices; (15) 

28. Further research or education: (15) 
o myth" that low food-miles = reduced 

environmental impact - particularly from a 
NZ export requirement; (15) 

29. improved efficiency in Supply Chains means 
improved carbon emissions; (14) 

30. measuring actual emissions vs. Averages; (14) 
31. Renewable resources; (12) 
32. Reacting market demand; (12) 
33. get better information on both economic and 

social / environmental aspects of supply chains; 
(11) 

34. Process variability as key factor in supply chain 
performance (e.g. healthcare) and when one 
extends this to include social and environmental 
aspects; (11) 

35. Further research: (11) 
o need for better data; (11) 
o improved optimisation approaches; (11) 

36. we will only have sustainable supply chains as 
long as it doesn't cost anything; (10) 

37. the minute it costs money - real money - to be 
green the directive will be lost; (10) 

38. 100 km rule may be coming; (9) 
39. New Zealand may suffer globally from the long 

distance required to import/export goods; (9) 
40. Communication and thus avoiding any 

unnecessary moving of goods will be critical 
within New Zealand; (9) 

41. Replace physicality with communication; (9) 
42. If peak oil finally really drives gas prices up, 

trucks may well be less of an option: (9) 
o even if converted to CNG (most likely 

scenario); (9) 
43. roading itself requires petrochemicals: (9) 

o may eventually have a world with less 
maintained roads; (9) 

44. Trains may become best option overall; (9) 
45. Shipping as best option; (9) 
46. How distribution hubs work long term may be 

different; (9) 
47. communication may be best option for 

distribution channels to give them the edge; (9) 
48. Sustainability is a natural result if true costs are 

charged for the products causing the non-
sustainable issues; (7) 
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o e.g. in NZ dairy farming is indirectly 
subsidised by water loss to the community –
(7) 

o The dairy supply chain cost should include 
this as a transport cost because the water is 
being transported onto the farm from a 
distant point; (7) 

o The farm industry should therefore have to 
pay the full purchase and transport cost 
without subsidy; (7) 

49. side-tracked by linking sustainability to co2 only; 
(7) 

50. CO2 is a very small part of the sustainability 
costs; (7) 

51. SCs by their very nature seek to be 'sustainable' 
in that they strive to continue their existence; (5) 

52. Further research: (5) 
o impact of SCM on society; (5) 
o impact of SCM on standards of living; (5) 
o impact of SCM on quality of life; (5) 
o Water-footprint: (5) 

 In the USA I was buying bottled 
water from Fiji; (5) 

 fruits grown in near-arid regions 
where the water is 'invested' into the 
food, then transported elsewhere for 
consumption; (5) 

53. The use of the term "sustainable' in transport is 
misleading. (4) 
o There is no such thing as a sustainable 

transport Chain whilst we burn fossil fuels; 
(4) 

54. How competition in transport leads to sub 
optimal use of resources and fuel; (4) 
o Example: three or four shipping companies 

over-tonnaging a market; (4) 
 Consumers get the benefit of lower 

prices but more resources are 
consumed; (4) 

 "carbon footprint" is larger; (4) 
o Result is consumers get cheaper products but at 

the cost of the environment; (4) 
55. Certainly companies could be persuaded that 

sustainable supply chains also bring cost 
benefits in the form of savings; (3) 

56. government intervention is needed as supply 
chains are not competing on a level playing field 
if some are putting money into being sustainable 
rather than letting the environment pay the cost; 
(3) 

57. a 'Sustainably Distributed' logo like the Fair 
Trade logo for consumer awareness; (3) 

58. Further research: (3) 
o actual costs of sustainability; (3) 
o who should bear sustainability costs; (3) 

59. Sustainability in NZ supply chains is in its 
infancy and is not well researched; (2) 

60. A few reports are constantly referred to but their 
findings have not been rigorously tested; (2) 

61. Further research: (2) 
o the export market supply chain; (2) 
o ensure claims of sustainable products due to 

less intensive manufacturing processes in 
NZ will stand up on international scrutiny; (2) 

62. Linking together the various elements in the 
supply chain so that they synchronise; (1) 

63. Sustainable supply chains require robust and 
strong relationships; (1) 

64. Sustainable supply chains require robust and 
strong contracts; (1) 
o Example: Obtaining a very cheap trucking 

rate exposes a company to service failures 
as the contracted party struggles to carry out 
the work with limited resources and may 
even fail due to bankruptcy; (1) 

65. Environmentally sustainable has to be linked to 
economic sustainability: (1) 
o for many companies environmental benefits 

are only included where there is a related 
economic benefit - at least cost neutral; (1) 

66. Further research: (1) 
o examining modes of transport at peak/off-

peak times by commodity; (1) 
o What facilities are required; (1) 
o What modes work best for each commodity; 

(1) 
o What investment has to be made: (1) 

 for example in rail transport or 
warehousing; (1) 

 how can this investment be justified; 
(1) 
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Appendix A.8 Mindmaps 
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Theme Development – Overview 
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Themes – Accessibility to Awareness 
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Themes – Capital to Customer  
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Themes – Damage to Evaluation 
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Themes – Footprints to Health and Safety 

 

Themes – Knowledge to Location 
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Themes – Improvement to Inventory 
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Themes – Maintenance to Monitoring 
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Themes – Nature to NZ 

 

Themes – Packaging to Productivity 
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Themes – Operations to Outputs 
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Themes – Quality to Resource 
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Themes – Social to Supply 
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Themes – Technology to Type 
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Themes – Uncertainty to Utilisation 
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Themes – Visibility to Waste 

 

 

 



Appendix A: SSCM Delphi Study Round One 

269 

SSCM Transformation – Overview 
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All Steps 
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Disablers 
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Research Opportunities, Concerns, Solutions 

Research Opportunities 
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General Statements 
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Solutions 
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Appendix B: SSCM Delphi Study Round Two 

Appendix B.1 Pilot Test 

Dear Pilot Tester, 

We received many valuable results from the first round of this Delphi survey and spent several weeks to analyse and sort 
these answers. Based on the given answers we have designed a second round to rank and evaluate specific elements and 
constructs. 

The key purposes of this second round of the Delphi are as follows: 
1. Propose, refine, and evaluate models which are based on the answers given in round 1 
2. Ranking and evaluation of key themes, pressing issues, and concerns 
3. Build a foundation for the next phase of my research (survey) 

Your Feedback: 

We would greatly appreciate it if you could help us with the following: 

1) test this second round survey design (at https://www.surveymonkey.com/s/SSCM_Delphi_Round_2) and provide us 
with some feedback on the following aspects: 
 Purpose: Do you think the survey will elicit what we hope it will, i.e. address the key purposes stated above. 
 Style: Are the questions framed/phrased in an appropriate fashion? 
 Understanding: Do you see any issues with the way it is designed or the explanations? 
 Ease of use: Any problems in using Survey Monkey or the questionnaire? 
 Any important details that you think are missing and should be included? 
 Any aspect that you believe should not be included keeping in mind the purpose of this round of the Delphi? 
 How long did it take you to complete this survey? Do you think that our estimate of 45min is OK? 
 Do you feel this survey is a logical progression from the first round? 

2) Any additional comments?  

Thanks for your help and support, 

Hendrik 

Appendix B.2 Invitation 

Dear Participant, 

I would like to invite you to participate in the 2nd round of my Delphi study on sustainable supply chain management 
(SSCM). This research seeks to define and model SSCM through a multi-method approach encompassing opinions from 
industry experts, academics, as well as representatives from governmental and non-governmental organisations.  

Thanks to the kind support of all participants, many valuable results/insights could be gained from the 1st round. Several 
weeks were spent to analyse and sort the given answers. Based on this analysis this 2nd round was designed with the 
following key purposes in mind: 

 Propose, refine, and evaluate models which are based on the answers given in round 1 
 Ranking and evaluation of key themes, pressing issues, and concerns 

You have been identified as an expert in the field under investigation and I am very interested in your opinions and insights. 

Please help me by clicking on the following URL to access the survey: 
https://www.surveymonkey.com/s/Delphi_Round2_SSCM 

It will take approximately 30 minutes. 

Participation is voluntary and you may decline to take part without giving a reason. All your responses are completely 
confidential. The Participant Information Sheet can be accessed through the survey link. 

Many thanks in advance for your ongoing help and support.  

If you do have any question about this survey, please email me directly at h.reefke@auckland.ac.nz 

Kind Regards, 

--  
Hendrik Reefke – PhD Candidate 
Department of Information Systems and Operations Management 
University of Auckland 
Private Bag 92019 
Auckland, New Zealand 
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Appendix B.3 Round Two Questionnaire  
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Appendix B.4 Ratings and Consensus Analysis 

Sample Size: 24 Responses 
Ratings:  (1) = Unimportant; (2) = Of Little Importance; (3) = Moderately Important; (4) = Important; (5) = Very Important; (0) = Don’t Know 
Ratings for Models:  (1) = Strongly Disagree; (2) = Disagree; (3) = Undecided; (4) = Agree; (5) = Strongly Agree 
51%: 51% of responses within one answer category 
80%: 80% of responses within two adjacent answer categories 
Cluster Diff.: Difference between two clusters of responses 
Consensus: (Y) = Yes, consensus was established; (N) = No, consensus was not established 
 
Question 

Nr. 
Round 2 

Question  
Response Distribution

Mean SD 51% 80% 
Cluster 

Diff. 
Con-

sensus (1) (2) (3) (4) (5) (0)

1 Applicable SSCM Goals, i.e. sustained competitive advantage, robustness of the supply chain   0 1 2 9 12 4.33 0.82 50% 88% 1 Y 

2 Attention to NZ specific issues, e.g. food miles, restructuring needs in Australasia, supply chain length from/to NZ   0 4 6 7 7 3.71 1.08 29% 58% 0 N 

3 Incentives for SSCM, e.g. regulations, subsidies, savings, consumer demand   1 1 5 10 7 3.88 1.03 42% 71% 0 N 

4 Investments in sustainability strategy/efforts, i.e. investment decisions and cost allocations   0 0 4 15 5 4.04 0.62 63% 83% 0 Y 

5 Location Choices, e.g. locations of warehouses and related area usage   0 0 11 9 4 3.71 0.75 46% 83% 0 Y 

6 Location Type, e.g. open air, refrigerated, hazardous storage   0 2 12 6 4 3.50 0.88 50% 75% 1 N 

7 Long Term Focus on sustainability goals, e.g. accepting sustainability as part of long term strategy   0 1 1 8 14 4.46 0.78 58% 92% 1 Y 

8 Management of Modal Choices, e.g. choosing appropriate transportation modes   0 0 7 14 3 3.83 0.64 58% 88% 0 Y 

9 Management Structure to support SSCM, e.g. top management support, commitment to SSCM   0 0 1 5 18 4.71 0.55 75% 96% 0 Y 

10 Renewability of Resources, e.g. usage of (non-)renewable materials and energy   0 2 7 13 2 3.63 0.77 54% 83% 1 Y 

11 Research in sustainability and SCs, e.g. into effects of sustainability efforts, missing sustainability models/frameworks/roadmaps 0 2 8 13 1 3.54 0.72 54% 88% 1 Y 

12 Strategic Frameworks/Models/Methods, e.g. to support discussion and investigation of alternatives   0 1 5 13 5 3.92 0.78 54% 75% 0 N 

13 Sustainability Change Management, e.g. innovations and ability to improve   0 1 3 15 5 4.00 0.72 63% 83% 0 Y 

14 Uncertainty of future sustainability requirements and related investments   1 1 10 9 3 3.50 0.93 42% 79% 1 N 

15 Availability of Information and Information technology, e.g. for forecasting, process variability, emissions, cost allocation, etc.   0 1 1 7 15 4.50 0.78 63% 92% 1 Y 

16 Consulting, e.g. outside help to support sustainability transformation like consulting firms, specialised freight companies, NGOs   0 4 11 9 0 3.21 0.72 46% 83% 0 Y 

17 Customer Satisfaction, i.e. meeting expectations of internal/external customers   0 1 0 12 11 4.38 0.71 50% 96% 1 Y 

18 Documentation, e.g. solutions for effective traceability   0 0 8 12 4 3.83 0.70 50% 83% 1 Y 

19 Emission Levels and Types, e.g. greenhouse gas emissions or waste water per unit of output   0 1 12 8 3 3.54 0.78 50% 83% 1 Y 

20 Employee Measures, e.g. satisfaction, training support, working conditions, remuneration, etc.   0 0 6 12 6 4.00 0.72 50% 75% 0 N 

21 Footprints of supply chain impact, e.g. tracking environmental footprints   0 3 4 13 4 3.75 0.90 54% 71% 1 N 

22 Health and Safety Measures, e.g. accident rates and preventive measures   1 1 6 8 8 3.88 1.08 33% 67% 1 N 

23 Maintenance of Equipment, e.g. vehicles, machinery, buildings, etc.   0 2 11 8 3 3.50 0.83 46% 79% 1 N 

24 Measurement and Performance Tracking, e.g. access to and knowledge of effective tools and technology   0 1 3 14 6 4.04 0.75 58% 83% 0 Y 

25 Operational Accuracy, e.g. timeliness, quality, correctness, zero damage, etc.   0 0 6 10 8 4.08 0.78 42% 75% 0 N 

26 Resource Usage, e.g. energy or material consumption   0 1 6 15 2 3.75 0.68 63% 88% 1 Y 

27 Utilisation/Efficiency in Transportation, e.g. utilisation of vehicles, total distances travelled   0 0 4 13 7 4.13 0.68 54% 83% 0 Y 
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Question 
Nr. 

