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Abstract 

Software maintainability is a key quality attribute of software systems. Its prediction can 

enable organizations to make informed decisions about managing their maintenance 

resources and adopting a defensive design. Relational database-driven software 

applications are the most widely developed and used applications of the current time whose 

maintenance involves changes to the front end application as well as to the relational 

database schema. The presence of a relational database back-end in these applications 

requires special considerations in respect of maintainability. However, these considerations 

are often ignored in the literature. 

To help fill this gap, this PhD research was initiated to investigate how the maintainability of 

relational database-driven applications may be predicted. The position taken was influenced 

by the differences between relational database-driven applications and applications that do 

not have a relational database back-end.  

The overall research followed a sequential mixed-methods approach consisting of four 

research phases. First, a systematic literature review on software maintainability and its sub-

characteristics prediction and metrics was conducted. Second, interviews were conducted 

with software practitioners to gather evidence from practice on the research topic. Third, a 

survey was conducted with software practitioners to rank the predictors identified from the 

systematic review and interviews in order of their importance to predicting maintainability of 

relational database-driven applications. Finally, ordinal data were gathered on maintainability 

and a set of 28 predictors that were selected by the survey results and three different 

prediction techniques were applied on the gathered data.  

The findings of this research suggest that in the context of relational database-driven 

applications there is no explicit evidence of research on maintainability prediction. In 

contrast, maintainability is predicted using expert judgment in practice where maintainability 

predictors relevant to relational database back-end are considered important. The results of 

applying prediction techniques on the data gathered for this research suggest Case Based 

Reasoning and Classification and Regression Trees as successful maintainability prediction 

techniques, and understandability and documentation quality as important maintainability 

predictors. 

The main conclusion of this research is that maintainability and its prediction for relational 

database-driven applications are different from that of applications that do not have a 

relational database back-end.  
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Chapter 1  

Introduction 

 

1.1 Maintainability, Prediction and Relational Database-Driven 

Software Applications 

Software maintainability (IEEE, 1993) is a key quality attribute of software systems. It is 

defined as “the ease with which a software system or component can be modified to correct 

faults, improve performance or other attributes, or adapt to a changed environment”(IEEE, 

1993). Intrinsically associated with this quality attribute is the maintenance process - “the 

process of modifying a software system or component after delivery to correct faults, 

improve performances or other attributes, or adapt to a changed environment” (IEEE, 1993). 

Within the scope of software development, the maintenance process represents the largest 

part of a software project‟s costs (Bhatt, K, Shroff, & Misra, 2006; Zelkowitz, 1978). In 

addition, software maintainability represents the effort needed to carry out the process of 

software maintenance, and as such can have a significant impact on software costs (Bhatt et 

al., 2006). Given its importance, software maintainability improvement became an area of 

great interest for the software industry (Coleman, Ash, Lowther, & Oman, 1994), and 

numerous studies have since investigated this domain (details are given in Chapter 3). The 

value that improved maintainability can potentially lend to the software industry in terms of 

reduced maintenance costs provided the main motivation for this research. One of the ways 

to improve software maintainability is to first understand and measure the factors that impact 
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upon it, followed by the proposal of maintainability prediction models that can lead to better 

estimates of software maintainability.   

A software maintainability prediction model can enable organizations to make informed 

decisions about managing their maintenance resources and to adopt a defensive design 

(Oman & Hagemeister, 1994; van Koten & Gray, 2006). This, in turn can help reduce the 

maintenance effort and therefore, reduce the overall cost and time spent on a software 

project. 

Software prediction, commonly known as software estimation or forecasting (Jorgensen & 

Shepperd, 2007), is an important part of software project planning (Furulund & Molokken-

Ostvold, 2007). Estimates can be made for projects as well as products. When these are 

made for projects, these are called effort estimates and the process is called effort 

estimation (Martin, Pasquier, Yanez, & Gutierrez, 2005) or software cost estimation (Braz & 

Vergilio, 2006; Jorgensen & Shepperd, 2007; Mendes, Mosley, & Counsell, 2002; Yang, He, 

Li, Wang, & Boehm, 2008). When these are made for maintenance projects, the means of 

obtaining such estimates is called maintenance cost prediction (GranjaAlvarez & 

BarrancoGarcia, 1997) or maintenance project effort estimation (Ahn, Suh, Kim, & Kim, 

2003). Estimates when made for quality attributes, give a measurable value of the quality of 

the measured attribute that a software product possesses. The prediction of the quality 

attribute of maintainability includes proposing and validating maintainability predictors based 

on measurable factors that have a bearing on the software maintenance activity (Bhatt et al., 

2006).  

This thesis makes a distinction between the software quality attribute of maintainability and 

the process of software maintenance, the focus of this thesis is on the prediction of the 

former in the particular context of relational database-driven software applications.  

The reason for focusing the research on database-driven software applications is because 

database-driven applications have gained substantial importance in modern software 

development (Gardikiotis, Malevris, & Konstantinou, 2004) and many modern software 

applications rely on Database Management Systems (DBMS) (Maule, Emmerich, & 

Rosenblum, 2008). Relational databases are considered to be the most used and most 

successful type of databases for over three decades (Seltzer, 2008). Data management has 

almost become synonymous to Relational Database Management Systems (RDBMS) 

(Seltzer, 2008) as most software vendors have adopted the use and construction of 

relational approach to database management (Barton, 1994). Consequently, relational 

databases are the one used the most both in Information Technology (IT) shops as well as in 

data centers (Seltzer, 2008). A relational database consists of a collection of tables that are 
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interrelated via referential integrity constraints and whose structure is defined by a schema 

written using the Structured Query Language‟s (SQL) data definition constructs (Deng, 

Frankl, & Chays, 2005). Relational databases and the underlying relational models are 

considered to be more formalized and inherently different from other types of persistency 

mechanisms such as file systems (Cleve, Mens, & Hainaut, 2010), network or graph models 

(Codd, 1983), and object-oriented databases (Heintz, 1991). 

Database-driven applications consist of a database, a DBMS, and a set of applications that 

interact with the database through this management system (Kapfhammer & Soffa, 2003). 

Relational database-driven applications are thus those applications that interact with a 

relational database through a RDBMS. A typical architecture of such applications is shown in 

Figure 1-1. These applications may be written using native database languages e.g., Oracle 

PL/SQL using native tools such as Oracle Developer Suite of applications or by using 3rd 

Generation Languages (3GL) using object-oriented approach. Applications‟ interacting with a 

databse using programming languages sometimes also lead to impedance mismatch 

problem (Maule et al., 2008).  When a relational database schema changes such as due to 

adding more information – schema changes at the database end, it impacts database 

schema complexity as well as coupling between the database and the software application 

(Maule et al., 2008). The changes sometimes also have an impact on how the data access 

logic i.e., how applications interact with the relational database, has been implemented 

(Maule et al., 2008).  Also, small changes, e.g., adding a unique constraint on a database 

table, has a ripple effect in that the application‟s front-end needs to ensure that the value for 

the field corresponding to the subject database table field is mandatory as well as a prompt 

is generated to the use if the value entered already exists in the table. Not only this, such 

changes also need to be supported by the business and/or application logic. This simple yet 

a common example demonstrates that the maintainability of relational database-driven 

applications is impacted by application-specific features, database-specific features as well 

as by the interaction of the application with the relational database or implemented data 

access logic. The fact that relational databases are different from other types of databases 

(Codd, 1983) implies that the maintainability of relational database-driven applications also 

differs from the maintainability of the applications that use other types of databases. 
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Figure 1-1 Typical Architecture of Relational-Database Driven Applications 

 

The importance of relational database-driven applications in today‟s software development 

(Maule et al., 2008) suggests that it is important to investigate their maintainability in order to 

help software organizations develop highly maintainable relational database-driven software 

applications. However, there is scarce evidence in literature on the maintainability and 

prediction of maintainability for these applications, as discussed in detail in Chapter 3 and 

evidenced with the help of a systematic literature review. The importance of these 

applications in the modern software development coupled with insufficient evidence to 

support maintainability prediction for these applications, provides the primary motivation for 

this research i.e., to investigate the maintainability of relational database-driven software 

applications by understanding and measuring the factors that impact upon it, and using 

these factors to predict the maintainability of such applications.  
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1.2 Research Objectives 

The primary objective of this research was to provide a means to software practitioners to 

predict the maintainability of relational database-driven software applications for the reasons 

discussed above. The specific aims to meet the discussed objective were to: (1) identify the 

factors that have a bearing on the maintainability of the relational database-driven 

applications such that maintainability of these applications may be improved; and (2) to 

provide understandable and easy to use method(s) for predicting the maintainability of 

relational database-driven applications. The purpose of such methods would be to provide a 

means to assessing the maintainability of these applications, thereby enabling the creation 

of more maintainable relational database-driven software applications.   

1.3 Research Questions 

The research questions that this thesis has endeavoured to investigate are as below. 

Research Question 1: How is the maintainability of relational database-driven software 

applications predicted in research and practice? 

Research Question 2: What are the factors that have a bearing on the maintainability of 

relational database-driven software applications? 

Research Question 3: What method(s) can effectively be used for predicting the 

maintainability of relational database-driven software applications?  

Research Question 4: Does predicting maintainability for relational database-driven 

applications require predictors additional to those employed for predicting maintainability for 

applications that do not have a relational back-end database? 

Research question 1 aims at investigating the current state of the art and state of the 

practice in predicting maintainability of relational database-driven software applications; and 

the method(s) that have been used for the same. Research question 2 aims at identifying the 

factors that impact the maintainability of relational database-driven software applications. 

Research question 3 aims at identifying the prediction techniques and methods that can be 

effectively employed for predict the maintainability of relational database-driven software 

applications. Research questions 4 aims at investigating if different maintainability predictors 

than those employed for predicting the maintainability of applications that do not have a 

relational database back-end, are needed to successfully predict the maintainability of 

relational database-driven applications. Research question 4 follows on from research 
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question 2 in that it aims to identify any additional predictors that are needed specifically for 

relational database-driven software applications. 

1.4 Research Contributions 

This research makes the following contributions to the body of knowledge pertaining to 

maintainability prediction for relational database-driven software applications. 

 It synthesises all available evidence on the maintainability prediction and 

maintainability measures for software applications. This includes evidence on the 

prediction and measure of maintainability sub-characteristics as defined by various 

software quality models. 

 It identifies the state of practice on the maintainability prediction, maintainability 

measures, and predictors or factors of maintainability in the context of relational 

database-driven software applications by interviewing practitioners from different 

software companies. 

 It provides a list of predictors that have a bearing on maintainability prediction for 

relational database-driven software applications. The list was compiled using 

evidence from both state of art and state of practice which was later ranked by 

practitioners from different software companies. 

 It presents the predictors that can successfully predict the maintainability of relational 

database-driven software applications by applying the prediction techniques on the 

data collected from software projects undertaken in different software companies. 

1.5 Thesis Structure 

The structure of the thesis is primarily based upon the order in which the different phases of 

this research were conducted and is as follows.  

Chapter Two: This chapter discusses the research methodology employed for conducting 

different phases of this research including the systematic literature review; interviews and 

content analysis used to analyse the interviews; survey and frequency analysis performed to 

analyse the results of the survey; collection of software projects‟ data and prediction 

techniques employed for the creation of prediction models. The chapter introduces these 

methods and gives the rationale on the use of these methods as best suited for their 

respective purposes. 

Chapter Three: This chapter discusses the steps and results of the systematic literature 

review conducted on the topic of the prediction and measures of software maintainability and 
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its sub-characteristics. It presents the state of research on the mentioned topic and identifies 

the research gaps. 

Chapter Four: This chapter discusses the process and results from the interviews 

conducted with software professionals in order to gain an insight into the state of practice on 

the maintainability of relational database-driven software applications and to identify the 

predictors or factors that the practitioners believed were important for predicting the 

maintainability of relational database-driven software applications. 

Chapter Five: This chapter discusses the process and results from the survey conducted 

with software professionals in order to identify important predictors of maintainability for 

relational database-driven applications. The important predictors refer to the subset of the 

many predictors identified with the help of interviews in a previous phase and were ranked 

higher than the other by software practitioners who participated in the survey.  

Chapter Six: This chapter discusses the prediction techniques applied on the data gathered 

from software projects carried out for developing and/or maintaining relational database-

driven applications in different software companies. It explains the process followed for 

gathering data against the important predictors identified in the previous research phase; 

using the data for applying and presenting the prediction techniques suited for maintainability 

in the context of relational database-driven software applications.  

Chapter Seven: This chapter gives an evaluation of various phases of this research and the 

results obtained thereof in particular and an evaluation of the investigated research area in 

general. It presents the roadblocks, false steps and what could have been done differently in 

the course of this research, threats to the validity of the research, limitations of the research, 

and open issues in software engineering research in the light of the conducted research.  

Chapter Eight: This chapter concludes the thesis by summarising the conducted research 

and its findings. It also presents the future directions of this research. 
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Chapter 2  

Research Methodology 

 

This chapter discusses the rationale for choosing the research methods employed for each 

phase of this research without going into the details of the method itself or the results 

obtained thereof. Each phase is discussed in detail in the appropriate chapter. 

2.1 Research Design 

The selection of a given research method for an empirical research depends upon the 

knowledge of the current state, the variables studied and most importantly the objectives of 

the research (Galliers & Land, 1987).   The research methods chosen are thus applied to 

collect and analyse data using techniques that are best suited to the objectives of the 

research. The choice of the research methods depends largely on the type and availability of 

data, and cost and time to collect and analyse the data. This is especially true in case of a 

PhD research where both time and resources are limited. The overall research design, also 

commonly known as a “blueprint” of research (Yin, 1994), makes use of the research 

methods appropriate to the research context and the stage where the research is at in order 

to find  answers to the research questions. The research design in turn dictates and affects 

the phenomenon and associated variables under study, the measurement of these variables, 

and the means to measure these variables i.e., by applying research methods.  
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The research for this thesis was designed by keeping in mind the objectives of the research 

as well as the perceived constraints for carrying out the research. The research involved 

both qualitative and quantitative research methodologies by employing a sequential, mixed 

method design (Creswell, 2009). The sequential or two-phase designs are the ones where 

the researcher conducts and concludes a qualitative phase and then a separate quantitative 

phase, or vice versa (Creswell, 2009). For this research, the qualitative research 

methodologies were followed by quantitative methodologies. The final design of this 

research at a high level is shown in Figure 2-1. The research consisted of four main phases:  

1. Systematic Literature Review to assess the current state of the art in software 

maintainability and its sub-characteristics‟ prediction and metrics (Chapter 3). 

2. Interviews with software practitioners to assess the current state of practice in 

maintainability prediction and predictors for relational database-driven software 

applications (Chapter 4). 

3. Survey with software practitioners to rank the maintainability predictors found in: (1) 

phase 1 and those relevant to relational database-driven software applications, and (2) 

phase 2 (Chapter 5). 

4. Creation of maintainability prediction models for relational database-driven software 

applications by gathering and analysing software projects data on the predictors from 

phase 3 (Chapter 6). 

Each phase of this research informed the following phase. An overview of each of the phase 

follows in the subsequent sections along with a rationale for choosing the research methods 

employed for each phase.  

2.2 Systematic Literature Review 

A systematic literature review is a research methodology used for identifying, evaluating, and 

interpreting all available research evidence relevant to a particular research question or topic 

of interest (Kitchenham, 2004; Kitchenham & Charters, 2007). It is often referred to as 

Systematic Review (SR) which is also the terminology used throughout the remainder of the 

thesis.  

The SR carried out in this research followed Kitchenham‟s guidelines for conducting SRs in 

Software Engineering (SE) (Kitchenham & Charters, 2007). The reasons for choosing SR 

over an ordinary literature review include, and are not limited to, its focus at eliminating bias 

at various stages of conducting the SR; its step by step procedure which makes the method 

more systematic in comparison to an ordinary literature review; its thorough and rigorous 

nature; and its focus at including only the evidence that satisfies a minimum quality criteria. 
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In addition to the stated reasons, SRs lend benefits in (Kitchenham, 2004; Kitchenham & 

Charters, 2007): 

 identifying the existing evidence regarding a treatment or technology 

 providing a context for properly placing new research activities 

 examining the extent to which empirical evidence supports or contradicts theoretical 

hypotheses 

 identifying gaps in the existing research 

 assisting the generation of new hypotheses: 

 

Figure 2-1 Research Design 

Maintainbaility Prediction 

Data from software projects on maintainability 
and its predictors   

Maintainability Prediction Models for Relational 
Database-Driven Software Applications 

Survey with Software Practitioners 

Maintainability Predictors for Relational Database-
Driven Software Applications   Important to 

Practitioners  

Subset of Important  Maintainability Predictors for 
Relational Database-Driven Software Applications 

Inteviews with Software Practitioners 

Current State of the Practice in Maintainability 
Prediction and Metrics for Relational Database-

Driven Software Applications 

Maintainability Measures and Predictors for 
Relational Database-Driven Software Applications 

Systematic Literature Review of Software Maintainability and It's Sub-
Characteristics' Prediction and Metrics 

Current State of the Art in Maintainability 
Prediction and Metrics  

Maintainability Measures and Predictors 
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The three main phases of a SR process are (Kitchenham, 2004; Kitchenham & Charters, 

2007): 

 planning the review  

 conducting the review  

 reporting the review 

The general steps involved in completing these phases are as below (Kitchenham & 

Charters, 2007; Petticrew & Roberts, 2005): 

 identification of the need for conducting a SR  

 formulation of purposeful research question(s) 

 development of a research protocol 

 exhaustive search of primary studies 

 selection of primary studies based on the inclusion criteria 

 quality assessment of selected studies 

 extraction of data from selected studies 

 synthesis of extracted data against the research questions 

 interpretation of results 

 report writing 

The SR for this thesis was conducted on the topic of prediction and measures of software 

maintainability and its sub-characteristics. The aim of conducting the SR was to find all the 

existing evidence on maintainability and its sub-characteristics‟ prediction models/techniques 

for software applications, factors that impact software applications maintainability and its 

sub-characteristics, and measures/metrics that are used to measure software applications 

maintainability and its sub-characteristics. It should be noted here that the topic of the SR 

was not the same as the title of the thesis. There are two main differences between the two 

whereby the topic of SR is broader in the following two aspects: 

 The SR concerns all software applications as opposed to only relational database-driven 

software applications. This was because the titles and abstracts of most of the studies to 

be examined for inclusion in the SR did not explicitly mention the type of software 

applications that these studies are based upon. This made it very difficult to narrow the 

search criteria for the SR. More on the search criteria and search process follows in 

Chapter 3. 

 The SR concerns maintainability and its sub-characteristics as opposed to only 

maintainability. This was because maintainability is comprised of various underlying sub-

characteristics, the importance of which could not be ignored. Also, the intention was to 
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assess how different sub-characteristics of maintainability were dealt with when it came 

to predicting and measuring these sub-characteristics. In reality, I first conducted the SR 

on the topic of „software maintainability prediction and metrics‟ (Riaz, Mendes, & 

Tempero, 2009). The topic was later deemed narrow because it posed a threat of 

missing evidence due to not including maintainability sub-characteristics and was 

broadened to also include maintainability sub-characteristics as defined by various 

software quality models such as ISO (ISO/IEC, 2001); McCall‟s Quality Model (McCall, 

Richards, & Walters, 1977); Boehm‟s Quality Model (Boehm et al., 1978) and used by 

various relevant studies. The different sub-characteristics of maintainability and how 

these were synthesised from different quality models follows in Chapter 3.   

The SR selected a total of 32 studies of which 22 studies discussed maintainability and the 

remaining 10 discussed prediction or measures relevant to maintainability sub-

characteristics including testability, stability, modifiability, understandability, analysability, 

and portability.  A total of 21 studies presented prediction models of which 16 related to 

maintainability and 5 to maintainability sub-characteristics whereas the remaining 11 studies 

discussed measures or metrics for maintainability (6 studies) or maintainability sub-

characteristics (5 studies).  Further details of SR findings relevant to the prediction 

techniques, models, and measures of software maintainability and maintainability sub-

characteristics are presented in Chapter 3. The note-worthy findings include those relevant 

to the research gap identified for this research i.e., maintainability prediction for relational 

database-driven applications.  

The studies included in the SR were further analysed to find out if the datasets used in these 

studies included relational database-driven software applications. This involved reading full 

texts of the studies and contacting authors of the studies where it was not clear as to what 

applications were used for the datasets in the selected studies. This exercise identified a 

total of 9 studies that satisfied the criteria of relational database-driven applications. 

However, none of these studies explicitly mentioned the focus of their presented research to 

be on relational database-driven applications. Of these studies only 5 were based on 

maintainability while 4 were based on maintainability sub-characteristics. Of these nine 

studies, four proposed a prediction technique and/or model but none of these used 

predictors specific to the back-end relational database or interaction of back-end relational 

database with the front-end application. While this was not surprising given that the focus of 

these studies was not relational database-driven applications, I wanted for my research to 

further investigate if predictors relevant to a relational database and its interaction with a 

front end application are important for maintainability prediction.  
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Also, a complimentary literature review, presented in Chapter 3, revealed evidence on topics 

such as database schema evolution, metrics for conceptual schema evolution, testing of 

database-driven applications, maintenance of database applications, prediction of database 

schema changes etc. which suggests that factors relevant to relational database back-end 

are important. The findings of the SR and that of the complimentary literature review 

presented a research gap where there was a need to investigate if aspects related to 

relational database back-end impact on the maintainability of relational database-driven 

applications. This led to narrowing down the focus of this thesis on only relational database-

driven software applications. The rationale for considering relational databases as opposed 

to other types of databases has already been discussed in Chapter 1. 

All the studies selected in the SR discussed maintainability as holistic concept, discussed 

one maintainability sub-characteristic in isolation, or discussed three to four maintainability 

sub-characteristics in combination as representing maintainability. A common pattern, or 

definition of whether maintainability is understood in terms of all or some of its sub-

characteristics, could not be found. Also, the definitions given for maintainability and its sub-

characteristics suggested that these are understood quite independently from one another 

especially when only one sub-characteristic is considered in isolation. Additionally, in 

research maintainability was found to be commonly understood as a holistic concept in 

comparison to maintainability as a combination of its sub-characteristics.  

Due to the time constraints and how maintainability was understood in research, 

maintainability prediction could not be studied for this PhD research as a function of 

prediction for all of its sub-characteristics. Also, the nature of this research is empirical, 

which means that data were collected from software industry for the subsequent phases of 

this research, as discussed in the following sections. To collect data for maintainability 

prediction for relational database-driven applications as a function of all its sub-

characteristics was too broad a scope to be considered for this research. First, because of 

the volume of the work that would have been involved and second, because maintainability 

sub-characteristics are understood as full terms on their own accord. This would have made 

it a challenge to interview practitioners on all these different concepts or to gather survey 

data on all maintainability sub-characteristics.  For the stated reasons, the scope of the 

research was narrowed down to predicting maintainability at a higher level of abstraction in 

the context of relational database-driven software applications.  
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2.3 Interviews with Software Practitioners 

This phase of the research employed conducting semi-structured interviews with software 

professionals. Interviews are a commonly used technique for collecting qualitative data 

(Seaman, 1999). Semi-structured interviews comprise a mix of open-ended and closed-

ended questions and aim at not only eliciting expected information, but also unforeseen 

information (Seaman, 1999).  

The aim of conducting the interviews was to gather evidence on the state of practice on 

maintainability prediction for relational database-driven applications. The primary reason for 

conducting the interviews with software professionals was to investigate if features specific 

to relational database-driven applications are given any importance in practice in the context 

of maintainability prediction for relational database-driven applications. This was because no 

such evidence was found from the SR.  

The interviews recorded software professionals‟ opinions on how they understand and 

measure maintainability; whether or not they predict maintainability and why they do or do 

not predict it; the perceived benefits of predicting maintainability; the factors that need to be 

taken into account when predicting maintainability; and whether they think there is a 

difference between maintainability prediction for relational database-driven applications and 

applications that do not have a back-end relational database and what may be the additional 

factors to consider. Semi-structured interviews were the best suited data collection technique 

for the kind of information that was meant to be gathered during this phase of the research. 

2.3.1 Population and Data Collection Procedure 

The population for this research phase comprised experienced software professionals such 

as project managers, project team leads or quality assurance professionals working in 

software development companies in Pakistan and New Zealand. These roles were chosen 

because there was a higher possibility of the involvement of these roles throughout the 

Software Development Life Cycle (SDLC) given the different organisational structures. More 

on the population and rationale for choosing the mentioned roles follows in Chapter 4. 

The process of inviting the interviewees for participation in the research followed the ethical 

considerations dictated by the University of Auckland‟s Human Participants Ethics 

Committee (UAHPEC), as discussed in Section 2.6. I made contact with the participants and 

sought an appointment time with them. The interviews were then conducted face-to-face 

with the participants based on the interview questionnaire (see Appendix B-6) and recorded 

on digital recorders.  
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A pilot of the interviews was conducted to test that the context and the content of the 

interviews was clear and to estimate the time that it would take to conduct each interview. 

The interviews were later conducted in two steps where the first step involved conducting six 

interviews with software professionals in Pakistan and second, which was informed by the 

first step, involved another six interviews with software professionals in New Zealand.  

2.3.2 Data Analysis Techniques 

The interviews were recorded on digital recorders. These were then translated, for interviews 

conducted in Pakistan, and transcribed. The nature of the data gathered was qualitative 

therefore the data were analysed using qualitative analysis (Creswell, 2009). The general 

process of qualitative data analysis involves preparing the data for analysis, reading through 

the data, coding the data to generate themes and categories, interrelating the themes and 

categories, and interpreting the meanings of the themes and categories (Creswell, 2009).  

The specific technique used for data analysis was „content analysis‟ which is a technique 

specific to deriving inferences from textual data within the context of the use of the data 

(Krippendorff, 2004). Content analysis was chosen because it suited the purpose of this 

research phase as it is unobtrusive in nature, is context sensitive, and has the ability to 

handle large amounts of data (Krippendorff, 2004). Content analysis involves segmenting 

the text for analysis which is based on the data gathered from a manageable sample size, 

recording and coding the data, reducing the codes for effective representation, inferring the 

meanings of the codes, and narrating the results such that the results are comprehensible to 

others (Krippendorff, 2004). All these steps were followed for producing the results from this 

research phase. The details pertaining to each step are detailed in Chapter 4. 

The main outcome of this research phase was a list of 90 maintainability predictors within 

the context of relational database-driven applications. The list also contained a number of 

predictors that were specific to a back-end relational database and interaction of back-end 

relational database with software application. Other findings of this research phase were that 

maintainability is not predicted in practice using a formal prediction technique rather 

practitioners rely on expert judgment and as such there are no measures used or recorded 

within the companies interviewed for maintainability. However, the practitioners do 

acknowledge the importance of maintainability and its prediction.   

2.4 Survey with Software Practitioners 

Surveys provide a quantitative description of attitudes and opinions of a population by 

studying a sample of the population  (Creswell, 2009). The results from the studied sample 
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can be used to generalise to the population and make claims about the population  

(Creswell, 2009).  

The outcomes of the interviews conducted in the previous phase of the research 

convincingly suggested that further work was needed to assess which predictors play more 

important role than the others in the context of relational database-driven applications. For 

this purpose, a list of 120 predictors from SR and interviews was synthesised. The list was 

created by comparing and combining the factors where possible e.g., many of the size 

related metrics obtained from the SR were covered under size and volume related factors 

from the interviews and so were combined. The predictors in the list needed to be ranked 

according to their relevance and impact on maintainability prediction for relational database-

driven applications. The ranking was important to obtain a subset of predictors that could 

then be used to gather software project data and employed in the prediction techniques. It 

was important to obtain a subset as collecting software project data on all 120 predictors 

was impractical. Survey was the most suitable methodology to use because it could enable 

recording software practitioners‟ opinions on the strength of the relationships between 

maintainability and the predictors from the list. 

The survey conducted was cross-sectional in nature (Babbie, 1973) i.e., it represents 

responses collected at a point in time. The survey questionnaire had 4 parts: The first part 

related to the respondents‟ characteristics and companies‟ characteristics; the second asked  

how a judgment on maintainability is made in respondent‟s company; the third related to 120 

maintainability predictors; and the fourth inquired about the aspect related to of a relational 

database-driven application - from interface, data model, or algorithmic objects/computation 

intensive modules - that was hardest to maintain and any additional maintainability 

predictors.  

2.4.1 Population and Data Collection Procedure 

The population of the survey comprised software professionals from companies engaged in 

software development within New Zealand and Pakistan. The sample size was 40 with 

participant in varying roles and with an average experience of 7.8 years. The survey sample 

was not hand-picked rather it comprised software professionals who responded to invitations 

sent out through mailing lists whose subscribers were unknown to me. More on the process 

of inviting software professionals to participate in the research follows in Chapter 5.  

The data collection for the survey was based on the procedures dictated by UAHPEC, as 

discussed in Section 2.6. The responses were recorded via a survey questionnaire (see 

Appendix C-6) that was made available online as well as e-copies could be filled out and 
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emailed, depending on the respondents preference. All documentation regarding the survey, 

as prescribed by UAHPEC, was also made available online and the link to the Web page 

was included in the email invitations requesting participation in the survey.  

A pilot of the survey was conducted with four practitioners prior to actually conducting the 

survey. This was done to validate that the survey content and terminology was 

understandable to the participants. The survey questionnaire was then improved based on 

the feedback where the predictors from the SR, especially those that corresponded to 

various software metrics, were translated into simpler language. Also the predictors were 

arranged into ten different categories for increased comprehensibility and to improve the 

overall organisation of the survey questionnaire. The survey was then conducted between 

June 2010 and September 2010. 

2.4.2 Survey Content and Scales 

The first and fourth parts of the survey were aimed at collecting information that may help in 

further understanding maintainability prediction for relational database-driven applications 

from other possible dimensions, if a pattern was found in the responses. The third part was 

the most important part of the survey in the context of this research phase. It comprised 120 

items each relevant to a predictor from the synthesised list. All the items in this part were 

measured on a 7-point bi-polar scale. The responses on the items could be one of „high 

decrease‟, „medium decrease‟, „low decrease‟, „no impact‟, „low increase‟, „medium increase‟, 

and „high increase‟. The scale was designed such that both the direction of the factors‟ 

relationship (positive or negative i.e., whether a given factors increase maintainability or 

decreases maintainability, respectively) and the strength of the relationship with 

maintainability could be determined. A 7-point scale was preferred over a 5-point scale so 

that the direction of the relationship between maintainability and listed predictors could also 

be determined. A 5-point scale could only have determined the strength of the relationship.   

2.4.3 Data Analysis Technique 

The survey responses were analysed using frequency analysis. The purpose of the survey, 

as stated earlier, was only to rank the predictors in order to obtain a subset of the predictors 

for the next phase of the research. For this reason, the concepts of dependent, independent 

and control variables were not used for the analysis rather the frequency of the responses 

against each of the points on the bi-polar scale was recorded for each predictor. The 

predictors that were reported to have an impact of „high decrease‟ or „high increase‟ on the 

maintainability of relational database-driven applications were considered for the next phase 

of the research. 
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2.5 Maintainability Prediction 

A prediction process commonly involves the following (Mendes & Mosley, 2006): 

 Identification of measures – independent variables – that are believed to influence 

the dependent variable, maintainability in this case. 

 Formulation of theories about the relationship between the independent and 

dependent variables. 

 Capturing of historic data on the past projects. 

 Use of historic data to develop prediction models for use in predicting the dependent 

variable. 

 Assessment of the effectiveness of the model with the help of prediction accuracy 

measures.  

In the context of this thesis, maintainability was the dependent variable while the predictors 

identified from the previous phase of this research were the independent variables. A total of 

27 predictors were shortlisted out of 120 found in the previous phases of the research. One 

of the predictors was split into two based on the results of the pilot run of the questionnaire 

that resulted in a total of 28 independent variables for maintainability prediction.  The final 

data collection form is presented in Appendix D-6.  

2.5.1 Population and Data Collection Procedure 

The population for this phase of the research was software projects concerned with 

development and/or maintenance of relational database-driven applications. Data on 56 

projects were collected from participating software companies in New Zealand and Pakistan. 

The collected data were based on software professionals‟ subjective assessment of projects‟ 

attributes. The sample was not hand-picked rather software companies that participated in 

the research phase were contacted after they responded to invitations sent out through 

mailing lists whose subscribers were unknown to me. More on the process of inviting 

software professionals to participate in the research follows in Chapter 6.  

The data collection procedures for this research phase were dictated by UAHPEC, as 

discussed in Section 2.6. The data from a company could be provided by one employee for 

one or more projects because the population of interest was software projects and not the 

research participants. The data relevant to this phase of the research were not collected 

online rather in person by visiting the companies to obtain the data using as aid a 

questionnaire. Some of the companies visited also returned the questionnaires through 

email, after they understood the requirements of the data that they would provide.  
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The questionnaire was pilot tested with six practitioners. The data for the full study were 

gathered between November 2010 and March 2011. 

2.5.2 Content and Scales 

The questionnaire prepared and used for this research phase had four parts. The first and 

second parts of the questionnaire were aimed at collecting company and application‟s 

characteristics.  The third and fourth parts aimed at gathering data on independent and 

dependent variables, respectively. The nature of the independent and dependent variables 

did not allow for numeric data to be collected against them. The variables were translated 

into a question that could be answered in the context of the subject relational database-

driven application. The responses were then gathered on an ordinal scale measured on a 5-

point bi-polar scale which could be one of „strongly agree‟, „agree‟, „neither agree nor 

disagree‟, „disagree‟, and „strongly disagree‟.  

2.5.3 Data Analysis Technique 

The data gathered was analysed using prediction techniques. The three general categories 

of prediction techniques include expert opinion, algorithmic techniques and Artificial 

Intelligence (AI) techniques (Mendes & Mosley, 2006). The techniques used for predicting 

maintainability in this phase of the research include ordinal regression, CBR and 

Classification and Regression Trees (CART). Ordinal regression falls into the category of 

algorithmic technique while CBR and CART are AI techniques. 

The measurement scale of all independent variables and dependent variable was ordinal. An 

ordinal dependent variable warrants the use of ordinal regression that produces ordered 

regression models (Long, 1997). Linear regression techniques are only applicable for 

dependent variables measured on a continuous scale (Long, 1997) which is why regression 

techniques such as multiple or step-wise regression could not be used. Ordinal regression 

analysis was performed using SPSS‟s PASW v 18.0.0. 

The two AI techniques CBR and CART were chosen because these are the most popular 

machine learning techniques (Mendes & Mosley, 2006) and were the most appropriate for 

the measurement scales used and the size of the dataset. Also, these had tool support 

available for conducting the analysis. The tools used for CBR and CART were ANGEL Plus 

2.02 and SPSS Answer Tree Version 3.1.  The techniques such as neural networks require 

data to be numerical and fuzzy modelling assigns members to fuzzy sets where fuzzy sets 

are defined as categories of low, medium, and high etc. (Kumar, Krishna, & Satsangi, 1994). 
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These techniques could not be applied because the data gathered was neither strictly 

numerical nor it was evenly distributed over the ordinal scale. 

The prediction accuracy of the employed prediction techniques was assessed using 

frequency analysis. The common measures of prediction accuracy such as Mean Magnitude 

of Relative Error (MMRE) and prediction at 25% of the actuals (Pred(25)) could not be used 

due to the ordinal nature of the measurement scale used for the dependent variable. 

2.6 Ethical Considerations for the Research 

The last three phases of this research – interviews, survey, and maintainability prediction – 

involved data collection from software professionals working in software companies. These 

research phases could not be conducted without considering ethical issues relevant to 

human participation and the companies‟ involvement of which the participants were an 

employee. The University of Auckland has an ethics committee, namely the University of 

Auckland‟s Human Participants Ethics Committee (UAHPEC) that approves all research that 

involves human participation. The approval process is to submit an application to UAHPEC 

along with the accompanying documents e.g., Participant Information Sheet(s) (PIS), 

consent form(s), questionnaire or instrument for data collection. The committee then reviews 

the ethics application and accompanying documentation, places recommendations and 

suggests changes if necessary, and grants approval. 

The application form is designed to assess the risks of harm; whether informed and 

voluntary consent will be obtained and the age groups involved; ethical issues and their 

resolution; whether the research will be conducted overseas and to abide by any ethical 

issues and laws in place in the country(ies) where the research will be conducted; privacy 

and confidentiality issues; whether it involves any form of deception; conflict of interests; 

cultural sensitivity; compensation to the participants; ethical considerations to the research 

sponsor; and other procedural issues such as the methods of data collection, anticipated 

sample size, where will the research be conducted, who will contact the participants, study 

design, etc. A sample of the filled out application form is given in Appendix E.    

The PIS invites the participants for participation by introducing the research, research 

procedure, whether any remuneration will be offered for participation, whether results of the 

research will be shared, how the confidentiality will be maintained and data kept secure, and 

issues around withdrawal of participation from the research. 

The consent form is used for obtaining signed consent of the participants on the conditions 

of the participation both on the part of the researcher and the participant.  
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All three phases of this research that required UAHPEC approval, the human participants 

were employees of software companies. The UAHPEC therefore, recommended that PIS 

and consent forms be created for both company and employee. The process dictated by 

UAHPEC for conducting the research was to first send the request for participation along 

with all the documentation – PIS for company and employee, company and employee 

consent forms, instrument for data collection – to the competent authorities within the 

companies. The competent authority would then decide based on the information provided if 

the company wanted to participate in the research. In the event that it decided to participate, 

it shared the documentation with its employees who fit the description of the population of 

interest as well as the contact details of the interested participants with the researcher i.e., 

myself. I then contacted the participants and made arrangements for data collection e.g., 

sought an appointment time for interviews that were conducted face-to-face and for software 

project data collection as required. The signed consent forms were collected both from the 

participating companies and the employees either by hand or through email. The details of 

the data collection process will be discussed for each phase in the appropriate chapter. 

For all the three phases where human participation was involved for data collection, the 

participation could be withdrawn by the participants within three months of the data collection 

however, none of the participants in any phase of the research withdrew their participation; 

complete confidentiality of the participating companies and employees was maintained; the 

data provided by them was not shared with other participants and only synthesized results 

were published; and the data is kept in secure computers and lockers for a period of six 

years. The reason behind obtaining the company consent first was to not jeopardise 

participants‟ employment within their companies and to have competent authorities consent 

so they could spare time for participation in the research. The process dictated by UAHPEC 

was strictly followed therefore, I can claim that the research followed all ethical protocols and 

did not pose any risk to the participants. 

2.7 Discussion 

The overall approach to designing the research was iterative where the outcomes of each 

research phase were analysed and research design decisions re-assessed prior to moving 

onto the next phase. This approach ensured that each step taken during the course of this 

research was in line with the final desired outcomes e.g., survey was not a part of the 

research design prepared at the outset of this research but was added later because of the 

importance it lent to this research. 
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Chapter 3  

Systematic Literature Review 

 

As a first step to the PhD research, I conducted a Systematic Literature Review (SLR), also 

referred to as Systematic Review (SR) – the term used throughout the rest of the thesis, on 

the topic of prediction and measures of software maintainability and its sub-characteristics. 

In reality, I first conducted the SR on the topic of „software maintainability prediction and 

metrics‟ (Riaz et al., 2009). The topic was later deemed narrow because maintainability 

according to various quality models is thought of as comprising various sub-characteristics 

and not considering these sub-characteristics posed a threat of missing evidence on 

maintainability prediction and measures. The SR topic was therefore broadened to also 

include maintainability sub-characteristics as defined by various software quality models 

such as ISO (ISO/IEC, 2001), McCall‟s Quality Model (McCall et al., 1977), Boehm‟s Quality 

Model (Boehm et al., 1978); and used by various relevant studies. The SR discussed in this 

chapter is on the topic of prediction and measures of software maintainability and its sub-

characteristics. 

3.1 Software Maintainability and Its Sub-Characteristics 

Software maintainability, as discussed in Chapter 1, is a software quality attribute and is 

considered strictly as a quality attribute for the purpose of this SR. „Sub-characteristic‟ is a 

term used by software quality models such as ISO (ISO/IEC, 2001) for concepts that further 
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define a quality attribute. Other quality models may use different terms such as characteristic 

and intermediate characteristic (Boehm et al., 1978) or factor (McCall et al., 1977). 

Maintainability sub-characteristics considered for this SR were sourced from ISO quality 

model (ISO/IEC, 2001), McCall‟s Quality Model (McCall et al., 1977), and Boehm‟s Quality 

Model (Boehm et al., 1978). These software quality models were chosen because these are 

renowned (Milicic, 2005) and are commonly referred to by not only the literature (e.g., 

(Kitchenham & Pfleeger, 1996)) on software quality but also by text books on software 

engineering (e.g., (Pressman, 2005)). The quality attributes and sub-characteristics 

corresponding to the mentioned quality models are listed below and the terms relevant to 

maintainability and maintainability sub-characteristics used for this SR are underlined. 

Further details on these quality models can be found in the respective studies. 

 The ISO quality model‟s sub-characteristics of maintainability are: testability, 

analyzability, stability, changeability, compliance. 

 McCalls quality model has three quality perspectives each including different 

factors. 

o Product Revision: maintainability, flexibility, testability. 

o Product Transition: portability, reusability, interoperability. 

o Product Operations: correctness, reliability, efficiency, integrity, usability. 

McCall further defines the maintainability by using simplicity, conciseness, and self-

descriptiveness; and testability factor by using simplicity, instrumentation, self-

descriptiveness, and modularity quality criteria. 

 Boehm’s quality model, which is structured around three high-level quality 

characteristics as-is utility, maintainability, and portability; and, presents seven 

intermediate characteristics. Three of these seven intermediate characteristics 

testability, understandability, and modifiability (also termed as flexibility (Milicic, 

2005)) are of maintainability. These three intermediate characteristics have following 

primitive characteristics: 

o Testability: accountability, communicativeness, self-descriptiveness, 

structuredness. 

o Understandability: Consistency, structuredness, conciseness, legibility. 

o Modifiability/Flexibility: structuredness, augmentability. 

Some of the above mentioned sub-characteristics and factors of maintainability are repeated 

at the same level of hierarchy and some across different levels e.g., simplicity is considered 

both a quality criteria for testability and maintainability in McCall‟s quality model (McCall et 



Chapter 3 – Systematic Literature Review 

24 
 

al., 1977); self-descriptiveness is considered a primitive characteristic of testability in 

Boehm‟s quality model (Boehm et al., 1978) and a factor of both testability and 

maintainability in McCall‟s quality model (McCall et al., 1977); similar issues exist with 

conciseness and structuredness. For the purpose of this SR, the sub-characteristics from 

different quality models were carefully synthesised in a hierarchy. For example, in case of 

testability which ISO (ISO/IEC, 2001) defines as a sub-characteristic of maintainability with 

no further sub-factors, McCall et al. (McCall et al., 1977) defines as factor with further sub-

factors, and Boehm et al. (Boehm et al., 1978) define as intermediate characteristic with 

primitive characteristics; testability was placed at the second level of hierarchy with McCall‟s 

testability factors (McCall et al., 1977) and Boehm‟s primitive characteristics of testability 

(Boehm et al., 1978) at the third level of hierarchy. The synthesised factors take the form 

given in Figure 3-1.  

Note that: 

1. I did not consider FURPS (Grady, 1992)/FURPS+ (Jacobson, Booch, & Rumbaugh, 

1999) (Kruchten, 2000) (IBM, 2003) and Dromey‟s (Dromey, 1995) quality models for 

this SR as these do not explicitly provide any sub-characteristics of maintainability. Also, 

the quality attributes that are relevant to maintainability are already covered under the 

quality models considered for this SR. 

2. In Boehm‟s quality model (Boehm et al., 1978), portability is treated at the same level of 

hierarchy as maintainability. However, portability was added as a sub-characteristic of 

maintainability by Frappier et al. (Frappier, Matwin, & Mili, 1994) who provided an 

extension to Boehm‟s quality model which is why portability was placed below 

maintainability in the maintainability hierarchy presented in Figure 3-1. 

3. Changeability from ISO model (ISO/IEC, 2001) and modifiability/flexibility from Boehm‟s 

quality model (Boehm et al., 1978) have the same semantic meaning, therefore these 

were treated as synonyms with primitive sub-characteristics structuredness and 

augmentability. 

4. For data synthesis, the plan was to synthesize the results from any studies that 

discussed a primitive sub-characteristic belonging to two or more sub-characteristics 

against the two or more sub-characteristics to which it belonged. For example to 

synthesize the results from a study discussing structuredness, against testability, 

understandability and changeability/flexibility/modifiability. This is because for McCall‟s 

(McCall et al., 1977) and Boehm‟s (Boehm et al., 1978) quality models also same 

primitive characteristic or factor combined with other primitive characteristics or factors 

defines two or more sub-characteristics and so in order to effectively gather evidence on 
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their prediction and measures, it was important that all constituents of the sub-

characteristics or factor be taken into account. 

The maintainability hierarchy given in Figure 3-1 was used as a basis for this SR. The terms 

given in the maintainability hierarchy were used in search strings and the data gathered from 

the selected studies were synthesised and reported on the given terms. 

 

Figure 3-1 Maintainability Hierarchy 
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3.2 Systematic Review 

A Systematic Review is defined as (Kitchenham & Charters, 2007): 

“A systematic literature review (often referred to as a systematic review) is a means of 

identifying, evaluating and interpreting all available research relevant to a particular research 

question, or topic area, or phenomenon of interest”. 

I followed Kitchenham‟s guidelines for conducting SRs in software engineering (Kitchenham 

& Charters, 2007) for conducting the SR for this thesis. A careful planning in the form of 

preparation of a review protocol preceded the conduction of the SR, given in Appendix A-1. 

The subsequent sections present in detail the steps followed for conducting the SR. 

3.3 Research Questions 

Specification of research questions is the most important part of a systematic review 

(Kitchenham & Charters, 2007). It is critical to ask appropriate and meaningful questions that 

can identify and scope future research activities (Kitchenham & Charters, 2007). The 

structure of the research questions for this SR followed the Population, Intervention, 

Comparison, Outcome, Context (PICOC) criteria (Petticrew & Roberts, 2005). However, as 

the objective of the SR was not to find the evidence about comparison of methods, 

techniques, or models, the „Comparison‟ part of the PICOC was dropped. Resultantly, 

PICOC reduced to PIOC, Table 3-1, which is how it will be referred to throughout the rest of 

the systematic review and thesis.  

In order to collect the evidence on the current state of the research on the prediction and 

measures of software maintainability and its sub-characteristics, following research 

questions were defined: 

Question 1: What evidence is there for the use of forecasting techniques/models of software 

maintainability and its sub-characteristics? 

Question 2: What forecasting techniques/models have been used to predict software 

maintainability and its sub-characteristics? 

Question 2 (a):  What measures have been used for measuring accuracy of the 

prediction models/techniques for software maintainability and its sub-characteristics?  

Question 2 (b): What were the numeric values obtained for the prediction accuracy 

of the prediction models/techniques of software maintainability and its sub-

characteristics?   
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Table 3-1 PIOC Summary 

Population Software applications 

Intervention  Methods/techniques to predict maintainability, testability, analyzability, stability, 

changeability/modifiability/flexibility, compliance, simplicity, conciseness, self-

descriptiveness, modularity, understandability, portability, instrumentation, 

accountability, communicativeness, structuredness, augmentability, 

consistency, and legibility. 

 Predictors of maintainability, testability, analyzability, stability, 

changeability/modifiability/flexibility, compliance, simplicity, conciseness, self-

descriptiveness, modularity, understandability, portability, instrumentation, 

accountability, communicativeness, structuredness, augmentability, 

consistency, and legibility. 

 Metrics for maintainability, testability, analyzability, stability, 

changeability/modifiability/flexibility, compliance, simplicity, conciseness, self-

descriptiveness, modularity, understandability, portability, instrumentation, 

accountability, communicativeness, structuredness, augmentability, 

consistency, and legibility. 

Outcome  Accuracy of maintainability, testability, analyzability, stability, 

changeability/modifiability/flexibility, compliance, simplicity, conciseness, self-

descriptiveness, modularity, understandability, portability, instrumentation, 

accountability, communicativeness, structuredness, augmentability, 

consistency, and legibility prediction methods/techniques. 

 Successful maintainability, testability, analyzability, stability, 

changeability/modifiability/flexibility, compliance, simplicity, conciseness, self-

descriptiveness, modularity, understandability, portability, instrumentation, 

accountability, communicativeness, structuredness, augmentability, 

consistency, and legibility predictors. 

Context The context in this case is going to be broad. It will encompass academia as well as 

software industry and all types of stakeholders (developers, maintainers, testers, 

project managers, students, researchers etc). It will also encompass all types of 

empirical studies including observations, interviews, questionnaires, surveys, formal 

experiments, and case studies etc. 

 

Question 2 (c): Which cross-validation method was used to find the accuracy of the 

estimation techniques for software maintainability and its sub-characteristics? 
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Question 2 (d): Was there a forecasting technique/method reported to be 

significantly superior for predicting software maintainability and its sub-

characteristics? Which one? 

Question 3: What factors and metrics have been investigated as predictors for software 

maintainability and its sub-characteristics? Which of these are considered successful 

predictors? 

Question 3 (a): At what stage of the project, these predictors are gathered? 

Question 3 (b): If previous studies predict maintainability and its sub-characteristics 

for various types of maintenance, what were the different types of predictors used for 

each of them? 

Question 4: How are maintainability and its sub-characteristics understood and measured in 

software applications‟ context and which quality model(s) doe they comply with? 

The first research question was the primary research question whereas the last three and 

their associated sub-questions were supporting research questions.  

3.4 Search Strategy 

 The strategy used for deriving search terms is as below: 

i) Derive major search terms from the research questions by identifying Population, 

Intervention, Outcome, and Context; Table 3-2. 

Table 3-2 Search Terms Derived from PIOC 

Population Software applications 

Intervention Method, technique, factor, metric, predict, predictor, maintainability, 

testability, analyzability, stability, changeability/modifiability/flexibility, 

compliance, simplicity, conciseness, self-descriptiveness, modularity, 

understandability, portability, instrumentation, accountability, 

communicativeness, structuredness, augmentability, consistency, 

legibility 

Outcome Accuracy, prediction, successful, predictors 

Context Software industry, developers, maintainers, testers, project managers, 

students, researchers, empirical studies, observations, interviews, 

questionnaires, surveys, formal experiments, case studies 
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ii) Find keywords in the relevant papers. The keywords used from the relevant papers are 

italicised in Table 3-3. Note that the studies from which the key words are sourced are 

not a subset of the primary studies selected in the SR. Rather the keywords are taken 

from the literature relevant to the disciplines of software maintainability and software 

testing. As such it does not pose a threat because it only added more terms to the 

search string instead of ignoring the terms that could have been important for the SR. 

