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ABSTRACT 

Information Systems (IS) have long become leading enablers of organisational transformation 

and operational improvements, extensively helping in managing and improving end-to-end 

business processes through use of advanced and evolving technologies. As organisations 

relentlessly moved towards Business-to-Business (B2B), integrating processes both internally 

and with partners became a heavily researched subject. One notable B2B solution is the Inter-

Organisational Information System (IOIS). IOIS is a logical IS, shared amongst business partners, 

whereby their exchange of information and the trust it requires, are rationalised in order to 

allow business processes to flow as if they were within the same organisation. IOIS has been 

widely endorsed by businesses due to its efficiency and reliance mostly on existing 

infrastructure. As B2B relationships grew in size and complexity, and as the market shifted 

from static partnerships to dynamic relationships where associations are no longer permanent, 

IOIS also grew in complexity. Besides the need for agility, the increase in efficiency and security 

requirements engendered the proposition of Inter-Organisational Middleware System (IOMS) 

as a specific integration component inside IOIS. IOMS is responsible for the technical bridging 

between various heterogeneous systems, effectively allowing information to cross 

organisational frontiers. Beyond its technical contribution, IOMS has remarkably grown into 

proactively managing parts of business processes that flow through it, adding more efficiency 

through tasks like data validation, information management, and reporting. While the 

technical aspects of IOMS are well accepted, organisations still tend to lack acknowledgement 

of its importance as a core business system. This has led to failure to allocate proper resources 

and strategies for the management of IOMS processes, culminating in the generation of the 

problem of legacy processes for a relatively new concept. When these legacy processes can no 

longer be managed and updated using standard or vendor tools and methods, they become 

effectively Unupgradable. An Unupgradable Legacy Process (ULP) in IOMS is notoriously 

difficult to manage or reengineer, and it requires extensive and costly resources just to remain 

functional. The situation becomes more exasperating when multiple ULPs are entwined. 

The topic of ULPs in IOMS is increasingly identifiable in practice, and has been witnessed by 

the researcher throughout the fourteen years of involvement in over eight hundred IOIS and 

IOMS implementation projects. Through the numerous roles held in these projects, diverse 

lenses were developed to observe different facets of the ULP problem, which culminated in 

the realisation that the problem needs to be investigated in a structured, rigorous, academic 
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way. However, the subject is yet to attract significant research interest, and this can be 

attributed not only to the recency of the IOMS domain, but also to the combined technical, 

practical, and business process knowledge required from the researcher. This is a classic 

problem of interest divergence between academics and professionals, and while bridging such 

a gap is a well-documented challenge, methodologies like Action Research (AR) and Design 

Science Research (DSR) have long been hailed as fitting for addressing such issues. Borrowing 

from the two approaches, the research proposes the Insider Action Design Research (IADR) 

methodology as an approach for practitioners to conduct research in a manner pertinent to 

their practical organisational problems. IADR is multi-methodological by design, and enables 

the creation and evaluation of relevant artefacts through actionning multiple feedback-based 

cycles of observation, theory building, experimentation, system design, and implementation.  

Using IADR to guide its course, the research aims to answer the question of how organisations 

can approach upgrading ULPs in their IOMS in a standardised way. The research has three 

overarching goals: (1) assimilate existing knowledge and address the gaps; (2) propose 

solutions to contain the creation of ULPs in IOMS; and (3) put forward mechanisms to address 

existing ULPs in IOMS. Apart from the proposition of IADR, the aim of the research is to (1) 

investigate and comprehend concepts around business integration and how to enable it, (2) 

understand, define, and delimit the domain of IOMS and its ULPs, (3) evaluate the impact of 

existing project management methods on process change in IOMS, (4) study what constitutes 

a successful change in organisational context, (5) propose an IOMS-specific framework for 

governing process change in IOMS, (6) design IOMS-tailored architectural pattern and 

architecture for managing processes and technologies, (7) propose a set of roadmaps for 

upgrading ULPs in IOMS, (8) implement various research artefacts in real-case scenarios, and 

(9) rigorously evaluate outcomes both from academic and industrial aspects.  

The evaluation process is based on Hevner et al.’s methodology for assessing DSR artefacts, 

and includes the collective application of multiple complementary evaluation methods, 

supported by a continuous and prompt return of feedback into IADR cycles. While each 

research artefact is promoted as independent and individually implementable, their 

interweaving nature is reflected in the fact they are holistically conceived and implemented, 

and simultaneously evaluated. The implementation, and evaluation of these artefacts were 

executed in the context of two large international organisations with complex IOMS, large B2B 

capabilities, and significant IOIS investments. Research findings were published and presented 

in renowned conferences for further feedback, culminating in the publication of eleven papers. 
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CHAPTER 1    INTRODUCTION 

History suggests that, since early human civilisations (Mesopotamia), doing business and making 

profits has always been an integral part of society’s fabric. Moreover, the further advanced a 

civilisation is, the more profit-oriented are trades under its ruling (Roberts, 2011). Initially, commerce 

was Business-to-Consumer (B2C) oriented, focusing mainly on offering food, clothes, and shelter 

(Roberts, 2011). However, as the principle of credits became prominent, Business-to-Business 

transactions (B2B) started to gain interest (Roberts, 2011). With the consistent increase in ways to 

amass wealth, businesses grew in sizes and ideas, but also in rivalry and complexity. The arrival of 

Information Technology (IT) then predestined a permanent change in the rules of engagement. 

Indeed, since the first punch card was created by Herman Hollerith in 1890 (Ceruzzi, 2013), humanity 

has seen a gradual but intensive incorporation of computer systems in multiple fields, disciplines, 

activities, and professions. New theories, domains, and principles, both in business and social 

environments, have since developed, and humans and their organisations endorsed various 

advantages computers brought, while they also thrived to resolve challenges emerging with the use 

of technology. When looking at the history of IT and Computer Science (e.g. Ceruzzi, 2013; and 

Hoonlor, Szymanski, Zaki, & Thompson, 2013) one clear conclusion that can be drawn is that the 

continuity of their evolution is structural and unavoidable. There is always the next big thing in IT, and 

what is deemed ‘state-of-the-art’ today is fated to become a legacy problem tomorrow (Bennett, 

1995). As part of this evolution, the field of Information Systems (IS), also referred to as Management 

Information Systems (MIS), has come to light in early 1960s as a synthesis of Computer Science, 

Management Science, and standard organisational activities such as accounting (Hirschheim & Klein, 

2010). Instead of focusing on technology itself, IS’s interest has been about the information that is 

handled by this technology. As IS gained significant influence in supporting business processes, the 

frontier between what is considered as an IS process and what is considered as a business process has 

become blurred to a point where they can no longer be easily separated (Scheer, 1992). An important 

effect of the amalgamation of IS and business processes has been the widespread quest to align 

organisational strategies for both. 

The use of IT and IS has led to improving efficiency of business processes within and amongst 

organisations. These processes moved from being a cluster of conceptually dependent but technically 

independent tasks relying on manual intervention to connect them, into highly or fully automated 

chains of processes where the output of one becomes the input for other(s). Similarly, business 

partners started working as trusting allies both to confront competition and to improve what they 
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offer to each other and to end-users (He, Jrad, & Sundaram, 2015). Concepts like Business-to-Business 

(B2B) and e-commerce were subsequently developed to reflect the promises and excitement IT has 

brought to the business world. 

1.1 Business Integration through IOIS 

The IT revolution has seen research in the subject of business integration flourishing both at 

technological levels, e.g. creation of multiple standards for information exchange, and conceptual 

levels, e.g. addressing ethical and legal challenges associated with integration. In particular, the 

concept of the Inter-Organisational Information System (IOIS), which started with the arrival of the 

Electronic Data Interchange (EDI) standard (O’Donnell & Glassberg, 2004) in the mid-1960s 

(Http://edi-guide.com, 2013), has been acknowledged both at academic and operational levels as a 

better way of integration between partnering organisations. IOIS can be regarded as the IS that is 

shared between two or more organisations (Maghrabi & Gargeya, 2012) aiming at increasing their 

competitive advantages (Chaffey, 1998) and reducing their production and information management 

costs (Nagy, 2005) through improvement of their B2B processes. Business partners, albeit 

independent, would function as if they were different departments from the same organisation (Jrad 

& Sundaram, 2016c). Different models of IOIS have been put forward to respond to different contexts 

and types of relationships, and literature is filled with attempts to explain the phenomena and resolve 

associated challenges. 

1.2 Practical Problems and Challenges 

As IOIS solutions and models increased in numbers and depth, and as communication and data 

exchange standards expanded, the integration capabilities of IOIS required increased attention. The 

component responsible for such integrative role inside IOIS has subsequently seen a whole market 

open for it, offering specific integration solutions to business. This component has however lacked a 

clear definition and naming, and it has therefore been labelled inconsistently, loosely being called in 

common parlance as ‘Middleware’ (Jrad, Ahmed, & Sundaram, 2013). This research refers to it as the 

Inter-Organisational Middleware System (IOMS) (Jrad, 2014). IOMS aims at accommodating both new 

and older technologies used by organisations to process their business transactions. It therefore 

allows seamless integration between heterogeneous IS from various partners (Figure 1-1). 

While the concept of IOMS is relatively new, it appears to have matured too quickly and has already 

begun experiencing the challenges of legacy processes. Though it seems absurd that a relatively new 

concept could suffer from such a gargantuan issue (Jrad & Sundaram, 2016a), in effect, upgrading 

legacy processes in IOMS is a well-known problem in the business world today. They are usually buried 
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deep inside the organisation’s business processes, making them hard to understand, appreciate and 

manage. Additionally, IOMS legacy processes are heavily technical and have no direct or clear impact 

on business metrics (such as profits) to warrant a significant interest from stakeholders. By the same 

token, these legacy processes, among other IOMS processes, are substantially critical for live business 

processes and, as such, outages to address them are usually resisted (Jrad et al., 2013). Consequently, 

it is far from unusual that calls for upgrading IOMS processes are resisted by decision makers, in the 

process creating a significant build-up of legacy processes that can no longer be addressed using 

standard tools and practices. These are referred to as Unupgradable Legacy Processes (ULPs) (Jrad et 

al., 2013). 

 

Figure 1-1 B2B Integration Through the Use of IOIS and IOMS. Author’s Creation (Jrad, 2014) 

In practice, when an organisation can no longer ignore ULPs, a stressful, costly and potentially lengthy 

effort to address them is initiated (Jrad, Ahmed, & Sundaram, 2016). In particular, security matters 

are often weakened with the existence of ULPs. Indeed, subjects like traceability (capacity to properly 

verify the source of actions taken against the systems), non-repudiation (impossibility of false 

ownership denial for actions taken against the systems), accountability (answerability for actions 

taken against the system), and auditability (capability to duly examine activities actioned against the 

system), become harder to implement. Furthermore, the need to deal with IOMS’s ULPs goes beyond 

specific IOMS changes and projects. Indeed, IOMS is virtually involved in every cross-organisational 

business transaction, and as such, their involvement in IS and IOIS projects is pervasive. Although 

smaller projects may be able to work around IOMS’s ULP issues because of their smaller impact on 

business processes, large integration and upgrade projects have been found to suffer significantly 
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from the lack of standardised approach when dealing with IOMS’s ULPs (Jrad & Sundaram, 2015b). 

And while IOMS vendors have repeatedly reflected the sentiment about the difficulty in handling these 

legacy processes (Jrad et al., 2016), practically no effort to investigate or standardise approaches to 

handle or upgrade them has been put forward. To some extent, this could be explained by the 

pecuniary and customer-lockup advantage taken by some vendors when implementing lengthy ad-

hoc solutions of which they are virtually the only entity capable of managing (Jrad & Sundaram, 

2015c). These various observations are constructed on the researcher’s fourteen years of involvement 

in over eight hundred IOIS and IOMS projects, more than sixty of which were of a large nature. The 

numerous roles held throughout these projects from project management, to solution architecture 

and design, to implementation and support, permitted the development of a multi-lenses approach 

to observing, assessing, and assimilating the problem of ULP and the environmental factors that 

caused its creation and proliferation. 

To properly understand the problem of ULPs, it is critically relevant to differentiate between two types 

of processes inside IOMS (Jrad & Sundaram, 2016c). On one hand, there are the internal processes 

which are part of the IOMS ‘engine’. These processes exist even if there is no business transaction 

traversing IOMS. For instance, logging processes are responsible for recording events such as server 

startups and errors. On the other hand, there are the business-oriented processes which are 

developed inside the IOMS to enable it to support business processes. They use internal processes to 

perform their tasks.  

Changes in IOMS result from a need to update its internal processes, its business-oriented process, or 

to address a contextual business requirement or risk (Figure 1-2). The loss of vendor support or a 

change in the technical, business, or legal framework would trigger such requirements. Modifying 

internal processes is a purely technical exercise aiming at updating the engine room and keeping the 

application operational and up-to-date with the latest patches, corrections, and technologies, usually 

with standard (low) risks. On the other hand, changes to account for alterations in business processes 

or business context bring with them higher impact and risks to the business (Jrad & Sundaram, 2016c). 

While the notion of ULPs in IOMS could be associated with its internal processes, this is a rare 

occurrence. Because IOMS products usually mature quickly, it is unlikely to find critically problematic 

bugs in their internal processes beyond the years while the product is still under vendor support. On 

the other hand, custom processes in IOMS that were developed by the organisation as part of 

supporting business processes are the ones vulnerable to unupgradability issues. Indeed, they may 

work properly for years, and therefore go forgotten until they become ULPs. A reason behind such 

scenario is that IOMS vendors endeavour for backwards compatibility between IOMS product 
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versions. And while this is important for stability in the management of the product’s lifecycle, it 

becomes part of the problem when such compatibility can no longer be kept. In one scenario 

encountered in the research, some previously permitted characters became reserved in the new 

version of the underlying coding language, and processes that were operating before in effect became 

ULPs. 

 

Figure 1-2 Changes in IOMS. Author’s Creation (Jrad & Sundaram, 2016c) 

1.3 Research Problems and Issues 

Management of changes and upgrades in IS in general and IOIS in particular has been well researched 

as a topic. Literature on processes’ lifecycles management is also in abundance, including how to 

address the problem of legacy processes. However, the same subjects still lack significant interest in 

the field of IOMS. There are indeed multiple gaps which are of interest to the research. 

First, as noted in in the previous section, IOMS lacks a clear, let alone universal, definition, despite it 

clearly representing an independent domain1 with its own sphere of knowledge, facts, activities, 

                                                           
1 The word Domain is defined as ‘a specified sphere of activity or knowledge’ (Oxford Dictionary Of English, 2017) 
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expertise, market solutions, and knowledge groups (Jrad, 2014). In fact, prior to this research, IOMS 

lacked even proper naming, with common practice to either borrow the names of narrower concepts 

(e.g. Enterprise Service Bus or Enterprise Application Integration), or broader designations (e.g. 

Middleware). These names do not reflect what IOMS is about and what it actually offers. 

The second noticeable research gap is the lack of enquiries into standardising the upgrade process in 

IOMS, and the absence of predefined approaches to address any legacy processes they may contain. 

There are two general and erroneously held assumptions that have been guiding the management of 

IOMS: The first is that IOMS is an integral part of IOIS, and as such its upgrade is only researched as 

part of IOIS upgrades. The second is that since its processes are part of business processes, IOMS is 

therefore to be managed along with the Enterprise Resource Planning (ERP) systems it services. The 

lack of true understanding of the role and complexity of IOMS is in fact a major reason behind the 

appearance of its ULP problems. The scarcity of investigations into standardising the management of 

IOMS as an independent field of research, and the disinterest in examining its ULP matters, motivated 

solution providers in the market to create their own methodologies and offer ad-hoc consultancy 

services to address these issues on a case-by-case approach. Furthermore, models, processes, and 

roadmaps developed by vendors to upgrade their own products, while helpful, are commonly product 

and version specific. They lack generalisability, and are largely oblivious to the problems of legacy 

processes. All this has translated into complicated and costly upgrade projects for businesses, with 

little learnt for subsequent changes, both for the organisation and the wider community (Jrad, 2014). 

The main issue underneath this collection of problems, which is of interest to this research, is the lack 

of specific literature, standards, and general solutions to address upgrading ULPs in IOMS without 

having to worry about other components of the IOIS, or other non-legacy IOMS processes, or indeed 

other IS components outside IOMS. Such lack of research finds its roots in three causes. Firstly, 

organisations have been reluctant to allocate presumably high costs in order to manage a system that 

is hidden inside IOIS, and which has no clear impact on business metrics and goals. Only when ULPs 

can no longer be ignored, effectively affecting business processes, do stakeholder usually show 

interest in the subject. Secondly, research interest is yet to catch up with such a recent domain. 

Furthermore, requiring both advanced field knowledge and research academia, it can be arguable that 

those with the proper knowledge are in fact practitioners who are not familiar with, or interested in, 

academic research in general. Thirdly, the chaotic situation of the ULPs and the frantic quest to offer 

newer and better solutions has enabled a dramatic increase in the value of IOMS solutions businesses, 

potentially translating into higher income and client retention. The logic of ‘the longer the chaos, the 

more profitable’ could partially account for the fast-paced growth of IOMS market, which has already 



7 | P a g e  
 

surpassed the US$8 billion by 2015 and has been predicted to reach beyond US$13 by 2020  (Global 

Enterprise Application Integration Market Report, 2016). 

1.4 Research Question and Objectives 

This doctoral research embodies an attempt to remedy the aforementioned research and practical 

gaps and limitations through the proposition of multiple artefacts addressing the problem of ULPs in 

IOMS. It will address the need to limit/stop the occurrence of ULPs, and address the existing ones. The 

aim is to achieve this goal while minimising challenges, disturbances, costs, and efforts, for adoptive 

businesses. The research answers the question of how “organisations can approach upgrading 

unupgradable legacy processes in their Inter-Organisational Middleware Systems in a standardised 

way”. While the research scope has been narrowed to the ULPs inside IOMS (Figure 1-3), the hope is 

to stimulate deeper interest in investigating matters related to IOMS at both general and ULP levels. 

Subjects like administration, security, and scalability of IOMS systems and processes are just some of 

the many interesting subjects that need attention if the domain is to be better understood in general 

and under control for businesses. 

 

Figure 1-3 Research Scope. Author’s Creation (Jrad, 2014) 

To attain its goals, this research will need a research methodology that can guarantee three 

requirements: 
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- Rigour and generalisability: The outcomes of this research need to be rigorously developed, 

implemented and evaluated, and need to be proven as generalisable. 

- Relevance: This research aims at adding value not only to general knowledge but also to the 

well-defined practical problem of ULPs in IOMS. 

- Production of a system (or a solution): Relevance alone could mean that outcomes of a 

research may not be imminently practical, but instead useful as baseline understandings of a 

phenomena, and/or basis for the construction of other artefacts. Outcomes of this research 

need to actually resolve the practical issue by producing effective solutions that organisations 

can use to address the ULP issues in their IOMS. 

The Insider Action Design Research (IADR) is a methodology that will be developed as part of this 

research and will be used throughout its course to conceive, implement and validate research 

artefacts. These artefacts are what effectively represents the added value the research will be offering, 

and they will be structured into four main chapters. First, the purpose of the research will be appraised 

both through review of existing literature, and highlights of research gaps, problems, issues, and 

requirements (Chapter 2). The Methodology (Chapter 3) will then present the reasons and principles 

in developing IADR, and how relevant it is in addressing research objectives and framework. Chapter 

4 will discuss the design of various artefacts aimed at answering the research question, before the 

evaluation and validation of these artefacts is discussed in Chapter 5. Finally, the Conclusion will 

summarise the work and assess its limitations and potentials for future research.  
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CHAPTER 2    LITERATURE REVIEW 

A doctoral research aims at producing an original contribution to the discipline in which it is 

conducted. As such, a researcher is required to investigate existing knowledge and literature to ensure 

that they are taken into consideration when articulating research question(s), and that they are used 

as the basis for the research in its contribution to science. This principle of cumulative knowledge has 

long been emphasised as a basis for knowledge creation, and can be seen in Bernard de Chartres’s 

twelfth century statement of “nani gigantum humeris insidentes” (Prioreschi, 2002), which has since 

been used by multiple scientists, such as its Isaac Newton’s translation as “If I have seen further it is 

by standing on the shoulders of giants” (Newton, 1675). In adopting such a principle, this research 

reviews current literature and other knowledge bases that are critical and relevant to its objectives. 

The aim is to investigate the field of business integration, and research and propose a standardised 

approach for organisations in upgrading Unupgradable Legacy Processes (ULP) inside their business 

middleware systems. First, it reviews the concept of a ‘process’, particularly in business and IS 

contexts, and looks at drivers and challenges for upgrading processes with an emphasis on legacy 

processes. The notion of processes’ integration is then explored, and existing terminologies classified 

using different levels of abstraction. The research then focuses onto investigating businesses 

integration and the concept of Inter-Organisational Information Systems (IOIS). The middleware 

component of the IOIS is then discussed, with a specific attention to upgrading legacy processes it may 

contain. Research Problems, Issues, Questions, and Requirements are then presented, before the 

chapter is summarised. Figure 2-1 highlights the direction this research took in reviewing existing 

literature. 

 

 

Figure 2-1 Direction for Literature Review 
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2.1 Processes 

 

The word Process was incorporated in the English language in the early 14th century (Buck, 1949; 

Online Etymology Dictionary, 2017), and gained its current meaning towards the middle of the 17th 

century (Online Etymology Dictionary, 2017). It finds its origins in the Old French word ‘proces’, which 

means “a journey, continuation, development”, and the Latin word ‘processus’ which means “a going 

forward, advance, progress” (Buck, 1949; Online Etymology Dictionary, 2017; Oxford Dictionary of 

English, 2016). Oxford University and Cambridge dictionaries define a process as a series of actions 

taken in order to achieve an end result (Cambridge Dictionaries Online, 2013, Oxford Dictionary Of 

English, 2016). The process, therefore, defines what is to be achieved, while the actions, or 

procedures, define how to achieve it (ITIL V3. Glossary of Terms, Definitions And Acronyms, 2007). 

From practical perspective, the process and its associated actions must ultimately produce a change 

or a development (Collins English Dictionary, 2000). 

From these definitions derives the insight that the two fundamental characteristics of a process are 

the sequence (i.e. order) of actions it includes and the fact that these actions share the same 

objectives. If these actions are not performed in the predefined sequence, or if their collective does 

not have a common purpose, they are not considered as part of the same process. Furthermore, the 

set of actions need to achieve a change or a development. In other words, if a process achieves 

nothing, then it should not be labelled as one. And while Capability Maturity Model Integration 

(CMMI) program stipulates that documentation is required in order for the process to have an actual 

definition (CMMI For Development, 2010), such requirement does not hurt the definition of a process 

since understanding the sequence and aim of procedures within a process represents the underlying 

material for the process documentation itself. 

There are many ways to graphically model and present a process, with one of the most commonly 

used methods in business being a set of steps with pointers connecting them (Figure 2-2). 
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Figure 2-2 Selection of Common Graphical Presentations of Processes and their Flow 

2.1.1 Business Processes 

A business process consists of a set of identifiable coordinated activities that are performed in an 

organisational and technical context (Rosemann, 1998; Weske, 2012). These activities effectively work 

together to transform business objects, such as a Purchase Order or an Invoice, to realise a common 

business goal (Weske, 2012), with the overall aim being to create competitive advantage for the 

organisation (Manouvrier & Mnard, 2008). While each business process is enacted by a single 

organisation, it might interact with business processes performed by other organisations (Weske, 

2012). 

The business process is self-contained (Rosemann, 1998), temporal, and may cross many functions 

and hierarchies (Sharp & McDermott, 2008), necessitating interaction between applications and/or 

users in different entities (Manouvrier & Mnard, 2008). In reality, because business processes do not 

always conform to their design specifications, there is a difference between an abstract business 

process and its practice (Davenport, 2000). Such discrepancy becomes more obvious when a business 

process traverse many departments in an organisation creating a set of new challenges, especially 

where boundaries are rigid and ownership is deemed important (Fry, 2005). 

A business process usually performs as part of a group of likewise business processes, each with its 

own inputs and outputs. While some of these parameters are physical, such as raw material, 
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informational inputs and outputs enable the physical activities to occur in accordance with the 

business processes’ designs. Information outputs of a preceding process represent the inputs of the 

following process, effectively creating a Process Chain (He et al., 2015; Scheer, 1992). The chain is 

event-driven, starting with a logical event (Weske, 2012), before middle events occur in succession, 

and ends with a result event (Figure 2-3). 

 

Figure 2-3 Conceptual Process Chain from Start Event to Result Event 

An actual business process chain can for example be the processing by an organisation of a customer’s 

request to buy a product. Such process may consist of the following activities (Figure 2-4): 

- A Purchase Order (PO) is received from the customer; 

- The PO is validated, including the header (sender, date of PO emission, etc.) and the content 

(product code, quantity, etc.); 

- The PO is registered in the business management software, and an acknowledgement is 

returned to the customer; 

- Actual production of goods starts; 

- Once production completed, product stock is adjusted accordingly; 

- A delivery note is created against the PO and sent to the customer informing them about what 

and where it is being delivered; 

- Goods are delivered and with them a Delivery Notice is sent; and 

- An invoice is created and sent to the customer. 
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Figure 2-4 Example of Process Chain: Simplified Information Processing for Goods Purchase 

As process chains become complex (Scheer, 1992), multiple processes might belong to different 

process chains and processes from the same process chain might belong to different organisations. 

The cross-organisational chain is referred to as Process Choreography (He et al., 2015; Weske, 2012). 

A Process Choreography is, therefore, a chain of process chains that runs across multiple organisations 

(Figure 2-5). 

 

Figure 2-5 Process Choreography 

The aim of a process choreography is to streamline the process chain of each participating 

organisation by eliminating redundant and unproductive procedures which in turn results in cost 

reduction (Weske, 2012). In return, it requires addressing complex factors such as legal, 

communication, and technical challenges (Weske, 2012), as well as the element of trust between the 

partnering organisations (Jrad & Sundaram, 2016a).  
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2.1.2 Processes in Information Systems 

Information Systems (IS) comprise four elements: Hardware, software, processes including parts of 

business processes, and users (Sommerville, 2005). While a process in its integrity belongs to a specific 

IS the other elements can be shared amongst various IS. For instance, a physical or virtual server (e.g. 

website hosting servers), or an application (e.g. online java applets), or users (e.g. external 

consultants) can be part of multiple IS at the same time (Figure 2-6). 

 

Figure 2-6 Information Systems Components in a Business Context 

An IS process still conforms to the general definition of a process, but with extra specificities. 

Information Technology Infrastructure Library (ITIL) defines processes as structured sets of related 

activities designed to accomplish a set of specific objectives in a measurable, usually repeatable, 

manner. “It will have defined information inputs and outputs and will consume resources and will be 

subject to management controls over time, cost and quality. It will also need to balance benefits 

against risks” (ITIL V3. Glossary of Terms, Definitions And Acronyms, 2007). The two notable additions 

in the ITIL definition are: 

- An IS process is fundamentally built around information, receiving some as input, and 

returning some as output. This is different to the business process which on the other hand 

may contain both information and physical inputs (e.g. raw material) and outputs (e.g. 

finished goods). 

- An IS process needs to be in line with the business context. 
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The definition however, makes the separation between processes in IS and in business unclear. 

Because an IS process is a close reflection of the business process it serves (Scheer, 1992) and may 

contain business rules (Maxim, 2001), both are mutually inclusive and tightly dependent, and the 

boundary between what could be considered as an IS process and what could be considered as a 

business process is blurry (Jrad & Sundaram, 2015c). The example in Figure 2-4 is an illustration of how 

critically IS processes influence businesses processes (Scheer, 1992). Moreover, it is possible for an IS 

process to be associated with multiple business processes and vice versa, making dependency 

between IS and business process a deeply tangled one. That is why, typically, an organisation first 

designs its business processes, and then designs the IS processes to support the former. However, if 

the IS processes are unable to deliver the desired support for the business processes, the latter might 

become the subject of reviews and upgrades. 

2.1.3 Upgrading Processes 

In general, a business process passes through four lifecycle phases (Caron & Vanthienen, 2011; Weske, 

2012): Phase 1: design/analysis/creation, Phase 2: implementation/configuration; Phase 3: 

enactment/use, and Phase 4: evaluation/improvement/retirement. Once implemented, a business 

process is expected to run its lifecycle before a replacement process takes over. Sometimes however, 

a process’s lifecycle might be shortened, such as to accommodate a change in the underlying 

technology. An example would be when a component of the process is no longer compatible with the 

newly updated environment, such a new Operating System. Conversely, one process may have its 

lifecycle prolonged beyond its use-by date, and the evaluation part of Phase 4 is responsible of such 

prolongation. In reality however, even if a process has been determined as requiring an improvement 

(prolongation of lifecycle) or a reengineering (end of lifecycle), organisations may resist such change 

for various reasons, including financial (e.g. deferring costs to a later fiscal year or to the subsequent 

owner if the organisation is being sold), organisational (such as prioritising between upgrade 

candidate processes), or technical (e.g. when the process is hard to unravel due to lack of required 

technical knowledge) (Rosemann, 2001). Rosemann (2001) argues that upgrading an existing process 

should only be considered if it aims at improving either their outcomes, their flows of activities, or the 

resources they use. While such suggestion might make sense at face value, it ignores the fact that the 

further a process’s life is prolonged beyond its intended lifecycle the harder it is to successfully 

upgrade it (Jrad et al., 2016). Smith and Watson (2013) attribute the success of a process upgrade to 

three critical factors: 

- Total integration of organisation’s vision, strategy and planning along the entirety of the 

project. 
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- Strength and effectiveness of the new processes. 

- Leadership. 

Upgrading an IS process that is supporting business processes may occur without a direct need to 

upgrade the concerned business processes themselves. However, such change would not only affect 

the underlying code that makes up the process. Instead, it affects all four IS layers of Hardware, 

Software, Business process, and Support (people) (Sommerville, 2005). Changing one layer is therefore 

likely to introduce requirements for changes in some or all of the other layers (Sommerville, 2005). 

And it is the impact of the change on various IS layers that would ultimately dictate whether the 

business processes require changes as a result of changes in IS process. 

2.1.3.1 Drivers for Upgrades 

Upgrades are simply unavoidable (Dumitraş & Narasimhan, 2009). A change in the landscape in which 

the organisation is running its business, such as new legislative regulations or new customer 

requirements, will likely result in a request to enhance the business process. On the other hand, many 

organisations cannot afford systems downtime, and subsequently attempt to organise maintenance 

and modifications through planned events such as upgrades (Dumitraş & Narasimhan, 2009). 

There are multiple motivations for requirements to change, update, or uphold an existing or legacy 

system (Devine, 2008), and the majority of decisions to embark on upgrade projects are driven by one 

of two areas: the business operations or the IT operations; each having its own dynamics: 

- Business Operations Drivers: an organisation’s reasons to upgrade a business process and its 

associated IS processes can be classified into two categories: 

o Structural changes in the organisation: A change of ownership of a business unit via 

spin-off (divestiture), equity carve-out, split-up or sell-off are some of the reasons for 

updating an existing process (Smith & Watson, 2013). Structural changes are 

remarkably challenging and disruptive due to the fact they affect the very structure 

of the organisation. For instance, divesting business unit would involves untangling 

years of integration efforts with the aim to reflect the new profile of the organisations 

involved (Smith & Watson, 2013). 

o Business challenges: Goals like improvement in quality of service, reduction in costs, 

meeting new regulations; or increase in processed transactional volumes are some of 

many drivers for businesses to initiate upgrade projects (Manouvrier & Mnard, 2008). 

- IT Operation Drivers: Although IS processes might only have the goal of supporting business 

processes, and despite the fact that often new technologies are actually a prolongation or 
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generalisation from the previous ones (Manouvrier & Mnard, 2008), it is possible that IS 

processes require review for technical purposes (Manouvrier & Mnard, 2008): 

o Loss of competencies might force a company to break its dependence on technology. 

A common cited example is the mass retirement of COBOL programmers which forced 

organisations to move away from the coding language. 

o Obsolescence of software, which usually equates to lack of vendor support and 

restriction on quick and affordable customisability. Obsolescence could be direct, but 

also indirect, such as when software is dependent on a particular technology, or a 

version of it. If that technology becomes obsolete, the dependent software would 

consequently require to be addressed accordingly. 

o Organisations may see an increased need to reduce costs or improve efficiency of a 

process. This is valid when software was built for a specific context (e.g. small number 

of local users, with minimum security feature, etc.) and that context subsequently 

changes (e.g. number and dispersion of users has increased). 

2.1.3.2 Challenges of Upgrades 

The completion of an IS upgrade project can be deceptively complex, especially for organisations that 

fail to fully recognise the time and effort required for such critical initiative (Beatty & Williams, 2006; 

Dumitraş & Narasimhan, 2009). Subsequently, successful implementations of large software projects 

are actually less common than it may be believed (Scott & Vessey, 2002). Dumitraş and Narasimhan 

(2009) referred to a 2007 internationally-run survey which concluded that, on average, 8.6% of IS 

upgrades fail, with some reports reaching failure rates up to 50%. Broken dependencies, unexpected 

system behaviour, and incompatibility with legacy processes have been identified as the main reasons 

behind these failures. Another reason is the faults within the upgrade procedure themselves 

(Dumitraş & Narasimhan, 2009). In fact, force-feeding the wrong methodology to upgrade projects is 

a recipe for disaster (Jrad et al., 2016; Jrad & Sundaram, 2015a). Bennett (1995) adds user’s resistance 

to change as another factor, and McCamant and Ernst (2003) posit that substituting an IS element by 

a pre-conceivably compatible replacement may lead to a change in the behaviour of the entire system, 

requiring more complex and lengthier interventions than initially anticipated. Indeed, systems 

compositions and specificities need clear understanding instead of only basing the change on general 

system requirements and vague procedures. Raley and Etzkorn (2004) observe that organisations 

usually make the following common errors when upgrading components of their IS: 

- Inadequate goals and/or expectation by management. 

- Lack of user training. 
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- Loss of functionality in the new system. 

- Lack of realistic compatibility testing tools. 

- Lack of bottom-up input from users to management. 

- Inaccuracy in assessing the As-Is systems. 

- Delays in deliverables. 

- Lack of sufficient human resources. 

Manouvrier and Mnard (2008) add “the myths about upgrading” as a common error, which represents 

the gap between what is believed and what is actual in relation to upgrade projects. A well-

documented example of IS myths is the use of XML. The standard was initially endorsed as a means 

to simplify business processes and reduce associated running and maintenance costs. It was believed 

to be able to bring seamless business integration and be universally endorsed as format for 

information exchange between partners, leading many organisations to expect easier and faster 

(hence cheaper) integration with partners (Beck, Weitzel, & König, 2002). However, the creation of 

multiple XML standards has made the ease of integration in fact difficult to achieve (Beck et al., 2002). 

Manouvrier and Mnard (2008) also claim that, because most integration solutions purchased are not 

fully implemented or generalised, organisations find themselves stuck in a continuous loop of 

incomplete upgrade projects. The more customisation the system requires, i.e. the more it deviates 

from the standard market version, and the more geographically and structurally dispersed the 

implementation is, the higher the complexity and challenges for the upgrade project (Beatty & 

Williams, 2006; Markus, Tanis, & Fenema, 2000). Upgrading Enterprise Resource Planning (ERP) 

systems is a known example of complex upgrades frequently going wrong. Beatty and Williams (2006) 

estimate that while organisations worldwide continue to allocate considerable budgets toward either 

completion of their initial ERP systems installations or subsequent upgrades, the final cost for such 

upgrades can increase by up to 30% of the originally estimated cost. This discrepancy can be attributed 

to the ‘push-pull’ factor in decision making related to the upgrade project (Beatty & Williams, 2006). 

On one hand, business executives and owners are anxious to quickly leverage the significant budget 

they have already spent (Organisational push), and on the other hand, organisations are being 

persistently persuaded by software providers to upgrade to newer versions or releases (Vendor pull). 

Vendors pressure organisations primarily as a result of their own financial pressures but also as a mean 

to improve the functionality and quality of the solutions they offer (Beatty & Williams, 2006). 
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The technical and financial risks that come with upgrade projects have naturally pushed organisations 

to continuously question the need to upgrade: Are upgrading demons nicer than the existing ones? 

This dilemma reflects the fact that on one hand replacing a legacy systems is both expensive and risky, 

but on the other hand maintaining such legacy system is also expensive and risky (Dumitraş & 

Narasimhan, 2009). Rosemann (2001) posits that assessing which processes require upgrade can be 

done through ranking them based on Hammer and Champy’s triple criteria:  

- Dysfunction: Which processes are in the deepest trouble? 

- Importance: Which processes have the greatest impact on the company? 

- Feasibility: Which processes are the most susceptible to successful redesign? 

Keen (1997) developed the “Process Worth” concept, to help decide if a process is still performing 

within acceptable costs or if it has become a “liability” and hence worth the upgrade (Figure 2-7): 

 

Figure 2-7 Process Worth Evaluation (Keen, 1997)  

Organisations often attempt to optimise the effort and reduce the cost of upgrade project through a 

pragmatic approach in assessing which processes require upgrade (Jrad et al., 2016): 

- Processes that can be left alone are indeed left alone; then 

- Processes that can be quickly upgraded are good candidates for the upgrade; then 

- Processes that critically need to be upgraded are candidates for reengineering; and then 

- Processes that critically need to be upgraded but cannot be reengineered are considered as 

legacy processes, to which an ad-hoc solution is required. 
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2.1.4 Upgrading Legacy Processes 

Legacy processes are processes that have been in service for a long time (Maxim, 2001), well beyond 

their intended lifecycles. They are critical enough for the company not to decommission them (Maxim, 

2001) and are usually developed using now-obsolete technologies (Bennett, 1995; Jrad et al., 2013). 

They tend to be unwieldy, monolithic, and inflexible (Erlikh, 2000), and they rarely have complete 

specifications, with past changes unlikely to have been well documented, if at all (Maxim, 2001). 

Legacy processes may contain embedded business rules that are not formally documented elsewhere 

and wider business processes are likely to be reliant on these legacy processes (Bennett, 1995). 

The abundance of definitions for legacy systems, legacy software, and legacy processes is 

counterbalanced by a lack of clear criteria by which a process can be deemed as legacy. It appears that 

there is a feel factor in qualifying the legacy character, and that feel increases or decreases depending 

on the pain the process is inflicting on the business and its processes. This can be exemplified in 

DeMaio’s use of subjective words like ‘desire’ in determining the degree and intensity to move from 

the As-Is to the To-Be status (DeMaio, 2001). In other words, what one organisation considers as 

legacy might still be considered as current in another organisation, or in another context. A simple 

illustration is the use of the faxing process for business transactions. While large organisations might 

try to move away from using them, their smaller partners might not be willing to follow suit. 

Legacy processes are different from legacy applications and legacy IS. A legacy application is an old 

piece of software that failed to evolve because it has not been maintained appropriately, if ever. It no 

longer has standard vendor support, and its maintenance relies on reviewing the source-code as 

documentation (Bennett, 1995). Such maintenance, while costly, has no significant return on 

investment (Bennett, 1995). A legacy application could be servicing one or many Information System 

processes and/or one or many business processes at once. A legacy IS, on the other hand, constitutes 

an organisation’s heritage of software and hardware systems (Heuvel, 2009) which are considered as 

obstacles to implementing new business processes since they are hard to adapt to new requirements 

while locking in valuable and indispensable business knowledge (Heuvel, 2009). Legacy IS are 

therefore likely to contain legacy processes, and upgrading an Information System requires addressing 

these legacy processes. In reverse, upgrading these legacy processes must also conform to the rules 

in the IS that contain them.  

If an organisation cannot understand, or afford to understand, the logic, algorithms, and procedures 

in a legacy process, it usually treats it as a black box identifiable only through inputs and outputs 

(Dumitraş & Narasimhan, 2009; Jrad et al., 2013; Weske, 2012). There is a wealth of literature on how 
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to address upgrading legacy processes. Some noticeable efforts are from Erlikh (2000) who proposes 

to ‘divide-and-conquer’ elementary independent business processes and to address them singularly 

through four options: Recycle processes to continue using them; nurture them by adding 

functionalities; trash and replace them; or modernise them through extending their usage and 

updating their technology. Van Den Heuvel (2009) posits a “meet-in-the-middle” approach to align 

business processes and legacy systems by forward engineering the To-Be components and reverse 

engineering the As-Is components (Figure 2-8). 

 

Figure 2-8 Meet-in-the-Middle Approach to Upgrade Legacy processes.  
Adapted from Van Den Heuvel (2009) 

Devine (2008) proposes an “opportunity cost” model to determine which process is worth upgrading 

based on comparison between current and future costs (Figure 2-9). 

A noticeable attribute in existing approaches to resolve upgradability challenges of legacy processes 

is the tendency to unrealistically assume that the organisation has resources and time to break any 

and all black boxes and reengineer them (Jrad et al., 2013). Furthermore, efforts to specifically address 

upgrading legacy processes alone instead of entire IS are scarce and tend to have a tight scope limiting 

their generalisability (Jrad & Sundaram, 2016c). 
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Figure 2-9 Opportunity Cost Model. Adapted from Devine (2008) 

In practice, upgrading legacy processes can usually be achieved using standard or specific vendor or 

market solutions (Jrad & Sundaram, 2016c). However, a number of these processes may be too old 

for standard solutions to suffice, consequently requiring either colossal reengineering efforts, or 

ending up being partially or totally left unmodified (Jrad et al., 2013). In the process, the rest of 

business processes are made to treat these legacy processes as black boxes with only the inputs and 

outputs as their understandable elements (Jrad et al., 2013). The research refers to these black boxes 

are as “Unupgradable Legacy Processes” (ULPs) (Jrad et al., 2013), and the act of treating them as 

untouched black box to fit the To-Be solution is referred to as a “Wrapping” (Callaway, 1999).  

Wrapping a process consists of ignoring what is inside it (black box) and adding header procedures to 

provide it with inputs and manipulate its outputs in order to fit the new requirements (Jrad et al., 

2013). More code is therefore required around these black boxes in order to get them to work in the 

new model. In parallel, there is also the need to maintain necessary technological requirements, such 

as the old version of the Operating System or the code language (Jrad et al., 2013). Process wrapping 

in the context of this research is discussed in more details in section 2.5. 

Unupgradability of a process does not mean a lack of general know-how to address it because, 

theoretically at least, a process can always be fully reengineered (Jrad & Sundaram, 2016c). Instead, 

it reflects the situation when the combination of cost, time, and effort required to reverse-engineer 

the process and understand its internal procedures as well as its association to other processes, falls 
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outside of the organisation’s capabilities, or willingness, to address them. Moreover, the incapacity or 

resistance to address them increases when there is a multitude of interweaving unupgradable 

processes to address (Jrad & Sundaram, 2016c). Such problem is exasperated when document of the 

ULP is either Redundant, Obsolete, or Trivial (ROT). While the concept of ROT is known in IS in general 

(Baron, Bunting, & Krupczak, 2013; de León, 2016; Wood, 2012), its impact is further significant for 

ULPs (Jrad & Sundaram, 2016c). 

While this section analysed the fundamentals of processes from business and IS perspective, and 

challenges in upgrading them, the next section will look at the concept of process integration in the 

business context. 

2.2 Process Integration 

 

Once confined to the accounting function (Hirschheim & Klein, 2010), nowadays, IS are in the heart of 

business. While organisational IS have become a necessity for business, Business Integration has 

become a buzz word (Bussler, 2003), and with it Inter-organisational IS have gained dramatic 

importance (Williams, Magee, & Suzuki, 1998).  

In an effort to synergise their efforts, businesses have endorsed the idea of building relationships 

(Ivens, Pardo, Salle, & Cova, 2009) to share information, expertise, and processes through mechanisms 

that integrate them (Wu & Li, 2011). Zaitun and Yaacob (2000) posit that while there is a general 

consensus that integration is both difficult and complex, there is also a general agreement that it is 

not impossible. Hohpe and Woolf (2002) add that it has rather become a needed activity for 

organisations with a cacophony of heterogeneous applications to attempt streamlining them through 

integration. Even the all-in-one products in the market cannot override the need for integration 

because they cannot grasp the entirety of business processes on their own (Hohpe & Woolf, 2002). 