Round 2 
Question  

Response Distribution
Mean SD 51% 80% 

Cluster 
Diff. 

Con-
sensus (1) (2) (3) (4) (5) (0)

28 Utilisation/Efficiency in Warehousing, e.g. stock turns, energy/land usage   0 0 3 16 5 4.08 0.58 67% 88% 0 Y 

29 Waste and Recycling Management   0 2 7 10 5 3.75 0.90 42% 71% 1 N 

30 Accessibility of items/information, e.g. availability of inventory, tracking options   0 0 4 11 9 4.21 0.72 46% 83% 0 Y 

31 Alignment, e.g. synchronisation of supply chain elements, initiatives, goals   0 0 0 13 11 4.46 0.51 54% 100% 1 Y 

32 Compliance Measures/Regulations, e.g. government or industry regulations   0 1 7 8 8 3.96 0.91 33% 67% 1 N 

33 Contributions/Impacts on Local Community/Society, e.g. benefits provided, dependence on supply chain, noise levels, use of land 0 2 8 8 6 3.75 0.94 33% 67% 1 N 

34 Cost Allocations for unaccounted impacts of supply chain, e.g. emissions and environmental impacts   1 1 6 13 3 3.67 0.92 54% 79% 1 N 

35 Empowerment, e.g. education/training and support for sub-groups (women, handicapped, etc.) 1 3 8 11 1 3.33 0.92 46% 79% 2 N 

36 People Management, e.g. incentives, training, education   0 0 7 11 6 3.96 0.75 46% 75% 1 N 

37 Supply Chain Costs, e.g. cost allocations for all operations and reductions over time   0 0 2 12 10 4.33 0.64 50% 92% 0 Y 

38 Supply Chain Profits, e.g. revenue per unit of output, productivity of each operation   0 0 2 16 6 4.17 0.56 67% 92% 0 Y 

39 Targets and Benchmarking, e.g. investment/reduction targets and benchmarking with established measures   0 2 4 10 8 4.00 0.93 42% 75% 1 N 

40 Trade-off Management, i.e. provide a balance between sustainability goals   1 0 6 10 7 3.92 0.97 42% 71% 1 N 

41 Attitude towards SSCM, i.e. awareness of its values and aims, a mentality to embrace change   0 1 2 10 11 4.29 0.81 46% 88% 2 Y 

42 Collaboration, e.g. information sharing, regular updates, joint ventures   1 0 1 10 12 4.33 0.92 50% 92% 2 Y 

43 External Relationship Management, e.g. measuring service levels, sustainability performance for external stakeholders   0 0 3 12 9 4.25 0.68 50% 88% 0 Y 

44 Integration of processes, i.e. full visibility from ‘cradle to grave’   0 0 3 10 11 4.33 0.70 46% 88% 2 Y 

45 Internal Relationship Management, e.g. measuring strategic alignment within supply chain   0 0 2 15 7 4.21 0.59 63% 92% 0 Y 

46 Shared Vision of SSCM, e.g. awareness/acceptance of sustainability values/strategy   0 1 2 12 9 4.21 0.78 50% 88% 1 Y 

47 Applicability of process   0 0 3 13 8 4.21 0.66 54% 88% 0 Y 

48 Sequence of process steps   0 2 3 12 7 4.00 0.88 50% 79% 1 N 

49 Enablers facilitate activities that result in characteristics   0 1 4 14 5 3.96 0.75 58% 79% 1 N 

50 Appropriate performance measurement tools   0 0 2 9 13 4.46 0.66 54% 92% 1 Y 

51 Models/Frameworks for SSCM   0 3 8 8 5 3.63 0.97 33% 67% 1 N 

52 Awareness and documentation of supply chain impacts   0 1 5 11 7 4.00 0.83 46% 75% 1 N 

53 Awareness of the need to be sustainable   0 0 4 13 7 4.13 0.68 54% 83% 0 Y 

54 Alignment of sustainability goals with current operations   0 0 3 9 12 4.38 0.71 50% 88% 1 Y 

55 Development and documentation of SSCM vision and goals   0 0 5 12 7 4.08 0.72 50% 79% 1 N 

56 Education in terms of sustainability and supply chain concepts   0 0 3 13 8 4.21 0.66 54% 88% 0 Y 

57 Exploration of SSCM Models for improved sustainability in supply chains   0 0 7 13 4 3.88 0.68 54% 83% 1 Y 

58 Mapping of operations and processes in supply chain   0 0 4 11 9 4.21 0.72 46% 83% 1 Y 

59 Analysis capabilities to assess and select between strategic options   0 1 5 7 11 4.17 0.92 46% 75% 2 N 

60 Improvement of professional knowledge and qualification of staff   0 0 5 14 5 4.00 0.66 58% 79% 0 Y 

61 Positive attitude towards SSCM including:1) awareness of SC impacts and the value of sustainability; 2) mentality that allows change 0 0 4 6 14 4.42 0.78 58% 83% 0 Y 

62 Improvement strategies aimed at models and processes   0 0 3 16 5 4.08 0.58 67% 88% 0 Y 

63 Active management, i.e. investigation of alternatives   0 1 2 13 8 4.17 0.76 54% 88% 1 Y 

64 Key performance measures to enable consistent measurements and documentation   0 0 4 10 10 4.25 0.74 42% 83% 0 Y 

65 Evaluation of options for transportation, warehousing and distribution   0 0 6 14 4 3.92 0.65 58% 83% 1 Y 
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Question 
Nr. 

Round 2 
Question  

Response Distribution
Mean SD 51% 80% 

Cluster 
Diff. 

Con-
sensus (1) (2) (3) (4) (5) (0)

66 Goal definition for entire supply chain   1 0 5 7 11 4.13 1.03 46% 75% 1 N 

67 Clear SSCM vision and positive attitude towards strategy and goals   0 0 2 5 17 4.63 0.65 71% 92% 1 Y 

68 Selection of most crucial aspects/problems   0 0 4 11 9 4.21 0.72 46% 83% 0 Y 

69 Management support for design activities and commitment to SSCM   0 1 2 7 14 4.42 0.83 58% 88% 1 Y 

70 Consulting companies/experts to support the redesign of processes   0 1 12 9 2 3.50 0.72 50% 88% 1 Y 

71 Realising benefits from previous improvement efforts   0 0 4 10 10 4.25 0.74 42% 83% 0 Y 

72 Optimisation of entire supply chain with regard to every sustainability dimension   2 1 8 5 8 3.67 1.24 33% 54% 2 N 

73 Incremental improvement approach which supports a step by step redesign   0 0 12 6 6 3.75 0.85 50% 75% 1 N 

74 Design of strategic supply chain locations   0 1 2 17 4 4.00 0.66 71% 88% 0 Y 

75 Design in accordance with strategic vision and goals   0 0 2 7 15 4.54 0.66 63% 92% 1 Y 

76 Information availability and appropriate technology to support transformation processes   0 0 2 13 9 4.29 0.62 54% 92% 1 Y 

77 Incentives that drive the transformation process, e.g. regulations and requirements   1 1 7 7 8 3.83 1.09 33% 63% 0 N 

78 Streamlining of all internal and external business processes   0 0 7 9 8 4.04 0.81 38% 71% 1 N 

79 Collaboration and trust with all stakeholders   0 0 4 9 11 4.29 0.75 46% 83% 1 Y 

80 Integration of supply chain activities   0 0 2 13 9 4.29 0.62 54% 92% 1 Y 

81 Transformation of operational practices towards sustainability   0 0 5 12 7 4.08 0.72 50% 79% 1 N 

82 Agility to ensure responsiveness and flexibility   0 0 5 12 7 4.08 0.72 50% 79% 1 N 

83 Increased collaboration and communication to ensure robust relationships   0 0 2 13 9 4.29 0.62 54% 92% 1 Y 

84 Access to information/communication technology and physical infrastructure   0 0 4 7 13 4.38 0.77 54% 83% 1 Y 

85 Measurement and documentation of defined performance levels   0 0 4 10 10 4.25 0.74 42% 83% 1 Y 

86 Alignment of vision and actual state of supply chain processes   0 0 3 5 16 4.54 0.72 67% 88% 1 Y 

87 Regular monitoring and reporting practices of economic, social and environmental aspects   0 1 4 9 10 4.17 0.87 42% 79% 2 N 

88 Visibility/transparency of all processes   0 0 3 9 12 4.38 0.71 50% 88% 1 Y 

89 Contract management that enables full control along supply chain   0 3 4 11 6 3.83 0.96 46% 71% 1 N 

90 Standardised management standards that allow for performance comparisons/checks   0 0 8 9 7 3.96 0.81 38% 71% 0 N 

91 Full information visibility   0 1 1 14 8 4.21 0.72 58% 92% 1 Y 

92 Usage of technology to ensure full control   0 1 8 12 3 3.71 0.75 50% 83% 1 Y 

93 Control supply chain operations based on SSCM principles/vision   0 0 7 8 9 4.08 0.83 38% 71% 2 N 

94 Sustainable operational performance as result of SSCM efforts   0 0 7 12 5 3.92 0.72 50% 79% 1 N 

95 Recognition and competitive advantage as result of SSCM efforts   0 0 3 11 10 4.29 0.69 46% 88% 1 Y 

96 Applicability of the model   0 3 4 13 4 3.75 0.90 54% 71% 1 N 

97 Relationships between the elements of the model   0 3 5 13 3 3.67 0.87 54% 75% 1 N 

98 Awareness and acceptance of necessary time and cost investments   0 1 3 8 12 0 4.29 0.86 50% 83% 1 Y 

99 Awareness of potential benefits/pitfalls of sustainability efforts   1 0 4 11 8 0 4.04 0.95 46% 79% 0 N 

100 Availability of sourcing and sale options   0 0 7 11 6 0 3.96 0.75 46% 75% 0 N 

101 Behavioural architecture, e.g. employee reward systems   0 0 7 10 7 0 4.00 0.78 42% 71% 0 N 

102 Collaboration with customers   0 0 3 8 13 0 4.42 0.72 54% 88% 1 Y 

103 Collaboration with government   0 1 4 12 7 0 4.04 0.81 50% 79% 1 N 
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Question 
Nr. 

Round 2 
Question  

Response Distribution
Mean SD 51% 80% 

Cluster 
Diff. 