Table 3-3 Search Terms Derived from Keywords in Relevant Papers 

Jorgensen (Jorgensen, 
1995): Index Terms 

 

Cost models, neural network, pattern recognition, prediction 

models, regression, software maintenance, software measurement 

 Kitchenham et al. 
(Kitchenham et al., 1999) 

Empirical research; maintenance factors; maintenance scenarios; 

evolutionary maintenance; independent maintenance groups; 

maintenance ontology 

Sneed (Sneed, 2004) Software maintenance and evolution, software product 

management, software life cycle costing models, maintenance cost 

estimation 

 Yu (L. G. Yu, 2006) Software maintenance, effort estimation, lag time, source code 

change, empirical study, maintenance measures 

Pigoski & Nelson (Pigoski 
& Nelson, 1994) 

 

Software maintenance, software maintenance metrics, software 

engineering, metrics, software management 

Niessink & can Vliet 
(Niessink & van Vliet, 1998) 

Software maintenance, software measurement, measurement 

program, maintenance effort, maintenance cost drivers, software 

maintenance process, empirical study 

Chapin (Chapin, 2000) Software maintenance, enhancive maintenance, adaptive 

maintenance, corrective maintenance, performance maintenance, 

evaluative maintenance, empirical studies, maintenance 

terminology 

 

iii) Find alternative spellings and synonyms for the search terms with the help of a 

thesaurus and also mention if a subject librarian and/or content experts in the field are 

consulted. The subject librarian was not consulted at this stage. Table 3-4 gives terms 

identified as synonyms of the terms identified in the previous steps of devising the 

search strategy. Note that the terms in italics are added from Table 3-3; maintenance 

type „preventive maintenance‟ are extracted from Singh and Geol (Singh & Geol, 2007); 

and reparability and evolvability are added from Hashim & Key (Hashim & Key, 1996) as 

these were treated as maintainability synonyms. 
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Table 3-4 Search Terms Derived from Alternate Spellings and Synonyms 

Software applications Software, systems, software systems, applications 

Method Process, technique, system, practice, procedure 

Factor Feature 

Metric  Measure, measurement 

Predict Forecast, calculate, prediction, estimation 

Maintainability Maintainability, testability, analyzability, stability, changeability, 

modifiability, flexibility, compliance, simplicity, conciseness, self-

descriptiveness, modularity, understandability, portability, 

instrumentation, accountability, communicativeness, structuredness, 

augmentability, consistency, legibility, reparability, evolvability, 

maintenance, maintenance process, software maintenance, enhancive 

maintenance, adaptive maintenance, corrective maintenance, 

preventive maintenance 

 

iv) Use Boolean OR to construct search strings from the search terms identified in steps (i), 

(ii), and (iii). Table 1-5 gives the terms combined by using the Boolean OR operator. 

Table 3-5 Search Terms Obtained by Combining Similar Terms using Boolean OR 

Software application OR software OR system OR software system OR application 

Method OR process OR technique OR system OR practice OR procedure 

Factor OR feature  

Metric OR measure OR measurement 

Predict OR forecast OR calculate OR prediction OR estimation 

Maintainability OR testability OR analyzability OR stability OR changeability OR modifiability OR 

flexibility OR compliance OR simplicity OR conciseness OR self-descriptiveness OR modularity OR 

understandability OR portability OR instrumentation OR accountability OR communicativeness OR 

structuredness OR augmentability OR consistency OR legibility OR reparability OR evolvability OR 

maintenance OR maintenance process OR enhancive maintenance OR adaptive maintenance OR 

corrective maintenance OR preventive maintenance 

 

v) Use Boolean AND to concatenate the search terms and restrict the research to the 

desirable result set. Table 3-6 gives the comprehensive search string obtained after 

applying the AND operator to the individual search strings obtained in step (iv). 
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Table 3-6 Search String Obtained by Concatenating Terms by Using Boolean AND 

(software application OR software OR system OR software system OR application) AND (method 

OR Process OR technique OR system OR practice OR procedure) AND (factor OR feature) AND 

(metric OR measure OR measurement) AND (predict OR forecast OR calculate OR prediction OR 

estimation) AND (maintainability OR testability OR analyzability OR stability OR changeability OR 

modifiability OR flexibility OR compliance OR simplicity OR conciseness OR self-descriptiveness 

OR modularity OR understandability OR portability OR instrumentation OR accountability OR 

communicativeness OR structuredness OR augmentability OR consistency OR legibility OR 

reparability OR evolvability OR maintenance OR maintenance process OR enhancive maintenance 

OR adaptive maintenance OR corrective maintenance OR preventive maintenance) AND (quality 

model) AND (successful) 

3.5 Search Process 

The search process of the SR was very comprehensive and comprised two phases: primary 

search phase and secondary search phase. The search process was carried out in April 

2009 and later updated in October, 2010 to include any new studies that might have been 

published between April 2009 and October 2010. The results presented herein are based on 

the collective results from both search phases. 

3.5.1 Primary Search Phase 

The primary search phase was directed towards searching online databases, electronic 

journals, and conference proceedings for peer reviewed articles; and search engines 

(Google Scholar, Citeseer), ProQuest Dissertations and Theses, and University of Auckland 

Library for MSc/PhD dissertations and theses using the derived search string. The details of 

the resources searched are also documented in the review protocol (see Appendix A). The 

rationale for choosing these resources is: (1) these were used by some of the examples of 

SRs conducted within the discipline of software engineering, (2) these were suggested by 

the University of Auckland Library website as the resources relevant to the subject, and (3) 

some of the conferences and journals were included based on the fact that they have a list 

of publications that are relevant to the areas of software maintainability, software metrics, 

software estimation, database applications, and software testing. The online databases 

considered were only those that publish peer-reviewed articles. As a result, Agile Alliance 

was removed from the list after a confirmation from Agile Alliance that it contains 

publications that are not peer reviewed. Also, as per the respective publishers‟ advice, IEEE 

Computer Society Digital Library provides the same articles as that of IEEE Xplore and 

Lecture Notes in Computer Science provides the same results as those from SpringerLink, 
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therefore, both IEEE Computer Society Digital Library and Lecture Notes in Computer 

Science were removed from the list.  

In order to make the search process comprehensive and to avoid the chance of missing out 

evidence in support of maintainability and its sub-characteristics‟ prediction and metrics, the 

searches included literature published from (and inclusive of) year 1985 to 16th October, 

2010 for Scopus, ScienceDirect, and Springer Link; from (and inclusive of) year 1985 to 18th 

October, 2010 for IEEE Xplore and Inspec; from (and inclusive of) year 1985 to 21st October, 

2010 for ACM Digital Library and ProQuest Computing; and from (and inclusive of) year 

1985 to 23rd October, 2010 for Current Contents, Computer Database, and DBLP. The year 

1985 was chosen as a preliminary search found no results previous to it. Only ProQuest 

Computing, Computer Database, and Springer Link allowed the selection of a specific date. 

For all the other databases the searches were run from the start of year 1985 to October 

16th, 18th, 21st or 23rd, 2010 depending on when a particular database was searched. 

The original comprehensive search string given in Section 3.4 did not yield any results for 

the searches performed either in April, 2009 or October 2010. To address this problem, the 

search criteria were broadened and the strings tailored to each database on the 

recommendations of the subject librarian of the University of Auckland. Using broader 

search criteria on full text searches lead to thousands of results, almost all of which were 

irrelevant. In the end, the searches were restricted to titles and abstracts only.  The details of 

the search strings used for each of the databases, when these databases were searched, 

the number of hits each one of these returned, and which fields of the respective database 

were searched upon can be found in Appendix A-2.   

Table 3-7 summarizes the results of the searches and the sources on which these were ran. 

Note that the results are presented in the sequence that the databases were searched and 

the duplicates in the databases‟ result sets were also identified following the same order. 

Note that IEEE Xplore initially returned 98,514 results which could not be parsed manually. 

As a result, the components of search string were independently enclosed in quotes to 

search for exact terms, this resulted in retuning 0 search results. Also, SpringerLink does not 

allow search strings that are more than 10 words long. To overcome this problem, the 

search string was broken down into eight different search strings. The results of each of 

these eight search strings are also presented in Appendix A-2. 

The search process applied on electronic journals and conference proceedings did not yield 

any new results, and also did not yield any relevant MSc/PhD theses for the searches ran 

both in April 2009 and in October 2010. 
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Table 3-7 Summary of Search Results 

Database Name  No. of Search 
Results 

No. of Duplicates 
found 

No. of Relevant 
Articles 

Scopus 386 4 17 

IEEE Xplore 0 0 0 

Current Contents 134 45 0 

Computer Database 33 1 1 

Science Direct 35 26 0 

Springer Link 33* 7 0 

Inspec 178 1 0 

ACM Digital Library 256 36 3 

ProQuest Computing 2 0 0 

DBLP 0 0 0 

Total 1057 120 21 

 

3.5.2 Secondary Search Phase 

In the secondary search phase, following activities were performed: 

1. The references for the articles identified during the primary search were reviewed. This 

process was iterative as the articles found relevant were added to the list of primary 

studies and this step was performed for each of the identified articles. 

2. Citations for the identified primary studies were reviewed to find any relevant articles. 

This is also known as a backward pass (Webster & Watson, 2002) and was also 

performed iteratively. 

Note that the secondary search process and the study selection process (Section 3.7) were 

performed iteratively until no new studies were identified. 

3.6 Inclusion/Exclusion Criteria for Study Selection 

The inclusion and exclusion criteria, which can be refined during the search process, are 

defined in the systematic review protocol to minimize the bias effect which is likely to appear 

while conducting the review (Kitchenham & Charters, 2007). The criteria for including studies 

in the SR were to include a study that satisfied either of the conditions „a‟ and „b‟ as well as 

condition „c‟ given below: 
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a. The study performs maintainability, testability, analyzability, stability, 

changeability/modifiability/flexibility, compliance, simplicity, conciseness, self-

descriptiveness, modularity, understandability, or portability prediction for software 

applications. 

b. The study discusses maintainability, testability, analyzability, stability, 

changeability/modifiability/flexibility, compliance, simplicity, conciseness, self-

descriptiveness, modularity, understandability, or portability measures or metrics for 

software applications. 

c. The study performs an empirical validation of the findings that it presented. 

Note that there was no restriction on which group of practitioners the study was related to, or 

whether the study dealt with experienced practitioners, students, or researchers. Similarly, 

there was no restriction on the type of empirical study. The criteria were based solely on the 

studies‟ relevance to the research questions. 

 The studies dealing with the following aspects were excluded from the systematic review: 

a. Where the focus was on prediction/measurement of a quality attribute other than 

maintainability. 

b. Where the focus was on maintenance effort prediction rather than maintainability quality 

attribute (or one of its sub-characteristics) prediction. 

c. Where the study did not perform an empirical validation of the findings that it presents. 

Consequently, any study found to be dealing with quality attributes other than software 

maintainability, not providing an empirical validation of its findings, dealing with maintenance 

prediction instead of maintainability prediction, were excluded. 

3.7 Study Selection Process 

The study selection phase comprised two processes: initial selection and final selection.  

3.7.1 Initial Selection Process 

During the initial selection phase, screening of the titles and abstracts for the potential 

primary studies was performed by me and the supervisors against the inclusion and 

exclusion criteria. The studies that met the minimum inclusion criteria were considered for 

the final selection process. These were almost 11% of the studies that appeared as a result 

of search process. The studies that did not meet the inclusion criteria were discarded. 
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3.7.2 Final Selection Process 

The studies that were considered for final selection were those for which no decision on the 

inclusion or exclusion could be made just by reading title and abstract. For these cases, final 

selection involved examining the full papers to make the decision. 

The final selection resulted in the selection of 21 studies. On these 21 studies, secondary 

search was performed where references from these 21 studies as well as the studies that 

referenced these 21 selected studies were reviewed. The result of secondary search was a 

list of another 30 studies on which another round of initial and final selection processes was 

carried out. The initial selection process selected 19 of these studies that were then 

considered for final selection. The final selection selected 13 of these 19 studies of which 

one was removed from the list of selected studies based on the low quality score. As a result 

of the second round of selection process, 12 more studies were selected. The secondary 

search performed on these 12 studies did not result in the inclusion of more studies. The 

result was that a total of 33 studies were selected in the SR. However, one of these studies 

was the SR conducted earlier on the topic of „software maintainability prediction and 

metrics‟. This study was discarded from the list due to the reason that all the studies 

included in this study were also present in the list of selected studies and therefore the 

information contained in it was redundant. Finally the SR included 32 studies given in Table 

3-8. 

3.8 Study Quality Assessment 

Study quality assessment checklists are a means to assess the quality of the selected 

studies and therefore their importance as evidence to answer the research questions. 

Quality checklists can also provide a further criterion for inclusion of studies (Kitchenham & 

Charters, 2007) as those scoring very low on quality are candidates to be excluded because 

they do not provide reliable evidence on the topic of SR. To assess the quality of the 

selected studies, qualitative and quantitative checklists were developed. The two types of 

checklists were developed as part of the review protocol to cater for the quality assessment 

of both types of studies as the nature of the studies could not be prejudged before study 

selection.  The qualitative checklist comprised of 8 questions while the quantitative checklist 

comprised of 19 questions. However, none of the selected studies were qualitative and so 

the studies were assessed using only the quantitative checklist. The checklists were 

compiled from questions suggested by Crombie (Crombie, 1996), Fink (Fink, 2005), 

Petticrew (Petticrew & Roberts, 2005), and Kitchenham (Kitchenham & Charters, 2007); and 

rephrased according to the needs of the SR. Each question assessed a quality facet of a 
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study using a three point scale: „Yes‟, „No‟, or „Partially‟, with associated scores of 1, 0, and 

0.5, respectively. Therefore, a study could score between values 0 and 19. The value 7 was 

selected as a cut-off point so that the studies that would meet as much as two third of the 

quality criteria would be included in the SR. Any study that scored 7 or below was therefore, 

excluded from the list of selected studies. Note that 7 was a self-selected number for the cut-

off value because as such no evidence or recommendations on the consistent use of a 

quality cut-off value was found in the literature on SRs that was studied before and during 

conducting this SR. The summary of the scores obtained for each selected study is given in 

Tables 3-9 and 3-10.  

Table 3-8 List of Selected Studies 

Study 

ID 

Study Title 

S1  Construction and testing of polynomials predicting software maintainability (Oman & 

Hagemeister, 1994) 

S2  Using metrics to evaluate software system maintainability (Coleman et al., 1994) 

S3  The application of software maintainability models in industrial software systems (Coleman, 

Lowther, & Oman, 1995) 

S4 Detecting program modules with low testability (Khoshgoftaar, Szabo, & Voas, 1995) 

S5  Development and application of an automated source code maintainability index (Welker, 

Oman, & Atkinson, 1997) 

S6  Distributed computing environments Effects on software maintenance difficulty 

(Schneberger, 1997) 

S7  Design Metrics as an Aid to Software Maintenance An Empirical Study (Ferneley, 1999) 

S8 A Maintainability Model for Industrial Software Systems Using Design Level Metrics 

(Muthanna, Kontogiannis, Ponnambalam, & Stacey, 2000) 

S9 Stability assessment of evolving industrial object-oriented frameworks (Mattsson & Bosch, 

2000) 

S10 Using metrics to predict OO information systems maintainability (Genero, Olivas, Piattini, & 

Romero, 2003) 

S11 Predicting software stability using Case-Based Reasoning (Grosser, Sahraoui, & Valtchev, 

2002) 

S12 An Approach to Experimental Evaluation of Software Understandability (Shima, Takemura, 

& Matsumoto, 2002) 

S13 Assessing Object-Oriented Conceptual Models Maintainability (Genero, Olivas, Piattini, & 

Romero, 2003) 
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S14 Towards the definition of a maintainability model for Web applications (Lucca, Fasolino, 

Tramontana, & Visaggio, 2004) 

S15 Quantitative evaluation of safety critical software testability based on fault tree analysis and 

entropy (Sohn & Seong, 2004) 

S16 Modeling Design Coding Factors that drive maintainability of software systems (Misra, 

2005) 

S17  An empirical investigation of the impact of the object-oriented paradigm on the 

maintainability of real-world mission-critical software (Lim, Jeong, & Schach, 2005) 

S18  Predicting qualitative assessments using fuzzy aggregation (Pizzi & Pedrycz, 2006) 

S19  An application of Bayesian network for predicting object-oriented software maintainability 

(van Koten & Gray, 2006) 

S20 Analysis of Class Component Testability (Kansomkeat, Offutt, & Rivepiboon, 2006) 

S21  Quantifying software maintainability based on a fault-detection/correction model (Shibata, 

Rinsaka, Dohi, & Okamura, 2007) 

S22  Predicting object-oriented software maintainability using multivariate adaptive regression 

splines (Zhou & Leung, 2007) 

S23 Building measure-based prediction models for UML class diagram maintainability (Genero, 

Manso, Visaggio, Canfora, & Piattini, 2007) 

S24  Predicting maintainability of open source software using design metrics (Zhou & Xu, 2008) 

S25 Design Metrics for Web Applications Maintainability Measurement (Ghosheh, Black, & 

Qaddour, 2008) 

S26 A Comparative Study of Maintainability of Web Applications on J2EE, .Net and Ruby on 

Rails (Stella, Jarzabek, & Wadhwa, 2008) 

S27 A Comparative Study of MI Tools: Defining the Roadmap to MI Tools Standardization 

(Sarwar, Tanveer, Sarwar, & Mahmood, 2008) 

S28 Application of TreeNet in Predicting Object Oriented Software Maintainability: A 

comparative Study (Elish & Elish, 2009) 

S29 Predicting Object-Oriented Software Maintainability using Projection Pursuit Regression 

(Wang, Hu, Ning, & Ke, 2009) 

S30 Predicting Maintainability of Component-Based systems by using Fuzzy Logic (Sharma, 

Grover, & Kumar, 2009) 

S31 Using Concept Mapping for Maintainability Assessment (Yamashita et al., 2009) 

S32 Assessing the Impact of Refactoring Activities on the JHotDraw Project (Thapa & Siy, 2010) 
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Table 3-9 Results of Study Quality Assessment (Studies S1-S16)  

Questions S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 

Are the research question(s) clearly stated 

for the studies?  

0.5  0.5   0.5  0 0.5   1  0.5  0 0.5 0.5  0.5 0.5 0.5 0.5  0.5 0.5 

Does the study build upon existing body of 

knowledge, i.e., does it explicitly discuss 

its contribution in the light of previous 

work? 

0.5  0.5  0.5  0.5 0.5   0.5  0   1 1 0   0 0.5 0.5 1  1 1 

Are the variables/metrics used in the study 

adequately measured and validated?  

0.5  0  0  0.5 1  0.5  1  0.5 1 0.5    0.5 0.5 0.5 1   0.5 1 

Are the metrics used in the study clearly 

defined?  

0.5   0  0  1 0.5   0.5 1  0.5 1 0.5  0.5 1 1 0.5  1 1 

Are all model construction 

methods/metric(s) derivation methods fully 

defined? 

0.5  0  0  0.5 1  0.5  1   0.5 1 0.5  0.5 1 0.5 0.5   0.5 0.5 

Are the metrics used in the study the most 

relevant ones for answering the research 

questions?  

0.5  0.5  0.5  0.5 0.5  0.5   1  0.5 0.5 0.5  0.5 0.5 0.5 0.5  0.5 0.5 

Are the data collection methods 

adequately described? 

0.5  0  0  1 1  1  1  0.5 1 0.5   1 0.5 0.5 0.5  0.5 1 

Are the statistical methods justified?  0.5  0.5  0.5  1 1  0.5  1  1 0.5 0.5  1 1 0.5 0  0.5 0.5 

Is the purpose of the data analysis clear?  0.5  1  1  1 1  1  1  1 1 0.5  1 1 1 0.5  1 0.5 
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Questions S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 

Are potential confounders adequately 

controlled in the analysis?  

0.5  0.5   0.5 0.5 0.5  0.5  0.5  0.5 0.5 0.5   0 0 0.5 0.5   0.5 0.5 

Are the negative findings presented?  0.5   0  0  0.5 0  1  0.5   1 1 0  0.5 0 1 0  0.5 0.5 

Do the researchers discuss any problems 

with the validity/reliability of their results?  

1  0  0  1 1  1  0  1 1 1  1 0.5 0.5 1  0 1 

Is the study replicable? 0.5  0.5  0.5  0.5 1  0.5  1  0.5 1 0.5  1 0.5 0.5 0.5  0.5 0.5 

Is the research design clearly presented? 0.5  0.5 0.5 1  0.5  1  1  0.5 0.5 0.5  0.5 0.5 0.5 0.5  0.5 1 

Is the research design suitable for carrying 

out the study?  

0.5  0.5 0.5 1 1  0.5  1  0.5 0.5 0.5  1 0.5 0.5 0.5  0.5 1 

Are the findings credible?  1  1  1  1 1  1  1  1 1 1  1 0.5 0.5 0.5  1 0.5 

Is the research process described 

thoroughly? Are the roadblocks, false 

steps described in a helpful way? 

0.5  0 0 0.5 0.5  0   0.5 0.5 1 0  0.5 0 0.5 0.5  0.5 1 

Are the links between the data, 

interpretation, and conclusions clear?  

0.5  0.5   0.5  1 1  1   1  1 1 0.5  1 0.5 1 1  1 1 

Is the reporting clear and coherent? 0.5  1  1  1 1  1   1  1 1 0.5  1 0.5 1 1  1 1 

Total 10.5 7.5 7.5 14 14.5 13.5 15 13 16 9 13 10 12 11 12 14.5 

 

  



Chapter 3 – Systematic Literature Review 

40 
 

Table 3-10 Results of Study Quality Assessment 

Questions S17 S18 S19 S20 S21 S22 S23 S24 S25 S26 S27 S28 S29 S30 S31 S32 

Are the research question(s) clearly stated 

for the studies?  

0.5   0.5   0.5   0.5 0.5   0.5   0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Does the study build upon existing body of 

knowledge, i.e., does it explicitly discuss 

its contribution in the light of previous 

work? 

1   0  1  0.5 0.5  1  1 0   1 0 0.5 1 0 0.5 0.5 0 

Are the variables/metrics used in the study 

adequately measured and validated?  

0.5  0  1  0.5 0.5  0.5   1 0.5   1 0.5 0.5 1 1 0.5 0.5 0.5 

Are the metrics used in the study clearly 

defined?  

0.5   0.5 1  1 0.5   0.5  1 0.5  1 1 1 1 1 0.5 1 1 

Are all model construction 

methods/metric(s) derivation methods fully 

defined? 

0.5  0.5   1  1 1  1 1 0.5 0.5 0.5 0.5 1 0.5 0.5 1 0.5 

Are the metrics used in the study the most 

relevant ones for answering the research 

questions?  

0.5  0.5 0.5     0.5 0.5  0.5  0.5 0.5   0.5 0.5 1 0.5 0.5 0.5 0.5 0.5 

Are the data collection methods 

adequately described? 

0.5   0  0.5  0.5 0  0.5  1 0.5  1 0 0.5 0.5 0.5 0 1 0.5 

Are the statistical methods justified?  0.5  0.5 1  0.5 0.5  1  1 1  0.5 0.5 0.5 1 0.5 0 0.5 0.5 

Is the purpose of the data analysis clear?  1  0.5 1  1 0.5  1  1 1  1 0.5 1 1 1 0.5 1 1 
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Questions S17 S18 S19 S20 S21 S22 S23 S24 S25 S26 S27 S28 S29 S30 S31 S32 

Are potential confounders adequately 

controlled in the analysis?  

0.5  0.5 1  0 0 .5 0.5   0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Are the negative findings presented?  0.5  0  1  0 0.5  1  1 1  1 0.5 1 1 0.5 0 0 0 

Do the researchers discuss any problems 

with the validity/reliability of their results?  

1  0  0  0.5 0  1  1 0  1 1 0 1 0 0 1 0 

Is the study replicable? 1   0.5    1  0.5 0.5  1  1 1  1 0.5 1 1 1 0.5 1 1 

Is the research design clearly presented? 1  0.5   1  0.5 0.5  1  1 1  0.5 0.5 0.5 1 0.5 0.5 1 0 

Is the research design suitable for carrying 

out the study?  

1  1  1  1 1  1   1 1  0.5 0.5 0.5 1 1 0.5 1 0.5 

Are the findings credible?  1  1  1  0.5 0.5  1  1 1  1 0.5 1 1 1 0.5 1 1 

Is the research process described 

thoroughly? Are the roadblocks, false 

steps described in a helpful way? 

0.5 0  1  0 0  1 0.5 0 0 0 0 0.5 0 0 1 0 

Are the links between the data, 

interpretation, and conclusions clear?  

1  0.5   1  0.5 0.5 1  1 1  0.5 0.5 1 1 1 0.5 1 1 

Is the reporting clear and coherent? 1  0.5   1  1 1  1  1 1  1 1 1 1 1 0.5 1 1 

Total 14 7.5 16.5 10.5 9.5 16 17 12.5 14 9.5 12.5 16.5 12 7 15 10 
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3.9 Data Extraction 

I primarily, extracted data from all selected studies. The data were also extracted by the PhD 

supervisors for a subset of studies independently which were then compared with the data 

extracted from the same studies by me for consistency.  

While extracting data, if necessary information was not available in a study, the authors were 

contacted where possible. If contact was not possible, or no reply was received, a 

conservative answer was recorded. For example, one quality related question “Are potential 

confounders adequately controlled for the analysis?” was not answered in any of the 

selected studies. Only one contactable author responded, and so a 'Partially' answer was 

recorded for the remaining studies. 

A sample of data extracted from one of the studies S12 is given in Appendix A-3. 

3.10   Data Synthesis 

After the data extraction was complete for each primary study, the data were consolidated 

and summarised against each research question, as discussed below.  

3.10.1 Research Question 1 

“What evidence is there on the use of forecasting techniques/models of software 

maintainability and its sub-characteristics?” 

From the reviewed literature, the data necessary to answer this question was summarized 

and tabulated, given in Appendix A-4. 

A total of 21 out of the 32 studies selected in the SR presented prediction models. Of these 

21, 16 presented prediction models for maintainability (S1, S2, S3, S5, S8, S13, S14, S16, 

S18, S19, S21, S22, S24, S28, S29, and S30); 1 for testability (S4); 1 for stability (S11); 1 for 

modifiability (S25); 1 for understandability, analysability, and modifiability (S10); and 1 for 

understandability and modifiability (S23). Table 3-11 gives another view of the number of 

studies that presented a prediction model for maintainability or one of its sub-characteristics. 

No evidence was found on prediction techniques and models for maintainability sub-

characteristics compliance, simplicity, conciseness, self-descriptiveness, modularity and 

portability.  
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Table 3-11 Number of Studies Presenting Prediction Models and/or Techniques for 
Maintainability or Maintainability Sub-Characteristics 

Maintainability or Maintainability Sub-Characteristic Number of Studies 

Maintainability 16 

Testability 1 

Analysability 1 

Stability 1 

Changeability/Modifiability/Flexibility 3 

Compliance 0 

Simplicity 0 

Conciseness 0 

Self-descriptiveness 0 

Modularity 0 

Understandability 2 

Portability 0 

 

Maintainability: The collected evidence on the SR topic shows the use of various types of 

maintainability prediction models and techniques, where the most common models observed 

from the synthesized data are models (S1, S2, S3, S5, S8, S16, S19, S22, S24, S28, S29) 

that use algorithmic techniques for prediction: regression trees (S19, S22, S28), linear 

regression (S1,..,S3, S5, S8, S16, S19), univariate linear regression (S24), variants of 

multivariate linear regression (S22, S24, S28, S29), and support vector regression (S22, 

S28). The other techniques and/or models used are hierarchical dimensional assessment 

model - Hewlett Packard‟s Software Maintainability Assessment System (HPMAS) (S2), 

model based on Fuzzy Prototypical Knowledge Discovery (FPKD) method (S13), Web 

Application Maintainability Model (WAMM) (S14); stochastic feature selection (S18), 

Bayesian Networks (S19), software reliability models (S21), Artificial Neural Network (ANN) 

(S22, S28, S29), model based on fuzzy logic (S30), and Analytical Hierarchical Process 

(S30). 

The models proposed in S2 and S14 are similar as they both calculate maintainability based 

on hierarchical models that have metrics at the leaf nodes. The metrics‟ values are averaged 

along with their respective weights (S2) or summed up after multiplying their weights to 

obtain a quantifiable value of maintainability (S14). However, the model proposed in S8 is 

specific to Web applications as it is based on measures specific to Web applications e.g., 



Chapter 3 – Systematic Literature Review 

44 
 

number of server and client pages, and therefore, may not be generalized for all software 

applications. 

The models proposed in studies S1, S2, S3 and S5 are proposed by the same group of 

authors who refined them over a period of time. Therefore, given these models were refined 

further, and were also applied in different studies to broader categories of software 

applications, I have considered these as separate studies. 

None of the studies that presented a maintainability prediction model dealt with any specific 

type of maintenance (e.g., corrective, preventive, enhancive, or adaptive). 

Testability: The only study that presented a prediction model for testability (S4) used a 

statistical technique namely discriminant analysis for the purpose which optimally assigns 

observations to two or more distinct groups based on one or more quantitative 

measurements. The study made no distinction as to the type of maintenance to which its 

findings related. 

Analysability: Prediction model for analysability was presented by only one study (S10) that 

used the FPKD method – an extension of the traditional Knowledge Discovery Database 

(KDD). 

Stability: Stability was predicted using Case Based Reasoning (CBR) and validated using 

Decision Trees (DT) by study S11. 

Modifiability: Three studies (S10, S23, and S25) presented prediction models for 

modifiability using FPKD, Generalised Estimation Equations (GEE) by applying Principal 

Component Analysis (PCA), and expert judgment, respectively.  

Understandability: Two studies S10 and S23 presented the prediction models for 

understandability in conjunction with analysability and modifiability, and modifiability, 

respectively. S10 applied FPKD while S23 applied GEE by using PCA.  

Studies S10 and S23 treated analysability, understandability, and modifiability; and 

understandability, and modifiability, respectively as sub-characteristics collectively 

representing maintainability. As such no distinction was made on the applicability of the 

prediction models to any given sub-characteristic. Also the results of these studies were not 

aggregated to a higher level of abstraction i.e., at maintainability level therefore, it is 

reasonable to assert that the presented models applied to each of the discussed 

maintainability sub-characteristic equally. 
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Other than the 21 studies that present maintainability or one or more of its sub-

characteristics prediction model or technique, all remaining studies either present metrics or 

factors that impact upon maintainability or maintainability sub-characteristic(s) or present a 

measure for maintainability or maintainability sub-characteristic(s).  As such, these studies 

do not present any prediction models as also indicated in the results presented in Appendix 

A-4. 

To summarize, the most commonly used technique observed for software maintainability 

prediction, in the context of the selected studies, was algorithmic and maintainability seemed 

to be treated at a higher level of abstraction instead of averaging or summing values for 

different maintainability sub-characteristics to obtain a prediction model for maintainability. 

The prediction techniques used for maintainability sub-characteristics were all disparate. 

There was no common pattern on the use of a prediction technique other than studies S10 

and S23 that dealt with three and two maintainability sub-characteristics collectively. Also, 

none of the prediction models proposed by any of the selected studies dealt with any specific 

type of maintenance. 

3.10.2 Research Questions 2, 2(a), 2(b), 2(c), and 2(d) 

Research Question 2: “What forecasting techniques/methods have been used to predict 

software maintainability and its sub-characteristics?” 

Research Question 2(a): “What measures have been used for measuring accuracy of the 

prediction models/techniques for software maintainability and its sub-characteristics? “ 

Research Question 2(b): “What were the numeric values obtained for the prediction 

accuracy of the prediction models/techniques of software maintainability and its sub-

characteristics?”   

Research Question 2(c): “Which cross-validation method was used to find the accuracy of 

the estimation techniques for software maintainability and its sub-characteristics?” 

Research Question 2(d): “Was there a forecasting technique/method reported to be 

significantly superior for predicting software maintainability and its sub-characteristics? 

Which one?” 

Appendix A-5 provides the tabulated summary information necessary for answering the 

above research questions.  

Maintainability: For maintainability prediction, only 10 studies (S1, S2, S5, S16, S18, S19, 

S22, S24, S28, and S29) have either used measures of accuracy or have reported a better 
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model of prediction; the remaining 6 studies that presented maintainability prediction 

techniques and/or models have not reported the use of any measures of accuracy.  

These results suggest that the most commonly used measures of prediction accuracy, in the 

context of the studies selected in the SR, are variants of Absolute Residual Error (ARE) (S2, 

S19, S22, S24), variants of Magnitude of Relative Error (MRE) (S19, S22, S24, S28), 

variants of Prediction Accuracy – 25 per cent accuracy denoted as Pred(0.25) and 30 per 

cent accuracy denoted as Pred(0.30) (S19, S22, S28),  standard estimation error (S16), 

number of times the model predicted correctly (S18), coefficient of determination of the 

regression models i.e., R2 between actual and predicted maintainability (S24), and root 

mean square error (S29).  

The only cross-validation methods reported by the selected studies were 10-fold cross-

validation (S18 and S19) and leave-one-out (LOO) (S22, S24, S28, and S29).  The cross-

validation methods have been used by only six out of a total of 10 studies that presented 

maintainability prediction models. 

At least nine out of 10 studies that presented maintainability prediction models suggested 

successful prediction models based on algorithmic i.e., regression based techniques (S1, 

S2, S5, S16, S19, S22, S24, S28, and S29). Bayesian Networks were also reported as 

providing good prediction accuracy, in addition to providing a mechanism for reasoning with 

uncertainty (S19). The results of the SR also suggest that Stochastic Feature Selection 

technique when applied through a model using fuzzy aggregation or use of multiple 

predictors produces better estimates in comparison to Stochastic Feature Selection 

technique when applied through a model using single best predictor (S18).  

Testability: The only selected study that presented a prediction technique for testability 

used misclassification rate and uncertainty of observation successfully classified as two 

different measures of accuracy (S4). The study did not explicitly state the cross-validation 

method used but it validated the model by splitting the dataset into training and validation 

sets where the training dataset consisted on 2/3rd of the data points and validation set 

comprised 1/3rd of the total data points. The study does not report a superior prediction 

technique as it was based on only one technique. 

Stability: Only one study (S11) presented prediction techniques for stability. The study used 

correctness measured by the percentage of correct predictions, J-index measured as 

average correctness per label, J(unstable) measured by the percentage of correct instability 

prediction, and J(stable) measured by the percentage of correct stability prediction, as the 

four measures of stability prediction accuracy. The study used both 10-fold and LOO cross 
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validation methods and reported CBR as the superior prediction technique when compared 

with DT. 

Modifiability: Of the three studies that presented modifiability prediction techniques and/or 

models, only one study (S23) presented results relevant to answering RQ2 and its 

associated RQs. The measures of modifiability prediction accuracy reported by S23 are 

modifiability correctness (measured by number of correct modifications/number of 

modifications) and modifiability completeness (measured by number of correct 

modifications/number of modifications required). The study did not apply a cross-validation 

method or explicitly reported a significantly superior prediction model. 

Understandability: Of the two studies that presented understandability prediction 

techniques and/or models, only one study (S23) presented understandability prediction 

accuracy measures. The reported prediction accuracy measures are understandability 

correctness (measured by number of correct answers/number of answers) and 

understandability completeness (measured by number of correct answers/number of 

questions). The study did not apply a cross-validation method or explicitly reported a 

significantly superior prediction model. 

In summary, the only evidence of measuring prediction accuracy and applying cross-

validation techniques was found for maintainability, testability, stability, modifiability, and 

understandability. No relevant evidence was found in favour of analysability. The most 

common measures of prediction accuracy were variants of ARE, MRE, and Pred; the most 

common cross-validation method used was LOO, and the most common models reported to 

be superior were those based on algorithmic techniques, in the context of the studies 

selected in the SR.  

3.10.3 Research Questions 3, 3(a), and 3(b) 

Research Question 3: “What factors and metrics have been investigated as predictors for 

software maintainability and its sub-characteristics? Which of these are considered 

successful predictors?” 

Research Question 3(a): “At what stage of the project, these predictors are gathered?” 

Research Question 3(b): “If previous studies predict maintainability and its sub-

characteristics for various types of maintenance, what were the different types of predictors 

used for each of them?” 

The results for these questions are tabulated in Appendix A-6.  
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3.10.3.1 Successful predictors gathered at post-implementation stage or source code 

level  

Table 3-12 presents a list of successful software maintainability predictors reported by 12 

studies (S1, S2, S3, S5, S14, S18, S19, S22, S24, S28, S29, and S30), which are measured 

at source code level. 

Table 3-12 Successful Software Maintainability Predictors Gathered at Post-Implementation 
Stage 

Study ID Metrics Study ID Metrics 

S1,S2, 
S3,S5  

Halstead‟s Effort „E‟ S1 Avg. variable span per module „ave-
SPN‟ 

S1 Avg. effort per module „ave-E‟  S1 Avg. no. of executable semicolons 
„ave-NES‟ 

S1,S2,S3,
S5, S18 

Halstead‟s volume „V‟ S1 Total purity ratio „PR‟  

S1,S5, 
S14, S19, 
S22, S28, 
S29 

Lines of code „LOC‟, „SIZE1‟ S1 Avg. purity ratio per module „ave-PR‟ 

S1 Halstead‟s  predicted length „N^‟ S1 Sum of the avg. variable spans „SPN‟ 

S1 Halstead‟s  length „N‟ S1 Total no. of executable semicolons 
„NES‟ 

S1 Avg. volume per module „ave-V‟ S1,S5 Number of comment lines „CMT‟ 

S1 Avg. no. of comment lines per 
module „ave-CMT‟ 

S1,S5 Extended cyclomatic complexity 
„V(G‟)‟ 

S1 Avg. lines of code per module 
„ave-LOC‟ 

S1 Avg. predicted length per module 
„ave-N^‟ 

S1 Avg. extended cyclomatic 
complexity per module „ave-V(g‟)‟  

S1 Avg. length per module „ave-N‟ 

S5, S14 Cyclomatic complexity  S14 TotalWebPage# 

S14 WebObject# S14 ServerScripts# 

S14 ClientScripts# S14 TotalLanguages# 

S14 Total WebPageRelationships# / 
TotalWebPage# 

S14 Total WebPageDataCoupling / 
TotalWebPage# 

S18 Mean number of decisions per 
method  

S18 Mean tokens per method  

S18 Halstead‟s difficulty „D‟  S18 Halstead‟s  unique operators count 
„n1‟  

S18 Type of object  S18 Halstead‟s unique operands  
count„n2‟  
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Study ID Metrics Study ID Metrics 

S18 Median lines of code per object 
method  

S18 Halstead‟s program vocabulary „n‟ 

S18 No. of overridden methods  S18 Maximum number of operations  

S18 Percentage of private member  S19,S28, 
S29 

Depth of Inheritance Tree „DIT‟  

S19, S28, 
S29 

Response For a Class „RFC‟  S18,S19, 
S28,S29 

Lack of cohesion of methods „LCOM‟  

S19,S22, 
S28, S29 

Weighted Method per Class 
„WMC‟  

S18,S19, 
S22,S28, 
S29 

Data abstraction coupling „DAC‟  

S19,S22, 
S28, S29 

Message-Passing Coupling 
„MPC‟  

S19,S22, 
S28, S29 

No. of Children „NOC‟  

S19,S28, 
S29 

No. Of Methods „NOM‟  S19,S28, 
S29 

Number of properties ‟SIZE2‟  

S24 Avg. no. of children per class 
„SNOC‟  

S24 Avg. complexity per method „OSAVG‟  

S24 Avg. no. of methods per class 
„CSO‟  

S24 Avg. number of attributes per class 
„CSA‟  

S30 Interaction complexity among 
components 

S30 Testability 

S30 Reusability of component S30 Trackability 

S30 Documentation understandability     

 

Study S16 presented maintainability prediction model and list of predictors gathered at 

source code level but did not mention successful predictors. Study S21 presented 

maintainability prediction models but did not give a list of predictors. 

Study S27 does not give a maintainability prediction model but presents successful metrics 

for maintainability prediction. These metrics are LOC, Blank Lines, No. of statements, No. of 

declarative statements, No. of executable statements, CMT, Cyclomatic Complexity, D, E, 

Vocabulary, V, and Maintainability Index (of class, package, and project). 

Study S31, like study S27, does not give a maintainability prediction model but lists factors 

and metrics gathered at source code level that may be used to make an assessment on 

maintainability. These relate to following: 

1. Design principal violations and include the factors below: 

o Interface segregation principle (ISP) violation 

o Usage of implementation instead of interface 
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o Single responsibility principle 

o Wide subsystem interface (lack of façade).  

2. Code smells and include the factors below:  

o Data class 

o God method 

o Temporary variable is used for several purposes 

o Shotgun surgery 

o Data clump 

o Long message chain 

o Unused class 

o Duplicated code in conditional branches 

o Misplaced class 

o Refused bequest 

o Subclasses have the same member 

o Feature envy 

o Suspicious usage of switch statements 

o Import list construction 

o Field is used as a temporary variable 

o Unused local variable or formal parameter 

o Duplicated code in constructors 

o Member is not used 

o God class 

o Declaration is hidden 

o Dead code.  

3. Code measures and include the metrics given below:  

o Tight class cohesion (TCC) 

o CMT 

o Call from methods in an unrelated class (OMMEC) 

o DIT 

o LOC 

o NOC 

o Call to methods in an unrelated class (OMMIC) 

o WMC. 
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For stability, study S11 presents the following successful predictors gathered at source 

code level: 

 Class Hierarchy Metric (CHM) 

 NOM 

 Number of Public Attributes (NPA) 

 WMC. 

No evidence was found on successful predictors of maintainability sub-characteristics other 

than stability that were gathered at source code level. The only study to present testability 

prediction technique (S4) gave a list of predictors gathered at source code level but did not 

mention successful predictors. 

3.10.3.2 Successful predictors gathered at system design stage 

Study S8 reports following successful software maintainability predictors, gathered at the 

system design stage: 

 Module level Function Point Metric 

 Module level Information Flow Metric 

 Module level Global Data Flow 

 Average Structural Complexity Metric (Fan-out) 

 Average Knot Count 

 Average Cyclomatic Complexity Metric. 

Study S13 reports following metrics related to class diagram structural complexity, gathered 

at the system design stage, as successful software maintainability predictors: 

 Number of Classes (NC) 

 Number of Attributes (NA) 

 Number of Methods (NM) 

 Number of Associations (NAssoc) 

 Number of Aggregation (NAgg) 

 Number of Dependencies (NDep) 

 Number of Generalisations (NGen) 

 Number of Aggregations Hierarchies (NAggH) 

 Number of Generalisations Hierarchies (NGenH) 

 Maximum Depth of Inheritance Tree (DIT) 

 Maximum HAgg. 
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In addition to study S8, study S7 also reports the successful software maintainability 

predictors gathered at the system design stage. These predictors were not employed in a 

prediction model but have been reported as maintainability predictors and as highly 

correlated to maintainability. The predictors are as below: 

 Control flow complexity of each unique information flow terminating (or emanating) 

„CF‟ 

 Spinal complexity (control flow history) „SC‟ 

 Fan-out „FO‟ 

 Fan-out complexity total „FO-CF‟ 

 Fan-out multiplicity complexity total „FO-MCF‟. 

The successful predictors reported by study S23 for understandability and modifiability 

are as below: 

 Understandability 

o Maximum DIT (MaxDIT) 

o Number of Attributes (NA) 

o Number of Dependencies (NDep) 

o Number of Associations (NAssoc)  

 Modifiability  

o MaxDIT 

o Number of Classes (NC) 

o Number of Methods (NM) 

o Number of Generalisations Hierarchies (NGenH).  

Study S9 presented a list of stability predictors but did not mention the successful predictors. 

Similarly, study S10 also presented a prediction model for understandability, analysability, 

and modifiability but did not present a list of successful predictors.  

3.10.3.3 Successful predictors gathered at design stage that are specific to Web-

based Software Applications 

Study S25 lists successful software modifiability predictors measured at the design stage 

that are specific to Web-based Software Applications. These predictors belong to four 

different design attributes – size, complexity, coupling, and reusability – as listed below: 

 Size 

o Total number of server pages (NServerP) 
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o Total number of client pages (NClientP) 

o Total number of web pages (NWebP = NServerP + NClientP) 

o Total number of form pages (NFormP) 

o Total number of form elements (NFormE) 

o Total number of client components i.e., style sheet and Javascript 

components (NClientC). 

 Structural Complexity 

o Total number of link relationships (NLinkR) 

o Total number of Submit relationships (NSubmitR) 

o Total number of builds relationships (NBuildsR) 

o Total number of forward relationships (NForwardR) 

o Total number of include relationships (NIncludeR) 

o Total number of use tag relationships (NUseTagR). 

 Control Coupling 

o Number of relationships over number of web pages (WebControlCoupling = 

(NlinkR + NSubmitR + NBuildsR + NForwardR + NIncludeR + 

NUseTagR)/NwebP). 

 Data Couplig 

o Number of data exchange over number of server pages (WebDataCoupling = 

NFormE/NServerP). 

 Reusability 

o Number of include relationships over number of web pages (WebReusability 

= NIncludeR/NWebP). 

3.10.3.4 Factors that impact software maintainability or maintainability sub-

characteristics 

Study S6 provides a list of factors observed to either increase or decrease software 

maintainability. The factors reported to increase maintainability are PC developments tools, 

PC graphical interfaces, PC packaged software, and PC programming languages. Those 

reported to decrease maintainability are variety of processors, number (variety) of system 

software programs, rate of technological change, variety of telecommunication protocols, 

and variety of data storage formats. 
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Study S17 discusses factors that impact upon maintainability; however do not provide any 

metrics to be used to measure such factors and does not list the factors that are found to be 

more successful among the presented set.  

Study S26 presents factors that impact upon modifiability, testability, understandability, 

and portability. These factors relate to Web Application (WA) architecture and are effective 

at post-implementation stage. These factors are as below: 

 Platforms used 

 Component modularity 

 Component coupling 

 Interactions between components 

 Separation of concerns. 

Study S32 presents refactoring as a factor of maintainability stating that files that undergo 

refactoring better withstand change. 

3.10.3.5 Summary of findings 

Of the abovementioned successful predictors, most are gathered at the source code level. 

Overall it is observed from the results that metrics related to size, complexity and coupling 

are to date the most successful maintainability predictors, in the context of the studies 

selected in the SR. Also, there is little evidence in support of predictors and factors of 

maintainability sub-characteristics. 

Out of the 32 included studies, 28 studies presented predictors or factors of maintainability 

or its sub-characteristics. Of these eighteen studies considered the predictors and/or factors 

at a project‟s post-implementation stage or at the source code level; seven studies 

considered the predictors and/or factors at design level; one discussed these factors taking 

into account the entire software development life cycle, one did not explicitly mention the 

project stage at which those factors should be considered, and one mentioned maintenance 

phase but did not mention the maintenance stage. 

The only evidence in support of maintainability predictors applicable to a certain type of 

maintenance is found in study S7 where the metrics gathered at design level apply to 

corrective and preventative maintenance. None of the factors mentioned for maintainability 

sub-characteristics apply to a specific type of maintenance. 
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3.10.4 Research Question 4 

“How are maintainability and its sub-characteristics understood and measured in software 

applications‟ context and which quality model(s) doe they comply with?” 

The information on the above question is tabulate and provided in Appendix A-7.  

The definitions for maintainability provided by studies S2, S3, S5, S6, S17, S25, S27, and 

S30 conform to the software maintainability definition used herein. The definitions provided 

by studies S7, S18, S19, S21, and S22 vary but are related to either errors in the software 

and their correction, or to changes made to the software without introducing further errors. 

Studies S1, S8, S13, S14, S16, S24, S28, S29, S31, and S32 did not provide any explicit 

definition for maintainability. 

The definition for testability provided by studies S4 and S15 relate to the probability of fault 

detection if a fault exists in the program. Study S20 defines it as “a quality factor that 

attempts to predict how much effort will be required for software testing” and to estimate the 

difficulty of causing a fault to result in a failure i.e., revealing the fault. Study S26 defines 

testability as the extent to which software allows the establishment and evaluation of its 

acceptance criteria. 

The definition of stability provided by study S11 relates to preservation of class interfaces 

and is the ease with which a software system or component can evolve while preserving its 

design as much as possible. S9 provides no explicit definition of stability. 

Understandability is defined by study S10 and S23, and by S12 and S26 in the context of 

class diagrams and software systems, respectively, as the ease with which these can be 

understood or in other words the extent to which these are comprehensible to their 

maintainers.  

Analysability is defined by study S10 in the context of class diagrams as their capability to 

be diagnosed for deficiencies and parts that need to be modified.  

Modifiability is defined in the context of class diagrams by studies S10 and S23. S10 

defines it as the capability to enable modifications to be implemented. Study S23 defines it in 

terms of analysability – the capability of the class diagrams to be diagnosed with faults – and 

changeability – the capability of the class diagrams to be changed when modifications are 

required. In addition to studies S10 and S23, study S26 defines modifiability in the context of 

software as the extent to which it is able to incorporate changes. 
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Portability is defined by study S26 as the extent to which a software can easily and 

effectively be operated in a verity of computing environments. 

The selected studies also provided evidence on the use of metrics to quantify software 

maintainability or maintainability sub-characteristic(s). Table 3-13 presents a summary of the 

findings.  

The SR results, in the context of the selected studies, suggested that measures based on an 

ordinal scale using expert judgment were the most common means for quantifying 

maintainability, followed by change metrics and Maintainability Index (MI). A similar trend is 

observed for maintainability sub-characteristics of modifiability, analysability and portability. 

The evidence on the use of expert judgment is also found for testability and 

understandability but not for stability. Overall expert judgment measured on ordinal scale 

stands out the most among the other measures employed for measuring maintainability 

and/or its sub-characteristics in the studies selected in the SR. 

Finally, study S12 mentioned the quality model in which understandability was based upon 

Boehm‟s quality model; study S17 mentioned ISO/IEC 12207 for maintainability, and studies 

S23 and S27 mentioned the ISO 9126 Standard for understandability and modifiability, and 

maintainability, respectively. No other study discussed maintainability in the light of any 

quality model. 

In summary, the understanding of the term maintainability is in conformance to that provided 

by IEEE (IEEE, 1993); expert judgment (ordinal scale metric) was the most commonly used 

means to measure/assess maintainability and maintainability sub-characteristics, in the 

context of the studies selected in the SR; and the evidence found on the conformance of 

maintainability and maintainability sub-characteristics to a quality model favoured the 

ISO/IEC standards 9126 and 12207 and Boehm‟s quality model. 
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Table 3-13 Maintainability Measures and Metrics 

Study 
ID 

Maintainability/ 
Maintainability Sub-
Characteristic  

Measure and/or Metric 

S1, S2, 
S3, S5, 
S8 

Maintainability HPMAS Maintainability Index – a subjective evaluation based 

on Air Force Operational Test and Evaluation Centre 

(AFOTEC) software quality assessment instrument where 

values are translated to an ordinal measure 

S6 Maintainability Expert opinion on ordinal measure 

S13 Maintainability Maintenance Time – time taken to comprehend the class 

diagram and analyse the required changes to implement. 