Zaitun and Yaacob (2000) divide success factors of integration efforts in an organisation into two 

categories: technical factors which include robust process governance, adequate project and user 

support, fitting data management and adherence to current methodologies; and non-technical factors 
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such as top-to-down management support, clear personal and structural responsibility, and proper 

management of cross-boundaries relationships. 

The actual definition of the word integration and its degree of complexity can vary depending on what, 

how, and how much, is to be integrated. A review of literature returned a panoply of terminologies 

related to integrating businesses, and when it comes to collaborative businesses from IS perspective, 

literature has been found to be divided into three mutually-nonexclusive streams of integration: 

- Process integration: It addresses the logical (conceptual) and actual (physical) integration of 

business processes between multiple partners, e.g. factories from different organisations 

being hosted in the same building to facilitate movements of partly-finished goods amongst 

these organisations. 

- Technical integration: It includes standards, protocols, programming languages, hardware, 

applications, and other solutions that enable optimisation of the ways organisations do their 

business. For example, sharing a specific central database between organisations would 

enable better real time access to all of them at once. 

- People integration: Integrating people refers to the effort of enabling many humans to better 

interact as part of improving their respective companies’ performances, e.g. using screen-

sharing technology helps collaboration efforts. 

Looked at from a different angle, IS literature addresses integration on three different scales: 

- Micro Level Integration: These are small but effective solutions that resolve specific 

integration needs or problems, e.g. using chat tools to enable project teams to work together 

while geographically dispersed. 

- Meso Level Integration: These are more complex solutions which have significant impacts on 

the business. They usually involve more than one stream of integration and do not spawn 

beyond the organisation’s boundaries, e.g. using an application to design business products 

involves both integrating few business processes as well as people. 

Macro Level Integration: These are complex solutions that require significant business involvement 

from one or many organisations and potentially affecting all three streams of integration, e.g. 

integrated ERP systems. Table 2-1 highlights most common integration concepts found in literature 

and categorise them into the streams and scales aforementioned. These concepts will be briefly 

described in the next three sub-sections, with an emphasis on the more relevant concepts. 

Terminologies relevant to this research will be then presented in the subsequent sub-section. 
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  Integration Streams 

  Process Integration Technology Integration People Integration 

In
te

g
ra

ti
o

n
 S

ca
le

 

Micro - Software Integration. 

- System Integration. 
- Software Integration. 
- Middleware. 
- Enterprise Service Bus 

Implementations 
- Enterprise Messaging 

Systems. 

- Communication and 
workspace sharing tools. 

Meso 

- Enterprise Architecture. 
- Enterprise Integration. 
- Knowledge-Based 

Systems. 
- Knowledge-Based Hybrid 

Systems. 
- Expert Systems. 

- Enterprise Integration. 
- Knowledge-Based Systems. 
- Knowledge-Based Hybrid 

Systems. 
- Expert Systems. 

- Enterprise Integration. 
- Collaborative Systems. 
- Computer-Supported 

Cooperative Work. 
- Knowledge-Based Systems. 
- Knowledge-Based Hybrid 

Systems. 
- Expert Systems. 

Macro 

- Enterprise Application 
Integration. 

- E-Commerce. 
- Business-to- Business. 
- Inter-Organisational 

Information Systems. 

- Enterprise Application 
Integration. 

- E-Commerce. 
- Business-to- Business. 
- Inter-Organisational 

Information Systems. 

- E-Commerce. 
- Business-to- Business. 
- Inter-Organisational 

Information Systems. 

Table 2-1 Classification of Integration Concepts in Information Systems Literature 

2.2.1 Micro-Level Integration 

- Software Integration (SI): 

Organisations find it difficult to possess a consistent and unified view of its functionalities and data 

when its applications are operating in secluded silos. This is an even bigger challenge in larger 

organisations with higher number of applications. SI addresses this problem through the redesign of 

existing applications and the design of new solutions to enable systems sharing data and 

functionalities (Roshen, 2009). 

- Middleware: 

A middleware is an application-independent software that provides services which mediate between 

applications (Batra & Mukharjee, 2011) and manage their interaction across heterogeneous 

computing nodes (Jingyong, Yong, Yong, & Lichen, 2009). It can be viewed as a layer between 

application and network layers, or as a tool to provide a set of common and domain-specific services 

and manage the interaction between dissimilar applications (Jingyong et al., 2009). Jingyong et al. 

(2009) categorise middleware into four categories: 
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o Procedural middleware. 

o Message oriented middleware. 

o Transactional middleware. 

o Object middleware. 

- Enterprise Service Bus (ESB) Implementations: 

The Enterprise Service Bus is that it is an architectural pattern that aims to simplify integration of 

business units in an organisation (Maréchaux, 2006). An implementation of ESB acts as an 

intermediary agent that enables communication between different application processes 

(Maréchaux, 2006). ESB does not account for inter-organisational processes (Jrad & Sundaram, 

2016a). 

- Enterprise Messaging Systems (EMS): 

An Enterprise Messaging Systems is a set of standards and tools that allow message exchange between 

otherwise architecturally heterogeneous computer systems (Jrad et al., 2013). These messages are 

asynchronous and use storage queues at the receiving end to hold data until processed. Enterprise 

Messaging Systems are used by Enterprise Application Integration systems (EAI) as their 

communication layer (Hohpe & Woolf, 2002). An example of Enterprise Messaging Systems 

implementation is Java Message Service (Urban, Dietrich, Saxena, & Sundermier, 2001). 

2.2.2 Meso-Level Integration  

- Enterprise Integration (EI): 

Enterprise Integration asks questions about the core business processes in an organisation and 

attempts to design or redesign them to reflect the organisation’s structure (Bernus & Nemes, 1996). 

It represents the technical side of Enterprise Architecture, and focuses on information exchangeability 

in the organisation, such as electronic data interchange, product data exchange; and distributed 

computing environments (Vernadat, 1996). 

- Collaborative Systems (CS): 

It is common practice for organisations to build responsive cross-functional teams as a mean to 

optimise their interaction towards customers' needs and in face of competitive challenges. For these 

teams to operate effectively, a range of applications allowing them to work together are called 

Collaborative Software (Chaffey, 1998). Collaborative Software became prominent during the 

booming of Business Process Reengineering period (Chaffey, 1998), and there are two key types of CS: 

Groupware and Workflow Software. 
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o Groupware: 

The Gartner Group defines Groupware, also known as Workgroup System (WGS), as "a cohesive 

architecture based on distributed logic client/server technology and inter-enterprise capable, 

enterprise class platforms for communications, collaboration, coordination and knowledge 

reuse" (Chaffey, 1998). They are a combination of systems, software and people that are usually 

built on ad-hoc bases for a specific purpose and for a period of time, in order to enable 

collaboration within and between organisations (Chaffey, 1998). “These teams may be ‘tight 

knit’ teams working on a new product launch or more loosely coupled teams made up of 

individuals from different parts of the business” (Chaffey, 1998). 

o Workflow: 

Workflows and Groupware can sometimes be used synonymously, and in their simpler forms, 

workflow functions such as routing of business forms between staff can be achieved using 

Groupware (Chaffey, 1998). However, larger mission-critical workflow systems, such as those 

used by banks to process loan requests, are significantly different from Groupware in the way 

they are designed, built and used. While Groupware are considered as loose ad-hoc 

collaborative systems, Workflows are stricter, structured processes. And while a Groupware 

must involve an element of collaboration, this is not always necessary for workflow systems 

(Chaffey, 1998). 

- Computer-Supported Cooperative Work (CSCW): 

Started in mid-eighties, the concept of CSCW’s focus has been on the collaborative effort of humans 

within groups and organisations and how it can be supported with technology (Carstensen & Schmidt, 

1999). Wilson (1991) defines CSCW as a “generic term, which combines the understanding of the way 

people work in groups with the enabling technologies of computer networking, and associated 

hardware, software, services and techniques”. A well-known element of CSCW is the email system. 

CSCW and Groupware may sometimes be considered as synonyms. However, as Carstensen and 

Schmidt (1999) argue, while Groupware refers to real computer-based systems, CSCW focuses on the 

study of tools and techniques of Groupware as well as the psychological, social, and organisational 

effects on its human component.  

- Knowledge-Based (Hybrid) Systems (KBS and KBHS), and Expert Systems (ES): 

The word ‘Knowledge’ in Knowledge-based systems refers to information about both real-world 

entities and the relationships between them (Bassiliades & Vuhavas, 2000). Knowledge can also take 

the form of procedures for combining and operating on information. Computer programs that 



28 | P a g e  
 

encapsulate such knowledge are called Knowledge-Based Systems (Bassiliades & Vuhavas, 2000; 

Foldoc, 1999). 

Knowledge-Based Hybrid Systems (KBHS) are KBS systems applying multiple knowledge processing 

technologies at once. They are complex systems that contain a subsystem based on Artificial 

Intelligence technologies (AI), and another subsystem applying conventional (algorithmic) programs 

and simulations that differ from those of the AI subsystem (Mezgár, Monostori, Kádár, & Egresits, 

2000). 

Highly domain-specific types of KBS that are used for a specialised purposes, such as medical diagnosis, 

are referred to as Expert Systems (Howe, 1999). 

2.2.3 Macro-Level Integration 

- Enterprise Application Integration (EAI): 

Enterprise Application Integration is an implementation of the concept of Enterprise Integration. It is 

a collection of methods and technologies, working together to integrate heterogeneous applications 

and enable their communication (Manouvrier & Mnard, 2008; Wu & Li, 2011) without the need for 

them to ‘know’ each other or take account of their respective constraints (Manouvrier & Mnard, 

2008). EAI’s aim is to integrate data, application and business processes within the same organisation 

(Manouvrier & Mnard, 2008). It does not address cross-businesses integration.  

Since EAI is used to allow multiple heterogeneous applications to communicate and exchange data, it 

can be classified as an advanced middleware. Unlike Software Integration which deals with application 

sharing the same data and functionality, EAI is interested in allowing Application-to-Application (A2A) 

communication and exchange data. A2A is typically the domain of ERP integration (Manouvrier & 

Mnard, 2008). 

- Business-to-Business (B2B): 

Business-to-Business, also referred to as B2B or Inter-Enterprise Exchange, addresses exchanges of 

business information regarding goods or services between two commercial entities, such as partners, 

clients, suppliers, etc., as opposed to exchanges with end consumer (Manouvrier & Mnard, 2008). 

While the concept is not new (Ivens et al., 2009), the inexorable automation and computerisation of 

commercial transactions has resulted in multiple attempts to regulate technologies used for B2B. 

Numerous standards, such as the Electronic Data Interchange standards (EDI) and the XML, have led 

to an increase in efficiency and volume in business exchange (Manouvrier & Mnard, 2008). This has 

been achieved through an organisational shift to use electronic commerce (also referred to as e-
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commerce or e-business) (Hsu, 2013) as a collaboration basis to communicate, exchange information, 

exchanges services, and form shared business processes (Eom, 2005a). While EDI remains one of the 

oldest and most used standards of electronic exchange of information (Nagy, 2005), advances in 

networking technology, such as the Internet and VPN, and the arrival of XML, have pushed for a more 

complete integration of businesses’ processes. Concepts like B2B Integration (B2Bi) have surfaced as 

a reflection to the need to not only have a B2B relationship, but to also seamlessly integrate processes 

into process chains (Bussler, 2003; Manouvrier & Mnard, 2008). 

The motivation behind the cross-organisational adherence to the concept of Business-to-Business is 

twofold: On one hand, while individual products historically represented the major approach to doing 

business, a shift into adding services around products as a mean for more profitability and cost cutting 

(DeMaio, 2001), as well as a way to improve customer experience and support through product life-

cycle management (Ivens et al., 2009), has forced a rethinking into a vertical integration of business 

processes. On the other hand, as organisations further moved towards using IT as part of their 

business processes, it has become evident that IT solutions are often heterogeneous, autonomous 

and distributed, instigating a flux of research efforts into how to integrate them (Bussler, 2003). 

Business-to-Business integration technology has since evolved from home-grown effort to more 

mature and complex solutions (Bussler, 2003). While such evolution has been successful, it however 

brought with it new challenges that organisations had to handle. Some of these challenges are 

retaining and managing identity in the new paradigm (Wang, Huang, & Tan, 2013), and defining the 

boundaries of business process integration (Bussler, 2003). 

DeMaio (2001) presents a number of characteristics that define the Business-to-Business concept: 

- The essence of B2B is a deep, comprehensive, and high-speed corporate interaction. 

- It is based on mutual and reciprocal trust. 

- It is an evolutionary process. 

- Such evolution creates transitional hybrids. 

- While they dominate the e-landscape, these transitional hybrids are the most difficult 

business environments to manage and control. 

Mouzas and Ford (2009) add that a sort of constitution that business would implicitly or explicitly 

adhere to is critical to B2B operations. They describe it as a “system of values, norms, rules and other 

conventions that are shared by actors in business networks”.  

Although B2B has shown good promise as a concept, shortfalls have not been rare. For example, 

DeMaio (2001) noted that numerous organisations failed to achieve the cost-cutting objectives 
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associated with the move towards B2B. The need to normalise the concept of B2B has seen a surge of 

research studying it as well as processes and systems that enable it. In particular, the concept of Inter-

Organisational Information Systems has witnessed significant interest from practitioners and 

researchers alike. The concept is discussed in the next section. 

2.3 Business Integration and Inter-Organisational Information Systems 

 

Inter-Organisational Information System (IOIS), also referred to as Inter-Organisational System (IOS), 

is a macro-scale integration concept. Maghrabi and Gargeya (2012) define it as an automated IS shared 

by two or more organisations, each and all aiming for an increased competitive advantage (Hsu, 2013). 

It can be viewed as a complex process chain between two or more business partners (Jrad & 

Sundaram, 2016a). Eom (2005) presents it as a supra-system that contains multiple sub-systems from 

different trading partners, with each sub-system having its own structure, strategies, underlining 

technologies, and goals, while the whole pursues the supra-system’s goals. This definition implies that 

IOIS has, amongst others, middleware capabilities (Jrad & Sundaram, 2016a). 

IOIS concept is built on the cooperative relationships amongst trading partners and manages 

cooperative ventures between otherwise independent organisms (Kumar & Van Dissel, 1996). It 

requires effective communication, high visibility, and trust between partners (Nagy, 2005) and 

involves many teams and stakeholders (Eom, 2005b). IOIS is, therefore, a B2B and an e-commerce 

enabler (Jrad & Sundaram, 2016a). However, the distinction between IOIS on one hand and B2B and 

e-commerce on the other has not always been clear. Eom (2004) argues that there is no clear 

boundaries to the definition for IOIS, and while IOIS and e-commerce research have been merged into 

one, wider definitions of IOIS make its distinction from e-commerce difficult. 

Cao and Zhang (2013) categorise IOIS objectives into three non-mutually-exclusive types: 

- IOIS for Integration: The aim is to facilitate electronic process coupling between trading partners 

for a seamless supply chain management. 
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- IOIS for communication: The goal of IOIS is to facilitate contacts and message flow between supply 

chain partners, through technologies like emails, fax, and instant messaging tools. 

- IOIS for intelligence: The objective is to share knowledge and learning capabilities among trading 

partners, such as sharing data warehouses, archives and decision support systems. 

Kumar and Van Dissel (1996), and Klein et al. (2004), distinguish three categories of IOIS topologies 

(Figure 2-10): 

- Pooled Information Dependency topology: While various IOIS units share information, they remain 

independent from each other. The IOIS is, therefore, an instrument for intelligence and/or 

communication. 

- Sequential Supply/Chain topology: IOIS units work in series as part of process chains and process 

choreographies fulfilling customer/supplier relationship requirements. The IOIS is, therefore, 

facilitating integration between businesses. 

- Bidirectional Dependency topology: Collaboration and dependency between organisations is 

reciprocal, and usually on an ad-hoc purpose for a specific target and for a specific duration. 

 

Figure 2-10 IOIS Topology (Klein et al., 2004) 

Over the past decades, the concept of IOIS has emerged as a strategic tool for achieving competitive 

advantages (Eom, 2005b; Williams et al., 1998), reducing costs and delays (Nagy, 2005), and meeting 

regulatory requirements (Lempinen, Rossi, & Tuunainen, 2012). In particular, the new context of a 

global economy where consumers, markets, and technologies’ needs and trends continue to be 

increasingly critical and challenging for trading partners (Ballejos, Gonnet, & Montagna, 2008), a need 

for a robust networking between different organisations has emerged and has been identified as Inter-

firm Networks (Klein et al., 2004) or Inter-organisational Networks (ION) (Ballejos et al., 2008). Nagy 
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(2005) argues that adoption of IOIS can significantly increase the efficiency of the supply chain process, 

and Markus (2006) adds that IOIS is most productive if the trading partners implements it through 

adapting their internal processes and not as a clip-on to their existing business processes.  

IOIS stories are not all rosy either. Problems and failures related to its adoption and usage have been 

widely studied (e.g. Chwelos, Bensabat, & Dexter, 2001; Markus, 2006; Nagy, 2005; and Teo, Wei, & 

Benbasat, 2003). In the United States, although most big-sized companies have adopted, partially or 

totally, IOIS, only 20% of them have been found to successfully motivate their (smaller) partners to 

adopt it (Chwelos et al., 2001). Markus (2006) argues that despite the widespeard interest in 

implementing IOIS, business partners of the integration initiators are not always willing or capable of 

adopting to the new process and technology requirements. This leads to a partial integration and 

effectively reduces the benefits initially anticipated by the initiators. More importantly, despite a 

wealth of general literature on IOIS, the lack of specific research tunnelled into various elements of 

the concept has been found to play a major part of IOIS’s subdued adoption and lower general success 

rate. For instance, Reimers, Johnston, and Klein (2013) bemoan the lack of interest in researching the 

evolution of IOIS implementations. Mäkipää (2011) argues that despite IOIS concept existing for a few 

decades, planning and opportunity identification for IOIS has been lacking in literature, potentially 

reducing efficiency and effectiveness of its implementations. Saglietto and Pigni (2011) state that 

there is a tilted bias towards technological innovation in IOIS literature while ignoring other aspects, 

such as social aspects, consequently contributing to lack the of efficient diffusion of IOIS solutions into 

smaller organisations. Cao and Zhang (2013) further criticise the lack of studies, addressing contextual 

aspects of IOIS implementation and use, such as cultural and trust aspects, in preference of focusing 

on the IT aspect of the concept. Finally, Lempinen et al. (2012) argue these challenges need to be 

addressed early in the adoption process to be a key success factor for the implementation.  

Another problem associated with IOIS is the lack of research associated with partial upgrades. Despite 

the concept being a widely studied topic (Cao & Zhang, 2013; Saglietto & Pigni, 2011), and despite 

investigations on how to implement, or fully upgrade, existing IOISs is available, there appears to be a 

paucity of research about partial upgrade approaches. Although IOISs have been found to dynamically 

evolve with time, the focus of upgrade research seems to be more about replacing/updating the entire 

IOIS without interest in its evolution and the life-cycle of its components (Reimers et al., 2013). The 

underlying assumption appears to be that upgrading an IOIS component or process is either only 

feasible, or of interest to research, if it is part of a full-scale upgrade of the entire IOIS. This can be 

partially attributed to the fact that IOIS research has inherited the traditional IS research interest in 

adoption and implementation of systems more than the study of their evolution (Reimers et al., 2013). 
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However, recently, a shift of interest in IOIS-related studies has been witnessed (Mueller, Schuldt, 

Sewald, Morisse, & Petrikina, 2013), and one reason for both the long lack of research and the recent 

change could be the fact that the concept of IOIS has moved from being a static system where 

partners, processes and roles are immobile, to being dynamic where alliances are continuously built 

and dismantled (Haki & Forte, 2010a). It could indeed be argued that it is more interesting to study an 

evolving phenomenon than to re-study a static one (Jrad & Sundaram, 2016a). 

Another challenge for IOIS implementations is that different trading partners are likely to possess 

different technological structures (Jrad & Sundaram, 2016a). Subsequently, IOIS initiators end up 

maintaining multiple IOIS channels and business processes for different partners (Markus, 2006). For 

instance, the initiator might have to enable ERP-to-ERP integration with one partner, establish EDI 

exchange via Valued Added Networks (VANs) with another, and introduce web interfaces for a third 

(Williams et al., 1998). This multi-tier approach to IOIS, while still providing positive outcomes, 

significantly increases establishment and maintenance costs for the initiator (Markus, 2006). On the 

other hand, despite the perceived flexibility and adaptability associated with its size (Chen & Williams, 

1998), smaller partners face an excessive cost associated with adoption of multiple IOISs, where 

solution and vendor choices are usually imposed by these initiator (Chen & Williams, 1998; Nagy, 

2005). Using an extensive research by FedEx Ltd. as an example, Markus (2006) concluded that full 

benefits of IOIS are achieved through expansion of its use to as many partners as possible, coupled 

with minimisation of maintenance cost of the multiple IOIS channels and processes (Markus, 2006). 

Beck et al. (2002) add that integrating smaller partners is the key to success of e-commerce. 

There are two types of IOIS solutions (Markus, 2006): 

- Standardised IOIS infrastructure: This infrastructure is shared among the members of an 

industrial community, e.g. New England Healthcare EDI Network (NEHEN)2 in the USA and 

Hardware Industry Working Group3 (HIWG) in New Zealand and Australia. Standardised IOIS 

have seen worldwide endorsement; however they do suffer from the lack of trust between 

competitive organisations in the same field. Through the standardised IOIS, competitors might 

have access to otherwise critically private information. 

- Private IOIS infrastructure: This infrastructure is created by an initiator, usually an important 

market player, and shared only between specific business partners. Businesses tend to resist 

belonging to such infrastructure when they are already part of a standardised IOIS because: 

                                                           
2 www.nehen.net  
3 www.gs1nz.org 
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o With its publisher-subscriber style, such IOIS cannot be used by partners (subscribers) 

for their relationship with their own partners. 

o Because partners have different cost-benefit considerations than IOS initiators (Beck 

et al., 2002), endorsement of a private IOIS can amount to a compulsive exercise from 

the initiator, usually an important market player, on the smaller partners (Nagy, 

2005). Nagy (2005) criticises IOIS literature for failing to address the negative aspect 

of power relations between IOIS partners and for assuming it is always of a positive 

effect on its adoption. 

Creation and adoption of IOIS infrastructure in 1-to-1-to-1 format (one organisation being part of one 

IOIS with one another organisation), 1-to-1-to-N format (one organisation belonging to one IOIS 

interacting with multiple other organisations), and 1-to-N-to-N format (one organisation subscribing 

to multiple IOIS infrastructures to integrate their B2B with multiple other organisations) has been 

addressed in IOIS literature. However, there seems to be a lack of cover for the N-to-N-to-N scenario 

of IOIS relationships. While an organisation might have one or multiple IOIS subscriptions with one or 

many organisations, the fact that IOIS has been widely investigated and implemented at international 

levels, it has become relevant to accept that organisations are likely to also be part of the N number 

of organisations in another organisation’s IOIS subscription model. In a more general sense, an 

organisation could be in the middle of an N-tuple IOIS relationship of N-to-N-to-N-to-N-to-N… For 

example, if organisation A is subscribed to multiple IOISs integrating their business with multiple 

organisation, including organisation B; and if the organisation B also subscribes to multiple IOISs with 

multiple organisations including organisation C; then organisation B in effect belongs to the list for 

organisation A’s N partners, while organisation C belongs to the list for organisation B’s N partners. B 

is therefore in a N-to-N-to-N IOIS relationship in what Kumar and Van Dissel refer to as “sequential 

interdependence” (1996). The same relationship could happen in the other direction with organisation 

B also belonging to the list for organisation C’s N partners and organisation A belonging to list for 

organisation C’s N partners. In an even more complex situation, organisation A and organisation C 

could also belong to each other’s list of N partners, creating a “reciprocal interdependence” (Kumar & 

Van Dissel, 1996) (Figure 2-11). 

Challenges emanating from such tight interdependences become more obvious when one 

organisation is in the process of modifying or updating a process in the IOIS they subscribed to. The 

upgrade would require liaising with partners on both sides of the equation, and in turn these partners 

may also need to liaise with their own partners, etc. The degree of complexity and risk will depend on 

the degree of dependency the processes being upgraded carry with them (Kumar & Van Dissel, 1996). 
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To illustrate this scenario, the example of an SMTP interface can be used. Such interface could be used 

by an organisation as part of two private IOIS infrastructures with two different partners. Updating 

the interface would require involvement of the three partners to test changes. If one of the two 

partners is required to forward the email to another organisation, the To-Be email process will need 

to be assessed and potentially tested by that fourth organisation as well. 

 

Figure 2-11 Interdependence Through N-tier IOISs 

There are other multiple challenges associated with upgrading IOIS, including conflicts of interests, 

trust assessment, and technological structural differences amongst partners. Significantly however, 

social aspects, while critical (Reimers et al., 2013), are largely ignored (Saglietto & Pigni, 2011). Hekkala 

and Urquhart (2012) argue that the difficulty to define employees’ types and degrees of power in their 

organisation coupled with the complexity of IOIS projects tend to push it away from democratic 

involvement of the employees and into the use of “legitimate power” as an efficient way to meet 

project targets, thus increasing bureaucracy. 

As the focus of the literature review continues to narrow, the next section will focus on the integrator 

component inside IOIS, to propose considering it as an independent system and research domain 

deserving its own definition and concepts. 
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2.4 Inter-Organisational Middleware Systems (IOMS) 

 

B2B processes have been around for a long while, while the notion of middleware has been around 

for only a few decades (Naur & Randell, 1968). As the need for wider and deeper business partnerships 

increased, relying on simple methods to collaborate ceased to be sufficient. As collaborative solutions 

like IOIS grew in popularity, they also grew in complexity and depth. Subjects like security, adaptivity, 

and volatility of the partnerships added to the complexity of the situation. Ultimately, the need for an 

independent solution that enables management of these relationships in an efficient way became 

obvious. The integrative elements that allow business processes to actually cross the organisational 

frontiers have become a full and independent middleware layer that organisations acquire, install, and 

manage (Jrad & Sundaram, 2016a). 

The terminology ‘Middleware’ is a loose one and often refers to them as technology enablers without 

a real focus on the business aspect (Jrad et al., 2013). Most notable examples of middleware as 

technology enablers are the systems used within the Cloud technology where they connect an 

organisation’s online and on-premise systems with online services like Software-as-a-Service 

(SaaS),the Platform-as-a-Service (PaaS), and the integration-as-a-service (IAS) concepts (Jrad et al., 

2013). While it is possible to use middleware both as B2B and technology enablers (Jrad et al., 2013), 

the focus and scope of this research is on the business enabling aspect, which it refers to as the Inter-

Organisational Middleware Systems (IOMS). 

IOMS not only play the role of bridging the technological differences between business partners, but 

their processes are actual parts of the business logic itself (Jrad et al., 2013). They sit in the middle of 

the business process and ensure information is properly, seamlessly, and securely, exchanged 

between partners (Figure 2-12). 

 
Figure 2-12 IOMS and Business Process Flow in IOIS. Author’s Creation (Jrad et al., 2016) 
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Figure 2-13 below illustrates a simple example of an intertwining of IOMS and business processes. If a 

Business Partner 1 sends a Purchase Order (PO) to a Business Partner 2 (step 1 in Figure 2-13), the 

middleware may need to map various fields from the purchase order into meaningful fields for the 

target systems. This requires understanding of business-process-related logics such as which fields 

represent the total PO value, delivery address, etc. and what conditions they need to fulfil (e.g. a total 

must not be negative). Although the business logic might reside outside the middleware flow, it still 

needs to be assimilated for the conversion to occur; and it is not uncommon to use the middleware 

as a validation tool in order to avoid process complexity and delays between end-systems. The 

middleware system would also be required to inform systems and/or stakeholders of any delivery 

problems, and relay messages, such as acknowledgements, between end-systems. Fig.1 below 

illustrates an example of how middleware systems are implicated in a B2B process between three 

business partners: a Customer (Partner 1), a Seller (Partner 2), and a Deliverer (partner 3). The figure 

illustrates not only the complexity that middleware systems add to the entire design but also the level 

of complexity taken out of end-systems (referred to in Figure 2-13 as Internal Business Processes) 

allowing them to focus on their core processes. 

 

Figure 2-13 Middleware Systems as Business Enablers. Author’s Creation (Jrad et al., 2013) 
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Risks associated with middleware systems are different to risks associated with Enterprise Systems in 

general, which have been well researched. For instance, Scott & Vessey (2002) presented a risk factor 

model for implementing Enterprise Systems in general, and Davenport (2000) highlighted general 

challenges associated with upgrading these Enterprise Systems. While such models and challenges do 

apply to middleware systems in B2B processes, they have more associated risks and challenges than 

what these models offer, and there are multiple ways to illustrate this difference (Jrad et al., 2013). 

One of the most visible and critical situations is when the middleware is down. Downtime is when the 

system is witnessing a partial or total outage and is unable to operate adequately (Dhillon, 1999). Let 

us consider a scenario where two information flows are required going from Enterprise A to Enterprise 

B (Figure 2-14). The flows are as follows: 

- Flow 1: Process A1� Middleware1 � Middleware 2 � Process B1 

- Flow 2: Process A2� Middleware1 � Middleware 2 � Process B2 

 

Figure 2-14 A Simplified Representation of B2B Information Exchange.  
Adapted from Author’s Creation (Jrad et al., 2013) 

If for any reason Process A1, and only process A1, stops, Flow 2 can continue to perform while 

Middleware System 1 is sending alerts (e.g. emails or paging messages) about A1’s unavailability or 

inaccessibility. However, an outage of Middleware System 1 would disrupt information flow 

completely between the two enterprises, and processes A1 and A2 would either throw errors or create 

backlogs while Middleware System 2 would also throw connectivity errors due to non-responsiveness 

of Middleware System 1. In this simple scenario, middleware outage has greater impact than the 

outage of a B2B end-system (Jrad et al., 2013). 

The lack of an explicit definition for the IOIS components that are responsible for the integrating 

aspect of B2B relationships, reflects the recency of the middleware layer as an independent concept. 
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Different market players have been found to name their solution differently and loosely. There is a 

need to explicitly identify these components for the concept to become researchable (Jrad et al., 

2016), and as such, the research refers to them as the “Inter-Organisational Middleware System” 

(IOMS) (Jrad, 2014). An IOMS can be defined as “an inter-organisational collection of EAI and EMS 

procedures, methods, and services that work together to allow heterogeneous applications from 

different organisations to communicate, exchange information and validate each other’s inputs and 

outputs” (Jrad, 2014). IOMS permits business systems in different organisations to ignore each other’s 

existence and focus on their core activities, and in the process resolve existing incompatibility issues 

(Jrad & Sundaram, 2015c). However, it may also offer the same service to systems internal to an 

organisation (Jrad & Sundaram, 2016a), e.g. a Customer Relationship Management system (CRM), a 

Decision Support System (DSS) and an ERP system. IOMS plays the role of the postman and the 

translator and its interaction with other partner’s IOMS is what effectively enables the B2B process to 

cross organisational frontiers (Jrad et al., 2013). Because IOMS are also EMS systems¸ they are 

message-oriented and could be asynchronous (Hohpe & Woolf, 2002). They use internal adapters to 

communicate with the next application in the IOIS (example: ERP adapters, email adapters, database 

adapter, etc.). If it is SOA-based, IOMS can be regarded as an advanced inter-organisational Enterprise 

Service Bus (ESB) (Jrad & Sundaram, 2016a). 

There are many specificities to IOMS that cannot be found in a typical IS. First, it is an integral part of 

the IOIS, and aims at allowing business transactions to go through the IOIS, crossing organisational 

boundaries both from technical and process perspectives. This reflects the division of IOIS components 

into two categories:  

- Business components which are systems and processes used to perform business-related 

tasks. For instance, ERP systems are used to record business transactions, while Customer 

Relationship Management (CRM) systems are used to manage rapports with clienteles. 

- Technical components which are IT mechanisms servicing the business components without 

having a direct involvement in the business process, e.g. email and web servers. 

IOMS uniquely fits both categories by both enabling communications between systems and containing 

business rules, allowing it to manage transactions as they traverse it. 

Another specificity of IOMS is that roles and responsibilities owned by its teams are not as clearly 

demarcated as in other IS fields. The duties of the business analyst, the architect, the administrator, 

the developer, the change manager, etc. are often included as part of each IOMS team member’s 

responsibilities. For instance, the IOMS system administrator needs to be at least a lightweight 
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developer, and the developer to be a lightweight administrator. Both need to be architecturally aware 

and their input is required when designing IOMS solutions. While concepts like DevOps, where the 

developers and operations personnel are working closer, have gained interest in the IT world in the 

last few years (Smeds, Nybom, & Porres, 2015), IOMS has endorsed it implicitly a long before. For 

instance, the administrator needs to be involved in the testing phase during interface development, 

because they are usually the ones transporting the change into Production. Therefore, the interaction 

between both sets of people is critical to the success of managing IOMS and its changes. The downside 

of this amalgamation of roles is the difficulty to assert proper access rights within the IOMS team and 

other security aspects such as accountability and non-repudiation. The problem is more complex when 

there is a high personnel rotation in the team. 

A third specificity of IOMS is that it requires both a wide and in-depth knowledge. On one hand, an 

understanding of field-related practices and standards endorsed by the organisation is needed to 

ensure handling business processes within business requirements. Typically, standards for business 

documents and transactions are developed within different industries, and organisations choose 

which ones to use based on internal recommendations and/or partners’ capabilities and limitations. 

On the other hand, mastering relevant IT best practices and standards is essential to ensure robust 

system design and management throughout its lifecycle. This technical knowledge is not limited to 

IOMS, but it includes surrounding systems. As an example, it is crucial to have an awareness of how 

to communicate with databases and manage data in them, how to interact with firewalls, proxy 

servers, and user management tools and use them. In reality, the savvy has to stay in phase with 

technological changes and evolution, and IOMS has to remain capable of endorsing new technologies 

that it or the business may use. A pertinent example would be the use of Cloud computing. The 

concept is about outsourcing various services to specialised businesses, allowing the organisation to 

focus on its core activity. Companies would transfer their IS, platforms, databases and even 

middleware to the cloud, effectively moving them from being on-premise to becoming online, on-

demand and off-premise (Potočnik & Juric, 2012). Such move can be exhaustive, where all systems 

are hosted on the cloud, or partial, where some aspects are online while others remain on-premise 

(Potočnik & Juric, 2012). 

On one hand, IOMS is required to be capable of connecting to cloud-based systems as part of enabling 

business processes. On the other hand, IOMS products themselves have been proposed on the cloud. 

Effectively, there is an increasing interest by IOMS vendors in using cloud solutions like Infrastructure 

as a Service (IaaS) and the more integration-oriented Integration Platform as a Service (iPaaS). iPaaS 

is a suite of cloud services enabling management of integration flows connecting combinations of on-
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premises and cloud-based processes, services, applications and data within individual or across 

multiple organisations (Gartner, 2017). iPaaS is still an under-developed concept, and current 

predominant options for hosting IOMS processes are hybrid combinations of on-premise and cloud-

based services (Potočnik & Juric, 2012). Managing IOMS processes differs between if they are cloud 

or on-premise based. They also depend on the IOMS solutions, and are sensitive to business and 

organisational contexts. As such, addressing the problem of ULPs in IOMS needs to be approached 

from a higher level, allowing different organisations, in different scenarios, to customise and apply 

research findings. The next section looks at the ULP problem in IOMS, its root causes, and current 

practices that address it. 

2.5 Upgrading Unupgradable Legacy Processes in IOMS 

 

Review of IOIS literature has revealed a dominant interest in researching IOIS as a whole system, 

without significant specific interest in its middleware components (Jrad et al., 2016; Jrad & Sundaram, 

2015c). Oddly, not only is there a lack of research into the subject of IOMS, but organisations also tend 

to resort to ad-hoc, ‘quick and dirty’ solutions to fulfil integration requirements (Jrad & Sundaram, 

2016b). The persistent reliance on unstructured fixes ultimately caused the emanation of the legacy 

processes problem in IOMS, even though it is relatively new as a concept (Jrad & Sundaram, 2015c). 

Since IOMS does not have a direct impact on business turnover and profit generation, there is a trend 

of managerial reluctance in upgrading its legacy processes. Hidden inside the IOIS, and owning a dual 

technical and business nature, IOMS processes are only considered for upgrade if there is a drive to 

manage IOIS or reduce costs (Jrad, 2014; Jrad et al., 2016). The delay in addressing legacy processes 

eventually leads to the development of the ULP problem inside IOMS (Jrad et al., 2013).  

Furthermore, while IOMS is conceptually part of the IOIS, there is an implicit assumption that it is a 

sub-system of the ERP system they service, and accordingly fits under the general requirements and 

frameworks for ERP upgrades (Jrad et al., 2013). This can be found in the generalisation of risk analysis 

in research about implementation of Enterprise Systems (e.g. Scott & Vessey, 2002). This assumption 

ignores unique characteristics and particular risks and impacts associated with the management of 
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IOMS, that set it apart from other IOIS elements (Jrad et al., 2013). The difference between IOMS and 

other IOIS components is three-fold (Jrad et al., 2013; Jrad & Sundaram, 2016a): 

- Requirements: Designing and architecting IOMS solutions is challenging. They need to fulfil 

requirements from different organisations, IS, and processes that may not use the same 

definitions or standards for their processes. 

- Systems: From a business perspective, when IOMS processes are undergoing an upgrade, 

other IOIS and B2B components are required to be minimally affected, if at all, even though 

IOMS outages would directly affect them. IOMS usually have higher sensitivity, risk, and 

impact than what an organisation would consider as normal. 

- Life-Cycle: As new business processes and new Information System practices and standards 

come into the fray, IOMS is required to accommodate for the older systems and processes, as 

well as new technologies and standards. During its lifespan, an IOMS process would receive 

multiple updates until a point where a revamp is required. However, for the high risk and 

impact associated with upgrades, managing the lifecycle of an IOMS is a consistent challenge 

both technologically and from business perspective (Jrad et al., 2013). 

Risks of applying change in IOMS are often high, and a bad change implemented or a change badly 

implemented can cascade into business problems for the organisation (Jrad & Sundaram, 2016c). This 

ripple effect is potentially higher when dealing with legacy processes (Figure 2-15). 

 

Figure 2-15 Domino Effect Risks from Problematic IOMS Changes. 
Author’s Creation (Jrad & Sundaram, 2016c) 
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The situation becomes further sensitive when the entire IOMS is being upgraded (Jrad & Sundaram, 

2015c). Broader theories about upgrading IS, ERP, or IOIS systems are not sufficient to addresses 

challenges with IOMS system upgrades, especially to address ULPs (Jrad & Sundaram, 2016a). Force-

feeding the wrong frameworks or architectures would only complicate the management of IOMS (Jrad 

& Sundaram, 2015c, 2016a, 2016b), particularly when there is an interdependency between multiple 

ULPs (Figure 2-16). 

 

Figure 2-16 Interdependence of Unupgradable Legacy Middleware Processes. 
Author’s Creation (Jrad et al., 2013) 

Figure 2-16 illustrates how dependency between two unupgradable processes can be bidirectional. 

This is possible when one service’s code calls on another service if a certain condition is met. 

Conditional statements allow the code to flow in different directions between various services, 
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effectively creating a complex dependency net. This complexity is further deepened if these processes 

belong to different interfaces4 (Jrad et al., 2013), and the lack of knowledge about legacy processes in 

these interfaces puts them in the heart of upgrade challenges. Interdependency of ULPs signifies that 

migrating one ULP also requires concurrent migration of all other related ULPs, which may in turn have 

dependency on another set of ULPs from other interfaces. The snowball effect can result in a large 

number of legacy interfaces requiring the upgrade, all at once. This is a Mild or Big Bang reengineering 

approach (Davenport, 2000). While a Big Bang approach does have advantages, it brings time and 

budgetary constraints to the business and has higher risk of business disruption (Markus & Tanis, 

2000). One commonly used method to avoid the Big Bang approach is to wrap existing ULPs (Callaway, 

1999). However, Not only does such approach present risks due to unknowns associated with it, it also 

presents the challenge of only delaying the inevitable requirement for reengineering (Jrad, 2014). 

During subsequent upgrades, wrapped processes become too complex and too inefficient to be 

double/triple/n-tuple wrapped and the knowledge of what’s inside the black box fades with time, 

making it even harder to reengineer (Jrad et al., 2013) (Figure 2-17). 

 

Figure 2-17 Wrapping Legacy Processes 

                                                           
4 Interfaces are defined as IS sub-mechanisms that have common logic, are grouped together, and usually 
represent either a B2B process with a specific partner or a common central process (e.g. an FTP interface) (Jrad 
et al., 2013) 
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The wrapping of ULPs usually imposes that the underlying infrastructure is carried over (Jrad & 

Sundaram, 2016c). If for instance a ULP requires an older version of the coding language, it would be 

kept alongside the newer version in order to allow them continuing to function. It is in fact possible to 

preserve multiple versions of the same resource in order to cater for different ULPs (Figure 2-18) (Jrad 

& Sundaram, 2016c). This calamitous scenario is unfortunately common in today’s organisational 

Enterprise Systems. 

 

Figure 2-18 Complications in Catering for ULPs. Author’s Creation (Jrad & Sundaram, 2016c) 

The lack of research addressing ULPs in IOMS has had the consequence of organisations treating each 

exercise as an ad-hoc event, with its own discovery phase, roadmaps, and implementations (Jrad, 

2014). What is gained from one upgrade project is not applied to another, and experience gained by 

one organisation is not shared with another. This in turn makes every upgrade project a costly one. 

The deficiency of standardisation could be attributed to the lack of unified interest between academics 

and practitioners on the topic, and with it a lack of funding from the likes of IOMS vendors to support 

relevant research. It could be argued that the situation may actually financially be advantageous to 

IOMS solution providers because ad-hoc projects are known to involve higher consultancy business 

opportunities, and deliver more complex solutions, resulting in greater revenues and higher client 
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retention rates. As newer versions of IOMS products come to the market and older versions are no 

longer supported, this dependency would continue to increase, effectively ensuring steady income. 

The next section further discuss the root causes for the ULP problem in IOMS, as well as the underlying 

issues perpetuating them, and highlights requirements to address both. 

2.6 Problems, Issues, and Requirements 

 

2.6.1 Research Problems 

It is true that research on how to plan and manage upgrades for IS in general and IOIS in particular are 

in abundance (e.g. Ballejos et al., 2008; Eom, 2005b; Geri & Ahituv, 2007; Markus, 2006; Markus & 

Tanis, 2000; and Owen, 1998). It is also true that literature about management of processes’ lifecycles 

in IS is also in abundance (e.g. Ulrich & Newcomb, 2010; Caron & Vanthienen, 2011; and Weske, 2012). 

However, it is equally true that research specific to upgrading integration components of the IOIS 

remain scarce. Indeed, this limitation has been highlighted throughout the literature review, resulting 

in the identification of multiple gaps that are of interest to the research. 

The integrator components in IOIS forms a particular knowledge spectrum with its own specialised 

service providers, knowledge groups, and standards. However, there has been a clear lack of formal 

identification for it, and often and loosely it is referred to simply as middleware (Jrad, 2014). 

Additionally, and although literature on how to approach upgrading legacy IS processes is in general 

available (e.g. Devine, 2008; and Van Den Heuvel, 2009), there is both a lack of research on 

standardising the upgrade IOMS processes IOMS, and an absence of a predefined approach to 

addressing legacy processes they may contain. The general assumption is that except for small 

enhancements, the whole IOIS is to be treated as one indivisible system, including its integrators 

components, and upgrades would require addressing the whole system in its entirety (Jrad & 

Sundaram, 2015b). This assertion in fact explains the critical lack of interest in addressing scenarios 

where IOMS is the only subject of the upgrade project. Furthermore, resources are often assumed to 

be available when it is decided to reengineer unupgradable processes in IOMS (Jrad & Sundaram, 
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2016a). These assumptions are incorrect and lead to higher risks for B2B processes. They also impact 

on the quality of lifecycle management processes for the IOMS, and indeed IOIS itself. To address 

these shortcomings, solution providers and vendors have been creating their own methodologies to 

upgrade IOMS products, and proposing ad-hoc consultancy services to address legacy processes on a 

case-by-case approach. It is true that in general it should be expected to see commerce-driven, 

narrow-focused outbursts of products by vendors, solution providers, and consultants, in a fast-

changing and technology-driven innovation processes (Aloini, 2015). However, the continuous lack of 

general standards and direction for IOMS solutions perpetuates the increase in resource requirements 

for organisations to manage IOMS changes (Jrad & Sundaram, 2015c).  