Con-
sensus (1) (2) (3) (4) (5) (0)

104 Collaboration with staff   0 0 0 11 13 0 4.54 0.51 54% 100% 1 Y 

105 Collaboration with suppliers   0 0 2 8 14 0 4.50 0.66 58% 92% 1 Y 

106 Common SSCM vision along supply chain   0 0 2 8 14 0 4.50 0.66 58% 92% 1 Y 

107 Consumer awareness and resulting market pressures   0 0 5 11 8 0 4.13 0.74 46% 79% 1 N 

108 Continued education for qualified and motivated staff   0 0 7 10 7 0 4.00 0.78 42% 71% 0 N 

109 Documentation of the impacts of supply chain   0 0 9 10 4 1 3.78 0.74 42% 79% 4 N 

110 Efficient information/communication technology to increase sharing and updates   0 0 4 13 7 0 4.13 0.68 54% 83% 0 Y 

111 External consultants/partners to improve strategies and operations   0 3 9 10 2 0 3.46 0.83 42% 79% 2 N 

112 Greenhouse gas schemes, e.g. emission trading or carbon offsets   0 4 8 8 3 1 3.43 0.95 33% 67% 3 N 

113 Government intervention, e.g. compliance requirements and penalties   0 3 6 11 3 1 3.61 0.89 46% 71% 4 N 

114 Incremental improvement approach   0 2 9 7 6 0 3.71 0.95 38% 67% 1 N 

115 Joint ventures, e.g. to share facilities and equipment   0 3 9 10 2 0 3.46 0.83 42% 79% 1 N 

116 Low cost solutions for documentation, payment, and traceability   0 1 8 9 6 0 3.83 0.87 38% 71% 1 N 

117 Models, frameworks, roadmaps to support transformation towards SSCM   0 1 3 11 9 0 4.17 0.82 46% 83% 1 Y 

118 Performance measurement tools for consistent and accurate measurement   0 0 2 8 13 1 4.48 0.67 54% 88% 4 Y 

119 Realisation of benefits through sustainability efforts, e.g. cost savings and reputation increase   0 0 3 8 13 0 4.42 0.72 54% 88% 1 Y 

120 Subsidies to encourage more sustainable operations   1 2 10 7 4 0 3.46 1.02 42% 71% 2 N 

121 Sufficient capital to cover initial investments and long term goals   0 0 4 7 13 0 4.38 0.77 54% 83% 1 Y 

122 Sustainable material inputs, e.g. renewable, not harmful, organic, fair trade   0 1 5 14 3 1 3.83 0.72 58% 79% 4 N 

123 Top management support and approval   0 0 1 1 21 1 4.87 0.46 88% 92% 0 Y 

124 Competition encourages sub-optimal use of resources   0 1 6 10 7 0 3.96 0.86 42% 71% 1 N 

125 Competition forces cost reductions regardless of other sustainability requirements   0 0 6 8 10 0 4.17 0.82 42% 75% 1 N 

126 Cost of sustainability efforts/strategy   1 0 2 11 10 0 4.21 0.93 46% 88% 1 Y 

127 Dependence on fossil energy   1 1 8 6 8 0 3.79 1.10 33% 58% 2 N 

128 Effects of sustainability strategy are too long-term   0 2 8 8 5 1 3.70 0.93 33% 67% 1 N 

129 Focus on short term financial performance, e.g. quarterly results   0 0 6 4 14 0 4.33 0.87 58% 75% 0 N 

130 Long distances to import/export goods to/from NZ   0 1 6 9 8 0 4.00 0.88 38% 71% 1 N 

131 Loss of business to free trade zones/cheaper competition   0 0 9 4 11 0 4.08 0.93 46% 63% 0 N 

132 Misguided focus in the sustainability movement, e.g. only on greenhouse gas emissions   1 2 5 5 11 0 3.96 1.20 46% 67% 1 N 

133 Missing collaboration and strategic alignment   0 2 2 8 12 0 4.25 0.94 50% 83% 0 Y 

134 Missing research on employee satisfaction and societal welfare   0 1 10 10 3 0 3.63 0.77 42% 83% 1 Y 

135 Missing research on particularities/restructuring needs of supply chains in NZ/Australasia   0 1 9 12 2 0 3.63 0.71 50% 88% 1 Y 

136 Missing research on the linkage/impact of supply chains on environment and society   0 1 9 10 4 0 3.71 0.81 42% 79% 1 N 

137 Missing research on the service profit chain in logistics and supply chains   0 0 7 12 5 0 3.92 0.72 50% 79% 0 N 

138 Price war battles   2 0 3 9 10 0 4.04 1.16 42% 79% 2 N 

139 Sustainability not applicable to low value products/services   1 3 5 7 7 1 3.70 1.18 29% 58% 3 N 

140 Nature of supply chains, i.e. supply chain operations can never be fully sustainable   1 1 7 10 3 2 3.59 0.96 42% 71% 3 N 

141 Unaccounted costs, e.g. allocation of negative supply chain effects and related costs   1 0 7 10 5 1 3.78 0.95 42% 71% 1 N 
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Question 
Nr. 

Round 2 
Question  

Response Distribution
Mean SD 51% 80% 

Cluster 
Diff. 

Con-
sensus (1) (2) (3) (4) (5) (0)

142 Uncertain science on greenhouse gas emissions and carbon footprints   2 1 6 8 5 2 3.59 1.18 33% 58% 1 N 

143 Uncertainty about infrastructure/operational requirements and necessary investments   1 0 9 8 5 1 3.70 0.97 38% 71% 2 N 

144 Unverified claims of sustainable practices by NZ companies   2 2 5 10 5 0 3.58 1.18 42% 63% 3 N 

145 Accurate demand forecasting and balancing inventory   0 0 3 9 12 0 4.38 0.71 50% 88% 0 Y 

146 Carbon footprinting, i.e. measuring and tracking emission levels   0 1 6 8 9 0 4.04 0.91 38% 71% 1 N 

147 Considering end of life during design stages   0 0 4 8 12 0 4.33 0.76 50% 83% 0 Y 

148 Continuous improvement process   1 0 5 7 11 0 4.13 1.03 46% 75% 0 N 

149 Definition and measurement of clear key performance indicators   0 0 2 4 17 1 4.65 0.65 71% 88% 5 Y 

150 Discussion, investigation, and selection of alternative methods/options   0 0 5 13 6 0 4.04 0.69 54% 79% 1 N 

151 Evaluation of market and sourcing locations, e.g. local vs. distant   0 0 3 16 5 0 4.08 0.58 67% 88% 0 Y 

152 Examining the feasibility of transportation modes for commodities   0 1 3 13 7 0 4.08 0.78 54% 83% 1 Y 

153 Identification and elimination of non-value adding activities   0 0 2 10 12 0 4.42 0.65 50% 92% 0 Y 

154 Integration, e.g. forward and backward integration   1 0 2 12 9 0 4.17 0.92 50% 88% 0 Y 

155 Measurement of performance areas on all sustainability dimensions, i.e. outputs, impacts, damage   0 0 3 6 14 1 4.48 0.73 58% 83% 4 Y 

156 Minimisation of unnecessary freight movements   0 0 4 10 10 0 4.25 0.74 42% 83% 1 Y 

157 Minimising energy/material consumption through ‘reduce, reuse, recycle’   0 1 4 7 12 0 4.25 0.90 50% 79% 0 N 

158 Quantification of impacts of supply chain operations on all sustainability dimensions   0 0 2 11 10 1 4.35 0.65 46% 88% 0 Y 

159 Reduction of pollution to air, water, and land   0 0 1 11 11 1 4.43 0.59 46% 92% 4 Y 

160 Reduction of waste, e.g. damaged items, time, costs   0 0 2 10 11 1 4.39 0.66 46% 88% 1 Y 

161 Regular and comprehensive updates/reports   0 1 6 10 7 0 3.96 0.86 42% 71% 1 N 

162 Reverse logistics   0 0 6 11 6 1 4.00 0.74 46% 71% 0 N 

163 Risk Management   0 1 1 13 9 0 4.25 0.74 54% 92% 0 Y 

164 Transport during off-peak times   1 0 7 14 1 1 3.61 0.78 58% 88% 1 Y 

165 Triangulation of containers   0 2 3 14 2 3 3.76 0.77 58% 71% 1 Y 

166 Usage of sustainable transport systems, e.g. lower emissions, noise levels   0 0 4 15 5 0 4.04 0.62 63% 83% 1 Y 

167 Utilisation of renewable and alternative forms of inputs   0 0 4 13 7 0 4.13 0.68 54% 83% 1 Y 

168 Alignment/synchronisation of supply chain and sustainability initiatives and goals   0 0 0 8 16 0 4.67 0.48 67% 100% 0 Y 

169 Collaboration and trust among all supply chain stakeholders   0 0 1 10 13 0 4.50 0.59 54% 96% 1 Y 

170 Driven by a sustainability vision shared by supply chain, customers, and stakeholders   0 0 2 11 11 0 4.38 0.65 46% 92% 1 Y 

171 Exceeding regulations and compliance requirements   0 4 6 11 3 0 3.54 0.93 46% 71% 0 N 

172 Existence of short/middle/long term plans with specific goals and objectives   0 0 5 9 10 0 4.21 0.78 42% 79% 0 N 

173 Following and setting best practice standards   0 0 5 13 5 1 4.00 0.67 54% 75% 2 N 

174 Full utilisation of operational facilities/equipment   0 4 4 13 3 0 3.63 0.92 54% 71% 1 N 

175 Good contracts and contract management from ‘cradle to cradle’   0 0 4 11 9 0 4.21 0.72 46% 83% 0 Y 

176 Increased return on capital investments and low operating costs   0 0 4 15 5 0 4.04 0.62 63% 83% 0 Y 

177 Increased visibility/transparency and information sharing among supply chain and stakeholders  0 0 3 14 7 0 4.17 0.64 58% 88% 0 Y 

178 Internal structures to develop organisational capabilities   0 0 4 13 7 0 4.13 0.68 54% 83% 0 Y 

179 Long term relationships with supply chain partners and robust supply chain   0 0 4 4 16 0 4.50 0.78 67% 83% 1 Y 
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Question 
Nr. 

Round 2 
Question  

Response Distribution
Mean SD 51% 80% 

Cluster 
Diff. 

Con-
sensus (1) (2) (3) (4) (5) (0)

180 Low process variability including social and environmental aspects   0 1 9 10 2 2 3.59 0.73 42% 79% 1 N 

181 No excess inventory or dead stock   0 1 12 6 4 1 3.57 0.84 50% 75% 3 N 

182 Minimal waste and sustained efficiency throughout supply chain operations   0 0 7 11 5 1 3.91 0.73 46% 75% 2 N 

183 Qualified staff with expertise in supply chains and sustainability principles   0 1 6 10 7 0 3.96 0.86 42% 71% 0 N 

184 Recognised for SSCM, sustained efficiency, and sustainability mentality   0 0 6 11 7 0 4.04 0.75 46% 75% 0 N 

185 Responsiveness/agility to react to changing market requirements   0 0 3 14 7 0 4.17 0.64 58% 88% 0 Y 

186 Satisfied customers, internal and external to supply chain   0 0 3 10 11 0 4.33 0.70 46% 88% 0 Y 

187 Satisfied employees   0 1 4 10 9 0 4.13 0.85 42% 79% 0 N 

188 Satisfied stakeholders, e.g. community and investors   0 0 5 9 10 0 4.21 0.78 42% 79% 0 N 

189 Strategic operational locations, e.g. proximity to supply chain partners   0 0 8 14 2 0 3.75 0.61 58% 92% 1 Y 

190 Sustained competitive advantage through SSCM   0 0 2 10 12 0 4.42 0.65 50% 92% 0 Y 

191 Sustainability mentality, i.e. embracing change and supportive of sustainable developments   0 0 3 8 12 1 4.39 0.72 50% 83% 2 Y 

192 True cost allocation, i.e. all supply chain impacts and costs are fully accounted for   0 0 4 9 11 0 4.29 0.75 46% 83% 0 Y 

193 Up-to-date technology, e.g. information technology, transport/manufacturing options   0 1 4 11 6 2 4.00 0.82 46% 71% 0 N 

194 Actual costs of supply chain operations, e.g. unaccounted environmental and social impacts   0 0 1 8 15 0 4.58 0.58 63% 96% 0 Y 