S16, 
S24, 
S27 

Maintainability Maintainability Index 

S17 Maintainability Effort in person-minutes required to comprehend, modify, and 

test system artefacts; and volume of changes made to 

software artefacts measures as numbers of pages changed in 

a document, modified executable lines of code, test cases 

constructed, lines of code written to construct test scripts, files 

needed to be compiled, and files needed to be deployed 

S19, 
S22, 
S28, 
S29 

Maintainability CHANGE metric which is the count of LOC which were 

changed during a 3 year maintenance period 

S21 Maintainability Maintainability is computed as: 

G(u) = 1 – exp (-v^u)  

where v^ is the maximum likelihood of v (the correction rate) 

and u = 3 (week) 

S31 Maintainability Concept maps: A combination of expert judgment and 

design/structural attributes 

S32 Maintainability Frequency of subsequent changes to the code 

S4 Testability TEST – measure bounded on the closed interval [0,1] collected 

using PiSCES testability tool. 

S15 Testability PrTEST defined as the multiplication of the normalized failure 

probability and the entropy. It is measured using Fault Tree 

Analysis model that gives the probability of the output failure 

affected by each basic statement‟s fault probabilities. 
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Study 
ID 

Maintainability/ 
Maintainability Sub-
Characteristic  

Measure and/or Metric 

S20 Testability Testability of a component is computed as the product of the 

execution and propagation probabilities. 

The probabilities are in turn calculated using class-component 

testability analysis method 

S26 Testability Expert opinion 

S9 Stability A framework assessment method to assess the stability of the 

framework and two metrics – normalized-extent-of-change and 

relative-extent-of-change 

S11 Stability Measured on binary values where 0 means unstable and 1 

means stable. The measure is based on whether the public 

interface of a software component is included in a subsequent 

version. 

S10, 
S23 

Understandability Expert opinion 

S12 Understandability Measured using a probabilistic model based on software 

overhaul process that takes into account the probability that a 

worker correctly rearranges M components in T attempts. 

S23 Understandability Understandability time recorded in seconds that the subject 

spent on experimental tasks 

S26 Understandability LOC, Platform features that offer to make WA modular i.e., 

size and modularity where modularity was measured with the 

help of cohesion, coupling, and support for modularization of 

cross-cutting concerns which was measured subjectively. 

S10 Analysability Expert opinion 

S10, 
S23, 
S25 

Modifiability Expert opinion 

S23 Modifiability Modifiability time recorded in seconds that the subject spent on 

experimental tasks 

S26 Modifiability Number of modified files, number of modified LOC, 

development time in man-hours to incorporate the change 

S26 Portability Subjective assessment 
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3.11  SR Results Relevant to Relational Database-Driven Software 

Applications 

The studies included in the SR were further analysed to identify which of the studies used 

datasets that contained relational database-driven software applications. This was 

determined through the full texts of the selected studies where the type of applications was 

clearly stated. For the studies where it was not clearly mentioned, I contacted authors of the 

primary studies through email enquiring the type of applications used for the datasets used 

for the research presented in the studies.  As a result, a total of 9 selected studies were 

identified that used relational database-driven application(s) for their research. These studies 

are S7, S10, S13, S17, S23, S25, S26, S30 and S31. 

Of the nine studies, 5 studies (S7, S13, S17, S30, S31) discussed maintainability whereas 

four discussed maintainability sub-characteristics understandability, analysability, 

modifiability (S10); understandability and modifiability (S23); modifiability (S25); and 

modifiability, testability, understandability, and portability (S26). Five of these studies (S10, 

S13, S23, S25, S30) presented prediction models or techniques of which two (S10, S30) 

related to maintainability and were based on fuzzy logic based techniques that also made 

use of expert judgment. Other prediction techniques for maintainability sub-characteristics 

include FPKD, GEE and expert judgment, as given in Table 3-14. Note that AHP was used 

only for validation in S30. Overall, expert judgment was the most commonly used technique 

amongst these nine studies. 

Only study S23 proposed and used understandability correctness, understandability 

completeness, modifiability correctness, and modifiability completeness as measures of 

accuracy, details given in Section 3.10.2. None of the studies used any cross-validation 

methods. 

The successful predictors given by five of these studies were gathered at design stage while 

for four studies these were gathered at post-implementation stage. The list of these 

predictors can be seen in Section 3.10.3 and in Appendix A-6.  It is worth noting that the 

predictors given by these studies were dominated by metrics related to complexity, coupling, 

and cohesion while the size related measures were not as common to these studies as 

those were to the overall SR results. The successful predictors given by these studies did 

not include any predictors specific to the back-end relational database or interaction of back-

end relational database with the front-end application. 
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Table 3-14 Results Relevant to Relational Database-Driven Applications 

Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Forecasting Technique/Method 

S7 Maintainability Corrective and 
preventative 

Not given 

S10 Understandability, 

Analysability, and 

Modifiability 

Not mentioned Fuzzy Prototypical Knowledge Discovery (FPKD) 

which is an extension of traditional Knowledge 

Discovery in Databases (KDD) and can be used 

for prediction based on Fuzzy Deformable 

Prototypes 

S13 Maintainability Not mentioned FPKD. The prototypes were defined as high-time 

consuming, medium-time consuming, and low-

time consuming. 

S17 Maintainability Not mentioned Not given 

S23 Understandability 

and Modifiability 

Not mentioned Generalized Estimating Equations (GEE) by also 

applying Principle Component Analysis (PCA). 

S25 Modifiability Not mentioned Expert judgment (Values for the calculated 

metrics were matched against expert judgment) 

S26 Modifiability, 

testability, 

Understandability, 

Portability 

Not mentioned Not given 

S30 Maintainability Not mentioned Fuzzy logic: The mentioned 5 factors were 

categorized as low, medium, and high. Triangular 

Membership Function (TMF) of Matlab was used 

to predict maintainability based on expert 

judgement on 3 of the 5 factors. All possible 

combinations of inputs were considered (35 = 

243). The output maintainability was classified as 

Very High, High, Medium, Low, and Very Low. 

Analytical Hierarchical Process 

S31 Maintainability Not mentioned Not given 
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The definitions of maintainability given by five of these studies complied with IEEE‟s (IEEE, 

1993) definition of software maintainability. The measures of maintainability given by these 

studies include maintenance time, volume of changes, and expert judgment where 

maintenance time and volume of changes were calculated for the studies based on 

experiments conducted with subjects on modification of class diagrams. Further details 

relevant to definitions and measures of maintainability sub-characteristics are available in 

Section 3.10.4 and Appendix A-7. 

None of the 9 studies made an explicit mention of relational database-driven applications 

although the datasets used in these studies were based on applications with relational 

database back-end. This was perhaps because the focus of these studies was not explicitly 

on investigating the impact of features specific to relational database on the maintainability 

of software applications but because relational database-driven applications are so common 

nowadays that the applications that these studies used for their datasets had a relational 

database back-end. Presumably for the same reason, none of these studies that gave a 

prediction technique or model used predictors that were specific to back-end relational 

database or interaction of back-end relational database with front-end application.   

3.12   Complimentary Literature Review on Research Areas Related 

to Databases 

The SR looked at evidence in support of prediction and measures of maintainability and its 

sub-characteristics in the context of software applications. This means that the selected 

studies focused on complete software applications rather than a specific component, aspect, 

or part of software applications and only looked at factors and metrics in the context of 

maintainability prediction. In order to investigate if maintainability factors that were not 

studied in the specific context of maintainability prediction were reported by other 

researchers, I conducted a complimentary literature review. The aims of the complimentary 

literature review were to find out: (1) if there were maintainability factors which were 

important but necessarily not used in the context of prediction; and (2) which topics have 

been discussed in the database related literature, which factors have been discussed in the 

context of maintainability, and if the topics and factors point towards any significance that the 

database-specific features, preferably relational, may have on the maintainability of software 

applications.  

For the stated aims, two different searches were conducted on different online database 

engines that were also used for SR searches. The search strings were very broad. For the 

searches on maintainability factors the search string was „maintainability and factors‟ and for 
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topics and factors of database related aspects the search string was „database and 

maintainability‟. As discussed earlier, most studies in the literature do not specifically 

mention the type of the database used for their research and often it is implicitly understood 

to be relational, the searches ran for the complimentary literature review were not specific to 

only relational databases.  Also as discussed in Section 3.13 the scope of the thesis was 

reduced to maintainability from maintainability and its sub-characteristics therefore, the 

complimentary literature review did not explicitly take maintainability sub-characteristics into 

account. 

The time constraints pertaining to the research did not allow for an exhaustive 

documentation of the processes and outcomes of each step of conducting the 

complimentary literature review. However, the studies that were considered followed the 

same selection process as that of the SR i.e., titles and abstracts were read in the first stage 

and full texts were read in the second stage both for studies that were selected in the first 

stage and those on which a decision could not be made only by reading abstracts and titles.  

The factors and metrics – in some studies factors were further translated into metrics - 

identified as a result of running the searches on „maintainability and factors‟ are presented in 

Table 3-15 in a chronological order. Note that some factors are exactly the same as those 

identified by the SR and some are either synonyms or contextually similar to that of the 

factors identified in the SR. However, all the factors have been presented in Table 3-15 

because the intention was to provide an exhaustive list of factors that were considered 

important for maintainability whether the factors were used for prediction or not. Also note 

that all the factors listed in Table 3-15 either map directly to the survey factors or are 

covered under the survey factors as discussed in Chapter 5. 

In relation to the second aim of the complementary literature review, the findings suggests 

that there is evidence in support of topics looking at maintainability at the database schema 

level such as schema evolution (Curino, Moon, & Zaniolo, 2008; Franconi, Grandi, & 

Mandreoli, 2000), schema versioning (Franconi et al., 2000; Golfarelli, Lechtenbörger, Rizzi, 

& Vossen, 2004), metrics for conceptual schema evolution (Wedemeijer, 2001), and 

automatic schema matching (Rahm & Bernstein, 2001). There is also discussion on testing 

of database-driven applications (Chays & Deng, 2003; Gardikiotis & Malevris, 2006; Haraty, 

Mansour, & Daou, 2001; Kapfhammer & Soffa, 2003), and evaluation of maintainability of 

persistency techniques (Goldschmidt, Reussner, & Winzen, 2008). It has also been 

acknowledged in the literature that testing techniques for database-driven applications need 

be tailored for these applications (Gardikiotis & Malevris, 2009) and automated testing 

should be performed for database-driven applications that take into account the changing 
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database state during the execution of the system under test (Rogstad, Briand, Dalberg, 

Rynning, & Arisholm, 2011).  

Table 3-15 Maintainability Factors Identified from Complimentary Literature Review 

No. Factor / Metric 

1 Accessibility (H. Yu, Peng, & Liu, 2009) 

2 Adherence to code audit procedures (Kim & Weston, 1988) 

3 Adherence to coding conventions (Kim & Weston, 1988) 

4 Adherence to formal testing procedures (Kim & Weston, 1988) 

5 Adjustment degree (H. Yu et al., 2009) 

6 Analysability (Ma & Ben, 2010) 

7 Architecture (Anda, 2007) 

8 Assembly/disassembly (H. Yu et al., 2009) 

9 Availability of the original author(s) or previous maintainer(s) of the software (Kim & Weston, 

1988) 

10 Avoiding the use of compiler extensions (Kim & Weston, 1988) 

11 Calls from methods in unrelated classes (OMMEC) (Anda, 2007) 

12 Calls to methods in unrelated classes (OMMIC) (Anda, 2007) 

13 Changeability (Ma & Ben, 2010) 

14 Change in human resources (Chen & Huang, 2009; Hsia, Gupta, Kung, Peng, & Liu, 1995)  

15 Choice of classes (Anda, 2007) 

16 Code (Hsia et al., 1995), coding standards (Chen & Huang, 2009), and dispersion of coding 

(Benestad, Anda, & Arisholm, 2010) 

17 Cohesion (Anda, 2007) 

18 Communication among users, managers, analysts and programmers (Kim & Weston, 1988) 

19 Complexity (Banker, Datar, & Zweig, 1989; Hashim & Key, 1996; Washizaki, Nakagawa, 
Saito, & Fukazawa, 2006) 

20 Component Coupling Factor (Washizaki et al., 2006) 

21 Components (Anda, 2007) 

22 Coupling (Anda, 2007) 

23 Cyclomatic complexity (Wake & Henry, 1988) 

24 Depth of inheritance tree (Hsia et al., 1995) 

25 Design (Anda, 2007) 

26 Developer‟s experience (Ma & Ben, 2010) 
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No. Factor / Metric 

27 Development methods (Ma & Ben, 2010) 

28 Difficulty (Berns, 1984) 

29 Documentation (Kim & Weston, 1988; Ma & Ben, 2010), documentation quality (Chen & 

Huang, 2009), and inadequately documented changes (Chen & Huang, 2009) 

30 Efficiency (Anda, 2007) 

31 Encapsulation (Anda, 2007) 

32 Fan-in (Wake & Henry, 1988) 

33 Fan-out (Wake & Henry, 1988) 

34 Fix structure (H. Yu et al., 2009) 

35 Halstead‟s measures – n1, n2, n, N1, N2, N, V, and E (Wake & Henry, 1988) 

36 Identification (H. Yu et al., 2009) 

37 Inheritance (Anda, 2007) 

38 Lack of integrity and consistency (Chen & Huang, 2009) 

39 Level of validation and testing (Hashim & Key, 1996) 

40 Libraries (Anda, 2007) 

41 LOC (Anda, 2007; Wake & Henry, 1988) 

42 Modifiability (Anda, 2007) 

43 Modularisation (Hashim & Key, 1996; Kim & Weston, 1988; H. Yu et al., 2009) 

44 Module interaction (Anda, 2007) 

45 Naming (Anda, 2007) 

46 Number of classes (NOC) (Anda, 2007; Hsia et al., 1995) 

47 Number of comment lines (CMT) (Anda, 2007) and inadequate comments (Chen & Huang, 

2009) 

48 Platform and operating environment (Ma & Ben, 2010) 

49 Portability (Anda, 2007) 

50 Process management problems (Chen & Huang, 2009) 

51 Programming problems (Chen & Huang, 2009) 

52 Readability (Hashim & Key, 1996) 

53 Reciprocation (H. Yu et al., 2009) 

54 Reliability (Anda, 2007) 

55 Simplicity (Anda, 2007; H. Yu et al., 2009) 

56 Stability (Ma & Ben, 2010) 
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No. Factor / Metric 

57 Standardization (Hashim & Key, 1996; Kim & Weston, 1988; Ma & Ben, 2010; H. Yu et al., 
2009) 

58 System requirements problem – frequently changing requirements (Benestad et al., 2010; 

Chen & Huang, 2009)  

59 Technical platform (Anda, 2007) 

60 Testability (Anda, 2007; Ma & Ben, 2010) 

61 Tight class cohesion (TCC) (Anda, 2007) 

62 Time to change (Benestad, Anda, & Arisholm, 2009; Hsia et al., 1995) 

63 Traceability (Chen & Huang, 2009; Hashim & Key, 1996) 

64 Understandability (Anda, 2007) 

65 Usability (Anda, 2007) 

66 Use of chief programmer team approach (Kim & Weston, 1988) 

67 Use of code review techniques (Kim & Weston, 1988) 

68 Use of formal software change procedures (Kim & Weston, 1988) 

69 Use of machine generated aids (Kim & Weston, 1988) 

70 Use of in-source comments (Kim & Weston, 1988) 

71 Use of method of rotating personnel (Kim & Weston, 1988) 

72 Use of standard data definitions (Kim & Weston, 1988) 

73 Use of standard library functions/routines (Kim & Weston, 1988) 

74 Use of straightforward approach to coding (Kim & Weston, 1988) 

75 Work space (H. Yu et al., 2009) 

 

The evolution of application with change in requirements and  conceptual schema has also 

been discussed in that with changing requirements, database schemas and mapping of 

application should co-evolve with conceptual models (Terwilliger, Bernstein, & Unnithan, 

2010). Some research has been carried out to look at the maintenance of database 

applications (Gardikiotis et al., 2004) and impact analysis and prediction of database 

schema changes (Maule et al., 2008). Although Gardiokiotis, et al. (Gardikiotis et al., 2004) 

and Maule, et al. (Maule et al., 2008) do not provide specific maintainability metrics or 

discuss maintainability prediction, they do provide a motivation for exploring metrics and 

models for maintainability prediction in database-driven applications. 

Similarly, studies have been conducted in the past to capture size aspects of tables and 

schemas (Calero, Sahraoui, & Piattini, 2002) and for estimating development effort for small 
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database applications (Abiad, Haraty, & Mansour, 2000). These findings suggest that the 

aspects related to databases do have an impact on the overall software application 

maintainability.  

Note that the topics relevant to relational databases discussed above were only studied to 

identify if the topics point towards the significance of the relational database related aspects 

to the maintainability of relational database-driven applications. As such the topics do not 

relate to the thesis topic and therefore, were not pursued any further. 

The specific factors that were identified in the literature from the searches on „database and 

maintainability‟ are given in Table 3-16. These are the factors that were given in relation to 

maintainability but not maintainability prediction. None of the factors listed in Table 1-15 was 

identified in the SR. 

Table 3-16 gives only 8 different factors but relate to database objects, interaction or 

reference of a program unit to database, and the front-end application i.e., forms and 

reports. The results suggest that these factors have a role in all three areas and therefore, 

may be considered in the context of maintainability. Further discussion on the results and 

implications of the results of the complimentary literature review follows in Section 3.13. 

Table 3-16 Maintainability Factors for Databases and Database Applications 

No. Factor / Metric 

1 Complexity of relational database application as function of weighted number of tables, 

relationships, queries, forms, and reports (Jamil & Batool, 2010) 

2 Number of declarations anchored to database schema objects in unit u (DTCBUSO(U)) 

(Gardikiotis & Malevris, 2009) 

3 Number of distinct statements in a database application that reference database schema 

objects (CBDAS(U)) (Gardikiotis & Malevris, 2009) 

4 Number of distinct statements of unit u that reference database schema objects (CBUSO(U)) 

(Gardikiotis & Malevris, 2009)   

5 Number of attributes (Genero, Poels, & Piattini, 2008) 

6 Number of entities (Genero et al., 2008) 

7 Number of relationships (Genero et al., 2008) 

8 Percentage of database schema objects referenced by a database application (Schema 

Coverage) (Gardikiotis & Malevris, 2009) 
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3.13   Discussion and Research Gaps 

This section presents a discussion on the SR results, the issues encountered while 

conducting the SR, the decisions taken to deal with the issues encountered, the gaps found 

in the topic area, and the research gap that this thesis has tried to address. This section also 

presents threats to the validity of the SR while discussing the issues encountered while 

conducting the SR. The threats to the validity are further given in Chapter 7. 

The SR identified a total of 32 studies of which 22 discussed maintainability; 3 discussed 

testability; 2 discussed stability; 1 discussed understandability; one discussed modifiability; 1 

discussed understandability, analysability, and modifiability; 1 discussed understandability 

and modifiability; and 1 discussed modifiability, testability, understandability, and portability. 

No evidence was found in support of compliance, simplicity, conciseness, self-

descriptiveness, and modularity sub-characteristics as given in Figure 3-1. Additionally, all 

evidence gathered for the SR relates to maintainability or its sub-characteristics. No 

evidence was found in support of the third level of the maintainability hierarchy given in 

Figure 3-1. 

The results of the SR suggest that there is little evidence on the use of maintainability and 

maintainability sub-characteristics prediction models and metrics. Also the generalisability of 

the proposed models is not clear. For example, the models proposed in S1 were reported to 

be inapplicable for a wider range of software applications given they were based on data 

specific to HP. Also, the models proposed in studies S19, S22, and S28 were based on Li & 

Henry‟s datasets (Li & Henry, 1993), which were created from measurements based on only 

two systems.   This suggests that more research is needed in the area under discussion to 

be able to develop reliable and widely-applicable models for software maintainability and its 

sub-characteristics prediction. 

The results give no evidence on the use of a prediction technique that is employed in the 

context of a certain maintenance type. With an exception of seven studies that have 

discussed testability, stability, understandability, modifiability, or portability in isolation, all 

other studies have either discussed maintainability at a higher level of abstraction or a 

combination of two or more maintainability sub-characteristics. This suggests that 

maintainability is understood as a holistic concept encompassing all qualities that software 

should have for successful maintenance. The results also suggest that testability, stability, 

and portability have been discussed in complete isolation when compared with 

understandability and modifiability which have been used in combination with and without 

other sub-characteristics to define maintainability. This suggests that testability, stability, and 
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portability were considered as concepts isolated from maintainability, also suggested by the 

definitions used in these studies and the fact that these studies did not mention 

maintainability as such. The results suggest that there is a need to further explore prediction 

techniques and models for maintainability and its sub-characteristics. There is a need to 

assess if there is a method that can be used to predict all the different maintainability sub-

characteristics and if the overall maintainability of software applications can be predicted 

based on the prediction of different maintainability sub-characteristics.  

This SR also showed that the only commonly used techniques for maintainability prediction 

in the context of the selected studies, were algorithmic techniques, including multivariate and 

univariate regression models, regression trees, and Support Vector Regression. The use of 

other prediction techniques commonly used in the field of software effort prediction, such as 

CBR and other artificial intelligence based techniques, was not observed. This suggests the 

need to investigate the applicability of other prediction techniques for software maintainability 

prediction. The application of other prediction techniques was observed for maintainability 

sub-characteristics but no common pattern could be found. 

The results of the SR also suggest that metrics related to application size, complexity and 

coupling were the most commonly used software maintainability and maintainability sub-

characteristics predictors, in the context of the studies selected in the SR.  

The most commonly used maintainability metric, in the context of the studies selected in the 

SR,  was an ordinal scale metric based on expert opinion which, in addition to suggesting 

the importance of intuitive evaluation of software quality attributes, highlights the fact that 

metrics measured using more robust scale types are not commonly employed for quantifying 

maintainability. This could be because of the reason that in research quantifying 

maintainability has never been deemed important or it is considered very difficult to quantify 

maintainability. There is a need to investigate the reasons behind it as there seems to be 

scope for the proposal of other maintainability metrics that may be more applicable for 

maintainability prediction. The same findings hold true for maintainability sub-characteristics 

where expert opinion was commonly used for measuring maintainability sub-characteristics. 

The evidence in support of other surrogate measures was also found however there was no 

evidence in support of measures specifically proposed for measuring maintainability sub-

characteristics.  

While I further analysed the results to gather evidence in support of maintainability prediction 

in the specific context of relational database-driven applications, I did not segregate the 

results for other types of applications. This was because the focus my thesis is not on 

applications other than those that have a relational database back-end. Nonetheless, it may 
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be useful to be able to gather evidence specific to other types of applications for advancing 

research into their maintainability.  

There was little evidence found in support of maintainability of relational database-driven 

applications. Additionally, whether the evidence found actually can be associated with 

relational database-driven applications is debatable as the studies did not explicitly mention 

that their research focused on relational database-driven applications. Furthermore, no 

evidence of predictors specific to relational database or interaction of a back-end relational 

database with a front-end application was found. These findings were intriguing and 

motivated the need for further research into this area to find out if relational database 

specific features impact maintainability of relational database-driven applications. 

The findings of the SR and that of the complimentary literature review combined suggest that 

aspects of databases and software maintainability are considered in the literature in 

isolation. It is either the database-centric concepts or software code that is under study. The 

concept of software maintainability in the specific context of relational database-driven 

applications is ignored. This presents a significant gap in the area of software maintainability 

that may be bridged by understanding the aspects of relational database-specific features, 

the impact that these have on the maintainability, and how these may be used and 

measured to predict the maintainability of relational database-driven software applications. 

This research gap was selected for conducting further research in the area. The remainder 

of the thesis focuses on this research gap only while other identified research gaps will be 

considered as part of the future work. 

All the studies selected in the SR discussed maintainability at a higher level of abstraction or 

a single maintainability sub-characteristic except three studies that discussed 2-4 

maintainability sub-characteristics. The analysis of the results did not reveal a commonly 

agreed upon pattern or definition that determined that maintainability comprises of a 

combination of different sub-characteristics. The three studies that did involve different sub-

characteristic all used different combinations of maintainability sub-characteristics. 

Maintainability at a higher level of abstraction appears to be the most commonly understood 

concept in research in comparison to maintainability as comprising of several different sub-

characteristics. Also from the perspective of software professionals, if they are asked about 

what factors they may think impact maintainability and testability, they will most likely come 

up with different sets. For the purpose of this research, I only focused on maintainability as it 

involved gathering evidence from practice and it is a commonly understood concept. 

However, it is worth investigating why maintainability is not understood as a function of its 

sub-characteristics in research; if it is understood in terms of its sub-characteristics in 
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practice; and if all maintainability sub-characteristics are not relevant constituents of 

maintainability, which ones are. 

I also consider it important to mention that the choice of the various quality models that were 

considered for the maintainability hierarchy given in Figure 3-1 and the maintainability sub-

characteristics and primitive characteristics given by the quality models, had no negative 

impact on the results of the SR. I believe all concepts relevant to maintainability were well 

covered by first creating the maintainability hierarchy that considered all well-known and 

available quality models and then by considering the synonyms for all the terms. Also, 

because no evidence was found in favour of the third level of maintainability hierarchy, the 

issues relevant to data synthesis for primitive characteristics that belonged to two or more 

sub-characteristics did not arise. Therefore, the SR contains no duplication in the results that 

would have introduced a bias towards the use of any prediction technique, measures, or 

predictors. 

Several note-worthy issues arose during the SR process. As already mentioned, many 

studies did not clearly differentiate between the process and quality attribute i.e., 

maintenance and maintainability, testing and testability etc., so the search query was 

modified with this in mind. The query was also tailored for each database using the subject 

librarian‟s help and by trial and error such that the query that gave the most relevant results 

was used for each database. Because I made conservative changes to the query, the result 

was many irrelevant results were returned by the databases. The high number of irrelevant 

results returned can also be attributed to including search terms from relevant studies which 

did not end up being included in the SR. However, at the stage of designing the search 

strategy, I considered the best available options. I believe it resulted in more relevant search 

terms being considered instead of resulting in missing evidence given that many studies did 

not differentiate clearly between maintenance and maintainability in their abstracts and titles. 

Although it resulted in screening abstracts and titles of much more studies, I believe it 

eliminated the threat to the validity of the SR results due to ignoring potentially relevant 

evidence in support of the SR topic.  

It may also be noted that the SR identified 12 of the 32 studies as a result of the secondary 

search process. While it may seem that the search terms did not cover the search space 

well, this is not the case. It must be noted that the search process began with searching full 

texts and was narrowd down to abstracts and titles only after thousands of irrelevant results 

were returned. Later, for a subset of online databases, it was verified that the relevant results 

returned by full text searches were also returned by searches run on abstracts and titles. 

Also, the identification of a large proportion of the studies as a result of secondary search 
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can mainly be attributed to the fact that most studies do not include structured abstracts and 

therefore, all the relevant terms do not appear in studies‟ abstracts. Also, some studies use 

acronyms in the titles. One such example is „S27 - A Comparative Study of MI Tools: 

Defining the Roadmap to MI Tools Standardization‟. For such studies, all the terms in the 

search string may not be found in abstracts and titles. These studies can then only be 

identified through secondary search process. Finally, most of the papers selected from 

secondary search were from venues that are not obvious candidates as search resources for 

the research topic e.g., IEEE International Conference on Automated Software Engineering 

(S11), Journal of Advanced Conceptual Modeling Techniques (S13), North American Fuzzy 

Information Processing Society Conference (S18), International Conference on SR Parallel 

and Distributed Systems (S20), International Conference on Computer Systems and 

Applications (S25), International Multitopic Conference (S27), ACM Symposium on Applied 

Computing (S32). I believe the purpose and the beauty of secondary search process in SRs 

is to overcome such limitations that impacts on the primary search process. In my opinion, 

the number of studies identified by the secondary search process suggests that the SR has 

done fairly well in terms of identifying the studies that could not have been identified 

otherwise. 

Despite the quality checklists commonly used for SRs being a good mechanism for 

determining the quality of the studies, they sometimes did not, in my view, depict the true 

quality of the study. This was because sometimes studies that are poorly reported may not 

be of a poor research quality and vice versa. For such studies, questions in the quality 

checklist could not be directly answered and the unavailability of the studies‟ authors 

resulted in giving average scores to such questions.  However, I believe that this did not 

present as a threat to the validity of the SR results because only one study that actually 

scored very low on quality criteria, was discarded and all the selected studies scored 

reasonably well on the quality criteria. This eliminates to a higher degree the threat of 

discarding quality evidence from the SR or including poor quality evidence in the SR. 

While extracting data, I refrained from making assumptions and reported only the results that 

were clearly stated by the studies. This approach has its associated pros and cons. On one 

hand, it is beneficial as it helps to avoid bias in understanding the findings reported in the 

studies and making assumptions that are not made by the author(s) of the primary studies 

while on the other hand, it prevents from deriving certain facts, indirectly mentioned in the 

primary studies, which would be worth recording. 

Finally, the process followed for the SR was comprehensive and the SR only looked at the 

literature that satisfied the inclusion criteria. This may make one think that the SR may have 
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missed relevant evidence on important maintainability and/or its sub-characteristics‟ factors 

which may not have been discussed in the literature in the specific context of prediction or 

measures. Such issues have been raised in two doctoral symposia that I have attended 

during the course of my PhD as well as by Professor Magne Jørgensen who visited the 

University of Auckland and who I had a chance to discussed my research in great detail with. 

The conclusion in all such discussions was that the SR methodology is very comprehensive 

and the probability of missing evidence on the research topic is very low given that the SR is 

conducted by following the guidelines in a proper manner, which I had done. Also, 

conducting SR does not mean that the researchers should restrict themselves to only the 

research topic. The research horizon should rather be broadened by studying relevant 

literature outside of the specific topic of the SR and relevant findings should be considered 

and incorporated where possible, in the research area – a practice I followed throughout the 

course of my PhD. The conclusion relevant to the threat of missing evidence on the topic 

area therefore is that the probability that the SR missed any relevant studies on the topic 

area is very low and can only be due to discrepancies in the underlying search models of the 

online databases and other online sources, poorly written abstracts, etc. These factors were 

beyond my control and as such cannot pose a threat to the validity of the SR findings. In any 

case, a complimentary literature review, as discussed in Section 3.12, was conducted to find 

out if any maintainability factors not mentioned in the specific context of prediction were 

discussed in the literature that the SR did not cover.  

The complimentary literature review identified some metrics (e.g., complexity measure - 

component coupling measure (Washizaki et al., 2006)) that were different to the ones 

identified by the SR and were not considered in the context of maintainability prediction. 

However, most of the factors and metrics were already identified by the SR. Also, some 

metrics and factors that were new as far as their definitions are concerned, did not add 

conceptually to the factors identified by the SR e.g., component coupling measure was a 

measure of complexity and both coupling and complexity were already discussed in the SR. 

Additional factors were also identified in the context of database and database-driven 

applications maintainability that were not discussed in the context of maintainability 

prediction or measures. However, all the factors identified by the complimentary literature 

review were either covered directly by a survey factor or under a survey factor at a higher 

level of granularity, as discussed in Chapter 5. Therefore, the maintainability factors 

identified in the complimentary literature review as such did not add much value to this 

research topic in terms of the next research phases. Nonetheless, the complimentary 

literature review proved useful as it identified work related directly or indirectly to the 

research area even if it has not been mentioned in this chapter due to it being not relevant to 
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the research topic. The complimentary literature review not only increased my knowledge on 

the research area but also guided me in carrying out the next research phases.      

3.14  Conclusions 

 The SR results suggest that more research is needed in the area of software maintainability 

and its sub-characteristics prediction and metrics. The SR identified a number of research 

gaps, as discussed in Section 3.13. The important finding in the context of this thesis is a 

need to further investigate maintainability prediction in the context of relational database-

driven software applications which is also the research gap chosen for this thesis. The 

remainder of the thesis will be specific to maintainability prediction and measures in the 

context of relational database-driven applications where evidence on the research topic is 

also collected from practice and prediction techniques are applied on the software projects‟ 

data gathered from software companies.  
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Chapter 4  

Interviews with Software Practitioners 

 

4.1 Objective 

The objective of conducting interviews with software professionals was to gather evidence 

from industrial practice on maintainability prediction in the context of relational database-

driven software applications. The reasons leading to conducting the interviews were 

following: 

1. Lack of evidence from the SR on the predictors relevant to relational database back-

end and its interaction with software application. 

2. To further investigate if the factors concerning relational database back-end impact 

maintainability of the software applications at all and are given importance in 

practice. 

3. To investigate with the help of evidence gathered from the state of practice if 

maintainability in the context of relational database-driven applications is different 

from that of applications that do not have a relational database back-end. 

4. To gather evidence on the current state of practice in maintainability prediction for 

relational database-driven applications.    
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4.2 Research Procedures 

The methodologies applied in this phase of the research were qualitative in nature. The 

responses to the interview questions were qualitative and were analysed using qualitative 

data analysis techniques. A discussion on the procedures used for carrying out this research 

phase follows below. 

4.2.1 Semi-Structured Interviews 

Interviews – a commonly used technique for collecting qualitative data – can be used to 

collect opinions or impressions about a phenomenon of interest and to help identify the 

terminology used in a given setting (Seaman, 1999). For this research, semi-structured 

interviews were conducted with software practitioners. This type of interviews were best 

suited for this research phase as these comprise a mix of open-ended and closed-ended 

questions and aim at not only eliciting expected information, but also unforeseen information 

(Seaman, 1999). 

The interviews aimed to capture software professionals‟ opinions on the following: 

1. How they understand maintainability. 

2. Whether they believe software applications should be maintainable and the reasons 

why they believe so. 

3. Whether they have any experience with predicting maintainability. 

4. The benefits they believe may be achieved with predicting maintainability. 

5. If maintainability is predicted in their company and if yes, which factors are important 

and how maintainability is measured. 

6. If maintainability is not predicted in their company why not and which factors they 

would take into account if they were to predict it. 

7. Whether they think there is a difference between maintainability prediction for 

relational database-driven applications and applications that do not have a back-end 

relational database and what may be the additional factors to consider.  

The complete interview questionnaire is given in Appendix B-6. The research questions for 

the thesis and the SR were used as a basis to compile the interview questions. 

4.2.2 Data Source 

The data source used for this research comprised interviews with 13 software professionals 

from 10 different software companies in Pakistan and New Zealand. After inviting various 

companies for participation in this research phase, I was initially contacted by a total of 14 
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companies (See Section 4.2.3 for details on requesting companies to participate). Of these 

14 companies, 10 agreed to participate within the allocated time-frame for data collection 

and after understanding the full requirements of the participation. I then conducted a total of 

12 interviews, six in Pakistan and another six in New Zealand. In one of the interviews 

conducted in Pakistan, two interviewees participated; however, the information provided by 

them overlapped; therefore, their responses are considered to come from a single source 

(i.e., a single interviewee). The interviewees were either Project Managers (PM), project 

Team Leads (TL) or Quality Assurance (QA) professionals. These roles were chosen 

motivated by the fact that software companies differ in their size and the types of projects 

they manage; therefore, for a given role the associated responsibilities defined in different 

companies are likely to differ. I had observed over time from being in contact with software 

professionals in Pakistan and New Zealand that in some large companies a Software 

Engineer (SE) is only responsible for coding, whereas in others a SE participates in all 

phases of a software development life cycle (SDLC).  Therefore, there was no certainty as to 

whether developers or maintainers were involved in other phases of a SDLC in addition to 

implementation. For the purpose of this research, the best suited roles were those that were 

involved in all phases of a SDLC and had a considerable level of experience dealing with 

quality-related issues and maintenance tasks. PMs, TLs and QA professionals best fitted 

these requirements as they were better able to reflect upon their experiences and lessons 

learned from the projects they had been involved in. 

The two countries, Pakistan and New Zealand, were chosen for the following reasons: i) I 

am originally from Pakistan; ii) most software companies in Pakistan deal with outsourced 

projects from the United States, United Kingdom, Denmark, etc. These companies are well 

established and follow commercial quality standards and practices. I believed that I could 

gather rich data from these companies; iii) the PhD research was carried out at the 

University of Auckland, New Zealand which provided the feasibility to contact software 

professionals in New Zealand; and iv) I believe that the context of this research was not 

culture-sensitive as the focus was on software applications in general and not specific 

aspects related to people or their way of carrying out their work. 

The interviewees were all at least at managerial positions in well established companies; 

one CEO and founder of a company was also interviewed. The interviewees had an average 

experience of 10.3 years in software development and management. A summary of 

interviewees‟ experience and countries to which each role belonged is given in Table 4-1. All 

the companies where the interviewees worked, except for one, developed only relational 

database-driven software applications. This was also confirmed during the interviews. 
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Table 4-1 Interviewees´ Summary per Role 

Role No. of Interviewees 
in Pakistan 

No. of Interviewees 
in New Zealand 

Total Years of Experience 

(Averaged per role) 

PM 6 4 10.35 

QA 1 0 7 

TL 0 1 9 

CEO & Founder 0 1 15 

 

4.2.3 Data Collection Procedure 

The data collection i.e., the conducting of the interviews, began after obtaining ethics 

approval from the UAHPEC – application reference 2009/352 and approval letter attached 

as Appendix B-1. The procedures relevant to contacting participating companies and 

employees are detailed in Section 2.6 of Chapter 2. The PIS and consent forms for both 

company and employee used for this research phase are given in appendices B-2 through 

B-5. The invitations for participation to New Zealand companies were sent out through email 

using the University of Auckland‟s Centre of Software Innovation (CSI) mailing list as well as 

by looking up the contact email addresses for various companies that were returned as a 

result of a Google search. For the companies in Pakistan a mailing list was compiled of 

companies that were registered under Pakistan Software Export Board (PSEB) through 

PSEB‟s website (www.pseb.org.pk). The companies that responded to the invitations and 

the employees that the competent authorities of these companies designated for 

participation, were further contacted through email or telephone.  

The interviews were conducted in two steps. The plan was that the second step would be 

informed by the responses obtained from the first step. In the first step, I conducted six 

interviews with software professionals in Pakistan. In the second step, I conducted another 

six interviews with software professionals in New Zealand. The interviews in Pakistan were 

conducted in July 2009 and those in New Zealand were conducted between August and 

November 2009. All the interviews, except for one conducted in a coffee shop, were carried 

out at the participating companies‟ premises. All the interviews were face-to-face and 

recorded on two digital recorders (the second recorder was used as a backup).  

Each of the interviews began with a short introduction to the research, where it was 

emphasized that the research focused at relational database-driven software applications; 

the research objectives were also briefly explained prior to asking the main questions. A pilot 

test of the interview gave an estimated time ranging from 20 to 45 minutes depending on 

http://www.pseb.org.pk/
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whether the responses were straightforward or very detailed. In the first phase of the 

interviews which involved software professionals from Pakistan, information from the SR was 

shared with the interviewees, only as an example, to elaborate the concept of maintainability 

prediction and to enable better information elicitation. This was done using simple language. 

Similarly, in the second phase that involved interviewing software professionals in New 

Zealand, information from the first phase was shared with the interviewees as I believed this 

would give interviewees a better idea about the sort of information in which I was interested. 

This also helped keep both the interviewer and interviewees focused. 

The format of the questions and the order in which they were asked during each interview 

was the same. In the first step of interviews, conducted in Pakistan, the language used 

during the interviews was Urdu – the native language of the country. This was used so the 

interviewees could fully express their thoughts and perceptions. In this step, I shared my 

perception of maintainability with the interviewees, after asking them about their own views 

on the topic. This was done so that both I and the interviewee were on equal grounds to 

discuss further concepts. I also shared with the interviewees some predictors of 

maintainability gathered from the SR to give them an example of the perception of 

predictors.  

The second phase of interviews was conducted in New Zealand in English. The same 

process was followed, except that some predictors specific to database-driven applications 

gathered from the first phase of interviews were also discussed with the interviewees. In 

both phases, the duration of the interviews ranged from 20 to 60 minutes with an average 

duration of 38 minutes. 

During the interviews, extensive notes were also taken. This was done to record important 

terms and points, and also as means to detail further certain points without abruptly cutting 

the interviewee off and breaking their chain of thought. 

4.2.4 Data Analysis 

Prior to analysing the data obtained from the interviews, all the conducted interviews were 

transcribed. The six interviews conducted in Pakistan were also translated from Urdu to 

English. Translation and transcription were each very cumbersome tasks and their 

combination even more so. Each recorded hour in Urdu took on average 10 hours to 

translate and transcribe and each recorded hour in English took on average 8 hours to 

transcribe. I translated and transcribed all the interviews due to my familiarity with both 

languages, and also to reduce the chances of missing any information given that I also 

conducted the interviews, and therefore could also easily refer to the notes taken during the 
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interviews. The translations and transcriptions were further verified by a volunteer who 

listened to parts of interviews at random and tallied them with the time stamped transcripts of 

the interviews, thereby validating whether what he heard was consistent with what has been 

transcribed. 

After the transcripts were generated, these were analysed using qualitative data analysis 

techniques. The general steps followed for the qualitative analysis are given below 

(Creswell, 2009):  

1. Organizing and preparing data for analysis 

2. Reading all the data – this involved a detailed read through of the transcripts 

3. Detailed analysis with a coding process 

4. Generating categories or themes for analysis 

5. Interrelating categories or themes 

6. Interpreting the meanings of the categories or themes. 

The specific technique used for qualitative data analysis was „content analysis‟, using the 

framework and components defined by Krippendorff (Krippendorff, 2004). Content analysis 

is defined as “a research technique for making replicable and valid inferences from texts (or 

other meaningful matter) to the contexts of their use” (Krippendorff, 2004). It was chosen 

over other qualitative data analysis techniques because of its unobtrusive nature, context 

sensitivity, and ability to handle large amounts of data (Krippendorff, 2004). The components 

that were used to proceed from text to results are given below and have been cited from 

Krippendorff (Krippendorff, 2004) unless stated otherwise.  

 Unitizing is the systematic distinguishing of segments of text that are of interest. This 

was done in accordance to the information intended to gather i.e., the text was 

segmented according to the interview questions which was then used for further 

coding. 

 Sampling allows the analyst to economize on research efforts by limiting 

observations to a manageable subset of units that is conceptually representative of 

the population. This was carefully done by choosing appropriate roles within the 

companies to have a better representation of the population. The sample comprised 

participants from companies where both the companies and employees were willing 

to participate. The companies were not hand-chosen rather these were invited 

through emails, as discussed in Section 4.2.3, and the employees were then 

nominated by the companies. The possibility that the companies chose such 

employees that would portray a positive image of the company exists and may 
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suggest a sampling bias on part of the companies. However, I had no influence on 

the process of choosing a sample of the population due to the ethical issues involved 

and due to strictly complying with the process dictated by UAHPEC. 

 Recording and Coding involves the transformation of unedited text or unstructured 

sounds into analysable representations. This was also carefully performed. The 

interviews were recorded on reliable digital recorders and coding was done with the 

help of NVivo (Nvivo, 2010) against the units of analysis. The coding process 

reflected the research goals and the units of analysis were tied up to particular 

research questions (Lethbridge, Sim, & Singer, 2005). The transcribed interviews 

were stored in NVivo „Sources‟ as „Internals‟ such that each transcribed interview 

was an „Internal Source‟. The questions asked during the interviews were used as 

the „Tree Nodes‟ and the variety of answers as child nodes. The process followed for 

coding was that the text was read from the „Internal Sources‟ sentence by sentence. 

If a sentence or a part of it corresponded to a unit of analysis that was of interest, it 

was selected and a node was chosen for it, if the node already existed. If a suitable 

node did not exist, it was created as a child node of an existing node e.g., in cases 

where a different answer to a question was found or a new factor was found in an 

interview not reported in previously coded interviews. The coding also enabled the 

results to be summarized for number of „Internal Sources‟.   

 Reducing serves the need for efficient representations. This was done alongside 

coding where same codes identified from different sources were placed under same 

child node. 

 Inferring bridges the gap between descriptive accounts of texts and what they mean. 

This was done against the questions asked during the interviews where the codes 

obtained were interpreted and inferences derived. 

 Narrating amounts to the researchers making their results comprehensible to others. 

The narration of the results obtained from the analysis is given in the following 

section. 

4.3 Results 

The results obtained by performing content analysis on the conducted interviews, are given 

below. The subsections have been organized according to the questions asked during the 

interviews. Also, since the focus of this research was made clear to all interviewees, prior to 

asking them any questions, it was understood by the interviewees that the context of the 

interview questions was specific to relational database-driven software applications. 
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4.3.1 Perception of Maintainability 

The most common perception of maintainability was to consider it as the ease or difficulty to 

implement changes in the software or to carry out maintenance tasks. This was reflected in 7 

of the 12 interviews. Four of the remaining five interviewees perceived maintainability as the 

time taken to fix a software bug. For them software is maintainable “if it takes less time to fix 

bugs in it”. The term „ease‟ to them was a “bit of a relevant term”, and was understood in the 

context of time. Two of the interviewees also mentioned - “availability or low down time” in 

the context of database-driven applications stating “the major aspect of maintainability in 

case of databases is that it should be available 24/7”. 

4.3.2 Should Applications be Maintainable? 

All the interviewees agreed that software applications should be maintainable. The reasons 

provided included “scalability” - to be able to incorporate future changes; producing “quality 

product” and “mature products which are more reliable”; making an application 

“customizable” because “you do not know what feature a client or a client of client may 

require in future”; reduced “resource utilization”, “cost”, “effort” and “development time for 

adding new features”; “convenience to the developers and customers”; and “client 

satisfaction”. 

4.3.3 Practical Experience with Maintainability Prediction 

The analysis of the interviews revealed that software maintainability prediction is not a 

common concept in practice. This was reflected by the responses of all, except two, 

interviewees. The ten interviewees, in answer to whether they have any experience with 

maintainability prediction, said “yes in order to improve” and “yes we can see that it (software 

application) will not last forever and…due to the older technologies that we adopt (software 

application) becomes obsolete and then we have to move forward”. 

None of the interviewees had experience with predicting software maintainability whereby it 

is done by following any specific prediction model or formally done as part of the 

development or project planning processes. In particular, two of the interviewees stated, “I 

have not seen such scenarios as a practitioner” and “we aim to create maintainable software 

but no we do not do any such thing explicitly”. However, all the interviewees agreed that 

maintainability should be predicted and also stated the perceived benefits associated with its 

prediction, see Section 4.3.4. 
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4.3.4 Benefits of Predicting Maintainability  

The benefits identified by the interviewees to predict software maintainability were: i) 

improved costs and effort, given that “we cannot spend cost and effort on the same thing 

over and over again”; ii) to help organizations in “decision making” and “resource planning” 

in the context of “where we should put our money and time”; and iii) improved design and 

performance in terms of “we can change the design to make it easier to maintain”  and  “it 

(maintainability prediction) can show what parts of the product will require changes in the 

future and so we can create better documentation to support future modifications”. Note that 

the interviewees used the terms design and software architecture interchangeably. 

Other benefits narrated by the interviewees included “deep understanding of the application”; 

ability to “negotiate with client” on cost, and allowing the team to spend “more time on 

quality” and reducing “time spent on operations”; and the ability to decide whether to bid on a 

project by considering “not just the initial cost of project’s development but life time cost”. 

4.3.5  Is Maintainability Predicted in Practice? 

The responses of the interviewees, when asked whether maintainability was predicted in 

their respective companies, were mixed (see Table 4-2). Eight interviewees gave a positive 

response to this question. They said that maintainability is predicted based on “expert 

judgment” which “depends on previous experience”. They “can determine the maintainability 

as high or low” by “looking at the application”. One interviewee gave a negative response. 

The negative response can be attributed to the fact that the interviewee‟s company 

developed and managed applications that interacted with large databases and so the 

interviewee‟s context was that of the features provided by the tools used to develop 

relational database-driven applications. This interviewee stated that “the features are not 

available. Those that are available are practically not implementable and have a high 

overhead”. Three more interviewees did not give a definite answer. They initially answered 

that maintainability was not predicted in their company; however later added that they make 

a “judgment that is very subjective” and that it is not predicted “generally speaking from 

some measure but there are certain things that I do know”. None of the interviewees 

suggested any quantitative measures to measure maintainability. 

Table 4-2 Do Software Companies Predict Maintainability? 

Is maintainability predicted in the company? No. of Interviewees (out of 12) 

Yes 8 

No 1 

50 - 50 3 
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In relation to at what project stage maintainability can be best predicted, seven of the twelve 

interviewees supported the design stage. According to their point of view, „design‟ or 

„software architecture‟ was the best project stage to predict software maintainability. They 

said that they could make a better judgment based on design than a judgment made by 

considering resources, deliverables, and even the source code. The remaining five 

interviewees gave no definite answer to this question. The supporters of design chose it 

because it can be improved before the implementation: “it can show the visibility to make 

changes or to enhance functionality” and “application is the last thing to be challenged”. One 

of the interviewees also mentioned that they have a formal review meeting on the design 

and the design is not forwarded for implementation unless “we have improved it”. This 

means that at least those I interviewed believed that the maintainability of a relational 

database-driven software application can be subjectively predicted made based on an 

application‟s design or software architecture. 

4.3.6 Maintainability Measures  

All the interviewees, except for one, believed software maintainability was nearly impossible 

to measure. They stated that “we cannot say it on the basis of any measurement that how 

much maintainable it (software application) is or it is not”. However, they were of the view 

that software maintainability can be judged by considering various factors such as those 

mentioned in Section 4.8. The only interviewee who believed maintainability could be 

measured supported the idea of “measuring maintainability in terms of man hour resources” 

or “in terms of dollars” as he believed that “ultimately (it) comes down to it”. 

4.3.7 Is There a Difference between Maintainability for Relational Database-

Driven Applications and Applications that do not have any Back-End 

Database? 

All the interviewed practitioners, except for one, reflected that the maintainability of relational 

database-driven software applications is different from that of software applications that do 

not have any back-end database by stating “if we consider the database-driven applications, 

not only the factors related to database play a part but also those factors that are because of 

the technical aspects of the DBMS are introduced”. One of the interviewees believed it was 

the case “in terms of scalability (and) performance”. Another interviewee, who was a very 

strong supporter of database-driven applications, stated that “I call those applications without 

a database more as tools, they are not applications. To me applications run on the 

database”. However, one of the interviewees also believed that although the difference 

exists “the boundary between database-driven and non-database thing is fading as more 
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object oriented stuff is going into object level persistency”. The interviewee who believed 

there were no differences in the maintainability of database-driven and non database-driven 

software applications was of the view that “if it is a database-driven application, then one of 

your modules is database” and that implementing changes to a database schema should be 

considered the same as implementing changes to different parts of an application. 