For most stakeholders, IOMS is well hidden inside the IOIS, invisible to decision makers in the 

organisation, and lacking tangible impact on the business, such as return on investment, turnover or 

profit (Jrad & Sundaram, 2016a). Because of a perception that IOMS is both a complex technical field 

and an external attachment to the actual business processes, there is a challenge in justifying its 

upgrade costs to business leaders, and reluctance to modify its internal process without a business 

motivation. The amplitude of such resistance increases further when legacy processes are 

encountered. These processes would require a total reengineering if they are to be replaced by newer, 

better and properly documented processes (Jrad et al., 2013). While the general approach to 

reengineering is usually viewed positively, in principle at least, resources and time availability are not 

always guaranteed (Jrad et al., 2013). Furthermore, due to lack of standardised approach to upgrading 

legacy processes in IOMS, vendors do not possess pre-defined solutions to address the task, forcing 

organisations to approach upgrade projects on case-by-case. This in turn translates into higher costs 

for businesses and little knowledge to learn from previous, and for future, upgrade projects (Jrad, 

2014). 

Facing such scenarios, organisations usually attempt to delay the project as much as possible, and in 

the process, create a bigger gap between the unmoving As-Is and the continuously distancing To-Be 

(Jrad et al., 2013). When the upgrade becomes inevitable, e.g. when vendor support to older versions 

ceases, the ‘easiest’ approach for the reticent organisation would be to upgrade only what needs to 

be (or must be) reengineered, ignore what would ‘work fine in the new setup’, and introduce more 

code to wrap processes that cannot be upgraded or ignored in order to get them working in the new 

solution (Jrad, 2014; Jrad et al., 2013). This defensive ad-hoc approach leads to an increased 

complexity in the IOMS and therefore in the IOIS itself, translating into more time, finance, and effort 

required to maintain and update both systems (Jrad, 2014). 
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2.6.2 Research Issues 

The main issue underneath the array of problems is the lack of specific literature, standards, and 

general solutions to address upgrading ULPs in IOMS without having to worry about other components 

of the IOIS, or other non-legacy IOMS processes, or indeed other IS components outside IOIS and 

IOMS. Although solution providers have developed models, processes, and roadmaps to upgrade their 

products, neither are they generalisable solutions, nor do they properly address problems associated 

with legacy processes. 

The lack of research into upgrading older processes in IOMS can be viewed from three different 

perspectives: 

- The Business’s View: IOMS are well hidden inside IOIS. They are too technical, and they do not 

directly affect profit generation or cost reduction for the business. Only when the technical 

problem becomes critical do businesses show interest in addressing the subject, albeit in a 

chaotic manner. 

- The Researchers’ View: IOMS as an independent and clearly demarcated concept is relatively 

new. The first IOIS solutions relied on EDI standard while integration efforts were limited. 

Research on the subject is still in its infancy. Furthermore, researchers need to acquire the 

appropriate technical, practical, and academic skills in order to be able to conduct an IOMS 

research 

- The Solution Providers’ View: On one hand, lack of standards has led to discordance of market 

efforts in addressing the issue. On the other hand, the status-quo meant booming of ad-hoc 

consultancy services, which potentially translates into higher income and client retention. 

There is therefore yet to be seen a visible field-wide interest from solution providers to invest 

in finding solutions towards standardising their approaches. 

This cascade of issues represents a manifestation of the limited effort both from academics and 

practitioners to address the issue of upgrading IOMS, its legacy processes, and its ULPs. This doctoral 

research is an attempt to remedy the aforementioned gaps and limitations through proposing a set of 

roadmaps that address the research objectives, as well as developing and evaluating its associated 

artefacts. This includes defining relevant but missing concepts, designing models and processes to 

understand the problem, and proposing a framework, an architectural pattern, and an architecture 

required for the design of the proposed set of roadmaps. The evaluation and validation of these 

research artefacts is processed through multiple methods, including publications, implementations, 

and experts’ opinion. 
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2.6.3 Research Questions and Requirements  

Based on the research problems and issues discussed in the previous sub-sections, the question that 

this research intends on answering is: 

How can organisations approach upgrading unupgradable legacy processes in 

their Inter-Organisational Middleware Systems? 

While every organisation might be able to answer this question after each upgrade project, the lack 

of standardised approach means the answer will not be consistently the same. This research aims at 

delivering a standardised answer to the question which therefore could be updated to: 

How can organisations approach upgrading unupgradable legacy processes in 

their Inter-Organisational Middleware Systems in a standardised way? 

In addition to answering the research question, the aim of this study is to create and validate a number 

of artefacts and to challenge their generalisability. The objective of this research can be orderly divided 

into four categories: 

- Category 1- Observation: Literature review involving multiple sources, academic research 

papers, seminars proceedings, and technical documents, has been completed. 

- Category 2- Theory Building: These artefacts (models and processes) are used to understand 

the existing status in the participating organisations and to put forward various theories and 

concepts. 

- Category 3- System Design: These artefacts constitute the actual proposed solution including 

roadmaps, architectures, frameworks, documents, and algorithms. 

- Category 4- Experimentation: As a proof of concept, two international organisations will be 

used to test and validate the artefacts and their repeatability. The solution will first be 

instantiated and tested in one field case. Then outcomes will be evaluated, refined and 

validated through a second field study.  

Bridging between knowledge from Conceptual Artefacts from one side, and System Artefacts from the 

other (Figure 2-19), the research aims at addressing the problem of ULPs in IOMS by: 

- Generating and defining fundamental concepts, including: 

o Insider Action Design Research. 

o Inter-Organisational Middleware Systems; and 

o Unupgradability of processes; 
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- Putting forward conceptual models to illustrate the researched problem and elements of the 

researched problem in order to understand and present the studied phenomenon. 

- Outlining processes to support the aforementioned models. 

- Proposing a framework to manage the upgrade of IOMS. 

- Creating an architectural pattern and a subsequent adaptive architecture for IOMS 

implementing the proposed framework. 

- Proposing a set of roadmaps to upgrade unupgradable legacy processes in IOMS fulfilling the 

proposed architectural requirements. 

- Validating the artefacts through: 

o Presentation and publication in renowned seminar 

o Implementation in two participating organisations 

o Feedback from worldwide Field Experts 

 

Figure 2-19 Double-Cone Research Approach. Adapted from Author’s Creation (Jrad, 2014) 

2.7 Summary 

Business and IS processes are no longer clearly demarcated concepts. The tight relationship between 

them is the result of intensive automation of information management in business processes as part 

of the continuous search for competitive advantages. The idea of integrating internal processes on 

one hand, and cross-organisational processes on the other, has consequently pushed for a greater 

deal of research on the subject, and the concept of IOIS has been established as a major player for 

building B2B relationships. As businesses are increasingly forced to open their systems to their 

partners in order to manage competitiveness and costs, adaptive business networks have become a 
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norm whereby relationships are built and destroyed seamlessly, all based on the immediate need. On 

the other hand, the aggressive business environment of the last decade has pushed for more trust 

amongst partners in facing competition. This dichotomy left organisations torn between subscribing 

to low-in-trust networks, and allowing advanced systems and information access to partners. 

Integration has consequently become an important aspect of B2B, addressing both the capabilities 

and the challenges of electronic collaboration. From micro-scale, through meso-scale, to macro-scale 

levels of integration, research and standards have flooded the intellectual world offering choices of 

integration methods, but also creating confusion on how and why to select a particular solution. To 

support the integration promised by the IOIS, Inter-Organisational Middleware Systems (IOMS) were 

developed as a way to enable intelligent translation and transportation between heterogeneous 

technologies, amongst different organisations, and to support a tighter management of business 

relationships. Standards like Service-Oriented Architecture (SOA) were endorsed by vendors as the 

way to enable IOMS achieving its goals. However, efforts of research and standardise the concept 

beyond a vendor’s product are yet to be seen. The multitude of technological solutions for integration 

and the rate of evolution have created a backlog of legacy processes in the IOMS that businesses can 

neither upgrade nor dispose of. While in theory every business and/or IS process is reengineerable 

(Jrad & Sundaram, 2016c), the complexity and cross-contamination between legacy processes makes 

it rather a difficult task, and organisations might not have the budget, time, knowledge, or patience 

to update ULPs. It is yet again a case of theory and reality in IS pulling in opposite directions. Another 

example is that many business systems have evolved well enough to contain elements of IOMS in 

them, potentially giving the impression there is no requirement for IOMS. While this might be true in 

smaller contexts where systems like ERPs could handle information exchange, trying to incorporate 

IOMS role in Enterprise Systems has become an extremely complex job, with tremendous difficulties 

in managing rules and processes from within the enterprise solutions. It is indeed no longer deniable 

that IOMS needs to be considered as an independent concept, in its own layer, away from the context 

of IOIS, ERP and other Enterprise Systems. 

The problem in addressing various issues associated with IOMS is that on one hand, it is a new concept 

and still fails to gain adequate appreciation and attention from business stakeholders. On the other 

hand, it still lacks significant research interest due to its complexity and its hybrid technical-business 

nature. Yet, IOMS has clearly become a critical element in conducting business in today’s context. This 

research aims to address these research and practical gaps by proposing a set of roadmaps on how to 

approach the upgrade of ULPs in IOMS. It also aims to propose other critical artefacts that support the 

applicability and generalisability of the roadmaps. The next chapter describes the methodology by 

which this research and the realisation of its artefacts will be approached.
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CHAPTER 3    RESEARCH METHODOLOGY 

The term Research, as the word’s etymology suggests, refers to the incessant search for knowledge 

and understanding (Freedman, 1960). The ‘re’ preceding the ‘search’ is a giveaway that one of its 

major components is to actually repeat (re-) the process of searching. As such, research can be 

regarded as a continuous process whereby the exercise of probing and investigating is unremitting 

(Coccia, 1994). Knowledge, in its holistic sense, goes hand in hand with research because on one hand 

the outcome of searching aims at returning some sort of knowledge, and on the other hand one 

search’s findings could constitute the basis for another search’s motives. This is best illustrated in Isaac 

Newton’s statement that “If I have seen further, it is by standing on the shoulders of giants” (Newton, 

1675). The motivation for researching is to find a better or newer knowledge (Coccia, 1994; Freedman, 

1960). This is predominantly visible in scientific research whose aim is to study various phenomena, 

to establish facts, gain more knowledge, improve understandings, discover laws, propose new 

theories, and reach new conclusions, all in a logical, structured, systematic, original, and objective 

manner (Konda, 2012; McGrath, 1981; Oxford Dictionary of English, 2017, RAE, 2001; Recker, 2013; 

Vaishnavi & Kuechler, 2008). 

In this chapter, research objectives are constructed in order to answer research question and address 

problems, issues, and requirements (Sections 1.3 and 1.4) identified in Literature Review. In order to 

design a path towards achieving these objectives, an understanding of what research is about both in 

general and in the context of this thesis, is sought. Then, investigation of relevant existing research 

methodologies is conducted, and the use of a multi-methodological approach is defended. Findings 

are then used to justify, analyse and support, the proposition of a tailored methodology for the 

purpose of fulfilling the objectives of the research, answering its questions, addressing its 

requirements, and solving practical and research problems. 

3.1 Research Objectives 

The research question looks at how organisations can approach upgrading Unupgradable Legacy 

Processes (ULPs) in their Inter-Organisational Middleware Systems (IOMS) in a standardised way (Sub-

section 2.6.3). To answer it, the research aims to address the three overarching goals of: 

a. assimilating existing knowledge and filling research and practical gaps related to various 

concepts and definitions deemed important to the research; 
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b. studying and proposing solutions to control the occurrence of the ULP problem in IOMS -it 

would indeed be pointless to address existing ULPs when new ones continue to appear; and 

c. putting forward solutions to address the problem of existing ULPs in IOMS 

These goals can be detailed into the following twelve specific objectives: 

- Propose a methodology to pertinently guide the research. 

- Comprehend concepts around business integration and how to enable it. 

- Introduce the concept of unupgradability. 

- Understand, define, and delimit the domain of IOMS and its ULPs. 

- Evaluate the impact of existing project management methods on changes in IOMS 

- Identify organisational criteria for assessing a successful change 

- Put forward an IOMS-specific framework for governing process changes. 

- Design an architectural pattern as a foundation to developing architectures specific to IOMS 

- Construct an IOMS-tailored architecture for managing processes and technologies 

- Propose a set of roadmaps for upgrading ULPs in IOMS 

- Implement various artefacts in real cases 

- Evaluate the outcomes both from academic and industrial aspects 

The research approach to achieve these objectives is illustrated in Figure 3-1. While each created 

artefact will be presented as independent from the others, and as such can be implemented singularly, 

research objectives are not sequential or isolated. The whole set is indeed conceived, implemented, 

and evaluated, holistically, with artefacts constantly sharing each other’s feedback. 

 
Figure 3-1 Research Approach towards Achieving Objectives 
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Conducting IS research needs to follow robust approaches that guarantee both the rigour of the 

investigation and the applicability and generalisability of the outcomes (Baskerville & Wood-Harper, 

1996; Hevner, 2007; Jrad, Ahmed, & Sundaram, 2014; Konda, 2012; March & Smith, 1995; Vaishnavi 

& Kuechler, 2008). In order to identify a methodology for this research, the need to understand how 

to do research in IS in general, and in IOMS specifically, will be addressed in the next section.  

3.2 Research in Information Systems 

3.2.1 Scientific Research 

Science is one of the multiple cognate modes of thoughts human have used. It shares and competes 

with other view modes like religion, art, and philosophy (Ziman, 1968). While defining science might 

be as difficult as defining “the meaning of life” (Ziman, 1968), its identifying characteristics are rather 

clear: Science is a conscious artefact of mankind, with definable scope and content, and which is 

rigorous, methodical, academic, logical and practical (Ziman, 1968). Distinguishing what is scientific 

from what is not can be difficult due to the multi-faceted nature of science. Indeed, not all knowledge 

and understanding is scientific (Coccia, 1994; Freedman, 1960), and therefore not all research is 

scientific either. Fields like literature, theology and linguistics have long been researched on their own 

merits, some preceding the arrival of scientific research itself (Freedman, 1960).  

Science could be presented as a constellation of theories, methods, and facts (Kuhn, 1970), or simply 

put, knowledge itself (Dampier, 1944). This is what is referred to as Inductive Science (Coccia, 1994). 

From another angle, science could be considered as a tool (Murray, 1952), and a process (Frank, 1924), 

empowering humans to manipulate nature. This is what is referred to as Deductive Science (Coccia, 

1994). Literature has divided science is into Pure, where theories and predictions are yielded, and 

Applied where practicality and relevance are important (Feibleman, 1961). The field of science 

therefore serves the dual purpose of knowing and doing, and it does so through use of ordered, 

rational, evolving, dynamic, and impactful knowledge (Freedman, 1960). Freedman (1960) attempted 

to bring all these views into one definition by presenting science as “a form of human activity through 

pursuit of which mankind acquires an increasingly fuller and more accurate knowledge and 

understanding of nature, past, present and future, and an increasing capacity to adapt itself to and to 

change its environment and to modify its own characteristics”.  

Science’s biggest asset is not knowledge itself but rather the capacity to acquire such knowledge. 

Scientific research, therefore, is the most important constituent of science (Freedman, 1960). 

Research in science is a logically-ordered investigation and study of a given phenomenon with the 

aims to establish facts, gain more knowledge, improve understandings, discover laws, propose new 
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theories, and reach new conclusions (McGrath, 1981; Nunamaker, Chen, & Purdin, 1990); Oxford 

Dictionary of English, 2017, RAE, 2001; Recker, 2013; Vaishnavi & Kuechler, 2008). Such research must 

be original and systematic (Oxford Dictionary Of English, 2016), structured and well-defined (Konda, 

2012), rational, and as objective as possible (Recker, 2013). It needs to build on existing knowledge 

towards producing new “ideas, images, performances, (and) artefacts” that would lead to new or 

substantially improved insights (RAE, 2001; Recker, 2013). The outcomes of scientific research need 

to be replicable, reliable, independent from factors external to the research subjects (including the 

researcher), precise, and falsifiable (Recker, 2013). Falsifiability is important to scientific research 

because it means that if a theory is false then an observation or an experiment can produce evidence 

of its falsity Recker (2013). 

The impact of scientific research goes beyond improving knowledge. The interweaved dependency 

between science and social phenomena like philosophy, religion, and social relationships (Freedman, 

1960), extends the effects and influence of scientific research to levels that reach humans themselves. 

In fact, while it has been divided into Pure and Applied, ultimately all science would end up being 

applicable and impactful (Feibleman, 1961). Indeed, both types merely differ in the time it takes for 

their applicability to occur (Needham & Wang, 1959), and that is partly because applied science is 

simply a pure science used for some practical human purpose (Feibleman, 1961). It seems therefore 

that applicability and relevance are common and fundamental aspects of scientific research, and as 

such they need to be reflected in artefacts generated by the scientific research. A scientific artefact is 

described as “something observed in a scientific investigation or experiment that is not naturally 

present but occurs as a result of the preparative or investigative procedure” (Oxford Dictionary Of 

English, 2016). This designation derives from the general definition of an artefact5 as “an object 

intentionally made by humans for a specific purpose” (Hilpinen, 2011). Artefacts in a scientific research 

can therefore be viewed as the manifestations of its findings, and the quality and quantity of these 

artefacts would have a bearing on the credibility of the research itself. 

3.2.2 Research Methodologies 

The conduct of scientific research utilises an interactive combination of domain-relevant processes, 

methods, and tools, the sum of which is commonly referred to as a Research Methodology 

(Nunamaker et al., 1990). A methodology is the study of methods (Mingers, 2001), and research 

methodologies are structured sets of guidelines or activities, combined with clear methods and 

techniques, to be undertaken towards improving the effectiveness of the research intervention 

                                                           
5 The word ‘Artefact’ is derived from the combination of the words ‘art from the Latin word arte meaning ‘art’, 
and ‘fact’ from the Latin word factum meaning ‘made’ (Hilpinen, 2011). 



56 | P a g e  
 

(Mingers & Gill, 1997), and assisting in generating valid and reliable results (Mingers, 2001). Different 

research methodologies suit different knowledge domains and fit different research patterns, and in 

general, research they have been viewed into as belonging to one or both of two research paradigms:  

- Positivist Research Paradigm (also known as Quantitative Research): Positivism has dominated 

the physical, biological, and social sciences for a long time. Its name was created by Auguste 

Comte in mid-nineteenth century to emphasise the positive in contrast to the imaginary 

(Susman, Evered, & Susman, 1978). Knowledge obtained by positivist science only comes from 

“sense data that can be directly experienced and verified between independent observers” 

(Susman et al., 1978). The suggestion is that objects, events, and phenomena of the real world, 

on one side, and our conception of them, on the other, are straightforwardly connected and 

can be described accurately (Willig, 2013). A simplified presentation of the positivist view is 

(Xinping, 2002):               Problem � Hypothesis � Proposition � Verification � Conclusion 

- Interpretivist Research Paradigm (also known as Qualitative Research, or Interpretive 

Research): By essence, interpretivist research is a non-positivist research (Leitch, Hill, & 

Harrison, 2009; Papas, O’Keefe, & Seltsikas, 2011). It is interested in how people view, 

understand and experience the world (Willig, 2013), and tends to focus on the research 

participants’ own ways of understanding the phenomenon under investigation (Willig, 2013). 

Instead of attempting to prove or predict a concept, qualitative research is solely interested 

in describing and possibly explaining the investigated phenomenon (Willig, 2013) through 

understanding, describing and explaining human interpretation that subjectively ascribe to 

the said phenomenon (Leitch et al., 2009; Papas et al., 2011). 

Various scientific research methodologies borrow their definitions and methods either from the 

positivist or the interpretivist philosophies, or both. De Villiers (2012) presented a figure that 

illustrates the linearity of such association (Figure 3-2). 

 
Figure 3-2 Strategies for Research Methodologies (De Villiers, 2012) 
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3.2.3 Information Systems Research 

IS has been defined as an artefact-oriented (Cronholm, Göbel, Lind, & Rudmark, 2012) “multi-

perspective discipline with scientific, technological, engineering, organisational, managerial, and 

societal aspects, which requires multiple research methods” (Popper, 1976). Research in IS aims at the 

use of IT to gain new and improved knowledge (theoretical aim) and to improve concrete processes 

for humans, organisations and societies (practical aim) (Adams & Courtney, 2004). Because IS research 

has both theoretical and practical aims, it is more of an applied discipline than a pure science (Adams 

& Courtney, 2004; Iivari, 2007). Iivari (2007) distinguishes three potential roles for IS as an applied 

discipline: 

- Means-end oriented: Researcher provides new knowledge by reaching defined goals without 

challenging the legitimacy of these goals. 

- Interpretive: Interpretivist researcher aims at helping research participants to understand and 

learn through their actions. 

- Critical: Researcher aims at identifying prior to removing domination and ideological practices. 

When compared to well-established fields of research such as physics, chemistry, and engineering, IS 

is relatively a new discipline (Konda, 2012). Initially, it borrowed methodologies from these traditional 

fields, and the main challenge has since been to find the proper trade-off between rigour, which is 

associated with classic research, and relevance, which is part of the applied nature of IS (Konda, 2012). 

Konda (2012) associates this polar pressure to the “wall” between academia (rigour) and business 

world (application) (Figure 3-3) and suggests that such divide can be overcome through the alignment 

of three dimensions: IS Research; IT practice; and Research methodology (Konda, 2012). 

 
Figure 3-3 Information Systems Research Knowledge Management Scenario (Konda, 2012) 
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The call for Research and IT practices to be aligned through increased collaboration between 

academics and professionals has been widely highlighted in literature (Jrad et al., 2014). Dickens and 

Watkins (1999) argue that the lack of such interaction meant that, while practitioners are stuck in 

uninformed action, researchers could only develop theories without application, with such discord 

well reflected in the inconsistency of either group’s results. Numerous efforts have been made to 

develop IS-specific research methodologies that ensure research relevance is not jeopardised by the 

high rigour associated with classic research methodologies. IS methodologies did not have to be 

created from scratch, but had to account for IS’s natural specifications (Ågerfalk & Goldkuhl, 2013). 

De Villiers (2012) argues that the paradigm in which IS research is conducted can be a combination of 

positivist paradigm where knowledge is held as factual, absolute, and objective, and the interpretive 

paradigm which emphasises subjective interpretations and endorses the multitude of approaches to 

research. A good IS research methodology seems to simply be a successful combination of quantitative 

and qualitative approaches (Deluca & Kock, 2007). The notion of combining multiple methodologies 

in the same study is known as multi-methodological approach (Mingers & Brocklesby, 1997). 

3.2.4 Multi-Methodological Approach to Research in Information Systems 

Methodologies are based on particular sets of assumptions reflecting the paradigm in which they have 

been constructed (Mingers & Gill, 1997). They provide the procedures, rules, codes and laws required 

to govern the scientific research (Pawson, 2013). A multi-methodological approach is the act of 

combining the entirety or parts of more than one methodology for the same intervention (Mingers, 

2006). The construction of a multi-methodology can be done within the same paradigm or borrowing 

from multiple paradigms. Such amalgamation can be achieved in four ways (Mingers, 2001): 

- Sequential: where one method’s outcomes are the next methods inputs 

- Parallel: where methods are carried out simultaneously while utilising each other’s output 

- Multilevel: where multiple approaches are used simultaneously but without them intra-

interfering 

- Dominant: Where one methodology is dominant and the others contribute to its process 

- Multi-methodology: A mix of element from various approaches into one single methodology 

Calls of multi-methodological approach in research, both in positivist and interpretive, have long been 

documented as a means to address inherent limitations in each methodology and complement each 

other’s strengths (Jrad et al., 2014). For instance, Mingers (2006) posits that different methodologies 

offer different views of the real world in the same way instruments such as a telescope, an x-ray 
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machine, or an electron microscope reveal different aspects of the (same) world while being oblivious 

to others. The real world problems and situations are inevitably complex and multidimensional 

(Mingers & Gill, 1997). And since different paradigms would focus on different aspects of the 

problems, a combination of methodologies from these paradigms is therefore required to cover the 

intervention (Mingers & Gill, 1997). Furthermore, a research is not a single event, but instead a process 

that typically evolves through multiple phases with different aims, tasks, and challenges, and likely 

requires different suitable methodologies to reflect these phases (Mingers & Gill, 1997).  

The advantage of combining methodologies does have its challenges. Indeed, fundamental but 

incommensurable philosophical differences; the impact of the implementations’ complexity on the 

organisation’s culture; the difficulty for the researcher to adopt multiple ways of thinking either 

simultaneously or in a constant swap; and the practical difficulty of implementing full or part of 

different methodologies in one same investigation, are some of the recognised problems with multi-

methodological approaches (Mingers, 2001). 

Table 3-1 presents Mingers and Gill’s classification of methodologies combination (1997). They base 

their arrangement on the criteria of: 

- number of methodologies used;  

- their being from the same or different paradigms;  

- their being used in the same or different interventions;  

- their being used in totality or partiality; and  

- whether one of them dominates the other(s) (imperialism) or not (mixed). 

Historically, the  multi-methodological approach is perceived to have started in practice before it was 

theorised (Mingers & Gill, 1997). The first known multi-methodological approach in IS is argued to be 

the Critical Systems Thinking (CST) methodology and its sub-methodology of Total Systems 

Intervention (TSI) (Mingers & Gill, 1997). Both, however, were limited to combining approaches from 

within the same paradigm. Over the subsequent decades, two IS research disciplines, namely Action 

Research and Design Science Research, have raised interests amongst IS scholars (Ågerfalk & Goldkuhl, 

2013). Both approaches reach beyond the mere explanation and understanding of the researched 

subjects and attempt to improve and change existing processes and knowledge (Jrad et al., 2014). This 

has led to claims that, while they have their own identifying features, they can be considered as similar 

and co-usable (Ågerfalk & Goldkuhl, 2013). These two disciplines and their methodologies will be 

discussed in the following section, and their relevance to this research will be explained. 
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Methodological isolationism One One    

Paradigmatic isolationism More One Different whole  

Methodology combination More One Same whole  

Methodology Enhancement More One Same Part Imperialist 

Single paradigm multi-methodology More One Same Part Mixed 

Methodology selection More Multiple Different whole  

Whole methodology management More Multiple Same whole  

Methodology enhancement More Multiple Same Part Imperialist 

Multi-paradigm multi-methodology More Multiple Same Part Mixed 

Table 3-1 Combining Research Methodologies. Adapted from Mingers & Gill (1997)  

3.3 Relevant Research Methodologies 

The aim of the research is to investigate and propose a standard way to resolve the organisational 

problem of upgrading ULPs in IOMS. It attempts to compensate the lack of research interest and 

standards to regulate these upgrade efforts. The aim is therefore to contribute to the general 

knowledge while addressing the existing ULP problem for the participating organisations. While a pure 

positivist approach may fulfil the first part, there is a need for an interpretivist approach to address 

the second, which would in turn validate the positivist views. The dual character of the study calls for 

the use of a multi-methodological approach to achieve research objective. Any proposed methodology 

would indeed be used to build theories based on investigated literature on concepts around the topics 

of B2B, IOMS, ULP, Project Management, and change evaluation in organisations. It would also be 

used to action change through systems designs and implementations, field studies, cases studies, 

experimentations, and tests. Evaluation of both aspects of the research would generate observations 

that, along with the researcher’s own experience before and during the research, would provide 

feedback towards improving research findings.  
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The investigation of research approaches that reflect such requirements has returned a list of 

candidate methodologies that will be discussed in this section. 

3.3.1 Action Research 

Action Research (AR) has long been recognised as a research approach in social science before it has 

become an established approach for IS research (Ågerfalk & Goldkuhl, 2013; Baskerville, 1999; De 

Villiers, 2012; Deluca & Kock, 2007). It is presented as the result of acknowledgement that studying 

social problems in a controlled, laboratory environment is critically limited (Dickens & Watkins, 1999). 

Although imprints of AR could be identified as early as in the late 1920s (Vignali & Zundel, 2003), the 

term “Action Research" was introduced by Kurt Lewin in 1946 to present a then-pioneering approach 

toward social and experimental psychology research. It was used to combine the classical research 

aim of generating critical knowledge, with the aim of actually changing the social system through the 

researcher’s actions on or in the social system itself (Baskerville & Wood-Harper, 1996; Susman et al., 

1978). At the same time as Lewin’s work, a parallel, but independent, development of AR was running 

in Britain where an interdisciplinary workgroup named “Tavistock Institute of Human Relations” 

introduced AR principles for research on psychoanalysis and social psychiatry (Baskerville & Wood-

Harper, 1996; Susman et al., 1978). Both Lewin and the Tavistock Institute workgroup were engaged 

in using social sciences both as a strategy for advancing fundamental knowledge and as a contributing 

element to solutions for social problems (Baskerville & Wood-Harper, 1996; Konda, 2012; Susman et 

al., 1978). 

There have been multiple definitions of AR in literature over the last century (Vignali & Zundel, 2003). 

However, a prominently used description is the one by Hult & Lennung (1978): “Action Research 

assists in practical problem solving, expands scientific knowledge, enhances actor competencies, is 

performed collaboratively in an immediate situation, uses data feedback in a cyclical process, aims at 

an increased understanding of a given social situation, is applicable for the understanding of change 

processes in social systems, and is undertaken within a mutually acceptable ethical framework” (Hult 

& Lennung, 1978). AR is therefore regarded as a science and an inquiry process that composedly aims 

at contributing both to the practical concerns of people in an actual and immediate problematic 

situation, and to science’s general goal of advancing knowledge (Baskerville, 1999; Baskerville & 

Wood-Harper, 1996; Coghlan & Brannick, 2010; Susman et al., 1978).  

AR is future-oriented, collaborative, agnostic, situational, and generates theories which are grounded 

in action using actual development of solutions (Susman et al., 1978). The methodology reflects the 

acknowledgement that knowledge and action are much less detachable than commonly presumed 
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(Mingers, 2006). Susman et al. (1978) refer to it as an “enabling science” due to its positive impact on 

competencies in organisations running it, and Vignali and Zundel (2003) present it as “a research into 

practice, done by practitioners, for practitioners”. Coghlan and Brannick (2010) argue that continuous 

emergence of new processes are no distraction for AR. Instead, they are part of the research process 

itself. 

For IS investigations using AR to be considered as genuine scientific research, efforts were required to 

assure that the balance is not heavily tilted away from rigour. Particularly, the lack of generalisability 

of findings would transform the work into the consultancy type, where a limited audience pays for 

and takes a time-limited advantage of its outcomes (Jrad et al., 2014). Responding to early critiques 

regarding AR’s lack of rigour, Susman et al. (1978) framed the methodology by presenting it as a 

cyclical process with five phases, orbiting around the client-system infrastructure. These five phases 

are (Baskerville, 1999) (Figure 3-4): 

 

Figure 3-4 The Cyclic Process of Action Research (Baskerville, 1999) 

- Diagnosing: Identification of primary problems triggering the desire for a change in the 

organisation. 

- Action planning: Planning of actions that address these problems. 

- Action taking: Implementation of the planned actions. 

- Evaluating: Evaluation of outcomes of the implementation. 
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- Specifying learning: Expression of what is learnt from the cycle, whether the implementation 

was successful or not. There are three aspects of the learning: 

o Where the change is successful, a new knowledge is gained by the organisation. 

o Where the change is unsuccessful, additional knowledge may be used as a foundation 

to diagnose the problem and prepare for a new attempt to fix it. 

o Success or failure, the theoretical framework adds to existing scientific knowledge. 

The client-system infrastructure is the ensemble of agreements, specifications, and expectations 

between the researcher and the organisation that form the research environment (Baskerville, 1999). 

Since Lewin’s work, there has been a large number of different representations analysing AR, notably 

from De Vries (2007), but also Vignali and Zundel (2003) who extrapolated its cyclic process by 

displaying the iterations in a linear and incremental direction (Figure 3-5). 

 

Figure 3-5 Cyclic Iterations in Action Research (Vignali & Zundel, 2003) 

De Vries (2007) refers to the repeating cycles in AR as the Cyclic Process Model (CPM), and, while a 

high number of response cycles in the CPM might be triggered, they are neither rigid nor indefinite. 

Instead, each cycle can be modified to fit the researcher’s requirements based on the findings from 

the previous cycle as well as any possible change in the underlying landscape. Cycles are ultimately 

tunnelling towards the final solution (Figure 3-6). 
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Figure 3-6 Action Research Model (De Villiers, 2012) 

Having problem-solving in its heart prescribes that the development of a solutions cannot be omitted 

when using AR as a methodology. On the other hand, combinations of the five phases in Baskerville’s 

presentation of AR cycles (Figure 3-4) allowed the creation of multiple types of AR projects (Cole, 

Purao, Rossi, & K., 2005). Chein, Cook, & Harding (1948) presented some examples: 

- Diagnostic Action Research is when the researcher is only involved in collecting data for 

analysis purposes. 

- Empirical Action Research is when the aim is to evaluate actions undertaken by participants. 

- Participant Action Research is when diagnostics and planning are completed through 

collaboration between the researcher and participants. 

- Experimental Action Research is when the researcher and the participants collaborate in most, 

or all, phases, in order to set up and evaluate an experiment. 

When, what, and how AR is suitable for research depends on various aspects, including the field in 

which it is being used. In particular, the application of AR to IS investigations has its notable advantages 

when compared to pure social sciences’ approaches. The amalgamation of social component 

(humans) and technological aspect (IT) in IS (Cole et al., 2005) represents a unique frame for 

application of AR that needs to be explicitly addressed. 

3.3.1.1 Action Research and Information Systems 

IS, as a major component of organisations nowadays, is composed of technology, human beings, and 

the rich interaction between the two (Cole et al., 2005). While a phenomenon can be researched using 

positivist methodologies, humans can only be understood as whole entities, and factoring them into 
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variables or components will not lead to a full knowledge and understanding of the organisation 

(Baskerville, 1999).  

The interest from scholars in considering AR as a methodology for IS investigations emanated from 

the stubbornness of classic research methodologies in their quest of high rigour and their denigration 

of relevance in research (Baskerville, 1999; De Vries, 2007). Furthermore, the slow theoretical progress 

in IS research in general (Baskerville & Wood-Harper, 1996), and the lack of real influence from IS 

studies on practice (Cole et al., 2005) have established the fact that then-current research efforts were 

not in fact scientific, since their findings were not in phase with reality. While early attempts to use 

AR in IS were reported to be in the late 1970s by efforts from the likes of Mumoford (1979) and 

Checkland (1981), it was not until 1985 and Wood-Harper’s work that AR was explicitly introduced as 

an IS research methodology, heralding a surge of interest from late 1990s onwards (Baskerville, 1999). 

Baskerville and Wood-Harper (1996), and Baskerville (1999) present three distinctive characteristics 

of AR that are of interest to IS as a discipline: 

- Because the researcher is actively involved, benefits are expected for both the researcher 

(knowledge) and the organisation (problem solving). 

- The findings of the research are immediately applicable. 

- The cyclic aspect of AR tightly bonds its theoretical and practical aspects. 

The initial lack of rigour in AR was the catalyst for an influx of IS literature attempting to create 

guidelines and evaluation criteria for it (Jrad et al., 2014). Notably, De Vries (2007) presented five 

principles for conducting an AR project in IS: 

- Principle of Foundation: the researcher needs to identify and justify their use of AR from 

epistemological, suitability and ethical aspects. 

- Principle of Researcher-Client agreement: An agreement needs to be established, formally or 

informally, between the researcher and the client, with relevant questions answered such as 

commitment, roles definition, project focus, security and privacy aspects, data collection 

aspects, expected outputs, criteria with which these outputs are evaluated, and funding. 

- Principle of Theory: This covers the relevance of the research to academic knowledge and 

theories used to diagnose, modify, evaluate and reflect on processes in the research. 

- Principle of Change through Action: This includes diagnosis of the existing problem, designing 

interventions to address it, getting organisational assessment and client approval, 

documenting the various cycles of the project, reporting on it to the client, and declaring the 
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level of generalisability and value to knowledge in general. Baskerville and Wood-Harper 

(1996) argue that while informal data sources, such as the researcher’s diary, can be used, 

there is a need for a methodical and/or structured data collection methods, in order to 

increase the credibility of the research. 

De Vries (2007) noted that AR tends to drop away from theory and more into the relevance aspect as 

the research advances and subsequent cycles are run. This tunnelling behaviour fits well in the 

paradigm of organisational research where problem solving is paramount (Jrad et al., 2014) 

(Figure 3-7). AR cycles will be addressed in the next sub-section. 

 

Figure 3-7 Knowledge Tunnelling in Action Research. 
Author’s Creation (Jrad et al., 2014) 

3.3.1.2 Action Research Cycles and Inquiry Levels 

In AR projects, there are two concurring cycles running in parallel (Zuber-Skerritt and Perry, 2002 in 

Coghlan & Brannick, 2010): The Core cycle and the Thesis cycle. These cycles reflect the double-aim of 

the research in solving a predefined problem and constructing new knowledge: 

- The ‘Core’ cycle: This is the cycle of constructing, planning action, taking action, and evaluating 

such action. This is where the investigated problems of the organisation are being addressed. 

Figure 3-8 illustrates the core cycle 

- The ‘Thesis’ cycle: This cycle is about the AR project itself, and aims at creating the scientific 

knowledge. While core cycles are repeating, the learning and relearning from the whole 

exercise (Meta Learning) impacts on the researcher’s perception of the project, and their 

decision on what the next core cycle’s actions should be (Coghlan & Brannick, 2010). The Meta 

Learning is composed of Content (reflecting on the problem investigated and what is 

happening in the research), Process (reflecting on strategies, procedures and executed 

actions), and Premise (critique of underlying assumptions and perspectives as a consequence 
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to the newly acquired knowledge from core cycles) (Coghlan & Brannick, 2010). Without the 

thesis cycle, each core cycle would be repeating the exact same set of actions as the previous 

cycle, due to lack of learning. Figure 3-9 highlights the double-cycle dynamics of AR. 

 

Figure 3-8 Core Cycle in Action Research (Coghlan & Brannick, 2010) 

As they embark on the research, Action Researchers investigate the problem in a triple-tier approach: 

the Me; the Us, and the Them (Coghlan, 2007; Coghlan & Brannick, 2010; Holian & Coghlan, 2012): 

- First person research (the Me): Being implicated in the AR process, the researcher both 

investigates and impacts on the investigation. The process and the outcome respond directly 

to the researcher and the way they investigate, but also how they are impacting the research. 

At this level, the researcher reflects on their own sense of awareness and inquires about their 

own ways of approaching life. An upstream reflection inquires “basic assumptions, desires, 

intentions and philosophy of life” (Coghlan & Brannick, 2010), and a downstream reflection 

probes their behaviour and how they relate to and act on the world (Coghlan, 2007).  

- Second person research (the Us): The aim at this level is to resolve the organisation’s problems 

through working with other people through direct dialogue, conversations, and joint actions. 
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The associated challenge for the researcher is to determine who needs to be involved in the 

research, and how (Coghlan, 2007; Coghlan & Brannick, 2010). 

- Third Person research (The Them): The aim of the research is to publish, report, and present 

the new knowledge gained from the project to various parties, including the scientific 

community, through extrapolating generalisable ideas, outcomes, and knowledge produced 

from the two previous research tiers. 

 

Figure 3-9 Dynamics of Action Research Cycles (Coghlan & Brannick, 2010) 

The Action Researcher themselves are not expected to directly benefit from the researched 

organisation’s problem solving, but would instead benefit from the knowledge and experience gained 

throughout the project (Jrad et al., 2014). They are, however, set up to gain even more if they are also 

involved in the researched organisation. Such a type of research conducted by an organisation’s 

employee is referred to as Insider Action Research (Jrad et al., 2014). 
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3.3.1.3 Insider Action Research (IAR) 

As AR gained momentum in IS research, the possibility of conducting it from within the organisation, 

by its full members, gained interest (Coghlan, 2007; Coghlan & Brannick, 2010; Holian & Coghlan, 

2012; Kumar, 2013). Bill Torbert is credited with the first attempt to address the matter in sociology 

in his book “Creating a Community of Inquiry: Conflict, Collaboration, Transformation” (Coghlan & 

Brannick, 2010). However, the concept remained inert until early 2000 when a flux of literature 

attempted to address it from an IS perspective (Coghlan & Brannick, 2010). David Coughlan is among 

the most prominent scholars who have been active in analysing, promoting and enhancing the Insider 

Action Research (IAR) concept. Figure 3-10 positions IAR against AR and among other research 

methodologies. 

 

Figure 3-10 Research Focus. Adapted from Coghlan & Brannick (2010) 

IAR differs from classical AR in the fact that not only the researcher is implicated in the research, but 

they also share the same interest and are open to the same learning and consequences of the 

research, as the participants (Jrad et al., 2014). While it is argued that a potential reason for IAR is 

when gaining academic certification is part of the researcher/employee’s curriculum (Coghlan & 

Brannick, 2010; Holian & Coghlan, 2012), such research still needs to be of interest to the organisation 

itself (Jrad et al., 2014). Without such interest, simple internal taskforces could be a more efficient 

way to address the organisational problem. IAR is therefore more likely to occur when an 

organisation’s established processes, solutions, and practices in solving problems have failed (Jrad et 

al., 2014). 

One of the Insider Action Researcher’s advantages against classical Action Researchers and positivist 

researchers is their sharing of higher common background knowledge with the participants in the 

research. Such an advantage is a critical basis for problem solving processes (Popper, 1976). 
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In terms of knowledge and learning, external researchers are neutral to the organisation and therefore 

have no explicit interest in learning with the organisation (Jrad et al., 2014). Their double-tier aim is 

to solve the organisation’s problems and to add to existing scientific knowledge. On the other hand, 

internal researchers are active interveners and therefore interested in learning alongside their 

organisation as it has potential impact on their own duties as employees (Coghlan & Brannick, 2010). 

They therefore add a third tier to AR’s standard learning levels (Coghlan & Brannick, 2010): 

- Action Research learning tier 1: The organisation is learning from Core cycles of AR, but 

external researchers are not significantly impacted. 

- Action Research learning tier 2: Scientific Knowledge is increased through AR’s Theory cycle. 

- Insider Action Research learning tier: As an employee of the organisation, the researcher is 

also learning from Core cycles of AR. 

The introduction of the Insider element into AR has certainly opened the door to more pragmatic input 

into IS research and therefore more applicability to its findings. However, there is still debate on 

limitations of AR as a research methodology, in general and in IS. This is reviewed in the next sub-

section. 

3.3.1.4 Limitations of Action Research 

The fact that AR, as a research methodology with interpretive aspects, does not entirely subscribe to 

the positivist paradigm has initially been highlighted as a major handicap for it to be considered as 

scientific (Jrad et al., 2014). The lack of rigour and the researcher’s implication in the process, 

combined with the lack of both clear objectives and statistical power, put doubts on its genuineness 

as a scientific methodology and its appropriateness for IS research (Baskerville & Wood-Harper, 1996). 

Furthermore, its generalisability has been questioned due to the uniqueness of the association 

between the researched organisation and the subject of research (Baskerville & Wood-Harper, 1996). 

However, multiple efforts have been made, with significant success, to increase rigour and address 

shortcomings of the methodology. Still, there remains a need to address the lack of standardised 

approach to evaluate AR, and the difficulty to write journal-length articles on its subjects (Baskerville, 

1999). 

Process-wise, the lack of researcher’s initial freedom to “pick and choose the problem they wish to 

investigate”, combined with the ability to control both the research process and outcomes, makes AR 

difficult to implement in orchestrated research programs (Baskerville, 1999). Another concern 

associated with AR is the interference of the client/participants on the research (Baskerville, 1999; 

Baskerville & Wood-Harper, 1996). First, there is the risk of tension between the researcher and the 
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participants when their goals, before or during the research, differ. Second, it is an unsettling prospect 

to allow clients to have structural control over the theoretical development of the research. Third, the 

researcher faces an embattlement and a risk of over-involvement between fulfilling the aim of adding 

scientific knowledge and the duty to add value to those being researched (Baskerville & Wood-Harper, 

1996). They indeed run the risk of either producing research with little action or action with little 

research (Foster, 1972 in Dickens & Watkins, 1999). Finally, it is possible that the investigated problem 

shifts into a different theoretical path, with the researcher potentially finding themselves lacking 

interest in the new research theory yet having to continue working on it (Baskerville, 1999). 