195 Awareness of positive impacts of sustainable supply chains   0 0 4 9 11 0 4.29 0.75 46% 83% 0 Y 

196 Claims of sustainability and actual impacts of supply chains   0 1 4 10 9 0 4.13 0.85 42% 79% 1 N 

197 CO2 emissions and carbon footprints   0 2 6 11 4 1 3.74 0.86 46% 71% 2 N 

198 Impact of competitive forces on sustainability, e.g. sustainability efforts prevented due to cost pressures   0 0 3 10 9 1 4.27 0.70 43% 83% 0 Y 

199 Employee satisfaction and societal welfare   0 1 7 10 6 0 3.88 0.85 42% 71% 1 N 

200 Energy availability, e.g. peak oil and dependence on petrochemicals of supply chains   0 1 4 12 7 0 4.04 0.81 50% 79% 0 N 

201 Future trends and developments in supply chains   0 2 4 12 6 0 3.92 0.88 50% 75% 1 N 

202 Future of supply chains in NZ, e.g. long term outlook and restructuring in Australasia   0 0 1 10 12 1 4.48 0.59 50% 92% 0 Y 

203 Impacts on society, i.e. positive/negative effects of supply chains   0 1 5 9 9 0 4.08 0.88 38% 75% 0 N 

204 Implementation hurdles of sustainability initiatives, e.g. time and cost requirements   0 0 3 11 10 0 4.29 0.69 46% 88% 0 Y 

205 Investments into sustainability and their justifications   0 0 3 9 12 0 4.38 0.71 50% 88% 0 Y 

206 Linkages of supply chains with environmental and social systems   0 1 4 10 8 0 4.09 0.85 43% 78% 0 N 

207 Long term effect of sustainability movement on NZ due to its long supply chains and resulting special requirements 0 0 3 12 9 0 4.25 0.68 50% 88% 0 Y 

208 Effects of overemphasis of certain aspects at the detriment to others, e.g. focusing solely on greenhouse gas emissions 0 2 7 8 7 0 3.83 0.96 33% 63% 0 N 

209 Missing theory development to guide practice, e.g. lack of strategic models and applicable frameworks   0 1 6 9 7 1 3.96 0.88 38% 67% 2 N 

210 Long term SSCM results, i.e. potentials and resulting benefits   0 0 4 11 8 1 4.17 0.72 46% 79% 2 N 

211 Relation of food miles and sustainability impacts   1 0 5 12 4 1 3.82 0.91 52% 74% 1 N 

212 Service Profit Chain and its relevance for logistics/supply chain   0 1 7 8 6 2 3.86 0.89 33% 63% 1 N 

213 Transportation modes, e.g. which mode works best for each commodity   0 2 2 14 5 1 3.96 0.82 58% 79% 2 N 

214 Cost allocations, e.g. for sustainability efforts and unaccounted supply chain impacts   0 0 5 13 6 0 4.04 0.69 54% 79% 0 Y 
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Appendix C: SSCM Delphi Study Round Three 

Appendix C.1 Invitation 

Dear Participant, 

I would like to invite you to participate in the 3rd and final round of my Delphi study on sustainable 
supply chain management (SSCM). This research seeks to define and model SSCM through a 
multi-method approach encompassing opinions from industry experts, academics, as well as 
representatives from governmental and non-governmental organisations.  

Thanks to the kind support of all participants, many valuable results/insights could be gained from 
the 2nd round. Several weeks were spent to analyse and sort the given answers. Based on this 
analysis this 3rd round was designed with the following key purposes in mind: 

 Re-rating and re-evaluation of SSCM key themes/aspects where consensus was not 
achieved in round 2.  

 Further refine and evaluate the models which were proposed in round 2. 

You have been identified as an expert in the field under investigation and I am very interested in 
your opinions and insights. 

Please use the following URL to access the survey: 
https://www.surveymonkey.com/s/Delphi_Round3_SSCM 

It will only take 15 minutes. 

Participation is voluntary and you may decline to take part without giving a reason. All your 
responses are completely confidential. The Participant Information Sheet can be accessed through 
the survey link. 

Many thanks in advance for your ongoing help and support.  

If you do have any question about this survey, please email me directly at 
h.reefke@auckland.ac.nz 

Kind Regards, 

-- 
Hendrik Reefke – PhD Candidate 
Department of Information Systems and Operations Management 
University of Auckland 
Private Bag 92019 
Auckland, New Zealand 
 
  



Appendix C: SSCM Delphi Study Round Three 

306 

Appendix C.2 Round Three Questionnaire  
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Appendix C.3 Ratings and Consensus Analysis 

Sample Size: 20 Responses 
Ratings:  (1) = Unimportant; (2) = Of Little Importance; (3) = Moderately Important; (4) = Important; (5) = Very Important; (0) = Don’t Know 
Ratings for Models:  (1) = Strongly Disagree; (2) = Disagree; (3) = Undecided; (4) = Agree; (5) = Strongly Agree 
51%: 51% of responses within one answer category 
80%: 80% of responses within two adjacent answer categories 
Cluster Diff.: Difference between two clusters of responses 
Consensus: (Y) = Yes, consensus was established; (N) = No, consensus was not established 
 
Question 

Nr. 
Round 3 

Question 
Nr. 

Round 2 
Question 

Response Distribution
Mean SD 51% 80% 

Con-
sensus (1) (2) (3) (4) (5) (0)

1 2 Attention to NZ specific issues, e.g. food miles, restructuring needs in Australasia, supply chain length from/to NZ   0 1 7 7 5  3.80 0.89 35% 70% N 

2 3 Incentives for SSCM, e.g. regulations, subsidies, savings, consumer demand   0 1 3 12 4  3.95 0.76 60% 80% Y 

3 6 Location Type, e.g. open air, refrigerated, hazardous storage   0 2 8 8 2  3.50 0.83 40% 80% Y 

4 12 Strategic Frameworks/Models/Methods, e.g. to support discussion and investigation of alternatives   0 2 3 11 4  3.85 0.88 55% 75% Y 

5 14 Uncertainty of future sustainability requirements and related investments   0 0 5 12 3  3.90 0.64 60% 85% Y 

6 20 Employee Measures, e.g. satisfaction, training support, working conditions, remuneration, etc.   0 0 3 9 8  4.25 0.72 45% 85% Y 

7 21 Footprints of supply chain impact, e.g. tracking environmental footprints   0 2 5 8 5  3.80 0.95 40% 65% N 

8 22 Health and Safety Measures, e.g. accident rates and preventive measures   0 0 6 9 5  3.95 0.76 45% 75% N 

9 23 Maintenance of Equipment, e.g. vehicles, machinery, buildings, etc.   0 2 7 9 2  3.55 0.83 45% 80% Y 

10 25 Operational Accuracy, e.g. timeliness, quality, correctness, zero damage, etc.   0 1 1 6 12  4.45 0.83 60% 90% Y 

11 29 Waste and Recycling Management   0 1 4 12 3  3.85 0.75 60% 80% Y 

12 32 Compliance Measures/Regulations, e.g. government or industry regulations   0 0 3 12 5  4.10 0.64 60% 85% Y 

13 33 Contributions/Impacts on Local Community/Society, e.g. benefits provided, dependence on supply chain, noise levels, use of land   0 0 7 8 5  3.90 0.79 40% 75% N 

14 34 Cost Allocations for unaccounted impacts of supply chain, e.g. emissions and environmental impacts   0 1 6 11 2  3.70 0.73 55% 85% Y 

15 35 Empowerment, e.g. education/training and support for sub-groups (women, handicapped, etc.)   0 1 12 7 0  3.30 0.57 60% 95% Y 

16 36 People Management, e.g. incentives, training, education   0 0 3 13 4  4.05 0.60 65% 85% Y 

17 39 Targets and Benchmarking, e.g. investment/reduction targets and benchmarking with established measures   0 0 1 16 3  4.10 0.45 80% 95% Y 

18 40 Trade-off Management, i.e. provide a balance between sustainability goals   0 0 5 14 1  3.80 0.52 70% 95% Y 

19 48 Sequence of process steps   0 1 1 12 6  4.15 0.75 60% 90% Y 

20 49 Enablers facilitate activities that result in characteristics   0 0 1 16 3  4.10 0.45 80% 95% Y 

21 51 Models/Frameworks for SSCM   0 0 4 13 3  3.95 0.60 65% 85% Y 

22 52 Awareness and documentation of supply chain impacts   0 0 0 16 4  4.20 0.41 80% 100% Y 

23 55 Development and documentation of SSCM vision and goals   0 0 4 11 5  4.05 0.69 55% 80% Y 

24 59 Analysis capabilities to assess and select between strategic options   0 0 1 11 8  4.35 0.59 55% 95% Y 

25 66 Goal definition for entire supply chain   0 0 3 4 13  4.50 0.76 65% 85% Y 

26 72 Optimisation of entire supply chain with regard to every sustainability dimension   0 1 5 10 4  3.85 0.81 50% 75% N 

27 73 Incremental improvement approach which supports a step by step redesign   0 1 2 16 1  3.85 0.59 80% 90% Y 
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Question 
Nr. 

Round 3 

Question 
Nr. 

Round 2 
Question 

Response Distribution
Mean SD 51% 80% 

Con-
sensus (1) (2) (3) (4) (5) (0)

28 77 Incentives that drive the transformation process, e.g. regulations and requirements   0 0 8 7 5  3.85 0.81 40% 75% N 

29 78 Streamlining of all internal and external business processes   0 0 4 11 5  4.05 0.69 55% 80% Y 

30 81 Transformation of operational practices towards sustainability   0 0 2 9 9  4.35 0.67 45% 90% Y 

31 82 Agility to ensure responsiveness and flexibility   0 0 1 15 4  4.15 0.49 75% 95% Y 

32 87 Regular monitoring and reporting practices of economic, social and environmental aspects   0 0 1 9 10  4.45 0.60 50% 95% Y 

33 89 Contract management that enables full control along supply chain   0 0 6 11 3  3.85 0.67 55% 85% Y 

34 90 Standardised management standards that allow for performance comparisons/checks   0 0 5 13 2  3.85 0.59 65% 90% Y 

35 93 Control supply chain operations based on SSCM principles/vision   0 0 1 12 7  4.30 0.57 60% 95% Y 

36 94 Sustainable operational performance as result of SSCM efforts   0 0 3 14 3  4.00 0.56 70% 85% Y 

37 96 Applicability of the model   0 0 2 18 0  3.90 0.31 90% 100% Y 

38 97 Relationships between the elements of the model   0 1 4 14 1  3.75 0.64 70% 90% Y 

39 99 Awareness of potential benefits/pitfalls of sustainability efforts   0 0 0 10 10 0 4.50 0.51 50% 100% Y 

40 100 Availability of sourcing and sale options   0 1 2 14 3 0 3.95 0.69 70% 85% Y 

41 101 Behavioural architecture, e.g. employee reward systems   0 0 6 9 5 0 3.95 0.76 45% 75% N 

42 103 Collaboration with government   1 2 8 6 3 0 3.40 1.05 40% 70% N 

43 107 Consumer awareness and resulting market pressures   0 0 2 7 11 0 4.45 0.69 55% 90% Y 

44 108 Continued education for qualified and motivated staff   0 0 4 10 6 0 4.10 0.72 50% 80% Y 

45 109 Documentation of the impacts of supply chain   0 0 5 8 6 1 4.05 0.78 40% 70% N 

46 111 External consultants/partners to improve strategies and operations   0 4 8 6 2 0 3.30 0.92 40% 70% N 

47 112 Greenhouse gas schemes, e.g. emission trading or carbon offsets   0 2 9 8 1 0 3.40 0.75 45% 85% Y 

48 113 Government intervention, e.g. compliance requirements and penalties   0 1 8 6 4 1 3.68 0.89 40% 70% N 

49 114 Incremental improvement approach   1 0 4 9 5 1 3.89 0.99 45% 70% N 

50 115 Joint ventures, e.g. to share facilities and equipment   0 3 10 5 2 0 3.30 0.86 50% 75% N 