4.3.8 Factors that Should be Considered when Predicting the Maintainability 

of Relational Database-Driven Software Applications 

A total of 90 factors specific to predicting the maintainability of relational database-driven 

software applications were mentioned by interviewees in response to the questions on 

factors that they take into account when predicting maintainability of relational database-

driven applications. The important factors identified by two or more interviewees are listed in 

Table 4-3. It is argued here that it is very likely that these factors would also be applicable to 

other software companies beyond the ones who participated in this research, given that 

most of the factors shown in Table 4-3 were selected by companies in both Pakistan and 

New Zealand, thus suggesting that they are applicable across countries.  

The factors listed in Table 4-3 suggest that the most important part in relational database-

driven software application‟s maintainability is played by the application‟s architecture, 

followed by the database design. This suggests that it is most important for organisations to 

design their applications correctly. In addition, other factors also seem to be relevant 

predictors of maintainability, such as factors related to code and design, and also related to 

software processes and people. 

Note that the factors listed in Table 4-3 may seem to be at different levels of abstraction 

and/or related; however I refrained from merging any factors in order to present exactly the 

factors as emphasized by the interviewees. 
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Table 4-3 Factors for Predicting Maintainability Specific to Relational Database-Driven 
Software Applications 

Factors #Interviewees 
Pakistan 

#Interviewees 
New Zealand 

Total 

Application‟s architecture or design 5 5 10 

Tools & technologies including development 
frameworks 

5 5 10 

Database design including the following: 

proper normalization 

de-normalization as needed 

correct definition of entities 

database design complexity 

correct use of indexes 

5 

5 

3 

3 

1 

2 

4 

2 

0 

1 

3 

0 

9 

7 

3 

4 

4 

2 

Follow processes, procedures and practices 4 4 8 

Customizable or parameterized application 3 4 7 

Documentation 3 4 7 

Database performance 3 3 6 

Application complexity 2 4 6 

Maintenance effort 2 4 6 

Experience and skill set of human resources  4 2 6 

Database connectivity and interaction between 
database & application 

3 2 5 

Understandability 1 4 5 

Emphasis on properly conducting requirements 
phase 

3 2 5 

Choice of database engine 4 1 5 

Amount of data 3 2 5 

Use of stored procedures instead of inline queries 3 1 4 

Code inspection & design and peer code reviews  2 2 4 

Tiered approach for application development  2 2 4 

Support for different database engines 1 3 4 

Code quality 1 3 4 

Coupling (both at design and code levels) 1 3 4 

Code comments & their quality 1 3 4 

Ability to foresee changes 3 1 4 

Database availability 2 1 3 
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Factors #Interviewees 
Pakistan 

#Interviewees 
New Zealand 

Total 

Number of application users 2 1 3 

Project cost 1 2 3 

Application size  1 2 3 

Initial development effort  3 0 3 

Following standards (coding and naming) 0 3 3 

Implementation of basic checks at the database 
side 

2 1 3 

Choice of data adapters 1 1 2 

Maintenance of database logs 2 0 2 

Use of features provided by database engines 2 0 2 

Communication between database and application 
developers 

2 0 2 

Scope 1 1 2 

Deployment environment 2 0 2 

Flexibility 1 1 2 

Number of bugs and defects 0 2 2 

Nature of project 2 0 2 

Class hierarchy 2 0 2 

Metadata schema or summary tables 1 1 2 

Unit testing 0 2 2 

 

4.4 Discussion and Threats to the Validity 

This chapter presents evidence from the state of practice on maintainability prediction for 

relational database-driven software applications. The results suggest that in practice two 

viewpoints exist on maintainability. First, which is held by a majority of the professionals 

interviewed (7 of 12), is that maintainability is a quality attribute and relates to ease or 

difficulty of carrying out maintenance tasks. According to the second viewpoint, 

maintainability is understood in terms of time taken to correct issues in the software 

application. The second viewpoint can be attributed to the fact that quality itself is rather an 

intangible concept and so maintainability as a quality attribute is dealt with as a relative 

concept understood in terms of time. It may seem that the two viewpoints are the same in 

that the interviewees that held the first viewpoint may have been referring to maintenance 
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tasks related to bug fixing. However, this is not the case as the interviewees that held the 

first viewpoint gave clues on their awareness and knowledge of different maintenance types. 

Also, while carrying out the analysis I was mindful of the differences between that the two 

viewpoints and made sure that these were actually treated differently. For this, I took special 

care to code the interviews and also referred to the notes taken, as necessary. 

It also appears that although the practitioners acknowledge the perceived benefits of 

predicting maintainability, a formal prediction model or approach to predicting the 

maintainability of relational database-driven applications is not used in practice. The 

interviewees however, did suggest that they relied upon expert opinion when making a 

judgment on the maintainability of such applications. Therefore the notion that maintainability 

is unlikely to be predicted in practice may be slightly misleading as „expert opinion‟ also is a 

well-known prediction technique (Mendes & Mosley, 2006). Nevertheless, the use of 

subjective means for prediction is known to present several problems (Mendes & Mosley, 

2006); therefore there was a need to formalize this process by proposing and validating 

maintainability prediction models that use maintainability predictors that are relevant in 

practice. In my opinion, this would enable their adoption by the practitioners and so the next 

phases of the research focused on formalising the process of maintainability prediction in the 

context of relational database-driven applications.  

It should also be noted that while the SR research questions were used as a basis to 

prepare the questions used in the interviews, these questions differed from those of the SR. 

The questions used in the interviews were mainly open-ended and there was a provision for 

detailed discussion such as by using „why‟, „how‟ and „what‟ probes. Therefore, for such 

cases where the interviewees mentioned use of any software maintainability prediction 

model, they could be further asked about the details specific to the models, prediction 

accuracies, cross-validation methods, etc. that they used for predicting maintainability of 

relational database-driven software applications. 

Based on the evidence gathered from the interviews, I believe that it can be argued that the 

maintainability of relational database-driven software applications is perceived by 

practitioners to be different from and requiring additional predictors to that of the applications 

that do not interact with a back-end database. In this regard, the interviewees mentioned the 

factors they believed to be important to consider when assessing the maintainability of such 

applications. An outlier in this regard is the comment made by one of the interviewees who 

thought maintainability of relational database-driven applications is no different to 

maintainability of other types of applications due to relational database being just another 

module of the application. The interviewee who made this comment was a QA professional. 
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A possibility, yet an assertion, exists that this interviewee never was purely involved in 

software development activities and so never completely experienced the issues relevant to 

maintainability of the two types of applications. However, the fact remains that a majority of 

the professionals interviewed thought that the maintainability of relational database-driven 

applications was different and lends weight to the derived conclusion that in practice 

maintainability of relational database-driven applications is perceived different from that of 

applications that do not have a relational back-end database. 

As with most research, this research work also has limitations and threats to validity. A first 

threat to the validity is that the conducted interviews are based on the recollection of 

interviewees‟ experiences and hence present a possibility of missing details. This threat was 

addressed for most part by using appropriate prompts during the interviews to probe further 

on important details.  

A second threat can be that the interviewees during the first phase of the interviews were 

also told some of the results from the SR conducted on software maintainability prediction 

and metrics, to use as an example, and the interviewees in the second phase were informed 

of some of the factors identified in the first phase of interviews. While this had an associated 

disadvantage of introducing the interviewer‟s own perceptions and threatening the validity of 

the data (Babar & Zhang, 2009), after much contemplation this was considered important 

especially in cases where it was absolutely necessary to enable the discussion with the 

interviewees to take place. In addition, I tried to only relay the findings in a considerably 

neutral tone in an attempt not to influence interviewees‟ thoughts on the topic. Also, upon 

further analyzing the data obtained from the interviews, I observed that while some of the 

responses validated the evidence gathered in the previous phase, additional evidence was 

also gathered. Hence, each step resulted in acquiring more knowledge on maintainability 

prediction of relational database-driven applications.  

A third threat can be due to inaccurate hearing of the recorded interviews. This was 

minimized by spending a generous amount of time on translation and transcription, 

extensive pause-and-play to hear unclear words and phrases, and by having a volunteer 

validate a subset of the transcripts.  

A fourth threat relates to the external validity of the results. This is because the results come 

only from twelve interviews, which can be argued to be a small sample; however the nature 

of the study is qualitative and does not involve statistical analysis where large volumes of 

data is a requirement for ensuring a certain degree of external validity. Also, the sampling for 

this research phase, as also discussed in Section 4.2.2, was carefully done. The companies 

chosen were such that they represented small as well as large organizations; dealt with 
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small-scale as well as large-scale applications; did in-house development as well as 

outsourced projects; and were based in one location as well as had operations in more than 

one city or country. Therefore, I believe that the sample used is representative of software 

companies that develop relational database-driven software applications. However, one 

issue remains that the interviewees were nominated by the companies and the chance that 

they nominated only those employees that would present a positive image of the company 

cannot be ignored. However, I had no control over eliminating this potential bias because of 

the ethical constraints pertaining to this research and the process defined by UAHPEC.  

Further to the threat on external validity, an analysis of the evidence from the industry 

interviews showed that the answers given by the Pakistani and New Zealand companies are 

very similar; these results imply that maintainability prediction for relational database-driven 

software applications may not be sensitive to culture, and in addition, results may also be 

generalized outside the sample population used in this research phase. Additionally, I also 

had to take into account constraints such as the time available to carry out this work; and 

also the amount of time each interview took to be carried out, translated and transcribed 

which was approximately 5000 person-minutes, and later analysed. 

4.5 Conclusions 

The results from the interviews with software practitioners stress the importance of creating 

maintainable relational database-driven applications. The results also suggest that 

maintainability in the context of relational database-driven applications is perceived by 

practitioners differently from and requiring additional predictors to that of applications that do 

not have a relational database-backend. This implies that maintainability prediction for 

relational database-driven applications is also perceived by practitioners to be different from 

maintainability prediction for applications that do not have a back-end relational database. In 

this regard, the 90 factors identified by the practitioners needed to be further investigated to 

identify which ones play a more important role than others in predicting maintainability, which 

was the focus of the next research phase presented in Chapter 5. 
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Chapter 5  

Survey of Maintainability Predictors with 

Software Practitioners 

 

5.1 Objective 

The objective of conducting survey with software professionals was to short-list the 

predictors identified by the previous phases of the research and to identify which predictors 

were considered important by a majority of software practitioners. A total of 120 predictors 

were synthesised from three sources – interviews, studies in the SR that were relevant to 

maintainability prediction, and factors from complimentary literature review – all of which 

turned out to be either also present in the interviews or the SR results.  The reason for 

conducting the survey was a large number of maintainability predictors which made it 

impractical to collect software project data on all of these predictors and apply prediction 

techniques using these predictors as independent variables. Therefore, the predictors had to 

be reduced to a manageable number and a survey was considered the most appropriate for 

the purpose. 

5.2 Research Procedures 

The methodologies applied in this phase of the research were quantitative in nature. The 

responses to the survey questions were closed-ended, recorded on a 7-point bi-polar scale, 
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and were analysed using frequency analysis. A discussion on the procedures used for 

carrying out this research phase follows below. 

5.2.1 Surveys 

“A survey design provides a quantitative or numeric description of trends, attitudes, or 

opinions of a population by studying a sample of that population. From sample results, the 

researcher generalises or makes claims about the population” (Creswell, 2009).  

The survey conducted in this research phase aimed at ranking the predictors, identified in 

the previous phases of this research, in terms of their relative impact on the maintainability of 

relational database-driven software applications. A total of 120 predictors were identified. 

The list of predictors was compiled by synthesising predictors from SR and interviews. For 

the synthesis of the predictors, 85 predictors from SR and 90 predictors from interviews were 

compared and then integrated where possible. For example, some of the predictors in the 

SR and complimentary literature review were at a low level of abstraction where most 

predictors were translated into metrics such as total number of link relationships, total 

number of submit relationships, etc which essentially represent the number of links in the 

application. Such metrics were covered under predictors at a higher level of abstraction e.g., 

'Pages or User Interfaces (UIs) linked to other pages or UIs in the application' for the 

mentioned metrics, and were therefore not added to the list of predictors.  The predictors 

from complimentary literature review were also mapped to either a factor from SR or 

interviews using the same process and so will not be referred to in the remainder of the 

chapter. 

A survey was the best suited methodology for this research phase because it could enable 

recording software practitioners‟ opinions on the strength of the relationships between 

maintainability and the predictors from the list. Also for most of the predictors, the three 

sources did not explicitly mention whether they had a positive or negative impact on 

maintainability. The survey also aimed at recording the direction of the relationships between 

each of the predictor in the list and maintainability.  

The survey conducted was cross-sectional in nature (Babbie, 1973) i.e., it collected data at a 

point in time. It was preferred over longitudinal survey – where repeated observations of the 

same variables are taken over time to observe trends (Creswell, 2009) – because the aim 

was only to rank the predictors and not to analyse trends of how the importance of 

maintainability predictors to software practitioners changed over time.  
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5.2.2 Survey Questionnaire  

The survey was conducted with the help of a questionnaire designed specifically for this 

research phase. The survey questionnaire was made available online as well as in hard and 

soft copy forms.  

The survey questionnaire had 4 parts. The first part of the questionnaire related to the 

respondents‟ and companies‟ characteristics. The purpose of this part was mainly to record 

respondents‟ experience, the extent to which the company develops and/or maintains 

relational database-driven applications i.e., whether the company‟s main domain of work is 

development and/or maintenance of relational database-driven applications; and the DBMS 

used the most often within these companies. The aim of asking these questions was to 

enable better understanding and explanation of divergences in the results, if any. 

The second part of the survey asked how the respondents made a judgment on the 

maintainability of the relational database-driven applications that they develop and/or 

maintain. This essentially was aimed at finding out, from a dataset larger than that of the 

interviews conducted in the previous research phase, if there was a sophisticated technique 

used in industry to measure maintainability. This part only had one item which could be 

answered using one of three choices provided.  

The third part of the survey related to 120 maintainability predictors. These predictors 

belonged to one of the ten categories given below: 

1. Database schema 

 Complexity of SQL queries 

 Correct definition of entities 

 Correct use of indexes 

 Creation and maintenance of data dictionary 

 De-normalization of the database schema according to application needs 

 Inline queries 

 Metadata schemas and summary tables 

 Number of tables 

 Number of columns in a table 

 Number of triggers 

 Number of indexes 

 Number of SQL queries 

 Number of cursors 
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 Normalization of the database schema 

 Stored procedures 

 Use of character fields as keys 

 Use of loops instead of cursors 

 Unnecessary keys in the database schema 

 Use of sub queries instead of cursors. 

2. Relational database-driven software applications 

 Amount of data the database holds 

 Number of database calls  

 Capability of application to interact with various database engines 

 Choice of  data adapters 

 Choice of database engine 

 Choice of data types used in the database 

 Easy integration with other applications  

 Implementation of basic checks at the database level 

 Maintenance of database logs  

 Optimal use of database features 

 Performance of SQL queries 

 Procedures for data transfer between server and clients 

 Physical placement of files on the database  

 Use of features provided by database engines 

 Variety of data storage formats. 

3. Design aspects of relational database-driven software applications 

 Complexity of database design 

 Customizable and parameterized application 

 Good database design 

 Good software design or architecture 

 Information coming to a module or object for processing 

 Information sent out by a software module or object for further processing 

 Number of modules/objects being controlled or connected by a module/object (from a 

layered architecture orientation point of view) 

 Number of modules/objects controlled or connected to a module/object (from a 

layered architecture orientation point of view) 
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 Tiered or layered application (e.g., a separate data access layer). 

4. Size, scope, and complexity of relational database-driven software applications 

 Classes with objects of other classes as member variables 

 Complexity of the application and its domain 

 Depth of Inheritance Tree in an application 

 Difficulty in writing and understanding an application 

 Lines of code or size of the application 

 Methods in a class do not access common or same variables 

 Number of children of a class 

 Number of decision conditions evaluated in an application 

 Number of different attributes or member variables of a class 

 Number of executable files that constitute the application 

 Number of independent paths through an application e.g., due to the use of 

conditions and loops 

 Number of lines of comments 

 Number of methods and their complexity 

 Number of  methods in a class and invoked by the class 

 Number of operators and operand used in an application (in terms of expressions to 

be evaluated) 

 Number of overridden methods in an application 

 Number of private members of a class 

 Number of times an object sends a message to a different object 

 Number of variables used in an application 

 Scope of the application i.e., total work to be done 

 Scope of the variables used in an application 

 Volume of the application (number of distinct operands and operators). 

5. Quality, quality assurance, and testing of relational database-driven software 

applications 

 Application‟s time to recover from a failure 

 Availability and performance of the application 

 Code inspection, formal reviews and peer-reviews 

 Complete, up-to-date and high quality documentation 

 Data quality 
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 Design reviews between the team and with the client 

 Flexibility and scalability of the application 

 Good quality (optimal) code 

 Load testing 

 Number of bugs in the application 

 Quality of comments 

 Regression testing 

 Reproducibility of behaviour (predictable behaviour when running live) 

 Scenario-based testing 

 Strong emphasis on properly conducting  the requirements phase 

 Strong emphasis on quality assurance 

 Testing of all use cases 

 Understandability of the application 

 Unit testing 

 User acceptance testing. 

6. Change and maintenance of relational database-driven software applications 

 Ability to foresee future changes to the application 

 Changes in the database schema 

 Effort and cost spent on maintenance 

 Formal versioning using a Version Management System (VMS) 

 Time to perform a maintenance task (from request/error being logged to delivery) 

 Maintaining logs and changes to the application 

 Number of different versions of the application 

 Rate of technological change 

 Type of maintenance task e.g., corrective, perfective, adaptive, or preventive 

 Understanding a change request and its impact upon maintainability. 

7. Development and deployment of relational database-driven software applications 

 Development and testing tools e.g., development tools, IDEs or frameworks and 

automated testing tools 

 Knowledge of the application‟s deployment environment 

 Number of concurrent users using the application 

 Using frameworks for development that allow test harnessing 

 Use of packaged software (or reusable components) 
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 Variety of processors 

 Variety of telecommunication protocols. 

8. Web applications with relational database back-end 

 Data exchange between different UIs or Web pages 

 Number of client side scripts 

 Number of different programming and scripting languages used to develop an 

application 

 Number of server side scripts 

 Number of Web Objects (e.g., Java applets, images, multimedia objects like sounds 

and movies, flash objects, etc.) 

 Number of Web pages or Graphical User Interfaces (GUIs) 

 Pages or User Interfaces (UIs) linked to other pages or UIs in the application. 

9. Organisational culture and policies 

 Following standards (e.g., for coding and naming, etc.) and practices 

 Introducing policies for making changes to the application and/or database 

 Organizational culture of continuous improvement – struggle to do better and better 

as an organization and at the individual employee level 

 Organization‟s data archive strategy. 

10. Team communication and project management 

 Communication between front-end developers and database architects 

 Marketing and end-user training; and Staff turnover 

 Pair programming 

 Skilled and experienced application developers, architects and maintainers, and 

database architects 

 Time to market; Cost of the project. 

The third part of the survey asked to select the option that best described the relationship of 

the listed maintainability predictors in terms of how each predictor impacted maintainability of 

relational database-driven applications. Each of the 120 items on the third part of the survey 

was measured on a 7-point bi-polar scale. The responses on these items could be one of 

„high decrease‟, „medium decrease‟, „low decrease‟, „no impact‟, „low increase‟, „medium 

increase‟, and „high increase‟. The scale was designed such that both the direction of the 

factors‟ relationship (positive or negative i.e., whether a given factors increase maintainability 
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or decreases maintainability, respectively) and the strength of the relationship with 

maintainability could be determined. The 7-point bi-polar scale was also motivated by its use 

in a similar survey carried out in the past by Kim and Westoin (Kim & Weston, 1988) that 

measured the importance of different software maintenance factors. However in the context 

of this research, I was also interested in determining the direction of the relationship between 

maintainability and listed predictors and so a 7-point bi-polar scale was preferred over a 5-

point scale.   

The fourth part of the survey asked respondents about the aspect related to of a relational 

database-driven application – from interface, data model, or algorithmic objects/computation 

intensive modules – that was hardest to maintain. The response to this item on the 

questionnaire could be recorded by assigning a number to each of the three available 

options where 1 represented easiest and 3 the most difficult. This part of the survey also 

asked about any additional maintainability predictors for relational database-driven 

applications, in case the respondents considered other factors important that the 

questionnaire had missed out in the third part. The response to this item on the 

questionnaire could be one of „No‟ or „Yes‟ where in case of „Yes‟ the respondents could list 

other factors. The complete survey questionnaire is given in Appendix C-6. 

The survey questionnaire was pilot tested with four practitioners prior to actually conducting 

the survey. The four practitioners were asked to provide their feedback on: (1) the content 

i.e., whether the survey content and terminology was understandable to them and that they 

were able to interpret the items on the questionnaire correctly; and (2) the measurement 

scales i.e., whether the measurement scales were flexible enough to enable correct 

recording of their perceptions relevant to items on the questionnaire. The survey 

questionnaire was improved based on the feedback where the predictors from the SR, 

especially those that corresponded to various software metrics, were translated into simpler 

language. Also the predictors in part three of the survey were arranged into ten different 

categories based on the feedback, for increased comprehensibility and to improve the 

overall organisation of the survey questionnaire. 

The third part of the survey asked the practitioners to assume the impact on maintainability 

due to an increase in the value (e.g., number of tables) or an improvement in the quality 

(e.g., good software design or architecture), where applicable, of the listed factors. Some 

practitioners also contacted me while filling out the survey form to clarify the meanings of 

some of the factors and at a later stage regarding what to assume in case of factors such as 

„good software design or architecture‟ in terms of an increase in their value. I identified these 

as issues with the presentation of information on the questionnaire and sent follow-up emails 
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to all participants clarifying the meanings of various factors and that an increase in the value 

in the context of such factor relates to an improvement in the quality and that if there were 

any ambiguities related to this issue, they could contact me. Further, I also included the 

details of the factors in the questionnaire. The issue of the assumption around the increase 

in the value of a factor was identified at a very late stage and so I addressed this issue only 

by sending follow-up emails. This was not corrected in the survey questionnaire. However, I 

did not receive any further emails from the participating practitioners and so it is safe to 

assume that this issue was addressed. 

5.2.3 Population and Sample 

The population of the survey comprised software professionals from New Zealand and 

Pakistan that worked in software companies that dealt with the development and/or 

maintenance of relational database-driven software applications.  

The reasons for choosing the two different countries New Zealand and Pakistan, in addition 

to the reasons already discussed in Chapter 4, Section 4.2.2, included: 1) the research 

phase was informed by the previous research phase - interviews with software professionals 

- which was also conducted in New Zealand and Pakistan; 2) the results of the interviews 

established that the context of this research was not culture-sensitive as the focus was on 

software applications in general and not specific aspects related to people or their way of 

carrying out their work; and 3) convenience.  

The sampling design for the population was multi-stage (Creswell, 2009). A multi-stage 

sampling is where the researcher first identifies the groups, in this case organisations, and 

then obtains names of individuals within those groups and samples within them (Creswell, 

2009). However, the sample was neither strictly random nor convenience. The invitations for 

participation were sent to the companies using the same mailing lists that were used for the 

previous research phase. In addition, the companies that participated in the previous 

research phase were also sent out separate emails where they were given the reference of 

the previous research phase and asked if they were willing to participate in the next phase. 

The competent authorities of the contacted companies then designated their employees to 

participate in the research who also could chose to participate or not without feeling any 

threat to having an impact on their jobs. t. As such, I did not personally know the subscribers 

of the mailing lists and the employees working within these companies – there was no 

assurance as to whether those interviewed in the previous research phase still worked for 

the same companies. Therefore, the first stage of the sampling is difficult to characterise as 
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random or convenience. The second stage can be characterised as convenience where the 

convenience lay at the participating companies‟ end.   

The sample comprised 40 software professionals - 13 from 8 different software companies in 

New Zealand and 27 from 15 different software companies in Pakistan, where one 

respondent was self-employed. I believe that it was a reasonable sample size given the size 

of the survey questionnaire. 

The roles of the participants varied from „Software Developer‟ to „Head of Development‟. The 

participants had at least 2 years of experience with software development and/or 

maintenance, and had an average experience of 7.8 years with a minimum of 2 and 

maximum of 28 years of experience. A further breakdown of respondents by number of 

years of experience in software development and/or maintenance is given in Figure 5-1. 

 

Figure 5-1 Respondents by number of years of experience 

 

In terms of the participating companies, only 3 companies were created 1, 2 and 5 years 

ago. All the other companies were at least 10 years old. In addition, all companies except 

two were engaged in development or maintenance of applications where 90% or more of 

their applications had relational database backend. The other two also were involved in 

developing or maintaining relational database-driven applications; however, most of their 

work did not involve development of relational database-driven applications. In relation to the 

use of DBMS, all the participating companies used one of Oracle Database, MySQL, or 

Microsoft SQL Server.  

1-5  Yrs (17) 

6-10 Yrs (16) 

11-15 Yrs (2) 

16-20 Yrs (3) 

21-25 Yrs (1) 26-30 Yrs (1) 
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As such the survey data gathered did not take into consideration the characterization of the 

companies in terms of the company size, multi-national, or Government agencies etc. While 

such characterisation may have been useful if the survey objective were to investigate 

maintainability predictors of importance to different types of companies, it was insignificant 

for the survey conducted in this research phase in the light of the survey objectives.  

5.2.4 Data Collection Procedure 

The data collection for this research phase began after obtaining ethics approval from the 

UAHPEC – application reference 2009/527 and approval letter attached as Appendix C-1. 

The form of data collection was self-administered questionnaire i.e., a questionnaire that a 

respondent completes on his/her own, either on paper or via computer (Creswell, 2009). The 

self-administered questionnaires can also be made available and administered online 

(Creswell, 2009). The questionnaire for this research phase was set up online (at 

http://www.cs.auckland.ac.nz/survey_2010) and could be filled out by the respondents online 

at their own leisure. The online set up also assigned the respondents a password if they 

wanted to fill part of the survey and wanted to come back and start from where they had left 

it. The survey started with an introduction to the research phase and the terms relevant to 

the consent for participation. Upon reading the terms and pressing the start button the 

respondents were taken to the survey questionnaire. The start button was considered 

equivalent to electronically signing the consent form. The complete PIS and consent forms 

were also placed online as PDF files. Additionally, the questionnaire was also placed online 

as a PDF file that could be downloaded by the participants and filled out either on the paper 

or on the e-copy.  

The procedures relevant to contacting participating companies and employees are detailed 

in Section 2.6 of Chapter 2. The PIS and consent forms for both company and employee 

used for this research phase are given in Appendices C-2 through C-5. The invitations for 

participation, as discussed above, were sent to companies through email using the same 

mailing lists that were used for the previous phase of this research. In addition, the 

companies that participated in the previous phase were also contacted through email. The 

link to the Web page where the survey was hosted was also included in the email invitations 

requesting participation in the survey. The follow up with companies that responded to the 

invitations and the employees that the competent authorities of these companies designated 

for participation, were also done through email.  

The data collection for the survey began in June 2010 when the first contact was made with 

the companies. The survey responses were stored at a back-end mySQL database for the 

http://www.cs.auckland.ac.nz/survey_2010
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respondents that filled out the questionnaire online. The database also recorded the 

information on when a respondent started to fill out the questionnaire and whether they 

completed it. Follow-up emails were sent to respondents on a fortnightly basis if the 

questionnaire remained unfilled. The survey was allowed to run until September 2010 when 

the last of the respondents completed the survey questionnaire. Four respondents filled out 

the questionnaire on e-copies and returned the filled out questionnaire through email within 

two weeks and so required no follow-up.  

5.2.5 Data Analysis 

The data analysis was based on the responses from a total of 40 software professionals. 

Another 34 respondents started filling out the survey questionnaire but dropped out before 

completing it. The responses of these 34 respondents were discarded to eliminate bias in 

results. Also, most of these 34 respondents had filled out only the first part of the survey. 

Those that had progressed to the third part had not filled out the third part of the survey 

completely and so these partial responses could not be used for data analysis. 

Prior to analysing the data obtained from the survey responses, a spreadsheet template was 

prepared to record the responses. All the responses from the back-end database were 

collated with the help of SQL queries and exported to flat files. The data from flat files was 

then transferred to the spreadsheet. The responses for the four questionnaires filled out on 

e-copies were manually recorded on the spreadsheet.  

The data analysis for the first part of the questionnaire that recorded company and 

respondent characteristics was done by using descriptive statistics e.g., averages, minimum 

values, maximum values, and percentages. 

The responses relevant to the second and fourth part of the survey questionnaire were 

analysed using simple frequency analysis. For the items in these two parts of the 

questionnaire the number of responses relevant to each option available for the items was 

counted and the conclusions derived based on the frequencies of the responses.  

The third and most important part of the survey recorded responses on a 7-point bi-polar 

scale on the strength of relationship between each of the 120 predictors and maintainability. 

For data analysis purposes, the responses were translated into a numeric value from 1 to 7 

representing „high decrease‟ to „high increase‟ on the measurement scale. The data were 

then analysed using frequency analysis. Initially only the predictors that were reported to 

have an impact of „high decrease‟ or „high increase‟ on the maintainability of relational 

database-driven applications were considered. However, the frequency values did not give 



Chapter 5 – Survey of Maintainability Predictors with Software Practitioners 

102 
 

useful insights into the data when only the extreme ends of the bi-polar scale were 

considered. For instance, for most of the factors the proportion of the respondents (out of 40) 

that chose one of the extreme ends of the scale (1 OR 7) was half or less than half of the 

proportion of the respondents that chose other options „medium decrease‟ to „medium 

increase‟ (2 to 6). Therefore, for final analysis, the sum of the frequencies for „high decrease‟ 

and „medium decrease‟ (1 and 2 on the bi-polar scale), and „medium increase‟ and „high 

increase‟ (6 and 7 on the bi-polar scale) were considered. The sum of the frequencies for the 

two ends of the bi-polar scale presented a better choice and gave better insights into the 

data. The intermediate results of frequency analysis representing results for all seven 

options individually and when combined for the extreme ends of the bi-polar scale are given 

in Appendix C-7. 

The third part of the survey had one missing value for 19 of its variables and 2 missing 

values for one variable.  The missing data values were imputed using Mean or Mode Single 

Imputation (MMSI) (Twala, Cartwright, & Shepperd, 2005) where mean of the variable was 

used to substitute the missing value. Single imputation techniques attempt to substitute 

missing values using a single value and mean of the variable is suitable when the variable is 

measured on an ordinal scale (Song & Shepperd, 2007; Twala et al., 2005). The missing 

values were not imputed for the second and fourth parts of the survey, which were missing 

thirteen and one values respectively. This was because the missing values for second and 

fourth parts could not be imputed by using a data imputation technique without introducing 

bias in the results. It was therefore, considered best to report results on only the recorded 

responses. 

5.3 Results 

This section only presents the results relevant to second, third, and fourth parts of the survey 

questionnaire. The results of the survey responses relevant to the first part of the 

questionnaire are summarised in Section 5.2.3.  

5.3.1 Measures of Maintainability for Relational Database-Driven Software 

Applications  

The second part of the survey was aimed at recording the maintainability measure most 

used by the respondents in their companies. The three available options included time to 

carry out a maintenance task, own experience and judgment, and an equation or a more 

sophisticated method. For the last option, the questionnaire asked about the approach used.  
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Thirteen of the forty respondents provided no answer to this question. A breakdown of the 27 

recorded responses is given in Figure 5-2. Among the 27 responses received, 20 favoured 

expert judgment, 4 favoured time to carry out a maintenance task, 1 favoured a more 

sophisticated method, and two reported a combination of time to carry out a maintenance 

task and their judgment. The one respondent who mentioned an equation or more 

sophisticated method added a note to indicate that the approach does not refer to the use of 

an equation or model but the company uses mature practices so it has its own parameters to 

comply with quality requirements.  

Overall, their own experience and judgment was the measure reported by most surveyed 

practitioners to measure the maintainability of relational database-driven applications. This 

suggests that maintainability of relational database-driven applications is determined by 

subjective assessment in practice. 

 

Figure 5-2 Breakdown of Maintainability Measures for Relational Database-Driven Applications 
used in Practice 

5.3.2 Maintainability Predictors 

The results of the survey data analysis corresponding to the third part of the survey are 

presented in Figure 5-3, and show only those maintainability predictors for relational 

database-driven applications that had frequency values of 21 or higher i.e., those predictors 

that were reported by more than 50% of the respondents, i.e., a majority of the practitioners 

that participated in the survey, as having a high impact on the maintainability of relational 

database-driven applications. There were 44 such predictors in the list of 120 with a 

frequency of more than 50%. The number of predictors that were ranked to have either low 

or no impact on maintainability was 76.  
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All the predictors presented in Figure 5-3 had an impact of „medium increase‟ or „high 

increase‟ on the maintainability of relational database-driven applications. None of the 

predictors that had an impact of „medium decrease‟ or „high decrease‟ on maintainability 

were selected by participating respondents as shown by the results of the frequency 

analysis. This shows that all the predictors selected by a majority of the respondents have a 

positive or directly proportional relationship with the maintainability of relational database-

driven software applications i.e., an increase in their value results in an increase in the 

maintainability of relational database-driven applications. 

The top 10 predictors include correct definition of entities, good software design or 

architecture, skilled and experienced human resources, good database design, ability to see 

future changes to the system, customisable and parameterised application, tiered or layered 

application, good quality code, following standards and practices, and unit testing where the 

first four of these were selected by 35 or more respondents. These factors suggest a strong 

emphasis on properly conducting the pre-implementation tasks i.e., proper analysis and 

design for change.   

The number of selected predictors for each of the ten categories against the total in that 

category is given in Table 5-1. Note that predictors belonging to categories „Size, Scope, and 

Complexity of Relational Database-Driven Software Applications‟ and „Web Applications with 

Relational Database Backend‟ were not selected as a result of frequency analysis and are 

therefore not presented in the results discussed further. 

The results show that the predictor at the top of the list belongs to the category of relational 

database schema. In addition, other predictors, such as good database design, optimal use 

of DBMS features, are also among the top predictors of maintainability for relational 

database-driven software applications. Note that these predictors were not reported in the 

studies selected in the SR yet these rank higher than the predictors that were identified both 

by SR and interviews. This indicates the importance of these predictors in practice when 

considering maintainability of relational database-driven applications and also indicates a 

gap between research and practice. 
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Good software design or architecture

Skilled and experienced human resources

Good database design

Ability to foresee future changes to the application

Customizable and parameterized application

Tiered or layered application (e.g., a separate data access layer)

Good quality (optimal) code

Following standards (e.g., for coding and naming, etc.) and practices

Unit testing

Optimal use of database features

Communication between front-end developers and database architects

Maintaining logs and changes to the application

Choice of database engine

Development and testing tools 

Normalization of the database schema

Complete, up-to-date and high quality documentation 

Understandability of the application

Understanding a change request and its impact upon maintainability

Choice of data types used in the database

Formal versioning using a Version Management System (VMS)

Knowledge of the application‟s  deployment environment

Introducing policies for making changes to the application and/or database

Design reviews between the team and with the client

Code inspection, formal reviews and peer-reviews

Strong emphasis on quality assurance

Strong emphasis on properly conducting  the requirements phase

Use of packaged software (or reusable components)

Using frameworks for development that allow test harnessing

Implementation of basic checks at the database level

Flexibility and scalability of the application

Reproducibility of behaviour 

Regression testing

Testing of all use cases

User acceptance testing

Scenario-based testing

Stored procedures

Load testing

Choice of  data adapters

Correct use of indexes

Performance of SQL queries

Data quality

Use of features provided by database engines

Quality of comments

Sum of Frequencies for 'High Increase' and 'Medium Increase' 

 

Figure 5-3 Survey Results on Maintainability Predictors for Relational Database-Driven Software Applications 
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Table 5-1 Percentage of Maintainability Predictors Selected per Category 

Category 

No. of 
Predictors 
Selected  

Total in 
Category 

Selection 
Percentage 

Database Schema 4 19 21% 

Relational Database-Driven  Applications 7 15 47% 

Design Aspects of Database-Driven  Applications 4 9 44% 

Quality, QA, and Testing 17 20 85% 

Change and Maintenance 4 10 40% 

Development and Deployment Environment 4 7 57% 

Organizational Culture and Policies 2 4 50% 

Team, Team Communication, and Project Management 2 7 29% 

 

The results given in Table 5-1 show that the most important category of predictors was 

„Quality, Quality Assurance, and Testing‟ in terms of total number of predictors selected for 

overall analysis and number of predictors selected from the total number of predictors within 

the category. The second important category in terms of the number of factors contributing 

to maintainability prediction is „Relational Database-Driven Applications‟. Other important 

categories relate to „Development and Deployment Environment‟ and „Organizational Culture 

and Policies‟. The results clearly indicate that the factors related to quality, database 

schema, and relational database-driven application play an important role in predicting 

maintainability. However, the results also indicate that the factors related to development 

environment and organizational culture are also considered important by practitioners in 

order to determine the maintainability of relational database-driven applications.  

Another view of predictors selected for each category by survey respondents is given in 

Figure 5-4 which is essentially another representation of Figure 5-3 grouped by the 

predictors‟ categories. This representation gives further insights into the results in terms of 

number of respondents that selected different predictors from each category. This view of 

results suggests „Quality, Quality Assurance, and Testing‟ as the most important category in 

terms of number of predictors selected from the category but „Database Schema‟ and 

„Design Aspects of Database-Driven Applications‟ as the top two categories, followed by 

„Team, Team Communication, and Project Management‟ in terms of number of respondents 

that selected predictors from these categories.  

The survey responses were further analysed after splitting the dataset by respondents‟ 

experience in years to analyse if the number of years of experience had an impact on how 
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practitioners perceive the importance of maintainability predictors. This was also done to 

note if the results obtained earlier changed significantly for respondents with certain years of 

experience. The range of respondents‟ experience for the entire dataset was between 2 and 

28 years where 32 respondents had an experience of 10 or less years. The dataset was split 

into six subsets that contained responses from 17, 16, 2, 3, 1, and 1 respondents with 1 to 5, 

6 to 10, 11 to 15, 16 to 20, 21 to 25, and 26 to 30 years of experience, respectively. This is 

the same distribution that is presented in Figure 5-1. The six datasets were again analysed 

using frequency analysis and noting predictors that were ranked higher by more than 50% of 

the respondents in each dataset. For the two datasets that contained only one response, the 

values recorded at the extreme ends of the bi-polar scales (1, 2, 6, or 7) were considered.  

The differences noted between the results analysed for the six subsets and the complete 

dataset were not significant. There were minor differences in terms of relevant ranking of the 

factors e.g., factors ranked higher in one dataset were ranked lower in the other but were still 

present in the list of predictors selected by 50% of the respondents in that dataset. The 

results were then analysed across all the six subsets to note which predictors were selected 

in most of the subsets. The list of predictors compiled did not differ from the list compiled 

from the entire dataset. 

The procedures and results of the entire dataset as well as the subsets were discussed with 

the PhD supervisors and the consensus was reached that the results of the complete 

dataset will be used in the following research phase. The reasons for  preferring the results 

of the complete dataset over subsets include larger data points, insignificant differences 

between the results of the complete dataset and subsets, and the very low number of data 

points in 4 four of the six subsets that were generated from the complete dataset.  

A further analysis of the survey responses was performed where number of companies was 

used for frequency analysis instead of number of individual responses. The result set again 

did not change significantly and once again it was decided to use the results from the entire 

dataset for the next research phase. 
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Figure 5-4 Survey Results on Maintainability Predictors for Relational Database-Driven Software Applications by Category 
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5.3.3 Ranking of the Aspect of Relational Database-Driven Applications for 

Ease of Maintenance 

The fourth part of the survey asked the respondents to assign a ranking of 1(easiest) to 

3(hardest) to each of three listed aspects of the relational database-driven applications i.e., 

application‟s interface, application‟s data model, and application‟s algorithmic objects or 

computation intensive modules. The results (see Figure 5-4) show that the application‟s 

interface was considered the easiest to maintain by 33 respondents, followed by the 

application‟s data model (24 respondents) and algorithmic objects (23 respondents). As 

such, there was not much difference between the number of respondents for second and 

third rankings, which suggest that the data model of a relational database-driven software 

application can be as difficult to maintain as algorithmic or computation intensive objects. 

In addition to the ranking against the application‟s aspects, this part of the survey also asked 

if the respondents wanted to report any other factors they believed were important for 

predicting maintainability of relational database-driven applications. Only three respondents 

added their responses, which included software development process level used in an 

organization; non-technical aspects related to customer behavior which drives the timelines 

for performing maintenance tasks; and conformance of DBMS to standards, reliability of 

WANs, and impact of other software installed on the system such as anti-virus, operating 

system etc. As such, these factors were not considered significant as part of the analysis as 

each of these were reported by only one respondent and would have ultimately been 

eliminated from the list of top maintainability predictors. 
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Figure 5-5 Ranking of the Aspects of Relational Database-Driven Applications as per Ease of 
Maintenance 
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5.4 Discussion and Threats to the Validity 

This chapter presents the results of the survey conducted with software professionals aimed 

at identifying maintainability predictors that had the highest impact on the maintainability of 

relational database-driven software applications. The survey results suggest that the top 5 

predictors related to 'Database Design', 'Design Aspects of Relational Database-Driven 

Applications', 'Team, Team Communication and Project Management', and 'Change and 

Maintenance'. The number of predictors selected by more than 50% respondents was 

highest for the category 'Quality, Quality Assurance, and Testing' followed by the predictors 

related to 'Relational Database-Driven Application'. 

The survey was informed by the SR and interviews conducted in the previous phases of this 

research. The results of the SR suggested that the most frequently mentioned predictors 

related to coupling, complexity and size related measures. However, the survey results 

suggested that the factors related to „Size, Scope, and Complexity of Relational Database-

Driven Applications‟ were not ranked higher than predictors belonging to other categories by 

the surveyed software practitioners. In fact, the list of predictors ranked higher by more than 

50% of the respondents does not include any factor from this category. This is a very 

important finding suggesting a huge gap between research and practice with regards to the 

perception of maintainability predictors in the context of relational database-driven 

applications. The possible reasons for this can be that most research experiments reported 

in literature are not performed in an industrial setting and the applications used in research 

experiments are generally small in scope. This makes it easier to gather metrics and 

experiment on these applications whereas in practice there is not much room for 

experimentation due to tight deadlines. In addition, in practice no sophisticated techniques 

for maintainability prediction are used and therefore, practitioners rely more on the visible 

factors on which that they can more easily formulate a judgment on maintainability. The next 

phase of the research investigates this further by gathering project data on the 

maintainability predictors suggested by the survey results to assess if these predictors can 

indeed predict the maintainability of relational database-driven applications correctly. If 

maintainability is not predicted correctly by these predictors, this will suggest a need to 

consider predictors other than the ones selected by the survey results. 

The maintainability predictors for software applications suggested in the literature involved 

measures related to coupling, complexity and size of the application. The results of the 

survey suggest that size related measures are not important predictors whereas predictors 

related to database design are very important for maintainability prediction of relational 

database-driven applications. This further strengthens the observation made as a result of 
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the interviews conducted in the previous phase of the research that the maintainability of 

relational database-driven applications is different from that of the software applications. 

In regard to the data analysis, it may appear that the method used for this phase of the 

research is not very sophisticated and rigorous. However, the purpose of this survey was to 

identify top predictors from the list of 120 predictors such that these could be used for future 

work involved in this research. The analysis technique used perfectly suited the purpose and 

so the use for a more sophisticated technique was not required. Moreover, there are 

examples in the literature on software prediction where frequency analysis has been used to 

rank the predictors to be used further for the creation of prediction models (Mendes, Mosley, 

& Counsell, 2005). 

The data were analysed by considering the entire dataset as well as by two other 

dimensions i.e., number of years of respondents experience and number of different 

companies that participated in the survey. All resulted in the same predictors with slight 

differences in the order that these were ranked. Another way the results could be analysed 

was by splitting the dataset by the type of applications that the respondents‟ companies 

developed and/or maintained i.e., all applications had a relational database back-end, more 

than 90% applications had a relational database back-end, or more than 90% applications 

had no relational database back-end.  However, this type of analysis was not useful for the 

survey responses gathered in this phase of the research because it would have resulted in 

two incomparable datasets with 2 and 38 data points in each dataset, respectively. 

Nonetheless, it can be an interesting research to carry out in future with a larger dataset and 

planned sampling of the target population.  

It should also be noted that all the factors listed in the survey questionnaire were sourced 

either from the results of the SR or the interviews conducted as previous phases of this 

research. While some factors may not seem to be ideal candidates as predictors of 

maintainability in the context of this research e.g., effort and cost spent on maintenance 

because this research clearly differentiates between maintainability and process of 

maintenance; these were included to avoid researchers‟ bias. Additionally, because the 

maintainability is predicted in practice using expert judgment, such predictors may hold value 

especially when maintainability is assessed based on similar projects carried out in the past. 

Further to the discussion on the predictors included in the survey, some predictors from the 

SR were not listed in the survey. There were cases where different predictors represented 

the same concepts but at different levels of abstraction. In such cases, the predictors that 

were at a lower level of abstraction were not included in the survey because these were 

already represented by a broader concept.  While this presents a possible threat to the 
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validity of the research, I believe that the predictors were well represented because the 

integration of the predictors was carefully done in several discussion sessions between me 

and the PhD supervisors.  Also, the number of predictors in the list even after integrating the 

predictors was 120, which is a large number for a survey questionnaire. The size of the 

survey and the time that it would take for the respondents to fill it out also had to be kept in 

mind while designing the survey questionnaire. Further to the survey design, the possible 

threat to the content validity was addressed by pilot testing the survey questionnaire with 

four software practitioners. This was to ensure that the survey content represented the 

concepts correctly such that the issues due to misinterpretation of survey items could be 

avoided. 

It is also note-worthy that the data collection for the survey was carried out from June 2010 

and the survey design was completed in April 2010 whereas the searches for the SR were 

carried out in April 2009 and later updated in October 2010. The searches conducted in 

October resulted in 4 more studies. The maintainability predictors mentioned in these four 

studies were retrospectively mapped with the factors in the survey. All the additional 

predictors identified in the SR either mapped directly to the predictors in the survey or were 

covered under other predictors that represented the same concept either at the same level 

or a higher level of granularity. It can therefore be said that updating the SR did not present 

to have an impact on the validity or the number of the survey factors. Also, the predictors in 

the survey were not restricted only to those studies in the SR that were relevant to relational 

database-driven applications. This was because it was considered important to also include 

factors from other studies as those factors could potentially prove to be important to the 

maintainability aspects relevant to the front-end of the relational database-driven 

applications. 

The correct response rate for the survey is unknown because first, the sampling was 

multistage where first the companies were contacted and then the respondents were 

designated for participation by the companies; and second, the number of subscribers to the 

CSI mailing list was unknown to me because of CSI‟s own terms and conditions with regards 

to the subscription to the mailing list. 

Other threats to the validity of this research relate to slightly unequal number of respondents 

from the two countries and small sample size. While equal number of respondents from both 

countries would have provided better opportunity for data analysis and comparison of 

results, the research itself was context free as established by the results from the previous 

phase of this research i.e., interviews with software professionals of the two countries. 

Therefore, I believe that the unequal number of respondents in this case does not invalidate 
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the results of this research phase. In regards to small sample size, I believe that it poses 

threats to the external validity of the research as the chances of obtaining different results 

from a larger sample size cannot be ignored. However, considering the time frame within 

which the survey had to be completed and the length of the survey, I believe that the sample 

data is of a considerable size to derive valuable conclusions. 

5.5 Conclusions 

The survey identified 44 factors with an impact of medium to high increase on the 

maintainability of relational database-driven applications. The identified factors further 

validate the findings of the previous research phase and the assertion made at the start of 

the PhD research that maintainability of relational database-driven applications is different 

from that of applications that have no relational database back-end. A subset of the 44 

identified predictors was used in the next phase of this research,  as discussed in Chapter 6, 

to apply maintainability prediction techniques and to further investigate which of these 

predictors are successful maintainability predictors in the context of relational database-

driven applications. 
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Chapter 6  

Maintainability Prediction 

 

6.1 Objective 

The objective of this phase of the research was to apply maintainability prediction techniques 

in order to identify which prediction technique(s) provide the best estimation accuracy when 

predicting the maintainability of relational database-driven software applications. The 

prediction techniques applied were ordinal regression (Long, 1997), Case Based Reasoning 

(CBR) (Aamodt & Plaza, 1994), and Classification and Regression Trees (CART) (Mendes & 

Mosley, 2006). The choice of these prediction techniques was primarily made based on the 

ordinal nature of the data, as also discussed in Section 2.5.3, Chapter 2. Regression 

analysis was the most commonly used prediction technique in the existing literature (details 

in Chapter 3). The ordinal nature of the data warranted the use of ordinal regression as 

linear regression techniques could not be applied. The use of CBR and CART was motivated 

by their appropriateness for the measurement scale used and tool support available for 

conducting analysis using these techniques. The three techniques, which are all quantitative 

in nature, were applied using data from real software projects volunteered by 19 different 

software companies in New Zealand and Pakistan. The project factors to be gathered were 

identified with the help of the survey (see Chapter 5). Further, the estimation techniques 

used herein also selected the best subset of factors that were the best candidates to predict 
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the maintainability of relational database-driven applications, which was another objective of 

this research phase. 

6.2 Prediction 

Prediction is fundamental for successful software project planning and management 

(Jorgensen & Shepperd, 2007; Mendes & Mosley, 2006). Maintainability prediction, as 

discussed in Chapter 1, can enable software organisations to improve software 

maintainability and reduce the time and costs spent on software maintenance. Software 

prediction whether it is done for estimating development effort or predicting an external 

quality attribute such as maintainability, follows a prediction process which involves (Mendes 

& Mosley, 2006): 

 Identification of predictors that are believed to affect the phenomenon to be predicted 

(i.e., maintainability in case of this research). The predictors were identified both from 

state of research and practice in the previous three phases of this research. 

 Formulation of theories about the relationships between the identified predictors and 

the phenomenon to be predicted. The relationships between maintainability and the 

120 predictors were identified in the previous phase of the research where the survey 

was conducted to find out whether the predictors resulted in an increase or decrease 

in maintainability and which predictors were stronger candidates than other in the 

same list for predicting maintainability of relational database-driven applications.  

 Capturing of historical data on past projects. The data on past projects were gathered 

for this research phase and will be discussed in Section 6.3. 

 Use of historical data to predict the phenomenon by applying the prediction 

techniques. Three prediction techniques mentioned earlier were applied to predict 

maintainability for relational database-driven applications for this research phase. 

 The assessment of how effective the prediction is by assessing the prediction 

accuracy. The assessment of prediction accuracy also provides a means to compare 

the results of different prediction techniques and to report the technique that works 

the best within a given context. For this research, the prediction accuracy was 

determined by only counting the number of times a technique produced the same 

predicted value of maintainability as that of the actual value. 