The other identified limitation of AR methodology is its similarity to consultancy work (Baskerville, 

1999). Both exercises have comparable attributes mainly because consultancy literature has its roots 

in the AR literature (Baskerville, 1999). However, both processes are significantly different in two 

aspects (Baskerville, 1999): 

- A consultant is paid to “dictate experienced, reliable solutions based on their independent 

review” while Action Researcher’s start point is the scientific interest through helping the 

organisation to solve its problems. 

- The consultancy process has lost the cyclic aspect it initially borrowed from AR for a more 

linear process of Engage � Diagnosis � Action � Disengage. 

IAR has its own added challenges when compared to classic AR. Doing research in one’s own 

organisation could be considered as opportunistic because the researched problem and the 

investigation to resolve it could occur regardless of the researcher’s involvement (Coghlan & Brannick, 

2010). And the challenge to keep the organisation motivated and supportive is bigger towards the end 

of the research when the organisation’s problem has mostly or already been addressed while the 

researcher’s academic work is still proceeding. It is also challenging to constantly switch from 

employee to researcher and back (Kumar, 2013), potentially triggering role ambiguity and/or conflicts 

(Holian & Coghlan, 2012). Furthermore, addressing political pressure as well as ethical issues related 

to the research could be exasperated by the lack of neutrality from the researcher (Kumar, 2013). 

Baskerville and Wood-Harper (1996) posit that many of the risks and limitations associated with AR 

can be found in other scientific methods, but the magnified concerns in AR are due to its action-

oriented nature. Some scholars argue that applying it along with other methodologies, such as Design 

Science, is more beneficial to the research and reduces concerns about its rigour (Cole et al., 2005). 
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3.3.2 Design Science Research 

Linguistically, to ‘design’ is to engage in the process of deciding upon the look and the functioning of 

something (Oxford Dictionary Of English, 2016) and draw plans for its creation (Cambridge Dictionaries 

Online, 2013). The basis of design activities are creativity, innovation, and serendipity (Iivari, 2007; 

Maher & Gero, 2011; Vaishnavi & Kuechler, 2008); and its ultimate aim is to change, through creation, 

physical elements of the world but also values and perceptions of these elements (Maher & Gero, 

2011; Vaishnavi & Kuechler, 2008). Design Science is a system development based science 

(Nunamaker et al., 1990) that aims at researching through design and creation of systems (Gregory, 

2011; Iivari, 2007; March & Smith, 1995). Wieringa and Morali (2012) define it as “the study of 

artefacts in context”. Whereas classical research methodologies from natural and behavioural science 

are preoccupied with the description of phenomena organically occurring in nature, society, and/or 

organisations, Design Science Research (DSR) prescribes to the “Science of the Artificial” which aims 

at creating all or parts of the researched phenomenon (Hevner, March, Park, & Ram, 2004; March & 

Smith, 1995; Vaishnavi & Kuechler, 2008). DSR, therefore, starts from a pre-existing awareness of an 

existing problem as opposed to uncovering the problem through phenomenon observation (Sein, 

Henfridsson, Purao, Rossi, & Lindgren, 2011). It then ends in solving this problem through elaboration 

of new systems (Vaishnavi & Kuechler, 2008). The findings of DSR are not necessarily disconnected 

from existing knowledge. In fact, research in Design Science mostly consists of incremental 

improvements to existing artefacts, which are used to evaluate the new artefacts (Iivari, 2007). 

Admittedly, a good understanding of the natural phenomena surrounding the DSR is important to 

ensure natural laws are not broken or ignored (Jrad et al., 2014). However, it is also possible that 

Design Science provides study subjects for the natural sciences to research on. A prominent example 

of such reversed roles is the study of user behaviour towards IS (March & Smith, 1995). Historically, 

DSR has been used for a long time in construction-oriented disciplines such as Architecture (Vaishnavi 

& Kuechler, 2008) and Engineering (Owen, 1998). It has also long been used in Computer Science, 

Software Engineering and IS, albeit in an inconsistent fashion (Iivari, 2007). While at the start of the 

computer age much of the IS research focused on systems development, it has then veered from its 

Design Science roots and into more cumulative, theory-based types of research (Iivari, 2007). 

However, the aggressive speed and depth in the evolution of IT, combined with the structural change 

in world economics and politics, has seen a resurgence of the interest in making research outcomes 

more relevant (Wieringa & Morali, 2012). The surge has been championed by the work of the likes of 

Nunamaker et al. (1990), Hevner et al. (2004), March and Smith (1995), Owen (1998), and Purao 

(2002). And while Design Science is more of a concept and a scientific philosophy than a methodology 
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(Baskerville, 2008), investigated terminology in literature has been found to vary with the following 

names (rightly or wrongly) invariably meaning the same: 

- Design Science (DS). 

- Design Research (DR). 

- Design Science Research (DSR). 

Just like AR, DSR is not monopolised by the research community. Indeed, practitioners may also do it 

(Iivari, 2007). There is an argument that in fact Design Science does not develop knowledge in its wider 

sense, but rather specifically for the professionals in its field (van Aken, 2004). 

The fundamental assertion behind the DSR methodology is that knowledge can be generated and 

accumulated through the cyclic alternation between doing something and evaluating the result of 

such action (Owen, 1998). This formative approach to feedback is used to improve the exercise by 

using its own feedback, and that is a demarcation from the more classical summative evaluations 

where conclusions are only made at the end of phases or the project (Venable, Pries-Heje, & 

Baskerville, 2014). In parallel to creating knowledge, DSR engages in two activities (March & Smith, 

1995): 

- Feasibility: Artefacts are built with their purpose in mind. The trailing question is ‘Does it work?’ 

- Progress: Artefacts are evaluated to determine how well they have performed in achieving their 

purpose. The question that follows is ‘How well does it work?’  

The combination of knowledge production and problem solving is illustrated in Figure 3-11. 

 

Figure 3-11 Design Science Activities and Cycles. Author’s Creation (Jrad et al., 2014) 
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Iivari (2007) identified four events as likely drivers for DSR: Practical problem(s) and opportunity(ies); 

Existing artefacts; Analogies and metaphors; and Theories. To position Design Science amongst other 

disciplines, Owen (1998) assessed the lot using Symbolic vs. Real and Synthetic vs. Analytic scales 

(Figure 3-12). Fully or partially, Design Science driven research tends to be synthetic and real, i.e. 

researched phenomenon are both artificially and pragmatically created. However research could shift 

from one corner of the scale to another throughout its course. 

 

Figure 3-12 Conceptual Map of Disciplines. Adapted from Owen (1998) 

Because it is motivated by system development, DSR has high focus on its deliverables. March and 

Smith (1995) organised its outputs into four categories: 

- Constructs (or concepts): The vocabulary categorisation of the phenomenon under study 

forming the specific language and shared knowledge of the discipline under which the 

phenomenon is being studied. Such constructs are developed at conceptualisation of the 

project, and get refined throughout DSR cycles. 

- Models (or theories): The sets of statements describing the relationship amongst constructs, 

through description of problems, solutions, and artefact usefulness. Such relationship 

encompasses tasks, situations and artefacts. DSR models have different intent to models in 

Natural Science theories in that instead of seeking the ‘Truth’, they focus on ‘Utility’ and 
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improvement of the researched phenomenon (March & Smith, 1995; Purao, 2002; Vaishnavi 

& Kuechler, 2008). 

- Methods: The procedures to perform activities that aim for reaching the goal of the research. 

Unlike Natural Science, a method in Design Science can itself be the subject of DSR (Vaishnavi 

& Kuechler, 2008). 

- Implementations (or Instantiations): The actual instantiation of the research artefacts in an 

environment. Instantiations provide the real proof that an artefact actually works. Because of 

Design Science’s proactive nature, instantiation sometimes occurs before the articulation of 

constructs and models is completed (Vaishnavi & Kuechler, 2008). Vaishnavi and Kuechler 

(2008) cite the example of how “aircrafts flew decades before a full understanding of how 

such flight was accomplished”, while March and Smith  (1995) reflect on how in medicine an 

explanation on why a drug is effective may not precede the generality of its use. 

Theory as an output has seen a division amongst scholars on whether it should constitute a DSR 

outcome or not. Purao (2002) posits that “Better Theories” is indeed another outputs of DSR. March 

and Smith reject such claim (March & Smith, 1995), while Iivari argues that using theories from natural 

and social sciences as sources of ideas in DSR is critical to the validity of its generated theories (Iivari, 

2007). Nunamaker et al, however, did incorporate theory building as a critical phase of IS research 

cycles (Nunamaker et al., 1990). These cycles are detailed in the next sub-section. 

3.3.2.1 Cycles of Design Science Research 

Nunamaker et al.’s work on Design Science as a central research strategy in IS has been referenced 

extensively in IS literature in general and Design Science in particular (Jrad et al., 2014). The particular 

pioneering aspects in their work were endorsing multi-methodological approach to research in IS and 

including systems development and cyclic iterations in the methodology they presented. They 

propose research in IS to be around four strategies (Figure 3-13): 

- Observation: When little is known about a particular aspect of the research, its context, or its 

environment, an unobtrusive research methodology, such as case studies and surveys, is used 

to get a feel for its nature. Observations influence both theory building and hypothesis 

building, and represent an important component in judging the generalisability of a research 

findings. 

- Theory Building: New ideas and concepts are developed along with various frameworks, 

models, and methods, associated to these theories. Theories do not have real practical 
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relevance but are the producers of new general knowledge that makes DSR indeed a research 

methodology. Theories are tested through rigorous analysis to allow their generalisability. 

- Experimentation: findings during DSR research are put to test and refinement through various 

experiment strategies, such as laboratory and field experiments, computer simulations, etc. 

Experimentation is facilitated by Systems Developments but also inputs into how these 

systems are built and accepted. 

- System Development: This is the central component of DSR methodology and its aim is to 

create systems that would ultimately validate the theories while conforming to observations’ 

conclusions. System Development consists of five stages: 

o Concept Design: The aim of System Development is to design and create practical 

solutions based on research theories and existing technologies. 

o Construction of System Architecture: A unique architecture is developed and systems 

functionalities are defined. 

o Prototyping: This is the Proof-of-Concept for the designed concept in the System 

Development. 

o Production Development: This step is critical to the process of Design Science as an 

applied research which has as a major aim to produce a working system that resolves 

an actual organisational problem. 

o Technology Transfer: Technology Transfer consists of changing new innovations into 

becoming common trends (Krugman, 1979). As a validating tool for theories, 

concepts, and systems generated by the research, Technology Transfer confirms the 

end of the DSR process and enables the promotion of its findings to other 

organisations and wider audiences. 

There is no specific start, path, or rhythm to the Nunamaker et al.’s proposed methodology (Jrad et 

al., 2014). It is indeed possible for any of the four strategies to precede the others, and, while each 

has its own internal iterations, there is no particular order by which the research moves from one 

strategy to another strategy. However, steps inside each strategy will need to follow the rules of its 

discipline. For instance, when designing the system, the order is to always start with the concept and 

end with the actual system (Jrad et al., 2014). 
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Figure 3-13 Cyclic Multi-methodological Research in Information Systems (Nunamaker et al., 1990)  

Iivari criticised Nunamaker et al.’s proposed methodology for its weaknesses in the association 

between the five stages inside System Development strategy on one hand, and the other three 

strategies on the other (Iivari, 2007). As a remedy, Hevner (2007) presented a simplified DSR approach 

with a tri-cycle process (The Relevance cycle, the Design Cycle, and the Rigour cycle), aiming at 

bridging between three different territories (The Environment, the Design Science Research, and the 

Knowledge Base) (Figure 3-14). 

The Relevance Cycle relays between the environmental context of the research project and the system 

building phase. It starts with the identification of a research opportunity from an identified problem 

and ensures systems are built in accordance to the environmental context through review, evaluation, 

and validation of outputs. If required, findings are then fed into the next iteration of the cycle. The 

Rigour Cycle reflects the influence of positivist philosophy and engineering methods in DSR, and 

guarantees both the innovative character of the research, by basing it on existing literature and 

artefacts, and the scientific aspect of the project (Jrad et al., 2014). The Design Cycle is the heart of 

the whole process; it is where artefacts are created, evaluated and refined. Notably, Hevner (2007) 

posits that, while system building is an independent process, it still depends on inputs from the two 
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other cycles. Equally, artefacts created in the Design Cycle need to be thoroughly tested for rigour in 

laboratory and experimental situations before being released to the Relevance Cycle for field tests. 

 

Figure 3-14 Design Science Research Cycles (Hevner, 2007)  

Both Nunamaker et al and Hevner’s works put an emphasis on two major aspects: the use of multiple 

methodologies to achieve better quality outcomes, and the need to balance rigour with relevance to 

satisfy both the research character and the practical aim of the project (Jrad et al., 2014). This is a 

similar challenge to what AR faces (Jrad et al., 2014). However, AR has attracted more concerns about 

its rigour (or lack of it) than DSR, probably as a reflection of the two philosophies’ origins: AR has its 

roots in social sciences (Baskerville, 1999) while DSR draws from engineering methods (Hevner, 2007). 

Limitations of DSR are discussed in the next sub-section.  

3.3.2.2 Limitations of Design Science Research 

Using DSR as a methodology introduces new implications, such as people’s impact on the studied 

phenomenon during various phases of the study. The perishability of research findings is another 

challenge. Indeed, DSR produces context-specific IT artefacts which are by nature short-lived. 

Furthermore, the chaotic surge of DSR artefacts created the risk of redundancy amongst research 

topics and artefacts (March & Smith, 1995). Despite it not being an unstructured methodology like AR, 

DSR is still criticised for lack of rigour (Vaishnavi & Kuechler, 2008) and generalisability (Hevner, 2007). 

In particular, the fact that its artefacts' performance is measured in the same environment in which 

they run has been highlighted as a risk. It indeed may hinder the identification of environmental 

aspects that may affect artefacts’ appropriateness and generalisability (March & Smith, 1995). 

Iivari’s work (2007) and, subsequently, Hevner et al. and Hevner’s work (2004; 2007) represent an 

aggressive effort to frame, structure, and enforce rigour in DSR. However, such effort has not been 

endorsed as a de-facto framework for DSR, particularly in relation to the underlying theories, as stated 
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by Iivari himself (Iivari, 2007). There is therefore an obvious lack of consensus as to the precise 

objectives, and therefore outputs, of DSR (Vaishnavi & Kuechler, 2008). On the other hand, regulating 

the process would bring the risk of killing the creative element in Design Research (Iivari, 2007). AR, 

on the other hand, does not require such consensus because it endorses arrival of new processes as a 

natural part of its research mechanism (Coghlan & Brannick, 2010). 

The other challenge that DSR faces is the demarcation from industrial design efforts done by 

professionals who are only interested in the relevant aspect of the solution (Vaishnavi & Kuechler, 

2008). Vaishnavi and Kuechler (2008) argue that, while DSR produces interesting new knowledge to a 

specific community, an industry design’s production of new artefacts is considered as more successful 

if in fact less is learnt from the project. They add that while Design Science endorses intellectual risks, 

unknowns, and errors, industrial design aims at using existing practice standards to minimise these 

risks and unknowns. Put simply, Design Science researchers’ scope starts only when industrial 

designers say “we don’t know how to do this yet” (Vaishnavi & Kuechler, 2008). 

The challenges DSR faces are different from those met by AR, even though both approaches have 

significant similarities. The limitations and resemblances of the two methodologies have seen calls to 

interweave them in order to address each other’s limitations. The next sub-section debates that idea.  

3.3.3 Action Design Research 

The limitations of AR and DSR as methodologies are not signs of an incapability to produce meaningful 

scientific knowledge. It is instead a reflection of how every research methodology has its own 

limitations and flaws, and that there is no such ‘best methodology’ (McGrath, 1981; Popper, 1976). 

Calls for a multi-methodological approach, both in positivist and interpretive research, have long been 

documented as a means to address inherent limitations in each methodology and complement each 

other’s strengths (e.g. Adams & Courtney, 2004; Deluca & Kock, 2007; McGrath, 1981; Nunamaker et 

al., 1990; Pinsonneault & Kraemer, 1993; and Purao, 2002). This has seen efforts to amalgamate AR 

and DSR into one Action Design Research (ADR) methodology, which will be discussed here. 

3.3.3.1 Comparing Action Research to Design Science Research 

While DSR and AR are relatively similar (Ågerfalk & Goldkuhl, 2013; Sein et al., 2011), they remain two 

distinguishable concepts (Cole et al., 2005). As a means to bring them together, their resemblance has 

been extensively examined (e.g. by Papas et al., 2011; and Wieringa & Morali, 2012). Järvinen (2007) 

summarises the fundamental similarities of these concepts’ characteristics in Table 3-2. 
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Action Research Design Science 

- emphasises the utility aspect of the future 
system from people’s point of view. 

- has its products assessed against criteria of value 
or utility. 

- produces knowledge to guide practice in 
modification. 

- produces design knowledge (concepts, 
constructs, models and methods). 

- means both action taking and evaluating. 
- has Building and evaluation as its two main 

activities. 

- is carried out in collaboration between action 
researcher and the client system. 

- is initiated by the researcher(s) interested in 
developing technological rules for a certain type 
of issue. Each individual case is primarily 
oriented at solving the local problem in close 

- collaboration with the local people. 

- modifies a given reality or develops a new 
system. 

- solves construction problems (producing new 
innovations) and improvement problems 
(improving the performance of existing entities). 

- has the researcher intervening in the problem 
setting. 

- is initiated by the researcher(s) interested in 
developing technological rules for a certain type 
of issue. Each individual case is primarily 
oriented at solving the local problem in close 
collaboration with the local people. 

- generates, uses, tests and modifies knowledge in 
the course of the AR project. 

- generates, uses, and evaluates Knowledge 
through the building action. 

Table 3-2 Comparing Action Research and Design Science Research. Adapted from Järvinen (2007) 

Both DSR and AR endorse pragmatism (Ågerfalk & Goldkuhl, 2013; Cole et al., 2005; Järvinen, 2007), 

and relevance (Wieringa & Morali, 2012), but also subscribe to similar assumptions (Cole et al., 2005; 

Vaishnavi & Kuechler, 2008): 

- Ontology: Both methodologies assume that the studied phenomenon is not static throughout 

the research. 

- Epistemology: Both approaches base knowledge on intervention and its consequent change 

and the researcher’s subsequent reflection. 

- Axiology: Both methodologies value and emphasise equally on resolving the practical problem 

and adding theoretical knowledge. 
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Iivari (2007) disagrees with such statement and argues that these similarities  are rather evidence of 

a lack of significant similarity between the two approaches. Cole et al (2005) advance, oppositely, that 

such similarities can in fact be emphasised as source of complementarity: On one hand, AR addresses 

the qualitative and social aspect of research in the organisation on the path to solving its problems. 

On the other hand, DSR focuses on technological artefacts as a means to address the organisational 

needs. Furthermore, while AR endorses both human understanding of, and impact on its process, DSR 

brings quality and rigour (Coghlan & Brannick, 2010). Papas et al. (2011) noted that while the designed 

system has a role in both methodologies, it is only a by-product of the investigation when using AR. 

The diversity of these two methodologies as well as their similarities have been suggested as a cross-

strengthening factor for IS research (Lee, 2007). This has led to larger literature about a multi-

methodological approach incorporating both concepts (Jrad et al., 2014). Notably, Adams and 

Courtney’s (2004) advocated the use of the combined DAGS framework as research methodology (D 

for Design Science; A for Action Research; G for Grounded Theory, and S for System Development). 

More significantly, a research philosophy that specifically combines DSR with AR, and duly labelled 

Action Design Research (ADR), has been received with great interest by scholars (Ågerfalk & Goldkuhl, 

2013; Cole et al., 2005; Sein et al., 2011). 

 Cole et al. (2005) are credited for being the early setters of ADR principles. Ågerfalk & Goldkuhl (2013) 

and Sein et al. (2011) have subsequently elaborated them, and the increase in ADR literature produced 

various sub-methodologies. For instance, Wieringa and Morali (2012) suggested the use of the 

Technical Action Research (TAR) with reliance on idealised designs instead of the classical problem-

driven ADR. Lee (2007) presented the Dialogical Action Research (DAR) as a better way to define roles 

of researchers and practitioners. Goldkuhl (2013) suggested the concept of Practice Research through 

Intervention and Design (PR-ID) which organises the investigation into a six-tier research path of 

Diagnosis, Proposing, Demonstration, Construction, Practice, Rearranging, and Evaluation. 

The combination of DSR and AR can be seen as Design Science with strong AR flavour, or the other 

way around (Ågerfalk & Goldkuhl, 2013; Cole et al., 2005; Lee, 2007; Sein et al., 2011). There have 

been multiple propositions to regulate ADR, notably Iivari (2007) who proposed to first design an IT 

artefact through Design Science and then evaluate it by implementing it through an AR project. Cole 

et al. (2005), on the other hand, presented an integrated research process where the ‘Build’ phase 

from Design Science and ‘Reflection’ phase from AR are part of a linear sequential process 

(Figure 3-15). 
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Figure 3-15 Synthesised Action Design Research Approach (Cole et al., 2005) 

Sein et al. (2011) noted that ADR methodologies are not a detailed amalgam of DSR and AR. Instead, 

they tend to either sequence or interleave self-contained steps from the two methodologies. He 

proposed an ADR containing the same four stages as Cole et al. (2005) but with an emphasis on the 

cyclic attribute (Figure 3-16). 

 

Figure 3-16 Action Design Research (Cole et al., 2005) 

Because this chapter is on the quest to propose a methodology for investigating IOMS, it is worth 

noting that research into IOIS problems using Interpretivist approaches like ADR is not a new concept 

(e.g. Hekkala & Urquhart, 2012). Lempinen et al. in particular, used the methodology to identify and 
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formulate design principles for efficient and effective IOIS developments in the context of a public 

company (Lempinen et al., 2012). 

Combining and interweaving DSR and AR have produced efficient and rigorous methodologies that 

address the limitations of both approaches. The next sub-section looks at the limitation of ADR itself. 

3.3.3.2 Limitations of Action Design Research 

While ADR amalgamates two fitting methodologies into a robust one, it does not specifically address 

the possibility of it being conducted internally by the organisation’s own employees. The advantages 

of IAR are therefore lost in ADR due to the omission of the relevance of the research being internal or 

external to the organisation. This is problematic because, for a methodology that embraces the hands-

on approach and promotes resolving an organisation’s problems as part of the research, it can only 

be fitting that internal members of the organisations would be tempted to drive such research. ADR 

at best assumes there is no difference whether the research is part of the organisation or not. 

Furthermore, in order to reduce the divide between academia and practice, Konda (2012) suggested 

that IS Research, IT practice, and Research Methodology, are aligned (Figure 3-3) (Konda, 2012). The 

better way to achieve that is in introducing practitioners to research methodologies that ensures 

fulfilment of their interest in resolving their organisation’s problems. 

In IOMS, internal teams are better suited to drive IOMS projects and processes upgrades for more 

efficient, relevant, and future-proof change management (Jrad, 2014). It is therefore advantageous to 

build on ADR by including the ‘Insider’ element found in IAR. The combination of ADR and IAR results 

in the “Insider Action Design Research” (Jrad et al., 2014). 

3.4 Insider Action Design Research 

This research will use the Insider Action Design Research (IADR) methodology in creating and 

evaluating various artefacts. IADR combines DSR with AR and allows the investigation to be performed 

by employees of the researched organisation in the same line as IAR (Jrad et al., 2014) (Figure 3-17). 

The combination brings simultaneously both the advantages and challenges of IAR and ADR. 

As illustrated in Figure 3-17, IADR inherits its principles from a variety of research methodologies 

covering the fields of engineering, social science, and professional practices. The mixed foundation 

enables it to be relevant in today’s IS research field where social, technical and business elements are 

inextricably mixed. In the following sub-sections, IADR will be discussed and justified as the 

appropriate methodology for this research.  
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Figure 3-17 Insider Action Design Research. Adapted from Author’s Creation (Jrad et al., 2014) 

3.4.1 IADR Methodology 

Reflecting on Iivari’s proposed ADR methodology (2007) and Nunamaker et al.’s DSR approach (1990), 

this research bases IADR on ADR principles from the work of Sein et al. (2011), as well as Coghlan and 

Brannick’s IAR proposition (2010) (Figure 3-18). Because DSR and AR are not mutually exclusive, and 

in fact share many similarities, IADR fits well as a sub-category under each of these methodologies 

(Figure 3-17). 

At the heart of the IADR methodology is the creation and implementation of research artefacts, with 

the aim of addressing a combination of research and practical gaps, and resolving real organisational 

problems. Even though creation is a critical process of IADR, the methodology does not restrict how 

artefacts must be created. Indeed, different investigations focus on different problems, and therefore 

the proposed solutions must reflect these problems. Because the environment, the researcher, and 

the research context interactively influence the course of the investigation, even two similar IADR 

investigations might propose different solutions, but be equally efficient in answering the same 

research question. 

Besides associating ADR and IAR, an important IADR addition is the connection of the ‘insider’ aspect 

with Design Science. Indeed, while there already exists the acknowledgment that an employee of an 

organisation could engage in AR investigations that would benefit their employer, IADR extends such 

possibility to DSR. This puts forward the future possibility to develop a more system-oriented Insider 

Design Science Research (IDSR) approach as another IS-oriented methodology (Jrad et al., 2014). 
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For this research, IADR will be used as a ‘Dominant’ type of methodology where DSR is the main 

approach and AR contributes to it (Mingers, 2001). While in general the methodology can also be used 

as an IAR investigation with a strong DSR flavour, the intention of the research is to allow Design 

Science to drive the investigation and creation of solutions, and AR to focus on asserting their 

applicability and returning feedback to DSR cycles. First, Design Science cycles are used to create, 

implement, and review artefacts. Each cycle and all activities follow the standard DSR principles. Then 

field and case implementations using AR are applied, returning feedback to the Design Science cycle 

itself (Jrad et al., 2014). This process takes advantage of each methodology’s strength, and also reflects 

the fact that in IS, implementation and evaluation of systems is an important element of System 

Development. Figure 3-18 displays the proposed multi-methodological approach. 

 

Figure 3-18 Multi-Methodological Approach to Insider Action Design Research. 
Author’s Creation (Jrad et al., 2014) 
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While some authors suggest AR be used as a post-Design Science step (e.g. Goldkuhl, 2013; and Papas 

et al., 2011), such a proposal is not pragmatic. Indeed, it would lengthen the research process because 

each AR cycle’s outcomes would invoke a new iteration of the entire DSR process. Furthermore, 

restricting AR input to only DSR’s System Development phase, while excluding it from influencing 

Theory Building, Observation, and Experimentation, significantly weakens its contribution to the 

research. The interaction between various cycles of both DSR and AR methodologies should in fact be 

permitted for the research if they find advantages to it. However, the expectation is that cycles from 

each methodology would run amongst themselves at a higher frequency than between both (Jrad et 

al., 2014). For instance, cycles of DSR for this research are expected to run multiple times in order to 

create, test, and review various artefacts, before AR is used to validate them through multiple 

implementation cycles (Jrad et al., 2014). The output of the validation is then returned for further DSR 

cycles, ahead of another AR validation, and so on. While each artefact is created on itself, all are 

evaluated simultaneously. IADR provides a rigorous process by which the created artefacts are 

evaluated, which is discussed in the next sub-section. 

3.4.2 Evaluating IADR artefacts 

To evaluate is, by definition, to assess and form an idea on the nature, ability, quality, and/or value of 

an object (Oxford Dictionary Of English, 2016). The evaluation of an artefact is different from its 

validation which is about assessing the accuracy and truthfulness against pre-designated criteria 

(Oxford Dictionary Of English, 2016). Evaluation therefore relies on validation, amongst other bases, 

in order to determine the worthiness, merit, and significance of the studied phenomenon (Scriven, 

1998).  

Validating outcomes is as fundamental to DSR as their actual construction (Hevner et al., 2004; March 

& Smith, 1995). And establishing why an artefact works or does not work needs to interweave 

positivist and interpretivist approaches to simultaneously achieve rigour and relevance. On one hand, 

there needs to be a rigorous process for the evaluation in order to assess or ameliorate artefacts’ 

merit, worthiness, quality, and effectiveness (March & Smith, 1995; Science, 2015). The use of 

objective methods borrowed from natural science enables such process (Pries-heje, Baskerville, & 

Venable, 2008). On the other hand, subjective and/or contextual human comprehension, perception, 

and interpretation of the DSR products need to be accounted for. The need for subjective approaches 

can be most seen when the artefact is not implementable or does not have a real-world existence 

(Gregor & Jones, 2007). Indeed, while some IS research outcomes can be material with concrete 

existence (e.g. hardware), others may only be abstract artefacts, with only as physical aspect the 

medium representing them, e.g. words, pictures, videos, etc. The interaction between these two types 
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exists in the human subjective understanding of them (Figure 3-19), and such understanding both 

drives the evaluation of the artefacts and relies on the validity of these artefacts to correctly 

comprehend the phenomena in study. 

 

Figure 3-19 Relationship Amongst IS/IT Artefacts (Gregor & Jones, 2007) 

The dual aspect of subjectivity and objectivity in evaluation gives it the hallmark of both a science and 

an art (Scriven, 1998). Such trademark is enforced by the fact that evaluation can be qualitative or 

quantitative or a mix of both (Hevner et al., 2004; Scriven, 1998).  

Unlike other disciplines where feedback is a post-build phase (Sonnenberg & Vom Brocke, 2012), 

evaluation in DSR is part of the build process itself, providing feedback throughout the iterations while 

building the artefact (Hevner et al., 2004) and in the process giving the researcher insight on the 

progress of the artefact’s creation (March & Smith, 1995). The choice of evaluation criteria has 

therefore a significant effect on the type, quality, and relevance of the feedback, ergo the artefact 

itself (Hevner et al., 2004; Sonnenberg & Vom Brocke, 2012). As such, a balance between relevance 

and rigour, and between the interest of practitioners and researchers, need to be established 

(Sonnenberg & Vom Brocke, 2012). 

One of the highly mentioned references on how to evaluate DSR artefacts is the work by Hevner et al. 

in their 2004 article published in MIS Quarterly under the title “Design Science in Information Systems 

Research” (Hevner et al., 2004). Not only did they propose a framework for conducting IS research 

using Design Science, but Hevner et al. also offered a set of guidelines on how to conduct such 

research, including how to evaluate outcomes. In their work, the authors acknowledge that evaluation 
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is ‘a crucial component of the research process’ and as such propose a set of methods to rigorously 

evaluate artefacts’ utility, quality, and efficacy (Hevner et al., 2004). The process assesses multiple 

aspects of the artefact, such as functionality, completeness, consistency, accuracy, performance, 

reliability, usability, and fit with the organisation (Hevner et al., 2004). Furthermore, such evaluation 

does not compulsorily require data collection or mathematical formulae (Hevner et al., 2004). 

Hevner et al.’s approach to evaluating outcomes of a DSR rests on three pillars: 

- A collection of observed aspects associated with the artefact 

- A set of quantitative and qualitative appraisal processes to which the artefact is submitted 

- A subjective and contextual analysis of existing and constructed views related to the artefact 

The Design Evaluation Methods proposed by Hevner et al. (2004) can be viewed in  Table 3-3. 

Observational 
Case Study: artefact in depth in business environment. 

Field Study: Monitor use of artefact in multiple projects. 

Analytical 

Static Analysis: Examine structure of artefacts for static qualities (e.g. complexity). 

Architecture Analysis: Study fit of artefact into technical IS architecture. 

Optimisation: Demonstrate inherent optimal properties of artefacts or provide optimally 
bounds on artefact behaviour. 

Dynamic Analysis: Study artefact in use for dynamic qualities (e.g. performance). 

Experimental 
Controlled Experiment: Study artefact in controlled environment for qualities (e.g. usability). 

Simulation: Execute artefact with artificial data. 

Testing 

Functional (Black Box) Testing: Executive artefact interfaces to discover failures and identify 
defects. 

Structural (White Box) Testing: Perform coverage testing of some metric (e.g. execution 
paths) in the artefact implementation. 

Descriptive 

Informed Argument: Use information from the knowledge base (e.g. relevant research) to 
build a convincing argument for the artefact's utility. 

Scenarios: Construct detailed scenarios around the artefact to demonstrate its utility. 

Table 3-3 Design Evaluation Methods (Hevner et al., 2004) 

The five methods in Table 3-3 bring multidimensional aspect to the evaluation of research outcomes 

as a group. However, it may actually be difficult to implement them simultaneously for each artefact. 

That is why these five methods are not required in toto in order for the evaluation to be deemed 

acceptable. Instead, they represent a full spectrum of what can be done to rigorously evaluate DSR 

artefacts. The next paragraphs discuss the details of each method. 
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1. Observational method: This method consists of case studies and field studies. A case study is a 

process or record of research into the development of a particular object or subject over a period of 

time (Oxford Dictionary Of English, 2016). It is the detailed examination of a single example of a class 

of phenomena (Abercrombie, Hill, & Turner, 1984). A field study is a research project carried out in 

the natural location or context of the subject of study, rather than in a laboratory or office (Oxford 

Dictionary Of English, 2016). 

2. Analytical method: This is a diagnostic technique to examine the artefact from structural, 

architectural, quality, and behavioural perspectives. Structural investigation looks at static 

characteristic of the artefact and how well (or not-so-well) they are designed. Architectural analysis 

evaluates the design and its construction. Quality assessment is about how optimum the artefact is 

vis-à-vis itself (internal properties) and the investigated problem. Behavioural analysis is focused on 

the artefact’s active qualities such as its performance (Hevner et al., 2004). 

3. Experimental Methods: Experiments are a set of procedures undertaken to make discoveries, test 

hypothesises, or demonstrate known facts while lacking certitude about the outcome (Oxford 

Dictionary Of English, 2016). Controlled experiments are in a way the opposite of case studies in the 

fact they are interested in conclusions about causality and therefore focus on the preservation of the 

artefact’s internal validity (Do, Elbaum, & Rothermel, 2005). Case studies, on the other hand, ignore 

internal validity for a richer context. Even though their generalisability is limited, controlled 

experiments are heavily used by organisations because they allow assessing solutions when the cost 

and randomness of the outcomes from full testing are too high (Kohavi, Longbotham, Sommerfield, & 

Henne, 2009). Simulations are easier, cheaper, safer, and faster to conduct than controlled 

experiments as they offer more liberty for the researcher to test various data combinations and even 

modify them (Tolk, 2010). While the increase in use of simulation resulted in the emergence of the 

discipline of Modelling and Simulation (M&S) (Tolk, 2010), their reliance on artificial data limits their 

outputs to theories only, until tested in real life. This could be rather a limitation in the field of IS 

management. 

4. Testing: Hevner et al. borrowed two testing techniques from software engineering: The White Box 

method which is a detailed investigation of internal logic and structure of the artefact, and the Black 

Box technique which examines the fundamental aspects of the artefact with no interest in its internal 

logical structure (Khan & Khan, 2012). Unlike Black Box tests, the White Box technique requires the 

tester to have full knowledge of various mechanisms inside artefacts, such as the program’s source 

code (Khan & Khan, 2012). The combination of both procedures is what is referred to as the Grey Box 

testing, which aims at offering the combined benefits of both original methods (Khan & Khan, 2012). 
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5. Descriptive Methods: Accurately describing an artefact can be achieved either based on existing 

knowledge about the subject or by developing scenarios demonstrating the described characteristic. 

An Informed Argument consists of first considering what is known about the topic before determining 

what the author thinks about it. The researcher’s own knowledge and experience are therefore critical 

in assessing the artefact’s utility (Odegaard Writing & Research Center, 2007). This is in line with DSR 

investigation where the researcher’s own input impacts on its processes and outcomes. In this 

research, the author’s own experience and knowledge gained in the attempt to address ULPs in IOMS 

is both the motivation and the knowledge base to proposing the various artefacts. The other 

descriptive method to evaluate artefact is the use of scenarios. Scenarios analysis is in fact an old 

practice that came to light when single forecasts were found to be too simplistic and therefore 

unrealistic (Schnaars, 1987). Scenarios allow a contextual classification of various possible behaviours 

of the studied artefact, and they subsequently offer a larger set of possible utilities (Schnaars, 1987). 

By approaching the evaluation from objective and subjective traits, and by allowing for viewing the 

artefacts both from qualitative and quantitative lenses, Hevner et al.’s work ensures that the 

researcher is not limited to specific ways in evaluating an artefact. In fact, the authors even state that 

ultimately the business environment is the real establisher of the criteria upon which the artefact is 

evaluated. The same artefact, therefore, could have different assessment outcomes in different 

organisations or in the same organisation but in different business contexts. While this may have 

reflected negatively on the generalisability of the artefact if the research was in pure science, what it 

actually means in an IS research is that the artefact’s generalisability has to be attached to specific 

organisational environments and context. That is why in IS it is expectable to find multiple artefacts 

for the same phenomenon or addressing the same organisational problem. It is the collective of these 

proposed artefacts that is the closest to true knowledge. For instance, different architectures for the 

same system type might be required for different contexts, and it is the grouping of these 

architectures that represents the best spectrum on the subject. Organisations would then look at the 

various architectures and decide which one is more contextually suitable. 

3.5 Application of IADR 

The use of IADR methodology to conduct this research will include investigating concepts as well as 

designing, implementing, and validating various artefacts. As stated in sub-section 3.4.1, IADR allows 

the conduct of research by an insider to the organisation with the focus to resolve actual and present 

problems, all towards increasing general knowledge. The contribution of the research is therefore 

expected to reach multiple disciplines including IS, IOIS, IOMS, Enterprise Systems and Enterprise 

Systems implementations, and Project Management. From a practical perspective, it is projected to 
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contribute to the IT/IS field, IT/IS consultancy, Enterprise systems professionals, and organisations 

using and/or managing IOMS. 

The investigative process relies on extensive DSR cycles to address the practical and research problems 

before a set of AR cycles is used to implement and validate findings (Figure 3-20). 

 

Figure 3-20 High Level View of IADR Cycles as Applied in the Research  

3.5.1 Observation 

In theory IADR can be initiated from any level. However, the whole process starts in general at the 

observational level. Indeed, until practical and research problems have been observed, it would be 

difficult to develop a sound theory, run a meaningful experiment, or design a useful system. In the 

case of ULPs in IOMS, the need to investigate the matter would not have existed had there been no 

observation of legacy processes in the organisational environment. This observation is rooted in the 

researcher’s fourteen years of experience dealing with IOIS and IOMS, involving over eight hundred 

projects, of which more than sixty were of a large nature. In the numerous roles held throughout these 

projects the researcher observed how stakeholders’ behaviour, markets evolution, political and 

business landscape changes, and technological paradigm shifts, have together contributed to the 

creation and intensification of the ULP problem in IOMS. The general lack of unified willingness to 

provide common standards for the IOMS domain, and the unnecessary increase in complexity, cost, 

and difficulty to manage the system, were the primary motivations to conduct the research.  

While observation is important at the start of the research, it does not stop there. As multiple cycles 

of IADR are conducted, observation is systematically involved as a means to detect elements of 

interest that may constitute a basis for feedback. While it is easy to associate observation with the 

practical aspect of research cycles, such as implementations, experimentations, tests, and studies, it 

is also important for Conceptual Aspects. For instance, a theory built is looked at from various aspects, 
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such as its internal completeness and its external coherence with other theories, in order to enhance 

or correct it. As a case in point, the initial research question was subsequently enhanced when it was 

observed that how to upgrade ULPs in IOMS is an answerable question if the aim was not to provide 

‘a standardised way’ to resolve it (Sub-section 2.6.3). 

3.5.2 Theory Building 

The initial Observation phase usually leads to developing a theory, or an opinion (be it explicitly or 

implicitly), on what is not right and how it can potentially be addressed. As specified in the research 

objectives (Section 3.1), the aim of the research is to investigate existing literature, and develop 

theories that would first address relevant research gaps in the domain of IOMS, and then help resolve 

research practical problems. Theory building is a phase for the generation of Conceptual Artefacts, 

and it includes development of new ideas, concepts, models, and methods, that are more interested 

in understanding and completing the studied phenomenon than in actually applying findings 

(Nunamaker et al., 1990). These theories are critical to initially fathom the direction and difficulty in 

addressing the research problems and issues, and to later ensure findings are generalisable. Each of 

the main research artefacts will be supported either by a theory base on which they are constructed, 

and/or a definition to clarify their identity and characteristics in the context of the research. 

Specifically, the research names, defines, and delimits the notions of IOMS and its ULPs, develops 

understanding of the impact of existing Project Management methods on changes in IOMS, and 

defines what constitutes a successful change from organisational perspectives. Constructed theories 

are then used as a basis to develop the more applicable System Artefacts that would address the 

practical problem of ULPs in IOMS. IADR methodology itself, is a theoretical artefact until it is used to 

develop, use, and implement all other research artefacts. 

3.5.3 System Design and Experimentation 

Cycles of System Design and Experimentation are used to conceive System Artefacts. While they both 

represent separate phases, the fact is that the outcomes of IOMS upgrade projects in general, and its 

ULPs in particular, are not fully understood at the outset of the project, which brings the two phases 

closer. For instance, the whole new IOMS system can be designed while in parallel a particular ULP is 

being experimented upon. Findings from experimentations are then fed into the Design phase while 

other challenges might be pushed for more examination and experimentation. Like all DSR efforts, this 

research is heavily centred on developing a system, a solution, to a well-defined problem, hence the 

criticality of the system implementation in upgrading ULPs. 
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3.5.4 Implementation and Evaluation 

IADR requires that solutions are implemented in their real context, that their basis is rigorously 

evaluated and validated, and their generalisability challenged. For that, this research will involve two 

international organisations with extensive e-business presence, taking part of multiple international 

IOISs, and possessing complex IOMS. While multiple small and specific implementations will be 

performed, larger projects involving IOMS, including full IOMS upgrades, will be used to apply, test, 

and refine the findings of the research. Artefacts evaluation is the assessment of their strengths and 

weaknesses, their relevance to the research objectives. In the context of this research, the work of 

Hevner et al. will be used as a basis for evaluation. 

3.5.5 The Instantiated IADR Research Framework 

IADR has been proposed as an approach for investigating matters where applicability and rigour are 

mutually relevant. The methodology can be considered as a creation driven, and evaluation informed, 

cyclical approach that aims at resolving real organisational problems. These cycles exist within, as well 

as across, research phases. Quite often, creation is followed by evaluation, which results in re-

creation, which is then followed by evaluation, etc. Creation can be a full redesign or just improvement 

of the artefact, and different phases have different weights between creation and evaluation.  

IADR is flexible, allowing for DSR-driven research to use AR for implementations, and for AR-based 

investigations to include DSR for solution design (Jrad et al., 2014). Not all phases of IADR are required 

in a research, and the intensity and complexity of various cycles differ between studies. For this 

research, the instantiation of IADR can be seen in Figure 3-21. 

One pertinent question that was highlighted against the instantiation of IADR was “How many IADR 

cycles are required before declaring that research objectives have been achieved and no more cycles 

are required?” On one hand, less cycles than required would weaken the rigour of the research 

findings. On the other hand, multiple cycles with little value are a waste of resources and may harm 

the prospect of future IADR investigations. While there is no method to clearly answer the question, 

and while it could also be argued that different investigations would require different lenses to assess 

the need for cycles, there are elements that should to be considered. First, as IADR promotes the use 

of internal resources to investigate organisational problems, it is likely that initial studies might suffer 

from the lack of profound judgement. It is also expected that, as experience increases, the IOMS 

team’s capability to identify exit points in the research would also improve. Furthermore, with the use 

of publications as part of the evaluation and validating process, input from the wider community 

would give an indication on how advanced or lagging the research is. In fact, and as shown in 
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Figure 3-21, evaluation mechanisms exist in all IADR cycles and their feedback is a permanent 

component of all steps. Another venue to assess the need for more cycles is the significance of the 

outcome from the last cycle. As stated by De Villiers (2012) for AR, cycles do tunnel towards the final 

solution (Figure 3-6). If a cycle’s feedback is not significant, it is therefore possible that the research 

has reached a reasonable level of stability. This could be confirmed with an organisational 

endorsement that the solution has worked. In reality, organisational evaluation of a change is the 

ultimate indicator about whether the research has reached its end, or not. While failure is investigated 

and feedback used to develop further IADR cycles towards improving artefacts, success indicates that 

refining is what mostly remains to be considered as part of the research. Any structural modification 

of the solution would instead be considered as a new IADR research altogether. 