51 116 Low cost solutions for documentation, payment, and traceability   0 1 7 12 0 0 3.55 0.60 60% 95% Y 

52 120 Subsidies to encourage more sustainable operations   1 3 7 7 2 0 3.30 1.03 35% 70% N 

53 122 Sustainable material inputs, e.g. renewable, not harmful, organic, fair trade   0 1 4 10 4 1 3.89 0.81 50% 70% N 

54 124 Competition encourages sub-optimal use of resources   0 2 3 9 3 3 3.76 0.90 45% 60% N 

55 125 Competition forces cost reductions regardless of other sustainability requirements   0 1 5 7 5 2 3.89 0.90 35% 60% N 

56 127 Dependence on fossil energy   0 1 4 9 6 0 4.00 0.86 45% 75% N 

57 128 Effects of sustainability strategy are too long-term   1 1 1 13 3 1 3.84 0.96 65% 80% Y 

58 129 Focus on short term financial performance, e.g. quarterly results   0 1 3 5 10 1 4.26 0.93 50% 75% N 

59 130 Long distances to import/export goods to/from NZ   0 1 4 7 6 2 4.00 0.91 35% 65% N 

60 131 Loss of business to free trade zones/cheaper competition   0 1 4 9 5 1 3.95 0.85 45% 70% N 

61 132 Misguided focus in the sustainability movement, e.g. only on greenhouse gas emissions   0 2 2 8 7 1 4.05 0.97 40% 75% N 

62 136 Missing research on the linkage/impact of supply chains on environment and society   0 2 5 5 7 1 3.89 1.05 35% 60% N 

63 137 Missing research on the service profit chain in logistics and supply chains   0 2 5 7 5 1 3.79 0.98 37% 63% N 

64 138 Price war battles   0 1 4 10 5 0 3.95 0.83 50% 75% N 

65 139 Sustainability not applicable to low value products/services   0 2 9 7 1 1 3.37 0.76 45% 80% Y 
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Question 
Nr. 

Round 3 

Question 
Nr. 

Round 2 
Question 

Response Distribution
Mean SD 51% 80% 

Con-
sensus (1) (2) (3) (4) (5) (0)

66 140 Nature of supply chains, i.e. supply chain operations can never be fully sustainable   0 0 9 6 1 4 3.50 0.63 45% 75% N 

67 141 Unaccounted costs, e.g. allocation of negative supply chain effects and related costs   0 0 7 7 4 2 3.83 0.79 35% 70% N 

68 142 Uncertain science on greenhouse gas emissions and carbon footprints   1 1 8 6 3 1 3.47 1.02 40% 70% N 

69 143 Uncertainty about infrastructure/operational requirements and necessary investments   0 0 7 10 2 1 3.74 0.65 50% 85% Y 

70 144 Unverified claims of sustainable practices by NZ companies   0 0 6 9 3 2 3.83 0.71 45% 75% N 

71 146 Carbon footprinting, i.e. measuring and tracking emission levels   0 2 5 6 7 0 3.90 1.02 35% 65% N 

72 148 Continuous improvement process   1 0 1 9 9 0 4.25 0.97 45% 90% Y 

73 150 Discussion, investigation, and selection of alternative methods/options   0 0 2 10 8 0 4.30 0.66 50% 90% Y 

74 157 Minimising energy/material consumption through ‘reduce, reuse, recycle’   0 0 1 9 10 0 4.45 0.60 50% 95% Y 

75 161 Regular and comprehensive updates/reports   0 0 6 10 4 0 3.90 0.72 50% 80% Y 

76 162 Reverse logistics   0 0 4 9 6 1 4.11 0.74 45% 75% N 

77 171 Exceeding regulations and compliance requirements   0 1 9 8 2 0 3.55 0.76 45% 85% Y 

78 172 Existence of short/middle/long term plans with specific goals and objectives   0 0 2 9 9 0 4.35 0.67 45% 90% Y 

79 173 Following and setting best practice standards   0 1 2 12 5 0 4.05 0.76 60% 85% Y 

80 174 Full utilisation of operational facilities/equipment   0 0 7 12 1 0 3.70 0.57 60% 95% Y 

81 180 Low process variability including social and environmental aspects   0 0 7 11 2 0 3.75 0.64 55% 90% Y 

82 181 No excess inventory or dead stock   0 1 7 10 1 1 3.58 0.69 50% 85% Y 

83 182 Minimal waste and sustained efficiency throughout supply chain operations   0 0 0 15 5 0 4.25 0.44 75% 100% Y 

84 183 Qualified staff with expertise in supply chains and sustainability principles   0 0 1 12 7 0 4.30 0.57 60% 95% Y 

85 184 Recognised for SSCM, sustained efficiency, and sustainability mentality   0 1 0 14 5 0 4.15 0.67 70% 95% Y 

86 187 Satisfied employees   0 0 2 10 8 0 4.30 0.66 50% 90% Y 

87 188 Satisfied stakeholders, e.g. community and investors   0 0 2 8 10 0 4.40 0.68 50% 90% Y 

88 193 Up-to-date technology, e.g. information technology, transport/manufacturing options   0 0 1 16 2 1 4.05 0.40 80% 90% Y 

89 196 Claims of sustainability and actual impacts of supply chains   0 1 2 7 10 0 4.30 0.86 50% 85% Y 

90 197 CO2 emissions and carbon footprints   0 1 9 5 5 0 3.70 0.92 45% 70% N 

91 199 Employee satisfaction and societal welfare   0 1 6 10 3 0 3.75 0.79 50% 80% Y 

92 200 Energy availability, e.g. peak oil and dependence on petrochemicals of supply chains   0 0 4 7 9 0 4.25 0.79 45% 80% Y 

93 201 Future trends and developments in supply chains   0 0 1 13 6 0 4.25 0.55 65% 95% Y 

94 203 Impacts on society, i.e. positive/negative effects of supply chains   0 0 1 12 7 0 4.30 0.57 60% 95% Y 

95 206 Linkages of supply chains with environmental and social systems   0 0 1 12 7 0 4.30 0.57 60% 95% Y 

96 208 Effects of overemphasis of certain aspects at the detriment to others, e.g. focusing solely on greenhouse gas emissions   0 2 4 11 3 0 3.75 0.85 55% 75% Y 

97 209 Missing theory development to guide practice, e.g. lack of strategic models and applicable frameworks   0 1 4 11 4 0 3.90 0.79 55% 75% Y 

98 210 Long term SSCM results, i.e. potentials and resulting benefits   0 0 4 7 9 0 4.25 0.79 45% 80% Y 

99 211 Relation of food miles and sustainability impacts   0 0 7 8 5 0 3.90 0.79 40% 75% N 

100 212 Service Profit Chain and its relevance for logistics/supply chain   0 0 3 12 4 1 4.05 0.62 60% 80% Y 

101 213 Transportation modes, e.g. which mode works best for each commodity   0 0 2 14 4 0 4.10 0.55 70% 90% Y 
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Appendix D: SSCM Survey 

Appendix D.1 Participant Information Sheet 

Aim of Study: 

Hello, my name is Hendrik Reefke and I am a PhD student in the doctoral program at the University of Auckland Business 
School.  I would like to invite you to participate in my research on sustainable supply chain management (SSCM).  This 
research seeks to define and model SSCM through a multi-method approach encompassing opinions from industry experts, 
academics, as well as representatives from governmental and non-governmental organisations.  These insights will drive 
the development of knowledge, theory, and frameworks to gain a better understanding of the potential that SSCM offers and 
the barriers which have to be overcome.  Practical applicability of the results is a major aim of this study and will be 
demonstrated though roadmaps which will outline potential implementation processes.  My supervisor and I are very 
interested in your opinions and insights that you can provide us with. 

Survey Process: 

The aim of this survey study is to categorise and evaluate key aspects for the sustainable management of supply chains.  
The survey is administered through a website and we expect your time commitment to this study to be about 15 minutes.   

Participation: 

Participation in this research is voluntary and you may decline to take part without giving a reason.  You may withdraw 
participation at any time and you will be provided two weeks, after the survey is closed, to withdraw your input from the 
study.  The information gathered from this survey may be published in my PhD Dissertation and may also be included in 
published journal articles and conference proceedings.  If the information obtained from your participation in the project is 
reported or published, this will be done in a way that provides for complete anonymity, omitting identifiable details of you or 
your place of work.  All data collected will be stored securely on the University of Auckland premises, and destroyed by 
shredding or secure file erase after six years.   

Your participation in the survey would be greatly appreciated.  If you agree to participate in this research, please indicate 
this by agreeing to the consent form in the online survey.  Thank you very much for your time and help in making this study 
possible.  If you have any queries or wish to know more please feel free to contact me. 

Hendrik Reefke 

 

Contact information for me, my PhD Supervisor, the Head of Department, and the University of Auckland Human 
Participants Ethics Committee Chair are provided below. 

Principal Investigator: 
 Hendrik Reefke, PhD Student 

Department of Information Systems and Operations Management 
Private Bag 92019, Auckland, New Zealand 
Phone: +64 (9) 021 100 5242 
Email: h.reefke@auckland.ac.nz 

PhD Supervisor: 
 Associate Professor David Sundaram 
 Department of Information Systems and Operations Management 
 Private Bag 92019, Auckland, New Zealand 
 Phone: +64 (9) 373-7599, ext. 85078 
 Email: d.sundaram@auckland.ac.nz 

Head of ISOM Department: 
 Professor Michael Myers 
 Department of Information Systems and Operations Management 
 Private Bag 92019, Auckland, New Zealand 
 Phone: +64 (9) 373-7599, ext. 87468 
 Email: m.myers@auckland.ac.nz 

Ethics Committee: 
 The Chair, Human Participants Ethics Committee 
 The University of Auckland, Office of the Vice Chancellor 
 Private Bag 92019, Auckland 1142, New Zealand 
 Phone: +64 (9) 373-7599, ext. 87830 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE ON 15th of July 2009 
for 3 years, Reference Number 2009 / 293  
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Appendix D.2 Pilot Tests 

Pilot Test 1 Instructions 

Dear Tester, 

As you know we have conducted an exploratory Delphi study on sustainable supply chains. We gained good results from 
this Delphi study and designed several models based on these results.  

To further enhance our understanding of SSCM we have designed a survey which is meant to confirm the results that we 
gained through the Delphi and validate the applicability of the developed models. We will be targeting supply chain 
practitioners from various backgrounds, i.e. respondents should base their answers on the experiences/impressions from 
their organisation. Based on the assumptions behind our models we aim to confirm/dismiss the following hypotheses: 

 H1: The presence of certain enablers is positively correlated to the ability of SCs to engage in activities that 
support sustainability. 

 H2: The presence of certain disablers is negatively correlated with the ability of SCs to engage in activities that 
support sustainability. 

 H3: Engagement in activities that support sustainability is positively correlated with the presence of SSCM 
characteristics. 

 H4: Engagement in activities that support sustainability and presence of SSCM characteristics is positively 
correlated with SSC maturity. 

 H5: A higher level of SSC maturity is positively correlated with the presence of enablers. 
 H6: A higher level of SSC maturity is negatively correlated with the presence of disablers. 

The key purposes of this survey are as follows: 

1. Evaluation of sustainability aspects of supply chains. 
2. Evaluation of sustainability maturity in supply chains. 
3. Result in evidence to confirm/dismiss the stated hypotheses. 
4. Validate the models which resulted from the Delphi study. 
5. Provide sufficient evidence/results to finalise the PhD thesis. 

Your Feedback: 

We would greatly appreciate it if you could test the survey design 
(https://www.surveymonkey.com/s/SSCM_Survey_PilotTest_1) and provide us with some feedback on the following 
aspects: 

 Hypotheses/Model Validation: Do you think that the survey design will yield answers that will enable us to 
confirm/dismiss the hypotheses and validate the models? 