6.2.1 Prediction Techniques 

Prediction techniques use as input a set of factors that have an impact on the phenomenon 

to be predicted and produce an output which is the predicted value of the phenomenon to be 
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predicted (Mendes & Mosley, 2006). Prediction techniques generally fall into three 

categories: expert opinion, algorithmic models and artificial intelligence (AI) (Mendes & 

Mosley, 2006; Shepperd, Schofield, & Kitchenham, 1996).  

Expert judgment is a process of making subjective assessment based on previous 

experience from similar projects (Mendes & Mosley, 2006). Despite being difficult to quantify 

and unrepeatable (Shepperd et al., 1996), it is the most widely used approach in the 

software industry (Jorgensen & Shepperd, 2007). 

Algorithmic techniques attempt to formalise the relationship between the phenomenon to be 

predicted and the factors that impact it (Mendes & Mosley, 2006). A well-known example of 

algorithmic model is COCOMO (Boehm et al., 1978). Algorithmic techniques are by far the 

most commonly used prediction techniques reported in estimation literature, where 

regression-based estimation approaches dominate (Jorgensen & Shepperd, 2007).  The 

algorithmic technique used for this research phase is ordinal regression (Long, 1997) as 

discussed in Section 6.4.    

AI prediction techniques are based on machine learning and include CBR, CART, fuzzy 

logic, neural networks, etc. (Mendes & Mosley, 2006). The two AI techniques used in this 

research phase to create maintainability prediction models are CBR and CART. CBR is also 

known in the software prediction literature as estimation by analogy (Shepperd & Schofield, 

1997). Estimation by analogy is a systematic form of expert judgment where estimates are 

made based on analogous information from the past projects (Shepperd et al., 1996). It is 

based on the principles of retrieve, reuse, revise and retain (Aamodt & Plaza, 1994). It is 

done by characterising the project for which the estimate is required and using this 

characterisation to find similar project(s) for which the actual value of the phenomenon to be 

predicted is known (Shepperd et al., 1996). The actual value can then be used with 

adjustments to generate the predicted value (Shepperd et al., 1996) and the parts of the new 

experience i.e., the new project, may be retained for likely use in a future problem (Idri, 

Abran, & Khoshgoftaar, 2002). Note that CBR is a prediction technique that gives the 

estimate using the case base and a set of algorithms implemented in the CBR tool. Further 

details on CBR are presented in Section 6.5. 

CART provides a decision-tree structure that is generated using past projects data and is 

based on a vector of predictors (Mendes & Mosley, 2006).The decision tree, known as 

classification tree for categorical variables, is then traversed manually to obtain the predicted 

value (Mendes & Mosley, 2006). The prediction model in case of CART is in the form of a 

decision tree. This research presents the classification tree to be used as a prediction model 
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for predicting the maintainability of relational database-driven software applications. Further 

details are presented in Section 6.6. 

6.2.2 Prediction Accuracy 

Prediction accuracy is used to determine how well a prediction technique has performed. In 

order to determine the accuracy of a prediction technique, first the predictive power of the 

technique is calculated (Mendes & Mosley, 2006). Typical measures of predictive power are 

Mean Magnitude of Relative Error (MMRE), Median Magnitude of Relative Error (MdMRE), 

and Prediction at level n (Pred(n)) (Mendes & Mosley, 2006; Shepperd & Schofield, 1997); 

none of which was used for this research phase because of the ordinal nature of the data, as 

also discussed in Section  6.8.  

The predictive accuracy is calculated using cross-validation techniques i.e., splitting the 

dataset into a training and a validation set by following the steps given below (Mendes & 

Mosley, 2006): 

  A prediction model is created using the training dataset. 

 The model is validated using each project in the validation set. 

 The predictive power for each project in the validation set is calculated.  

 The predictive power of the validation set is calculated by aggregating the values of 

predictive power for each project in the validation dataset. 

When the validation set has only one project, it is called leave-one-out cross validation which 

is commonly used for CBR (Mendes & Mosley, 2006) and has also been used in this 

research phase.     

6.3 Research Procedures 

For this phase, software project data was gathered using a questionnaire with closed-ended 

questions, the responses to which were recorded on a 5-point bi-polar scale. The responses 

were analysed using three different prediction techniques to identify the best suited 

prediction techniques and predictors in the context of relational database-driven applications. 

A discussion on the procedures used for carrying out this research phase follows below. 

6.3.1 Dependent and Independent Variables  

In the context of this research, maintainability was the dependent variable. It was measured 

on an ordinal five point bi-polar scale by recording practitioners‟ opinions on whether they 

strongly agreed, agreed, neither agreed nor disagreed, agreed, or strongly agreed to the 
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statement that the relational database-driven application on which they were providing the 

data was easy to modify for corrections, improvements, adaptations to changed 

environment, and changes to the requirements and functional specifications; which was in 

accordance with the IEEE‟s definition of maintainability. The maintainability of the 

applications‟ (on which the respondents provided the data) was then interpreted as very high 

to very low for strongly agree to strongly disagree responses on the scale. The use of ordinal 

scale measures is also found in existing studies such as S8, S10, and S25 etc.  

The 28 predictors used as independent variables were obtained from the results of the 

survey carried out with software practitioners in the previous phase of this research. The 

predictors used from the survey were top 27 predictors that were ranked high by the 

practitioners. The main consideration behind choosing a subset of predictors was 

manageable number of predictors such that it would be possible for companies to easily 

provide data. Also, it is observed in software prediction literature that the predictors selected 

for gathering data are generally 1/3rd of the total predictors (Mendes, Watson, Triggs, 

Mosley, & Counsell, 2003). The survey had a total of 120 predictors and 40 of those 

predictors was still a very big number for data collection. Also to consider 1/3rd predictors 

from the subset of 44 predictors that were selected by 50% or more respondents was also 

not an option. The choice was therefore made to select predictors that were ranked as high 

by 2/3rd of the respondents i.e., 27 respondents which also corresponded to 27 predictors in 

total. One variable - „Following standards, processes and practices‟ was split into two – 

„Following practices and processes‟ and „Following standards‟ - as an outcome of the pilot 

test of the survey questionnaire, which resulted in a total of 28 independent variables. 

All the variables used in this phase of the research were ordinal in nature. Ordinal variables 

have categories that can be ranked from low to high but the distances between adjacent 

categories are unknown (Long, 1997); therefore they cannot be used in any arithmetic 

operations as they do not have numerical meaning. Such variables are commonly used in 

surveys that record respondents‟ agreement to the statements using choices such as those 

used in this research phase. All variables for this research phase were measured on an 

ordinal 5-point bi-polar scale and are presented in Table 6-1. 

6.3.2 Data Collection Form  

The data gathered for this research phase were from real software projects on the above 

mentioned variables where the participating companies were asked to provide information 

on projects concerned with development and/or maintenance of relational database-driven 

applications. The data were gathered with the help of a data collection form designed 
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specifically for this research phase. The form was carefully designed such that each variable 

translated into a question that could be answered keeping in mind the project for which the 

data were being provided. 

Table 6-1 Dependent and Independent Variables 

Variable Description 

Maint Maintainability 

CorrEntDef Correct definition of entities  

Normalize Normalization of database schema  

DBFeatures Optimal use of database features  

DBEngine Choice of database engine  

DataTypes Choice of data types used in database  

SWDesign Good software design  

DBDesign Good database design  

CustApp Customizable and parameterized application  

TieredApp Tiered or layered application  

CodeQual Quality (optimal) code  

DocQual Quality documentation  

UStndApp Understandability of application  

UTest Unit testing  

DesignRev Design reviews b/w team and with  client  

CodeInsp Code inspection, formal reviews and peer-reviews  

QA Strong emphasis on quality assurance  

Reqs Strong emphasis on requirements phase  

ForeseeChng Ability to foresee future changes to application   

ChngLogs Maintaining logs and changes to application   

UstndCR Understanding a CR and its impact on maintainability   

FVersion Formal versioning using a VMS  

Tools Development and testing tools  

DepEnvApp Knowledge of application‟s  deployment environment   

Standards Following standards  

Pract Following practices and processes  

ChngPolAppDB Policies for making changes to application and/or database  

ExpRes Skilled and experienced resources  

TeamComm Communication between developers and database architects 
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The data collection form had four parts. The first and second parts of the questionnaire were 

aimed at collecting company and application‟s characteristics, respectively. Company 

characteristics releted to the percentage of applications developed and/or maintained by the 

company with a relational database back-end and the relational database engine used most 

often. The application characteristics related to whether the application was developed 

and/or maintained by the company, time to develop and/or maintain the application, and 

number of resources involved in the development and/or maintenance project.   

The third and fourth parts aimed at gathering data on independent and dependent variables, 

respectively. The nature of the independent and dependent variables did not allow for 

numeric data to be collected against them. Therefore, each variable was translated into a 

statement laid out in an easily understandable format that could be responded to in the 

context of the relational database-driven application. The statements followed a common 

format where it asked how the relational database-driven application qualified in terms of a 

given variable, where the variable was one of the variables given in Table 6-1. The 

responses gathered were ordinal in nature and could be one of „Strongly Disagree‟, 

„Disagree‟, „Neither Agree nor Disagree‟, „Agree‟, or „Strongly Agree‟. A five-point bi-polar 

scale was used because it could provide the required flexibility for recording the responses 

and is most reliable in comparison to two and three-point scales (Lissitz & Green, 1975). 

In parts three and four of the data collection form, the participants were asked to represent 

their level of agreement with the statements that applied both to the relational database-

driven application they had mentioned under Part 2 of the form and/or to the corresponding 

project undertaken for its development and/or maintenance. The complete data collection 

form is given in Appendix D-6. 

The data collection form was pilot tested with six software practitioners prior to collecting 

data for this research phase. The six practitioners were asked to provide their feedback on: 

(1) the comprehensibility and presentation of the content; (2) the flexibility of measurement 

scales i.e., whether the measurement scales were flexible enough to enable correct 

recording of the extent they agreed to each statement; and (3) the suitability of measurement 

scales i.e., whether the measurements scales suited the statements e.g., if for certain 

statements responses could be provided on a different scale in case the company recorded 

any measures relevant to any of the statements. Based on the feedback from the pilot test, 

the only change that was made to the data collection form was that one predictor was split 

into two, as discussed in Section 6.3.1.   
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6.3.3 Population and Sample 

The population for this phase of the research comprised software projects carried out in New 

Zealand and Pakistan concerned with development and/or maintenance of relational 

database-driven applications.  

The reasons for choosing the two different countries New Zealand and Pakistan are the 

same as discussed in Chapter 5, Section 5.2.3. It was also convenient to gather data from 

the two countries because I could personally visit software companies in both the countries. 

The sampling for this research phase was also multi-stage (Creswell, 2009). In the first 

stage, it identified the software companies from which the data were to be gathered. In the 

second stage, the companies identified the projects whose data they would share and 

designated their employees to provide the required data. The sample for this research phase 

was also neither strictly random nor convenience. The invitations for participation were sent 

to the companies using the same mailing lists that were used for the previous research 

phases. Also, separate invitations were sent out to companies that had participated in the 

previous research phases with a reference to their participation in the previous research 

phases and asked if they were willing to participate. The competent authorities of the 

contacted companies then identified the projects and designated their employees to 

participate in the research. The designated employees also had to choice as to whether they 

wanted to participate. As was the case in Chapter 5, I neither personally knew the 

subscribers of the mailing lists nor the employees working within these companies.  

The sample comprised data on 56 projects - 6 from 2 software companies in New Zealand 

and 50 from 17 different software companies in Pakistan. I wanted to collect data on a large 

number of projects but 56 were just as many as I could get within the allocated time. I also 

consider it important to mention that all necessary measures were taken staying within the 

ethical considerations laid out by UAHPEC and ample time was allocated for data collection 

– about five months.  

The average age of the participating companies was 15.5 years with the minimum and 

maximum values of 1 and 63 years, respectively. All the participating companies indicated 

that all or more than 90% of the applications that they developed and/or maintained had a 

relational database back-end. The type of DBMS used by most applications developed 

and/or maintained by the participating companies varied. Further breakdown of participating 

companies‟ characteristics are given in Table 6-2. 
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Table 6-2 Companies' characteristics 

Company characteristics Number of 
companies 

Types of projects 

All applications developed and/or maintained by the company has a 
relational database-back-end 

8 

90% of the applications developed and/or maintained by the company 
has a relational database-back-end 

11 

Types of DBMS used in Most Applications 

Oracle 5 

SQL Server 9 

MySQL 3 

MS Access 2 

 

In terms of projects characteristics, given in Table 6-3, the average duration to develop 

and/or maintain the relational database-driven applications was 360 working days with a 

minimum duration of 16 and maximum duration of 1080 working days. The number of people 

inducted on the 56 projects averaged 17.3 with a minimum of 1 and maximum of 100 people. 

However, the number of projects that were developed in 30 or less days was only 4 and the 

number of projects with 5 or fewer people was only 19, suggesting that most projects were 

considerably large in nature. The number of projects where the applications were only 

developed, only maintained, or both developed and maintained by the participating 

companies was 4, 7, and 45 respectively, as given in Table 6-4.  

Table 6-3 Projects' characteristics 

Project characteristic Minimum Average Maximum 

Project duration 16 days 360 days 1080 days 

Number of people 1 17.3 100 

 

Table 6-4 Nature of Projects 

Type of Projects Number of Projects 

Application was only developed by the company 4 

Application was only maintained by the company 7 

Application was both developed and maintained by the company 45 
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6.3.4 Data Collection Procedure 

The data collection for this research phase began after obtaining ethics approval from the 

UAHPEC – application reference 2010/558 and approval letter attached as Appendix D-1. 

The data were gathered between November 2010 and March 2011. 

The data were collected using the data collection form discussed in Section 6.3.2. The 

procedures relevant to contacting participating companies and employees are detailed in 

Section 2.6 of Chapter 2 and also in Section 6.3.3 of this chapter. The PIS and consent 

forms for both company and employee used for this research phase are given in Appendices 

D-2 through D-5. The contacted companies were asked to provide data on one or more 

projects. They were also informed of the research project and that they could designate one 

or more employees for the task, as per their convenience.  This was because the population 

of interest was software projects and not research participants and so for the purpose of this 

research it did not matter if the data on multiple projects came from the experience of the 

same employee. The companies were also asked to designate employees who were of a 

reasonable experience level and had gone through the entire project life cycle for the 

projects whose data the company had to share. This was to ensure that the employees 

could correctly reflect upon the projects‟ attributes as spelled out in parts 3 and 4 of the data 

collection form. 

The data collection was not strictly self-administered. I personally visited each company in 

order to collect the data. The visits involved further description of the research project, why 

the data were needed, and what data were needed. The employees in all cases recorded 

their responses on the data collection form based on their knowledge of the project and the 

relational database-driven application at their own leisure. The forms were then returned to 

me later by the participating employees either through email or in person. 

The follow up with companies that responded to the invitations and the employees that the 

competent authorities of these companies designated for participation, were done through 

email. The follow up emails were sent out on a fortnightly basis from the date on which the 

first contact was made with the company and/or employees. Further correspondence to 

organise initial visits and collection of the filled out forms was also done through emails. 

6.3.5 Data Preparation and Description 

The data for all 56 projects from the data collection forms were recorded in a spreadsheet. 

The responses to each question in parts three and four of the data collection form 
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corresponded to exactly one variable and were translated into a numeric digit according to 

the criteria given in the Table 6-5.  

Table 6-5 Numeric Values for the Measurement Scale 

Response Numeric Value  

Strongly Disagree 1 

Disagree 2 

Neither Agree nor Disagree 3 

Agree 4 

Strongly Agree 5 

 

5 variables had one missing value each and one variable had 2 missing values. The missing 

values were imputted using the mean of the variable that had missing value(s). The 

technique used was the single imputation technique known as Mean or Mode Single 

Imputation (MMSI) technique which is suggested to be the most efficient when the 

percentage of missing values is small (Twala et al., 2005) and has already been presented 

in Chapter 5. MSSI was also suitable as its use has been suggested for variables measured 

on ordinal scales (Twala et al., 2005) as the mean represents the value with the highest 

frequency and so the possibility of a bias is minimised. 

The descriptive statistics for all the variables – both dependent and independent – are given 

in Table 6-6. The Table does not give Standard Deviation, Kurtosis, and Skewness values 

for the variables because all variables were measured on an ordinal scale and cannot be 

described using measures that can be only used for continuous variables. The Mean values 

are given because the missing values for the variables were substituted by rounding the 

mean values of the respective variables. The subsequent sections of the chapter will refer to 

all variables with substituted missing values. 

 

 

 

 

 

 



Chapter 6 – Maintainability Prediction 

125 
 

Table 6-6 Variables' Descriptive Statistics 

 Variable 
Total Valid 
Observations 

Missing 

Values Mean Minimum Maximum 

CorrEntDef 56 0 4.2143 2 5 

Normalization 56 0 4.0714 2 5 

DBFeatures 56 0 3.3036 2 5 

DBEngine 55 1 4.1786 2 5 

DataTypes 55 1 4.1964 2 5 

SWDesign 56 0 4.0714 2 5 

DBDesign 56 0 4.1071 2 5 

CustApp 54 2 4 2 5 

TieredApp 56 0 4.1607 1 5 

CodeQual 56 0 3.8036 2 5 

DocQual 56 0 3.4821 1 5 

UStndApp 56 0 3.8571 2 5 

UTest 55 1 3.6429 1 5 

DesignRev 56 0 3.7321 2 5 

CodeInsp 56 0 3.4107 2 5 

QA 56 0 3.7143 1 5 

Reqs 55 1 3.9107 1 5 

ForeseeChng 56 0 3.7679 2 5 

ChngLogs 56 0 4.0179 1 5 

UStndCR 56 0 3.8393 2 5 

FVersion 55 1 4.375 1 5 

Tools 56 0 3.8036 1 5 

DepEnvApp 56 0 4.0714 2 5 

Standards 56 0 3.9107 2 5 

Pract 56 0 3.9643 2 5 

ChngPolAppDB 56 0 3.7857 1 5 

ExpRes 56 0 4.0893 2 5 

TeamComm 56 0 3.6786 1 5 

Maint 56 0 3.8036 2 5 
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6.4 Maintainability Prediction using Ordinal Regression 

Regression techniques were found in the SR as one of the most commonly used prediction 

techniques in the context of the selected studies. This highlighted regression technique as 

one of the techniques to be used for prediction in this research. However due to the ordinal 

nature of the data, regression techniques used for continuous variables, which are the 

techniques reported in the SR, could not be used in this research phase.  

One of the assumptions behind most regression models is that the dependent variable is 

continuous. The dependent variable (Maint) for this research phase was ordinal in nature 

i.e., non-continuous. The regression models for non-continuous variables are often non-

linear. While for linear models, the ratio of the change in y (the dependent variable) to the 

change in x (the independent variable) is the same for all values of x, same is not true for 

non-linear models.   

Also, for linear regression models there is a linear relationship between the predicted 

probability of dependent variable and one or more independent variables but the predicted 

probabilities in case of ordered regression models show the relationship between the 

independent variables and the dependent categories (Long, 1997). Due to the presence of 

multiple ordered response categories, multiple equations are resolved in ordinal regression 

(Guisan & Harrell, 2000; Robertson, Wulder, Nelson, & White, 2008). These equations are 

derived from a measurement model in which a latent variable y* ranging from -∞ to ∞ is 

mapped to an observed variable y (Long, 1997). The variable y is thought of as providing 

incomplete information about an underlying y* according to the measurement equation: 

yi = m if τm-1 ≤ y*i < τm   for m=1 to j 

where τ‟s are called the thresholds or cutpoints (Long, 1997). This means that for each 

category within the dependent variable y, the observed y is related to latent y* (Long, 1997). 

The ordinal nature of the dependent variable warranted the use of ordinal regression 

technique that results in ordered regression models (Long, 1997). The ordinal regression 

analysis for this research phase was performed with the help of Department of Statistics, 

University of Auckland‟s Statistical Consulting Service (SCS). The help was sought in 

respect of the steps to carry out the ordinal regression and interpretation of the regression 

results. The statistical analysis to perform ordinal regression on the data was done using 

SPSS‟s PASW v 18.0.0. 
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6.4.1 Preparation and Selection of Independent Variables  

A precursor to building a reliable ordinal regression model is that the model be based on 

enough observations in every interaction of the values between dependent and independent 

variables (Sentas, Angelis, Stamelos, & Bleris, 2005). This means that if there are 0 or small 

number of observations in every interaction of dependent and independent variables which 

can be determined by cross-tabulating the independent and dependent variables, the 

independent variables are not suitable for selection in ordinal regression model. To 

determine which variables fulfilled the suitability criterion, each of the 28 independent 

variables for all 56 projects was cross-tabulated with dependent variable. The results of the 

cross-tabulation showed that none of the variables was an ideal candidate to be used in 

ordinal regression model as for each variable there were at least one cell with zero value 

and a large proportion of cells with small values. This means that ideally all variables would 

be eliminated from the analysis. However, I proceeded with the analysis to gain familiarity 

with the process of carrying out an ordinal regression analysis. Further analysis of the 

variables showed that crosstabulation of DBEngine and DBFeatures with Maint had only one 

0 valued cell each (see Tables 6-7 and 6-8). The frequency tables for both variables showed 

that in comparison to DBFeatures, DBEngine was more uniformly distributed however it did 

not guarantee that it was the best predictor of maintainability. My contact at SCS suggested 

that if I were to proceed with the analysis at all, I should only consider these two variables 

separately to derive any conclusions from ordinal regression based on the gathered data. 

 
Table 6-7 DBEngine * Maint Crosstabulation 

 
Maint 

Total 2.00 3.00 4.00 5.00 

DBEngine 2.00 1 0 1 0 2 

3.00 1 1 7 1 10 

4.00 1 1 15 3 20 

5.00 4 2 15 3 24 

Total 7 4 38 7 56 
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Table 6-8 DBFeatures * Maint Crosstabulation 

 
Maint 

Total 2.00 3.00 4.00 5.00 

DBFeatures 2.00 1 1 13 1 16 

3.00 2 1 9 2 14 

4.00 3 2 13 1 19 

5.00 1 0 3 3 7 

Total 7 4 38 7 56 

 

6.4.2 Ordinal Regression Analysis and Results 

The Ordinal regression was performed using SPSS Ordinal Regression procedure called 

PLUM (Polytomous Universal Model) which is an extension of the general linear model to 

ordinal categorical data (Norušis, 2011). The analysis was done for both variables DBEngine 

and DBFeatures. The analysis was performed by choosing the option of Logit Link function 

as suggested by Norušis (Norušis, 2011) and my contact at SCS.The results of the ordinal 

regression for either variable were not promising, as expected. Although the goodness of fit 

for models created using each of the two independent variables was statistically significant, 

the strength of association between either variable and Maint was very low – 0.048 for 

DBEngine and 0.072 for DBFeatures – as given by Cox and Snell Pseudo R-Square 

statistic. The values of Pseudo R-Square suggested that DBEngine and DBFeatures could 

predict maintainbaility only by 4.8% and 7.2%, respectively. The detailed outputs generated 

by SPSS are given in Appendix D-7. 

6.4.3 Discussion on Results from Ordinal Regression 

Ordinal regression analysis suggested that this technique could not be used to predict 

maintainability for the dataset employed. The primary reasons include small dataset and 

skewness of data towards one end of the bi-polar scale. The later resulted in variables not 

being selected for analysis. Further discussion on the issues relevant to the data follows in 

Section 7.7, Chapter 7. 

It is a noted limitation of ordered regression models is that these take longer to converge to a 

solution than other types of models and for small datasets these sometimes fail to converge 

to a solution altogether irrespective of how high the number of iterations is chosen for the 

data analysis (Long, 1997). Another issue when the dependent variable is ordinal is that 

methods for hypothesis testing, detecting outliers and influential observations, that are are 
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available for binary outcomes, are not available for ordinal outcomes (Long, 1997) which 

further limits the use of ordinal regression. 

As mentioned earlier, help was taken from SCS for performing Ordinal Regression. 

Following the analysis, a discussion on the results was carried out with my contact at SCS. I 

also invited the Head of Department of Statistics, also the Head of SCS, to this discussion. 

The outcome of the discussion comprised the following concluding remarks: 

1. The dataset was very small. Ordinal regression performs well with large datasets i.e., 

datasets comprising thousands of data points. 

2. The data was skewed towards one side of the bi-polar scale resulting in zero or small 

valued cells in crosstabulations. This suggests that data were provided by the 

participating companies on only projects that had high levels of maintainability i.e., 4 

or 5 on the bi-polar scale. The dataset therefore failed to capture possible 

associations of maintainability with independent variables that could have been 

identified with the help of low (1 or 2) maintainability values had the dataset been not 

skewed. 

3. The skewness of the data provided can also be attributed to the fact that the data 

software companies that provided the data wanted to project a good image of their 

companies and so only provided data for the applications that had high 

maintainability.  

4. Overall ordinal regression is an effective means to predicting ordinal response 

variables. Due to very small number of data points, the conclusion that none of the 

variables is associated with maintainability may be misleading. Therefore, the 

recommendation was to perform a more directed data collection to also include 

projects with low maintainability. However, this could not be done because of the 

constraints already discussed in Section 6.3.3. 

6.5 Maintainability Prediction using Case-Based Reasoning 

CBR is an analogy based software estimation technique (Shepperd et al., 1996). In the 

context of software quality, it predicts the quality factor of software by comparing it to other 

software for which the quality factor is already known (Grosser et al., 2002). CBR uses a 

case base i.e., data of completed historical projects where the value of the variable to be 

predicted is known (Mendes & Mosley, 2006).  The process of CBR involves describing the 

project by a set of relevant and independent variables that are common to the completed 

projects in the case base, determining the similarity between the candidate project and each 

project in the case base, and deriving an estimated value from the historical projects that the 
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similar to the candidate project (Idri et al., 2002). The similarity between the candidate 

project and projects in the case base can be found by measuring the distance between 

candidate project and each case in the case base based on the values of the different 

variables, also known as features in CBR terminology (Mendes & Mosley, 2006). The 

number of similar projects that can be used for prediction depends upon the size of the case 

base e.g., for up to 90 project the typical values are 1, 2 and 3 closest projects, also known 

as analogies in CBR terms (Mendes & Mosley, 2006). 

CBR requires considering six different parameters (Mendes & Mosley, 2006; Shepperd & 

Kadoda, 2001) : 

1. Feature Subset Selection which involves determining the subset of predictors that 

gives the most accurate predicted value. 

2. Similarity Measure which measures the level of similarity between the candidate 

project and different cases in the case base.  

3. Scaling is done to transform predictors‟ values according to a defined rule such that 

all predictors fall within the same range and have same degree of influence on the 

results. 

4. Number of Analogies refers to number of most similar cases from the case base 

that will be used for prediction. 

5. Analogy Adaptation refers to the technique used to decide how the predicted value 

will be computed for the project e.g., nearest neighbour and mean or median of the 

most similar projects etc. 

6. Adaptation Rules adapt the predicted value to more closely reflect the 

characteristics of the candidate project e.g., by calibrating the estimate by taking into 

account the value of the best predictor. 

6.5.1 Steps Followed for Conducting CBR using the ANGEL Tool  

The CBR analysis was performed for this research phase with the help of ANaloGy softwarE 

tooL (ANGEL) developed at Bournemouth University (Shepperd et al., 1996). The version of 

ANGEL used was ANGEL Plus 2.02. ANGEL provides the functionality of feature subset 

selection using brute force algorithm. It also provides an option to select the number of 

analogies to use for generating the estimate.  

In the background, ANGEL uses Euclidean distance as similarity measure to find the closest 

analogy(ies). Euclidean distance is measured in an n-dimensional space where each 

dimension corresponds to an independent variable and the distances measured are between 

each independent variable of the candidate project and projects in the case base (Shepperd 
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et al., 1996). The project(s) with the least Euclidean distance is the closest analogy(ies) 

whose value for the dependent variable can be used after adaptation to give the predicted 

value. Euclidean distance is calculated as per the equation below (Briand, Langley, & 

Wieckzorek, 1999): 

 

In the above equation, δ (Pik, Pjk) is the distance of each independent variable Pjk in the case 

base from the corresponding independent variable of the new project Pik and is calculated as 

below (Briand et al., 1999): 

                         ( |Pik – Pjk | / ( maxk – mink ) )
2  , if k is continuous 

                     δ (Pik, Pjk)  =  0 , if k is categorical and Pik = Pjk    

                 1, if k is categorical and Pik ≠ Pjk 

From the equations it is clear that ANGEL evaluates the distance between two ordinal 

variables as 0 if they are equal and 1 otherwise, which is how it has been evaluated within 

the context of this research as all variables were measured on an ordinal scale. 

The cross-validation technique that ANGEL uses is Leave-One-Out (LOO). It means that 

ANGEL successively removes each project from the case base and derives the predicted 

value using the remaining projects. The predicted value is compared with actual value and 

absolute percentage error is computed. The mean of all percentage errors, known as 

MMRE, is also an output generated by ANGEL (Shepperd et al., 1996). The scaling method 

that ANGEL uses is that it assigns zero and one to the minimum and maximum observed 

values, respectively (Mendes & Mosley, 2006). For analogy adaptation, it uses the mean of 

the closest analogies in case two or more analogies are selected for analysis (Shepperd et 

al., 1996). This essentially means that the average of the values of the dependent variables 

for the closest analogies is given as the predicted value for the candidate project. 

The steps followed for performing CBR analysis using ANGEL are given below. 

1. Preparation of the case base. In ANGEL the case base is created with the help of a 

template that defines all the variables - dependent and independent; their data types 

e.g., categorical or numeric; priority e.g., normal, low, high, very high; description; 

and status i.e., ON and OFF.  For the analysis, I only defined the variables and their 
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data type as categorical. The fields corresponding to priority and description were left 

blank while status in case of all attributes was ON because the analysis was to use 

all variables. By setting the status of variable(s) as OFF, the analysis would have 

ignored the respective variable(s). 

2. Preparation of the source. In ANGEL after the template has been created, the source 

which is essentially the case base was prepared by loading data on all 56 projects 

against all defined variables. 

3. Preparation of target. In ANGEL, target refers to the candidate project the value of 

whose dependent variable is to be predicted. The values for all independent 

variables for the candidate project can either be manually entered or the status of the 

project whose data is already entered in the case base can be set to OFF. This 

serves two purposes: i) enables the project to be selected as a target project for 

which an estimate is to be obtained; and ii) removes the project from being used by 

the tool as one of the projects available for comparison when computing the 

Euclidean distance.  This effectively means that the values of the target project‟s 

independent variables remain available in the tool for calculating the Euclidean 

distance from all the remaining projects in the case base. The value of the dependent 

variable is then predicted for the target project using the value of the dependent 

variable of the closest case(s), also known as analogy(ies), in the case base. For the 

purpose of the analysis, status of each of the project in the case base was set as 

OFF one by one and the project selected as target. This means that each time the 

analysis was run, one project in the case base was used as target with the values of 

the independent variables available in the tool, while the remaining 55 projects were 

used as sources to be considered for analogies. The project used as a target is the 

one that is left out to achieve LOO cross-validation when using ANGEL. 

4. Conducting the analysis for feature subset selection. The analysis was conducted for 

each project by selecting the option of "Best attribute set with time limit". This option 

requires the values for the number of minutes the analysis is to run, the variable to be 

predicted, and the number of analogies to be used. Prior to carrying out this step, the 

time value to be used for the analysis – 40 minutes - was validated, as detailed in 

Section 6.5.2. The two outputs generated by ANGEL were MMRE and the best 

feature subset. I only recorded the best feature subset for this analysis. The MMRE 

value was not recorded because the dependent variable Maint was measured on an 

ordinal scale.  

5. Conducting the analysis for predicted value. The analysis was conducted for each 

project by selecting the option of "Targets Estimate". This option requires as input the 

target variable i.e., the variable to be predicted, and the number of analogies to be 
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used i.e., the number of closest project(s). The two outputs that it generates are the 

predicted value of target variables and the projects that are closest to the target 

project. The closest projects are given in ascending order of their distance (calculate 

using Euclidean distance) from the target project and ranking based on this distance. 

The predicted value of Maint was recorded for each project. The predicted value of 

the dependent variable is not related to time value as the time option is only to 

facilitate best sub feature selection and therefore any value of time provided for 

calculating MMRE and best feature, as detailed in step 4, has no impact on the 

predicted value. Also, for the purpose of this analysis the results for closet projects 

were not recorded primarily because the interest was to only look at the estimation 

accuracy and the best feature subset. The closet projects were not as important for 

this analysis as the focus was only on evaluating the prediction technique. 

6. Conducting the analysis for closest analogy. The analysis was conducted for each 

project by selecting the option of “Closest Cases”. This option gives as output the 

closest analogy. It was noted that these were the same as observed in step 5. 

Note that steps 4-5 were all conducted by selecting the options from the „Run‟ menu on 

ANGEL. The detailed results of the analysis run for all projects are presented in Table 6-9 

where the feature subset was calculated at 40 minutes. 

 



Chapter 6 – Maintainability Prediction 

134 
 

Table 6-9 CBR Results 

Project  Actual  
Value  

Predicted  
Value 

Feature Subset using 1 Analogy Feature Subset using 2 Analogies Feature Subset using 3 Analogies 

PRJ - 1  4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 2 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 3 2 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 4 2 4 
DocQual, QA, Reqs, Fversion, 
DepEnvApp 

DocQual, QA, Reqs, Fversion, 
DepEnvApp 

DocQual, QA, Reqs, Fversion, 
DepEnvApp 

PRJ - 5 5 5 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 6 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 7 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 8 2 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 9 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 10 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 11 2 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 12 5 5 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 
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Project  Actual  
Value  

Predicted  
Value 

Feature Subset using 1 Analogy Feature Subset using 2 Analogies Feature Subset using 3 Analogies 

PRJ - 13 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 14 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 15 4 4 
DocQual, DesignRev, QA, ChngLogs, 
ChngPolAppDB 

DocQual, DesignRev, QA, 
ChngLogs, ChngPolAppDB 

DocQual, DesignRev, QA, 
ChngLogs, ChngPolAppDB 

PRJ - 16 4 4 
DocQual, DesignRev, QA, ChngLogs, 
ChngPolAppDB 

DocQual, DesignRev, QA, 
ChngLogs, ChngPolAppDB 

DocQual, DesignRev, QA, 
ChngLogs, ChngPolAppDB 

PRJ - 17 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 18 3 2 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 19 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 20 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 21 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 22 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 23 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 24 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 
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Project  Actual  
Value  

Predicted  
Value 

Feature Subset using 1 Analogy Feature Subset using 2 Analogies Feature Subset using 3 Analogies 

PRJ - 25 2 4 
DataTypes, DocQual, DocQual, 
DesignRev, ChngLogs 

DataTypes, DocQual, DocQual, 
DesignRev, ChngLogs 

DataTypes, DocQual, DocQual, 
DesignRev, ChngLogs 

PRJ - 26 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 27 5 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 28 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 29 3 5 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 30 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 31 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 32 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 33 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 34 4 4 
DocQual, DesignRev, QA, ChngLogs, 
ChngPolAppDB 

DocQual, DesignRev, QA, 
ChngLogs, ChngPolAppDB 

DocQual, DesignRev, QA, 
ChngLogs, ChngPolAppDB 

PRJ - 35 4 4 
DocQual, DocQual, CodeInsp, QA, 
Reqs 

DocQual, DocQual, CodeInsp, QA, 
Reqs 

DocQual, DocQual, CodeInsp, QA, 
Reqs 

PRJ - 36 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 37 3 4 DocQual, DocQual, QA, Tools DocQual, DocQual, QA, Tools DocQual, DocQual, QA, Tools 
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Project  Actual  
Value  

Predicted  
Value 

Feature Subset using 1 Analogy Feature Subset using 2 Analogies Feature Subset using 3 Analogies 

PRJ - 38 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 39 2 4 
DocQual, DocQual, UStndApp, QA, 
ChngLogs 

DocQual, DocQual, UStndApp, QA, 
ChngLogs 

DocQual, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 40 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 41 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 42 3 2 
DocQual, DesignRev, QA, ChngLogs, 
ChngPolAppDB 

DocQual, DesignRev, QA, 
ChngLogs, ChngPolAppDB 

DocQual, DesignRev, QA, 
ChngLogs, ChngPolAppDB 

PRJ - 43 4 4 
DBDesign, DocQual, DesignRev, QA, 
ChngLogs 

DBDesign, DocQual, DesignRev, 
QA, ChngLogs 

DBDesign, DocQual, DesignRev, 
QA, ChngLogs 

PRJ - 44 2 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 45 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 46 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 47 4 5 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 48 4 4 
DocQual, DesignRev, QA, ChngLogs, 
ChngPolAppDB 

DocQual, DesignRev, QA, 
ChngLogs, ChngPolAppDB 

DocQual, DesignRev, QA, 
ChngLogs, ChngPolAppDB 

PRJ - 49 4 4 
DocQual, DesignRev, QA, ChngLogs, 
ChngPolAppDB 

DocQual, DesignRev, QA, 
ChngLogs, ChngPolAppDB 

DocQual, DesignRev, QA, 
ChngLogs, ChngPolAppDB 
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Project  Actual  
Value  

Predicted  
Value 

Feature Subset using 1 Analogy Feature Subset using 2 Analogies Feature Subset using 3 Analogies 

PRJ - 50 5 3 
DocQual, DesignRev, QA, ChngLogs, 
ChngPolAppDB 

DocQual, DesignRev, QA, 
ChngLogs, ChngPolAppDB 

DocQual, DesignRev, QA, 
ChngLogs, ChngPolAppDB 

PRJ - 51 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 52 5 5 
DataTypes, DocQual, 
DocQual,DesignRev, ChngLogs 

DataTypes, DocQual, 
DocQual,DesignRev, ChngLogs 

DataTypes, DocQual, 
DocQual,DesignRev, ChngLogs 

PRJ - 53 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 54 4 4 
DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

DBDesign, DocQual, UStndApp, QA, 
ChngLogs 

PRJ - 55 5 4 DocQual, DocQual,QA, Tools DocQual, DocQual,QA, Tools DocQual, DocQual,QA, Tools 

PRJ - 56 5 5 
DBDEsign, DocQual, UStndApp, QA, 
ChngLogs 

DBDEsign, DocQual, UStndApp, QA, 
ChngLogs 

DBDEsign, DocQual, UStndApp, QA, 
ChngLogs 
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Note for projects PRJ-3, PRJ-5, PRJ-18, PRJ-45, PRJ-52, and PRJ-56, the predicted value 

changed with the number of analogies used for analysis. Table 6-9 reports only the closest 

predicted values for these six projects. In all six instances, only one project‟s predicted value 

was closest for 3 analogies i.e., PRJ-45, the remaining 5 had closest predicted values for 1 

and 2 analogies, as given in Table 6-10. Further analysis of the data gathered on these six 

project did not reveal anything obvious that would explain a behaviour different to that of the 

other projects. 

Table 6-10 Projects whose Predicted Values Changed with Change in Number of Analogies 

 Project 
Actual 
value  

Predicted value 

1 analogy 2 analogies 3 analogies 

PRJ - 3 2 4 4 5 

PRJ - 5 5 5 5 4 

PRJ - 18 3 2 2 4 

PRJ - 45 4 2 2 4 

PRJ - 52 5 5 5 4 

PRJ - 56 5 5 5 4 

 
 In order to elaborate how ANGEL may be used for predicting the maintainability of a new 

project and how the six different parameters of CBR are considered by the tool, let us 

assume we have another project PRJ-57. The values of the independent variables are 

known for this project and we have to predict the value of the dependent variable Maint by 

applying CBR using ANGEL. Assuming that we already have the case base prepared with 

data from the 56 projects, we need to prepare the target project (Step 3). We can do this by 

providing the values of all independent variable under the Target tab of the tool. 

Alternatively, the target can also be prepared by loading the project (values of the 

independent variables) in the case base and selecting PRJ-57 as target under the Target tab 

of the tool.  

In order to predict the value of Maint, select the option of "Target Estimate" using 3 as the 

number of analogies and run the analysis (as per Step 5). This will give the predicted value 

of Maint. Note that the Similarity Measure used by ANGEL is Eculidean Distance (parameter 

2 - Similarity Measure, as given in Section 6.5), no scaling was required to be performed by 

the tool as all variables were measured on the same 5-point bi-polar scale (parameter 3 - 

Scaling, as given in Section 6.5), number of analogies provided is 3 (parameter 4 - Number 

of Analogies, as given in Section 6.5) which means that the prediction is based on 3 closest 

projects, and the predicted value is computed using the mean of the values of Maint for the 3 
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closest analogies (parameter 5 - Analogy Adaptation, as given in Section 6.5) (Shepperd et 

al., 1996).  

In order to determine the subset of predictors that give the most accurate predicted value 

(parameter 1 - Feature Subset Selection, as given in Section 6.5), we need to run the 

analysis by selecting the option of "Best attribute set with time limit" using 40 minutes, as 

detailed in Step 4. This will give the subset of predictors that are most successful in 

predicting maintainability for the new project (PRJ-57). The feature subset is determined by 

ANGEL by means of a jack knifing algorithm that relies on exhaustive search of all possible 

permutations (Shepperd et al., 1996). 

Once the new project‟s actual value of Maint is known, this can also be added to the case 

base to be used as an analogy for deriving estimates for any future projects. 

6.5.2 Time Value Validation 

The value of MMRE, which is calculated using arithmetic operations on actual and predicted 

values, could not be calculated for the analysis because the dependent variable was 

measured on an ordinal scale. However, when I ran the analysis I noted that the MMRE 

value changed with the value of time provided. The assumption was that if the MMRE value 

changed with time values, it probably did have a relationship with time irrespective of the 

variable data type and so it was best to be careful and record the feature subset when it 

gave the best results. Therefore, step 4 of the analysis, as given in Section 6.5.1, was 

performed for 18 (1/3 of the total projects) by supplying 1,2,3,4,5,6,7,8,9,10,20,30,40,50, and 

60 minutes for the time value. This was done to observe the time value where MMRE value 

started to converge so this value could then be used to run the analysis for the remainder of 

the projects. However, it should be noted that ANGEL tool can take up to 4 days to run the 

analysis based on 21 variables and 20 projects (Mendes & Counsell, 2000; Mendes et al., 

2002; Shepperd et al., 1996). The case base for this research contained 28 independent 

variables with data on 56 projects. When time was computed using ANGEL‟s „Computation 

Time‟ option for 56 projects and 28 variables, it  gave an approximate time of 508406 

minutes i.e., 353 days for the analysis to run for one project for best sub-feature selection. 

Due to the time and resources constraints, I chose to run the analysis for a time value less 

than 60 minutes. Additionally, the value of MMRE at time value of 40 minutes for almost all 

of the projects used for time value validation was close to 0.25, which is considered very 

good in the effort estimation literature (Mendes & Mosley, 2006), which also provided a 

reason to not run the analysis for each project for its entire length. Also, from the subset of 

18 projects, it was observed that the value of MMRE converged for all 18 projects at 40 
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minutes for all analogies and at 30 minutes for 13 projects. The MMRE value and feature 

subset remained unchanged for 50 and 60 minutes. The value of time therefore chosen for 

the remainder of the dataset was 40 minutes. The results of this validation step are given in 

Appendix D-7. 

6.5.3 Prediction Accuracy 

The values of prediction accuracy measure MMRE generated by ANGEL could not be used 

to derive useful conclusions from the analysis because the dependent variable was 

measured on ordinal scale. More discussion on why MMRE could not be used follows in 

Section 6.8. However, the frequency of correct predictions was a useful means to assess the 

prediction accuracy of CBR in the context of this research phase. From the results of CBR, 

given in Table 6-9, it can be observed that the predicted value of Maint was same as actual 

value for 43 of 56 projects i.e., CBR using ANGEL correctly predicted Maint 76.8% of the 

times. 

6.5.4 Discussion on ANGEL and Results from CBR 

The results of the CBR show that the best predictors for maintainability in relational 

database-driven applications are DocQual, QA, ChngLogs, DBDesign, and UStndApp which 

were selected in at least 75% of the projects. Other notable predictors are DesignRev, 

ChngPolAppDB, DataTypes, Tools, Reqs, CodeInsp, Fversion, and DepEnvApp. The 

predictors selected by the CBR analysis, number of projects for which these predictors were 

selected and the actual values of maintainability for which these predictors were selected are 

given in Table 6-11.   

The results suggest that quality documentation is the key to successfully predicting 

maintainability and improving software maintainability for relational database-driven 

applications, as it was the predictor selected for all 56 projects. Similarly, quality assurance, 

maintaining change logs, good database design, and good understandability of the relational 

database-driven applications are also very important for creating maintainable relational 

database-driven applications, as these were selected for 54, 52, 42, and 42 projects 

respectively. The presence of DBDesign and DataTypes in the list of selected predictors 

further confirms the findings of the previous research phases (Section 4.3.8, Chapter 4 and 

Section 5.3.2, Chapter 5) that aspects relevant to back-end database are also important for 

the maintainability of relational database-driven applications. 
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Table 6-11 Predictors Selected by CBR 

Predictor Number of 
Projects 

Actual Maint Values for Projects that 
Selected the Predictor 

DocQual 56 2, 3, 4, 5 

QA 54 2, 3, 4, 5 

ChngLogs 52 2, 3, 4, 5 

DBDesign 42 2, 3, 4, 5 

UStndApp 42 2, 3, 4, 5 

DesignRev 10 2, 3, 4, 5 

ChngPolAppDB 7 3, 4, 5 

DataTypes 2 2, 5 

Tools 2 3, 5 

Reqs 2 2, 4 

CodeInsp 1 4 

Fversion 1 2 

DepEnvApp 1 2 

 

While the data was skewed towards one end of the bi-polar scale and the actual value of 

Maint was 4 for a large proportion of projects in the case base (38 projects), the top 5 

predictors were selected for each observed value of Maint i.e., 2-5. These results increase 

the confidence in the findings from CBR analysis in terms of top maintainability predictors 

because the predictors were not selected for only one value of actual Maint on the ordinal 

scale. However, I believe it will be useful to conduct the analysis with a larger case base with 

an even distribution of actual value of Maint on the ordinal scale. 

In respect of how accurate the predicted values were for different actual values of Maint, 

Table 6-12 gives the summarised results.  For the 7 projects where the actual value of Maint 

was 2, the predicted value was 4 in all cases. For the 4 projects where the actual value of 

Maint was 3, the predicted value was 2 in 2 cases and 4 and 5 in the remaining 2 cases. For 

the 38 projects where the actual value of Maint was 4, the predicted value was 5 in only one 

case while for 37 the predicted value was the same as actual value. For the 7 projects with 

an actual value of 5 for Maint, the predicted value was 3 for 1 project, 4 for 2 projects, and 5 

for 4 projects. Overall, the proportion of projects where the predicted value was the same as 

actual was for those projects where the actual value of Maint was 4. This can be attributed to 
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the fact that most projects in the case base had 4 as actual value which presented a higher 

probability for the similar case to belong to the set of projects with 4 as actual value. 

Overall CBR produced correct predictions for 43 (76.8%) of the projects which is promising 

and suggests that CBR may be used for maintainability prediction with a reasonable level of 

confidence. 

Table 6-12 Comparison of Actual Vs. Predicted Values for the Case Base 

        Predicted Value  

 

Actual Value 

1 2 3 4 5 Total  

1 0 0 0 0 0 0 

2 0 0 0 7 0 7 

3 0 2 0 1 1 4 

4 0 0 0 37 1 38 

5 0 0 1 2 4 7 

Total 0 2 1 47 6 56 

 

In regards to CBR results converging to a solution for a given number of analogies, the 

results were found to converge for 2 analogies better and in shorter time duration than for 1 

and 3 analogies. This can be seen from the results on time value validation analysis 

presented in Appendix D-7. These results were consistent with observations made in cost 

estimation literature (Mendes et al., 2002) where the recommended value of number of 

analogies to use for best feature subset selection is 2.  

6.6 Maintainability Prediction using Classification Trees 

Classification and Regression Tree (CART) is another AI technique that was used in this 

research phase to predict maintainability for relational database-driven applications. CART 

generates a binary tree that describes the distribution of the dependent variable given a 

vector of predictors where the leaves of the binary tree suggest the value of the dependent 

variable based on existing values of the vector of predictors (Mendes & Mosley, 2006). A 

CART when the predictors are ordinal in nature is called a classification tree (Mendes & 

Mosley, 2006).  The basic purpose of classification using Classification Trees (CT) is to 

produce accurate classifiers by gaining an insight into the predictive structure of the data 

(Breiman, Friedman, Stone, & Olshen, 1984). A CT is generated using the CART technique 

by recursively partitioning the predictor space into subsets where with each partition 
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generated the dependent variable becomes successively more uniform (Mendes & Mosley, 

2006). A purity function, determined by the tool used to generate CART and determined by 

the predictor data, splits each node to generate the CT. Once the CT is generated with the 

help of historical data on software projects, the value of dependent variable for a new project 

can be determined by manually parsing the CT based on the known values of the predictors 

for the new project. 

6.6.1 Steps Followed for Conducting CART using the SPSS AnswerTree  

The CART analysis was performed for this research phase with the help of SPSS 

AnswerTree Version 3.1. In case of CT, the prediction accuracy is given as a measure of 

misclassification error that takes into account the cases in a case base that were not 

correctly classified (Breiman et al., 1984). AnswerTree generates measures called Risk 

Estimates and Standard Error (SE) of Risk Estimates that relate to misclassification error. 

Risk, according to the „Help‟ available from within AnswerTree, is calculated as the 

proportion of cases in the sample incorrectly classified by the tree. The CT generated by 

AnswerTree begins with one root node that corresponds to the dependent variable and 

contains all cases in the case base. The root node subsequently branches into predictors 

that are important to the context of the prediction that is carried out with the help of 

AnswerTree.  

AnswerTree also requires setting up of maximum tree depth, minimum number of cases in a 

parent node, and minimum number of cases in a child node which were set to 10, 5, and 2, 

respectively. The values were chosen keeping in mind the size of the case base and the 

number of predictors. The values were also motivated by their use in effort estimation 

literature with the use of AnswerTree  (Mendes, 2007). In addition to these rules, the risk 

estimates also needed to be set. The option chosen for risk estimates was „Minimum Risk‟. 

This option aims at generating CT that gives small risk estimates and captures the most 

important variables (Mendes, 2007). AnswerTree also gives options to choose the cross-

validation method. For this research phase, the option selected was „Do not validate the tree‟ 

because AnswerTree does not perform a straight forward LOO cross-validation option which 

was the preferred option for this analysis given that CBR also uses LOO. LOO cross-

validation was manually performed for CART to enable comparison of results with CBR by 

eliminating one project at a time from the case base.  