 
Figure 3-21 The Instantiated IADR Research Framework 
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Figure 3-21 highlights various artefacts generated by the research. The description and creation of 

these artefacts will be discussed in the next chapter, and their evaluation will be deliberated in the 

subsequent chapter. 

3.6 Summary 

Researching in scientific fields is a perpetual exercise in seeking improvement of existing knowledge 

and acquisition of new facts. The spectrum of ways to conduct a scientific investigation has two 

extremes between which research methodologies are developed. On one end, there is the positivist 

approach whereby phenomena are studied and understood in an accurate and exact fashion, 

independently from humans involved in the research. The second is the interpretivist perspective 

which focuses on how the researcher and other involved individuals understand and experience the 

phenomena under study. Combining multiple methodologies has been put forward as an improved 

way to do research. On one hand, the multi-methodological approach allows for different perspectives 

in addressing the same phenomenon. On the other hand, it allows for use of different approaches at 

different stages of the investigation. 

Being both a relatively new and highly evolving field, IS regards application, applicability, and 

relevance as important requirements for investigative efforts. As such, classical research 

methodologies did not fulfil the requirements, and neither did the classical separation between 

research and industry worlds. Consequently, methodologies that promote involvement of both sides 

through resolving real business problems while adding to general knowledge have been promoted for 

IS research. Methodologies like AR, and its variant IAR, as well as Design Science, have been heavily 

used for inquiries into IS, allowing researchers to be immersed into the industrial world and vice-versa. 

In that line, the Insider Action Design Research (IADR) methodology was developed to guide the 

investigation into the research question, problems, and issue. IADR is a multi-methodology and its 

name reflects its relevance both to business and research ecospheres: Insider is for allowing 

employees and alike to conduct the research; Action is for permitting the research to actually engage 

with the studied phenomenon; Design is to assert that an actual solution to the identified problem is 

expected; and Research is to ensure that the outcomes of the research add scientific and knowledge 

values. Artefacts generated as part of IADR cycle for this research were evaluated using a combination 

of Hevner et al.’s five proposed methods to evaluate DSR outcomes. 

In the field of Inter-Organisational Middleware Systems (IOMS), there is a shortcoming of existing 

literature in addressing process upgrade. This is mirrored by the lack of common solutions for legacy 

processes in IOMS, including ULPs. The organisational grievance is at three levels: the technical level 
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(such as difficulty to support, update and troubleshoot the processes and the system); the business 

level (business processes themselves become difficult to evolve and be managed); and the financial 

level (work-arounds and temporary fixes are costly and put strain on existing resources). IADR was 

presented as an appropriate approach to study the subject. Its instantiation was used to conduct the 

research and propose various artefacts. The next two chapters will discuss the creation and evaluation 

of various research artefacts.  
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CHAPTER 4    CREATION OF RESEARCH ARTEFACTS 

Guided by the Insider Action Design Research (IADR) methodology, the research organises its artefacts 

into two types: High level and concrete artefacts. The first are abstract and serve to understand and 

clarify elements associated with or surrounding the situation in which the investigation is being 

conducted, all towards enabling the creation of the concrete artefacts. These, in turn, are concrete 

impactful solutions that aim at answering the research question of how to approach upgrading 

Unupgradable Legacy Processes (ULPs) in Inter-Organisational Middleware Systems (IOMS) in a 

standardised way.  

To answer the research question, a set of objectives was laid out. They are: 

- Producing a methodology to pertinently guide the research. 

- Investigating the concepts of business integration, IOMS, Unupgradability, and ULPs. 

- Analysing existing Project Management methods and assessing organisational criteria for 

successful change 

- Providing an IOMS-specific framework to govern process changes. 

- Proposing an architectural pattern and an adaptive architecture to enable management of 

IOMS processes and technology. 

- Producing a set of roadmaps to upgrade ULPs in IOMS. 

- Instantiating various artefacts through organisational implementations. 

- Evaluating various outcomes. 

This chapter first explores the concept of artefacts, and explains how this research understands the 

relationship between different types of research artefacts. This is followed by the presentation and 

discussion of each of the artefact proposed by the research. 

4.1 Understanding Research Artefacts 

In IS, research can be divided into two categories: The behavioural research where theories and high-

level statements are reached, and the technical research where concrete outcomes are produced 

(Offermann, Blom, Schonherr, & Bub, 2010). For both sets, identity of IS research is tightly tied to the 

notion of IT artefacts (Zhang, Scialdone, & Ku, 2011). Under the relentless pressure generated by the 

continuous evolution of IT, the type and quality of research artefacts are the determining factors in 
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classifying an investigation as an IS research, or not, and deeming its findings as credible, or not (Zhang 

et al., 2011). An IT artefact is “an entity/object, or a bundle thereof, intentionally engineered to benefit 

certain people with certain purposes and goals in certain contexts. It is developed, introduced, 

adopted, operated, modified, adapted, discarded, and researched within contexts and with various 

perspectives.” (Zhang et al., 2011). This definition does not specifically refer to technology itself, and 

that is intended. Indeed, the instrumental and contextual nature of IT artefacts dictates that IS 

researchers should not be restricted when considering what constitutes artefacts or how they should 

go on with investigating and delivering them. It is in effect only through such flexibility that the current 

dynamic state of IS can be investigated (Zhang et al., 2011). 

According to Zhang at al. (2011), there are five common types of IT artefacts: 

- The bundle of material and cultural properties as described by Orlikowski and Iacono (2001),  

- The change enabler as presented by Benbasat and Zmud (2003),  

- The information process as described by King and Lyytinen (2004),  

- The practical IT representations as viewed by Hevner et al. (2004), and  

- The technology integrator as regarded by Agarwal and Lucas (2005). 

Taking into consideration the implication and impact of IT in the everyday life for people and 

businesses alike, a combination of all the above would constitute a general type of IT artefacts from 

which sub-genres might be selected by the researcher. This means that an IT artefact could, and 

probably would, belong to more than one of Zhang et al.’s types. This research regards IT artefacts as 

any and all deliverables of the investigation that add value towards answering research question. The 

relationship, interconnection, and inter-complementarity of various artefacts ensures that different 

aspects of research objectives are addressed. We therefore posit that, for this research, it is more 

profitable to research all relevant artefacts at once (where and when possible) than to research each 

in isolation. Insulating artefacts in the research would end up either with the omission of the influence 

and impact they have on each other, or the research would require significantly longer and 

unnecessary cycles to restudy all created artefacts every time a new one is produced. 

Following IADR methodology, artefacts produced as part of this research have been constructed in a 

concerted manner from the (higher) conceptual level (down) to the actual implementation of the 

proposed solutions. First, the methodology used to conduct the research had to be designed in order 

to ensure both rigour and relevance of the research to the field of IOMS. Subsequently, the 

development of major artefacts started concurrently, allowing them to take advantage of each other’s 

outcomes and feedback. While the design of artefacts started at once, they were not finalised 
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simultaneously. The process of artefacts creation followed a triple-branch approach (Figure 3-1), 

where the overarching goals were to assimilate existing literature, put forward solutions to halt/slow 

the problem of ULPs in IOMS, and to address existing ULPs.  

Generated artefacts stand on a clear understanding of what concepts, frameworks, architectures, 

roadmaps, and implementations mean and represent. Regrettably, general literature does not seem 

to be in accord in regards to these terms. For instance, there is no general agreement on what an 

architecture is and what constitutes a Framework. Some literature even amalgamates both (Jrad & 

Sundaram, 2015c). It is therefore important to clarify our understanding (or endorsement) of various 

relevant research artefacts and how they interrelate. This research divides artefacts into Conceptual 

and System Artefacts. The former are constructed as part of understanding theories associated with 

the studied phenomenon, and lay the structure for the creation of the more implementable System 

Artefacts. Even though both types work together towards achieving research objectives, their 

opposite natures imply that usability of Conceptual Artefacts is more likely to last longer than System 

Artefacts. Figure 4-1 illustrates and clarifies that for this research, frameworks are regarded as bases 

for developing architectures (Jrad & Sundaram, 2015c, 2016a, 2016b). This reflects Zachman’s view 

(Zachman, 1987) regarding IS frameworks as the building-blocks to architectures, which in turn are 

baselines to guide and implement actual IS solutions (Jrad & Sundaram, 2015c). 

 

Figure 4-1 Positioning Research Artefacts. Adapted from Author’s Creation (Jrad et al., 2016) 

Artefacts displayed in Figure 4-1 are not compulsory to all IS research. Some elements can be omitted 

if not required. Following the figure’s path, this research started with clarifying various concepts, 

theories, models and processes associated with the subject. It then developed a framework, from 

which an architectural pattern was created and used as a basis to design the IOMS-specific 

architecture. The roadmaps for upgrading ULPs were then designed on top of the already-created 
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artefacts before being implemented as part of the validation process. While artefacts were logically 

built in a building-blocks manner, each can stand on their own merit and be used without the need 

for the rest of artefacts. For instance, the architecture could be implemented without having to adhere 

to the overall FUI framework or the proposed ULP-related roadmaps. Furthermore, the architectural 

pattern could be used to develop new architectures different to the one proposed in this work. Such 

independence allows further investigation on each artefact in a specific, focused, and efficient, way. 

The construction, implementation and validation of research artefacts was executed in a bootstrap 

manner, where one created artefact helps designing a second artefact, which then helps to generate 

a third artefact, etc. Reciprocally, each artefact validates the previous one, and therefore all 

antecedent artefacts. The process is illustrated in Figure 4-2. One particular element missing in 

Figure 4-2 when comparing it to Figure 4-1 is the Framework Pattern. Such artefact was deemed 

unnecessary for the research due to the customisability of the proposed framework itself. The 

framework will be discussed in section 4.5 below. Documentation has been highlighted in Figure 4-2 

because of its importance to research in general, and Action Research in particular, and to also assert 

that one of the main issues behind ULPs in IOMS is in effect the lack of documentation. As such, it is 

both a key element in assessing ULPs (Jrad et al., 2016) and a critical requirement for a robust solution. 

 

Figure 4-2 Research Artefacts’ Relationships 
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The research has produced eight major artefacts as part of its efforts to address the research question. 

These artefacts will be discussed in the next sections. 

4.2 Insider Action Design Research Methodology as the Guiding Artefact 

The use of multi-methodological approach for interventions has being increasingly employed by 

operational researchers to cope with the complexity of real-world problems (Henao & Franco, 2014). 

While the incommensurability between different methodologies from different paradigms is a valid 

risk (Henao & Franco, 2014), the advantage of mixing multiple methodologies when researching in IS 

has been put forward as most appropriate way to take the best of various methodologies and 

strengthen their weaknesses (Mingers & Brocklesby, 1997). The two major arguments driving such 

belief are that one methodology may not be fully equipped to look at the same phenomenon from 

different angles and that one methodology may not fit all stages of the investigation (Henao & Franco, 

2014). 

As illustrated in Figure 3-18 (Section 3.4), IADR phases are based on a combination of Insider Action 

Research (IAR) and Action Design Research (ADR) (Jrad et al., 2014). In turn, ADR is an arrangement of 

Action Research (AR) and Design Science Research (DSR) methodologies (Figure 3-17). Since Design 

Science itself is a multi-methodological approach that combines positivist and interpretivist 

approaches (Nunamaker et al., 1990), IADR can be considered as hybrid cross-paradigmic multi-

methodological approach for investigating IS phenomena. As such, it is suitable to investigate dynamic 

systems like IOMS, sitting in the middle of various heterogonous systems, across multiple 

organisations, located in different geographical, legal, and cultural zones (Jrad & Sundaram, 2016c). 

As it guides the research in improving artefacts’ quality, the methodology echoes De Vries’s Cyclic 

Process Model (Figure 3-6) with iterations starting at a more general and ‘looser’ level, before evolving 

into tighter, more specific cycles (De Villiers, 2012). Combining multiple methodologies with the use 

of cycles and the formative evaluation, where feedback is used within the cycle that generated it 

(Venable et al., 2014), brings a multidimensional usefulness to IADR outcomes. With it, accuracy, 

rigour, and relevance are remarkably served using IADR.  

IADR is both an artefact created as part of the research and an evaluation instrument used for the 

validation of other artefacts. For it to be successfully used, IADR relies on the provision for learning as 

part of the project management. This implies organisational tolerance for mistakes, acceptance of the 

trial-and-error approach to problem solving, and reasonable flexibility of resources, especially IOMS 

team’s time. The reason time is of higher criticality is because IADR is usually adopted when common 

organisational solutions have already failed, or have become too expensive. The organisation then 
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gives the employees the possibility to work on the problem, assuming associated costs would be 

substantially low. 

The first use of IADR as a robust methodology for investigating ULPs in IOMS is not to generate a 

solution to the problem. Instead, the development of a sound theoretical basis is required in order to 

ensure that the research and practical problems are real and valid, and that any developed idea to 

address them is new, relevant, unique, applicable, and generalisable. The next section discusses 

efforts made to address conceptual gaps in literature review, including the concepts of IOMS, 

Unupgradability, ULP, and the Organisational process to evaluate changes. 

4.3 Concepts, Definitions, Models and Processes 

Critical theory is important in IS research because, when used in that domain, it allows the researcher 

to disengage from any existing power relations or causes of alienations and domination (Richardson, 

Tapia, & Kvasny, 2006). Furthermore, it challenges pre-existing views in the field, promotes change, 

puts technological development and adoption in a broader social and economic context, and permits 

the reflexivity of the researcher’s role and the researched topic (Richardson et al., 2006). This research 

investigated existing literature associated with the subjects of business processes, B2B, IOIS, Business 

Integration Middleware, and IOMS and identified gaps that would need addressing in order to be able 

to resolve the issue of ULPs in IOMS (Chapter 2). 

In section 2.4, the research identified the need to name and define the business integration 

middleware systems that enable business processes to effectively become cross-organisational, as a 

preliminary step to researching them. Subsequently, such systems were termed as Inter-

Organisational Middleware systems (IOMS) (Jrad, 2014). An IOMS can be defined as “an inter-

organisational collection of EAI and EMS procedures, methods, and services that work together to 

allow heterogeneous applications from different organisations to communicate, exchange 

information and validate each other’s inputs and outputs” (Jrad, 2014). The inputs and outputs 

referred to in this definition go beyond technical terms to also reflect business information. Indeed, 

IOMS not only enables actual transport of information between heterogonous systems, it also 

participates in the logical processing of business information traversing it (Jrad et al., 2013). 

Being a relatively new concept, IOMS continues to be marginalised in enterprise strategies, 

organisational architectures, and budgets. Only when business processes are affected is attention 

given to IOMS and its needs looked at (Jrad et al., 2016). Initially, organisations tend to consider 

updates to IOMS processes in a ‘quick and dirty’ manner as successful because organisational 

approach to evaluating projects’ outcomes do not necessarily highlight the long-term impact of 
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changes in dynamic systems like IOMS. Wrapping these processes is also initially considered as an 

effective tool to manage older legacy processes. However, the reactive, loose, type of management 

has inadvertently created and promulgated the gargantuan problem of legacy processes (Jrad, 2014). 

As every legacy process in IOMs continues to fall behind technological advancement, it effectively 

becomes an Unupgradable Legacy Process (ULP) (Jrad et al., 2013), and common methodologies and 

tools are no longer effective in managing and updating it (Jrad et al., 2016). What was a fully supported 

process has quickly become a black box (Jrad et al., 2013). 

The notion of Unupgradability does not mean the process is impossible to upgrade. In theory at least, 

every process can be fully reengineered, ending with the new one taking the place of the obsolete one 

(Jrad & Sundaram, 2016c). However, the number of ULPs, as well as their inter-dependency, adds a 

significant complication to the problem and ultimately prices out the possibility to address it (Jrad et 

al., 2013). In face of such scenario, organisations usually resort to following the ‘least resistant path’ 

by first trying to re-engineer most legacy processes, leaving the others unchanged where possible, and 

then wrapping the rest inside more procedures and code (Jrad et al., 2016). While doing nothing would 

not resolve the issue, the process of wrapping further deepens the complexity of the ULP problem 

(Jrad et al., 2013). Inevitably, businesses end up diverting extensive resources to keep these processes 

functional (Jrad, 2014). 

4.4 Managing Change in IOMS 

Upgrading processes in general can be deceptively complex (Beatty & Williams, 2006) and not always 

successful (Scott & Vessey, 2002). One significant element that hinders a proper implementation of 

changes in IOMS is the reliance on generic project management methodologies to deliver change 

without accounting for specificities of IOMS (Jrad & Sundaram, 2015b). By definition, Project 

Management (PM) is a series of activities and processes performed as part of one frame (project) by 

a defined set of people, from the same or different disciplines, with the aim of generating new or 

improved organisational products, services, and/or processes (Cleland & Ireland, 2007). The mantra 

of ‘faster, cheaper, quicker’ continues to be the motto for achieving organisational goals through use 

of projects (Cleland & Ireland, 2007). Traditionally, a project is well defined; with distinct scope and 

boundaries, as well as clear roles and responsibilities; well aligned, with corporate goals; usually with 

low stakes; easy to report on; with clear schedule and deliverables; producing little risk of conflicts 

over objectives; and with abundance of templates and clear methodologies for the Project 

Management Lifecycle (PMLC) (Kerzner & Belack, 2010). On the other hand, it is linear; heavily 

structured; inflexible; methodologically rigid; culturally blind; with little agility to re-plan, particularly 

in face of unknowns; and is not fit to run over long durations (Kerzner & Belack, 2010). While projects 
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in older fields such as manufacturing can be categorised as traditional (Conforto, Salum, Amaral, Luis 

da Silva, & Fernando Magnanini de Almeida, 2014), in fields with an increased uncertainty about 

duration, funding, scope, resources, and stakeholders’ requirements, as well as the immovability of 

objectives, traditional methodologies become difficult to follow (Kerzner & Belack, 2010). Fittingly, IS 

projects tend to be complex with ill-specified goals, for which solutions are often not (fully) known at 

the outset of the project (Conforto et al., 2014; Wysocki, 2013). To compensate the limitation of 

Traditional Project Management (TPM) methodologies, a dynamic set of Agile Project Management 

(APM) practices has been developed to address complex projects requiring different frameworks, 

strategies, expectations, challenges, and PMLCs (Kerzner & Belack, 2010; Wysocki, 2013). Figure 4-3 

summarises various types of PM methodologies. 

 

Figure 4-3 Landscape of Project Management Lifecycles. 
Author’s Creation (Jrad & Sundaram, 2015a) 

4.4.1 Agile Project Management for changes in IOMS 

Managing change in IOMS needs to embrace the APM approach because there are too many 

unknowns at the start of the project to successfully follow a TPM method. Furthermore, there is a 

need to incorporate discovery and learning as part of the project path (Jrad & Sundaram, 2015a). In 

particular, the assessment of success in upgrading IOMS follows different path to that of other 

Enterprise Systems such as IOIS and ERP systems (Jrad & Sundaram, 2015b). The uniqueness in 

assessing success of IOMS projects is driven from the relentless industrial pressure to constantly 

update the system. Needing to stay on phase with changes in the business in an IT spectrum, vendors 

are forcing customers to regularly upgrade to newer versions. Concepts like mobile computing, 
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remote collaboration, cloud computing, the Internet of Things (IoT), and many more, have emerged 

in the last fifteen years, and all required IOMS to be capable of supporting them. The higher frequency 

for system upgrade is not the only reason why IOMS project success are challenging. The fact that 

IOMS is regularly involved in IOIS, ERP and IS projects submits the system to multiple projects at once 

(Jrad & Sundaram, 2015b). Subsequently, the way changes are applied into the system would not only 

impact on the outcomes of the project they belong to, but also other projects running at that same 

time. The use of a robust PM methodology would help alleviate these risks and ensure project success. 

In the case of this research, APM methodologies have been used when running projects implementing 

and validating various artefacts. 

The talk about project success does not seem to be the common theme in literature. The noted 

tendency is to report (or at least focus) on failures rather than successes of IS projects (Jrad & 

Sundaram, 2015b), and there are multiple reasons for it. First, there is indeed an alarmingly high level 

of failure in IS projects (Jrad & Sundaram, 2015b) that has been well documented (e.g. Cecez-

kecmanovic et al. 2014; Cooke-Davies 2002; Mir and Pinnington 2014; Xu and He 2008; and Doherty, 

Ashurst, & Peppard 2011). Second, philosophically, heuristically and probabilistically, failure is easier 

to achieve than success (Bosq, 2002), as a lot of ‘boxes’ need to be ticked for success to occur while 

just one unticked box could signify failure (Jrad & Sundaram, 2015b). Third, there is a multitude of 

definitions to what constitutes a failure of an IS project (Jrad & Sundaram, 2015b). While on the one 

hand there is a significant divergence between practical and academic thinking on the subject (Markus 

& Tanis, 2000), on the other hand what constitutes a success or a failure in an IS project has strong 

subjective, political, and interpretational elements (Cecez-kecmanovic et al., 2014). One particular 

definition that has been widely referenced is the one offered by Lyytinen and Hirschheim’s (1987) who 

regard investigating IS failures as structurally different to IS evaluation studies. They state that failure 

can be declared if the output system did not meet its predefined objectives and ended up being 

abandoned or downscaled, or if the project did not meet the budget/time/specifications constraints, 

or if users and/or stakeholders are dissatisfied with the new system (Lyytinen & Hirschheim, 1987). In 

a more extreme view, even the mere perception of failure could be regarded as enough to declare the 

project as a failure (Fincham, 2002). Due to difference in characteristics amongst various projects, it is 

impossible to generate a universal criteria to assess a projects’ outcomes (Mir & Pinnington, 2014). 

However, it is possible to group methods of IS project assessment into four categories (Figure 4-4): 

Rational, Narrative, Organisational, and Performative. 
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Figure 4-4 Assessing Project outcomes in IS. Author’s Creation (Jrad & Sundaram, 2015b) 

The Rational approach relies on projects meeting budget, time, and technical requirements (Cecez-

kecmanovic et al., 2014). The Narrative approach, on the other hand, rejects the assumption that IS 

project successes or failures exist out there and just need to be found and valued. Instead, it focuses 

on the perception of the outcomes by “specific organisational, socio-cultural, and political processes” 

(Fincham, 2002). The Narrative approach advances that it is irrelevant if the project is successful or 

not as much as it significantly matters if it is perceived as a success or failure. The Performative 

approach attempts to shift the focus away from rational and narrative views into looking at 

sociomaterial practices and how they produce realities (Cecez-kecmanovic et al., 2014). This view 

takes root in the fact that is no longer possible to clearly demarcate where humans as agents and 

entities end and where technology starts (Orlikowski, 2009). Since we effectively live in a hybrid 

entanglement between humans and objects (Latour, 2005; Leonardi, Nardi, & Kallinikos, 2012), we 

should account for such entanglement when doing research in or on IS projects. Subsequently, success 

and failure can be observed through the actions and events associated both with humans and 

technology (Jrad & Sundaram, 2015b).  

The fourth and more relevant approach to assess the outcomes of IS projects is what this research 

labels as the Organisational Approach (Jrad & Sundaram, 2015b).  
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4.4.2 Organisational Approach to Evaluating IOMS Project Outcomes  

Based on Critical Success factors (CSF), and borrowing from both the rational and narrative 

approaches, organisations continue to strongly use the Budget/Time/Specifications methodology in 

evaluating the outcomes of an IS project, while giving more weight to feedback from project members, 

end-users, and various stakeholders, on the final declaration of success or failure. Therefore, the 

creation of the concept of Organisational Approach was actually a synthesis of existing elements that 

are partially-implicitly used in organisations when evaluating projects (Figure 4-5). 

 

Figure 4-5 Organisational Approach to Assessing IS Projects. 
Author’s Creation (Jrad & Sundaram, 2015b) 

Remarkably, even though the Organisational Approach is preponderantly used by organisations, 

literature does not identify or define it as a specific approach. A probable explanation is that the 

approach may be confused with the simpler, traditional, and more general rational approach. 

However, perception has well been identified as a critical element in an organisation’s views on a 

project’s outcome. As an example, Davis (2014) puts forward the case of a Heathrow Airport’s 

Terminal upgrade project which was largely successful, but due to minor commissioning issues 

customers viewed it as problematic, leading indeed to stakeholders perceiving it as a failure. 

IOMS projects need to be planned and executed with the intention to meet the Organisational 

Approach criteria for successful outcomes. Additionally, perceptions of different involved parties need 

to be accounted for when deciding if/when/how to upgrade IOMS processes, and in determining what 
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elements makes changes successful (Jrad & Sundaram, 2015b). The next section looks at framing the 

approach to apply changes in a mode specific to IOMS. 

4.5 Framework for Upgrading IOMS 

The need for theory development has been widely recognised as important to IS both for research and 

for managing and solving practical problems in organisations (Hong, Chan, Thong, Chasalow, & Dhillon, 

2014). Early on, the increasing distribution of computing facilities over different geographical locations 

added the necessity for IS structures and architectures in order to protect organisations from risks of 

chaos and even potential disintegration (Zachman, 1987). The consequent array of architectural 

proposals to govern various aspects of IS created a need to rationalise, categorise, and frame these 

efforts (Zachman, 1987). The implication is that the use of framework in enterprises in fact came to 

light after architectures have been widely used (Jrad & Sundaram, 2016a). Semantically, a framework 

is an essential and basic supporting structure to an object (Oxford Dictionary Of English, 2016). 

Enterprise Framework can be defined as “the architecture of the enterprise architecture” (Grigoriu, 

2006). Its role is of twofold: to describe the existing manner by which the organisation is governed 

(Grigoriu, 2006) and to consolidate the organisation’s assets and systems which would otherwise be 

‘out of order’ (Zachman, 1997). In a wider sense, frameworks can be thought of in two ways: They can 

be a way to describe architectures (ISO/IEC/IEEE, 2015), effectively serving as a tool to understand and 

group already existing architectures and potentially assort those that may have not been categorised 

yet. On the other hand, frameworks can be used as a basis of thinking and conceptualising before the 

actual development is made (Ellis & Kim, 2007). It is only fitting that frameworks built from describing 

existing architectures can (and should) be considered when creating new architectures and new ways 

of architecting in IT (Figure 4-6). While organisations tend to prefer using a singular architectural 

framework (Emery & Hilliard, 2009), it is possible that distinct frameworks are used as a basis to 

develop multiple architectures for the same landscape in the organisation (Jrad & Sundaram, 2016a). 

In saying that, frameworks and architectures have been noted to be interchangeably used in some 

literature (Jrad & Sundaram, 2015b), and while there is a belief that every architecture must adhere to 

a framework (Emery & Hilliard, 2009), practice shows it is possible for highly specific frameworks to 

also serve as architectures. These might be thought of as a hybrid Frameworks/Architectures (Jrad & 

Sundaram, 2015c). 

IS frameworks ought to be clear, logical, and methodical (structure); simple and straightforward (basic); 

and of relevance (supporting) and criticality (essential) to the subject they aim at supporting (Jrad & 

Sundaram, 2015c). They also need to be generic (Sowa & Zachman, 1992), reusable (Johnson, 1997), 

flexible (Amarilli, 2014), able to sustain dynamics of the subject they frame (Kalakota & Whinston, 
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1996), and to be grounded on established theories and concepts (Hong et al., 2014; Neumann, 1994). 

While IT and IS frameworks have existed since the 1970s (Emery & Hilliard, 2009), Zachman’s work 

(Zachman, 1987) and its follow-up with Sowa (Sowa & Zachman, 1992) are often heralded as the 

pioneers and most influential efforts in modern IS architectural frameworks (Emery & Hilliard, 2009; 

Pant & Ravichandran, 2001). Zachman mapped real world information requirements into IS field in a 

systematic manner (Pant & Ravichandran, 2001) by connecting five different views (planners’ view, 

owners’ view, designers’ view, builders’ view, and subcontractors’ view) to six building-blocks of an IS: 

data (what), function (how), network (where), people (who), time (when), and motivation (why) (Jrad 

& Sundaram, 2015c). The result is a set of 30 different perspectives of IS that could form the basis for 

various IS architectures. 

 

Figure 4-6 Relationship between Frameworks and Architectures. 
Author’s Creation (Jrad & Sundaram, 2016a) 

Since Zachman’s work, there has been a plethora of framework proposals for IS (e.g. Kalakota & 

Whinston, 1996; Neumann, 1994; and Raghunathan & Madey, 1999). IS architects have subsequently 

started combining frameworks to reflect their own processes as well as different requirements from 

organisations, clients, etc. (Emery & Hilliard, 2009). With IS and IT upsurge in complexity, diversity of 

research into their frameworks continued to increase (e.g. Henderson & Venkatraman, 1994; and Scott 

Morton, 1991), and the recognition that alignment of IT with the organisation has become critical, 

sparking efforts in proposing models and frameworks to manage such alignment (Amarilli, 2014). 

Notably, Scott Morton (1991) proposed what is referred to as MIT90’s Model (Figure 4-7) to discuss 

factors that influence changes in organisations. These factors were divided into internal and external. 

Internal factors are namely Culture (composed of structures, processes, people and their roles), 

Strategy, and Technology. External dynamics are Society, Economy, and Science and technological 

progress. MIT90’s framework is based on Critical Success Factors (CSF), which are defined as aspects 

that need to meet minimum requirements in order for an IT/IS event to be considered as successful 
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(Baškarada & Koronios, 2014; Denolf, Trienekens, Wognum, Vorst, & Omta, 2015). Use of CSF remains 

important in today’s businesses (Henderson & Venkatraman, 1994), and efforts into enhancing and 

adding more applicability to the MIT90’s framework have been prominent, notably Henderson and 

Venkatraman’s Strategic Alignment Model (Henderson & Venkatraman, 1994) and Luftman’s MIT90’s-

based management tool (Amarilli, 2014).  

 

Figure 4-7 MIT90’s Framework (Scott Morton, 1991) 

While some critiques argue that MIT90’s model, and its subsequent enhancements, remain too broad 

to be applicable (Amarilli, 2014), it remains greatly accepted as a useful and unique framework for 

discussing factors that influence change in organisations (McDonald, 2009). For this particular reason, 

Scott Morton’s MIT90’s model was used as a Framework Pattern based on which the framework for 

managing upgrades of IOMS processes was developed. The research labelled it “Framework for 

Upgrading IOMS” (FUI) (Jrad & Sundaram, 2015c). 

Looking at existing IOIS literature, it is noticeable that despite five decades of increasingly 

predominant existence in businesses (Hekkala & Newman, 2011; Hekkala & Urquhart, 2012), there 

are remarkably diverse views on how to handle IOIS diffusion over multiple organisations, locations, 

countries, legal systems, cultures, and time zones (Reimers et al., 2013). Such a problem, combined 

with the lack of research interest into IOIS components without addressing the system as a whole, 

explains why IOMS as a system has not attracted enough interest for investigation. In fact, our review 

of existing literature returned no proposal of frameworks for change governance in IOMS (Jrad & 

Sundaram, 2015c). Such lack of interest has been compensated by a chaotic, isolated, commerce-

driven outburst of solutions by product vendors, solutions providers and consultants (Jrad & 
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Sundaram, 2015c). While this practice is not uncommon in fast-changing and technology-driven 

innovation processes (Aloini, 2015), continuous lack of direction perpetuates time, finances, and effort 

requirements for organisations to manage their IOMS. Generated knowledge is then meagrely used 

in subsequent changes, with little of it being shared with the research community (Jrad, 2014). The 

FUI framework represents a first effort towards addressing the problem. The artefact would serve as 

a theoretical base to approach upgrading IOMS processes in general, not only its legacy processes. 

While framing changes in IOMS does not resolve the problem of ULPs, it helps the very important 

halt/reduction of the continuity of creating new ones. 

IOMS is by nature an evolving system, and the complexity of IOIS is likely to dictate that of its IOMS 

(Jrad & Sundaram, 2015c). Indeed, the degree of elaboration in business processes reflects on the 

level of convolution in the underlying infrastructure. And as the delimitation between business and IS 

processes on one hand (Jrad, 2014) , and IS processes and IT infrastructure on the other (Leek & Colin, 

1997), continue to fade, addressing changes in business processes is no longer an isolated task. Instead 

of only reviewing the business aspect of a change, there is a need for assessing, and potentially 

changing, associated IS processes and IT infrastructure. Even a simple change in a business procedures 

may imply a change in IOIS processes, IOMS processes, and/or the IT infrastructure (Jrad & Sundaram, 

2015c). Similarly, changes to IS processes or IT setup imply a review of the various business processes 

they directly or indirectly serve. The impact of the interweaving dependency between business, IS, 

and IT elements of the organisation can be significantly impactful, potentially reaching as high as 

organisational strategies (Figure 4-8). Undeniably, organisational changes are no longer simple, linear, 

and downwards. Rather, they can be triggered from any internal or external factor (Levy, Powell, & 

Yetton, 2001), and can circulate in all directions. This is acknowledged in the proposed FUI framework. 

 

Figure 4-8 Tetrahedral Change Dependency between IOIS, IOMS, Business Processes, and IT 
Infrastructure. Author’s Creation (Jrad & Sundaram, 2015c) 
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The scope of the proposed framework evidently excludes changes in IOIS that do not impact on IOMS. 

It also excludes technical changes impacting only internally on IOMS as a system. Instead, it focuses 

on processes that include business-oriented procedures and functions. For instance, upgrading the 

Operating System in which the product is running is not covered by the proposed framework even 

though such modifications, e.g. hardware changes, may impact on the performance of IOMS in 

processing business information. The exclusion of purely technical changes inside the IOMS is driven 

both by the lack of direct relevance for such changes to the business process, and by the fact they 

usually follow strict procedures laid out by the product vendor. Furthermore, the intention of the 

framework is not to offer an answer to questions on the complexity of, or cost models for, managing 

IOMS. Instead, its aim is to actually help understanding what is required in order to answer such 

questions. Figure 4-9 presents the proposed FUI framework. 

 

Figure 4-9 Framework for Upgrading Inter-Organisational Middleware Systems. 
Author’s Creation (Jrad & Sundaram, 2015c) 
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The FUI framework is organised into four internal and three external factors specifically tailored to 

IOMS. These factors are multidirectional (Levy et al., 2001), meaning there is no predefined order of 

start or influence. 

4.5.1 Organisational Elements  

When addressing changes in an IOMS, there are four elements that are critical in determining the way 

to approach them: Organisational strategies, IS infrastructure, Processes, and Project requirements. 

Strategies can be proactive or reactive (Scott Morton, 1991), and they set the basis for the way to 

build, maintain and change IS infrastructure. While it can be argued that IS strategy is driven from 

corporate and business strategies (Leek & Colin, 1997), it still can dictate upwards changes. For 

instance, a need to replace unsupported legacy processes might force the organisation into rethinking 

the way they do their e-business (Jrad & Sundaram, 2015c). Furthermore, management and upgrade 

requirements of IS Infrastructure may impact on the IS Strategy which may in turn influence the 

business strategy. 

IS infrastructure can be viewed as a combination of technology, humans and processes (Jrad et al., 

2014). Depending on the organisation’s size, processes, and field of action, IS infrastructure can be 

simple or complex. IS landscape is used to manage the interaction between the three elements of IS 

infrastructure in order to ensure stability and help fulfil various organisational strategies. Even though 

they are both inside IS infrastructure, the research explicitly separates business-oriented IS processes 

from pure technical IT processes. The separation stems from the fact both types of processes do not 

share the same aims. While a standard technical process, such as a mailing process serves as an 

infrastructure to business processes, it contains no business logic and is blind to the business 

processes. Conversely, IOMS or an IOIS processes contain business logic, and as such their designs and 

requirements have a strong business flavour. This difference dictates the need to manage changes in 

IOMS and IOIS processes in a specific way independent from standard IT procedures. Additionally, it 

is imperative that IOMS processes are not managed as simply an extension of IOIS or ERP processes 

because their characteristics and composition are not the same as IOIS or ERP (Jrad, 2014). In 

particular, legacy processes in IOMS are of higher risk and complexity associated with them (Jrad, 

2014). The decision to apply changes to a legacy IOMS process would lead to the need for a decision 

to either reengineer, ignore, or wrap, the process (Jrad et al., 2013). And because legacy IOMS 

processes notoriously put significant strain on IOIS, delaying their upgrade would only worsen the 

problem (Jrad, 2014). The impact of the lack of capability to standardise or resolve legacy processes 

in IOMS can propagate upwards forcing even a modification of IS or business strategies. One of the 
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organisations involved in this research admitted they were already forced to reduce the Service Level 

Agreement (SLA) on a real-time critical business process due to a legacy process in IOMS failing to 

deliver on the desired requirement. 

The FUI framework considers existing processes as fundamental to the way changes are managed for 

IOMS because the interaction of IT, IOIS, IOMS and business processes, legacy or not, is what makes 

business transactions happen electronically. In particular, processes to manage and control changes 

are critical because they ensure compliance with the IS strategy, enforce the correct levels of 

accountability, and protects the Production systems from errors, especially when a project requires a 

multitude of changes. 

The Project element of the FUI framework focuses on the specific requirements and approaches that 

would ensure a successful run of the project aiming at modifying processes in IOMS, well in accordance 

with the Organisational Approach of IS project assessment (Figure 4-5). A standard approach to 

projects in IS is to have six stages of Requirements � Development � Test � User Acceptance � 

Implementation � Maintenance (Leek & Colin, 1997). It is however possible for an IOMS process to 

require recurrence of steps as the project loops back to previous stages. This is a fundamental quality 

in Agile Project Management (APM) methodologies endorsed in this research. While it may be possible 

to know ‘where we’re going’, the lack of knowledge on ‘how to get there’ means that stages like Test 

and User Acceptance might return results that enforce changes in requirements, or redevelopment of 

parts of the solution. Where much learning by application is required, studying the new solution in a 

lab-style environment might precede all other stages (Jrad, 2014). 

Because IOMS is an expert domain requiring a combination of general IT knowledge and specific 

domain know-how, engaging the BAU6 team in projects involving IOMS is important (Jrad, 2014; Jrad 

& Sundaram, 2016c). On the one hand, they hold a combination of technical and business knowledge 

that contractors and external players do not necessarily have. On the other hand, their management 

of IOMS on a BAU basis draws significant resemblance to managing IOMS projects (Jrad, 2014). In 

effect, changes in IOMS process usually require a full spectrum assessment, as they may impact on 

IOIS and business processes, as well as other IOMS processes. This, subsequently, imposes a need to 

manage BAU changes in IOMS using APM methodologies. Unlike other fields, a handover from an 

external IOMS consultant is hardly useful to internal teams because the solution was obtained through 

multiple cycles of learning while doing. In turn, an expensive dependency on the external resources 

for changes in IOMS, no matter how small they are, is created. While it is not counter-productive to 

                                                           
6 BAU refers to (Business As Usual) and can be defined as the day-to-day management and operations of the organisation (Carroll, 2006) 
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use external assistance, it is significantly more efficient to involve them as support for the 

organisation’s own IOMS team, if there is one. The lack of IOMS team’s involvement in the project 

brings the risk of them not being able to properly manage the systems afterwards. On the other hand, 

involving them in projects instead of external resources has the advantage of bypassing the need for 

education about the organisation’s formal and legal requirements, such as its code of conduct, its 

charts of inter-teams engagements, and requirements for change documentation. From another 

angle, retention of the difficult-to-find IOMS skills is another reason to get the BAU team involved. As 

such, it should be part of the IS strategy to ensure they are well trained and empowered to drive 

changes (Jrad, 2014). 

An important component of the Project element in FUI is documentation. While it may be argued that 

the statement is valid for every IS, the lack of mainstream literature about IOMS makes internal 

documents more valuable (Jrad, 2014). Their significance is most visible in architectural designs and 

how they are key deliverables of IOMS upgrade projects. Their importance is not only in depicting the 

existing (As-Is) and target (To-Be) environments, but also various intermediary statuses between the 

two. In effect, changes in IOMS do not usually consist in decoupling the old process or system 

component from the rest and replacing it with a new one. A predominant practice is to allow both As-

Is and To-Be elements to run side by side for a period of time. The approach allows for a cascaded 

transfer of activities between the two in a controlled manner. A common justification for the side by 

side approach is to let some IOIS partners adhere to the change while allowing others to temporarily 

lag behind. The criticality of intermediary architectures is that technical resources may not be enough 

to accommodate for the coexistence of two full systems, and documents depicting Intermediary 

statuses highlight any potential deficiency. Appendix 2 displays an example of an intermediary 

architecture for an IOMS upgrade project, developed as part of this research. Documenting project 

plans and roadmaps is another example of critical documentation that would enable laying out project 

tasks and steps and allow for efficient troubleshooting and rolling back if necessary. 

4.5.2 External Factors 

While internal factors are highly critical for IOMS changes, external factors can play a spoiler role if 

they are not addressed properly. The three most influential external elements that need consideration 

are: Legal; Technological Development; and IOIS partners. Legality covers both the legislative and 

licensing aspects. Effectively, care needs to be taken to ensure laws of countries involved in IOIS are 

not broken, and so are the terms of IOMS license contracts. This is particularly challenging because 

licensing for IOMS products tend to vary in format (e.g. per-Core CPU vs. per volume licensing) and 

IOMS are usually too restless to allow for an easy reviews and corrections (Jrad et al., 2013). It is 
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therefore important to have a process by which licensing agreements can be found, understood, and 

validated on a regular basis. During the implementation of the FUI framework in one of the 

participating organisations, a significant potential for contract breaches was unearthed when the new 

virtual hosting environment for IOMS was found to use a higher CPU range than the current IOMS 

licenses allowed (Jrad, 2014). 

The second external factor of interest to IOMS is Technological Development. For a while, organisations 

have been facing strong ‘peer-pressure’ to endorse newer inventive ways of doing business (Jrad, 

2014). Consequently, an organisation’s resistance to endorse new processes and technologies might 

give competitors a comparative advantage. As IOMS solutions get more complicated to cater for the 

wider range of integration methodologies, different elements inside these systems are getting more 

entangled and less independent. Companies are then finding themselves having to understand and 

investigate IOMS components they are not using because of their impact of those used. IOIS partners 

also present a challenge either by struggling to cope with the new technology, or the other way around: 

They might be too advanced technologically. In both scenarios, a pressure could build on the 

organisation to reconsider its IS strategy for the IOIS. It is in fact well documented that bigger players 

in IOIS tend to influence their technological choices onto smaller partners (Jrad, 2014).  

These business partners in fact represent the third external factors that IOMS upgrades need to account 

for. Different organisations have different strategies and levels of technology absorption, and it is 

imperative to account for both sides of the spectrum. IOMS needs to be able to enable cross-

organisational business processes both when they are simple and when they are complicated, and it 

needs to reflect on different security and reporting requirements from business partners. 

The FUI framework provides a thinking space on how to approach changes in IOMS. Being a dynamic 

system, managing change in IOMS needs to be accounted for when proposing an architecture to govern 

its systems and processes. The FUI framework was used as a blueprint for this research to deliver an 

architectural pattern, and an architecture, that adaptively account for both system structure and 

process change in IOMS. The next section discusses the proposed architectural pattern. 

4.6 Middleware Architecture Pattern for Inter-Organisational Systems 

The need to ‘architect’ has existed since humans first decided to organise their lives and surroundings 

(Jarzombek, 2013). Etymologically, the word finds its origin with the Greeks who invented it to identify 

the chief builder, ‘arkitekton’  (Online Etymology Dictionary, 2017).  It has since spread to Latin and 

Ancient French before becoming wildly used. Classically, architecture can be defined as the art and 

the practice of carefully designing and constructing buildings in a manner that typically reflects the 
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style of a specific period, place, and/or culture (Oxford Dictionary Of English, 2016). Over the last two 

decades, this definition’s spectrum has been widened to include other human artefacts such as vessels 

(Naval Architecture (Comstock & Rossell, 1967); cars (Vehicle Architecture (Bayouth & Thorpe, 1996); 

and IS. In today’s context, Architecture can be presented as the synergy of art and science to control 

functionalities and complexities when designing complex structures (Lankhorst, 2005). 