 Evaluation: Do you think this will enable to evaluate sustainability aspects and maturity of supply chains? 
 Style: Are the questions framed/phrased in an appropriate fashion? 
 Understanding: Do you see any issues with the way it is designed or the explanations? 
 Any important details that you think are missing and should be included? 
 Any aspect that you believe should not be included keeping in mind the purpose of this survey? 
 Do you think that our estimate to fill the survey of 15 min is reasonable? 
 Do you feel this survey is a logical progression from the Delphi study that we conducted? 

Thanks for your help and support, 

Hendrik 

Pilot Test 1 Feedback 

Pilot Tester 1: 

Have taken the survey – entering rather random answers. In regards time it’s hard to tell as I didn’t have to think too hard, 
and had interruptions, but I’d guess 15-20 minutes might be OK.   Incidentally I’d suggest that the 1/6, 2/6, 3/6 pages be 
changed to 1/5, 2/5, etc, as the last page is merely a thank you.   Again you don’t want to scare people off (especially after 
the middle pages). Also you might like to let respondents know exiting the browser and restarting takes you back to where 
you left off (clever!). 

I would tend towards NOT forcing an answer for every response (you do so on at least some pages). It’s more polite to 
leave an option but moreover you’re less likely to risk the ire of respondents who get “fed up” earlier on. Yes I know you 
MIGHT not get as many complete surveys, but one would have to question the quality of forced responses  - the ones 
where someone misses answering some questions and then gets the “red message”, and then puts something down (if they 
really couldn’t or didn’t want to answer it, then why force them?). 

p. 4/6 How would you rate the presence of the following ENABLERS in your supply chains? 

This is quite confusing (grammatically and in terms of “flow”, with respect to the response options).  Why not something like: 
How often are the following ENABLERS present in your supply chains? (same for all sections on this page) 

p. 5/6 How long have you been investigating sustainability in your supply chains? 
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Hard to figure out what “investigating” means (with a view to ???), but in any case is it not possible that some of your 
respondents have NOT done this? In which case you should allow for a 0 (perhaps rewording the questions). A 0 is quite 
different from a 0.5. 

Sorry I’ve not answered all your questions.  I’m very glad that the survey length has dramatically decreased.   

How are you intending to distribute?  Just in NZ, or globally, Supply Chain Council?,  Business Directories, to “Supply 
Chain/Logistics Manager”? 

Pilot Tester 2: 

Enablers and disablers are named thus after showing they have positive/negative association with the effects we are 
interested. So I have some concern about the wording.  I see similar problem with maturity and presence of enablers. As 
maturity is defined using such constructs. 

Q3 and Q5 – mix answer options 

Q4 – hide which ones are enablers or disablers (maybe combine) as people won’t be admitting to have those disablers in 
place. Also change the description to avoid pre-loading of answers. 

Overall – avoid two concepts in one question as this refers mainly to the goals and description of current state of SC. 

Split those up into two single concepts which might result in fewer questions and could still cover all aspects. 

Pilot Test 2 Instructions 

Dear Tester, 

Thank you for supporting this research project. Your input as pilot tester will help to improve the survey design and make it 
as approachable as possible for the respondents. 

Study Background: 

We have conducted an exploratory Delphi study on sustainable supply chain management (SSCM). We gained good 
insights from this Delphi study and designed several models based on these results. To further enhance our understanding 
of SSCM we have designed a survey which is meant to confirm the results that we gained through the Delphi and validate 
the applicability of the developed models. We will be targeting supply chain practitioners from various backgrounds, i.e. 
respondents should base their answers on the experiences/impressions from their organisation.  

Based on the assumptions behind our models, the key purposes of this survey are as follows: 

1. Evaluation of sustainability aspects of supply chains. 
2. Evaluation of sustainability maturity in supply chains. 
3. Validate the models which resulted from the Delphi study. 

Your Feedback: 

We would greatly appreciate it if you could test the survey design - 
https://www.surveymonkey.com/s/SSCM_Survey_PilotTest_2  - and provide us with some feedback on the following 
aspects: 

 Style: Are the questions framed/phrased in an appropriate fashion? 
 Understanding: Do you see any issues with the way the questions and explanations are designed? 
 Understanding: Do you see any issues with the way the answer possibilities are designed? 
 Understanding: Do you think that most supply chain practitioners will be able to understand and successfully 

complete the survey?  
 Are there any important details that you think are missing and should be included? 
 Are there any aspect that you believe should not be included keeping in mind the purpose of this survey? 
 Evaluation: Do you think this survey will enable us to evaluate sustainability aspects and maturity of supply 

chains? 
 Do you think that our estimate to fill the survey of 20 min is reasonable? 

Thanks for your help and support, 

Hendrik 

Pilot Test 2 Feedback 

Pilot Tester 1: 

Page1 – Introduction 

 Provide a brief introduction into study which provides more background information 
 Adjust time estimate from 20 minutes to 15-20 minutes as current estimate is rather generous 

Page 2 – General Information 

 Question 3 “Where are you based”. Make it clearer which company headquarters the question aims for, e.g. 
regional, national, or global. 

 Question 4 “How many employees are in your organisation”. Make it clearer which company employees are 
referred to here, e.g. regional, national, or global. 
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 Question 5 “What is the extent and range of your Supply Chains?”. Are we looking for the participants’ knowledge 
of their company’s SCs in those regions or the overall SCs that the company is engaged in? If we are looking for 
the participants’ knowledge, then a rephrasing along the lines “…SCs that you are involved in/have knowledge of” 
may be a more accurate description. 

Page 4 – Current Sustainability Considerations in your Supply Chain 

 If we want to see correlations between SSCM aspects of strategy, processes, systems, culture, and skills, then a 
scale of e.g. 1-6 might work better, as it is easier to compare. However, if we are more aiming to create an 
aggregated score for each respective SC, then the current design will work better. 

Page 5 – Sustainability Goals in your Supply Chain 

 Change the description of Question 18 from “Which statement best reflects the current goals of your supply 
chain?” to “Which statement best reflects the current sustainability goals of your supply chain?”. 

Overall 

 Remove acronyms like “SSCM” (not mentioned often, therefore unnecessary) 

Pilot Tester 2: 

Page 1 – Introduction 

 Overall enough information provided 
 Time estimate appears accurate. Actual duration to fill the survey was 27 minutes but it felt like less and time was 

spent to think about potential issues. 

Page 2 – General Information 

 Question 2: The option for “Other” is not recognised as an answer. Progress to the next survey page is only 
possible if another option is selected. 

 Question 5: Question phrasing is ok, but clarify what countries belong to “Oceania”, e.g. say “Oceania 
(AUS/NZ/etc.)” 

 Question 6: The option for “Other” is not recognised as an answer. Progress to the next survey page only possible 
if another option is selected. 

Page 3 – Sustainability Aspects of your Supply Chain 

 Some confusion whether this is meant to be answered from a SC perspective or an individual company 
perspective 

 Maybe include more information or additional question to clearly identify the targeted perspective 
 This page is more difficult and more time consuming to answer in comparison to the others 

Page 4 – Current Sustainability Considerations in your Supply Chain 

 Easier to answer than page 3 
 Question 11: Current question phrasing “How long have you been investigating and/or applying sustainability 

principles in your supply chains?” is somewhat unclear whether this is to be answered from an individual, 
company, or SC perspective. For SC perspective change to “How long have sustainability principles been 
investigated and/or applied in your supply chains?” 

 Questions 13-17: Use capital letters for the different SC aspects, i.e. strategy, processes, systems, culture, and 
sustainability skill development. This will help participants to distinguish easier between the focus of each 
question. 

Page 5 – Sustainability Goals in your Supply Chain 

 Question 18 “Which statement best reflects the current sustainability goals of your supply chain?” Include an 
answer options along the lines of ‘not at all’ or ‘no sustainability goals’. 

Overall 

 Could potentially switch order of page 3 and page 4 as page 3 seems more difficult to answer. By switching could 
retain more participants. 

 Include some explanation on sustainability and its dimensions 
 Include a question on reach of SC and visibility in SC. E.g. “Describe the extent of your knowledge with regard to 

your SCs” or “Please select the extent of the SC that you will be referring to when answering this survey”. 

Pilot Tester 3: 

Page 1 – Introduction 

 Focus of this survey: Good description but maybe change ‘imperatives’ to a term that is easier to understand. 
Seems rather academic and the target audience are practitioners.  

 Time estimate of 20 minutes seems very reasonable. Filling the survey took 17 minutes. For several questions the 
N/A option was chosen which might have reduced the time it took to fill the survey. 

Page 2 – General Information 

 Question 3: “Where are you based?” Maybe flip the order of the two sub-questions. Most people will think of their 
own location first. So maybe the sub-question ‘I am based in…’ should be first followed by ‘My organisation’s 
global headquarters is in…”. Could also have two completely separate questions to avoid confusion. 

Page 3 – Sustainability Aspects of your Supply Chain 

 Question: “What is the extent of your knowledge/visibility in your supply chains?” Maybe needs some explanation 
what exactly a tier is. Could add a picture to illustrate the ‘extent’ of a supply chain. 

 Wording of all other questions and answer options are easy to understand and cover a wide range of aspects. 

Page 4 – Current Sustainability Considerations in your Supply Chain 

 No issues – phrasing and layout very clear 
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 Hierarchy within answer options is not directly obvious 

Page 5 – Sustainability Goals in your Supply Chain 

 No issues – phrasing and layout very clear 
 Hierarchy within answer options is not directly obvious 

Overall 

 How applicable is the survey to the service industry, e.g. service supply chains. Mainly aimed at physical 
movement in supply chains. 

 In order to answer all parts of this survey accurately and satisfactorily, i.e. to give a good indication about the state 
of their supply chain, participants will need a fair amount of familiarity with supply chains overall, their company, 
and its supply chains. Participants should therefore be approximately at a ‘junior management’ level or higher. 

Pilot Tester 4: 

Page 2 – General Information 

 Please note that for the Question “What is your level/position in your company?”, if you don’t choose one of the 4 
radio buttons and just insert something into the “Other” text box, then it does not allow you to proceed, and states 
“This question requires an answer”. As a result, you are forced as a responder to choose one of the four radio 
button options. 

Overall 

 Style: I had a feeling as I went through the survey that some of the questions, especially towards the middle were 
a little confusing. For example, where you were asking from what region to what regions do your supply chains 
exist. So if a subject chose from Europe to Asia, North America etc, then what should happen is that the opposite 
of that should also be highlighted for them, so that they do not need to then select from North America to Europe. 
Hope this makes sense.  

Understanding 

 I noticed that some of the questions were quite closely worded together, so it may be if the subject is not 100% 
concentrating, they may get some answers to some questions mixed up. 

 Yes I think Supply Chain Practitioners will be able to complete the survey. 

Evaluation 

 Yes this is a good evaluation of Supply Chain Maturity 

Timing 

 I think 20 minutes is reasonable, as it took me just under and I was going through it faster than normal. I think 
possibly extending to 25 minutes may make it better, especially if the subject is putting more thought into the 
answer of the questions.  

Appendix D.3 Invitation 

Dear Participant, 

We would like to invite you to participate in this research on sustainable supply chain management (SSCM). Sustainable 
supply chains aim to balance economic, environmental and social goals and it is our aim to define and model these 
relationships.  

We developed a survey on SSCM with the following objectives: 
 Evaluation of sustainability aspects of supply chains. 
 Evaluation of sustainability maturity. 

You have been identified as an ideal survey participant and we are very interested in your opinions and insights. 

You can access the survey by clicking on the following link:  
https://www.surveymonkey.com/s/Sustainability_in_Supply_Chains 

It only takes 20 minutes. 

Participation is voluntary and you may decline to take part without giving a reason. All your responses are completely 
confidential. The Participant Information Sheet can be accessed through the survey website. 

Many thanks in advance for your help.  