The specific steps performed to generate CT for this research phase using AnswerTree are 

given below. These steps were performed 56 times for each project in the case base. 
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1. A new project was created using SPSS data file as a data source. Note that for each 

project the SPSS data file was separately prepared by removing the project whose 

maintainability was to be predicted as AnswerTree does not allow eliminating 

projects from the data file once the data file is opened. This means that each of the 

trees generated did not include the project being estimated. 

2. C&RT option was chosen to generate the CT using the data.  

3. Variables for the analysis were specified where Maint was entered as target 

(dependent) variable and all other variables were entered as predictors. 

4. The values of maximum tree depth, minimum number of cases in a parent node, 

minimum number of cases in a child node, and risk estimates were chosen as 

explained above. 

5. The CT was generated and grown using „Grow Tree and Prune‟ option which 

ensures that the subtrees generated give the small risk estimate.  

6. The value of Maint was determined by parsing the generated classification tree using 

the values of the independent variables of the project whose Maint was to be 

predicted. This was the value with the highest frequency on the tree root node that 

corresponded to Maint. The value of Maint was noted. 

7. The variables (predictors) selected in the tree as given in the child nodes and the 

values for „Risk Estimate‟ and „SE of Risk Estimate‟ were noted. 

Note that the CT generated for each of the project in the case base was also documented 

along with the predicted value of Maint; and values of Risk Estimate and SE of Risk 

Estimate. All the generated CTs are not presented here in order to eliminate presentation of 

redundant information as many of these were very similar and often identical. The final  CT 

generated as a result of the analysis conducted using all projects is presented in Figure 6.1.  

The CT presented in Figure 6.1 was built using all the project data that was available; it may 

be used as a prediction model for predicting the value of maintainability for any new projects 

a company manages. For example, in order to predict the Maint of a new project PRJ-5, the 

CT may be parsed using the known values of the independent variables. As stated in case of 

CBR, once the actual value of Maint for the new project (PRJ-57) is known it may be added 

to the dataset to generate a new CT.  

The detailed results recorded as part of process of performing CT-based prediction analysis 

are given in Table 6-13. 
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Table 6-13 CART Results 

Project ID Actual 
Value 

Predicted 
Value 

Risk  
Estimate 

SE of Risk  
Estimate 

Variables selected in the CT 

PRJ - 1 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 2 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 3 2 4 0.091 0.039 QA, Pract, DBFeatures, UStndApp, DepEnvApp, Normalize, TeamComm 

PRJ - 4 2 4 0.055 0.031 QA, Pract, Tools, UStndApp, DepEnvApp, DBFeatures, TeamComm, TieredApp 

PRJ - 5 5 4 0.109 0.042 UStndApp, QA, DepEnvApp, DBEngine, Pract, TeamComm 

PRJ - 6 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 7 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 8 2 4 0.091 0.039 QA, Pract, DBFeatures, UStndApp, DepEnvApp, Normalize, TeamComm 

PRJ - 9 4 4 0.091 0.039 
UStndApp, CorrEntDef, QA, DocQual, Reqs, DBFeatures, DepEnvApp, Normalize, 
TeamComm 

PRJ - 10 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 11 2 4 0.127 0.045 UStndApp, ChngLogs, CodeInsp, TeamComm, DepEnvApp, DataTypes 

PRJ - 12 5 4 0.109 0.042 UStndApp, QA, DepEnvApp, DBEngine, Pract, TeamComm 

PRJ - 13 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 14 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 15 4 4 0.327 0.063 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 16 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 17 4 4 0.327 0.063 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize 

PRJ - 18 3 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize 
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Project ID Actual 
Value 

Predicted 
Value 

Risk  
Estimate 

SE of Risk  
Estimate 

Variables selected in the CT 

PRJ - 19 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize 

PRJ - 20 4 4 0.091 0.039 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, TieredApp, Normalize 

PRJ - 21 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 22 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 23 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 24 4 4 0.127 0.045 UStndApp, ChngLogs, DepEnvApp, TeamComm, CodeInsp, DataTypes 

PRJ - 25 2 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 26 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 27 5 4 0.127 0.045 UStndApp, ChngLogs, CodeInsp, DBFeatures, DepEnvApp, Normalize 

PRJ - 28 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize 

PRJ - 29 3 4 0.127 0.045 UStndApp, ChngLogs, CodeInsp, DBFeatures, DepEnvApp, Normalize 

PRJ - 30 4 4 0.164 0.050 UStndApp, ChngLogs, UStndCR, TeamComm, DataTypes 

PRJ - 31 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 32 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 33 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 34 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 35 4 4 0.091 0.039 UStndApp,Reqs,  QA, DBFeatures, DepEnvApp, Normalize, TeamComm 

PRJ - 36 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 37 3 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 



Chapter 6 – Maintainability Prediction 

148 
 

Project ID Actual 
Value 

Predicted 
Value 

Risk  
Estimate 

SE of Risk  
Estimate 

Variables selected in the CT 

PRJ - 38 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 39 2 4 0.091 0.039 UStndApp, QA, DepEnvApp, DBFeatures, Pract, Normalize, TeamComm 

PRJ - 40 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 41 4 4 0.073 0.035 UStndApp, Reqs,  QA, DocQual, DBFeatures, DepEnvApp, Normalize, TeamComm 

PRJ - 42 3 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, TieredApp, Normalize, DataTypes 

PRJ - 43 4 4 0.091 0.039 UStndApp, Reqs, DocQual, QA, DBFeatures, DepEnvApp, Normalize, TeamComm 

PRJ - 44 2 4 0.127 0.045 UStndApp, ChngLogs, CodeInsp, TeamComm, DepEnvApp, DataTypes 

PRJ - 45 4 4 0.055 0.031 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 46 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 47 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, CorrEntDef, TeamComm 

PRJ - 48 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 49 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 50 5 4 0.091 0.039 UStndApp, QA, DepEnvApp, CodeInsp, DBEngine, Pract, TeamComm 

PRJ - 51 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 52 5 4 0.127 0.045 UStndApp, ChngLogs, CodeInsp, TeamComm, DepEnvApp, DataTypes 

PRJ - 53 4 4 0.073 0.035 UStndApp, QA, DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm 

PRJ - 54 4 4 0.091 0.039 UStndApp, QA, DepEnvApp, CodeInsp, DBEngine, Pract, TeamComm 

PRJ - 55 5 4 0.109 0.042 UStndApp, QA, DepEnvApp, DBFeatures, Pract, Normalize, TeamComm 

PRJ - 56 5 4 0.109 0.042 UStndApp, QA, DepEnvApp, DBFeatures, Pract, Normalize, TeamComm 
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6.6.2 Further Validation of Results 

The CT generated for the 56 projects did not employ any cross-validation provided by 

AnswerTree. In order to increase confidence in the results presented above, two additional 

CT were also generated using all projects in the dataset with no validation and all projects in 

the dataset using AnswerTree‟s 10 fold cross-validation. The Risk Estimate (0.0714286) 

value, SE of Risk Estimate (0.0344151) value, and variables selected (UStndApp, QA, 

DepEnvApp, DBFeatures, DBEngine, Pract, Normalize, TeamComm) for both the trees were 

the same. These values were also very similar to the values noted for most of the trees 

generated for predicting maintainability using LOO cross-validation. The resulting tree for 

both cases was the same as the final regression tree presented in Figure 6-1. 

6.6.3 Predictive Power and Prediction Accuracy 

The values of Risk Estimate were very low i.e., 9.4% on average, which means the 

probability of misclassification of the projects in the dataset was 9.4% on average. The value 

of SE of Risk Estimate was 3.8% on average which means that standard error for probability 

of misclassifying the projects was 3.8%. While both these measures are useful to gauge the 

risks associated with misclassifying the predicted value of Maint for the case base used in 

this research phase, these could not be used to compare the results of the CART analysis 

with that of CBR analysis because ANGEL uses different measures of prediction accuracy 

and so the two techniques could not be compared.  

Although the data types for all variables used in the analysis was set to ordinal, I could not 

find any evidence in literature in support of use of these measures with variables measured 

on ordinal scales. As with results from CBR analysis, the frequency of correct predictions 

was used as a means to assess how accurate CART analysis was for the predicting 

maintainability for the employed case base. From the results presented in Table 6-13, it can 

be observed that the predicted value of Maint was same as actual value for 38 of 56 projects 

i.e., CART correctly predicted Maint 67.8% of the times.  
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Figure 6-1 Classification Tree to be Used as the Prediction Model for the Dataset  
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6.6.4 Discussion on Results from CART 

The results of performing CART analysis show that the best predictors for maintainability in 

relational database-driven applications are UStndApp,  DepEnvApp, , QA, TeamComm, 

DBFeatures, Normalize, Pract, and DBEngine which were selected in at least 70% of the 

projects. Other predictors that were selected in the CTs are CodeInsp, ChngLogs, 

DataTypes, Reqs, TieredApp, DocQual, CorrEntDef, UStndCR, and Tools. The predictors 

selected by the CART analysis, number of projects for which these predictors were selected, 

and the actual values of maintainability for which these predictors were selected are given in 

Table 6-14.   

Table 6-14 Predictors Selected in CTs 

Predictor Number of Projects Actual Maint Values 

UStndApp 56 2, 3, 4, 5 

DepEnvApp 55 2, 3, 4, 5 

QA 48 2, 3, 4, 5 

TeamComm 48 2, 3, 4, 5 

DBFeatures 47 2, 3, 4, 5 

Normalize 45 2, 3, 4, 5 

Pract 43 2, 3, 4, 5 

DBEngine 39 2, 3, 4, 5 

CodeInsp 8 2, 3, 4, 5 

ChngLogs 7 2, 3, 4, 5 

DataTypes 6 2, 3, 4, 5 

Reqs 4 4 

TieredApp 3 2, 3, 4 

DocQual 3 4 

CorrEntDef 2 4 

UStndCR 1 4 

Tools 1 2 

 

The results suggest that understandability of relational database-driven applications is the 

best maintainability predictor. Similarly, knowledge of deployment environment, quality 

assurance, effective team communication, use of features provided by DBMS, proper 

normalisation of the database schema, following good software development practices, and 
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right choice of database engine are very important for creating maintainable relational 

database-driven applications. The presence of DBDesign and DBFeatures in the CTs for 

70% of the projects further emphasises the importance of back-end database related 

aspects to predicting the maintainability of relational database-driven applications.  

For variables such as Tools, UStndCR and others that were selected for a very few projects 

– 8 or less – raw data were analysed to see if there was something different in the data 

relevant to these projects. As such, no obvious differences were observed for these projects 

that would explain their different behaviour.  

As already mentioned, actual value of Maint was 4 for a large proportion of projects in the 

case base (38 projects). The selection of top 11 predictors in CTs for each observed value of 

Maint i.e., 2-5 increases the confidence in the findings of the CART analysis.  

In respect of how accurate the predicted values were for different actual values of Maint, 

Table 6-15 gives the summarised results.  For all 56 projects in the case base, the predicted 

value of Maint was 4. This can be attributed to the fact that the actual value of Maint was 4 

for a majority of projects and the predicted for the CT is the value with highest frequency 

which undoubtedly was 4.  

Table 6-15 Comparison of Actual Vs. Predicted Values for the Case Base 

Predicted Value  

 

Actual Value 

1 2 3 4 5 Total  

1 0 0 0 0 0 0 

2 0 0 0 7 0 7 

3 0 0 0 4 0 4 

4 0 0 0 38 0 38 

5 0 0 0 7 0 7 

Total 0 0 0 56 0 56 

 

Overall CART produced correct predictions for 38 (67.8%) of the projects and suggests that 

CTs may be used for solving real life maintainability prediction problems.  

6.7 Comparison of Prediction Techniques 

For the purpose of comparing prediction techniques used in this research phase, only CBR 

and CART can be compared. Ordinal regression did not converge to a solution and did not 
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generate predictions for the employed dataset because the data did not support ordinal 

regression. Therefore, the results of ordinal regression cannot be used for comparing the 

technique with the other two techniques i.e., CBR and CART.   

In terms of how CBR and CART qualified in comparison to each other, CBR correctly 

predicted the maintainability of 76.8% of the projects whereas CART was correct for 67.8% 

of the projects. A total of 37 projects were accurately predicted by both techniques; 10 

projects had the same predicted and actual values for both techniques where both predicted 

incorrectly; 4 projects were accurately predicted using CBR but were inaccurately predicted 

by CART; 1 project was accurately predicted by CART for which CBR made an inaccurate 

prediction; and 4 projects where both techniques made inaccurate predictions. Based on the 

overall number of correct predictions made for the dataset, CBR performed better than 

CART.  

In respect of the predictors selected by the two techniques, there were visible differences.  

The set of top predictors selected by CBR were not the same as that from CART. The 

predictor DocQual that was selected by CBR for all projects in the case base was only 

selected for 3 projects by CART. The predictor UStndApp that was selected by CART for all 

projects in the case base was selected for 42 projects by CBR. Similar differences were 

noted for other predictors, as given in Table 6-16. As mentioned earlier, raw data were 

further observed to see if there was anything obvious about the data that would explain the 

selection of different predictors by the two techniques. There was nothing obvious that would 

explain such behaviour of the two techniques. However, it is important to stress here that 

both CBR and CART base their results on different methods. CBR uses Euclidean distance 

while CART employs a purity function to find the best predictors which may explain the 

dissonance in the results obtained from the two techniques.   

The two predictors that stand out based on the comparison given in Table 6-16 are QA and 

UStndApp which were selected for a large proportion of the projects by both techniques. The 

results highlight the importance of quality assurance and understandability of the relational 

database-driven applications for predicting maintainability of the mentioned applications. 
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Table 6-16 Comparison of Predictors Selected by CBR and CART 

Predictor Number of 
Projects for CBR 

Number of Projects 
for CTs 

DocQual 56 3 

QA 54 48 

ChngLogs 52 7 

DBDesign 42 0 

UStndApp 42 56 

DesignRev 10 0 

ChngPolAppDB 7 0 

DataTypes 2 6 

Tools 2 0 

Reqs 2 4 

CodeInsp 1 8 

Fversion 1 0 

DepEnvApp 1 55 

TeamComm 0 48 

DBFeatures 0 47 

Normalize 0 45 

Pract 0 43 

DBEngine 0 39 

TieredApp 0 3 

CorrEntDef 0 2 

UStndCR 0 1 

Tools 0 1 

 
 

6.8 Discussion and Threats to the Validity 

This chapter presents the results of the three maintainability prediction techniques applied 

on ordinal data gathered from software companies on software projects that were carried out 

to develop and/or maintain relational database-driven applications. The results suggest that 

ordinal regression as a prediction technique was not a correct choice for the dataset 

employed. Among the other two prediction techniques, CBR performed better in comparison 

to CART. The comparison was based only on the number of projects for which 
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maintainability was correctly predicted by the techniques.  The simple comparison based on 

number of correct predictions does not take into account other factors because the data 

were ordinal in nature – both for dependent and independent variables. The ordinal nature of 

data, which assumes that the distance between two adjacent categories is not the same 

(Long, 1997), restricted the use of tests and measures based on arithmetic operations that 

can ordinarily be performed on data measured on other scales. This was because the 

difference between 5 and 4 is not the same as the difference between 4 and 3 in case of 

ordinal data. Irrespective of the restrictions imposed by the use of ordinal scale, I believe the 

results are good indicators of maintainability prediction and predictors in the context of 

relational database-driven applications.  

Due to the ordinal nature of the dependent variable, the value of prediction accuracy 

measure MMRE generated by ANGEL could not be used for this analysis. MMRE is based 

on mean of MRE value which is calculated as below  (Mendes & Mosley, 2006): 

MRE = |actual value – predicted value| / actual value 

Both MRE and MMRE involve arithmetic operations which could not be used for ordinal 

dependent variable. Although, the data types for all variables were defined as categorical 

within ANGEL, it did not warrant that ANGEL treated it as ordinal and not another type of 

categorical variable. Also, I was unable to find another way of measuring prediction accuracy 

in the literature that could be used for ordinal dependent variable. In case of CART, the 

measures of risk estimates (although reported in this Chapter) could not be used with 

confidence because of the same reasons stated above.  

In terms of comparing the two techniques, I believe the comparison would have been more 

meaningful if both tools used the same measures of prediction accuracy, even if the data 

were ordinal. This would increase my confidence in the findings that CBR was superior to 

CART instead of using as basis the number of correctly predicted projects. In this regard, I 

believe there is a need to propose measures that can be used for ordinal data that would 

resolve data analysis and data interpretation issues such as the ones that I faced during this 

research phase. 

As discussed in Section 6.5.1, CBR analysis was run separately for three different types of 

desired outputs. While this may appear unreasonable, ANGEL did not support running the 

analysis process only once and generating all desirable outputs. However, ANGEL was the 

only known tool to me that was available for free and also supported feature subset selection 

(Mendes & Mosley, 2006). Using this tool made the process of running CBR very lengthy 

especially because the value of time to be used for the analysis had to be validated for a 
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subset of cases. The observations made on ANGEL calls for attention to be paid on 

developing more robust and efficient tools that may be used for analogy based estimation. 

Such efforts can potentially payoff very well in areas of software prediction both for research 

and practice.   

The dataset for this research phase can be argued to be small. However, because of the 

nature of the data to be collected I believe many companies perhaps did not want to share 

project data. Nonetheless I believe 56 was a considerable number for deriving useful 

conclusions from the analysis. 

The data for this research were skewed towards one end of the bi-polar scale for a majority 

of the variables. This suggests presence of bias in the data introduced by participating 

companies where the companies perhaps wanted to portray a good image by only sharing 

data on projects that qualified well in maintainability. While this is a known limitation of this 

research phase, there were no obvious corrective steps that I could take to minimise the 

impacts of this limitation. Data collection was given ample time and the step of data 

collection was only concluded after I had received data from all companies that had agreed 

to provide data as a response to the invitation for participation or the first follow up email. 

Also, it was not possible to influence the participating companies to provide data on only 

good or bad examples as under the ethical considerations it was supposed to be their own 

decision and such requests would have introduced another form of bias in the research. I do 

however believe that projects with more evenly distributed values of actual maintainability 

across the ordinal scale might have produced different results, especially in case of CART. 

Nonetheless, the procedures were correctly applied and the results obtained are promising 

in terms of correctness with respect to the dataset, identifying successful maintainability 

predictors, and proposing a means to predicting maintainability of relational database-driven 

applications.  

In regards to sampling for this research phase, the correct response rate is unknown 

because of the same reasons discussed in Chapter 5 which mainly pertain to multistage 

sampling. Also, the number of projects for which data was gathered from both countries - 

New Zealand and Pakistan - was not same but I believe this did not have an impact on the 

results because of the reasons already discussed in previous chapters.  

The threat to the validity of this research that could have been introduced due to the 

respondents not understanding the context and the content of the survey was mitigated by 

pilot testing the data collection form. Therefore, it is safe to assume that the data did not 

contain any form of bias due to incorrect understanding of the variables and overall data 

collection form. 
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6.9 Conclusions 

The results of this research phase suggest that maintainability prediction with ordinal 

dependent variable is possible. For predicting maintainability using ordinal data both CBR 

and CART are useful techniques. The top maintainability predictors that have been reported 

by both CBR and CART are quality assurance and understandability of relational database-

driven applications. The predictors relevant to back-end of relational database-driven 

applications such as database design, features provided by underlying DBMS, choice of 

DBMS, and choice of data types used within the database were also among the set of 

predictors selected by the at least one of either CBR or CART. The results suggest that 

when for maintainability prediction and creation of maintainable relational database-driven 

applications, the aspects relevant to the back-end relational database cannot be ignored. 
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Chapter 7  

Discussion and Evaluation 

 

7.1 Discussion on the Research Questions 

The research strived to address the issue of maintainability prediction in the context of 

relational database-driven software applications. The research began by assessing the 

current state of research in the area of prediction and measures of software maintainability 

and its sub-characteristics with the help of a Systematic Review (SR). The SR identified 32 

studies relevant to the SR topic, of which only 9 had used relational database-driven 

applications in their datasets. The prediction techniques that these 9 studies used for 

predicting maintainability were fuzzy logic based technique and Fuzzy Prototypical 

Knowledge Discovery Method (FPKD), as given in Section 3.11, Chapter 3. The other 

techniques, such as expert judgment and generalised estimation techniques, were used with 

some of the maintainability sub-characteristics. As such, the evidence only partially qualifies 

for relational database-driven applications because the focus of these 9 studies was not on 

relational database-driven applications. Therefore, the part of the answer to Research 

Question 1 of this thesis which states, „How is the maintainability of relational database-

driven software applications predicted in research and practice?‟, is that the only evidence of 

research partially in support of predicting maintainability of relational database-driven 

applications is in favour of fuzzy logic based prediction techniques. 
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The interviews and survey conducted with software practitioners investigated the state of 

practice on the research topic. The aim of the interviews, which were semi-structured in 

nature, was to gather evidence from practice in support of maintainability prediction for 

relational database-driven applications. In particular, the interviews aimed to investigate the 

measures, prediction techniques, and predictors of maintainability in the context of relational 

database-driven applications. The evidence from state of practice favoured the use of expert 

judgment as a technique for predicting maintainability of relational database-driven 

applications, which completes the answer to Research Question 1 of the thesis. 

The results of the SR and interviews gave a set of factors that have a bearing on the 

maintainability of relational database-driven applications. These factors were combined and 

a survey was conducted with software practitioners that helped rank these factors in terms of 

their importance to the maintainability of relational database-driven applications. The 

responses of software practitioners were subjective and were collected on a seven point bi-

polar scale i.e., the survey variables were measured on an ordinal scale. In addition, the 

survey responses were analysed using frequency analysis. The top 5 factors identified were: 

correct definition of entities, good software design, experienced human resources, good 

database design, and ability to see future changes to the application. A complete list of the 

factors considered important by practitioners for maintainability of relational database-driven 

applications is provided in Figure 5-3, Chapter 5, which gives an answer to the Research 

Question 2 of this thesis which states, „What are the factors that have a bearing on the 

maintainability of relational database-driven software applications?‟. Further to this, the 

prediction techniques applied on the ordinal data gathered on software projects, in the fourth 

phase of this research, give documentation quality and understandability of the relational 

database-driven applications as the most successful predictors of maintainability. This 

further narrows down the list of successful maintainability factors in the context of relational 

database-driven applications. 

The fourth phase of this research applied three different prediction techniques on ordinal 

data that were gathered on the predictors identified from the survey conducted with software 

practitioners. The data gathered were from real software projects carried out in various 

software companies. The first technique - „ordinal regression‟ was not employed given that 

this technique was not suitable for the type of data gathered. The other two techniques, CBR 

and CART, gave meaningful results where the results suggested CBR to be slightly superior 

to CART. The answer to the Research Question 3 of this thesis that states, „What 

method(s) can be used for predicting the maintainability of relational database-driven 

software applications?‟ is therefore „it depends on the data and the data types of the 

variables used for prediction‟. For the dataset used in this research both CBR and CART 
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proved to be useful. I employed an ordinal measure for maintainability because the data 

were to be gathered from practitioners based on their subjective assessment of the software 

projects and previous phases of this research supported use of expert judgment and hence 

ordinal measure. For datasets where other researchers prefer to use a surrogate measure of 

maintainability such as change metric (Elish & Elish, 2009; van Koten & Gray, 2006; Zhou & 

Leung, 2007) and maintenance time (Genero et al., 2003) etc., other prediction techniques 

that can be used with continuous variables may be considered. 

In terms of Research Question 4 of this thesis that states, „Does predicting maintainability 

for relational database-driven applications require predictors additional to those employed for 

predicting maintainability for applications that do not have a relational back-end database??‟ 

the answer is „Yes‟. Although the evidence from research in this regard does not fully 

support this answer, the evidence from practice suggests that maintainability prediction for 

relational database-driven applications relies on predictors additional to those employed for 

predicting maintainability for applications that do not have a relational database back-end. 

These additional predictors were identified in the interviews and validated in the survey as 

well as by the prediction techniques. These predictors include database design, 

normalisation, DBMS features, database engine, data types etc. and convincingly suggest 

that features specific to relational database back-end have an important role in 

maintainability and maintainability prediction of relational database-driven software 

applications. 

The results from the SR, as discussed earlier, show that explicit focus has never been put 

onto the maintainability prediction in the specific context of relational database-driven 

applications. Therefore, I argue that research never explicitly considered the differences 

between maintainability of relational database-driven applications and applications that do 

not have a relational database back-end. The practice however, suggests that the two are 

different. The evidence in this regard comprises the predictors specific to relational database 

back-end that were mentioned in the interviews and selected both in the survey and 

prediction techniques. The predictors selected both in survey and by different prediction 

techniques that relate to relational database back-end are good database design 

(DBEngine), choice of data types used in database (DataTypes), optimal use of database 

features (DBFeatures), Normalization of database schema (Normalize), choice of database 

engine (DBEngine), and correct definition of database entities (CorrEntDef). The selection of 

these predictors put light onto the importance of the aspects specific to relational database 

back-end and the role that these predictors play in predicting maintainability of relational 

database-driven applications. 



Chapter 7 – Discussion and Evaluation 

161 
 

7.2 Evaluation and Discussion of the Four Research Phases 

The research comprised four phases each of which, except for the first, was informed by the 

results of previous phase(s). During the course of this work, various decisions were made 

relevant to the choice of the content and research procedures used in each of the phases of 

this research. Clearly, other options were also available but the ones preferred over the 

others were those that, in my view, best suited the context, data, and the problem at hand. 

An evaluation and discussion of each of the four research phases is given below.    

7.2.1 Systematic Review 

The SR followed guidelines of conducting SRs in Software Engineering (Kitchenham & 

Charters, 2007) to discover existing evidence on prediction and measures of software 

maintainability and maintainability sub-characteristics. The rationale for decisions relevant to 

narrowing down the scope of this research to only maintainability and relational database-

driven applications has already been discussed in Chapter 2.  The search results of SR were 

updated in October 2010 i.e., after the interviews and the survey were conducted, and four 

new studies were identified. The results from the newly identified studies were analysed to 

assess their impact on the next research phases. As the new studies either did not give any 

new maintainability predictors or gave predictors that were already covered under a survey 

predictor that was at a higher level of abstraction than the newly found predictor, the results 

were found not to impact the next phases of the research. 

The search strings for the SR used in different online databases differed and were tailored 

with the help of the subject librarian for each database such that the results were most 

relevant. Some database e.g., SpringerLink constrained the search strategy by only allowing 

10 search terms in a search string. Overall there were restrictions imposed by many of the 

databases searched for the SR. As a result, some search terms e.g., „factor‟ which was 

perhaps the most important amongst the ones that were eliminated, did not appear in the 

search strings used for searching online databases. While this was not ideal, I believe it did 

not have any negative impact on the results of the SR because any factors that were 

discussed specifically in the context of maintainability prediction were covered by the SR. 

However in order to ensure that SR did not miss any evidence on maintainability factors, the 

results of the SR were complimented by conducting a complimentary literature review and 

taking into account only maintainability factors that may not have been discussed specifically 

in the context of maintainability prediction. Additionally, another set of searches were run for 

assessing the state of art in the area of database maintainability. Both searches gave some 

additional factors that were not covered by the SR, as given in Section 3.12, Chapter 3. 
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However, all the additional factors identified by the complimentary literature review were 

found to be either the same as the listed predictors of the survey or covered under a survey 

predictor that was conceptually at a higher level of abstraction.  

As was the case with updating results of the SR, the results from the abovementioned 

searches on „maintainability and factors‟ and „database and maintainability‟ were also 

updated after the data collection on the survey was complete. As discussed in Chapter 5, the 

predictors and factors from both SR and interviews were aggregated for the survey. The 

newly identified factors from these searches were also compared against the predictors 

listed in the survey retrospectively. Again, the results from these searches did not reveal any 

factors that would have had an impact on the next research phases due to the newly 

identified factors being already covered under a survey factor.  

The topic of the PhD was different to that of the SR and therefore the factors specific to 

database schema such as its design, the changes that it undergoes and the impact of those 

changes were not identified by the SR because these topics are often not discussed in 

literature in conjunction with software maintainability. These topics in their own entirety are 

perhaps complete PhD topics but were at least considered for this research only in relation 

to maintainability, as discussed in Section 3.12, Chapter 3. However, these topics were not 

pursued any further because of these being outside of the scope of this research.   

7.2.2 Interviews 

Interviews were conducted with software practitioners to uncover any predictors of 

maintainability that were specific to relational database-driven applications. The different 

options considered before this research phase was conducted were: (1) to synthesise a list 

of factors from literature on databases, database schema changes, database evolution etc. 

and conduct a survey with software practitioners to record their responses on whether they 

considered those factors important; and (2) to conduct interviews with software practitioners 

and find out what they considered important for predicting maintainability of relational 

database-driven applications. The first option was restrictive in that it would only record 

practitioners‟ opinions on the factors that would have been listed in the survey form while the 

second option provided more freedom in terms of also discovering the factors that software 

practitioners considered important and were not already covered by the literature. Clearly, 

the second option was preferred such that the interviewed practitioners could fully express 

their views on the interview topic. 
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7.2.3 Survey 

The survey was designed to record practitioners‟ opinion on both the direction of the 

relationship of the predictors i.e., whether a given predictor increases or decreases 

maintainability, and the strength of the predictors‟ relationship with maintainability. All the 

predictors ranked important by the practitioners for predicting maintainability of relational 

database-driven applications, had a positive relationship with maintainability i.e., all resulted 

in an increase in maintainability. An argument in this regard with relation to the design of the 

survey is why bad examples of the predictors were not selected. The reason is that the 

predictors listed in the survey were those that were either mentioned by practitioners in the 

interviews or were reported in the SR. The survey listed the factors exactly as the factors 

appeared in the two sources by which the survey was informed. A thought was not given to 

listing for example „good database design‟ as „bad database design‟ in the survey. On the 

other hand, I believe that this would have only reversed the direction of the relationship but 

the strength of the relationship would not have been impacted. In addition, I also believe that 

this would not have had an impact on the final results i.e., the results from the prediction 

techniques, in terms of the skewness of the data to the extreme right end of the bi-polar 

scale because in an inverse relationship the data would have only been skewed to the other 

end of the bi-polar scale. 

7.2.4 Maintainability Prediction 

The fourth phase of the research involved collecting ordinal data on real software projects 

based on subjective assessment of software practitioners on: (1) maintainability as a 

dependent variable; and (2) 28 independent variables which were the maintainability factors 

identified from the survey. The decisions made for this research phase related to the 

measure used for the dependent variable and the choices regarding the prediction 

techniques that were used. The decisions were made keeping in mind the fact that the data 

were to be collected from software companies and the availability of the data in terms of 

whether software companies recorded the measures that could relate to one or more 

variables involved in this research phase; the time allocated to this research phase; and the 

constraints and terms dictated by UAHPEC for data collection. 

The decision of using expert judgment as a measure of maintainability was also driven by 

the evidence gathered from research and practice in the previous phases of this research in 

support of expert judgment. The maintainability measures used in the literature in the context 

of relational database-driven applications were maintenance time, volume of changes, and 

expert judgment, as given in Section 3.11, Chapter 3. For software applications, the 
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measures that have been used in research include HPMAS Maintainability Index based on 

AFOTEC quality assessment instrument, expert opinion, maintenance time, maintainability 

index (MI), effort in person-minutes, volume of change, change metric, concept maps, 

generalised equations, and frequency of changes to the code, as given in Section 3.10.4, 

Chapter 3. Overall, expert judgment was the measure most commonly used among the 

selected studies of the SR. 

The maintainability in practice was measured by expert judgment, in a few cases as effort to 

carry out a maintenance task where more perceived effort meant less maintainable 

application and vice versa, and in even a fewer cases as a combination of both expert 

judgment and effort to carry out a maintenance task. Overall expert judgment stood out 

amongst the rest. 

In regards to the available options to consider for use as a maintainability measure for the 

fourth phase of the research, expert judgment made most sense. The reason was that 

expert judgment could be measured subjectively on an ordinal scale and every company 

could provide this information on the projects involved with development and/or maintenance 

of relational database-driven applications.  

For HPMAS maintainability index that uses AFOTEC survey, it would have meant 

conducting another survey in addition to data collection which was not feasible given the 

time constraints, two different locations for data collection, and time required to fulfil 

UAHPEC‟s requirements. Also AFOTEC relies on random samples of the code (Anda, 2007) 

which meant that the companies would have had to gather data from their code and then 

provide the data on the same project that they had initially used for AFOTEC survey – 

something that could not be imposed under the ethical guidelines of UAHPEC.  

The Maintainability Index (MI) (Misra, 2005) is itself a regression model based on various 

code measures. The issue with MI was again uncertainty as to whether these measures 

were recorded by the companies and in case the companies did record these measures 

whether they would share this information. This would have also meant increased amount of 

work on part of the companies to provide data and from experience with conducting 

interviews and surveys in terms of the low response rate, it looked rather difficult for the 

companies to participate if they were to provide information that did not come out of the box. 

Other measures of maintainability used in research and practice were possible to collect if 

those were to be gathered using controlled experiments such as those conducted in class 

rooms or research labs. The possibility of engaging numerous practitioners at companies‟ 

premises was very remote given the type of response received in the previous research 
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phases. Given that all other maintainability measures had one issue or the other and that 

expert judgment was the measure most used in practice, where the data were to be sourced, 

the best available option was to use ordinal scale for measuring maintainability as the 

dependent variable. 

In terms of different prediction techniques that were used in this research phase, again the 

techniques that best suited the data gathered were used. As mentioned earlier, in the 

context of relational database-driven applications that only evidence found from research 

supported fuzzy logic based technique and FPKD, for software applications the evidence 

found was in support of regression based techniques, hierarchical models (HPMAS and 

WAMM), FPDK, stochastic feature selection, Bayesian networks, software reliability models, 

and Artificial Neural Network (ANN), as given in Section 3.10.1, Chapter 3. Detailing each of 

the techniques is outside of the scope of this research but these were not used for predicting 

maintainability of relational database-driven applications because one of more of the 

following reasons: 

 The data for this research phase were ordinal. 

 The data was not gathered for variables that were hierarchical in nature – this 

specifically applies to hierarchical models. 

 The data were not evenly distributed across all points of the ordinal scale. 

In regards to the skewness of the data towards one end of the ordinal scale, I believe this 

could have been addressed to a certain degree if a consideration were given prior to data 

collection to request companies to provide data on one good and one bad project. By the 

time the skewness in the data were noted, it was not possible to correct the issue because it 

would have meant contacting the companies again when they had already provided the 

data. Given the time already spent on data collection, ethical considerations, and the fact 

that data were collected from two different countries; it was not feasible to undertake the task 

of collecting more data. 

The technique of ordinal regression did not work on the collected data. It does not mean that 

the technique was not the right technique to apply rather the fault lay with the data i.e., the 

size of the dataset and the skewness of the variables. The issues regarding the results of the 

ordinal regression or lack of results thereof may be addressed by more planned data 

collection efforts and a larger dataset which in my opinion may offer has a higher probability 

of successful application of ordinal regression to perform maintainability prediction in the 

context of relational database-driven applications.  
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7.3 Threats to the Validity 

The research relied heavily on the data gathered from different sources; and on people and 

companies from two different countries. While all possible measures were taken to account 

for any factors that would threaten the conclusions of this research, all threats were not 

eliminated, as discussed below.   

7.3.1 Conclusion Validity 

Conclusion validity is defined as the inferences about whether it is reasonable to presume 

co-variation given a specified α level and the obtained variances (Cook & Campbell, 1979). It 

relates to the credibility of the research in terms of conclusions drawn from the relationships. 

The errors that threat conclusion validity are missing out important relationships and 

identifying non-existent relationships (Shadish, Cook, & Campbell, 2002).  

The data were gathered from only a small sample in each research phase and were mainly 

sourced from the SR and the interviews which in turn were based only on what was reported 

in the studied literature and the recollections of the interviewees, respectively. The threat of 

unidentified relationships between maintainability and other factors that were not mentioned 

by either of the sources does exist. Also, some of the factors that were mentioned in the SR 

or by practitioners may only be applicable to certain types of applications e.g., number of 

Web pages that only apply to applications deployed on a Web-based platform.   

An attempt as best was possible was made to avoid errors that would have threatened the 

conclusion validity of the research. In order to mitigate the issues related to unidentified 

relationships, the complimentary literature review was conducted and the SR was also 

refreshed to find if any new factors were reported in the literature. For interviews, prompts 

were used to get as much information from the interviewees as possible.  

I believe that the issue relevant to identifying non-existent relationships did not as such exist 

for this research. This was because first, the factors came from reliable sources and second, 

the identified factors were initially shortlisted in the survey and later employed in the 

prediction techniques which further selected predictors that were most relevant to the 

maintainability of relational database-driven applications.  

7.3.2 Construct Validity 

Construct validity is defined as the degree to which inferences can legitimately be made from 

the operationalisations in the study to the theoretical constructs on which those 

operationalisations were based (Trochim, 2006). This relates to the interpretation of the 
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constructs within the study instruments such that the constructs convey the meaning of the 

underlying concepts correctly.  

A term that was common to all research phases is maintainability. In the last three research 

phases, all of which involved collecting data from practitioners and recording their 

perceptions on maintainability, one can argue that participating practitioners did not follow 

the same definition of maintainabilitiy and their understanding of maintainability differed 

among themselves as well as from the understanding of the researcher. It has already been 

stated that this research followed IEEE‟s definition of maintainability. The same definition 

was shared with participating practitioners in all phases of the research with the help of the 

Participant Information Sheets (PIS) and also by explicitly stating the definition of 

maintainability in the survey and data collection forms. In interviews also, the definition of 

maintainability was shared with the interviewees at the outset of the interviews to ensure that 

the researcher and the participants were on the same page. As much as possible, an 

attempt was made that all participants were at least aware of the definition of maintainability 

used within the context of this research and responded accordingly. Also, no obvious 

variances were noted in responces collected during different phases of this research. 

Therefore, it can be said with conviction that even if the respondents had different 

perceptions of maintainability, they responded to this research according to the definition 

used herein. 

All instruments used in this research e.g., the interview questions, survey questionnaire, and 

data collection form were validated via pilot tests before actually conducting the research 

phases. Also, definitions and explanations of various concepts were provided with these 

instruments, where necessary. Additionally, participants were asked to contact me in case 

they had any questions or ambiguities. All these measures were taken to mitigate threats to 

the construct validity of this research i.e., to ensure that the content of these instruments was 

clear to the participants. However, peoples‟ perceptions, and experiences of dealing with 

different concepts could not be predicted and controlled. While the possibility of participants 

interpreting different concepts slightly differently cannot be excluded, the chance that the 

concepts presented in various phases of this research were completely misinterpreted by 

practitioners is almost non-existent due to necessary proactive measures taken.  

7.3.3 Internal Validity 

Internal validity threats are related to issues such as experimental procedures, treatments, or 

background of the participants, of which these issues may affect the validity of the 

conclusions drawn from the study (Cook & Campbell, 1979). Throughout this research, the 
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participation was voluntary and sampling multi-staged. This means that the samples for any 

phase of this research cannot be considered random and hence point to a threat to the 

internal validity of this research. However, this could not be controlled because the research 

had to comply with the UAHPEC‟s policies, as discussed already. 

The other possible threats to the internal validity may relate to participants belonging to two 

different countries and many different companies. Different companies can have different 

approaches and perceptions towards maintainability depending on the application domain, 

toolsets used, maturity of the company etc. In this regard, an attempt was made to make this 

research as context-free as possible which is also shown by the comparing the results from 

two countries.  

7.3.4 External Validity 

External validity is defined as the approximate validity with which conclusions are drawn 

about the generalisability of a causal relationship to and across populations of persons, 

settings, and times (Cook & Campbell, 1979).  

The data for this research in each of the research phases were sourced from two different 

countries and a small sample size. While the comparison of the results from two countries 

did not show much variation in the results, the same may not be true for other countries. 

Also for the last phase of the research, the data were skewed which showed that all projects 

were somewhat the same in terms of their maintainability. The possibility of obtaining 

different results by collecting data on projects that had low maintainability exists, as 

discussed earlier. Similarly, a larger dataset in each of the phases of this research may have 

resulted in different conclusions. However, I believe that one can only try their best, rely on 

the data available, and propose methods which can then be applied to other contexts by 

other researchers.  

7.4 Limitations  

In addition to the limitations already discussed throughout the thesis that were imposed by 

the time constraints, ethical considerations, availability of the data, dependencies on factors 

outside of my control such as willingness of companies and participants to participate in the 

various research phases; other limitations of this research are noted as below.  

7.4.1 Limitations With Regards to Literature Review 

This research investigated a topic that was related to various strands of literature such as 

software maintainability, relational databases, relational database management systems, 
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database schema changes and evolution, and software prediction. An attempt, as best as 

possible, was made to synthesise and gather evidence from all these strands that were most 

relevant to the research topic. However the possibility of missing studies published in the 

past, which is very low due to intensive and directed efforts put into literature review, cannot 

be completely excluded. Further, the focus of the research turned more towards evidence 

from practice as the research progressed and some evidence gathered from literature on the 

mentioned topics did not reveal anything that was not already covered. Finally, the SR was 

not updated after October 2010 because of the time constraints and therefore, may not be a 

true representative of the current state of art at this time.  

7.4.2 Limitations With Regards to Data Analysis 

The procedures used for data analysis were rather simple but were used because those best 

suited the type of data gathered and the problem at hand. The limitations imposed on data 

analysis were a result of the limitations of the data itself. As stated earlier, other forms of 

data analysis techniques could have been performed had the data been supportive of other 

techniques. 

7.5 Implications for Research  

The research outcomes have various implications for research. The results of the SR 

showed that research on the area of maintainability prediction is scarce and even more so in 

case of maintainability sub-characteristics‟ prediction. Also, there is no standard way of 

measuring maintainability or any of its sub-characteristics. Therefore, one implication is to 

further investigate maintainability and its sub-characteristics‟ prediction and measures. 

The SR also showed that maintainability in the context of relational database-driven 

applications, where the focus of the study is explicitly on these applications, has never been 

considered. As discussed in Chapter 1, relational database-driven applications are the most 

widely used applications of the time and so factors that make these applications 

maintainable need to be taken into account. The trend of treating the front-end and the back-

end of a relational database-driven application separately should be discontinued and the 

two should be considered as part of one complete application where the two interact with 

each other and evolve together. 

As discussed earlier, the results from this research are based on data collected from two 

countries and only a handful of practitioners. There is a possibility that practitioners from 

other countries and settings consider other factors important that perhaps haven‟t been 

covered in this research. Researchers can conduct similar research in other settings in order 
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to identify other predictors in their relevant contexts. Also, the same survey instrument and 

data collection form may be used to gather data from larger samples to bring more 

generalizability into the research results.  

Overall, the outcomes of this research give food for thought to the researchers and 

academics in the discipline of software engineering. The results are heavily based upon data 

gathered from software industry and give an up-to-date account of practitioners‟ 

perspectives on maintainability prediction in the context of relational database-driven 

applications. With the up-to-date information on current practice available to us, it is our duty 

as researchers and academics to make use of this information and further assess the 

options that we have available for improving the maintainability of relational database-driven 

applications. With longer term objectives in mind, we should undertake further research 

initiatives in order to improve the current state of practice and suggest ways for improving 

maintainability and reducing the maintenance costs of relational database-driven 

applications. 

7.6 Implications for Practice 

The research presented in this thesis is largely informed by practice. It presents the current 

state of practice in the area of maintainability prediction for relational database-driven 

applications. As discussed throughout the thesis, maintainability is predicted in practice 

using expert judgment. The prediction techniques applied in this research also rely on expert 

judgment and therefore, can easily be adopted by practitioners.  

The research also gives a number of predictors that can be used to predict maintainability of 

relational database-driven applications. The most successful predictors, according to the last 

phase of this research presented in Chapter 6, are quality assurance and understandability 

of relational database-driven applications. This suggests that if an effort is made by 

practitioners to quality assure these applications and if the applications are created such that 

these are easy to understand by maintainers, it can lead to highly maintainable relational 

database-driven applications. 

In addition to the quality assurance and understandability which were the two successful 

predictors that selected by both the prediction techniques – CBR and CART – used in this 

research, the research also identifies other important predictors of maintainability for 

relational database-driven applications. These predictors mainly relate to design of the 

database and the overall application, change processes and policies, team communication 

and overall project management, and quality assurance. These factors suggest that not only 

good design and optimal coding of the relational database-driven applications is important 
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but soft factors are also equally important. A comprehensive list of all such factors is 

provided in Chapter 6 and I believe that all the listed factors contribute to maintainability in 

one way or the other. For some practitioners some factors may not apply, depending on the 

context and project requirements, but the factors can still provide a guideline to creating 

more maintainable relational database-driven applications. 

The tools used for predictive analysis in this research are easy to use. Also, the data 

relevant to all the variables is based on subjective assessment. Software companies can use 

the presented research as a base and can start formalising the process of maintainability 

prediction in their companies. The only pre-requisite of formalising this process would be to 

create a case base which for a software company should not be difficult. Such an initiative 

on part of the software companies can lead to creating more maintainable applications by 

predicting the maintainability of their applications and improving the various decisions taken 

throughout the software project life cycle. 

7.7 Open Issues in Software Engineering 

A number of issues were noted while conducting this research that not only apply to this 

research but to the wider discipline of software engineering. The issues are as below. 

1. Data Collection: For this research, I collected data three different times for three 

different phases of the research. Each time it proved to be very difficult and time 

consuming despite the follow-ups with the companies and participants. For example, 

the last phase of this research took me 5 months to collect data from 19 companies 

on 56 projects when data collection from most of the companies was simultaneous 

i.e., I would visit 2 or more companies in a day in case the companies indicated that 

they would kept the data collection form and return it at a later stage. While the 

exercise being time consuming is acceptable, the issue of very little data gathered as 

a result of the entire process was rather disappointing. The most understandable 

reasons that come to mind are that the companies do not want to invest their time on 

these activities because they do not get any benefit out of it, they do not trust 

researchers with the information that they are asked to share, or simply because 

there is a wide gap between research and practice and they do not see the research 

activities to be relevant to them. Whichever the case is, the issue cannot be resolved 

and the gap between research and practice cannot be bridged unless both work in 

collaboration to help and support each other. Therefore, there is need for software 

industry to support research activities by investing some time into research but at the 

same time the research should also attempt to resolve real issues that are faced by 
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practitioners. The issue of very low response rates from practice, in my view, is one 

of the bottlenecks for research. However, if allocating big budgets in order to recruit 

practitioners and software companies for research projects (Tichy, 2011) is the only 

answer to the solution, then the chance to win over the issue of low response rate 

especially in case of small scale projects, is very remote. 

2. Skewed Data: The data for the last phase of this research were collected from 19 

different companies, with an average age of 15.5 years, on 56 different projects. It 

seems unlikely that any of these companies never developed or maintained a 

relational database-driven application throughout their existence that never qualified 

anything lower than highly or very highly maintainable. The fact that the data was 

only provided on projects that qualified well in maintainability suggests only one thing 

that the software companies‟ wanted to share only good examples. This could be 

because the companies wanted to show only their good side by presenting data on 

only the projects of highest quality or they were not explicitly asked to provide bad 

examples. In any case, there is a need to highlight this issue and provide guidelines 

that may results in focused and useful data collection exercises carried out by 

researchers in the area of empirical software engineering. 

3. Lack of Attention to Analysing Data Measured on Ordinal Scale: The data for the 

last phase of this research were ordinal in nature and there was not much help in the 

literature to deal with ordinal data. The use of ordinal regression in the software 

estimation is very rare. I was only able to find one example (Sentas et al., 2005) of 

ordinal regression as a technique for effort prediction. While much of the prediction in 

practice is done using expert judgment and there is a greater need to improve and 

supplement expert judgment in comparison to introducing other methods that remain 

unimplemented in practice (Jorgensen, Boehm, & Rifkin, 2009; Jorgensen & 

Shepperd, 2007), the scarcity of evidence related to expert judgment as a prediction 

technique is surprising. As a result, I was not able to get much help from estimation 

literature on the use of ordinal regression. The same issue was faced when 

prediction accuracy of the techniques employed was to be measured. There are no 

measures, to the best of my knowledge, which take into account ordinal nature of 

data. The existing measures of accuracy such as MMRE, as mentioned in Chapter 6, 

cannot be used with ordinal data.  

7.8 Conclusions 

The research presented in this thesis has its limitations. There were various decisions taken 

throughout the course of this research which were sometimes driven by circumstances 
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surrounding this research, constraints bounding this research, and my own perception of 

what was „the best‟ at the time. There is a fair chance that another researcher conducting the 

same research in different circumstances may have approached this research in a different 

way. This however does not mean that the research is flawed in any possible sense. The 

research presents valid findings in the studied domain and has its benefits and applications 

for both research and practice. The research has made various contributions to the body of 

knowledge and also presents various avenues where it can be extended, as discussed in 

Chapter 8. 
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Chapter 8  

Conclusions and Future Work 

 

8.1 Research Summary  

The research detailed in this thesis aimed at investigating maintainability prediction for 

relational database-driven software applications. The research motivation was driven by little 

evidence of research on software maintainability prediction, the importance of relational 

database-driven applications in the current era, and the observations that relational 

database-driven applications are inherently different from applications that do not have a 

relational database back-end and so the maintainability of relational database-driven 

applications is likely also different because of the presence of a relational database back-

end. 

The research investigation started with a Systematic Review (SR) conducted on topic of 

software maintainability and its sub-characteristics‟ prediction and metrics. The SR did not 

focus solely on the maintainability of database-driven software applications, i.e., the topic 

was kept broad in order to account for all available evidence in support of software 

maintainability prediction and metrics. The SR selected only 32 relevant studies suggesting 

that there is little evidence of research on maintainability and maintainability sub-

characteristics prediction techniques and metrics. The techniques applied the most among 

the selected studies were all algorithmic. Similarly, the evidence on the use of accuracy 
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measures and cross-validation techniques was also scarce. Of the 32 selected studies, only 

9 studies had used relational database-driven applications in their datasets and none 

explicitly mentioned that the focus of their research was on these applications. As a result, 

there were no predictors identified in the SR that related to the aspects of either relational 

databases or that of the interaction between relational database and front-end application.  

The next phase of the research involved gathering evidence from practice on maintainability 

prediction of relational database-driven applications. Interviews conducted with software 

practitioners brought into light various predictors that were specifically relevant to the 

relational database back-end. The analysis of interviews also suggested that in practice the 

maintainability of relational database-driven applications is considered different to that of the 

applications that do not have a relational database back-end. 

The results of the SR and interviews together presented a long list of predictors that needed 

to be shortlisted such that data on the most relevant predictors could be gathered from 

software projects and maintainability prediction analysis be performed. A survey was 

conducted with software practitioners in the next phase of the research that aimed at ranking 

the predictors in terms of their importance to predicting maintainability of relational database-

driven applications. The subset of predictors selected as a result also included predictors 

relevant to relational database back-end e.g., database design, correct entity definition, 

normalization, etc. in addition to predictors relevant to the design aspects of overall 

application, quality of application and documentation, overall project management and team 

communication, and software change management etc. 