Needing as much order and structure to maintain sense through the complexity that was increasing 

with its evolution, IT endorsed the same word, the same concept, and virtually the same definition of 

architecture as the construction field (Östberg, 2005). IEEE presents architecture in IT as “fundamental 

concepts or properties of a system in its environment embodied in its elements, relationships, and in 

the principles of its design and evolution” (Drews & Schirmer, 2014). 

This definition highlights that, just like in construction, architecting in IT is both an art and an 

engineering skill, aiming at answering user needs within a viable economic framework (Östberg, 2005). 

Historically, Fred Brooks, working for IBM, was the first to introduce the word ‘Architecture’ to the IT 

world in his 1962’s book “Planning a Computer System” (Östberg, 2005). Dewey Walker, working for 

Fred, then presented the first architecture methodology in IT (Spewak & Hill, 1993), before John 

Zachman, also working for IBM, explicitly identified the need for architecture in IS (Zachman, 1987). 

Zachman’s work in particular has been regularly presented as the inspiration for modern IS 

architectures and frameworks (Emery & Hilliard, 2009). In sync with these advances, multitudes of 

architecture subgenres emerged to specifically focus on various aspects of the enterprise and its IT 

assets. Such subgenres vary from the technical (e.g. Hardware architecture) to the more abstract (e.g. 

Business architecture), and from the System-Specific (e.g. Computer Architecture) to the enterprise-

oriented (e.g. Enterprise Architecture). Figure 4-10 presents a high level view of most significant 

architectures in IS/IT nowadays. 

Developing an architecture is a reflection of the need to logically construct and manage various 

components of the IS (Zachman, 1987). Decisions related to these architectures can be described 

through the development of architectural patterns (That, Sadou, & Oquendo, 2012). It is indeed 

advantageous to put together lessons learnt from previous experiences in an abstract format from 

which architectures can be driven (That et al., 2012). 

The term Architectural Pattern (AP) is mostly used in software development, but can be applied to 

wider domains. ‘Pattern’ means “a regular and intelligible form or sequence discernible in the way in 

which something happens or is done” (Oxford Dictionary Of English, 2016). An AP can therefore be 

considered as a high-level architecture (Jrad & Sundaram, 2016b) which is neither too detailed to be 
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immediately applicable nor too general to be regarded as a framework. APs are usually based on the 

same framework on which architectures themselves would be based, and are particularly useful when 

there is not enough theory and frameworks from which architectures can be driven. APs therefore 

serve as the confined platform from which different architectures in the same domain can be driven. 

 

Figure 4-10 Review of Notable Enterprise Architectures Associated with IS. 
Author’s Creation (Jrad & Sundaram, 2016a) 

Architecting IOMS cannot be fully achieved using existing IOIS and ERP methodologies (Jrad, 2014). 

On the other hand, applying a partly or completely irrelevant approach is a common cause for failed 

IOMS upgrades (Jrad & Sundaram, 2015c). While the FUI framework addresses the gap for IOMS 

processes upgrade, it is not concerned with the way to manage these processes. Rather, an AP is 

beneficial to the research objectives by laying out the ground for the creation of an IOMS-specific 

architecture using the FUI framework as a basis to ensure the dynamic nature of IOMS is accounted 

for. This research proposes a high-level IOMS-specific: the Middleware Architecture Pattern for Inter-

organisational Systems (MAPIS) that will be applied to create actual adaptive architectures for IOMS 

(Figure 4-11). 
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MAPIS accounts for both Service-Oriented (SOA) and Event-Driven (EDA) architectures, which are the 

common bases for developing IOMS processes (Jrad & Sundaram, 2016a). 

 

Figure 4-11 The Middleware Architecture Pattern for Inter-Organisational Systems (MAPIS). 
Author’s Creation (Jrad & Sundaram, 2016b) 

SOA is an architecture that emphasises loosely coupling and reusing systems, components, and 

processes through common standards and protocols (Haki & Forte, 2010a). It has been viewed as a 

natural ‘next-thing’ in a long series of attempts to reuse software components (Haki & Forte, 2010a), 

and it finds its roots in Object-Orientation, Aspect-Oriented programming (AOP) and Enterprise 

Application Integration (EAI), as well as Business Process Management (BPM) (Levina & Stantchev, 

2009). Initially, SOA aimed at permitting an organisation’s departments to share common 

functionalities based on a shared services portfolio instead of the cumbersome habits of each 

developing their own version of the same functionality (Maréchaux, 2006). That advantage has since 

been extended to IOIS in allowing different organisations in the same business network to share each 

other’s functionalities, resources, and data (He et al., 2015). 

An EDA is an architecture that relates a specific set of processes to the occurrence of a given event 

(Maréchaux, 2006; McGovern, Sims, Jain, & Little, 2006). The manifestation of the event changes the 

state of an element in the business process, which in turn initiates the chain of processes in the order 

specified in the EDA design. While SOA is best suited for synchronous processes where requestors 

expect a response from the invoked service, EDA is more suited for asynchronous processes. EDA has 

two models: Push and Pull models. Event Agents have the task to detect the change of state and ‘push’ 
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the information to an event Channel to which Sinks are listening. Upon detection of the event, Sinks 

are responsible for executing the appropriate service(s) (McGovern et al., 2006). In some scenarios, 

the Sink actually requests an event from the Channel, which in turn ‘pulls’ it from the Agent. The 

publish/subscribe process is the epitome of asynchronous communication (Maréchaux, 2006).  

While SOA lacks reactivity to business events, EDA suffers from the lack of processes independence. 

And in the context of dynamic partnerships, complex multi-function processes are roadblocks to 

effectively manage changes. However, while EDA itself might no longer be a suitable architecture, 

combining it with SOA is rather beneficial (Maréchaux, 2006). The combination is referred to as ED-

SOA architectural pattern (Levina & Stantchev, 2009), and it allows both for events and service-based 

processes to coexist while ensuring services are decoupled. The Triggers in MAPIS refer to internal 

and external start points for the process. They can be prompted by users or systems, and they 

represent a business-related activity, such as sending a Purchase Order or receiving an invoice. 

A few decades ago, connecting to different systems relied on ad-hoc inflexible programs developed 

for that specific purpose. Updating these programs is cumbersome, time consuming and sometimes 

impossible. MAPIS addresses that issue by dividing transactions handling into two tiers. At first, Front-

End processes receive details and contents of transactions, and transform them into 

canonical/standardised formats. Then, Back-End processes perform the required tasks associated with 

these transactions. The separation of the two layers ensures that, regardless of what is being received, 

all data of the same nature is processed in a similar (standard) way. For instance, while various 

partners would send invoices in different formats, these invoices are converted into the organisation’s 

standard invoice format before being processed. When a new partner joins the IOIS, the effort is put 

into transforming their invoices into the standard format without affecting other partners’ invoices. 

In the eventuality that the canonical format requires modification, the change would be in one place 

for all partners. Such manoeuvre enables the flexibility required in managing partnerships. 

Importantly however, MAPIS acknowledges that not all processes can be easily subjected to the two-

tier process. Legacy processes, and more specifically ULPs, can be a challenge to reengineer or modify 

(Jrad & Sundaram, 2016b). 

The use of adapters in MAPIS is proposed in lieu of direct connections from inside the code. Relying 

on a ‘quick and dirty’ solution of calling the target system from inside a business processing IOMS 

interfaces has been already presented in section 2.5 as a prelude to higher difficulties in managing 

IOMS (Jrad & Sundaram, 2015c). IOMS adapters are often made available by vendors whose interest 

is in enabling communication with known IS products. Database adapters, various ERP systems 

adapters, Cloud adapters, and Internet-of-Things adapters, are some of the commonly available 
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components in today’s IOMS products. If a specific adapter is not available, and admittedly there is a 

need for custom code, developments should be done with the generation of independent interfaces 

in mind. These interfaces can be looked at as ‘home-made’ adapters. 

When solicited by IOMS, adapters typically receive connection details, and it is they who open 

communication channels with target systems. Once the connection is established, adapters manage 

the communication throughout the transaction (Figure 4-12). Target systems could be productive 

systems such as databases, ERP systems, and CRM systems, and they can be internal or external. 

 

Figure 4-12 Using Adapters: High Level View  

The left-side elements of the MAPIS are the environmental constraints and requirements. They 

represent matters that are either external to the organisation, or to the IOMS itself, and they cover 

legal, project, security, etc. On its right-side, MAPIS acknowledges that reporting is a critical element 

of IOMS. Internal transitional data contains transactional business information, as well as the 

overhead containing details from the transaction (e.g. sender’s details), and IOMS itself (e.g. time of 

processing). All MAPIS elements will be encapsulated in the architecture proposed in the next section. 

4.7 Adaptive Inter-Organisational Middleware Architecture 

The need to establish IT architecture is nothing but a mirror to a wider business desire to architect 

itself (Jrad & Sundaram, 2016a). And the alignment of the business and its IT is the most significant 

driver for organisations’ quest to architect both (Drews & Schirmer, 2014; Lankhorst, 2005). Business 

Architecture has been defined as a blueprint that provides a common understanding of the 
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organisation and enables aligning and integrating strategic objectives, including IT strategies (Alemann 

et al., 2014). Business architecture is on one hand a reflection of the Business Strategy (Graves, 2015), 

and on the other hand a cornerstone to the more IT-focused Enterprise Architecture (Alemann et al., 

2014). That is why when talking about architecting IT the concept of Enterprise Architecture is most 

used one, not Business Architecture (Jrad & Sundaram, 2016a). The next sub-section explores the 

types and usages of Enterprise Architecture in structuring IS. 

4.7.1 Adaptivity through Enterprise Architecture 

EA has existed since the 1980s (Drews & Schirmer, 2014; Ritter, 2004; Sessions, 2007), even though 

its practice has been regarded as an elevated collection of older, already existing practices (Federation 

of Enterprise Architecture Professional Organisations, 2013). There are multiple definitions for EA. 

However, looking at the most commonly-cited characteristics, it could be presented as a precise and 

unambiguous future-oriented practice for conducting fundamental analysis, design, planning, 

implementation, and governance of an enterprise’s present and target IT landscapes, as well as 

optimising and integrating its processes, while specifically accounting for fragmented and legacy 

processes (Federation of Enterprise Architecture Professional Organisations, 2013; Kotusev & Storey, 

2015; Niemann, 2006; Winter & Fischer, 2006). EA gained significant importance since the early 2000s 

with global enterprises ranking it as one of their top priorities (Gall, 2011), and the lack of alignment 

of technology with the business strategy has been viewed as an inevitable path to business failure 

(Ritter, 2004). Remarkably, the flood of frameworks used to develop EAs has caused confusion on how 

to actually develop these EAs (Gall, 2011). Notably, Gartner’s report in 2011 identified more than 59 

existing frameworks (Gall, 2011) while ISO/IEC/IEEE 42010 standard survey in 2015 cited 68 of them 

(ISO/IEC/IEEE, 2015). 

An adaptive EA allows robust IT governance and permits the business’s IT strategies and budgets to 

be real, optimised, and reasonably future-proof (Wilkinson, 2006). Words like adaptivity, agility, and 

adaptability, have been used interchangeably to reflect businesses’ need to adapt and change in a 

swift manner in order to survive and maintain relevance in the ever-changing business environment 

(He et al., 2015). EA adaptivity consists of responsiveness, flexibility, speed of reaction, leanness, and 

capability to learn and self-transform appropriately (Gill, 2015). It is larger organisations, even though 

they usually have the bigger budgets, who have more complex Enterprise Systems and therefore 

bigger challenges in their quest for adaptivity (Wilkinson, 2006). And EA is a key tool to address these 

challenges (Federation of Enterprise Architecture Professional Organisations, 2013). 
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There are two well-documented methodologies for EA: Top-Down and Bottom-Up. The Top-Down 

approach is business driven, focusing on mapping the organisation’s business processes onto the IT 

settings. The aim of this type of architecture is to propagate the business strategy downwards to the 

IT landscape (Figure 4-13). 

 

Figure 4-13 Top-Down Driven Enterprise Architecture. Author’s Creation (Jrad & Sundaram, 2016a) 

Because they take from a few months to a few years to develop, traditional Top-Down EA approaches 

have been criticised for their lack of early deliveries or early show of value (Gill, 2015). Subsequently, 

agile and adaptive EAs have been put forward as a better way to architecture IT in dynamic markets. 

Some of the renowned Top-Down EAs are Zachman’s Framework/Architecture, MIT’90, TOGAF, EA3, 

NISTEA, ISO-19439, and ARCON. 

As opposed to the Top-Down approach, Bottom-Up EA methodologies are technology-driven and 

centring on implementing, or improving the business readiness to implement advanced technologies 

and practices (Sessions, 2007). They are more technical than their counterpart and, while they do 

impact on how the EA is viewed, their effect on the wider business is rather limited (Figure 4-14). 

Indeed, the impact ripples from Top-Down EAs are more far-reaching than those from Bottom-Up EAs. 

 

Figure 4-14 Bottom-Up Driven Enterprise Architecture. Author’s Creation (Jrad & Sundaram, 2016a) 

Literature is replete with studies on and in the field of EA, including studies on its lifecycle 

management (Drews & Schirmer, 2014). The Enterprise Architecture Management (EAM) has been 
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typically addressed through three methodologies (Figure 4-15): The traditional, the MIT, and the DYA 

(Kotusev & Storey, 2015). Traditional EAM divides the concept into four consecutive steps going from 

the description of the current state, to the definition of the target state, then the setting of a 

transitional plan between the two states, before actually implementing it. On the other hand, the MIT7 

approach has a more holistic take on EAM. It relies on the development of a well-documented 

architectural vision from which IT governance is constantly driven and organisational decision-making 

processed. Divergently, the DYnamic Architecture (DYA) approach is more hands-on and less 

structured methodology. It uses only architectural principles and considers EA reviews only as a 

reaction to real business needs, such as a new business initiative. 

 

Figure 4-15 Enterprise Architecture Management Approaches. 
Author’s Creation (Jrad & Sundaram, 2016a) 

Despite EA being a favourite research topic, there is a notable lack of analysis of which EAM is suitable 

for which organisation/scenario/landscape, and how their advantages and limitations compare 

                                                           
7 MIT refers to Massachusetts Institute of Technology 
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(Kotusev & Storey, 2015). Furthermore, the focus of the EA literature has been mostly on the 

enterprise as a single entity. The development of EAs in a multi-organisational context or for the inter-

organisational use remains scarcely researched (Drews & Schirmer, 2014). In today’s dynamic business 

landscape where alliances are true needs, the lack of integrative architectures represents a business 

risk (He et al., 2015). As adaptive networks continue to evolve, it is difficult for a single-focused, 

structurally inflexible organisation to join these network, or to survive alone (Drews & Schirmer, 2014; 

He et al., 2015; Mueller et al., 2013). It is indeed important that organisations put adaptivity as a key 

element in their architectures (Jrad & Sundaram, 2016a), and promote the integration of B2B partners 

into their EA analysis and planning (Drews & Schirmer, 2014). An outward organisational EA allows for 

a better construction of IOIS architectures, which is discussed in the next sub-section. 

4.7.2 Architecting IOIS 

Bringing IOIS and EA architectures together is yet to be recognised as a standard approach (Drews & 

Schirmer, 2014). However, the change in software construction from the mere concentration on 

Object-Oriented aspects of applications empowering IS processes, to the more encompassing focus 

on services as fundamental elements of software development (Haki & Forte, 2010a; Rosenberg & 

Dustdar, 2005) has allowed IOIS to become more flexible and better at integrating businesses. Indeed, 

on one hand, being able to simultaneously offer event-driven, component-based, and service-oriented 

types of architectures is a basis for enabling richer and more adaptive ways to build IOIS processes 

(Jrad & Sundaram, 2016a). On the other hand, the advent of Service-Oriented Architectures (SOA) has 

heralded efforts to bring EA and IOIS architectures closer through concepts like the Service Oriented 

Enterprise Architecture (SOEA) (Haki & Forte, 2010b). 

The typical reliance of SOA on web services as front-ends for communication between two 

organisation’s business processes permits IOIS to be efficient in including and excluding partners in a 

fast and economic way. Furthermore, SOA allows for a lower requirement of partners’ trust in IOIS 

(Jrad & Sundaram, 2016a). Indeed, since web services are the first point of contact for partners’ 

systems, disabling or enabling their access equates to adding or withdrawing an organisation from the 

IOIS process. Before SOA, IOIS security and business processes were embedded into the core of the 

organisation, making the management of trust amongst partners a complex matter. Figure 4-16 

illustrates a static IOIS relationship between three organisations and how excluding organisation þ 

from the business network equates to reviewing all six processes that have a star drawn in them. The 

logic inside these processes, as well as security matters, dependencies, and documentation, need to 

be addressed, and potentially recoding is required. 
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Figure 4-16 Illustration of non-SOA IOIS Processes. Author’s Creation (Jrad & Sundaram, 2016a) 

In an SOA-enabled IOIS, a partner dropping out of the business network signifies that little to nothing 

needs to be changed. For instance, when a partners decides to put an end to the business 

collaboration, nothing should change from the business process perspective, and the front-end web 

service could remain available for if/when they decide to do business again. Naturally, other aspects, 

such as security governance and process lifecycle management, may impose changes to the system, 

e.g. firewall reconfiguration. However, the business process itself would remain unchanged. Even for 

complicated scenarios, managing access rights to web services would suffice to disable an ex-partner’s 

access to IOIS. It is therefore much easier for organisations to be adaptive when using SOA architecture 

for their IOIS processes (Jrad & Sundaram, 2016a). Figure 4-17 demonstrates that if developed in 

compliance with SOA, far less IOIS processes would need to be assessed when organisation þ leaves 

the partnership. The principle of decoupling allows each service to ignore the business process in its 

entirety and instead focus on its own elementary tasks. As such, only front-end services, and 

specifically their access management, are what require modification (Figure 4-17). 
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Figure 4-17 Illustration of SOA-architected IOIS Processes. 
Author’s Creation (Jrad & Sundaram, 2016a) 

The focus on the composition of the business network, including adding and dropping partners in a 

quick and efficient way, reflects on the reasons that drive organisations to engage in IOIS. Business 

partners come together for one of four reasons: either to synergise their efforts against bigger rivals, 

or to increase their market infiltration, or to enhance their customers’ experience, or to improve their 

own operational efficiency and costs (Eom, 2005b). The key feature associated with all these reasons 

is the need for partners to be adaptive in the way they integrate processes. IOMS is the system that 

enables such integration and it needs to be designed, architected, governed, and managed, properly, 

and independently from other IOIS components, in order to reflect its specific requirements. Already, 
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numerous propositions of IOIS architectures and frameworks did specifically demarcate the 

integration layer (e.g. Mueller et al., 2013 ; Haki & Forte, 2010; Stelzer, Fischer, & Nirsberger, 2006; 

and He et al., 2015). The lack of explicit segregation of IOMS as a separate concept in a separate layer, 

has been a significant contributor in failed IOIS and ERP implementations (Jrad & Sundaram, 2016a). 

Effectively, the example illustrated in Figure 4-17 would only work efficiently if IOMS is designed and 

architected explicitly, specifically, independently, and correctly. This is further discussed in the next 

sub-section. 

4.7.3 Adaptively Architecting IOMS 

Integrator components can nowadays be found in most applications that handle some aspects of the 

business process. Solution offering basic integration capabilities vary from the simple word editing 

tools to the more sophisticated enterprise solutions. For instance, emailing an invoice scan uses the 

email process as a way to extend the business process onto the partner’s system while accounting for 

their technical differences -this description in fact fits the very definition of IOMS. Most ERP systems 

are also capable of handling standardised transactions such as using XML format. On other hand, 

operating systems offer the capability to send files via the FTP protocol. It is therefore possible that 

an ERP system manages integration on its own without the need for an independent IOMS solution. 

However, this is only possible when the business process is not too complex and its security matters 

are not too important. The relevance of IOMS as a system is most obvious in complex business 

processes and partnerships (Jrad & Sundaram, 2016a). The strength of IOMS, however, is not only to 

enable IOIS between large organisations. It also accommodates for smaller-sized partners who would 

only use basic integration logics. The combination of flexibility and robustness is attainable through a 

proper architecture and governance of IOMS (Jrad & Sundaram, 2016a). 

A specific, robust, and adaptive, architecture is critical to the management of IOMS, and that cannot 

be fully achieved using existing IOIS and ERP upgrade methodologies (Jrad, 2014). Oddly, not only is 

there a lack of research interest in the subject, but there is also a general lack of acknowledgement 

from stakeholders for the need to architect IOMS. Instead, organisations tend to resort to ad-hoc, 

‘quick-and-dirty’ approaches that address an immediate integration requirement, and which are 

based on irrelevant or partially-relevant frameworks. The culmination of these practices is the 

problem of ULPs (Jrad & Sundaram, 2015c). This research proposes the Adaptive Inter-Organisational 

Middleware (AIM) architecture (Figure 4-18) as a way to address these issues by controlling the flow 

by which they are created. The argument is that addressing existing ULPs needs to be accompanied 

by efforts to reduce/halt their creation. 
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Figure 4-18 The Adaptive Inter-Organisational Middleware Architecture (AIM). 
Author’s Creation (Jrad & Sundaram, 2016a) 

The proposed AIM architecture was constructed based on the FUI framework and the MAPIS 

architectural pattern, both of which are IOMS-specific. AIM fulfils the fundamentals for SOA and ED-

SOA designs, which are the common bases for developing IOMS processes.  

To illustrate how AIM combines SOA and ED-SOA, consider the example where the reception of a 

Purchase Order (PO) is confirmed (the event), who then sets the status of the purchased item to ‘sold’ 

(state change). This event triggers a call of stock-management process to update relevant stock values 

(action), as well as the sending of a transportation request to a third organisation responsible for 

deliveries (action). These are all asynchronous services reacting to a change of status. On the other 

hand, the service processing the PO could invoke other services such as the creation of the invoice, 

the calculation of tradesperson’s commission, etc. These are independent processes (SOA-based) with 

solicited service required to return information to the calling service (synchronicity). IOMS would be 

in the middle of all these processes relating between front-end retail applications, business systems, 
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and other partners’ systems, all while forwarding communications and feedback between various 

services. This example of a commercial process illustrates how IOMS architecture needs to allow for 

both ED-SOA and SOA processes.  

Figure 4-19 illustrates how AIM architecture allows for SOA and EDA-SOA architectural patterns to 

coexist and function simultaneously. It presents four transactions, the first two are SOA based, the 

third is ED-SOA compatible, and the fourth is non-SOA. The last transaction is not promoted by the AIM 

architecture because all its procedures are contained in one same service (Sink a). The process is rigid, 

non-adaptive, and difficult to maintain. If a multitude of similar services exist, a business’s capabilities 

to change, including adding or deleting partners from IOIS processes, would be further limited. 

 

Figure 4-19 Application of the AIM Architecture. Author’s Creation (Jrad & Sundaram, 2016a) 

The notable difference between the two SOA services on one side and the ED-SOA service on the other 

is the initiation phase. While the former use web services, the latter relies on Agent and Sink services. 

Afterwards, the use of independent services and adapters is standard in both scenarios. 
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One important aspect of the AIM architecture is the promotion of transforming various inputs into 

canonical/standardised formats before handling them. The design splits the task of receiving 

transactions from actually processing them, allowing the addition and subtraction of partners in a fast 

and organised way. For instance, a new partner’s field requirements for invoicing would be translated 

into the same canonical format used for other invoices. From that point, the process is already in 

place. In turn, when a particular partner is no longer part of the business network, invoicing process 

for the rest of partners is not affected. Importantly however, the architecture recognises that not all 

existing processes can be canonised, and some legacy processes may need to be managed separately. 

This in fact is an acknowledgement that the ULP problem cannot be swiftly or even permanently 

resolved. Instead, it should be incorporated in the IOMS to enable addressing it. 

While AIM is not an architectural pattern that serves as a guideline for developing other architectures, 

it is also not a final product that allows no customisation. It can (and should) be modified to fit the 

organisation’s needs. When adopted, AIM allows an improved management of the flow by which ULPs 

are created, which in turn permits the organisation to develop the proper roadmaps addressing the 

ULPs that have already been created. The next section debates the proposed roadmaps. 

4.8 Roadmaps for Upgrading Unupgradable Legacy Processes in IOMS 

A roadmap, in its broader sense, is a plan or a strategy aiming to achieve a specific predefined goal 

(Oxford Dictionary Of English, 2016). In an organisational context, it can be regarded as a practical 

means for integrating technology and business towards developing technological strategies 

(Groenveld, 1997; Probert & Radnor, 2003). As its name suggests, a roadmap is a visual or a descriptive 

construct (i.e. a map) that illustrates a methodological approach (i.e. a road), and specifies to (i.e. 

guides) an explorer or a decision maker how to conduct a journey or to devise a solution in a prescribed 

manner. While maps can offer alternative paths for the same journey, by nature they cannot be vague 

or inefficient (Jrad et al., 2016). Roadmaps in IS are often detailed and vary from being a simple 

representation of processes, e.g. cataloguing a software’s release agenda, to an elaborate plan that 

aims at addressing a complex issue (Phaal, Farrukh, & Probert, 2004; Radnor & Probert, 2004). They 

endeavour to answer the Why-What-How-When questions (Albright, 2003a), link problems to 

solutions, and explain how elements of the system fit, interact and evolve together (Albright, 2003b). 

This research considers roadmaps as projects’ vehicles to reach specifications within time and budget 

limits and reaching stakeholders’ expectations (Figure 4-5). Therefore, the success in implementing 

and validating the proposed framework and architectures depends on how the roadmaps to apply 

them were designed, applied, and evaluated. This section discusses the specifics of IOMS roadmaps, 
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and proposes an overarching context for addressing the research question, under which an Enterprise 

and a Technological project roadmaps were developed. Assessment of these roadmaps’ 

implementation throughout the numerous projects was based on the Organisational Approach (Sub-

section 4.4.2). 

4.8.1 Overarching Need for Roadmaps in IOMS 

While roadmaps in IS serve to actually implement change, they are not loosely constructed. Instead, 

they are built above well-defined architectures and structures, and are supported by appropriate 

concepts and theories (Albright, 2003b; Zachman, 1987). However, even though they may be reused 

in the future (Albright & Kappel, 2003), roadmaps’ efficiency is often short-lived due to their strong 

attachment to the current state of technology and to existing business practices and context (Jrad et 

al., 2016). They effectively deal with moving targets (Kappel, 2001), and as such, they are more 

susceptible to obsolescence and loss of relevance than their underlying constructs like architectures. 

System Artefacts, in general, have some sort of attachment to technology, which is why by nature 

they are more prone to obsolescence than their Conceptual counterparts.  

The justification for roadmaps can also be challenged in small changes where resource requirements 

may not reflect the simplicity of the task. However, the intricacy and cross-disciplinary character of 

emerging technologies, coupled with the uncertainties and risks they carry with them, bring significant 

complexity to IS. It is such complexity that warrants the need for appropriate roadmaps (Albright, 

2003b; Albright & Kappel, 2003). Amongst other contributions, they indeed provide invaluable support 

to decision-making, performance improvement, and projects evaluation (Albright & Kappel, 2003). 

They also ensure inclusion of diverse perspectives as well as the acquisition of the all-important buy-

in from various stakeholders (Kappel, 2001). In essence, a robust project roadmap is a good ‘insurance 

policy’ against project failure (Albright & Kappel, 2003) 

There is a dual nature to roadmaps in IS. They can act as forecast tools but also as action plans (Kappel, 

2001; Probert & Radnor, 2003). Such duality is a strength by way of allowing the association of various 

Why-What-How-When inquiries, but also a challenge when dealing with unpredictable or disruptive 

changes (Kappel, 2001). A way to address these challenges is to separate roadmaps for the execution 

of the project (which the research refers to as Enterprise Project roadmaps) from those for the actual 

implementation of the solutions (which the research labels as Technological Project roadmaps). Both 

types would be maintained under a high level type of roadmaps. The distinction between Enterprise 

Project (EP) and Technological Project (TP) roadmaps allows constructing and assessing project steps 

without having to worry about challenges in technology deployment, and, by the same token, it allows 
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planning for the solution’s implementation without focusing on business procedures and 

requirements for projects (Figure 4-20). 

 

Figure 4-20 Roadmapping Changes 

Looking specifically at the efforts to upgrade ULPs in IOMS, the call for using roadmaps is not unknown 

to organisations. Stakeholders do usually acknowledge the necessity for it, particularly to guarantee 

that upgrading IOMS meets its target and costs. However, the need to upgrade IOMS is not only driven 

by the need to keep up with the latest technology or to remain supported by the vendor. Changes in 

IOIS partners’ systems can also force such requirement. For example, when a 3rd party system, part of 

IOIS, is being upgraded, there is a likelihood that its adapter in every partner’s IOMS also needs an 

update. Because it is difficult to guarantee forward compatibility, older adapters are usually limited in 

what they allow, and only their upgrade would fulfil the intended potential for the system upgrade. 

Furthermore, the new adapter would drive a review of services and interfaces using it in order to 

ensure they remain operational. In some scenarios, the newer IOMS adapter may not be 

implementable in the existing version of IOMS, effectively requiring an upgrade of IOMS itself. 

In reality, the involvement of IOMS in IS projects is of higher frequency than most other Enterprise 

Systems (Jrad & Sundaram, 2015b). Indeed, while a change in IOMS may not affect the IOIS or other 

parts of the IS, changes in these two (IS and IOIS) would at least require reassessment of their impact 

on IOMS (Figure 4-21). The existence of roadmaps guiding how to implement changes in IOMS is useful 

in addressing them in a structured, coherent, and consistent manner. 



134 | P a g e  
 

 

Figure 4-21 Implicative Relationships in Organisational Information Systems Projects. 
Author’s Creation (Jrad & Sundaram, 2015b) 

Roadmaps for process updates in IOMS need to take into account the sensitivity of IOMS to changes 

in the wider IS environment. With it, audit matters like traceability, nonrepudiation, accountability, 

and auditability need to also be accounted for. The roadmaps need to be flexible enough to be 

applicable for full IOMS upgrades as well as partial upgrades, such as an adapter upgrade, and complex 

changes in general. This is driven by the fact that IOMS lives in a perpetually changing status and that 

change may not last long enough to be fully assessed (Jrad & Sundaram, 2015b). Indeed, success of an 

IOMS change is temporarily lived, and so is failure (Jrad & Sundaram, 2015b). As projects often start 

before others are completed, not enough time would have elapsed to properly assess outcomes 

before another change starts (Figure 4-22). Since it is not uncommon that multiple projects involving 

changes in the IOMS are running simultaneously, the system can hardly be settled, permanently living 

in an intermediary status (Jrad & Sundaram, 2015b).  

An online review of major IOMS products indicated that, on average, these systems go out of vendor 

support every three to five year8. For such a high frequency, organisations do need robust roadmaps 

to better manage IOMS upgrades. But before that, it is imperative that these systems are managed in 

a proper way, using the correct architecture. 

                                                           
8 At the point of writing the thesis: 

- standard support from SoftwareAG for its IOMS stops after 3 years from general availability 
(https://empower.softwareag.com/images/wM_7_0_and_older_Release_Support_Policy_tcm121-60540.pdf );  

- Tibco Enterprise Message Service versions are out of support after 4 years 
(https://support.tibco.com/docs/TIBCOEndofSupportInformation.pdf); and  

- Microsoft BizTalk Server 2013 is supported for 4 & half years 
(http://support2.microsoft.com/lifecycle/search/?sort=PN&alpha=biztalk). 
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Figure 4-22 Challenges in managing IOMS Projects Lifecycles. 
Author’s Creation (Jrad & Sundaram, 2015b) 

In order to develop a robust way to address the problem of ULPs in IOMs, an understanding of the 

enterprise and technological aspects of a given change in IOMS needs to be developed, and their inter-

dependence needs to be assimilated in a singular overarching context, and based on the already 

proposed artefacts research. 

4.8.2 Overarching Context for Upgrading ULPs in IOMS 

The focus of the proposed set of roadmaps is not change in IOMS in general or the full upgrade of the 

system. The aim is to propose a way to address ULPs in IOMS, be it part of general projects or as a task 

of its own. To address legacy processes in IOMS, organisations start with the use of tools and processes 

provided by the product vendor and the online community (Jrad et al., 2013). The availability of these 

solutions is tightly associated with the lifecycle of the IOMS product whereby every new version brings 

with it new requirements and guidelines including how to migrate from older versions. However, what 

would have once been efficient in migrating legacy processes is less likely to work as the gap between 

the installed and the new versions increases (Jrad & Sundaram, 2015b). While it is typically possible 

to migrate a recent IOMS version to a newer platform, older versions may not be supported for such 

a move, and a full in-place replacement might instead be required. Though it is true that this problem 

can be identified in many other IS fields, it is addressing it in the IOMS context that is lacking research 

interest (Jrad & Sundaram, 2015b). As a remedy, the research first proposes an overarching context 

to address ULPs in IOMS (Figure 4-23) before deriving the actual roadmaps that would guide 

addressing the ULP problem. The context was constructed on top of the FUI framework and the AIM 

architecture (Jrad & Sundaram, 2015b). 
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The proposed gear-shaped Context validates the argument that addressing ULPs is better serviced 

with separating EP and TP roadmaps. On the other hand, it assumes that the baseline architecture and 

underlying framework used for managing IOMS are either IOMS-specific, or at least IOMS-tolerant. 

The call for proper management reflects the fact that it is more pertinent to address existing ULPs in 

an environment that does not promote creating new ones. 

 

Figure 4-23 Overarching Context for Upgrading Unupgradable Legacy Processes in IOMS. 
Author’s Creation (Jrad & Sundaram, 2015b) 

Similarly to IOIS, IOMS is immovably persistent and continuously evolving. As such, changing IOMS 

products is an extremely difficult task. Owing to that, vendor requirements and guidelines have a 

significant influence on the organisational decision-making process associated with IOMS technology 

(Jrad & Sundaram, 2015b). In particular, the type and duration of licensing and support for a version 

of the IOMS solution can impact how the ULPs issue is approached. Indeed, longer lifecycles mean 
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ULPs can be addressed through multiple compact tasks, while shorter cycles mean they could be 

addressed as part of IOMS upgrade projects. In the midst of all that, business needs, impact and risks, 

need to be accounted for when planning for IOMS changes, including for legacy process. 

Though it could be challenging to understand the complexity of ULPs and how to address them, review 

of the EP and TP will demonstrate how it can be done in an efficient and structured way. 

4.8.3 Enterprise Project Roadmap for Upgrading ULPs in IOMS 

Addressing ULPs is an open-end journey, through which new legacy processes are involuntarily, 

inevitably, or carelessly engineered while others are being resolved (Jrad & Sundaram, 2015b). 

Figure 4-24 illustrates the proposed EP roadmap for ULPs issues in IOMS. The continuation of the 

efforts to address ULPs depends on the organisation’s perception of the criticality and urgency 

associated with the ULP problem, and the success of the previous attempts. These judgments change 

over time and are not always in phase with reality. Only with more stakeholders’ exposure to IOMS 

and its relevance to the business can that support be gained to manage and prevent legacy processes 

(Jrad & Sundaram, 2015b). 

The upgrade of ULPs in IOMS relies on the use of Agile Project Management methodologies to account 

for unknowns encountered at the start and during the project (Jrad & Sundaram, 2015c), and to 

address multiple questions that may be unanswerable at the planning phase. At the outset, the ULPs 

in IOMS need to first be identified and the depth and width of the problem understood, before 

undertaking any activity to address the situation. While in reality most ULPs are already known to the 

IOMS team, the formalisation of the list sets the organisation’s appetite to (or not to) engage in 

addressing them. As per Figure 4-24, the ULPs discovery would result in a set of Process lists (P-Lists) 

where they are ordered by priority based on their criticality and (in)efficiency, as well as the associated 

impact/damage suffered by the business and the cost (effort and money) to keep them operational. 

The need for multiple P-Lists reflects the existence of different views and allows for different degrees 

of criticality. For instance, an organisation might choose to create three lists of ‘must-address-

urgently’, ‘soon-to-become-a-problem’ and ‘nice-to-have’. At this stage of the roadmap, the 

complexity of the process redesign and reengineering is irrelevant. However, the organisation should 

agree on a clear set of definitions to be used in ordering ULP processes.  
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Figure 4-24 Enterprise Project Roadmap for Upgrading ULPs in IOMS. 
Author’s Creation (Jrad & Sundaram, 2015b)  
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Once established, the P-Lists are used to create the Yearly List (Y-List) which enumerates the processes 

selected for an upgrade in the next 12 months (or any equivalent period). At this point, the feasibility 

of migrating Y-List’s ULPs is assessed. It is likely that the easier ULPs would make the top of the list as 

the plans and cost to address them are low. Once a candidate is selected, a project plan is prepared 

and the Technological Project roadmap is drafted, taking into account the organisation’s Change 

Management processes and the business impact and risks associated with the change. If a candidate 

process is found to be tightly attached to one or more other ULPs, consideration needs to be given to 

migrating them at once. Mass-migration should however be discouraged unless unavoidable because 

of the costly and complex requirements it brings with it. 

Once the project is completed, outcomes are assessed and the Y-List is updated. To allow for activities 

outside IOMS to take place, the concept of a ‘Breather’ is introduced in the roadmap. A Breather is a 

brief pause (Oxford Dictionary Of English, 2016) that allows re-gathering focus and energy. Since this 

is not a project with a clearly marked end, it is important not to lock resources permanently or to put 

undue pressure on the organisation. The Breather can be thought of as a timer before the project 

starts again, and its length is subjective. Mostly, it depends on the organisation’s perception of the 

ULPs problem, and its support to continue address it. Both of these perceptions are inversely 

proportional to the gravity of the situation. Indeed, the more problematic the ULPs the stronger the 

desire to shorten the Breather, while the more manageable they are, the longer the Breather. 

The proposed EP roadmap relies on sound P and Y Lists based on clear criteria definitions used when 

populating them. Such criteria are likely to change over longer periods of time particularly when the 

organisation’s structure changes. Events like acquisitions and divestitures have a significant impact on 

the structure of the business, its IS, the IOISs it subscribes to, and its IOMS. It is imperative to review 

the P and Y lists after major business reshapes. 

While the EP Roadmap takes care of the approach to address ULPs from an organisational perspective, 

the Technological Project roadmap looks at the actual upgrade process (Jrad & Sundaram, 2015b). 

4.8.4 Technological Project Roadmap for Upgrading ULPs in IOMS 

The Technological Project (TP) is technology-oriented and the more likely of the two roadmaps to 

suffer quick obsoletion. Usually, IS implementations are approached in a linear fashion from the start 

to finish, allowing them to encompass all required steps towards their successful deployment (Jrad & 

Sundaram, 2015b). This is generally applied even to upgrading legacy processes. As such, the actual 

implementation of changes in IS projects is regarded as a set of tasks in the project plan that would 

be executed by the appropriate technical teams. However, addressing ULPs in IOMS is anything but 
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linear and already the Breather is an example of its nonlinearity. While standard IS projects usually 

have one project plan, different ULPs require different plans. Indeed, each candidate has its own level 

of complexities requiring different resources and inputs from different teams. Furthermore, one single 

project plan cannot include information about all future iterations when they are still not investigated. 

The proposed TP roadmap allows standardising the approach while accounting for the cyclic need for 

project plans (Figure 4-25). 

As already stipulated, the TP roadmap is a component inside the EP roadmap. It starts by assessing 

existing relationships between the candidate ULP and other business processes and ULPs. Efforts need 

to be put into documenting various processes, and engaging various teams during the project, 

including the collection of technical requirement on how to reengineer the ULP. This, in turn, helps 

assessing project duration and the level of involvement from other teams and third parties. Internal 

teams’ engagement should be promoted in a DevOps-like format where analysts, developers and 

operations personnel tightly interact and exchange knowledge (Smeds et al., 2015).  

The subsequent step is about the evaluation of internal support and resources. This is a crucial 

element of the roadmap because there is a need to guarantee resources availability for the entire 

iteration of the ULP upgrade. Engaging the IOMS team to drive the project makes use of their 

understanding of the organisation’s structure, as well as the strengths and weaknesses of other 

technical teams, when it comes to supporting the project. Once internal resources are assessed, 

external support, such as vendor, consultants, etc., also require evaluation and valuation. As iterations 

of the roadmaps are performed, the necessity for external resources would continue to drop.  

For complex changes, a Proof-Of-Concept system (POC) might be required to improve understanding 

of required efforts and costs. A POC is a temporary system that is built specifically for the purpose of 

learning about a solution and its implementation processes in a lab-style environment (Jrad & 

Sundaram, 2015c). It is an addition to the existing change-deployment environment and is not 

concerned with the organisation’s release management procedures. POC is built to allow the project 

doing mistakes without impacting the business. It is more significant when the project is not about 

changes inside the system but about the system. Infrastructure requirements, including POC systems, 

need to be evaluated and their cost and deliverability determined. Once details are gathered, the 

design, architecture, approval, execution, and reporting on the project can be performed as per the 

organisation’s standard processes. 
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Figure 4-25 Technological Project Roadmap for Upgrading ULPs in IOMS. 
Author’s Creation (Jrad & Sundaram, 2015b)
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The technical orientation of TP roadmap makes it easier to understand, approve and implement by 

the organisation. The EP roadmap, on the other hand, might prove more difficult to implement, as 

they are often mistaken for being part of traditional project plans. Such plans, however, have been 

found unsuitable for IOMS (Section 4.4). The next section will discuss the implementation of the 

various artefacts proposed in this chapter. 

4.9 Implementations 

To implement is to put into effect (Oxford Dictionary Of English, 2016). It is to execute, apply, carry out, 

perform, enact, and administer an agreement, a plan, or a decision (Oxford Dictionary Of English, 2016). 

Implementation is indeed about putting into application the theory that the combination of thinking, 

experience, effort, and inputs, has already generated (Jrad & Sundaram, 2016c). Without 

implementation, any idea, design, or solution would only maintain their philosophical nature without 

any concrete effect (Jrad & Sundaram, 2016c). 

There is a common amalgamation between implementation and instantiation, even though they are 

actually different. To instantiate is to generate a representation of something by a singular actual 

instance (Oxford Dictionary Of English, 2016). It is the ‘realisation of artefact’ in an identified domain 

aiming at facilitating the design of IS (Gregor & Jones, 2007; March & Smith, 1995). Instantiation is 

tightly connected to the artefact itself, and has limited meaningfulness outside it. For example, in 

Object-Oriented programming, a particular person’s name is an instantiation of the more general object 

‘Names’. While the object ‘Names’ can be studied, changed, increased in complexity, etc., a person’s 

name (such as ‘Adel’ or ‘Meriem’) is limited in what it offers beyond being a qualificator to a particular 

person. Implementation, on the other hand, is an executable process that puts a decision or plan into 

effect. Instantiations can be part of an implementation, but not all implementations require 

instantiations.  

This research uses real case implementations in two participating organisations, that we label 

Organisations α and β. These cases are used to implement, test, verify, improve, refine, challenge, and 

validate the proposed artefacts. The overall approach is to use cases in both organisations to address 

one or more artefacts, through key project deliverables (i.e. Work Breakdown Structures -WBS), 

scenarios, and/or phases (Figure 4-26). Even though in theory phases could also contain cases, that has 

been excluded in the context of this research for the purpose of clarity. The synergy of implementing 

research artefacts in both organisations would result in mutually shared knowledge through 

intermediaries such as Insider Action Design Science Researchers. 
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Figure 4-26 Research Case Studies 

This section first discusses implementing change in IOMS in general. Then it addresses how 

implementation is incorporated into this research, before it draws out subsequently learnt lessons. 