If you do have any question about this survey, please email to h.reefke@auckland.ac.nz 

Kind Regards, 
--  
Hendrik Reefke – PhD Candidate 
Department of Information Systems and Operations Management 
University of Auckland 
Private Bag 92019 
Auckland, New Zealand 
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Appendix D.4 Survey Questionnaire 
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Appendix D.5 Factor Analysis 

Enablers 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .833

Bartlett's Test of Sphericity 

Approx. Chi-Square 292.858

df 55

Sig. .000

 
Communalities 

 Initial Extraction 

E1 - Top management support and approval 1.000 .633
E2 - Collaboration with suppliers 1.000 .714
E3 - Common sustainable supply chain management vision along supply chain 1.000 .555
E4 - Performance measurement tools for consistent and accurate measurement 1.000 .567
E5 - Realisation of benefits through sustainability efforts, e.g. cost savings and reputation increase 1.000 .577
E6 - Sufficient capital to cover initial investments and long term goals 1.000 .555
E7 - Awareness and acceptance of necessary time and cost investments 1.000 .495
E8 - Models, frameworks, roadmaps to support transformation towards sustainable supply chain 
management 

1.000 .408

E9 - Efficient information/communication technology to increase sharing and updates 1.000 .470
E10 - Awareness of potential benefits/pitfalls of sustainability efforts 1.000 .575
E11 - Continued education for qualified and motivated staff 1.000 .596

Extraction Method: Principal Component Analysis. 
 

Total Variance Explained 

Component Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 4.920 44.724 44.724 4.920 44.724 44.724
2 1.225 11.134 55.858 1.225 11.134 55.858
3 .987 8.975 64.832    
4 .800 7.277 72.109    
5 .767 6.972 79.081    
6 .567 5.151 84.232    
7 .457 4.157 88.389    
8 .387 3.518 91.907    
9 .341 3.103 95.009    
10 .313 2.847 97.856    
11 .236 2.144 100.000    

Extraction Method: Principal Component Analysis. 
a. When components are correlated, sums of squared loadings cannot be added to obtain a total variance. 
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Pattern Matrixa 

 Component 

1 2 

E11 - Continued education for qualified and motivated staff .840  
E4 - Performance measurement tools for consistent and accurate measurement .770  
E5 - Realisation of benefits through sustainability efforts, e.g. cost savings and reputation increase .709  
E1 - Top management support and approval .692  
E8 - Models, frameworks, roadmaps to support transformation towards sustainable supply chain 
management 

.579 
 

E9 - Efficient information/communication technology to increase sharing and updates .514  
E2 - Collaboration with suppliers  .935
E6 - Sufficient capital to cover initial investments and long term goals  .701
E3 - Common sustainable supply chain management vision along supply chain  .628
E10 - Awareness of potential benefits/pitfalls of sustainability efforts  .625
E7 - Awareness and acceptance of necessary time and cost investments  .565

Extraction Method: Principal Component Analysis.  
Rotation Method: Oblimin with Kaiser Normalization.a 
a. Rotation converged in 8 iterations. 

 
Structure Matrix 

 Component 

1 2 

E1 - Top management support and approval .780 .518
E11 - Continued education for qualified and motivated staff .757  
E5 - Realisation of benefits through sustainability efforts, e.g. cost savings and reputation increase .755 .439
E4 - Performance measurement tools for consistent and accurate measurement .752  
E9 - Efficient information/communication technology to increase sharing and updates .644 .518
E8 - Models, frameworks, roadmaps to support transformation towards sustainable supply chain 
management 

.632 
 

E2 - Collaboration with suppliers  .818
E6 - Sufficient capital to cover initial investments and long term goals .425 .741
E10 - Awareness of potential benefits/pitfalls of sustainability efforts .526 .733
E3 - Common sustainable supply chain management vision along supply chain .504 .724
E7 - Awareness and acceptance of necessary time and cost investments .502 .675

Extraction Method: Principal Component Analysis.  
Rotation Method: Oblimin with Kaiser Normalization. 

 
Component Correlation Matrix 

Component 1 2 

1 1.000 .487
2 .487 1.000

Extraction Method: Principal Component Analysis.   
Rotation Method: Oblimin with Kaiser Normalization. 
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Disablers 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .683

Bartlett's Test of Sphericity 

Approx. Chi-Square 104.688

df 28

Sig. .000

 
Communalities 

 Initial Extraction 

D1 - Focus on short term financial performance, e.g. quarterly results 1.000 .755
D2 - Missing collaboration and strategic alignment 1.000 .655
D3 - Cost of sustainability efforts/strategy 1.000 .911
D5 - Long distances to import and export goods 1.000 .744
D6 - Dependence on fossil energy 1.000 .946
D7 - Unaccounted costs, e.g. allocation of negative supply chain effects and related costs 1.000 .750
D8 - Missing research on the linkage/impact of supply chains on environment and society 1.000 .672
D10 - Uncertainty about infrastructure/operational requirements and necessary investments 1.000 .690

Extraction Method: Principal Component Analysis. 
 

Total Variance Explained 

Component Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 2.810 35.127 35.127 2.810 35.127 35.127
2 1.335 16.689 51.816 1.335 16.689 51.816
3 1.034 12.924 64.740 1.034 12.924 64.740
4 .943 11.792 76.532 .943 11.792 76.532
5 .607 7.590 84.122    
6 .532 6.647 90.769    
7 .459 5.734 96.503    
8 .280 3.497 100.000    

Extraction Method: Principal Component Analysis. 
a. When components are correlated, sums of squared loadings cannot be added to obtain a total variance. 
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Pattern Matrixa 

 Component 

1 2 3 4 

D10 - Uncertainty about infrastructure/operational requirements and necessary investments .810    
D7 - Unaccounted costs, e.g. allocation of negative supply chain effects and related costs .807    
D8 - Missing research on the linkage/impact of supply chains on environment and society .766    
D2 - Missing collaboration and strategic alignment .696    
D1 - Focus on short term financial performance, e.g. quarterly results  .844   
D5 - Long distances to import and export goods  .836   
D3 - Cost of sustainability efforts/strategy   .941  
D6 - Dependence on fossil energy    .968

Extraction Method: Principal Component Analysis.  
Rotation Method: Oblimin with Kaiser Normalization.a 
a. Rotation converged in 5 iterations. 

 
Structure Matrix 

 Component 

1 2 3 4 

D7 - Unaccounted costs, e.g. allocation of negative supply chain effects and related costs .828    
D10 - Uncertainty about infrastructure/operational requirements and necessary investments .813    
D8 - Missing research on the linkage/impact of supply chains on environment and society .764    
D2 - Missing collaboration and strategic alignment .715  .451  
D5 - Long distances to import and export goods  .854   
D1 - Focus on short term financial performance, e.g. quarterly results  .844   
D3 - Cost of sustainability efforts/strategy   .943  
D6 - Dependence on fossil energy    .970

Extraction Method: Principal Component Analysis.  
Rotation Method: Oblimin with Kaiser Normalization. 

 
Component Correlation Matrix 

Component 1 2 3 4 

1 1.000 .214 .168 .065
2 .214 1.000 .020 .129
3 .168 .020 1.000 -.003
4 .065 .129 -.003 1.000

Extraction Method: Principal Component Analysis.   
Rotation Method: Oblimin with Kaiser Normalization. 
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Activities 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .866

Bartlett's Test of Sphericity 

Approx. Chi-Square 249.524

df 45

Sig. .000

 
Communalities 

 Initial Extraction 

A1 - Measurement of performance areas on all sustainability dimensions, i.e. outputs, impacts, 
damage 

1.000 .684

A2 - Reduction of pollution to air, water, and land 1.000 .421
A3 - Identification and elimination of non-value adding activities 1.000 .712
A4 - Accurate demand forecasting and balancing inventory 1.000 .438
A5 - Considering end of life during design stages 1.000 .563
A6 - Risk Management 1.000 .554
A7 - Continuous improvement process 1.000 .590
A8 - Evaluation of market and sourcing locations, e.g. local vs. distant 1.000 .636
A9 - Discussion, investigation, and selection of alternative methods/options 1.000 .591
A10 - Regular and comprehensive updates/reports 1.000 .599

Extraction Method: Principal Component Analysis. 
 

Total Variance Explained 

Component Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 4.788 47.882 47.882 4.788 47.882 47.882
2 .999 9.990 57.873 .999 9.990 57.873
3 .866 8.663 66.535    
4 .748 7.478 74.014    
5 .671 6.709 80.722    
6 .547 5.473 86.195    
7 .449 4.488 90.683    
8 .388 3.882 94.565    
9 .307 3.071 97.636    
10 .236 2.364 100.000    

Extraction Method: Principal Component Analysis. 
a. When components are correlated, sums of squared loadings cannot be added to obtain a total variance. 
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Pattern Matrixa 

 Component 

1 2 

A8 - Evaluation of market and sourcing locations, e.g. local vs. distant .871  
A3 - Identification and elimination of non-value adding activities .828  
A1 - Measurement of performance areas on all sustainability dimensions, i.e. outputs, impacts, damage .804  
A9 - Discussion, investigation, and selection of alternative methods/options .704  
A7 - Continuous improvement process .619  
A5 - Considering end of life during design stages  .783
A6 - Risk Management  .741
A4 - Accurate demand forecasting and balancing inventory  .694
A10 - Regular and comprehensive updates/reports  .658
A2 - Reduction of pollution to air, water, and land  .549

Extraction Method: Principal Component Analysis.  
Rotation Method: Oblimin with Kaiser Normalization.a 
a. Rotation converged in 7 iterations. 

 
Structure Matrix 

 Component 

1 2 

A3 - Identification and elimination of non-value adding activities .843 .517
A1 - Measurement of performance areas on all sustainability dimensions, i.e. outputs, impacts, damage .827 .514
A8 - Evaluation of market and sourcing locations, e.g. local vs. distant .790  
A9 - Discussion, investigation, and selection of alternative methods/options .764 .519
A7 - Continuous improvement process .748 .584
A10 - Regular and comprehensive updates/reports .564 .761
A5 - Considering end of life during design stages .407 .749
A6 - Risk Management .444 .744
A4 - Accurate demand forecasting and balancing inventory  .660
A2 - Reduction of pollution to air, water, and land .475 .638

Extraction Method: Principal Component Analysis.  
Rotation Method: Oblimin with Kaiser Normalization. 

 
Component Correlation Matrix 

Component 1 2 

1 1.000 .593
2 .593 1.000

Extraction Method: Principal Component Analysis.   
Rotation Method: Oblimin with Kaiser Normalization. 
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Characteristics 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .861

Bartlett's Test of Sphericity 

Approx. Chi-Square 202.067

df 36

Sig. .000

 
Communalities 

 Initial Extraction 

C1 - Alignment/synchronisation of supply chain and sustainability initiatives and goals 1.000 .695
C2 - Collaboration and trust among all supply chain stakeholders 1.000 .507
C4 - Satisfied customers, internal and external to supply chain 1.000 .409
C5 - True cost allocation, i.e. all supply chain impacts and costs are fully accounted for 1.000 .651
C6 - Existence of short/middle/long term plans with specific goals and objectives 1.000 .601
C7 - Responsiveness/agility to react to changing market requirements 1.000 .579
C8 - Following and setting best practice standards 1.000 .598
C9 - Qualified staff with expertise in supply chains and sustainability principles 1.000 .513
C10 - Minimal waste and sustained efficiency throughout supply chain operations 1.000 .571

Extraction Method: Principal Component Analysis. 
 

Total Variance Explained 

Component Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 4.164 46.271 46.271 4.164 46.271 46.271
2 .959 10.653 56.924 .959 10.653 56.924
3 .878 9.760 66.684    
4 .677 7.522 74.205    
5 .612 6.802 81.007    
6 .527 5.851 86.858    
7 .466 5.178 92.036    
8 .406 4.506 96.542    
9 .311 3.458 100.000    

Extraction Method: Principal Component Analysis. 
a. When components are correlated, sums of squared loadings cannot be added to obtain a total variance. 
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Pattern Matrixa 

 Component 

1 2 

C1 - Alignment/synchronisation of supply chain and sustainability initiatives and goals .905  
C8 - Following and setting best practice standards .771  
C2 - Collaboration and trust among all supply chain stakeholders .698  
C9 - Qualified staff with expertise in supply chains and sustainability principles .663  
C6 - Existence of short/middle/long term plans with specific goals and objectives .661  
C5 - True cost allocation, i.e. all supply chain impacts and costs are fully accounted for  .778
C10 - Minimal waste and sustained efficiency throughout supply chain operations  .761
C7 - Responsiveness/agility to react to changing market requirements  .688
C4 - Satisfied customers, internal and external to supply chain  .669

Extraction Method: Principal Component Analysis.  
Rotation Method: Oblimin with Kaiser Normalization.a 
a. Rotation converged in 5 iterations. 