In the last phase of this research, ordinal data on the selected predictors were gathered from 

different software companies. The data were based on 56 projects carried out to develop 

and/or maintain relational database-driven applications in different participating companies. 

The data were analysed using two different prediction techniques – CBR and CART. In 

addition, analysis using ordinal regression was also attempted which turned out not to be 

applicable due to the data being skewed towards one end of the ordinal scale and also 

because ordinal regression requires large datasets in order to generate conclusive results.  

CBR and CART selected 13 and 17 predictors respectively, where many of these predictors 

overlapped for the two techniques. The predictors selected in this research phase also 

included predictors specific to relational database back-end. However, the two techniques 

together proposed documentation quality and understandability of relational database-driven 

applications as the two most important predictors of maintainability. 
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8.2 Conclusions 

The most important conclusion of this research is that the maintainability prediction for 

relational database-driven applications differs from applications that do not have a relational 

database back-end as signified by the various predictors selected by survey and prediction 

techniques‟ results that were specific to relational database back-end aspects.  

With respect to maintainability as a quality attribute, there is no one agreed upon relationship 

found in the research between maintainability and its various sub-characteristics. Different 

quality models use different sets of sub-characteristics. A similar trend is found in the 

research where a subset of maintainability sub-characteristics from a given quality model are 

considered while other sub-characteristics are ignored. As such it cannot be concluded as to 

what maintainability actually comprises of. Similarly, the distinction between maintainability 

and maintenance is also vague in the research which is signified by the search results of the 

SR conducted in this research. 

There is a big mismatch between the state of art and state of practice in terms of how 

maintainability is predicted and assessed for software applications in general and relational 

database-driven applications in particular. While research makes no explicit distinction 

between maintainability prediction of relational database-driven software applications and 

other software applications, practice considers the two to be different due to the presence of 

relational database specific features in relational database-driven applications. Additionally, 

while existing research presents various prediction techniques, practice only relies on expert 

judgment. This means that existing research needs to take into account the current trends 

prevalent in practice in order improve research in the area of maintainability prediction and to 

propose ways that can result in more maintainable software applications in general and 

relational database-driven applications in particular. In this regard, the predictors suggested 

by the results of this research, in particular the ones selected by either CBR or CART, 

should be paid special consideration when proposing ways to predicting the maintainability 

of relational database-driven applications and special attention should be paid to improve 

applications‟ characteristics based on these predictors. 

8.3 Future Work 

The results of this research, its contributions and limitations point to several possibilities for 

future research as given below. 

 Maintainability and maintainability sub-characteristics prediction. The results of 

this thesis present a need to further advance research on the area under 
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investigation. The results suggest a need to explore prediction techniques and 

models that may benefit maintainability and its sub-characteristics not only for 

relational database-driven applications but also for other types of applications. The 

results of the SR suggest that prediction of maintainability and its sub-characteristics 

have for the most part been dealt with in isolation. This points to a need to be able to 

assess if there is a common method that can be used for predicting different 

maintainability sub-characteristics and if the overall maintainability of software 

applications can be predicted based on the prediction of different maintainability sub-

characteristics. As yet, to the best of my knowledge, the link between maintainability 

and its sub-characteristics prediction in unclear. Similarly, for relational database-

driven applications, no explicit evidence of research was found in support of their 

maintainability prediction. This research applied only two different prediction 

techniques based on the data gathered from practice. Specific efforts should be put 

to explore which other techniques may be used for the same purpose such that the 

best technique may be identified for use in practice. In this regard, the fact that 

maintainability is predicted in practice using subjective assessments should also be 

taken into account such that the techniques match the requirements of the software 

practitioners and may be used with data that are ordinal in nature. Such efforts can 

also be useful for other quality attributes which are otherwise hard to quantify. 

 Maintainability as a function of its sub- characteristics. There is a need to further 

study what actually constitutes maintainability. Different quality models suggest 

different and often overlapping factors and characteristics of maintainability but for 

practitioners, maintainability as a function of different sub-characteristics is not a 

commonly understood concept. The literature also uses different variations of sub-

characteristics when defining maintainability. This highlights a need to study which 

sub-characteristics of maintainability actually are most relevant to both research and 

practice and if all sub-characteristics of maintainability mentioned in various quality 

models are not relevant then which ones are. 

 Maintainability and maintainability sub-characteristics measures and metrics. 

Agreed upon measures and metrics of maintainability and its sub-characteristics 

need attention. Research on this avenue should be focused on the study of new and 

improved measures that can be used by both research and practice to benchmark 

the quality of the software applications. 

 Maintainability predictors for different contexts. The predictors identified in this 

research were sourced from data gathered from two countries and a small number of 

practitioners. Although, the comparison of overall results from the two countries 
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showed that the predictors were context-free, it will be useful to investigate if 

predictors vary for different countries and type of companies e.g., according to the 

maturity level,  companies that are involved in in-house development, etc. This will 

result in identification of factors that are more relevant to different types of 

companies. Additionally, it will also validate the predictors presented in this research 

and result in establishing the generalisability of the predictors to different settings and 

type of companies. 

 Maintainability predictors at a more granular level. Many of the predictors 

presented by the SR results were metrics at a lower level of granularity than that of 

concepts identified in the interviews, and for the purpose of the survey were 

combined. Future research should focus on specific metrics relevant to various 

aspects of the relational database-driven applications to identify which metrics relate 

more to maintainability such that data on these metrics may be gathered. This would 

ensure that maintainability prediction is data-driven and is not dependent upon 

people‟s recollections of past projects. 

 Validation of the results presented in this research with the help of more data. 

Another future direction to this research is further validation of the results obtained by 

using prediction techniques after gathering more data with a focused approach such 

that the data are not skewed. This would not only validate the findings presented in 

this research but may also enable the use of ordinal regression and thereby 

comparison of the ordinal regression with the other two techniques – CBR and CART 

– used in this research.   

8.4 Final Remarks  

The results of the research presented in this thesis support the claimed differences between 

maintainability of relational database-driven applications and that of applications that do not 

have a relational database back-end. The findings suggest that the common research trend 

of placing the two in the same basket should not be continued.  

The results of this research can provide valuable inputs to organisations that develop and 

maintain relational database-driven applications. The research in addition to presenting 

several factors that should be taken into account for improving the maintainability of 

relational database-driven applications, also suggests prediction techniques that these 

organisations may use to predict and improve maintainability of their applications and hence, 

reduce time and cost of maintenance. 
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APPENDIX A: SLR Resources 

Appendix A – 1: Protocol for Systematic Review of Software 

Maintainability and Maintainability Sub-Characteristics 

Prediction and Metrics 

 

1. Introduction 

The focus of this Systematic Review (SR) is on software maintainability prediction and 

software maintainability metrics. The aim is to find all the existing evidence on maintainability 

prediction techniques and models; factors that impact maintainability; and measures and 

metrics that are used to measure the maintainability of software applications. Note that the 

term maintainability encompasses all sub-characteristics and factors of maintainability as 

defined by various software quality models such as ISO (ISO/IEC, 2001); McCall‟s Quality 

Model (McCall, Richards, & Walters, 1977); Boehm‟s Quality Model (Boehm et al., 1978) and 

used by various relevant studies. The sub-characteristics and factors corresponding to the 

mentioned quality models are listed below and the terms used for this SR are underlined. 

 The ISO quality model‟s sub-characteristics of maintainability are: testability, 

analyzability, stability, changeability, compliance. 

 McCalls quality model has three quality perspectives each including different factors. 

o Product Revision: maintainability, flexibility, testability. 

o Product Transition: portability, reusability, interoperability. 

o Product Operations: correctness, reliability, efficiency, integrity, usability. 

McCall further explains the maintainability by using simplicity, conciseness, and self-

descriptiveness; and testability factor by using simplicity, instrumentation, self-

descriptiveness, and modularity quality criteria. 

 Boehm‟s quality model which is structured around three high-level quality 

characteristics - as-is utility, maintainability, and portability - presents seven 

intermediate characteristics. Three of these seven intermediate characteristics 

testability, understandability, and modifiability (also termed as flexibility (Milicic, 

2005)) are linked to maintainability. These three intermediate characteristics have 

following primitive characteristics: 
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o Testability: accountability, communicativeness, self-descriptiveness, 

structuredness. 

o Understandability: Consistency, structuredness, conciseness, legibility. 

o Modifiability/Flexibility: structuredness, augmentability. 

2. Research Questions 

The research questions for this systematic review have been structured with the help of the 

PICOC criteria as suggested by Petticrew and Roberts (Petticrew & Roberts, 2005). 

However, as the objective of this systematic review is not to find the evidence about 

comparison of approaches/methods/models, the „Comparison‟ part of the PICOC has been 

reduced to only PIOC, Table 1, which is how it will be referred to throughout the SR. 

In order to collect the evidence on the current state of the research on maintainability 

prediction of software applications, the research questions considered are as below: 

Question 1: What evidence is there for the use of forecasting techniques/models of software 

maintainability and its sub-characteristics? 

Question 2: What forecasting techniques/models have been used to predict software 

maintainability and its sub-characteristics? 

Question 2 (a):  What measures have been used for measuring accuracy of the 

prediction models/techniques for software maintainability and its sub-characteristics?  

Question 2 (b): What were the numeric values obtained for the prediction accuracy of 

the prediction models/techniques of software maintainability and its sub-characteristics?   

Question 2 (c): Which cross-validation method was used to find the accuracy of the 

estimation techniques for software maintainability and its sub-characteristics? 

Question 2 (d): Was there a forecasting technique/method reported to be significantly 

superior for predicting software maintainability and its sub-characteristics? Which one? 

Question 3: What factors and metrics have been investigated as predictors for software 

maintainability and its sub-characteristics? Which of these are considered successful 

predictors? 

Question 3 (a): At what stage of the project, these predictors are gathered? 
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Question 3 (b): If previous studies predict maintainability and its sub-characteristics for 

various types of maintenance, what were the different types of predictors used for each 

of them? 

Question 4: How are maintainability and its sub-characteristics understood and measured in 

software applications‟ context and which quality model(s) doe they comply with? 

Table 1 PIOC Summary 

Population Software applications 

Intervention Methods/techniques to predict maintainability, testability, analyzability, stability, 

changeability/modifiability/flexibility, compliance, simplicity, conciseness, self-

descriptiveness, modularity, understandability, portability, instrumentation, 

accountability, communicativeness, structuredness, augmentability, consistency, and 

legibility; predictors of maintainability, testability, analyzability, stability, 

changeability/modifiability/flexibility, compliance, simplicity, conciseness, self-

descriptiveness, modularity, understandability, portability, instrumentation, 

accountability, communicativeness, structuredness, augmentability, consistency, and 

legibility; and metrics for maintainability, testability, analyzability, stability, 

changeability/modifiability/flexibility, compliance, simplicity, conciseness, self-

descriptiveness, modularity, understandability, portability, instrumentation, 

accountability, communicativeness, structuredness, augmentability, consistency, and 

legibility. 

Outcome Accuracy of maintainability, testability, analyzability, stability, 

changeability/modifiability/flexibility, compliance, simplicity, conciseness, self-

descriptiveness, modularity, understandability, portability, instrumentation, 

accountability, communicativeness, structuredness, augmentability, consistency, and 

legibility prediction methods/techniques; and  successful maintainability, testability, 

analyzability, stability, changeability/modifiability/flexibility, compliance, simplicity, 

conciseness, self-descriptiveness, modularity, understandability, portability, 

instrumentation, accountability, communicativeness, structuredness, augmentability, 

consistency, and legibility predictors. 

Context The context in this case is going to be broad. It will encompass academia as well as 

software industry and all types of stakeholders (developers, maintainers, testers, 

project managers, students, researchers etc). It will also encompass all types of 

empirical studies including observations, interviews, questionnaires, surveys, formal 

experiments, and case studies etc. 

 
The first research question is the primary research question whereas the last three and their 

associated sub-questions are the secondary/supporting research questions. Note that the 
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research questions are prone to change during the protocol development, as suggested by 

Kitchenham (Kitchenham, 2004). 

3. Search Strategy 

3.1. Strategy for Deriving Search Terms 

The strategy used for deriving search terms is as below:  

i) Derive major search terms from the research questions by identifying Population, 

Intervention, Outcome, and Context; Table 2. 

Table 2 Terms Derived from PIOC 

Population Software applications 

Intervention Method, technique, factor, metric, predict, predictor, maintainability, testability, 

analyzability, stability, changeability/modifiability/flexibility, compliance, simplicity, 

conciseness, self-descriptiveness, modularity, understandability, portability, 

instrumentation, accountability, communicativeness, structuredness, augmentability, 

consistency, legibility 

Outcome Accuracy, prediction, successful, predictors 

Context Software industry, developers, maintainers, testers, project managers, students, 

researchers, empirical studies, observations, interviews, questionnaires, surveys, 

formal experiments, case studies 

 
ii) Find key words in the relevant papers, Table 3. Note that the studies from which the key 

words have been taken are not a subset of the primary studies. Rather they are taken 

from the literature relevant to the disciplines of software maintainability, software testing. 

 

iii) Find alternative spellings and synonyms for the search terms with the help of a 

thesaurus. Also mention if a subject librarian and/or content experts in the field are 

consulted, Table 4. Note that the terms in italics have been added from Table 3; 

maintenance type „preventive maintenance‟ have been extracted from Singh and Geol 

(Singh & Geol, 2007); and reparability and evolvability have been added from (Hashim & 

Key, 1996) as these were treated as maintainability synonyms. 
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Table 3 Terms Derived from Key Words in Relevant Papers  

Jørgensen 
(Jørgensen, 1995): 
Index Terms 

 

Cost models, neural network, pattern recognition, prediction models, 

regression, software maintenance, software measurement 

 Kitchenham et al. (B. 
Kitchenham et al., 
1999) 

Empirical research; maintenance factors; maintenance scenarios; 

evolutionary maintenance; independent maintenance groups; 

maintenance ontology 
Sneed (Sneed, 2004) Software maintenance and evolution, software product management, 

software life cycle costing models, maintenance cost estimation 

Yu (Yu, 2006) Software maintenance, effort estimation, lag time, source code change, 

empirical study, maintenance measures 

Pigoski & Nelson 
(Pigoski & Nelson, 
1994) 

 

Software maintenance, software maintenance metrics, software 

engineering, metrics, software management 

Niessink & can Vliet 
(Niessink & van Vliet, 
1998) 

Software maintenance, software measurement, measurement program, 

maintenance effort, maintenance cost drivers, software maintenance 

process, empirical study 

Chapin (Chapin, 2000) Software maintenance, enhancive maintenance, adaptive maintenance, 

corrective maintenance, performance maintenance, evaluative 

maintenance, empirical studies, maintenance terminology 

 

Table 4 Terms Derived from Alternate Spellings and Synonyms 

Software applications Software, systems, software systems, applications 

Method Process, technique, system, practice, procedure 

Factor Feature 

Metric  Measure, measurement 

Predict Forecast, calculate, prediction, estimation 

Maintainability Maintainability, testability, analyzability, stability, changeability, modifiability, 

flexibility, compliance, simplicity, conciseness, self-descriptiveness, 

modularity, understandability, portability, instrumentation, accountability, 

communicativeness, structuredness, augmentability, consistency, legibility, 

reparability, evolvability, maintenance, maintenance process, software 

maintenance, enhancive maintenance, adaptive maintenance, corrective 

maintenance, preventive maintenance 

 

iv) Use Boolean OR to construct search strings from the search terms identified in (i), (ii), 

and (iii) (Table 5). 
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Table 5 Construction of Terms by using Boolean OR 

Software application OR software OR system OR software system OR application 

Method OR process OR technique OR system OR practice OR procedure 

Factor OR feature  

Metric OR measure OR measurement 

Predict OR forecast OR calculate OR prediction OR estimation 

Maintainability OR testability OR analyzability OR stability OR changeability OR modifiability OR 

flexibility OR compliance OR simplicity OR conciseness OR self-descriptiveness OR modularity OR 

understandability OR portability OR instrumentation OR accountability OR communicativeness OR 

structuredness OR augmentability OR consistency OR legibility OR reparability OR evolvability OR 

maintenance OR maintenance process OR enhancive maintenance OR adaptive maintenance OR 

corrective maintenance OR preventive maintenance 

 

v) Use Boolean AND to concatenate the search terms and restrict the research (Table 6). 

Table 6 Concatenation of Terms by Using Boolean AND 

(software application OR software OR system OR software system OR application) AND (method 

OR Process OR technique OR system OR practice OR procedure) AND (factor OR feature) AND 

(metric OR measure OR measurement) AND (predict OR forecast OR calculate OR prediction OR 

estimation) AND (maintainability OR testability OR analyzability OR stability OR changeability OR 

modifiability OR flexibility OR compliance OR simplicity OR conciseness OR self-descriptiveness 

OR modularity OR understandability OR portability OR instrumentation OR accountability OR 

communicativeness OR structuredness OR augmentability OR consistency OR legibility OR 

reparability OR evolvability OR maintenance OR maintenance process OR enhancive maintenance 

OR adaptive maintenance OR corrective maintenance OR preventive maintenance) AND (quality 

model) AND (successful) 

 

3.2. Search Process and Resources  

Search process for a systematic review should be rigorous and be able to find as many 

relevant primary studies as possible (Kitchenham, 2004; Kitchenham & Charters, 2007). In 

order to make the search process rigorous, this systematic review will consider two search 

phases: primary/initial search phase and secondary search phase. 

3.2.1. Primary Search Phase 

The primary search phase will be directed towards searching online databases, search 

engines, electronic journals, conference proceedings, and grey literature (such as technical 
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reports, MSc/PhD dissertations & theses). In order to make the search process 

comprehensive and to avoid the chance of missing out evidence, the searches will include 

literature published from (and inclusive of) year 1985 to date. 1985 was chosen as the start 

limit due to the reason that when some random searches were run to find evidence on the 

earliest published work on software maintainability prediction, the results found were from 

year 1985 and there were no results found for years prior to 1985.  

The searches will be run on the resources listed below. The rationale for choosing these 

resources is: (1) they were used by some of the examples of systematic reviews from the 

discipline of software engineering we have come across, (2) they were suggested by the 

University of Auckland Library website as the resources relevant to the subject, and (3) 

some of the conferences and journals were included based on the fact that they have a list 

of publications that are relevant to the areas of software maintainability, software metrics, 

software estimation, and software testing.  

 Online Databases 

o INSPEC  

o IEEE XPLORE 

o ACM Digital Library  

o ProQuest Computing 

o Current Contents 

o Computer Database 

o SCOPUS 

o ScienceDirect  

o Springer Link 

o DBLP 

 Online Search engines 

o CiteSeer (citeseer.ist.psu.edu)  

o Google Scholar (scholar.google.com)  

 Individual Journals 

o Journal of Systems and Software (JSS) 

o Empirical Software Engineering (EMSE) 

o IEEE Transactions on Software Engineering (TSE) 

o Journal of IEEE Software 

o Software Quality Journal (SQJ) 

o Journal of Software Maintenance and Evolution: Research and Practice 

o Journal of Software Maintenance: Research and Practice 
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o ACM Transactions on Software Engineering and Methodology (TOSEM) 

o  Information and Software Technology 

o Conferences 

o International Conference on Software Engineering (ICSE) 

o IEEE Conference on Software Maintenance (ICSM) 

o IEEE International Symposium on Empirical Software Engineering (ISESE) 

o International Workshops on Software Quality (WOSQ) 

o Australian Software Engineering Conference (ASWEC) 

o International Symposium on Empirical Software Engineering and 

Measurement (ESEM) 

o International Conference on software Engineering and Knowledge 

Engineering (SEKE) 

o International Software Metrics Symposium (METRICS) 

o Asia-Pacific Software Engineering Conference (APSEC) 

 PhD Dissertations and Theses 

o ProQuest Dissertations & Theses 

o Auckland University Library 

 Technical Reports 

o Google search 

o Emailing primary authors of primary studies asking for technical reports 

3.3. Secondary Search Phase 

The secondary search will be conducted to complement the primary search phase. The 

following activities will be performed in this phase: 

1.  The references for the articles identified during the primary search phase will be 

reviewed. This process will be iterative as the articles found relevant will be added to 

the list of primary studies and this step will be performed for each of the identified 

articles. 

2. Citations will be reviewed for the identified primary studies and the articles citing the 

identified primary studies will also be reviewed by using backward and forward 

passes (as also suggested by Webster & Watson (Webster & Watson, 2002)). This 

process is also iterative in nature. 

3. Specific researchers will be identified and contacted for advice on unpublished work 

and technical reports. 
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3.4.   Search Process Documentation 

Documenting the search process provides transparency, helps prevent bias effect, provides 

details of thoroughness, and enables replication of the search process. The systematic 

review will follow the documentation procedures provided by Kitchenham (Kitchenham, 

2004), (see Table 7).  

4. Study Quality Assessment Criteria and Selection Process  

The intention behind assessing study quality is to identify the primary studies that provide 

direct evidence about the research question(s) (Kitchenham & Charters, 2007). The quality 

assessment will be done to find the actual relevance of the selected studies to answer the 

research questions. Moreover, the quality criteria will be applied to help determine which 

studies provide sound and reliable evidence to answer the research questions. If a study‟s 

quality is found to be too low, a case can be made to remove it from the analysis given the 

weak evidence. 

Table 7 Procedure for Search Process Documentation 

Data Source Documentation  

Online Databases/Digital 
Libraries 

Name of database 

Search strategy for database 

Date of search 

Years covered by search 

Search Engine Name of search engine 

Search strategy for the search engine 

Date of search 

Journal Hand Searches Journal name 

Years covered 

Any issues not covered 

Conference Proceedings Title of Proceedings 

Name of Conference (if different) 

Journal name (if published in a journal) 

Conference Date 

PhD Dissertations and Theses Title of dissertation/thesis 

Publication Year 

Name of University 

URL (if available) 

Unpublished studies Researchers contacted (contact information and date contacted) 

Research web sites searched (URL and Date) 

Other sources Date Searched/contacted 

URL 
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4.1. Inclusion/Exclusion Criteria for Study Selection  

The inclusion and exclusion criteria, which can be refined during the search process, are 

defined in the systematic review protocol to minimize the bias effect which is likely to appear 

while conducting the review (Kitchenham & Charters, 2007). For a study to be included in 

the systematic review, it will have to satisfy either of the conditions „a‟ and „b‟ and condition 

„c‟ given below: 

a. The study performs maintainability, testability, analyzability, stability, 

changeability/modifiability/flexibility, compliance, simplicity, conciseness, self-

descriptiveness, modularity, understandability, or portability prediction for software 

applications.  

b. The study discusses maintainability, testability, analyzability, stability, 

changeability/modifiability/flexibility, compliance, simplicity, conciseness, self-

descriptiveness, modularity, understandability, or portability measures or metrics for 

software applications. 

c. The study performs an empirical validation of the findings that it presents. 

Note that there is no restriction on which group of practitioners the study is related to, or 

whether the study deals with experienced practitioners, students, or researchers. Similarly, 

there is no restriction on the type of empirical study. The criteria are based solely on their 

relevance to the research questions. 

The studies dealing with the following aspects will be excluded from the systematic review: 

a. Where the focus is on prediction/measurement of a quality attribute other than 

maintainability. 

b. Where the focus is on maintenance effort prediction rather than maintainability quality 

attribute (or one of its sub-characteristics) prediction. 

c. Where the study does not perform an empirical validation of the findings that it 

presents. 

4.2. Preliminary/Initial selection process 

During the initial selection process, screening of titles and abstracts will be performed by the 

student and the supervisors for the potential primary studies against the inclusion/exclusion 

criteria. The studies that meet the minimum inclusion criteria will be added in the reference 

library and those that do not will be discarded.  
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4.3. Final Selection Process 

In case it is not clear whether a study meets the inclusion criteria, its full text will be obtained 

and read. If the study is found relevant during this stage, it will be added to the final 

reference library. Any ambiguities about the inclusion of a study during this process will be 

discussed among the student and the supervisors and clarified by discussion. 

5. Quality Assessment Checklists and Procedures 

For the assessment of study quality, checklists for qualitative and quantitative studies have 

been developed separately as both types of studies are expected to be selected as part of 

this SR. Separate checklists would ensure that both types of studies are given attention in 

terms of their quality assessment as the research methodologies adapted in both types of 

studies are different. Separate checklists also help devise more detailed questions, which 

would not apply if using a single common set of questions. These checklists are a means to 

assess the quality of the selected studies and therefore their importance as evidence to 

answer the research questions part of the systematic review. Note that this assessment is in 

terms of relevance of evidence to answer the research questions and not to criticize any 

researcher‟s work. The checklists have mainly been compiled by using some of the 

questions suggested by Crombie (Crombie, 1996), Fink (Fink, 2005), and Petticrew 

(Petticrew & Roberts, 2005). Note that these same questions also appear in Kitchenham‟s 

checklists (Kitchenham & Charters, 2007) for systematic reviews, which have been extracted 

from the mentioned sources.  Some of the questions have been tailored or rephrased 

according to the needs of the systematic review. The checklists for qualitative and 

quantitative studies are given in Tables 9 and 10, respectively. 

Each of the questions given in the quantitative and qualitative checklists will be answered 

according to the scale given in Table 8. 

Table 8 Scale for Answering Questions in Quality Checklists 

Answer Score 

Yes 1 

No 0 

Partially 0.5 

 

The possible score for a quantitative study will lie within a spectrum of 0 to 19, with 0 

representing very poor quality and 19 representing excellent quality; for a qualitative study 

that will lie within a spectrum of 0 to 8, with 0 representing very poor quality and 8 
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representing excellent quality. For a study to be selected in the SR, 7 and 3 will be used as a 

quality cut-off points for quantitative and qualitative studies. The cut-off points will ensure 

that the studies meet at least 37% of the quality criteria. 

5.1. Qualitative Check Lists 

The qualitative checklist consists of 8 questions to be used for the evaluation of qualitative 

studies, (see Table 10). Note that item 2 has been adapted from (Petticrew & Roberts, 

2005). 

Table 10 Checklist for Qualitative Studies 

Sr. 
No. 

Question Answer 

1 Is the research design suitable for carrying out the study? (Crombie, 1996; 
Fink, 2005; Petticrew & Roberts, 2005)  

Yes/No/Partially 

2 Does the study build upon existing body of knowledge, i.e., does it explicitly 
discuss its contribution in the light of previous work?  

Yes/No/Partially 

3 Does the study report clear, unambiguous findings based on evidence and 
argument? (Fink, 2005) 

Yes/No/Partially 

4 Are the findings credible? (Petticrew & Roberts, 2005) Yes/No/Partially 

5 Is the research process described thoroughly? (Jones, 2004) Are the 
roadblocks, false steps described in a helpful way? (Jones, 2004) 

Yes/No/Partially 

6  Are the links between the data, interpretation, and conclusions clear? 
((Sneed, 2004)Sneed, 2004) 

Yes/No/Partially 

7  Is the reporting clear and coherent? Yes/No/Partially 

8  Are the assumptions/theoretical perspectives/values that have shaped the 
form and output of the evaluation clear? (Fink, 2005; Petticrew & Roberts, 
2005)  

Yes/No/Partially 

 

5.2. Quantitative Checklists 

The quantitative checklist consists of 19 questions to be used for the evaluation of 

quantitative studies, (see Table 9). Note that items 2 and 5 have been adapted from 

Petticrew & Roberts (Petticrew & Roberts, 2005) and (Kitchenham, Mendes, & Travassos, 

2007), respectively. Also, for item 3 in the list, „the variables being measured adequately‟ 

refers to whether the measures/metrics were computed adequately on the collected data 

and „the variables being validated adequately‟ refers to the internal validity and that the 

metrics are actually measuring what they are meant to measure. 
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Table 9 Checklist for Quantitative Studies 

Sr. 
No. 

Question Answer 

1 Are the research question(s) clearly stated for the studies? (Crombie, 
1996; Fink, 2005) 

Yes/No/Partially 

2 Does the study build upon existing body of knowledge, i.e., does it explicitly 
discuss its contribution in the light of previous work?  

Yes/No/Partially 

3 Are the variables/metrics used in the study adequately measured and 
validated? (Crombie, 1996; Fink, 2005; Petticrew & Roberts, 2005) 

Yes/No/Partially 

4 Are the metrics used in the study clearly defined? (Fink, 2005) Yes/No/Partially 

5 Are all model construction methods/metric(s) derivation methods fully 
defined (tools and methods used)? 

Yes/No/Partially 

6 Are the metrics used in the study the most relevant ones for answering the 
research questions? (Fink, 2005; Petticrew & Roberts, 2005)  

Yes/No/Partially 

7 Are the data collection methods adequately described? (Fink, 2005)  Yes/No/Partially 

8  Are the statistical methods justified? (Fink, 2005) Yes/No/Partially 

9  Is the purpose of the data analysis clear? (Fink, 2005) Yes/No/Partially 

10  Are potential confounders adequately controlled in the analysis? (Fink, 
2005) 

Yes/No/Partially 

11  Are the negative findings presented? (Fink, 2005) Yes/No/Partially 

12  Do the researchers discuss any problems with the validity/reliability of their 
results? (Fink, 2005) 

Yes/No/Partially 

13  Is the study replicable? Yes/No/Partially 

14 Is the research design clearly presented? Yes/No/Partially 

15 Is the research design suitable for carrying out the study? (Crombie, 1996; 
Fink, 2005; Petticrew & Roberts, 2005)  

Yes/No/Partially 

16  Are the findings credible? (Petticrew & Roberts, 2005) Yes/No/Partially 

17  Is the research process described thoroughly?  (Jones, 2004)Are the 
roadblocks, false steps described in a helpful way? (Jones, 2004) 

Yes/No/Partially 

18  Are the links between the data, interpretation, and conclusions clear? 
(Sneed, 2004) 

Yes/No/Partially 

19  Is the reporting clear and coherent? Yes/No/Partially 

 

6. Data Extraction Strategy 

After the primary studies have been selected and their quality assessed, the data will be 

extracted. The data extraction forms and the strategy to be adopted for recording the data 

are given in the sections below. 
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6.1. Data Extraction Forms 

Data extraction forms are meant to contain all the information that is necessary for 

answering the review questions and addressing the study quality criteria (Kitchenham & 

Charters, 2007). The data extraction forms designed for the quantitative studies, Table 11, 

and qualitative studies, Table 12, are given below.  

Table 11 Data Extraction Form for Quantitative Studies 

Data Item Value Supplementary 
Notes 

Study ID A unique identifier in the 
format: S<number> 

 

Title   

Author(s)   

Year of Publication   

Reference Type Journal/Conference/ 
Report/Workshop 

 

Publisher   

Country of Study   

Application Domain   

Study Setting Industry/University  

Type of Study Survey/Experiment/ 
Case Study etc. 

 

Article Peer Reviewed? Yes/No  

Data to extract and use to answer research questions 

What definition of maintainability and/or 
maintainability sub-characteristic(s) was used? 

  

What type of maintenance was discussed?   

To which quality model does the 
maintainability/maintainability sub-characteristic(s) 
comply with? 

  

What measures/metrics were mentioned for 
measuring maintainability and/or maintainability sub-
characteristic(s)? 

  

What prediction method/technique was used for 
predicting maintainability and/or maintainability sub-
characteristic(s)? 

  

If several methods/techniques were used, which was 
the most accurate? 

  

What measure(s) of accuracy were used?    
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Data Item Value Supplementary 
Notes 

What was the value of the prediction accuracy?   

What cross-validation method was used?   

What metrics and factors are used to predict 
maintainability and/or maintainability sub-
characteristic(s)? 

  

What metrics and factors were successful predictors?   

At what stage of the project were the predictors 
gathered? 

  

Were the predictors used for only one sub-
characteristic of maintainability? If not, what other 
and/or maintainability sub-characteristic(s) were they 
used for? 

  

Quantitative Study Quality Assessment 

Are the research question(s) clearly stated for the 
studies?  

  

Does the study build upon existing body of 
knowledge, i.e., does it explicitly discuss its 
contribution in the light of previous work? 

  

Are the variables/metrics used in the study 
adequately measured and validated?  

  

Are the measures used in the study clearly defined?    

Are all model construction methods/metric(s) 
derivation methods fully defined (tools and methods 
used)? 

  

Are the metrics used in the study the most relevant 
ones for answering the research questions?  

  

Are the data collection methods adequately 
described? 

  

Are the statistical methods justified?    

Is the purpose of the data analysis clear?    

Are potential confounders adequately controlled in 
the analysis?  

  

Are the negative findings presented?    

Do the researchers discuss any problems with the 
validity/reliability of their results?  

  

Is the study replicable?   

Is the research design clearly presented?   

Is the research design suitable for carrying out the 
study?  
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Data Item Value Supplementary 
Notes 

Are the findings credible?    

Is the research process described thoroughly? Are 
the roadblocks, false steps described in a helpful 
way? 

  

Are the links between the data, interpretation, and 
conclusions clear?  

  

Is the reporting clear and coherent?   

 

Table 12 Data Extraction Form for Qualitative Studies 

Data Item Value Supplementary 
Notes 

Study ID A unique identifier in the 
format: S<number> 

 

Title   

Author(s)   

Year of Publication   

Reference Type Journal/Conference/ 
Report/Workshop 

 

Publisher   

Country of Study   

Application Domain   

Study Setting Industry/University  

Type of Study Survey/Experiment/ 
Case Study etc. 

 

Article Peer Reviewed? Yes/No  

Data to extract and use to answer research questions 

What definition of maintainability and/or 
maintainability sub-characteristic(s) was used? 

  

What type of maintenance was discussed?   

To which quality model does the 
maintainability/maintainability sub-characteristic(s) 
comply with? 

  

Does the study support any prediction 
model(s)/technique(s) for maintainability and/or 
maintainability sub-characteristic(s)? If yes, which 
model(s)/technique(s) and why? 

Yes/No, Name(s) of the 
prediction 
model(s)/technique(s),  
Reason  
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Data Item Value Supplementary 
Notes 

Does the study not support any prediction 
model(s)/technique(s) for predicting maintainability 
and/or maintainability sub-characteristic(s)? If yes, 
which model(s)/technique(s) and why? 

Yes/No, Name(s) of the 
prediction 
model(s)/technique(s),  
Reason  

 

Are there any significant claims made by the study?   

Qualitative Study Quality Assessment 

Is the research design suitable for carrying out the 
study?  

  

Does the study build upon the existing body of 
knowledge, i.e., does it explicitly discuss its 
contribution in the light of previous work? 

  

Does the study report clear, unambiguous findings 
based on evidence and argument?  

  

Are the findings credible?    

Is the research process described thoroughly? Are 
the roadblocks, false steps described in a helpful 
way? 

  

Are the links between the data, interpretation, and 
conclusions clear?  

  

Is the reporting clear and coherent?   

Are the assumptions/theoretical perspectives/values 
that have shaped the form and output of the 
evaluation clear?  

  

 

6.2. Data Extraction Procedures 

For the selected primary studies, the information will be extracted and filled in the data 

extraction forms, provided in Section 6.1, corresponding to the study type – qualitative or 

quantitative.  In order to check that the data has been extracted effectively, the supervisors 

will perform data extraction on a random sample of primary studies and the results will be 

compared to the data extracted from the same study by the student. For all the remaining 

studies, the extraction will be carried out by the student. In situations where data is difficult to 

understand or if the information seems to be incomplete in the study, the study‟s author(s) 

will be contacted for clarifications and/or elaborations.  

The data extracted from the studies will be held in Microsoft Word documents. For each 

study a separate Word file will be created and saved using the format 

<MainAuthorName>_<StudyName>_<YearOfPublication>. If two studies for the same author 

exist for a particular year, a sequence number will be added at the end of the file name. After 
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the data from all the studies have been extracted, reviewed and checked, they will be 

consolidated into a single Word file. 

7. Synthesis and Analysis of Extracted Data 

After the data have been extracted for each primary study, they will be consolidated and 

summarised against each research question. The information will be tabulated, as given 

below, in order to make it more useful for further analysis and for finding the research gaps.  

7.1. Question 1 

Question 1: “What evidence is there for forecasting techniques/methods of software 

maintainability and its sub-characteristics?” 

From the reviewed literature, the data necessary to answer this question will be summarized 

and tabulated in Table 13. 

Table 13 Summary of Findings for Research Question 1 

Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Forecasting 
Technique/Method 

Notes (if any) 

     

 

7.2. Questions 2, 2(a), 2(b), 2(c), and 2(d) 

Question 2: “What forecasting techniques/methods have been used to predict software 

maintainability and its sub-characteristics?” 

Question 2(a): “What measures have been used for measuring accuracy of the prediction 

models/techniques for software maintainability and its sub-characteristics?” 

Question 2(b): “What were the numeric values obtained for the prediction accuracy of the 

prediction models/techniques of software maintainability and its sub-characteristics?” 

Question 2(c): “Which cross-validation method was used to find the accuracy of the 

estimation techniques for software maintainability and its sub-characteristics?” 

Question 2(d): “Was there a forecasting technique/method reported to be significantly 

superior for predicting software maintainability and its sub-characteristics? Which one?” 
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Table 14 provided below will be used to tabulate the results/summary information necessary 

for answering the above research questions. It will help in further investigating some of the 

information retrieved for answering Research Question 1 and will provide specific 

information about the prediction methods of maintainability and its sub-characteristics in the 

reviewed literature.  

Table 14 Summary of Findings for Research Question 2 

 

S
tu

d
y
 I
D

 

M
a
in

ta
in

a
b

il
it

y
 

a
n

d
/o

r 

M
a
in

ta
in

a
b

il
it

y
 

S
u

b
-

C
h

a
ra

c
te

ri
s
ti

c
 

M
a
in

te
n

a
n

c
e
 

T
y
p

e
 

P
re

d
ic

ti
o

n
 

T
e
c
h

n
iq

u
e

 

A
c
c
u

ra
c
y
 

M
e
a
s
u

re
 

P
re

d
ic

ti
o

n
 

A
c
c
u

ra
c
y

 

C
ro

s
s
-

V
a
li
d

a
ti

o
n

 

M
e
th

o
d

 

S
ig

n
if

ic
a
n

tl
y

 

S
u

p
e
ri

o
r 

M
o

d
e
l/
 

T
e
c
h

n
iq

u
e
 

R
e
p

o
rt

e
d

 

N
o

te
s
 (

if
 a

n
y
) 

         

 

7.3. Question 3 

Question 3: “What factors and metrics have been investigated as predictors for software 

maintainability and its sub-characteristics? Which of these are considered successful 

predictors?” 

Question 3(a): “At what stage of the project, these predictors are gathered?” 

Question 3(b): “If previous studies predict maintainability and its sub-characteristics for 

various types of maintenance, what were the different types of predictors used for each of 

them?” 

The answer to these questions will tell which factors are considered important for 

maintainability and its sub-characteristics‟ prediction and what metrics are used in these 

prediction models/techniques. These will also tell which of the discussed factors and metrics 

have been successfully used in the literature to predict software maintainability and/or 

maintainability and at what stage they are gathered so that they provide the best results. The 

results will also enable an analysis of the use of different sub-characteristics of 

maintainability and types of maintenance for different or same predictors. The results for 

these questions will be tabulated with the help of Table 15.  
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Table 15 Summary of Findings for Research Question 3 

Study 
ID 

Predictors/ 
Factors 
Used for 
the 
Prediction 
Model/ 
Technique 

Successful 
Predictors/
Factors 

Project 
Stage 
During 
Which the 
Predictors 
are 
Gathered 

Maintenance 
Type for 
Which 
Predictor is 
Used 

Maintainability/ 
Sub-Characteristic 
for Which 
Predictor is Used 

Notes 
(if any) 

       

 

7.4. Question 4 

Question 4: “How are maintainability and its sub-characteristics understood and measured in 

software applications‟ context and which quality model(s) do they comply with?” 

The review of the studied literature relevant to this question will tell more about 

maintainability and related aspects in the context of software applications. The specific 

information will be tabulated with the help of Table 16.  

Table 16 Summary of Findings for Research Question 4 

Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-Characteristic 
and Definition 

Maintenance 
Type and 
Definition 

Measures/Metrics 
for Maintainability 
and/or 
Maintainability 
Sub-Characteristic 

Quality Model(s) 
with Which 
Maintainability 
and/or 
Maintainability Sub-
Characteristic 
Complies 

Notes 
(if any) 

      

 

8. Schedule for Systematic Review 

The Systematic Review has been scheduled for a time period of about 4 months as per 

details given in Table 17. 

Table 17 SR Schedule 

Activity Duration 

Search Process 2 Weeks 

Study Selection 4 Weeks 

Data Extraction and Study Quality Assessment 3 Weeks 

Data Synthesis and Interpretation 4 Weeks 

Report Writing 3 Weeks 
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Appendix A – 2: Summary of Search Results from Databases 

Database 
Name  

Search Strategy Date  
Searched 

Years 
Covered 

No. of 
Search 
Results 

No. of 
Relevant 
Articles 

Duplicates 
found 

Fields 
Searched 

Inspec (software AND ("software maintenance" OR "software maintainability" OR 
"maintainability" OR "software testability" OR "software analysability" OR 
"software analyzability" OR "software stability" OR "software changeability" 
OR "software modifiability" OR "software flexibility" OR "software 
compliance" OR "software simplicity" OR "software conciseness" OR "self-
descriptiveness" OR "software modularity" OR "software understandability" 
OR "software portability" OR "software instrumentation" OR "software 
accountability" OR "software communicativeness" OR "software 
structuredness" OR "software augmentability" OR "software consistency" 
OR "software legibility" OR "software reparability" OR "software 
evolvability") AND (predict* OR forecast* OR estimat*)) 

limit 1 to yr="1985 - 2009" 

subject headings: computer science or software engineering 

Monday 
18th Oct., 
2010 

1985 to 
date 

178 0 1 Titles and 
Abstracts 

Current 
Contents 

Topic=(software and ("software maintenance" or "software maintainability" 
or maintainability OR testability OR analyzability OR stability OR 
changeability OR modifiability OR flexibility OR compliance OR simplicity 
OR conciseness OR self-descriptiveness OR modularity OR 
understandability OR portability OR instrumentation OR accountability OR 
communicativeness OR structuredness OR augmentability OR consistency 
OR legibility OR reparability OR evolvability) and (predict* or forecast* or 
estimat*)) 

Refined by: Subject Areas=( COMPUTER SCIENCE ) AND Document 
Type=( ARTICLE ) AND [excluding] Subject Areas=( ROBOTICS OR 
ENGINEERING OR AUTOMATION & CONTROL SYSTEMS OR 
TELECOMMUNICATIONS )  

Timespan=All Years. Databases=ECT, EC.  

23rd 
October, 
2010 

All years 134 0 45 Topic (it 
only 
allows up 
to 50 
terms), so 
both 
topic/abst
ract and 
title could 
not be 
searched 
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Database 
Name  

Search Strategy Date  
Searched 

Years 
Covered 

No. of 
Search 
Results 

No. of 
Relevant 
Articles 

Duplicates 
found 

Fields 
Searched 

IEEE 
Xplore 

"Abstract":(software AND ("maintenance" OR "maintainability" OR 
"testability" OR "analyzability" OR "analysability" OR "stability" OR 
"changeability" OR "modifiability" OR "flexibility" OR "compliance" OR 
"simplicity" OR "conciseness" OR "self-descriptiveness" OR "modularity" 
OR "understandability" OR "portability" OR "instrumentation" OR 
"accountability" OR "communicativeness" OR "structuredness" OR 
"augmentability" OR "consistency" OR "legibility" OR "reparability" OR 
"evolvability") AND ("predict" or "prediction" or "predicting" or "predicted" or 
"forecast" or "forecasted" or "forecasting" or estimat*)) AND "Publication 
Title": (software AND ("maintenance" OR "maintainability" OR "testability" 
OR "analyzability" OR "analysability" OR "stability" OR "changeability" OR 
"modifiability" OR "flexibility" OR "compliance" OR "simplicity" OR 
"conciseness" OR "self-descriptiveness" OR "modularity" OR 
"understandability" OR "portability" OR "instrumentation" OR 
"accountability" OR "communicativeness" OR "structuredness" OR 
"augmentability" OR "consistency" OR "legibility" OR "reparability" OR 
"evolvability") AND ("predict" or "prediction" or "predicting" or "predicted" or 
"forecast" or "forecasted" or "forecasting" or estimat*)) 

Monday 
18th Oct., 
2010 

1985 to 
date 

0 

 

0 0 Titles and 
Abstracts 

Computer 
Database 

ab (software and ("software maintenance" or "software maintainability" or 
maintainability OR testability OR analyzability OR stability OR changeability 
OR modifiability OR flexibility OR compliance OR simplicity OR 
conciseness OR self-descriptiveness OR modularity OR understandability 
OR portability OR instrumentation OR accountability OR 
communicativeness OR structuredness OR augmentability OR consistency 
OR legibility OR reparability OR evolvability)) and ti (software and 
("software maintenance" or "software maintainability" or maintainability OR 
testability OR analyzability OR stability OR changeability OR modifiability 
OR flexibility OR compliance OR simplicity OR conciseness OR self-
descriptiveness OR modularity OR understandability OR portability OR 
instrumentation OR accountability OR communicativeness OR 
structuredness OR augmentability OR consistency OR legibility OR 
reparability OR evolvability)) 

Refined by: peer-reviewed 

23rd 
October, 
2010 

1985 to 
date 

33 1 1 Titles and 
Abstracts 
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Database 
Name  

Search Strategy Date  
Searched 

Years 
Covered 

No. of 
Search 
Results 

No. of 
Relevant 
Articles 

Duplicates 
found 

Fields 
Searched 

ACM 
Digital 
Library 

(((Abstract:(software and (maintenance or maintainability OR testability OR 
analyzability OR stability OR changeability OR modifiability OR flexibility 
OR compliance OR simplicity OR conciseness OR self-descriptiveness OR 
modularity OR understandability OR portability OR instrumentation OR 
accountability OR communicativeness OR structuredness OR 
augmentability OR consistency OR legibility OR reparability OR 
evolvability) and (predict* or forecast* or estimat*) ) AND (Title: software 
and (maintenance or maintainability OR testability OR analyzability OR 
stability OR changeability OR modifiability OR flexibility OR compliance OR 
simplicity OR conciseness OR self-descriptiveness OR modularity OR 
understandability OR portability OR instrumentation OR accountability OR 
communicativeness OR structuredness OR augmentability OR consistency 
OR legibility OR reparability OR evolvability) and (predict* or forecast* or 
estimat*) )))) and (PublishedAs:periodical OR PublishedAs:proceeding OR 
PublishedAs:book)  

Refined by Proceedings series: 

ICSE or ICSM or CSMR or COMPSAC or LNCS or ISSRE or METRICS or 
ICTAI or APSEC or PRDC or QSIC or ESEM or AICPS or ACM-SE or ITNG 
or ASE or ASWEC or ISESE or APAQS or SOFTWARE-EVOLVABILITY or 
GECCO or CSC or ICISE or CSIE or CASCON or WCRE or SKG or 
ICETET or FTDCS or WORDS or SS or FTCS or WOSP or ICSPS or 
IRTAW or STEP or ICCSIT or ADCOM or EASE or SESPSDE or ISEC or 
IWPSE or ICCAE or MSR or CHASE or EQUITY 

Thursday, 
21st Oct, 
2010 

1985 to 
date 

256 
(111 
when 
refined 
by 
Proceed
ings 
series) 

 

3 36 Abstract 



Appendix A: SLR Resources  

212 
 

Database 
Name  

Search Strategy Date  
Searched 

Years 
Covered 

No. of 
Search 
Results 

No. of 
Relevant 
Articles 

Duplicates 
found 

Fields 
Searched 

Scopus TITLE-ABS-KEY(software AND ("software maintenance" OR "software 
maintainability" OR "maintainability" OR "software testability" OR "software 
analysability" OR "software analyzability" OR "software stability" OR 
"software changeability" OR "software modifiability" OR "software flexibility" 
OR "software compliance" OR "software simplicity" OR "software 
conciseness" OR "self-descriptiveness" OR "software modularity" OR 
"software understandability" OR "software portability" OR "software 
instrumentation" OR "software accountability" OR "software 
communicativeness" OR "software structuredness" OR "software 
augmentability" OR "software consistency" OR "software legibility" OR 
"software reparability" OR "software evolvability") AND (predict* OR 
forecast* OR estimat*)) AND PUBYEAR AFT 1984 AND (LIMIT-
TO(SUBJAREA, "COMP")) AND (EXCLUDE(SUBJAREA, "ENGI") OR 
EXCLUDE(SUBJAREA, "MATH") OR EXCLUDE(SUBJAREA, "BIOC") OR 
EXCLUDE(SUBJAREA, "SOCI") OR EXCLUDE(SUBJAREA, "MEDI") OR 
EXCLUDE(SUBJAREA, "PHYS") OR EXCLUDE(SUBJAREA, "EART") OR 
EXCLUDE(SUBJAREA, "DECI") OR EXCLUDE(SUBJAREA, "MATE") OR 
EXCLUDE(SUBJAREA, "ENVI") OR EXCLUDE(SUBJAREA, "CENG") OR 
EXCLUDE(SUBJAREA, "HEAL") OR EXCLUDE(SUBJAREA, "CHEM") OR 
EXCLUDE(SUBJAREA, "BUSI") OR EXCLUDE(SUBJAREA, "AGRI") OR 
EXCLUDE(SUBJAREA, "ENER") OR EXCLUDE(SUBJAREA, "NEUR") OR 
EXCLUDE(SUBJAREA, "PHAR") OR EXCLUDE(SUBJAREA, "IMMU")) 

Saturday, 
Oct. 16th, 
2010 

1985 to 
date 

386 17 4 
duplicates 
within its 
own results 

Titles, 
Abstracts, 
Keywords 

ProQuest 
Computing 

ABS((software and ("software maintenance" or "software maintainability" or 
maintainability OR testability OR analyzability OR stability OR changeability 
OR modifiability OR flexibility OR compliance OR simplicity OR 
conciseness OR self-descriptiveness OR modularity) and (predict* or 
forecast* or estimat*) )) AND TITLE((software and ("software maintenance" 
or "software maintainability" or maintainability OR testability OR 
analyzability OR stability OR changeability OR modifiability OR flexibility 
OR compliance OR simplicity OR conciseness OR self-descriptiveness OR 
modularity) and (predict* or forecast* or estimat*) )) AND PDN(>1/1/1985) 

Thursday, 
21st Oct, 
2010 

1985 to 
date 

2 0 0 Titles and 
Abstracts 
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Database 
Name  

Search Strategy Date  
Searched 

Years 
Covered 

No. of 
Search 
Results 

No. of 
Relevant 
Articles 

Duplicates 
found 

Fields 
Searched 

Science 
Direct 

pub-date > 1984 and TITLE-ABSTR-KEY(software and ("software 
maintenance" or "software maintainability" OR "maintainability" OR 
"software testability" OR "software analysability" OR "software analyzability" 
OR "software stability" OR "software changeability" OR "software 
modifiability" OR "software flexibility" OR "software compliance" OR 
"software simplicity" OR "software conciseness" OR "self-descriptiveness" 
OR "software modularity" OR "software understandability" OR "software 
portability" OR "software instrumentation" OR "software accountability" OR 
"software communicativeness" OR "software structuredness" OR "software 
augmentability" OR "software consistency" OR "software legibility" OR 
"software reparability" OR "software evolvability") ) and TITLE-ABSTR-
KEY((predict* or forecast* or estimat*))[All Sources(Computer 
Science,Decision Sciences,Engineering)] 

Saturday, 
Oct. 16th, 
2010 

1985 to 
date 

35 0 26 Titles, 
Abstracts, 
Keywords 

DBLP software and (maintenance or maintainability OR testability OR 
analyzability OR stability OR changeability OR modifiability OR flexibility 
OR compliance OR simplicity OR conciseness OR self-descriptiveness OR 
modularity OR understandability OR portability OR instrumentation OR 
accountability OR communicativeness OR structuredness OR 
augmentability OR consistency OR legibility OR reparability OR 
evolvability) and (predict* or forecast* or estimat*) 

 

software and (maintenance or maintainability OR testability OR 
analyzability OR stability OR changeability OR modifiability OR flexibility 
OR compliance OR simplicity OR conciseness OR self-descriptiveness OR 
modularity OR understandability OR portability OR instrumentation OR 
accountability OR communicativeness OR structuredness OR 
augmentability OR consistency OR legibility OR reparability OR 
evolvability) 

23rd 
October, 
2010 

All years 0 

 

 

 

 

 

0 

0 0 Not 
filtered by 
any field 
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Database 
Name  

Search Strategy Date  
Searched 

Years 
Covered 

No. of 
Search 
Results 

No. of 
Relevant 
Articles 

Duplicates 
found 

Fields 
Searched 

Springer 
Link 

'ab:(software and (maintenance or maintainability or testability) and 
(predict* or forecast* or estimat*))' published between '1 Jan 1985' and '16 
Oct 2010' filter: Computer Science 

'ab:(software and (analy?ability or stability or chageability) and (predict* or 
forecast* or estimat*))' published between '1 Jan 1985' and '16 Oct 2010' 
with the filter: Computer Science 

'ab:(software and (modifibaility or flexibility or compliance) and (predict* or 
forecast* or estimat*))' published between '1 Jan 1985' and '16 Oct 2010' 
with the filter: Computer Science 

ab:(software and (simplicity or conciseness or self-descriptiv*) and (predict* 
or forecast* or estimat*))' published between '1 Jan 1985' and '16 Oct 2010' 
with the filter: Computer Science 

ab:(software and (modularity or understandability or portabilit) and (predict* 
or forecast* or estimat*))' published between '1 Jan 1985' and '16 Oct 2010' 
with no filters 

ab:(software and (instrumenta* or accountabil* or communicativ*) and 
(predict* or forecast* or estimat*))' published between '1 Jan 1985' and '16 
Oct 2010' with no filters 

ab:(software and (structuredness or augmentabil* or consistency) and 
(predict* or forecast* or estimat*))' published between '1 Jan 1985' and '16 
Oct 2010' with no filters 

'ab:(software and (legibility or reparability or evolvability) and (predict* or 
forecast* or estimat*))' published between '1 Jan 1985' and '16 Oct 2010' 
with no filters 

Saturday, 
Oct. 16th, 
2010 

1985 to 
date 

18 

 

 

4 

 

6 

 

2 

 

1  

 

 

0 

 

2 

 

0 

0 

 

 

0 

 

0 

 

0 

 

0 

 

 

0 

 

0 
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7 Abstracts 
and titles 
selected 
but it only 
brings 
abstracts 
in the 
search 
results 
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Appendix A-3: Data Extracted from S18  

Data Item Value 

Study ID S18 

Title An application of Bayesian network for predicting object-oriented software 
maintainability  

Author(s) Van Koten, C., Gray, A.R. 