4.9.1 Implementing Change in IOMS 

In IS, applicability is critically important (Konda, 2012), and an idea would not be considered as valuable 

until it actually has some use in the domain (Jrad & Sundaram, 2016c). That is why investigations into 

IS have long moved from classical research approaches where focus is solely on rigour, to 

methodologies that value application, relevance, and applicability (Drechsler & Hevner, 2016; Konda, 

2012; Wieringa & Morali, 2012). The cornerstone of applicability of an idea in IS is its actual 

implementation (Jrad & Sundaram, 2016c). While the statement is valid for IS in general, it is even more 

relevant in IS fields dealing with organisational processes, where changes are implemented to address 

concrete technical or business necessities. In the case of IOMS, the motivation to implement a change 

can be attributed to a need to: 1) amend internal processes, such as the upgrade of the application to 

a supportable version; 2) update a business-oriented process, such as to add a new B2B partner; or 3) 

address a contextual requirement or risk, such as a change in the legal landscape (Figure 4-27). 
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Figure 4-27 Changes in IOMS. Author’s Creation (Jrad & Sundaram, 2016c) 

Updating internal IOMS processes is a purely technical exercise that usually follows clear vendor 

instructions and is considered as of low risk. However, modifications that reflect a change in the 

business process, or the organisation’s operational landscape, bring with them a higher impact and 

risks to the business. Indeed, if these changes are bad or badly implemented they could cascade into 

business problems (Jrad & Sundaram, 2016c), and the ripple effect is higher with IOMS processes then 

with the IOIS or business processes they service (Figure 2-15). 

Changes in IOMS may come in reactive or proactive mode (Jrad & Sundaram, 2016c). Reactivity can be 

spontaneous, such as when responding to an identified problem, e.g. a bug in the software. It can also 

be by design when the organisation’s strategy is to lock the system against modifications and only react 

to consequential issues. These issues could be of technical nature, e.g. addressing a memory leak, or 

business process problems, e.g. incapacity to process larger number of transactions. Proactive 

approach to change in IOMS relies on planning, and is based on a clear strategy that is derived from the 

IS strategy and which is reflective of the business strategy (Jrad & Sundaram, 2016a). Though it is a 

common preference to use proactive planning instead of reactive procedures, a combination of both is 

in fact a better option for IOMS (Jrad & Sundaram, 2016c). Indeed, while designing and strategising 

have long been advocated as a good way to manage processes and systems (Mithas & Rust, 2016), 

IOMS by nature is in continual change, regularly involved in numerous projects running simultaneously 

(Jrad & Sundaram, 2015b). One change implemented for a specific project may impact on the outcomes 

of other projects, and as such, reactivity may be more appropriate in some situations.  
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The same implementation for the same objectives could be achieved proactively in one scenario and 

reactively in another. However, this is not always the case. For instance, improving the way an interface 

communicates with a database could be either planned or reactive. However, upgrading the actual 

database adapter in IOMS would require proper planning and a clear and well-designed fit-for-purpose 

roadmap. Risks associated with upgrading a database adapter are likely to be much higher than risks 

associated with updating a specific interface, and therefore it needs to be planned in accordance with 

the organisation’s IOMS and IT/IS strategies. For complex changes, a POC system might be suitable to 

test the solution in a safe mode.  

Implementing changes to legacy processes in IOMS is a particular challenge to organisations (Jrad et 

al., 2016). When processes cannot be updated, wrapping them in more code has been documented as 

an immediate and efficient workaround. However, the practice brings with it the need for underlying 

infrastructure to be carried over for the ULP to continue functioning. If for instance the ULP requires an 

older version of the coding language, it would have to be kept alongside the new version, and 

potentially other versions required by different ULPs. In practice, it is indeed common to have multiple 

versions of the same resource in order to cater for different ULPs (Jrad & Sundaram, 2016c). 

In the context of this research, the help of two international organisations was solicited in order to test 

the implementability, validity, and generalisability, of the proposed solutions and artefacts to address 

the ULP problem. The next sub-section introduces these organisations and discusses their involvement. 

4.9.2 Organisations, Cases, and Projects 

For the purpose of this PhD, Organisations α and β were approached to take part in the design, 

implementation, and evaluation of research artefacts. These organisations have large e-commerce 

capabilities, significant involvement in multiple international IOISs, and possess complex IOMSs. The 

first participant is a world leader in its field of activity, employing 5000 people worldwide, possessing a 

revenue over 2 billion NZD, and standing on a history that runs for more than 140 years. In the last two 

decades, the business has been very active in the acquisition/divestment market, and its IOMS has 

consequently been submitted to constant, intense, and significant, stream of changes. This has led the 

system to go through repetitive episodes of instability and ULP problems. The second organisation is a 

relatively new legal entity created after its acquisition by an international group. Employing over 1600 

people in four countries, the organisation is a regional leader in its domain, and its products are sold in 

over 25 countries. While its IOMS is dynamic and very active, it has been suffering from the ULP issue 

carried over from previous years. This has prevented the business from establishing mid or long term 

integration strategies. Both entities share the same motivation to address the ULP issue in their IOMSs. 
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The involvement of the participating organisations goes beyond the mere implementation of research 

findings. The knowledge and experience of their IOMS teams are of importance to the conception, 

review and refinement or artefacts. Remarkably, most of research and practical gaps identified in the 

early phases of the PhD were well known by members of these teams. And while it could be argued 

that these same teams may have had a hand in causing the ULP issue, it is rather the lack of common 

standards in architecting, designing, and managing lifecycles of IOMS processes and systems that 

allowed the proliferation of bad habits and ultimately the creation of the ULP issue. This, in turn, could 

be traced back to the fact that IOMS have evolved at a pace faster than that usually taken for standards 

to emerge. While these practitioners might be good at complying with standards, for them to come up 

with practices that are generalisable is neither common nor expected. In order to bridge this gap, one 

of the early efforts in the PhD has been to conceive the IADR methodology. The instantiation of the 

methodology (Figure 3-21) and its trial in the early iterations of the proposed roadmaps has been a 

great initiation for the participating IOMS teams into practitioners-centric types of research.   

The idea to fully reengineer all ULPs at once has long been discarded by organisations α and β due to 

its high cost and risks. The effort therefore shifted to utilising the research as a means to address the 

ULP problem. Amongst the multiple activities that this research involves, the projects to upgrade IOMS 

systems represent ideal cases to implement and evaluate most artefacts at once. Each IOMS upgrade 

case used in this research relies on assembling a project team from within the company, headed by a 

nominated IOMS team member, and on a clear agreement with stakeholders on the objectives of the 

upgrade project. The agreed target has been to upgrade the IOMS to the latest available version, with 

a limited budget, within a reasonably flexible time, and towards enhancing various aspects of the 

system. Subsequent derived goals have been to better structure the management of IOMS, to look at 

ways to halt/slow the creation of ULPs, and to address existing ULPs. The use the FUI framework and 

the AIM architecture allows the upgrade methodology to be consistent across all IOMS processes, and 

ensures that no new legacy processes are created as part of the project itself. The inclusion of research 

artefacts evaluation as part of the project’s Critical Success Factors ensures that project team do not 

inadvertently fall back to using the “quick and dirty” approach. 

The philosophy, vision, strategy, process, and artefacts to upgrade ULPs were designed, refined, 

implemented, and evaluated across numerous cases, projects, and scenarios. Below, we use the 

representative case of the Java DB Connection Update in Organisation α to illustrate the design, 

implementation, and evaluation of key research artefacts in addressing a significantly problematic ULP. 

The research work in the organisation started with the customisation of the roadmaps. Eleven ULPs 

were identified and classified based on a combination of coefficients for business impact; system 
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impact; risk of data loss; weakness of documentation; and complexity of reengineering. Each project 

team member used their judgment to attribute values for the coefficients after studying the ULPs. From 

the P-List only one candidate made it to the Y-List. The selected process was about custom Java code 

developed by the organisation and used to connect to databases. The ULP was problematic because 

the Java service was written a long time ago and did not compile in the new Java version, required by 

the new version of the IOMS product. Documentation was poor, and some code was protected against 

access. Furthermore, this Java service was known to be sensitive to network glitches, forcing unplanned 

system restarts and undesirable outages. While keeping older version of Java and re-wrapping the 

service was an option to cheaply and quickly ‘migrate’ it, the organisation was desperate to move away 

from such practice. To implement the needed changes, the IOMS upgrade project represented a perfect 

opportunity since it already accounted for end-to-end testing. For the sake of prudence, however, it 

was decided not to upgrade more ULPs in the same project and instead concentrate on the one critical 

process. 

To address the problem, the proposed solution was to use the Database Adapters made available by 

the vendor. The process was analysed and documented, including its inputs and outputs. A 

reengineering plan was drafted using feedback from IOMS developers as well as other teams including 

ERP, Database, Network, and System, administrators. To refine the ULP solution, the exercise took 

advantage of the POC system that was built for the IOMS upgrade project. Subsequently, the duration, 

cost, and effort, estimates were produced. The implementation was first completed in the 

Development systems where cycles of unit testing were conducted, then in Test systems where 

iterations of integration and stress testing were completed. The solution was then transported into the 

Production systems. The fact that Test and Production systems were similar allowed testing to give 

confidence in the efficiency and stability of the solution before going live with it. The upgrade of the 

ULP was successful, and while various stakeholders were being updated regularly, a final report was 

delivered with a recommendation to move to the next ULP, six months after the upgrade. This Breather 

was introduced as a way to allow the new solution to stabilise. Moreover, it ensured potential mix-ups 

between post-upgrade issues and problems related to ULP reengineering were avoided. Figure 4-28 

illustrates the process followed in implementing research artefacts. 

The outcome of the IOMS upgrade project served to implement, evaluate, and validate various research 

artefacts, while addressing the problem of the Java DB connection. Furthermore, the impact of 

engaging the IOMS team resulted in a positive feedback both from the team itself, and the 

organisation’s managers (Appendix 3). Importantly, the project served to reinforce and enhance 

lessons learnt from previous implementations. These lessons are summarised in the next sub-section.  



148 | P a g e  
 

 

Figure 4-28 Implementation of Research Artefacts. Author’s Creation (Jrad & Sundaram, 2016a) 

4.9.3 Do’s and Don’ts when Implementing Change in IOMS 

One key finding from various observations throughout the research was that the lack of common 

standards often leads to higher difficulties in reacting to implementation problems. And the deeper 

into the change process the implementation is, the costlier and more complex it is to address faults in 

it (Figure 4-29). 

 

Figure 4-29 Evaluation of the Feedback Cycle (Lines & Ambler, 2015) 

The initial implementations for this research did not include the roadmaps because they were yet to 

be designed. The lack of roadmaps forced an element of trial-and-error in the deployments of IOMS 

changes into the Production environment. This was in fact a key validation for the impact from the 

lack of implementation guidelines on applying changes. Towards the end of the research, the 

proposed roadmaps eliminated a lot of presumptions, and as the fine-tuning advanced, projection of 

changes in behaviour in the Production system became more accurate. 



149 | P a g e  
 

The implementation of various artefacts throughout the various IADR cycles in the research generated 

a set of learnings about what should and should not be done in relation to managing IOMS and its 

ULPs. Based on Scott and Vessey’s risk model (Scott & Vessey, 2002), Table 4-1 and Table 4-2 

summarise the Do’s and Don’ts of IOMS management in Organisational, IS, Project and External 

factors’ contexts. 

Organisational: 

• Educate various stakeholders about the relevance and criticality of IOMS as a business tool and business 
risks associated with its mismanagement. 

• Include IOMS strategy as part of the organisation’s IS strategy. Being both a technical instrument and a 
business tool, IOMS does need an explicit strategy of its own. 

• Include addressing ULPs as part of IOMS strategy with a yearly plan and reporting on outcomes. 

• Ensure resources and skills requirements are met. 

Information Systems: 

• Adaptively architect IOMS 

• Ensure vendor recommendations are properly considered. 

• Upgrade to newer versions as quickly as possible. Skipping versions can dangerously trigger problems 
later on. 

• Use canonical formats where possible. These are standardised formats for specific types of documents; 
e.g. a canonical document for invoices, another for purchase orders, etc. There are multiple field-specific 
canonicals and the advantage of using them is that they are usually widely endorsed, making process 
integration easier. 

• Use SOA architecture, including for Event-Driven (EDA) transactions. 

Projects: 

• Get it right the first time. Errors are of lesser impact and cost when discovered earlier (Lines & Ambler, 
2015). 

• If the organisation has an IOMS team, empower them as main drivers for changes’ design and 
implementation.  

• Identify and regularly update the ULPs list. 

• Treat IOMS changes as mini or micro projects. Define the owner, the project manager, the As-Is and To-
Be designs, the process to do and test changes, etc. Many of these tasks could be owned by one person. 

• While documentation is important in IS projects in general. In IOMS, it is more so because of lack of 
associated records. While books and papers on other Enterprise Systems (the How-Tos, the best 
practices, etc.) are in abundance, the same does not hold for IOMS. 

External Factors: 

• Engage external resources if/when required to assist IOMS team. 

• Business integration requires collaboration with partners. Engage their IOMS teams when designing 
integration interfaces. 

Table 4-1 The Do’s in Managing IOMS. Author’s Creation (Jrad & Sundaram, 2016c) 
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Organisational: 

• Don’t exclude IOMS from the organisational vision. Instead, ensure there is a strategy and a roadmap 
for it to embrace and reflect that vision. 

• Don’t catalogue IOMS as part of other Enterprise Systems and don’t categorise IOMS team as a sub-
team in another IT team. The fact it deals both with technical and business aspects requires it to be 
managed as an independent unit. 

• Don’t cut resources on IOMS upgrade projects. Today’s ‘savings’ are small compared to tomorrow’s 
efforts to keep IOMS processes functioning. 

Information Systems: 

• Don’t force-feed the wrong design methodology, Framework, Architecture, and procedures when 
designing or planning the management of IOMS. 

• Don’t isolate testing process into an independent process. It needs to be part of all phases from design 
to post-implementation. It has been documented that later fixes are exponentially costlier than the 
earlier ones (Lines & Ambler, 2015). 

• While it is possible to go for the n-1 technology (one version older than the newest one), don’t let IOMS 
fall behind the vendor’s recommendations. 

Projects: 

• Don’t force-feed wrong Project Management when implementing IOMS changes. 

• Don’t overtake Change Management procedures, including change documentation. 

• Don’t promote ‘quick and dirty’ cheap fixes as a response to time and budget pressure. Proper review 
and design are not significantly more expensive at the present time but save a lot of resources in the 
future. 

• Don’t exclude IOMS team’s input for business processes development. 

External Factors: 

• Don’t primarily rely on external consultants to execute IOMS project instead of internal IOMS teams. 

• Don’t rely on partners’ IOMS systems to do the tasks of your IOMS. As partnerships are no longer 
permanent, the organisation needs to be able to cut a partner from the business network quickly and 
easily (Jrad et al., 2016). 

Table 4-2 The Don’ts in Managing IOMS. Author’s Creation (Jrad & Sundaram, 2016c) 

4.10 Summary 

Artefacts in scientific research are the manifestations of its findings. They reflect on its quality and 

credibility, and they ensure its applicability. They need to reflect the research question and they have 

to ultimately be able to ‘tell the story’. In IS, artefacts can vary from being abstract, such as concepts 

and definitions, to being technical and detailed, such as process mappings. The former are used to 

frame the understanding of research objectives and surroundings, while the latter are used to answer 

research questions and resolve associated problems and issues. 

In investigating IOMS, a set of eight categories was developed to create artefacts. First, a fit-for-

purpose methodology was developed to allow practitioners from within an organisation to do 



151 | P a g e  
 

researching in IS in general, and IOMS in particular, while resolving actual problem of their 

organisation. Various concepts, definitions, models, and processes, were then created to complete 

existing literature. Concepts like IOMS, unupgradability, ULP, and Organisational Approach to 

assessing projects outcome, were developed and related to the research question. A framework was 

subsequently developed as a basis to manage change in IOMS. Based on this framework, an IOMS-

specific architectural pattern was developed. The outcome was then used to develop an actual IOMS-

tailored architecture that would allow adaptive management of IOMS and its processes’ lifecycles. The 

argument behind this architecture is that it is difficult to address the problem of ULPs without a proper 

management of IOMS. Building on these artefacts, a set of roadmaps was proposed to address 

upgrading ULPs in IOMS a standardised, flexible, manageable, way. 

Each of the aforementioned artefacts can stand independently, on their own, both in practice and 

research. For instance, an organisation may choose to follow the proposed architecture without 

having to implement the roadmaps, and vice-versa. On the other hand, a researcher may decide to 

further investigate the proposed framework without having to consider the architecture. The concept 

of IOMS can also be researched without the need to focus on the ULP issues. Finally, the ULP issue can 

be investigated in a context outside IOMS. 

The design and implementation of research outcomes are critical in helping an organisation that is 

facing the problem of ULPs in its IOMS. However, they need to be evaluated in order to assert their 

validity, applicability, rigour, and generalisability. Without evaluation, artefacts may simply be 

regarded as assumptions. The next chapter addresses artefacts evaluations in a multi-angular manner. 
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CHAPTER 5    EVALUATION OF RESEARCH ARTEFACTS 

IOMS solution providers have long been using different, sometimes incompatible, standards, with no 

common path or roadmap in the industry, or even a clear definition or frame for what IOMS is and 

what its processes are. Intentionally or unintentionally, many vendors have profited from this chaos 

that created a dependency from their customers who ended up having to allocate extensive resources 

for workarounds, or rely on their internal resources to meagrely reduce costs and complexity. This 

research is in fact subsequent to years of involvement in IOIS and IOMS projects while witnessing the 

development of the ULP phenomenon. It can be argued, therefore, that research artefacts have in 

reality been implemented (partially at least) over the course of previous years of involvement, but in 

a fragmented, unorganised, and uneducated way. Subsequently, the first element of evaluation of the 

research artefacts can be regarded as also having been reached through use of the researcher’s own 

experience, even though it lacked the academic rigour and its associated validity, optimality, and 

generalisability. Understandably, such evaluation is only as good as a starting point, and more was 

required to develop and then assert credibility to the research findings. As such, both Conceptual and 

System Artefacts generated during the research were put to assessment through multiple objective 

and subjective methods, guided by the IADR methodology. This chapter discusses these methods and 

puts forward the merits of the process by which the evaluation was conducted. While for the sake of 

simplicity, the chapter was segregated into different, broad, categories of evaluation methods, these 

methods have in reality been interweaved and used hand-in-hand across the research to provide a 

robust evaluation blueprint. 

5.1 Evaluation Blueprint 

To organise research artefacts and ensure an effective backward validation (Figure 4-1), first, a 

blueprint for the creation of these artefacts was developed (discussed in Chapter 4). In the quest to 

address research question and objectives, each artefact was used to evaluate itself, the previous 

artefacts, and the proposed set of roadmaps (Figure 4-2). The logic driving the evaluation process in 

the research is to first apply tests and experiments against developed solutions, then run analytics and 

assess them, which is then reviewed and validated through solutions deployment, while experts’ and 

academic opinions are gathered throughout, but also after, implementations. As stated in sub-section 

3.4.2, the evaluation process for research outcomes followed Hevner et al.’s methodology (Hevner et 

al., 2004) and generated a multi-perspective approach based on five categories of methods (Jrad & 

Sundaram, 2016c): 
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- Observational Methods (Sub-section 5.2.1): The interest in conducting this research is based 

on involvement in the industry including prior case studies, building an initial set of 

observations. Further field studies dealing with IOIS, IOMS, and ULP issues, were conducted 

as part of the research to reflect on the outcomes of various Design Science Research (DSR) 

and Action Research (AR) cycles. 

- Analytical Methods (Sub-section 5.2.2): Each artefact was analysed from static, dynamic, 

and/or Architectural perspectives. 

- Application Methods (Sub-section 5.2.3): Technological outcomes were subject to multiple 

instantiations ranging from Proof-Of-Concept exercises to real implementation. 

- Testing Method (Sub-section 5.2.4): System Artefacts were subject to structural as well as 

functional reviews and tests. 

- Description (Sub-section 5.2.5): Collection of experts’ opinions against various artefacts, 

complemented with the use of informed argument, served to gauge various aspects including 

accuracy, relevance, generalisability, etc. 

- Dissemination (Sub-section 5.2.6): Academic review of research outcomes was obtained 

through publications and presentation of findings in reputable conferences. 

Feedback collected from various exercises has been used both for formative and summative 

evaluations. A formative evaluation is when feedback from within each cycle is first used to improve 

that particular cycle. A summative evaluation is when artefacts are evaluated at the end of the cycle 

or project (Venable et al., 2014). Table 5-1 summarises the process by which various artefacts have 

been evaluated and the ensuing section will discuss each of the evaluation methods in the context of 

this research. 
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Insider Action Design Research (IADR) Methodology � � �  �  �   � � � � 

Business Integration Middleware � � �  � �    �  � � 

Unupgradable Legacy Processes (ULP) � � �  �     �  � � 

Wrapping as a means to address ULPs � � �  � �    �  � � 

Inter-Organisational Middleware Systems (IOMS) � � �  �     � � � � 

IOMS role in Agile Business Networks (ABN) � � �  �     �  � � 

Organisational hybrid rational/narrative method in 
assessing success and failure of IS projects 

� � �  �     �  � � 

Agile management of change in IOMS projects � � �  �  �   �  � � 
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A Framework for Upgrading IOMS (FUI) � �  � � � � � � � � � � 

Middleware Architecture Pattern for Inter-organisational 
Systems (MAPIS) 

� �  � � � � � � � � � � 

Adaptive Inter-organisational Middleware (AIM) 
Architecture 

� �  � � � � � � � � � � 

Overarching Context for Upgrading ULPs in IOMS � �  � � � � � � � � � � 

Enterprise Project Roadmap for Upgrading ULPs in IOMS � �   � � � � � � � � � 

Technological Project Roadmap for Upgrading ULPs in IOMS � �   � � � � � � � � � 

Artefacts Implementations � � � � � � � � � � � � � 

Validation process in IOMS � � � � � � �   � � � � 

Table 5-1 Artefacts Evaluation. Author’s Creation (Jrad & Sundaram, 2016c)
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5.2 Evaluation Methods 

The adaptation of Hevner et al.’s methods for this PhD research allowed accounting for specificities of 

researching IOMS. On one hand, the fact that IOMS is critical to the business, instability and outages 

was not highly tolerable. As such, the use of controlled experiments and implementations in Proof-Of-

Concept environments allowed for the evaluation of potentially risky outcomes to be performed in a 

risk-free manner. On the other hand, the use of case studies, field studies and Black and White Box 

testing, to examine advanced solutions, permitted to assert the real value of the proposed artefacts. 

Furthermore, the collection of experts’ opinions, coupled with the elaboration of informed argument 

and the publication of findings, expanded the rigour of the artefacts beyond the technical and business 

silos. This is a critical for the generalisability of findings and the assessment of their limitations. Overall, 

different evaluation methods do not perform separately, and very often many were used in sequence. 

For instance, Implementation (Application method) was used in case studies (Observational method), 

and Static Analysis (Analytical Method) of artefacts relied, amongst other inputs, on Experts Opinion 

(Descriptive Method). 

As Table 5-1 highlights, research outcomes have been divided abstractly into two categories: 

Conceptual and System Artefacts. Conceptual Artefacts are theoretical, and aim at having a robust 

understanding of the researched phenomenon. They serve as a basis for the conception of actual 

solutions to the organisational problem. System Artefacts on the other hand are implementable 

outcomes that have more ‘real’ sense to them. They bring actual applicability to the research. The 

evaluation of both types is different due to their dissimilar natures and goals, and as a consequence, 

different methods were solicited over the course of the research. Because Conceptual Artefacts 

mostly precede System Artefacts, earlier evaluation methods were more towards the proving of the 

theoretical aspects. As the research progressed, more technical methods were employed. Figure 5-1 

details the course of application for all evaluation methods used in the research, and reflects the 

quantum of efforts and number of projects, involved in various methods used over the four years. The 

next sub-sections will look at each method and detail how they were used in evaluating various 

Conceptual and System Artefacts. 
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Figure 5-1 Evaluation Process of Research Artefacts 

5.2.1 Observational Methods 

An observation is the act to carefully and attentively watch and monitor an object, action, or process 

closely, and the ability to notice and register details that are deemed significant (Oxford Dictionary Of 

English, 2016). While observations can be instant, their use as an evaluative method, be it field or case 

studies, relies on time to obtain advanced, better, and/or precise occurrences. The motivation for this 

PhD research was generated from observations through a long involvement with IOIS and IOMS 

projects, witnessing the birth and intensification of the ULP problem in IOMS. Most observed projects 

were, however, based on unstructured knowledge, and against an unorganised market. The collection 

of historical pre-research observations, along with the researcher’s own experience in addressing the 

matter as a practitioner, as well as the initial gathering of feedback and the investigation of relevant 

industry-wide reports, studies, and forums, served as a foundation for the rest of the research. 

Further observations were conducted throughout the course the research, and included engaging the 

two international organisations. The plan was to use one of them (Organisation α) to create and 

improve various artefacts, and the other (Organisation β) to refine and validate them (Figure 5-2). 



157 | P a g e  
 

 

Figure 5-2 IADR Implementation for Case and Field Studies 

In each organisation, the research involved multiple projects, some of which were specifically IOMS-

related, while others involved IOMS as part of wider business or IOIS changes. Each project served to 

validate multiple artefacts at once (Figure 4-2). However, this is not to say that all artefacts were being 

treated as one set. Instead, each artefact was processed on its own but shared the returned feedback 

with others. It is only in large IOMS upgrade projects that all major artefacts were evaluated together, 

simultaneously (Sub-section 4.9.2). Indeed, both participating organisations underwent a full IOMS 

upgrade during and beyond the course of this research, and the projects served to extensively 

evaluate research artefacts. As stated in sub-sections 4.5.1 and 4.8.4, the cycles of implementation 

and evaluation for these projects followed IADR methodology and were based on the Side-by-Side, 

Development-Test-Production approaches. The Side-By-Side method consists of having the existing 

and new systems operational at the same time while interfaces are being migrated in a controlled 

manner. The process enables different business partners to implement changes associated with the 

project at different paces, without impacting inter-organisational business processes (Jrad & 

Sundaram, 2016a). This approach was preferred because of its better risk management and easier 

rollback plan, and because it allows the comparison of both environments throughout the project. 

Other methods like In-Place upgrade where the existing infrastructure itself is upgraded, and the 

Wipe-And-Load approach which discards the existing infrastructure for a new one, were deemed too 

aggressive for a critical system like IOMS (Jrad & Sundaram, 2015c). The Development-Test-Production 
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(DTP)9 is a common architecture for phased deployment in large IS (Rousculp, 2015). Organisations 

with complex IS typically have a Development environment where solutions are developed and tested 

singularly in isolation from their surrounding environment (these tests are known as Unit-tests). They 

also have a Test system (aka Quality Assurance or QA System) that aims to be a true reflection of the 

Production system and where solution that passed Unit-tests are submitted to various tests such as 

Integration (Aka End-to-End) Tests, Stress Tests, Regression Tests, and, importantly, User Acceptance 

Tests (UAT). UAT confirms that the intended audience of the solution is indeed satisfied with it, and 

with subsequent system behaviour. After UAT, changes are transported into the main Production 

environment where actual business transactions are occurring. Smaller organisations might combine 

the Development and Test systems, and some might even amalgamate all three environments into 

one. On the other hand, organisations with larger and/or complex systems might also have a Playpen 

environment for experimentation and trials, or Proof-of-Concept (POC) environment for projects with 

high risks and/or complexity. While sometimes Playpen and POC are amalgamated, the former tends 

to be permanent while the latter tends to be a provisional response to a specific need. Except for 

Production systems, the DTP approach allows cyclic movement between various environments. 

Indeed, while returning from Test to Development settings to address an issue is in fact part of solution 

building and testing, once a change reaches Production, it would be declared as a failed deployment 

if it required redevelopment or retesting. Figure 5-3 summarises the environment in which this 

research was conducted. 

 

Figure 5-3 Common Deployment Architecture in Large Information Systems 

                                                           
9 DTP is also known as DTAP (Development, Testing, Acceptance and Production) where User Acceptance tests 
are highlighted independently from other tests (Van’t Veer, 2012) 
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It is worth noting that with the advance of new IT service platforms, specifically cloud-based service 

platform, more risk-tolerant approaches promoting Testing in Production (TiP) have challenged the 

classical DTP architectures (Van’t Veer, 2012). TiP is mostly suitable for fields (e.g. telecommunication) 

where behavioural and stress testing are important, and end-users’ involvement is required, all the 

while Test systems are not able to replicate transaction volumes of Production systems (Van’t Veer, 

2012). In the field of IOMS, however, TiP is still deemed of high risk and therefore more traditional 

evaluation methods are used. The next sub-section discusses the evaluation methods by which the 

internal and external structures and dynamics of the artefact are assessed. 

While the use of observation has successfully shaped the research progress, the need for more 

structured method to assess artefacts drove the use of analytical methods in the evaluation process.  

5.2.2 Analytical Methods 

Regardless of how a case study is executed, it is vital to analyse inner and outward characteristics of 

artefacts, and determine if they are as efficient, relevant, adaptive, and manageable as they could be. 

IADR methodology was designed to allow continuous feedback-based analysis of artefacts throughout 

the research (Section 3.4). As such, analysis of the structure, the architecture, and internal and 

external performances, was consistently applied. 

The artefact’s structure was scrutinised through static analysis which looked at how well fundamental 

features were designed. Static analyses are executed on inert objects, i.e. without needing to actually 

implement or activate them. For this research, static analysis was performed for all Conceptual 

Artefacts and in the early IADR cycles. As the research moved into conceiving System Artefacts, the 

focus shifted towards constructing well architected solutions.  

Architectural analysis evaluates the construction of the artefact and whether it is properly designed 

and organised. The evaluation method was reserved for System Artefacts only, but also excluded 

roadmaps because, as defined in this research, they are based on architectural designs. Drawing from 

the Expert Opinion evaluation method, all analysis tasks were executed by the researcher but also 

through the collection and analysis of judgements from IOMS teams, project teams, and experts 

engaged in this research. Due to lack of benchmarks and quantifiable criteria, most of the analysis was 

based on experience of people executing the evaluation task, with implementations representing the 

ultimate validation of the analysis outcomes. 

Dynamic Analysis is the third type of Analytical method used for evaluating outcomes of this research. 

Unlike the two preceding methods, it was applied to both Conceptual and System Artefacts. It was 
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consistently executed against all major artefacts to assess if they were performing to their intended 

purpose in an adaptive, dynamic, evaluative manner. Performance evaluation was divided into 

internal and external performances. Internal performance is about how the artefact holds on its own 

and how well it was efficiently designed and modelled. External performance is about how efficiently 

the artefact is addressing the issue it was designed for. Naturally, different artefacts were submitted 

to different types of analysis that reflect their nature and aim, and Conceptual and System Artefacts 

needed different approach to assess the relevance of their performance. For instance, because of the 

limited literature about IOMS and ULP (Research Issues in sub-section 2.6.2) , the proposed framework 

(Section 4.5), architectural pattern (Section 4.6), architecture (Section 4.7), roadmaps (Section 4.8) 

and implementations (Section 4.9), were created as new concepts, with a limited set of references to 

compare to. Therefore, it was difficult to assess how complex internal performances were. External 

performances, however, were analysable through comparison of the implementation and validation 

processes against those in other IS solutions of the same business and in general IS literature. 

Using analytical methods were successful in pertinently assessing artefacts. It also corroborated 

findings from other evaluation methods, such as observations. The next sub-section discusses 

methods used to assess artefacts application in controlled environments and in real instantiations. 

5.2.3 Application Methods 

Since the times of Euclid and Archimedes, experimentation has long been heralded as a primary 

method in scientific investigation (Ziman, 1968). Hevner et al. divide Experimental Methods into 

Controlled Experiments and actual Implementations. For this research, the earlier focus was on 

experimenting with specific elementary aspects of ULPs in order to understand the true amplitude of 

the problem. Furthermore, initial drafts of System Artefacts were trialled in lab-style environments. 

The exercise was critical because artefacts’ behaviour could be analysed Ceteris paribus, generating a 

‘feel’ on how their purpose, function, state, and form, would be. Both participating organisations had 

Playpen environments set up allowing for the investigations to take place in a safe mode. 

While experimentation framed the direction of the research, it is the actual implementation of various 

proposed solutions that allowed a real appreciation of their efficiency and relevance. As stated in sub-

section 5.2.1, multiple projects were used to implement various elements of the research, with the 

IOMS upgrade projects being a major source of judgement. Unlike other evaluation methods, 

implementations are focused on results, and the assessment of outcomes is the determining factor of 

what lessons are to be learned from the exercise. That is why the Organisational Approach to 

assessment of project outcomes was used to evaluate artefacts (Section 4.4.2), ensuring 
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organisational approval of projects success. For the bigger projects, a POC system was specifically built 

to prototype solutions (Jrad et al., 2014) and to try to learn about the solution in a Production-like but 

lab-style environment (Jrad & Sundaram, 2015c). POC was significant for all System Artefacts, but 

particularly critical in the successful development of roadmaps (Section 4.8) and their implementation 

(Section 4.9). The reason is that these artefacts are close to the actual IT systems, and therefore have 

more immediate and higher impact and risk to the business than other artefacts. Figure 5-4 displays 

the process followed in implementing and evaluating various research outcomes.  

 

Figure 5-4 Implementing and Evaluating Research Artefacts. 
Adapter from Author’s Creation (Jrad & Sundaram, 2015c) 

A look at Table 5-1 shows that most Conceptual Artefacts were not evaluated using the Application 

method (and neither would they be evaluated using the Testing Method as discussed in the next sub-

section). Being rather abstract, these artefacts are not directly implementable, but instead used as a 

basis for the more grounded System Artefacts. There are three exceptions however. The concepts of 

Business Integration Middleware, IADR, and Wrapping as a means to address ULPs, did undergo 

evaluation by Application methods. Even though they have predominantly a theoretical nature, they 

do also have applicability through their tight association with IOMS practices: Integration Middleware 

can be a real IT system, wrapping code is also a real coding activity, and IADR is a process used to 

achieve real solutions for the organisation. On the other hand, ULP is a concept that identifies a 

particular status of a process in given time and circumstances. The same process could be a ULP or 

not, and no ULP is produced by design. Similarly, Agility is a concept that cannot be directly created. 

Instead, it is attributed to artefacts when they are developed with adaptivity in mind. The case of the 
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concept of IOMS is of particular nature. While it could be argued that IOMS is in fact a system, the 

research was not interested in evaluating it from that point of view. Instead, IOMS concept was 

framed, and attributed a unifying definition. Beyond that, the research interest has specifically been 

in ULPs inside IOMS, and anything else in IOMS was excluded from the research scope (Figure 1-3). 

Assessing lab and real implementations goes hand in hand with tests on the implemented artefacts. 

Executing Black and White box tests requires them to either be in the process of being implemented 

or already deployed. The next sub-section discusses Testing Methods used in the research. 

5.2.4 Testing Methods 

While Table 5-1 divides Testing into Black and White Box methods, the topic needs to be understood 

beyond classifying it into two types. First, while most organisations separate the two evaluation 

methods, some might opt for the Grey Test method which is a simultaneous combination of both Black 

and White Test methods (Acharya & Pandya, 2013). Furthermore, testing needs to fulfil the 

organisation’s release management procedures and fit the existing setup of change deployment. 

There is a multitude of ways to produce software, and aspects like accuracy, simplicity, speed of 

delivery, adaptivity, reusability, etc., can have different levels of importance in different applications. 

However, and independently from which method is used to develop the application, the process of 

deploying the solution is typically subjected to a detailed and well-documented organisational process 

that aims at protecting the Production system from errors and disruptions. As stated in sub-section 

5.2.1, the Development-Test-Production (DTP) architecture is common in complex ISs. It is  a reflection 

of the organisation’s specific concerns when it comes to promoting changes into the Production 

systems. 

For this research, most White Box tests were executed in the Development phase while 

functional/business tests were run at the testing phases and in the Test systems (Van’t Veer, 2012). 

Table 5-2 details most common types of tests, and summarises their relationship to the research. 

The two participating organisations did possess large and complex ISs, and it was not surprising to find 

they have well-established and well-enforced change management processes in place. Subsequently, 

all implementations were first sanctioned by different relevant technical and business parties, and 

then approved by the Change Committee before transporting them into the Production systems. The 

Change Committee’s role was to challenge the validly and reason of changes against established 

organisational guidelines. 
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Testing 

Method 
Description Relationship to the Research 

White Box 
Tests 

Tests the internal structure and elements of the 
solution without specific attention to its overall 
aspects. 

The method was used during 
experimentations and development 
phase, mostly focusing on Unit Tests. 

Unit Tests 
This White Box test checks if the modified unit is 
behaving acceptably and delivering expected 
outputs. 

All changes that were implemented in 
the Production environment had to be 
unit-tested. 

Black Box 
Tests 

Tests the process as a whole unit without 
attention to its internal elements. 

This method was used predominantly 
for Functional, system, and UAT Tests. 

Compatibility 
Tests 

Used to ensure a solution fits different user 
variables such as browsers, locale, operating 
system, etc. 

IOMS is not considerably affected by this 
test because organisations usually have 
predefined IT tools for its business use, 
e.g. one operating system and one 
browser for all users. 

Conformance 
Tests 

Checks if the change meets relevant industry and 
business standards. 

The lack of IOMS standards meant that 
only IT standards are considered for 
testing. For instance databases had to be 
built conforming to common industry 
standards.  

Functional 
Tests 

This Black Box test verifies if the solution reflects 
its specifications and performs all its required 
functions in an acceptable manner 

All changes that were implemented in 
the Production environment had to be 
functionally tested. 

Integration 
Tests 

Modified interfaces need to not only be tested 
individually but also together as part of the fully 
integrated system. Integration Tests could 
include in the Functional Tests. 

All structural changes (e.g. during IOMS 
upgrade projects) had to be Integration- 
tested before being transported into the 
Production environment. 

Load Tests 

This test includes Performance Tests (to ensure 
the solution performs acceptably against 
predefined benchmarks) and Stress Tests (to 
ensure the application can withstand the load it is 
expected to handle). 

While this test can be important, the fact 
that it can be a challenge to have Test 
systems going through the same load as 
Production systems meant that Load 
tests were performed to the best effort 
only, without a full guaranty about the 
significance of results. 

Regression 
Tests 

Used to ensure no new bugs have been 
introduced while resolving existing ones. 

This test was omitted in this research 
because System, Functional, Integration 
and UAT tests cover it. 

Smoke Tests 

High level test that major functions of the 
software are performing to the expected levels. 
This test is usually used when the system is at risk 
of suffering from changes in another system. 

This is a safety test for ‘just in case’ the 
system is affected by changes in another 
system. This is out of the research scope. 

System Tests 

This is a Black Box test that aims at confirming 
that the system in its entirety is carrying out its 
tasks in the expected manner. Usually this test is 
executed before UAT in order to give a reasonably 
stable system to users to test. 

This test was executed in the IOMS 
upgrade projects due to the need for 
establishing that the system is stable 
enough to be productionised. 

User 
Acceptance 
Tests (UAT) 

UAT is the ultimate black box test. It confirms that 
the solutions meets user/customer expectations. 

All changes that were transported to 
Production had to go through UAT tests. 
Mostly, testers are business users but for 
purely technical changes (e.g. changing a 
system alert process), IT employees had 
to validate the changes. 

Table 5-2 Testing Methods. Adapted from (ApTest, 2013) 
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While organisational tolerance to error is fundamental in conducting IADR research, ensuring only 

stable solutions are implemented in the Production system is necessary to gain the continued support 

of the organisation and to ensure the right learnings are being acquired. Most errors, mistakes, and 

discoveries, part of the research, were completed in the POC, Development and Test environments. 

Application of various findings into the Production systems were successful for all implementations 

part of the research. The collection of wide feedback describing how research artefacts looked and 

performed is discussed in the next sub-section. 

5.2.5 Descriptive Methods 

The experience gathered during the decade+ of work on IOMS and IOIS projects has helped shape the 

understanding of the field of IOMS and its challenges. A thorough analysis of existing literature 

(Chapter 2) has highlighted a critical lack of research on the subject of IOMS in general and its ULPs in 

particular. Therefore, knowledge had to be gathered from hands-on know-how, peers’ shared 

experiences, existing work from parallel fields (e.g. IOIS documents), and reports made available by 

consultants and vendors. This, in turn, helped develop an informed argument on the research subject. 

As the research advanced, the writing of papers and their presentation in seminars improved the 

shape of the research process and added academic rigour to the understanding about the subject. 

IADR allows the knowledge to be gained during the research, not only afterwards. New knowledge 

was therefore used to improve arguments about research direction, processes, and artefacts. The fact 

that IOMS teams were heavily involved in the design and evaluation of artefacts enabled explicit and 

implicit knowledge transfer amongst its members, including the researcher. 

The informed argument, along with various evaluation and validation exercises, successfully 

established a robust view about the relevance and generalisability of all research findings. Based on 

analysis of existing literature, continuous input from parties internal to Organisation α, and the 

researcher’s own notes, views, and learnings, the feedback was used throughout the IADR cycles to 

enhance the understanding around the research subject, and the improvement of the proposed 

artefacts. Furthering the need to collect a wider range of feedback, these findings were then exposed 

to external subject-matter experts from different fields of proficiency and with different knowledge 

types. Consultants, technical experts, academics, and managers, were solicited for input, and their 

feedback as external reviewers was used to improve research deliverables. Artefacts were submitted 

to a similar cyclic process in Organisation β where they were refined through the same process of 

feedback collection. Figure 5-5 illustrates how both internal and external reviews were used during 

the research to assess research outcomes. 
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Figure 5-5 Internal vs. External Review of Research Artefacts 

Without feedback, a research would have to be built purely on theories. While this might be sufficient 

in many positivist studies, an IS research would forcibly have to also rely on weak assumptions in order 

to address requests for applicability. This is, in fact, significantly damaging to the IS research’s claim 

of rigour. That is why the thorough collection and incorporation of responses from different parties 

was regarded in this research as a critical element to its success.  

While all the evaluation methods discussed thus far have relied on practitioners and experts to help 

review, evaluate, and validate various aspects of the research, the next sub-section discusses the 

academic input in the evaluation of research artefacts. 

5.2.6 Dissemination Methods 

“An article in a reputable journal does not merely represent the opinions of its author; it bears the 

imprimatur of scientific authenticity, as given to it by the editor and the referees he may have 

consulted” (Ziman, 1968).  

Reliance on technical processes to evaluate artefacts needs to be balanced with the use of a referees 

system to ensure relevance of the evaluation process itself. The referee system involves the systematic 

use of judges to assess the acceptability of manuscripts submitted for publication (Zuckerman & 

Merton, 1971). Both AR and DSR methodologies have sustained questionings about their rigour, and 

while the assessment of whether a subject has been rigorously investigated, or not, can be detrimental 

to the research, failure of an artefact’s applicability is regarded as an expectable and acceptable part 

of the IADR research process itself. For example, if a solution does not address the investigated 
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problem, more observations, theories, and experiments would be conducted in order to redesign it or 

address its shortcomings. While efforts to increase rigour in IS methodologies exist (Section 3.3), the 

concept is rather more associated with classic research (Konda, 2012). On the other hand, the business 

field is notoriously known for its drive for efficiency. Generally, the cheapest, easiest, and fastest way 

is considered the best way. The relentless pursuit for efficiency in IS solutions has blinded many 

organisations to the importance of a theoretical and structured basis in developing long-term, 

efficient, and economical solutions. In fact, the aggressive quest for efficiency and immediacy in 

dealing with IOMS processes forms part of the raison d’être for the research. 

Ensuring that academics’ and researchers’ input has its due role in managing and accessing the course 

and outcomes of the research was the motivating factor behind the push for the ‘validation by 

publication’. The dissemination of all major artefacts was executed through the publication and 

presentation of various papers in double-blind, peer-reviewed, renowned international conferences 

worldwide. In total, eleven papers have been published, or accepted for publication at the time of 

writing. Table 5-3 details these publications, and Appendix 1 displays references to their online 

accessibility. 

The feedback from publications was collected at two levels, and used to further refine the research 

process and artefacts: 

- The referee system that assesses the publication prior to accepting it for publication returns 

feedback on the relevance, creativity, quality, and rigour of the content 

- Presentations in renowned seminars return valuable feedback from participating researchers, 

including the provision of suggestions, recommendations, requests for clarifications, and 

raising any potential concerns 

The Learn-Do-Share process about the publications ensured that, besides being scholastically 

validated, research findings have also been put to the wider research and industry audiences for 

potential use and further research, pushing further the claim for their generalisability. In that 

direction, multiple views of and references to the research papers have been noted in various research 

portals like ResearchGate.net, IEEE Xplore, etc. 
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Publication Validated Artefacts 

“Upgrading Unupgradable Middleware Legacy 

Processes: Misconceptions, Challenges, and a 

Roadmap”. SEM 2013 (Jrad et al., 2013). 