 
Structure Matrix 

 Component 

1 2 

C1 - Alignment/synchronisation of supply chain and sustainability initiatives and goals .826  
C8 - Following and setting best practice standards .773 .452
C6 - Existence of short/middle/long term plans with specific goals and objectives .762 .558
C9 - Qualified staff with expertise in supply chains and sustainability principles .713 .471
C2 - Collaboration and trust among all supply chain stakeholders .711 .428
C5 - True cost allocation, i.e. all supply chain impacts and costs are fully accounted for .499 .806
C10 - Minimal waste and sustained efficiency throughout supply chain operations .433 .756
C7 - Responsiveness/agility to react to changing market requirements .515 .755
C4 - Satisfied customers, internal and external to supply chain  .638

Extraction Method: Principal Component Analysis.  
Rotation Method: Oblimin with Kaiser Normalization. 

 
Component Correlation Matrix 

Component 1 2 

1 1.000 .581
2 .581 1.000

Extraction Method: Principal Component Analysis.   
Rotation Method: Oblimin with Kaiser Normalization. 
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SSCM Maturity 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .850

Bartlett's Test of Sphericity 

Approx. Chi-Square 311.063

df 15

Sig. .000

 
Communalities 

 Initial Extraction 

M1 - Supply Chain Vision 1.000 .478
M2 - Supply Chain Strategy 1.000 .726
M3 - Supply Chain Processes 1.000 .793
M4 - Supply Chain Systems 1.000 .837
M5 - Supply Chain Culture 1.000 .760
M6 - Supply Chain Sustainability Skill Development 1.000 .737

Extraction Method: Principal Component Analysis. 
 

Total Variance Explained 

Component Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 4.330 72.173 72.173 4.330 72.173 72.173
2 .616 10.261 82.433    
3 .554 9.241 91.675    
4 .223 3.716 95.390    
5 .157 2.619 98.009    
6 .119 1.991 100.000    

Extraction Method: Principal Component Analysis. 
 
 

 
 
 

Component Matrixa 

 Component 

1 

M4 - Supply Chain Systems .915
M3 - Supply Chain Processes .890
M5 - Supply Chain Culture .872
M6 - Supply Chain Sustainability Skill Development .858
M2 - Supply Chain Strategy .852
M1 - Supply Chain Vision .691

Extraction Method: Principal Component Analysis.a 
a. 1 components extracted. 
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Appendix D.6 Correlation Analysis 

Enabler and Activity Components 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Disabler and Activity Components 
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Activity and Characteristic Components 
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Activity and Maturity Components 

 

 

 

 

 

 

 

 

 

Characteristic and Maturity Components 
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Maturity and Enabler Components 

 

 

 

 

 

 

 

 

 

 

 

Maturity and Disabler Components 
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Appendix D.7 Regression Analysis 

Influence of SSCM Maturity on SC Performance 

Descriptive Statistics 

 Mean Std. Deviation N 

Characteristics Component 2 - SC Performance 3.8438 .95517 72
Maturity Component 1 - SSCM Maturity 3.1218 1.25713 72

 
Correlations 

 Characteristics 
Component 2 - SC 

Performance 

Maturity Component 1 - 
SSCM Maturity 

Pearson 
Correlation 

Characteristics Component 2 - SC Performance 1.000 .602

Maturity Component 1 - SSCM Maturity .602 1.000

Sig. (1-tailed) 
Characteristics Component 2 - SC Performance . .000
Maturity Component 1 - SSCM Maturity .000 .

N 
Characteristics Component 2 - SC Performance 72 72

Maturity Component 1 - SSCM Maturity 72 72

 
Model Summaryb 

Model R R Square Adjusted R Square Std. Error of the Estimate Change Statistics 

R Square Change F Change 

1 .602a .362 .353 .76823 .362 39.758

 
Model Summaryb 

Model Change Statistics Durbin-Watson 

df1 df2 Sig. F Change 

1 1a 70 .000 1.971

a. Predictors: (Constant), Maturity Component 1 - SSCM Maturity 
b. Dependent Variable: Characteristics Component 2 - SC Performance 

 
ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 23.464 1 23.464 39.758 .000b

Residual 41.313 70 .590   

Total 64.777 71    

a. Dependent Variable: Characteristics Component 2 - SC Performance 
b. Predictors: (Constant), Maturity Component 1 - SSCM Maturity 

 
Coefficientsa 

Model Unstandardized Coefficients Standardized Coefficients t 

B Std. Error Beta 

1 
(Constant) 2.416 .244  9.909

Maturity Component 1 - SSCM Maturity .457 .073 .602 6.305

 
Coefficientsa 

Model Sig. 95.0% Confidence Interval for B Correlations

Lower Bound Upper Bound Zero-order 

1 
(Constant) .000 1.930 2.903  

Maturity Component 1 - SSCM Maturity .000 .313 .602 .602

 
Coefficientsa 

Model Correlations Collinearity Statistics 

Partial Part Tolerance VIF 

1 
(Constant)     

Maturity Component 1 - SSCM Maturity .602 .602 1.000 1.000

a. Dependent Variable: Characteristics Component 2 - SC Performance 
 

Collinearity Diagnosticsa 

Model Dimension Eigenvalue Condition Index Variance Proportions 

(Constant) Maturity Component 1 - SSCM Maturity 

1 
1 1.929 1.000 .04 .04

2 .071 5.194 .96 .96

a. Dependent Variable: Characteristics Component 2 - SC Performance 
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Casewise Diagnosticsa 

Case Number Std. Residual Characteristics Component 2 - 
SC Performance 

Predicted Value Residual 

47 -2.074 2.50 4.0929 -1.59293

a. Dependent Variable: Characteristics Component 2 - SC Performance 
 

Residuals Statisticsa 

 Minimum Maximum Mean Std. Deviation N 

Predicted Value 2.8735 5.1599 3.8438 .57488 72
Residual -1.59293 1.51679 .00000 .76280 72
Std. Predicted Value -1.688 2.290 .000 1.000 72
Std. Residual -2.074 1.974 .000 .993 72

a. Dependent Variable: Characteristics Component 2 - SC Performance 
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Determinants of SSCM Maturity 

Descriptive Statistics 

 Mean Std. Deviation N 

Maturity Component 1 - SSCM Maturity 3.1218 1.25713 72
Activities Component 1 - Process Management 3.9347 1.06403 72
Characteristics Component 1 - Strategic and Operational 
Alignment 

3.8111 1.01403 72

Visibility_Suppliers_Nr 1.61 .797 72
Time 2.93 2.405 72

 
Correlations 

 Maturity 
Component 1 

- SSCM 
Maturity 

Activities 
Component 1 

- Process 
Management 

Characteristic
s Component 
1 - Strategic 

and 
Operational 
Alignment 

Visibility_Sup
pliers_Nr 

Time 

Pearson 
Correlation 

Maturity Component 1 - 
SSCM Maturity 

1.000 .628 .759 .411 .619

Activities Component 1 
- Process Management 

.628 1.000 .616 .191 .345

Characteristics 
Component 1 - 
Strategic and 
Operational Alignment 

.759 .616 1.000 .361 .511

Visibility_Suppliers_Nr .411 .191 .361 1.000 .140

Time .619 .345 .511 .140 1.000

Sig. (1-tailed) 

Maturity Component 1 - 
SSCM Maturity 

. .000 .000 .000 .000

Activities Component 1 
- Process Management 

.000 . .000 .054 .002

Characteristics 
Component 1 - 
Strategic and 
Operational Alignment 

.000 .000 . .001 .000

Visibility_Suppliers_Nr .000 .054 .001 . .120
Time .000 .002 .000 .120 .

N 

Maturity Component 1 - 
SSCM Maturity 

72 72 72 72 72

Activities Component 1 
- Process Management 

72 72 72 72 72

Characteristics 
Component 1 - 
Strategic and 
Operational Alignment 

72 72 72 72 72

Visibility_Suppliers_Nr 72 72 72 72 72

Time 72 72 72 72 72

 
Model Summaryb 

Model R R Square Adjusted R Square Std. Error of the Estimate Change Statistics 

R Square Change F Change 

1 .845a .714 .697 .69252 .714 41.741

 
Model Summaryb 

Model Change Statistics Durbin-Watson 

df1 df2 Sig. F Change 

1 4a 67 .000 2.132

a. Predictors: (Constant), Time, Visibility_Suppliers_Nr, Activities Component 1 - Process Management, Characteristics 
Component 1 - Strategic and Operational Alignment 
b. Dependent Variable: Maturity Component 1 - SSCM Maturity 

 
ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 80.075 4 20.019 41.741 .000b

Residual 32.132 67 .480   

Total 112.207 71    

a. Dependent Variable: Maturity Component 1 - SSCM Maturity 
b. Predictors: (Constant), Time, Visibility_Suppliers_Nr, Activities Component 1 - Process Management, 
Characteristics Component 1 - Strategic and Operational Alignment 

 



Appendix D: SSCM Survey 

353 

Coefficientsa 

Model Unstandardized Coefficients Standardized Coefficients t 

B Std. Error Beta 

1 

(Constant) -.779 .363
 -

2.143

Activities Component 1 - Process Management .298 .098 .253 3.039

Characteristics Component 1 - Strategic and 
Operational Alignment 

.467 .118 .377 3.955

Visibility_Suppliers_Nr .289 .111 .183 2.604

Time .164 .040 .313 4.113

 
Coefficientsa 

Model Sig. 95.0% Confidence Interval for B Correlations

Lower Bound Upper Bound Zero-order 

1 

(Constant) .036 -1.504 -.053  

Activities Component 1 - Process Management .003 .102 .494 .628

Characteristics Component 1 - Strategic and 
Operational Alignment 

.000 .231 .703 .759

Visibility_Suppliers_Nr .011 .067 .510 .411

Time .000 .084 .243 .619

 
Coefficientsa 

Model Correlations Collinearity Statistics 

Partial Part Tolerance VIF 

1 

(Constant)     

Activities Component 1 - Process Management .348 .199 .619 1.616

Characteristics Component 1 - Strategic and 
Operational Alignment 

.435 .259 .470 2.127

Visibility_Suppliers_Nr .303 .170 .866 1.155

Time .449 .269 .736 1.359

a. Dependent Variable: Maturity Component 1 - SSCM Maturity 
 

Collinearity Diagnosticsa 

Model Dimension Eigenvalue Condition Index Variance Proportions 

(Constant) Activities 
Component 1 - 

Process 
Management 

Characteristics 
Component 1 - 
Strategic and 
Operational 
Alignment 

1 

1 4.508 1.000 .00 .00 .00

2 .303 3.855 .01 .00 .00

3 .133 5.833 .04 .05 .01

4 .033 11.626 .90 .42 .05

5 .022 14.203 .04 .53 .94

 
Collinearity Diagnosticsa 

Model Dimension Variance Proportions 

Visibility_Suppliers_Nr Time 

1 

1 .01 .01

2 .07 .77

3 .86 .05

4 .00 .07

5 .06 .09

a. Dependent Variable: Maturity Component 1 - SSCM Maturity 
 

Casewise Diagnosticsa 

Case Number Std. Residual Maturity Component 1 - SSCM Maturity Predicted Value Residual 

37 -3.097 2.00 4.1448 -2.14476
40 2.487 6.00 4.2776 1.72242

a. Dependent Variable: Maturity Component 1 - SSCM Maturity 
 

Residuals Statisticsa 

 Minimum Maximum Mean Std. Deviation N 

Predicted Value .6416 5.5277 3.1218 1.06198 72
Residual -2.14476 1.72242 .00000 .67273 72
Std. Predicted Value -2.335 2.265 .000 1.000 72
Std. Residual -3.097 2.487 .000 .971 72
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