• Concepts of business integration middleware; Unupgradable 
processes; black box; and wrapping for middleware systems. 

“Insider Action Design Research: A Multi-

Methodological Information Systems Research 

Approach”. RCIS 2014 (Jrad et al., 2014). 
• Concept of IADR methodology. 

“A Roadmap for Upgrading Unupgradable 

Legacy Processes in Inter-Organisational 

Middleware Systems: A Doctoral Research”. 
RCIS 2014 (Jrad, 2014). 

• Concept of IOMS; IADR; and ULP. 

“Challenges of Inter-Organizational 

Information and Middleware System Projects: 

Agility, Complexity, Success, and Failure”. IISA 
2015 (Jrad & Sundaram, 2015a). 

• Concept of IOMS. 

• Using agility in managing IOMS projects. 
• Identifying the need for IOMS-specific PM methods. 

“Adaptive Business Network Systems: A 

Service-Oriented Architectural Approach”. IISA 
2015 (He et al., 2015). 

• IOMS role in ABNs. 

“Inter-Organizational Middleware Systems: A 

Framework for Managing Change”. IISA 2015 
(Jrad & Sundaram, 2015c). 

• The Framework for Upgrading IOMS (FUI). 
• Applying Agile PM on IOMS. 
• Concept of IOMS and IADR. 
• Validation process in IOMS. 

“Inter-Organizational Information and 

Middleware System Projects: Success, Failure, 

Complexity and Challenges”. AMCIS 2015 (Jrad 
& Sundaram, 2015b). 

• Concept of IOMS. 

• Applying Agile PM on IOMS. 
• Concept of Organisational hybrid rational/narrative method 

in assessing successes and failures of IS projects. 

“Architectural Pattern for Inter-Organizational 

Middleware Systems”. SAI 2016 (Jrad & 
Sundaram, 2016a). 

• The MAPIS architectural pattern for IOMS. 

• The FUI framework. 
• Concept of IOMS; ULP; and IADR. 
• Validation process in IOMS. 

“Architecting Adaptive Inter-Organizational 

Middleware Systems: A proposal, 

implementation, and evaluation”. ICTCC 2016 
(Jrad & Sundaram, 2016b). 

• The AIM architecture for IOMS. 

• The MAPIS architectural patter for IOMS. 
• The FUI framework. 
• Concept of IOMS; ULP; and IADR. 
• Validation process in IOMS. 

“A Roadmap for Upgrading Unupgradable 

Legacy Processes in Inter-Organizational 

Middleware Systems”. FNSS 2016 (Jrad et al., 
2016). 

• The Meta Roadmap for Upgrading ULPs in IOMS. 

• The Enterprise Project Roadmap for Upgrading ULPs in IOMS. 
• The Technological Roadmap for Upgrading ULPs in IOMS. 
• The AIM architecture for IOMS. 

• The MAPIS architectural pattern for IOMS. 
• The FUI framework. 
• Concept of IOMS; ULP; and IADR. 
• Validation process in IOMS. 

“Inter-Organizational Middleware System 

Implementations: Do's and Dont's of Business 

Integration”. SC2 2016 (Jrad & Sundaram, 
2016c). 

• Implementation of Research Artefacts. 

•  Evaluation of Research Artefacts. 
• Guidelines to successful. 
• Concept of IOMS; ULP; and IADR. 
• IOMS processes. 
• Validation by Publication. 

Table 5-3 Validation by Publication. Adapted from Author’s Creation (Jrad & Sundaram, 2016c) 
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5.3 Summary 

Artefacts in IS can only gain credibility if they are appropriately assessed. Without a robust and 

rigorous evaluation, their applicability and generalisability can be questioned or discarded. It was 

therefore deemed important to develop a multi-faceted strategy in evaluating research artefacts. 

Based on Hevner et al.’s methodology for evaluating DSR outcomes (Hevner et al., 2004), six methods 

and thirteen sub-methods were used to assess Conceptual and System Artefacts generated 

throughout the research (Table 5-1). While each artefact was constructed with in mind to be 

independent of other artefacts (Chapter 4), their evaluation was not done in an atomic manner, where 

each artefact is analysed separately and independently from others. Instead, multiple methods, 

applied on multiple artefacts, were conducted throughout the numerous IADR cycles of the research, 

culminating in a full, rigorous, multi-methodological, assessment of all major artefacts (Table 5-1). The 

two cornerstones of the evaluation process were the implementation of findings in the context of two 

participating organisations, and the publication and presentation of eleven papers detailing, 

defending, and publicising research artefacts (Table 5-3, Appendix 1). While this research presents an 

applicable and generalisable approach to addressing the ULP issues in IOMS, the evaluation of its 

artefacts highlights that there is ample room for further improvements and breakthroughs. 
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CHAPTER 6    CONCLUSION 

This chapter signals the end of the PhD thesis, and a culmination of a journey of learning, self-

education and improvement, patience and challenges; but also of joy, fun, and an immeasurable 

growth of personality. Lasting between 2012 and 2017, the PhD research started as a thoughtful 

reaction to a first-hand experience and frustration with the problem of ULPs in IOMS, built on the 

researcher’s fourteen years of involvement in over eight hundred projects of IOIS and IOMS projects, 

sixty of which were of a large nature. Having held numerous roles in these projects, including project 

management, solution architecture and design, coding, implementation, support, etc., the researcher 

developed diverse lenses to view different aspects of the ULP problem in IOMS. This culminated in the 

realisation that there is a need to research the problem in a structured, rigorous, academic manner, 

in order to overcome the lack of will in the market to standardise itself. In between documents, 

practices, and literature, a research lacuna was highlighted, and subsequently various artefacts were 

generated to collectively address research and practical problems. The effort culminated in successful 

implementations of, and publications about, those artefacts. This chapter first provides a summary of 

what the research was about, specifically accounting for its question and objectives, how they were 

approached, and how generated artefacts that addressed them were evaluated. Then, key research 

contributions in various domains are put forward, going from the general input in the field of IS to the 

specific contribution for individuals in an organisation’s IOMS team. The final section addresses the 

all-important limitations of the research and its findings, as well as the potential doors it opens for 

further research efforts. 

6.1 Summary of Thesis 

Doing business in the 21st century has witnessed a paradigm shift from previous eras. While political 

and social fluctuations in the world might have influenced it, there is no doubt a big enabler for such 

transformation has been Information Technology. In fact, it could be argued that it is IT and the 

transformation it introduced to business practices that might have ultimately influenced political and 

social changes. Most importantly, information has ceased to be associated with its media to become 

an entity of its own. It could indeed be replicated, shared, collaborated on, saved in multiple locations 

at once, and exchanged in speeds not seen before the IT revolution.  

As more and more businesses started using electronic messaging to exchange information, standards 

aiming at regulating and unifying such processes were promoted (Section 2.2). First, Electronic Data 
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Exchange (EDI) was endorsed for many years as the main Business-to-Business (B2B) standard (Nagy, 

2005). Gradually, multiple enhanced solutions were also made available, including Inter-

Organisational Information Systems (IOIS). IOIS gained significant interest from researchers and 

businesses alike (Kumar & Van Dissel, 1996) because it relies mostly on existing IS infrastructure, and 

it allows the business process to flow seamlessly amongst various partners as if they were one same 

organisation (Section 2.3). Steadily, IOIS solutions moved from offering an advantage in managing 

costs and competition to becoming simply a necessity for survival. Organisations became forced to 

‘adapt or die’ in the new business context where permanence of relationships is no longer required. 

Adaptive Business Networks (ABN) were indeed created to allow easier and cheaper formation and 

dismantling of relationships (He et al., 2015). 

The ever-increasing complexity of IS and IT in general, and IOIS in particular, generated a need for the 

Inter-Organisational Middleware System (IOMS) as a specific IOIS component that allows the 

interaction of heterogeneous systems, residing in different organisations, and within different 

technological, legal, and business contexts (Section 2.4). 

IOMS takes care of transporting business information among partners (Jrad, 2014). It is what 

effectively allows business information to flow seamlessly from one partner’s systems to another’s. 

However, IOMS is not only a technical utility to carry and translate information. It is also critically a 

core business system, containing business rules and actively participating in the business process (Jrad 

et al., 2013). For instance, IOMS can validate and manipulate information before sending it out, such 

as collating invoices for the same partner into one standardised invoice. It can also authenticate and 

process received information before passing it to backend Enterprise Systems, such as splitting an 

inbound purchase order amongst various departments. The involvement of IOMS in the business 

process has seen increased attention from businesses because it allows Enterprise Systems to focus 

on their core activity, and because it was deemed an easier and cheaper option to manage some 

aspects of the business process (Jrad et al., 2013). As interest in the system continued to increase, 

market solutions quickly became complex and complicated (Jrad, 2014). While IOMS did resolve many 

issues, the IT/business dichotomy of its nature had an undesirable effect. Indeed, the relative youth 

of a now-complex concept did not gain the required attention from stakeholders who continue to 

view it as an only an IT tool (Jrad et al., 2013). In the process, the criticality and risks of IOMS, as a core 

business system, remained undervalued. While IT tools, such as email servers or firewalls, are 

important to the organisation, managing IOMS imposes more than addressing its technical value, and 

a similar attention to other business systems like ERP, CRM, and DSS systems is what it requires. 
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The notable resistance to give IOMS due resources has been inflamed by the fact market solutions 

have been coming in quick succession and with significant differences. Needing to stay in phase with 

technological advances, security challenges, and business trends, vendors have drastically decreased 

the lifecycle of their products, and support for older versions has seen a significant reduction. For 

example, a world leader in IOMS solutions reduced the support for any given version to three years 

from the time the product is made available. This condition means that organisations using their 

product would need to plan for full upgrades every third year. Customers resisting such a requirement 

and instead opting for a longer lifecycle faced the problem of loss of support. Worse, the failure to 

keep IOMS updated is what ultimately generates the precarious problem of legacy processes.  

As legacy IOMS processes fall further behind market versions, vendor tools and common standards 

become less effective in managing or upgrading them. And while solution providers and practitioners 

would provide short-term solutions (Jrad & Sundaram, 2015c), these ‘Unupgradable’ processes 

increasingly drain resources just to stay functioning. What was to cost moderately to upgrade now 

costs much more just to stay functional (Jrad & Sundaram, 2016a). 

This research attempts to address these issues by looking at standardising the way for upgrading 

Unupgradable Legacy Processes (ULP) in IOMS by generating a set of artefacts that address the 

objective of this research (Section 3.5). Table 6-1 relates research objectives to its artefacts. 

The research was motivated by the need for rigorous and disciplined alternatives to the ad-hoc, ‘quick 

and dirty’ approach commonly used in addressing ULP issues in IOMS (Jrad & Sundaram, 2016c). A 

fitting methodology was required to guide the work through permitting practitioners from within an 

organisation with ULP issues to conduct such research without having to become academics (Chapter 

3). To achieve that, the research amalgamated two befitting and renowned methodologies, namely 

Design Science Research (DSR) (Nunamaker et al., 1990) and Action Research (AR) (Baskerville, 1999). 

The outcome was the Insider Action Design Research (IADR) methodology (Section 3.4). IADR was used 

to conduct the investigation as well as to create, evaluate, and validate various artefacts (Jrad et al., 

2014). Because IOMS was found to lack significant research interest (Section 2.6), the effort was to 

design artefacts in a rational order from a conceptual level where theory and definition gaps were 

addressed, to more comprehensive levels where detailed processes were proposed and implemented 

(Chapter 4). The generated artefacts were logically intertwined and therefore were not evaluated 

separately. Instead, and building on the evaluation model offered by Hevner et al. (2004), a set of 

methods was used to evaluate these artefacts concurrently, and from multiple angles (Chapter 5). 
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Research Objectives Associated Research Artefacts 

Propose a methodology to pertinently guide the 
research. 

- Insider Action Design Research (IADR) 
Methodology 

Comprehend concepts around business integration and 
how to enable it. 

- Business Integration Middleware 

Understand and define the concept of Unupgradability. 
- Concept of Unupgradable Legacy 

Processes (ULP) 

Understand, define, and delimit the domain of IOMS and 
its ULPs. 

- Concept of Inter-Organisational 
Middleware Systems (IOMS) 

- IOMS role in Agile Business Networks 
(ABN) 

- Concept of Unupgradable Legacy 
Processes (ULP) 

- Wrapping as a means to address ULPs 

Evaluate the impact of existing project management 
methods on changes in IOMS 

- Organisational hybrid 
rational/narrative method in assessing 
success and failure of IS projects 

- Agile management of change in IOMS 
projects 

Put forward an IOMS-specific framework for governing 
process changes. 

- A Framework for Upgrading IOMS (FUI) 

Design an architectural pattern as a foundation to 
developing architectures specific to IOMS. 

- Middleware Architecture Pattern for 
Inter-organisational Systems (MAPIS) 

Construct an IOMS-tailored architecture for managing 
processes and technologies. 

- Adaptive Inter-organisational 
Middleware (AIM) Architecture 

Propose a set of roadmaps for upgrading ULPs in IOMS. 

- Overarching Context for Upgrading 
ULPs in IOMS 

- Enterprise Project Roadmap for 
Upgrading ULPs in IOMS 

- Technological Project Roadmap for 
Upgrading ULPs in IOMS 

Implement various artefacts in real cases. - Artefacts Implementations 

Evaluate the outcomes both from academic and 
industrial aspects. 

- Validation process in IOMS 

Table 6-1 Associating Research Objectives to Research Artefacts 
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6.1.1 Addressing Research Problems and Issues 

At the start, IOMS was found to be an ill-defined concept (Jrad, 2014). Being hidden inside IOIS and 

not directly impacting on common business objectives such as profits and market shares, the system 

continues to lack the adequate resources to be properly managed. Organisations are resisting 

acknowledging IOMS as a core business system (Jrad & Sundaram, 2016b), eventually causing the 

complication of its processes, and the formation of the ULP problem. As a result, IOMS upgrade 

projects have become mostly case-by-case with little to learn for future upgrades (Jrad, 2014). 

As defined in sub-section 2.6.2, research issues revolve around three factors: 

- Organisations are only interested in addressing the subject of managing IOMS process 

lifecycle, and are only motivated to address ULP issues, if/when the problem becomes 

critically affecting business processes. 

- Research on the subject of IOMS in general, and its ULPs in particular, is still in its infancy 

stages. This is due to the relative recency of IOMS as a demarcated concept. 

- Solution Providers may have more to gain from the booming ad-hoc consultancy services than 

from an efficiently standardised field. 

This doctoral research is an effort to address these gaps and limitations through the proposition of an 

array of artefacts, culminating in a set of customisable roadmaps that specifically address upgrading 

ULPs in IOMS (Jrad, 2014). 

6.1.2 Key Research Artefacts and their Evaluation 

Artefacts generated throughout the research were divided into two categories (Jrad, 2014):  

- Conceptual Artefacts: They are abstract by nature, and used to understand and define various 

theoretical aspects of the research. Conceptual Artefacts are used as a foundation for the 

design of the more applicable System Artefacts. 

- System Artefacts: They are more concrete research outcomes that can be readily 

implemented in the organisation to address practical issues. 

Even though both types of artefacts were segregated in Table 5-1, it does not imply that no artefact 

can belong to both categories at once. Notably, the concept of Integration Middleware, process 

wrapping, and the IADR methodology, can fit both types, depending on the nature of the research 

(Sub-section 5.2.3). 
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The association of various Conceptual Artefacts, their description, and the evaluation methods used 

to assess them are presented in Table 6-3. 

Artefact   Description Evaluation Method 

Insider Action Design Research 
(IADR) Methodology. 

Methodology followed for the 
research. 

Observational; Analytical; 
Application; Descriptive; 
Dissemination. 

Business Integration Middleware. 

Comprehending and describing 
the concept of Business 
Integration Middleware, and 
differentiating it from common 
understanding of the word 
middleware. 

Observational; Analytical; 
Application; Descriptive; 
Dissemination. 

Unupgradable Legacy Processes 
(ULP). 

Defining and describing ULPs. 
Observational; Analytical; 
Application; Descriptive; 
Dissemination. 

Wrapping as a means to address 
ULPs. 

Applying the concept of wrapping 
to ULPs. 

Observational; Analytical; 
Descriptive; Dissemination. 

Inter-Organisational Middleware 
Systems (IOMS). 

Defining IOMS. 
Observational; Analytical; 
Descriptive; Dissemination. 

IOMS role in Agile Business 
Networks (ABN). 

Contextual association between 
IOMS and ABNs. 

Observational; Analytical; 
Descriptive; Dissemination. 

Organisational hybrid 
rational/narrative method in 
assessing success and failure of IS 
projects. 

Understanding Project 
Management in IS and correlating 
it to the case of IOMS. 

Observational; Analytical; 
Descriptive; Dissemination. 

Agile management of change in 
IOMS projects. 

Associating the concept of Agility 
with changes in IOMS. 

Observational; Analytical; 
Application; Descriptive; 
Dissemination. 

Table 6-2 Evaluating Conceptual Research Artefacts 

The relationship between System Artefacts, their description, and the evaluation methods used to 

appraise them are presented in Table 6-3. 
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Artefact   Description Evaluation Method 

A Framework for Upgrading IOMS 
(FUI). 

Presenting a framework that can 
be adhered to when organising 
changes in IOMS. 

Observational; Analytical; 
Application; Testing; 
Descriptive; Dissemination. 

Middleware Architecture Pattern 
for Inter-organisational Systems 
(MAPIS). 

Developing an Architectural 
Pattern that can be used to 
generated architectures for 
IOMS. 

Observational; Analytical; 
Application; Testing; 
Descriptive; Dissemination. 

Adaptive Inter-organisational 
Middleware (AIM) Architecture. 

Proposing an adaptive, 
customisable, Architecture that 
can be used to implement and 
govern IOMS. 

Observational; Analytical; 
Application; Testing; 
Descriptive; Dissemination. 

Overarching Context for 
Upgrading ULPs in IOMS. 

A high level view of the proposed 
set of roadmaps for upgrading 
ULPS in IOMS. 

Observational; Analytical; 
Application; Testing; 
Descriptive; Dissemination. 

Enterprise Project Roadmap for 
Upgrading ULPs in IOMS. 

Proposing an Enterprise-focused 
roadmap to deal with upgrading 
ULPs in IOMS. 

Observational; Analytical; 
Application; Testing; 
Descriptive; Dissemination. 

Technological Project Roadmap 
for Upgrading ULPs in IOMS. 

Proposing an IT-focused roadmap 
to deal with upgrading ULPs in 
IOMS. 

Observational; Analytical; 
Application; Testing; 
Descriptive; Dissemination. 

Artefacts Implementations. 
Process of implementation of 
various artefacts. 

Observational; Analytical; 
Application; Testing; 
Descriptive; Dissemination. 

Validation process in IOMS. 
Process of validation for all 
artefacts. 

Observational; Analytical; 
Application; Testing; 
Descriptive; Dissemination. 

Table 6-3 Evaluating System Research Artefacts 

6.2 Contributions 

Investigating business matters using IADR brings the double challenge of providing specific applicable 

solutions while further proliferating knowledge in its larger sense. A successful IADR research should 

indeed add value both to the participating organisation and to academia. The constant evolution of 

the fields of IS, IOIS, and IOMS, as well as Business Management and Project Management, represents 

a challenge for IS research to remain valid during the course of its execution and more so after it is 

completed. Unlike in classical domains, the contribution of IS research is at risk of quickly losing value 

if its theoretical basis is narrow attached to current technologies or practices. That is why this research 

endeavoured to first establish a theoretical structure through Conceptual Artefacts, before proposing 

the implementable System Artefacts. The research acknowledges that System Artefacts are more 

prone to obsolescence due to their specific narrow-framed nature (Chapter 4). This is not a particular 
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limitation to the research itself. Rather, it reflects a general characteristic of products and solutions in 

IS. However, the proposed artefacts do not stop at addressing the problem of ULPs in IOMS. They, in 

fact, delve inside the IOMS domain, and as such extend knowledge and promote research in a field 

that is in its infancy. On one hand, the long term contributions of the research consist in the 

proposition of multiple definitions and concepts, as well as the IADR methodology. On the other hand, 

and among immediate contributions, a list of Do’s and Don’ts was published as a combined 

contribution to IS, IOIS, IOMS, business management, and project management (Sub-section 4.9.3). 

This next seven sub-sections detail various contributions of this research. 

6.2.1 Key Research Contributions 

This work has provided a number of contributions to research. First, the concept of IOMS not having 

been defined and outlined prior to this research, a sub-field of IS has effectively been created and 

outlined. The research posits that IOMS needs to be regarded as an independent domain since it 

already possesses its own sphere of knowledge, facts, activities, expertise, market solutions, and 

knowledge groups (Jrad, 2014). Fitting it under general IS or IOIS management rules is incorrect and 

an important contributor to the ULP issues (Jrad et al., 2013; Jrad & Sundaram, 2016a). 

Furthermore, the research conceived and elaborated numerous artefacts that define various aspects 

of IOMS domain, and support every phase of the research. The collection of Conceptual and System 

Artefacts do not only respond to the defined practical problems. They also represent knowledge on 

the topic, and offer a platform for further research in the field. The fact that each artefact can stand 

on their own enables larger potentials for narrower research efforts. 

The Insider Action Design Research (IADR) methodology is another key contribution to research 

(Section 3.4). Combining positivist and interpretivist approaches, and interweaving DSR and AR, IADR 

represents an opportunity for practitioners to research a relevant topic that would positively impact 

both their organisation and the general knowledge (Jrad et al., 2014). While Insider involvement in AR 

has been researched as part of IADR (Sub-section 3.3.1.3), the proposed methodology uniquely brings 

Insider involvement to DSR, enabling employees to provide systems as solutions to their organisation. 

There is even potential to elaborate an “Insider Design Science Research” methodology (Jrad et al., 

2014). While IADR was conceived to guide this research, its use reaches beyond IOMS. In fact, the 

conception of the methodology started in the early stages of the research before the notion of IOMS 

was conceived. IADR is therefore characteristically independent from the concept of IOMS. It can be 

viewed as a natural ‘next step’ in the evolution of DSR and AR methodologies (Figure 3-17). The IADR 

paper has had the highest views and references statistics amongst all publications from this research. 
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6.2.2 Key Information Systems Contributions 

The research provides conceptual understanding of some important, yet ambiguous, elements of IS in 

organisations nowadays. Notions like business integration have long moved from being simple jargons 

to more complex notions. Similarly, business middleware systems enabling B2B continued to gain 

more attention from businesses. However, as they still lack significant research interest, these systems 

were yet to be named and defined properly. This research presents them as Inter-Organisational 

Middleware Systems (IOMS) (Jrad, 2014). Furthermore, while the concept of legacy processes has 

been identified, defined, and discussed, this research focuses on legacy processes that can no longer 

be easily managed or upgraded. These processes are labelled as Unupgradable (Jrad et al., 2013). 

Managing a ULP is a complex charge, especially when there is an interdependency with other similar 

processes (Section 2.5). It is true that a ULP is not un-engineerable, because, in theory at least, all IS 

processes are reengineerable (Jrad & Sundaram, 2016c). However, for ULPs that can no longer be 

updated using standard tools and procedures, the required cost, time, and effort, make the 

justification for addressing them weak (Jrad & Sundaram, 2016c). Mirroring IOMS, there is a risk that 

the ULP problem in IS would become a bigger concern than legacy processes themselves. 

The research associated multiple general IS concepts (such as the concepts of code-wrapping and 

Redundant, Obsolete, or Trivial (ROT) documentation) to ULPs, in order to extend the understanding 

of their complexity (Jrad & Sundaram, 2016c). A ULP is not viewed as only an aged process that was 

built on older practices. It can also be ill-documented, badly structured, and possibly a consequential 

outcome of a previous ULP that was already wrapped into more code. There are therefore multi-facets 

to addressing the ULP issue. 

Another significant contribution to IS is the proposition of the IADR methodology. As described in 

section 3.4, IADR interweaves three research methodologies at once: Design Science Research; Action 

Research; and Insider Action Research (Figure 3-17). As an investigative method, it allows IS 

practitioners (Insider) to do research (Research) through practice (Action) while producing a solution 

(Design) to a real organisational problem. 

6.2.3 Key Inter-Organisational Information Systems Contributions 

Through investigating IOMS, the research looked at IS literature in general with a focus on IOIS. First, 

an argument was put forward that whereas IS has enjoyed extensive and in-depth interest from 

researchers, IOIS did not. While some IOIS aspects did gain attention, such as the implementation 

aspects of IOIS solutions, other parts still lack attention (Jrad, 2014). For instance, there is a clear 

scarcity in research about how to upgrade an existing IOIS either fully or partially. Furthermore, 
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research is yet to recover ground lost on new standards and practices. Notably, the shift of IOIS from 

being a static entity, where partnerships are persistent, to being a dynamic system where business 

relationships are volatile, deserves research attention (Jrad et al., 2016). There is also a need to further 

investigate existing IOIS concepts but in the context of dynamic business relationships and Adaptive 

Business Networks (ABN).  

The research also argue that IOIS should not be looked at as one indivisible system but instead a 

system of complementary sub-systems where each one could be managed, and researched, 

separately, while all working towards IOIS goals (Jrad, 2014). 

6.2.4 Key Inter-Organisational Middleware Systems Contributions 

The focus of this research has been in the domain of IOMS. First, the term IOMS was defined as “inter-

organisational collection of EAI and EMS procedures, methods, and services that work together to 

allow heterogeneous applications from different organisations to communicate, exchange 

information and validate each other’s inputs and outputs” (Jrad, 2014). Emerging from research 

question and objectives, the emphasis was on addressing the specific challenges for organisations in 

addressing ULPs in their IOMS. A set of Conceptual and System Artefacts were proposed to address 

upgrading these ULPs in a standardised manner. Both types of artefacts were critical to the research, 

and their combination ensured a sound theoretical basis on one hand, and an effective solution to the 

organisational problem on the other. Indeed, without Conceptual Artefacts, System Artefacts would 

lack generalisability and rigour, and would become simply ‘another’ ad-hoc trial-and-error approach 

to temporarily fix ULP issues. Conversely, Conceptual Artefacts have virtually no relevance in an 

application-oriented field like IS, if they are not accompanied with System Artefacts. Figure 6-1 relates 

research and practical views of the proposed artefacts. On one side, top-down research view 

illustrates how investigating the IOMS concept has produced two pillars of artefacts, which in turn led 

to the proposition of the roadmaps for upgrading ULPs in IOMS. On the other side, and from a bottom-

up practical point of view, IOMS as a system and concept was the foundation on which various 

artefacts were constructed, culminating in the proposition of the set of roadmaps. Table 5-3 lists 

various published papers that discuss IOMS, its management, the problem of ULPs, and various 

proposed artefacts that address the research question. 

The dichotomy of IOMS’s technological and business characteristics was highlighted as both a strength 

and a problem (Jrad et al., 2013). The research criticised the widespread lack of managerial 

acknowledgement of IOMS as a core business system, and the common insufficiency of resources 

allocated to manage it (Jrad & Sundaram, 2016b). The weak research interest, which would have 
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delivered efficient standards, has promoted a feel in the IOMS market that the chaos may actually be 

more advantageous commercially. The research’s reaction was to propose IADR as a methodology 

that helps organisations reduce costs and dependence on solutions providers in managing and 

upgrading IOMS. 

 

Figure 6-1 Research View vs. Practice View of Research Artefacts 

Palpably, the research offers a set of customisable roadmaps that can be used by organisations 

wanting to address ULPs in their IOMS in an efficient, consistent (i.e. standardised), non-disruptive, 

and viable manner. These roadmaps are based on the proposed architecture that was constructed 

specifically for IOMS, accounting for the standards and requirement of SOA, EDA, API, and ABN. The 

main idea behind the proposition of the architecture is that a robust structure is the first step towards 

managing the problem of ULPs. Non-structured solutions like ‘the shortest path’ or ‘quick and dirty’ 

have well been proven inefficient and eventually part of the problem (Jrad & Sundaram, 2016b). The 

architecture itself was developed above the proposed framework that was designed as a support for 

structuring changes in IOMS. While in other fields change may be a small management element, in 

IOMS it is a delicate exercise because the system is constantly in a change mode (Jrad & Sundaram, 

2015b). The research argues that new agile project management methods specific to IOMS are needed 

in order to address the specific requirements of the domain (Jrad & Sundaram, 2015a). 
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6.2.5 Key Project Management Contributions 

An extensive analysis of existing Project Management (PM) methods and approaches to assess their 

outcomes was executed as part of the research. Figure 4-4 summarises these findings (Jrad & 

Sundaram, 2015b). As outcome, it was noted that there are three main streams of how projects 

success are assessed. However, the research synthesised common organisational criteria into a fourth 

category and labelled it the Organisational Approach (Figure 4-5). The approach reflects the shift from 

the reliance on the more classical Budget/Time/Specifications methods of assessment to include 

perceptions from various stakeholders. It almost matters more that people think the project is 

successful than it actually is successful (Jrad & Sundaram, 2015b). While such a statement might sound 

absurd, it is not. It is a factual reflection on the general notion of people’s importance in IS. If for 

instance the final user of an IT project thinks the outcome is a success, they may consider any issues 

are natural parts of the process or experience, and feedback would be positive. If they think the project 

failed to deliver to the level of their expectations, then knowledge handover would be harder and 

feedback would be negative. This, in turn, could potentially affect involvements in future projects. 

The research found that IOMS processes are too specific to be treated as IS, IOIS, ERP, or business, 

processes (Jrad et al., 2013; Jrad & Sundaram, 2016a). They are effectively unique, and therefore their 

management, change, and upgrades, are unique exercises (Section 4.4). Most changes in IOMS would 

require the impact assessment to be done vertically (technology) and horizontally (business process) 

(Figure 6-2), hence the need for adequate PM methods, even for smaller changes. Two papers (Jrad & 

Sundaram, 2015a, 2015b) were published detailing how force-feeding the wrong PM methods onto 

IOMS projects is a prelude to disaster. And while this research did not propose a PM technique specific 

to IOMS, it did highlight that existing Agile Project Management (APM) methods are more suitable 

than Traditional Project Management (TPM) methods when managing IOMS changes. APMs accept 

that project outcomes may not be fully understood at the offset, and therefore there is an allowance 

for learning and adaptivity during the course of the project. 

In looking at best ways to deliver IOMS projects, the research rejected the practice of relying on 

outside resources (consultants, service providers, and vendors) to design and implement changes in 

IOMS (Jrad & Sundaram, 2015b). It also rejected involving internal IOMS teams only as a support act 

to external resources (Jrad & Sundaram, 2015a). Instead, it found that empowering internal IOMS 

teams, if there is one, into taking ownership and driving IOMS projects, and providing them with 

external support if/when required, has in fact a better financial, managerial prospect, and is ultimately 

beneficial for employees retention (see Appendix 3 for IOMS teams and management feedback). 
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Figure 6-2 Managing Complexity in IOIS and IOMS Projects. 
Author’s Creation (Jrad & Sundaram, 2015a) 

6.2.6 Key Contributions to Organisations and Practitioners 

Key contributions of the research to practice can be divided into internal and external types. On one 

hand, the organisation itself, its decisions makers, its IOMS team, and other stakeholders, should find 

benefits in considering the research outcomes for the management of IOMS and its ULPs. On the other 

hand, consultants, vendors, and professionals should find interest in considering using, building on, or 

critiquing the findings of this research. Both aspects can be seen in the fact that two large international 

organisations have volunteered to be part of the research, and that experts from various fields agreed 

to participate in reviewing artefacts. The reaction of various participants was very positive throughout 

the journey. 

From the organisations’ perspective, this research challenges the thinking of decision makers, and 

relates the lack of a correct and proper valuation of IOMS as a core business system, to its problem 

with ULPs (Jrad & Sundaram, 2015c). The research also promotes the empowerment of internal 

resources instead of primarily relying on external expertise for changes in IOMS (Jrad & Sundaram, 

2015a, 2015b). Regardless of what the formal role of an IOMS team member is, their role is not a 

standard technical IT job. Instead, it is a combination of high and large technical skills (touching 

operating systems, databases, coding languages, testing techniques, etc.), and a strong business 

process knowledge (Jrad & Sundaram, 2016c). System-wise, the research puts forward the need for a 

robust IOMS-specific architecture as a first step to contain the ULP issue. Without such architecture, 

it would be pointless to fix some and see more created. 
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From the professionals’ standpoint, this research lays the ground for major efforts in better advancing 

the domain of IOMS. It calls: 

- For each professional services organisation to develop a clear and coherent strategy for IOMS 

products, with which support to organisations can be clear, meaningful, and enhancing to the 

trust between both parties. 

- For various practitioners, consultants, and vendors to harmonise their efforts towards building 

on research findings and proposing common standards for the field of managing IOMS in 

general, and its legacy processes in particular. 

- For researchers to give IOMS, and IOIS, more interest and further investigate various subjects, 

including proper IOMS-oriented project management methods. 

6.2.7 Other domains 

Enterprise Architecture (EA) permits the organisation to align its IT with its business strategies (Jrad & 

Sundaram, 2016a). The research contributes to EA through the proposition of the IOMS architecture 

as an extension to it, and as an SOA-based architecture. It also promotes the Adaptive EA as a better 

way to architect the enterprise (Sub-section 4.7.1). 

The research also contributes to the field of Enterprise Systems by addressing the separation between 

these system’s core tasks and the matter of interacting with other systems. IOMS, as a system, can be 

used by more than Enterprise Resource Planning (ERP) systems, which are often used in the IOIS. 

Indeed, Customer Relationship Management (CRM) and Supply Chain Management (SCM) systems 

have seen an increase in engaging IOMS. Factually, the strong capabilities of IOMS in efficiently and 

securely validating, transferring, and reporting, on information makes it a strong instrument for 

various business systems such as Decision Support Systems (DSS), Enterprise Data Warehousing (EDW) 

and Business Intelligence (BI) systems. Finally, this research contributes to the Auditing and Legal fields 

by developing mechanisms that promote transparency and accountability through the 

implementation of the proposed framework, architecture, and roadmaps. 

6.3 Limitations & Future Research Directions 

One fundamental aspect of scientific research is to stand on previous work and then enable the next 

effort to stand on it too. Newton’s statement of “Standing on the shoulder of Giants” is a great 

illustration of this principle (Newton, 1675). Therefore, it could be argued that the quest of knowledge 

is perpetual and there is no ‘final’ research as such. This section looks at where the conducted research 

limitations might be, and how it can be used for further research. 
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6.3.1 Limitations 

Limitations of a research are not a bad label. Instead, they reflect the complexity of the studied subject 

and how an investigation needs to focus on specific elements while proactively or passively leaving 

others out of its scope. Proactive limitation can be defined as the use of premeditated scoping to 

explicitly exclude, or not include, an aspect of the studied subject. Passive limitation, on the other 

hand, would happen when an element is omitted while it potentially should have been addressed. In 

that sense, the domain of IOMS is too wide to be investigated in one or even few research efforts. The 

scope of this research (Figure 1-3) explicitly excluded the following: 

- IOMS processes that are not ULPs 

- ULP processes in IOMS that can be easily reengineered 

- Non-IOMS processes 

Research artefacts were implemented and evaluated using the help of two international organisations 

with large e-commerce capabilities, intensive involvement in various IOISs, and possessing complex 

IOMS. The outcomes therefore could be regarded as limited to medium to large organisations. Smaller 

businesses might (or might not) reflect research findings. Furthermore, small IT landscapes might not 

require an independent IOMS product for its B2B involvement, because most Enterprise Systems do 

provide small integration capabilities that may suffice in smaller systems. (Sub-section 4.7.3). Another 

limitation is that this research does not account for the Testing in Production (TiP) methodologies 

(Sub-section 5.2.1). Instead, it continues the tradition of promoting the conservative Develop-Test-

Production (DTP) as the preferred change deployment architecture. While TiP is yet to see significant 

interest from IOMS practitioners, with the arrival of Cloud-based solutions like Infrastructure as a 

Service (IaaS), and the more integration-oriented Integration Platform as a Service (iPaaS), there could 

be more interest in TiP involvement in IOMS. 

Besides explicit and implicit limitations, the research makes a set of assumptions that would require 

further investigation if its findings are to be further generalised or adjusted (Jrad & Sundaram, 2016c). 

First, it assumes that IOMS is required as an independent system. This is not always true. In smaller 

environments, Enterprise Systems might have the capability to manage transactions with business 

partners without the need for an independent middleware solution. In fact, most ERP systems 

nowadays do provide low level middleware functionalities (Jrad & Sundaram, 2016a). The second 

assumption is that a ULP problem is permanent, i.e. once an IOMS process is labelled as ULP it remains 

as such until it is addressed using the proposed roadmaps. Experience suggests that some ULPs might 

actually become upgradable with the arrival of new versions of the product. In one scenario, a process 
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was using a technology no longer supported by the vendor who recommended a move to a different 

technology. Migrating the process was not possible due to lack of understanding and documentation, 

and the processes was deemed as unupgradable. Two versions later, the ‘old’ technology was again 

supported by the vendor and the process became effectively upgradable using the vendor’s improved 

tools. It is therefore suggested to consistently review and update the list of ULPs in IOMS. Another 

assumption is that having IOMS installed on the cloud or on-premise has no impact on its ULP 

problems. While this assumption seems fair, it needs to be validated. Cloud-based solutions can be 

structurally different from on-premise solutions and therefore what might work for one might not for 

the other. The final assumption is that an organisations facing the ULP problem in IOMS does in fact 

have an IOMS team. This assumption is visible in the call for putting internal resources as the main 

drivers for change in IOMS. However, this is not possible for businesses that have outsourced their 

IOMS support. The research did not address that type of scenario and a specific examination is needed. 

In fact, more research on IOMS in general, and its ULPs in particular, is required in order to streamline 

knowledge and practices around it and support the evolution of the domain. 

6.3.2 Future Research Directions 

The invitation for future research rests on the need to address research limitations, as well as to 

promote newer or more enhanced knowledge. As such, the first incitement is to further investigate 

and address limitations detailed in sub-section 6.3.1. As technology and standards continue to change, 

new limitations might also appear and would also need addressing. 

IOMS solutions offer more abilities than just enabling cross-organisational mechanisms to permit 

business processes crossing between partners’ systems. For instance, IOMS can be used internally 

between different systems for the same organisation (Jrad & Sundaram, 2016a). Such a role is what is 

referred to as Enterprise Service Bus (ESB) (Sub-section 2.2.2). Therefore, and provided it is SOA-

based, IOMS in general can be regarded as an advanced inter-organisational ESB (Jrad & Sundaram, 

2016a). As the use of IOMS inside the organisation intensifies, Enterprise Systems increasingly engage 

with it in smarter, faster, and more complex manner. Already, the likes of Customer Relationship 

Management (CRM) systems and Decision Support systems (DSS) have already been witnessed to 

increasingly rely on IOMS, and this would be an important subject of research. 

Another matter that can be investigated is the evolution of business perception for the need of 

integration. To reflect the words given by a representative of a world leader in IOMS solutions, there 

is hardly anyone who would come and ask for an IOMS product nowadays. Organisations rather talk 

about wanting a strategic change with the help of the IOMS solutions. Businesses are not interested 
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in implementing Internet-of-Things (IoT) processes, or Cloud solutions, or mobile integration tools, for 

the sake of the exercise. Instead, their desire is to steadily change and build a competitive digital 

business platform that would help them remain competitive and financially sustainable. The 

implication is not only about the need for seamless integration, but also stronger analytical and 

decision making processes, better management of customers’ involvement, and the use of the 

appropriate technology, all at once. Research into the relationship between IOMS and business and IT 

transformation is therefore a topic that would benefit businesses and frame the evolution of IOMS as 

a domain. 

A third potential research topic is security. Being open to multiple foreign systems, IOMS is exposed 

to multiple security risks. It is in fact not uncommon to have it residing in an isolated sub-network, 

thinly connected to the central network of the organisation. This is to ensure IOMS’s significant 

exposure does not propagate the associated risks to other enterprise and back-end systems. While 

the topic of security for IOMS has been looked at in this research (Section 2.4), it requires further, in-

depth, and focused effort. As such, a security framework, or a risk management framework, for IOMS 

would indeed be useful. For instance Scott and Vessey’s work on risk factors in Enterprise Systems 

implementations (2002), and Chapman’s work on risks in project management (2014) could be 

updated to include and reflect on IOMS.  

Finally, a more abstract research topic that would benefit methodologies promoting practitioners 

doing research, is the analysis of the researcher himself. Who is the IADR researcher? What are they 

as a researcher? Does the role they hold in the organisation matter in terms of research outcome and 

quality? Unlike positivist approaches where the investigator orbits around the studied phenomenon 

which is in the middle of the investigation, the researcher in IADR is a central figure and who they are 

may possibly have an impact on the research. It is indeed worth exploring what that impact is and how 

it would influence the conduct of the research. 
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APPENDICES  

Appendix 1: List of Published Papers 

 Publication URL 

01 
“Upgrading Unupgradable Middleware Legacy 

Processes: Misconceptions, Challenges, and a 

Roadmap”. SEM 2013 (Jrad et al., 2013). 

http://www.scitepress.org/DigitalLibrary/Publications
Detail.aspx?ID=6ukgQ95Gg6Q= 

02 
“Insider Action Design Research: A Multi-

Methodological Information Systems Research 

Approach”. RCIS 2014 (Jrad et al., 2014). 
http://ieeexplore.ieee.org/document/6861053/ 

03 

“A Roadmap for Upgrading Unupgradable Legacy 

Processes in Inter-Organisational Middleware 

Systems: A Doctoral Research”. RCIS 2014 (Jrad, 
2014). 

http://ieeexplore.ieee.org/document/6861081/ 

04 

“Challenges of Inter-Organizational Information 

and Middleware System Projects: Agility, 

Complexity, Success, and Failure”. IISA 2015 (Jrad 
& Sundaram, 2015a). 

http://ieeexplore.ieee.org/document/7387960/ 

05 
“Adaptive Business Network Systems: A Service-

Oriented Architectural Approach”. IISA 2015 (He et 
al., 2015). 

http://ieeexplore.ieee.org/abstract/document/73881
10/ 

06 
“Inter-Organizational Middleware Systems: A 

Framework for Managing Change”. IISA 2015 (Jrad 
& Sundaram, 2015c). 

http://ieeexplore.ieee.org/document/7388057/ 

07 

“Inter-Organizational Information and Middleware 

System Projects: Success, Failure, Complexity and 

Challenges”. AMCIS 2015 (Jrad & Sundaram, 
2015b). 

http://aisel.aisnet.org/amcis2015/ITProjMan/General
Presentations/6/ 

08 
“Architectural Pattern for Inter-Organizational 

Middleware Systems”. SAI 2016 (Jrad & Sundaram, 
2016a). 

http://link.springer.com/chapter/10.1007/978-3-319-
46909-6_35 

09 

“Architecting Adaptive Inter-Organizational 

Middleware Systems: A proposal, implementation, 

and evaluation”. ICTCC 2016 (Jrad & Sundaram, 
2016b). 

http://ieeexplore.ieee.org/document/7556063/ 

10 
“A Roadmap for Upgrading Unupgradable Legacy 

Processes in Inter-Organizational Middleware 

Systems”. FNSS 2016 (Jrad et al., 2016). 

http://link.springer.com/chapter/10.1007/978-3-319-
48021-3_10 

11 
“Inter-Organizational Middleware System 

Implementations: Do's and Dont's of Business 

Integration”. SC2 2016 (Jrad & Sundaram, 2016c). 

https://grid.chu.edu.tw/sc2-
2016/AcceptedPaperList.php 
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Appendix 2: Intermediary Architecture for IOMS Upgrade Project 
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Appendix 3: Feedback Post Implementations of Research Artefacts 

- Feedback from The Chief Information Officer in Organisation α: 

 

- Feedback from IOMS team member (Developer) in Organisation α: 
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- Feedback from Management in Organisation β: 

 

- Feedback from IOMS team member (Applications Services Manager) in Organisation β: 
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