Year of Publication 2006 

Reference Type Journal: Information and Software Technology 

Publisher Elsevier 

Country of Study New Zealand 

Application Domain Object Oriented systems: User Interface and Quality Evaluation Systems 

Study Setting University performed on two commercial systems given by Li and Henry 

Type of Study Experiment 

Article Peer Reviewed? Yes 

Data to extract and use to answer research questions 

What definition of maintainability was used? Maintainability is measured as the number of changes made to the code during a 
maintenance period. 

What type of maintenance was discussed? Not mentioned 

To which quality model does the maintainability/ maintainability facet 
comply with? 

Not mentioned 

What measures/metrics were mentioned for measuring maintainability? CHANGE metric: count of number of lines in the code which were changed during a 
3-year maintenance period 

http://www.scopus.com.ezproxy.auckland.ac.nz/scopus/search/submit/author.url?author=Van+Koten%2c+C.&origin=resultslist&authorId=9844299200&src=s
http://www.scopus.com.ezproxy.auckland.ac.nz/scopus/search/submit/author.url?author=Gray%2c+A.R.&origin=resultslist&authorId=7402170992&src=s
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Data Item Value 

What maintainability prediction method/technique was used? Technique: Bayesian network, Model: Naïve-Bayes Classifier  

Technique: Regression, Models: Regression Tree, Multiple linear regression 
model using backward elimination, Multiple linear regression model using stepwise 
selection 

If several methods/techniques were used, which was the most accurate? Bayesian network model for UIMS dataset 

Multiple linear regression model using backward elimination and multiple linear 
regression model using stepwise selection are both best for QUES dataset 

What measure(s) of accuracy were used?  Absolute Residual: Sum of the absolute residuals (Sum Ab. Res.), Median of the 
absolute residuals (Med. Ab. Res.), Standard deviation of the absolute residuals 
(SD Ab. Res.). 

MRE: Maximum value of MRE (Max. MRE), Mean of MRE (MMRE) 

Pred: pred(0.25) and pred(0.30) 

What was the value of the prediction accuracy? For UIMS: 

 Bayesian 
Network 

Regression 
Tree 

Backward 
Elimination 

Stepwise 
Selection 

Max. MRE 7.039 9.056 11.890 12.631 

MMRE 0.972 1.538 2.586 2.473 

Pred (0.25) 0.446 0.200 0.215 0.177 

Pred (0.30) 0.469 0.208 0.223 0.215 

Sum Ab. Res. 362.300 532.191 538.702 500.762 

Med. Ab. Res. 10.550 10.988 20.867 15.749 

SD Ab. Res. 46.652 63.472 53.298 54.114 
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Data Item Value 

For QUES: 

 Bayesian 
Network 

Regression 
Tree 

Backward 
Elimination 

Stepwise 
Selection 

Max. MRE 1.592 2.104 1.418 1.471 

MMRE 0.452 0.493 0.403 0.392 

Pred (0.25) 0.391 0.352 0.396 0.422 

Pred (0.30) 0.430 0.383 0.461 0.500 

Sum Ab. Res. 686.610 615.543 507.984 498.675 

Med. Ab. Res. 17.560 19.809 17.396 16.726 

SD Ab. Res. 31.506 25.400 19.696 20.267 
 

What cross-validation method was used? 10-cross validation 

What metrics and factors are used to predict maintainability? Depth of Inheritance Tree (DIT), Number of Children (NOC), Response For a Class 
(RFC), Lack of Cohesion of Methods (LCOM), Weighted Method per 
Class(WMC),Message-Passing Couple (MPC), Data Abstraction Coupling(DAC), 
Number Of Methods(NOM), Number of properties(SIZE2), Lines of Code (SIZE1) 

What metrics and factors were successful predictors? All mentioned above 

At what stage of the project were the predictors gathered? Post-implementation  

Were the predictors used for only one type/facet of maintainability? If 
not, what other types/facets were they used for? 

Not applicable 

Quantitative Study Quality Assessment  

Are the research question(s) clearly stated for the studies?  Partially   

Does the study build upon existing body of knowledge, i.e., does it 
explicitly discuss its contribution in the light of previous work? 

Yes  
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Data Item Value 

Are the variables/metrics used in the study adequately measured and 
validated?  

Yes  

Are the metrics used in the study clearly defined?  Yes  

Are all model construction methods/metric(s) derivation methods fully 
defined (tools and methods used)? 

Yes  

Are the metrics used in the study the most relevant ones for answering 
the research questions?  

Partially     

Are the data collection methods adequately described? Partially  

Are the statistical methods justified?  Yes  

Is the purpose of the data analysis clear?  Yes  

Are potential confounders adequately controlled in the analysis?  Yes  

Are the negative findings presented?  Yes  

Do the researchers discuss any problems with the validity/reliability of 
their results?  

No  

Is the study replicable? Yes   

Is the research design clearly presented? Yes  

Is the research design suitable for carrying out the study?  Yes  

Are the findings credible?  Yes  

Is the research process described thoroughly? Are the roadblocks, false 
steps described in a helpful way? 

Yes  

Are the links between the data, interpretation, and conclusions clear?  Yes  

Is the reporting clear and coherent? Yes  



Appendix A: SLR Resources  

219 
 

Appendix A-4: Data Synthesis for Research Question 1 

Question 1:  “What evidence is there for forecasting techniques/methods of software maintainability and its sub-characteristics?” 

Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Forecasting Technique/Method 

S1 Maintainability Not 
mentioned 

3 regression based models 

1. Single metric model based on Halstead‟s E: 

Maintainability = 125 – 10*log(ave-E) 

2. A four-metric polynomial based on Halstead‟s E , McCabe‟s V(G), LOC, and CMT 

Maintainability = 171 – 3.42*ln(ave-E) – 0.23 * ave-V(G’)  -16.2 * ln (ave-LOC) + 0.99 * ave-CMT 

3. A five-metric linear regression model based on Halstead‟s E , McCabe‟s V(G), LOC, CMT, and a 
subjective evaluation of the external documentation and build complexity 

Maintainability = 138 – 2.76*ln(ave-E) – 0.33 * ave-V(G’)     -12.2 * ln (ave-LOC) + 0.88 * ave-CMT +1.04 * 
EDOC 

S2 Maintainability Not 
mentioned  

1. HPMAS (Hewlett Packard‟s software maintainability assessment system 

DMdimension = 1 – (∑wiDi / ∑wi) 

2. Polynomial maintainability assessment model 

a. Four-metric polynomial based on Halstead‟s metrics  

Maintainability = 171 –  3.42 x ln(aveE) – 0.23  x aveV(g’)  - 16.2 x ln (aveLOC) + aveCM 

b. Revised four-metric polynomial based on Halstead‟s metrics 

Maintainability = 171 – 5.2 x ln(aveVol) – 0.23 x aveV(g’) - 16.2 x ln (aveLOC)  + (50 x sin √ (2.46 x 
perCM)) 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Forecasting Technique/Method 

S3 Maintainability Not 
mentioned  

Four-metric polynomial maintainability assessment model based on Halstead‟s effort metric and on metrics 
measuring extended cyclomatic complexity, lines of code, and percentage of comments 

Maintainability = 171 – 3.42 x ln(aveE)– 0.23 x aveV(g’)  - 16.2 x ln (aveLOC) + (50 x sin √ (2.46 x perCM)) 

S4 Testability Not 
mentioned 

Discriminant analysis – a statistical technique concerned with the optimum assignment of observations to two 
or more distinct groups based upon one or more quantitative measurements. 

S5 Maintainability Not 
mentioned  

Improved, three-metric MI model 

Maintainability Index = 171 – 5.2 x ln(aveV) – 0.23 x ave VG2 –  16.2 x ln(aveLOC) 

Improved, four-metric MI model 

Maintainability Index = 171 – 5.2 x ln(aveV) – 0.23 x ave VG2 –16.2 x ln(aveLOC) + 50 x sin (√ (2.4 x 
perCM)) 

S6 Maintainability Not 
mentioned  

Not given  

S7 Maintainability Corrective & 
preventative 

Not given 

S8 Maintainability Not 
mentioned 

Polynomial regression technique 

SMI = 125 – 3.989 * FANavg – 0.954 * DF – 1.123 * MCavg  

Where, 

SMI is the Software Maintainability Index (predicted value which ranges 0-125 for a given module; FANavg is 
the average number of external calls emanating from the module; DF is the total number of outgoing and 
incoming data flow for the module; and MCavg is the average McCabe for the module 

S9 Stability Not 
mentioned 

Not given 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Forecasting Technique/Method 

S10 Understandability
, Analysability, 
and Modifiability 

Not 
mentioned 

Fuzzy Prototypical Knowledge Discovery (FPKD) which is an extension of traditional Knowledge Discovery in 
Databases (KDD) and can be used for prediction based on Fuzzy Deformable Prototypes 

S11 Stability Not 
mentioned 

Case Based Reasoning (CBR) and Decision Trees (DT). DT was only used for validation, the method used for 
generating DT is not given 

S12 Understandability Not 
mentioned 

Not given 

S13 Maintainability Not 
mentioned 

Fuzzy Prototypical Knowledge Discovery (FPKD) which is an extension of traditional Knowledge Discovery in 
Databases (KDD). 

Prototypes defined as high-time consuming, medium-time consuming, and low-time consuming to maintain with 
average maintenance time of 18 minutes, 9 minutes 40 seconds, and 7 minutes, respectively. 

S14 Maintainability Not 
mentioned 

Web Application Maintainability Model (WAMM) according to which the Maintainability of a web application with 
reference to source code control and information structure characteristics is expressed as a function of 39 
attributes. 

 WA Maintainability = F (γi Ai)     i= 1 .. 39 

Where Ai is the value of the i-th maintainability attribute and γi is the weight assigned to that attribute according 

to how much the attribute affects the maintainability.  

S15 Testability Not 
mentioned 

Not given 

S16 Maintainability Not 
mentioned 

6 models based on multiple regression analysis 

S17 Maintainability Not 
mentioned 

Not given 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Forecasting Technique/Method 

S18 Maintainability Not 
mentioned 

Stochastic Feature Selection (SFS) 

1. The best single result generated by SFS (SFSs) 

2. Aggregated result using the fuzzy integration approach (SFSf) 

S19 Maintainability Not 
mentioned 

1. Bayesian Network 

a. Naïve-Bayes Classifier 

2. Regression Models 

a. Regression Tree 

b. Multiple linear regression model using backward elimination 

c. Multiple linear regression model using stepwise selection 

S20 Testability Not 
mentioned 

Not given 

S21 Maintainability Not 
mentioned 

Three Non-Homogeneous Poisson Process based Software Reliability Models (NHPP-based SRMs): 

1. Exponential SRM 

2. S-Shaped SRM 

3. Rayleigh SRM     

S22 Maintainability Not 
mentioned 

Multivariate Linear Regression (MLR), Artificial Neural Network (ANN), Regression Tree (RT), Support Vector 
Regression (SVR), and Multivariate Adaptive Regression Splines (MARS) 

S23 Understandability 
and Modifiability 

Not 
mentioned 

Generalized Estimating Equations (GEE) by also applying Principle Component Analysis (PCA). 

S24 Maintainability Not 
mentioned 

1. Linear Regression/Univariate Linear Regression Analysis 

2. Multiple Regression Analysis: Multivariate Linear Regression model (MLR model) by using stepwise 
variable selection procedure 

S25 Modifiability Not 
mentioned 

Expert judgment (Values for the calculated metrics were matched against expert judgment) 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Forecasting Technique/Method 

S26 Modifiability, 
testability, 
Understandability
, Portability 

Not 
mentioned 

Not given 

S27 Maintainability Not 
mentioned 

Not given 

S28 Maintainability Not 
mentioned 

1. Multiple additive regression tree technique: TreeNet. An algorithm was used for it by using TreeNet 
software by Salford Systems (http://www.salfordsystems.com/TreeNet.php).  

2. Multivariate Adaptive Regression Splines (MARS) 

3. Multivariate Linear Regression (MLR) 

4. Support Vector Regression (SVR) 

5. Artificial Neural Network (ANN) 

6. Regression Tree (RT) 

S29 Maintainability Not 
mentioned 

1. Project Pursuit Regression (PPR):   g (M) (x) = ∑ i=1...M gi (aiT x) 

2. Artificial Neural Network (ANN) 

3. Multivariate Adaptive Regression Splines (MARS) 

S30 Maintainability Not 
mentioned 

1. Fuzzy logic: The 5 factors mentioned were categorized as low, medium, and high. Triangular Membership 
Function (TMF) of Matlab was used to predict maintainability based on expert judgement on 3 of the 5 
factors. All possible combinations of inputs were considered (35 = 243). The output maintainability was 
classified as Very High, High, Medium, Low, and Very Low. 

2. Analytical Hierarchical Process 

S31 Maintainability Not 
mentioned 

Not given 

S32 Maintainability Not 
mentioned 

Not given 

  

http://www.salfordsystems.com/TreeNet.php
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Appendix A-5: Data Synthesis for Research Question 2 

Question 2: What forecasting techniques/methods have been used to predict software maintainability and its sub-characteristics? 

Question 2 (a):  What measures have been used for measuring accuracy of the prediction models/techniques for software maintainability and 

its sub-characteristics?  

Question 2 (b): What were the numeric values obtained for the prediction accuracy of the prediction models/techniques of software 

maintainability and its sub-characteristics?   

Question 2 (c): Which cross-validation method was used to find the accuracy of the estimation techniques for software maintainability and its 

sub-characteristics? 

Question 2 (d): Was there a forecasting technique/method reported to be significantly superior for predicting software maintainability and its 

sub-characteristics? Which one? 

 
Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

S1 Maintainability Not 
mentioned 

3 regression based models 
as given in the data 
synthesis results for 
Research Question 1. 

None  None None  The five-
metric linear 
regression 
model 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

S2 Maintainability Not 
mentioned 

HP‟s software 
maintainability assessment 
system; four-metric 
polynomial; and revised 
four-metric polynomial as 
given in the data synthesis 
results for RQ 1. 

Average residual 
for comparison 
between two 
polynomial based 
models. 

Less than 1.4 None  Revised four-
metric 
polynomial 
model using 
Halstead‟s 
volume 

S3 Maintainability Not 
mentioned  

Four-metric polynomial 
maintainability assessment 
model as given in the data 
synthesis results for RQ 1. 

None  None  None  Not reported 

S4 Testability Not 
mentioned 

Discriminant analysis as 
given in the data synthesis 
results for Research 
Question 1. 

Misclassification 
rate  

Uncertainty of 
observations 
successfully 
classified. 
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Not explicitly 
mentioned but 
the dataset was 
split into training 
and validation 
sets where 
training set 
consisted of 
2/3rd of the data 
points and 
validation 
contained the 
remaining 1/3rd. 

Not applicable 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

S5 Maintainability Not 
mentioned  

Improved, three-metric 
Maintainability Index (MI) 
model and improved, four-
metric MI model as given in 
the data synthesis results 
for Research Question 1. 

 

None  None  None  The four-
metric MI for 
comments 
that contribute 
towards 
maintainability
, otherwise 
the three-
metric MI 
model. 

S6 Maintainability Not 
mentioned  

Not given  Not applicable Not applicable Not applicable Not applicable 

S7 Maintainability Corrective 
and 
preventative 

Not given Not applicable Not applicable Not applicable Not applicable 

S8 Maintainability Not 
mentioned 

Polynomial regression 
technique as given in the 
data synthesis results for 
Research Question 1. 

None  None  None  Not applicable 

S9 Maintainability Not 
mentioned 

Not given Not applicable Not applicable Not applicable Not applicable 

S10 Understandabili
ty, 
Analysability, 
and 
Modifiability 

Not 
mentioned 

Fuzzy Prototypical 
Knowledge Discovery 
(FPKD) as given in the data 
synthesis results for 
Research Question 1. 

None  None  None  Not applicable 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

S11 Stability Not 
mentioned 

Case Based Reasoning 
(CBR) and Decision Trees 
(DT) where DT was only 
used for validation, as 
given in the data synthesis 
results for Research 
Question 1. 

Correctness : 
percentage of 
correct 
predictions 

J-index: average 
correctness per 
label 

J(unstable): 
percentage of 
correct instability 
prediction 

J(stable): 
percentage of 
correct stability 
prediction 
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Leave One Out 
and 10-fold 
Cross validation 

CBR 

S12 Understandabili
ty 

Not 
mentioned 

Not given Not applicable Not applicable Not applicable Not applicable 

S13 Maintainability Not 
mentioned 

FPKD as given in the data 
synthesis results for 
Research Question 1. 

None  None  None  Not applicable 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

S14 Maintainability Not 
mentioned 

Web Application 
Maintainability Model 
(WAMM) as given in the 
data synthesis results for 
Research Question 1. 

None  None  None  Not applicable 

S15 Testability Not 
mentioned 

Not given Not applicable Not applicable Not applicable Not applicable 

S16 Maintainability Not 
mentioned 

6 models based on multiple 
regression analysis as 
given in the data synthesis 
results for Research 
Question 1. 

Standard 
estimation error 
as the difference 
between the 
value given by 
the model and 
actual value 

4.994387 Not mentioned Model 6: 

MI = 123.344 
(1/AMLOC) + 
1.944 ln(N) + 
2.166 
(1/CDENS) – 
5.692 (1/DIT) 

17.707e
MHF

 + 
89.426 

S17 Maintainability Not 
mentioned 

Not given Not applicable Not applicable Not applicable Not applicable 

S18 Maintainability Not 
mentioned 

Stochastic Feature 
Selection (SFS) - the best 
single result generated by 
SFS (SFSs) and 
aggregated result using the 
fuzzy integration approach 
(SFSf). 

Proportion 
representing the 
number of times 
the model was 
correct 

0.58 for SFSs and 0.75 
for SFSf 

10 fold random 
validation 

Aggregated 
result using 
the fuzzy 
integration 
approach 
(SFSf) 

S19 Maintainability Not 
mentioned 

Bayesian Network - Naïve-
Bayes Classifier; and 

Absolute 
Residual: Sum of 

 10-cross 
validation 

Bayesian 
network 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

Regression Models - 
Regression Tree, multiple 
linear regression model 
using backward elimination 
and multiple linear 
regression model using 
stepwise selection. 

the absolute 
residuals (Sum 
Ab. Res.), 
Median of the 
absolute 
residuals (Med. 
Ab. Res.), 
Standard 
deviation of the 
absolute 
residuals (SD Ab. 
Res.). 

MRE: Maximum 
value of MRE 
(Max. MRE) 

Pred: pred(0.25) 
and pred(0.30) 

For UIMS:  

 

 

 

 

 

 

 

 

model for first 
data set 
(UIMS). 

Multiple linear 
regression 
model using 
backward 
elimination 
and multiple 
linear 
regression 
model using 
stepwise 
selection are 
both best for 
second 
dataset 
(QUES) 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

For QUES: 

 

S20 Testability Not 
mentioned 

Not given Not applicable Not applicable Not applicable Not applicable 

S21 Maintainability Not 
mentioned 

Three Non-Homogeneous 
Poisson Process based 
Software Reliability Models 
(NHPP-based SRMs) - 
Exponential SRM,  S-
Shaped SRM, and Rayleigh 
SRM     

Not given Not given Not given Not given 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

S22 Maintainability Not 
mentioned 

Multivariate Linear 
Regression (MLR), Artificial 
Neural Network (ANN), 
Regression Tree (RT), 
Support Vector Regression 
(SVR), and Multivariate 
Adaptive Regression 
Splines (MARS) 

Absolute 
Residual Error: 
Sum of the AREs 
(Sum ARE), 
median of AREs 
(MedARE), and 
standard 
deviation of AREs 
(SDARE). 

MRE: Maximum 
value of MRE 
(MaxMRE) 

Pred: pred(0.25) 
and pred(0.30) 

For UIMS: 

 

 

 

 

 

 

Leave-One-Out 
(LOO) cross-
validation 

For UIMS, 
both MARS 
and SVR 
were reported 
best. 

For QUES, 
MARS is 
reported to be 
the best. 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

For QUES: 

 

S23 Understandabili
ty and 
Modifiability 

Not 
mentioned 

Generalized Estimating 
Equations (GEE) by also 
applying Principle 
Component Analysis 
(PCA). 

 

 

 

Understandability 
Correctness = 
Number of 
correct 
answers/Number 
of answers 

Understandability 
Completeness = 
Number of 

 

 

 

 

 

 

None Not applicable 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

Spanish Experiment: 

Understandability Time 
model with PCs 

SUT -1  = 186.426 + 
52.954 FNAS 

Understandability Time 
model with measures 

SUT -2 = 89.923 + 61.937 
MaxDIT + 1.373NA – 
24.722 NDep 

Modifiability Time model 
with PCs 

SMT -1  = 465.546 + 
118.428 FNAS 

Modifiability Time model 
with measures 

SMT -2 = 449.713 + 76.553 
MaxDIT + 1.589 NM  

SMT -3 = 344.261 + 72.866 
MaxDIT  

Italian Experiment: 

Understandability Time 
model with PCs 

IUT -1  = 299.6882 + 
71.2318 FNAS 

 

correct 
answers/Number 
of questions 

Modifiability 
Correctness = 
Number of 
correct 
modifications/Nu
mber of 
modifications 

Modifiability 
Correctness = 
Number of 
correct 
modifications/Nu
mber of 
modifications 
required 

Italian Data 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

 

Understandability Time 
model with measures 

IUT -2 = 170.2822 + 
29.8211 NAssoc – 32.5864 
NDep 

Modifiability Time model 
with measures 

IMT -1 = 565.261 + 12.711 
NC - 72.847 NGenH 

Spanish Data 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

S24 Maintainability Not 
mentioned 

Linear regression/univariate 
linear regression analysis 
and multiple regression 
analysis - Multivariate 
Linear Regression model 
(MLR model) by using 
stepwise variable selection 
procedure 

Coefficient of 
determination of 
the regression 
model (R

2
 

between actual 
and predicted 
maintainability) 

Absolute Relative 
Error (ARE) 

Magnitude of 
Relative Error 
(MRE) 

R
2
 = 0.752 (for filtered 

model) and R
2
 = 0.471 

(when all observations 
are used) 

Mean ARE = 18.563 

MRE = 1.005 or 100.5% 

Leave-one-out 
(LOO) cross-
validation 

Multiple 
Regression 
Analysis: 
Multivariate 
Linear 
Regression 
model (MLR 
model) 

S25 Modifiability Not 
mentioned 

Expert Judgment (Values 
for the calculated metrics 
were matched against 
expert judgment) 

None Not applicable Not applicable None 

S26 Modifiability, 
testability, 
Understandabili
ty, Portability 

Not 
mentioned 

Not given Not applicable Not applicable Not applicable Not applicable 

S27 Maintainability Not 
mentioned 

Not given Not applicable Not applicable Not applicable Not applicable 

S28 Maintainability Not 
mentioned 

Multiple additive regression 
tree technique – TreeNet, 
Multivariate Adaptive 
Regression Splines 
(MARS), Multivariate Linear 
Regression (MLR), Support 

Mean magnitude 
of relative error 
(MMRE) and 
Prediction at level 
q: Pred(0.25) and 
Pred(0.30) 

 

 

 

 

Leave-one-out 
(LOO) cross-
validation 

For UIMS: 
TreeNet, 
followed by 
SVR 

For QUES: 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

Vector Regression (SVR), 
Artificial Neural Network 
(ANN), and Regression 
Tree (RT). 

For UIMS: 

  

 

 

 

 

 

 

 

TreeNet is 
best in 
Pred(0.25) 
and 
Pred(0.30) 
followed by 
MARS while 
MARS is best 
for MMRE 
followed by 
TreeNet and 
MLR. 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

For QUES:  

 

S29 Maintainability Not 
mentioned 

Project Pursuit Regression 
(PPR), Artificial Neural 
Network (ANN), and 
Multivariate Adaptive 
Regression Splines 
(MARS) as given in the 
data synthesis results for 
Research Question 1. 

Root Mean 
Square Error 
(RMSE) 

 

 

 

 

 

 

 

Leave-one-out 
(LOO) cross-
validation 

Nonparametri
c multivariate 
regression 
technique: 
PPR for both 
UIMS and 
QUES 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

RMSE for UIMS: 

 

RMSE for QUES: 
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Study 
ID 

Maintainability 
and/or 
Maintainability 
Sub-
Characteristic 

Maintenance 
Type 

Prediction Technique  Accuracy 
Measure 

Prediction Accuracy Cross-
Validation 
Method 

Significantly 
Superior 
Model/ 
Technique 
Reported  

S30 Maintainability Not 
mentioned 

Fuzzy logic and Analytical 
Hierarchical Process (AHP) 

Not given Not given Not given Not given 

S31 Maintainability Not 
mentioned 

Not given Not applicable Not applicable Not applicable Not applicable 

S32 Maintainability Not 
mentioned 

Not given Not applicable Not applicable Not applicable Not applicable 
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Appendix A-6: Data Synthesis for Research Question 3 

Question 3: What factors and metrics have been investigated as predictors for software maintainability and its sub-characteristics? Which of 

these are considered successful predictors? 

Question 3 (a): At what stage of the project, these predictors are gathered? 

Question 3 (b): If previous studies predict maintainability and its sub-characteristics for various types of maintenance, what were the different 

types of predictors used for each of them? 

 

Study 
ID 

Predictors/Factors Used for the Prediction Model/Technique Successful 
Predictors/Factors 

Project 
Stage when 
Predictors 
are 
Gathered 

Maintenance 
Type for 
Which 
Predictor is 
Used 

Maintainability
/ Sub-
Characteristic 
for Which 
Predictor is 
Used 

S1 Halstead‟s unique operator count (ŋ1), average unique operator 
count per module (ave-ŋ1), Halstead‟s unique operand count (ŋ2), 
average unique operand count per module (ave-ŋ2), Halstead‟s 
total operator count (N1), average total operator count per 
module (ave-N1), Halstead‟s total operand count (N2), average 
total operand count per module (ave-N2), Halstead‟s length (N), 
average length per module (ave-N), Halstead‟s predicted length 
(N^), average predicted length per module (ave-N^), Purity ratio - 
the ratio of N^ to N (P/R), average purity ratio per module (ave-
P/R), Halstead‟s V (V), average V per module (ave-V), Halstead‟s 
E (E), average E per module (ave-E), McCabe‟s cyclomatic 
complexity (V(G)), average cyclomatic complexity per module 
[ave-V(g)],extended cyclomatic complexity – counting all 
predicates (V(G’)), average extended cyclomatic complexity per 
module [ave-V(g’)], lines of code (LOC), average lines of code 
per module (ave-LOC), lines of comments (CMT), average 

Total effort (E), average effort 
per module (ave-E), total 
volume (V), total lines of code 
(LOC), total predicted length 
(N^), total length (N), average 
volume per module (ave-V), 
average number of comment 
lines per module (ave-CMT), 
average lines of code per 
module (ave-LOC), average 
extended cyclomatic 
complexity per module [ave-
V(g’)], average predicted 
length per module (ave-N^), 
average length per module 
(ave-N), total extended 

Post-
implementati
on 

Not 
applicable 

Maintainability 
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Study 
ID 

Predictors/Factors Used for the Prediction Model/Technique Successful 
Predictors/Factors 

Project 
Stage when 
Predictors 
are 
Gathered 

Maintenance 
Type for 
Which 
Predictor is 
Used 

Maintainability
/ Sub-
Characteristic 
for Which 
Predictor is 
Used 

number of comment lines per module (ave-CMT), number of 
executable semicolons (NES), average number of executable 
semicolons per module (ave-NES), average variable span (SPN), 
average variable span per module (ave-SPN), number of blank 
lines (BLK), average number of blank lines per module (BLK), 
number of intermodule arguments – parameters (ARG), average 
number of intermodule arguments per module (ave-ARG), 
number of tokens – primitive syntactic elements (TOK), average 
number of tokens per module (ave-TOK), lines of data 
declarations (DEC), average number of data declarations per 
module (ave-DEC), maximum level of control structure nesting 
(NST), average maximum level of control structure nesting per 
module (ave-NST). 

cyclomatic complexity [V(G’)], 
total purity ratio (PR), average 
purity ratio per module (ave-
PR), sum of the average 
variable spans (SPN), total 
number of executable 
semicolons (NES), total 
number of comment lines 
(CMT), average variable span 
per module (ave-SPN), and 
average number of executable 
semicolons (ave-NES). 

Among all, Halstead‟s V and E 
metrics are reported to be the 
best predictors. 

S2 All metrics are not explicitly named. Those mentioned are 
Halstead‟s effort and volume metrics in addition to those 
mentioned in the prediction models.  

However, it is mentioned that different existing metrics are 
calculated at different hierarchical levels and used for creating 
the model. 

Halstead‟s effort and volume 
metrics 

Post 
implementati
on 

Not 
applicable 

Maintainability 

S3 All metrics are not explicitly named. Those mentioned are 
Halstead‟s effort and volume metrics in addition to those 
mentioned in the above formulae. 

However, it is mentioned that different existing metrics are 
calculated at different hierarchical levels and used for creating 
the model 

Halstead‟s effort and volume 
metrics 

Post 
implementati
on 

Not 
applicable 

Maintainability 
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Study 
ID 

Predictors/Factors Used for the Prediction Model/Technique Successful 
Predictors/Factors 

Project 
Stage when 
Predictors 
are 
Gathered 

Maintenance 
Type for 
Which 
Predictor is 
Used 

Maintainability
/ Sub-
Characteristic 
for Which 
Predictor is 
Used 

S4 XQT is the number of executable statements, ɳ1 is the number of 

unique operators, N1 is the total number of operators, ɳ2 is the 

number of unique operands, N2 is the total number of operands, 
V2(G) is the sum of McCabe's cyclomatic number V1(G) and the 
number of logical operators, Data is the data structure complexity 
which uses a set of values defined for each data 

structure combined with the number of instances of each type 
that are defined by the program module to produce a single 
number, Nodes is the number of nodes in the control flow graph, 
Edges is the number of edges in the control flow graph, Paths is 
the number of paths in the control flow 

graph, PathMax is the longest path in the control flow graph, 
PathAvg is the average path length in the control, Band is 
Belady‟s bandwidth metric that measures the average level of 
nesting or width of the control flow graph representation of a 

program where Band = 1/n Ʃ iLi and Li represents the number of 
nodes at level i in a nested control flow graph of n nodes. 

Not mentioned Post 
implementati
on/source 
code 

Not 
applicable 

Testability 

S5 Out of 40 considered, only Halstead metrics of program effort 
and volume, McCabe cyclomatic complexity (V(g)), Myers 
extended cyclomatic complexity (V(g‟)) referred to in the article 
as VG2, number of lines of code (LOC), and number of lines of 
comments (CMT) have been explicitly stated 

Halstead metrics of program 
effort and volume, McCabe 
cyclomatic complexity (V(g)), 
Myers extended cyclomatic 
complexity VG2, LOC, CMT, 
and subroutine averages when 
compared with total metric 
values. 

Best combination reported is 
LOC, V(g), and volume 

Post-
implementati
on 

Not 
applicable 

Maintainability 
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Study 
ID 

Predictors/Factors Used for the Prediction Model/Technique Successful 
Predictors/Factors 

Project 
Stage when 
Predictors 
are 
Gathered 

Maintenance 
Type for 
Which 
Predictor is 
Used 

Maintainability
/ Sub-
Characteristic 
for Which 
Predictor is 
Used 

S6 Factors: Number of processors, variety of processors, number of 
storage devices, variety of storage devices, number of  
input/output devices, variety of input/output, number of 
telecommunications devices, variety of telecommunications 
devices, number of system software packages, number of 
transactions, variety of transactions, amount of stored data, 
variety of stored data, rate of technological change, variety of 
components, variety of interactions, and the degree to which the 
computing environment is centralized or distributed. 

The factors that decrease 
maintainability are variety of 
processors, number (variety) of 
system software programs, 
rate of technological change, 
variety of telecommunication 
protocols, and variety of data 
storage formats. 

The factors that increase 
maintainability are PC 
developments tools, PC 
graphical interfaces, PC 
packaged software, and PC 
programming languages. 

Not 
applicable 

Not 
applicable 

Maintainability 
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Study 
ID 

Predictors/Factors Used for the Prediction Model/Technique Successful 
Predictors/Factors 

Project 
Stage when 
Predictors 
are 
Gathered 

Maintenance 
Type for 
Which 
Predictor is 
Used 

Maintainability
/ Sub-
Characteristic 
for Which 
Predictor is 
Used 

S7 Intra-module measures: DEC(i) defined as depth of elementary 
component i, SC(i) defined as spinal complexity (control flow 
history) of elementary component i, CF(i) defined as ∑0..n SC(i) 
which provides an aggregated figure for the control flow 
complexity of the module i. 

Inter-module measures: FI-CF(i) defined as ∑1..N CF(i) complexity 
totals terminating at the module i which is the Fan-in complexity 
total of the module i, FO-CF(i) defined as ∑1..N CF(i) complexity 
totals emanating from the module i which is the Fan-out 
complexity total of the module i, FI-MCF(i) defined as FI-CF(i) * 
∑1..N CF(i) fan-ins which is the Fan-in multiplicity complexity total 
of the module i, FO-MCF(i) defined as FO-CF(i) * ∑1..N CF(i) fan-
outs which is the Fan-out multiplicity complexity total of the 
module i, CF(i) which is the control flow complexity of each 
unique information flow terminating at (or emanating from) the 
module i, N which is the number of unique information flows 
terminating at (or emanating from) the module i 

CF is the excellent predictor. 
Other successful predictors are 
SC, FO, FO-CF, and FO-MCF 

System 
Design 

Corrective 
and 
preventative 

Maintainability 

S8 Albrecht metric (Function point metric), Benyon-Tinker‟s software 
complexity metric, Card and Agresti‟s system complexity metric, 
Chapin‟s Q metric, Data complexity metric (D-complexity), Data 
flow, Henry and Kafura information flow metroc (Kafura), Knot 
count, Local complexity, McCabe‟s (extended) cyclomatic 
complexity metric, McClure‟s program complexity metric, Nesting 
level, Relative complexity metric, Shepperd‟s IF4 metric, Span of 
control, Structural complexity metric (Fan-out), Yau and 
Collofello‟s design stability metric, Yin and Winchester‟s network 
metric. 

Module level Function Point 
Metric, Module level 
Information Flow Metric, 
Module level Global Data Flow, 
Average Structural Complexity 
Metric (Fan-out), Average Knot 
Count, Average Cyclomatic 
Complexity Metric. 

Design stage Not 
applicable 

Maintainability 
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Study 
ID 

Predictors/Factors Used for the Prediction Model/Technique Successful 
Predictors/Factors 

Project 
Stage when 
Predictors 
are 
Gathered 

Maintenance 
Type for 
Which 
Predictor is 
Used 

Maintainability
/ Sub-
Characteristic 
for Which 
Predictor is 
Used 

S9 Architectural Metrics (structure): DSC, design size in classes in 
all classes; NOH, number of hierarchies classes from which a 
class inherits information; NSI, number of single inheritance 
instances; NMI, number of multiple inheritance instances; ADI, 
average depth of the class inheritance structure; AWI, average 
width of the class inheritance structure 

Architectural Metrics (interaction): ACIS, average number of 
public methods; ANA, average number of distinct (parent) 
classes from which a class inherits information; ADCC, average 
number of distinct classes that a class may collaborate with. 

Class Metrics (structural): NOD, the number of attributes; NAD, 
the number of user defined objects used as attributes in a class; 
NRA, the number of pointers and references used as attributes; 
CSB, the size of the objects in bytes from the class declaration. 
Size is computed by summing the size of all attributes declared 
(class size in bytes). 

Class Metrics (functional): NOM, count of all the methods 
defined; NOP, the number of polymorphic methods in a class; 
NPT, the number of parameter types used in the methods of a 
class; NPM, average of the number of parameters per method in 
a class. 

Class Metrics (relational): NOA, the number of distinct classes 
(parents) which a class inherits; NOC, the number of immediate 
children (sub classes) of a class; DCC, count of the number of 
classes that a class is directly related to. Includes classes that 
are directly related by attribute declarations and message 
passing (parameters) in methods. 

Not applicable Design Stage Not 
applicable 

Stability 
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Study 
ID 

Predictors/Factors Used for the Prediction Model/Technique Successful 
Predictors/Factors 

Project 
Stage when 
Predictors 
are 
Gathered 

Maintenance 
Type for 
Which 
Predictor is 
Used 

Maintainability
/ Sub-
Characteristic 
for Which 
Predictor is 
Used 

S10 Class Diagram Scope Metrics: Number of Classes (NC), Number 
of Attributes (NA), Number of Methods (NM), Number of 
Associations (NAssoc), Number of Aggregation (NAgg), Number 
of Dependencies (NDep), Number of Generalisations (NGen), 
Number of Generalisations Hierarchies (NGenH), Maximum DIT, 
Number of Associations Vs. Classes (NAssocVC), Number of 
Dependencies Vs. Classes (NDepVC), Number of Aggregations 
Vs. Classes (NAggVC), and Number of Generalisations Vs. 
Classes (NGenVC) 

Not mentioned Design stage Not 
applicable 

Understandabili
ty, 
Analysability, 
and 
Modifiability 

S11 Cohesion: Cohesion (COH), Lack of Cohesion in Methods by 
class (LCOMB) , Cohesion Metric (COM), Cohesion Metric 
Inverse(COMI) 

Coupling: Other class method attribute import coupling 
(OCMAIC), number of classes used by a memb. funct. (CUBF), 
number of classes used by a class (CUB), Other class method 
attribute export coupling (OMAEC) 

Inheritance: Number of children(NOC), Number of Parents 
(NOP), Number of  Nested classes (NON), Number of Containing 
Classes (NONCONT), Depth of Inheritance Tree(DIT), Message 
Domain Size (MDS), Class Hierarchy Metric (CHM) 

Complexity: Number of Methods (NOM), Number of Public 
Attributes (NPA), Number of Public and Protected Methods in a 
class (NPPM), Weighted Methods per Class (WMC), McCabe‟s 
Complexity weighted method per Class (MCC), Operation 
Access Metric (DEPCC), and Lines of Code (LOC) Weighted 
Methods per Class (WMCLOC) 

Class Hierarchy Metric (CHM) 
and metrics related to Number 
of methods (NOM, NPA, and 
WMC). 

Post-
implementati
on / Source 
code 

Not 
applicable 

Stability 
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Study 
ID 

Predictors/Factors Used for the Prediction Model/Technique Successful 
Predictors/Factors 

Project 
Stage when 
Predictors 
are 
Gathered 

Maintenance 
Type for 
Which 
Predictor is 
Used 

Maintainability
/ Sub-
Characteristic 
for Which 
Predictor is 
Used 

S12 Not given Not given Post-
implementati
on  / 
Maintenance  

Not 
applicable 

Understandabili
ty 

S13 Class Diagram Structural Complexity Metrics: Number of Classes 
(NC), Number of Attributes (NA), Number of Methods (NM), 
Number of Associations (NAssoc), Number of Aggregation 
(NAgg), Number of Dependencies (NDep), Number of 
Generalisations (NGen), Number of Aggregations hierarchies 
(NAggH), Number of Generalisations Hierarchies (NGenH), 
Maximum Depth of Inheritance Tree (DIT), Maximum HAgg 

All predictors mentioned in the 
study 

Design stage Not 
applicable 

Maintainability 

S14 Metrics base on 39 WA attributes. 

Control Structure Maintainability Attributes and Metrics at System 
Level: Size (TotalWebPage#, TotalLOC#, WebObject#, 
ServerScripts#, ClientScripts#, TotalLanguages#), Modularity 
(TotalWebPage#, Average PageCodeSize), Complexity (Total 
Cyclomatic Complexity), Consistency (Standard deviation of 
PageCodeSize, Standard deviation of WebPageComplexity#), 
Nesting (Max number of InnerComponents#, Max depth of sub-
components nesting, Average of nested sub-components per 
page, % of nested components), Control Coupling (Total 
WebPageRelationships# / TotalWebPage#), Data Coupling 
(Total WebPageDataCoupling / TotalWebPage#), Module Reuse 
(Include / TotalWebPage#), Control Flow Consistency (Total 
number of dead relationships interconnecting Web pages) 

Control Structure Maintainability Attributes and Metrics at 
Component Level: Size (PageCodeSize), Modularity 
(PageCodeSize, TotalWebPage#,), Complexity (Web Page 
Cyclomatic Complexity), Use of Structured Constructs 

Size (TotalWebPage#, 
TotalLOC#, WebObject#, 
ServerScripts#, ClientScripts#, 
TotalLanguages#),  

Complexity (Total Cyclomatic 
Complexity), Control Coupling 
(Total WebPageRelationships# 
/ TotalWebPage#), and Data 
Coupling (Total 
WebPageDataCoupling / 
TotalWebPage#) 

 

Post-
Implementati
on 

Not 
applicable 

Maintainability 
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Study 
ID 

Predictors/Factors Used for the Prediction Model/Technique Successful 
Predictors/Factors 

Project 
Stage when 
Predictors 
are 
Gathered 

Maintenance 
Type for 
Which 
Predictor is 
Used 

Maintainability
/ Sub-
Characteristic 
for Which 
Predictor is 
Used 

(WebPageControlStructures#), Use of Unconditional Branching 
(WebPageControlStructures#), Control Structure Nesting 
(WebPageControlStructures#), Web Page InnerComponents 
(InnerComponents#), Page Languages (PageLanguage#), 
Density of Control Structures (WebPageControlStructures# / 
PageCodeSize), Control Coupling (WebPageRelationships#), 
Data Coupling (WebPageDataCoupling#), Cohesion 
(WebPageDataCoupling#) 

Information Structure Maintainability Attributes and Metrics at 
System Level: Data Size (TotalData#, Total number of data 
references), Global Data (Total number of global data / 
TotalData#), Global Data Structures (Total number of global data 
structures / TotalData#), System Coupling (Total 
WebPageDataCoupling / TotalData#), Data Flow Consistency 
(Total number of anomalous data usage / TotalData#), Data Type 
Consistency (Total number of anomalous data usage / 
TotalData#), Nesting (Total number of anomalous data usage / 
TotalData#), I/O Data (I/OField#), Density of Data (TotalData# / 
TotalWebPage#), I/O Complexity (TotalData# / TotalWebPage#), 
I/O Integrity (TotalData# / TotalWebPage#) 

Information Structure Maintainability Attributes and Metrics at 
Component Level: Web Page Data Size (WebPageData#, Total 
number of data references in the Web page), Local Data 
Structures (Total number of data structures in a Web page), Data 
Coupling (WebPageDataCoupling#), I/O Data (WebPageI/O#), 
Initialization Integrity (WebPageI/O#), Span of Data 
(WebPageData# / PageCodeSize) 

S15 Not given Not given Post-
implementati
on   

Not 
applicable 

Testability 
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Study 
ID 

Predictors/Factors Used for the Prediction Model/Technique Successful 
Predictors/Factors 

Project 
Stage when 
Predictors 
are 
Gathered 

Maintenance 
Type for 
Which 
Predictor is 
Used 

Maintainability
/ Sub-
Characteristic 
for Which 
Predictor is 
Used 

S16 Average class size (ACLOC), Attribute hiding factor (AHF), 
Attribute inheritance factor (AIF), Average method size (AMLOC), 
Average depth of paths (AVPATHS), Control density (CDENS), 
Coupling factor (COF), Depth of inheritance tree (DIT), Lack of 
cohesion in methods (LCOM), Method hiding factor (MHF), 
Method inheritance factor (MIF), Program length (N), Program 
vocabulary (n), number of classes (NCLASS), Number of 
methods (NMETH), Polymorphism factor (POF), Percentage of 
public/protected member (PPPC), Response for classes (RFC), 
Source lines of code (SLOC), Weighted methods in classes 
(WMC) 

Not mentioned Post 
implementati
on 

Not 
applicable 

Maintainability 

S17 Factors mentioned that impact maintainability are number of files 
in a OO software; structural attributes of the system; contextual 
factors such as methods, processes, and tools of system design 
and development; verbal communication among team members 
for clarifying ambiguities in requirements and design; and amount 
of reuse. 

Not given  Throughout 
system 
development 
life cycle 

Not 
applicable 

Maintainability 

S18 Whether software object is a graphical user interface, data 
model, or algorithm object; total lines of code; median lines of 
code per object method; mean tokens per method; number of 
decisions; mean number of decisions per method; median 
(weighted) number of decisions per methods; reference fan out; 
maximum numbers of parameters; maximum number of 
operations; depth of inheritance; lack of cohesion of methods; 
data abstraction coupling; method invocation coupling; number of 
child classes; number of overridden methods; percentage of 
private member; and Halstead‟s difficulty, effort, program length, 
program vocabulary, program volume, number of unique 
operands, number of unique operators. 

All predictors mentioned in the 
study 

Post 
implementati
on 

Not 
applicable 

Maintainability 
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Study 
ID 

Predictors/Factors Used for the Prediction Model/Technique Successful 
Predictors/Factors 

Project 
Stage when 
Predictors 
are 
Gathered 

Maintenance 
Type for 
Which 
Predictor is 
Used 

Maintainability
/ Sub-
Characteristic 
for Which 
Predictor is 
Used 

S19 Depth of Inheritance Tree (DIT), Number of Children (NOC), 
Response For a Class (RFC), Lack of Cohesion of Methods 
(LCOM), Weighted Method per Class(WMC),Message-Passing 
Couple (MPC), Data Abstraction Coupling(DAC), Number Of 
Methods(NOM), Number of properties(SIZE2), Lines of Code 
(SIZE1) 

All predictors mentioned in the 
study 

Post-
implementati
on 

Not 
applicable 

Maintainability 

S20 Not given Not given Post-
implementati
on/source 
code 

Not 
applicable 

Testability 

S21 Not given Not given Maintenance  Not 
applicable 

Maintainability 

S22 For UIMS : Depth of Inheritance Tree (DIT), Number of Children 
(NOC), Response For a Class (RFC), Lack of Cohesion of 
Methods (LCOM), Weighted Method per Class(WMC),Message-
Passing Couple (MPC), Data Abstraction Coupling(DAC), 
Number Of Methods(NOM), Number of properties(SIZE2), Lines 
of Code (SIZE1)  

For QUES: All mentioned for UIMS except NOC 

For UIMS: WMC, NOC, DAC 

For QUES: SIZE1, WMC, 
DAC, MPC 

WMC and DAC for both 

Post-
implementati
on 

Not 
applicable 

Maintainability 

S23 Class Diagram Size Measures: Number of Classes (NC), 
Number of Attributes (NA), Number of Methods (NM) 

Class Diagram Structural Complexity Measures: Number of 
Associations (NAssoc), Number of Aggregation (NAgg), Number 
of Dependencies (NDep), Number of Generalisations (NGen), 
Number of Generalisations Hierarchies (NGenH), Number of 
Aggregation Hierarchies (NAggH), Maximum DIT (MaxDIT), 
Maximum Aggregation Hierarchy (MaxHAgg) 

MaxDIT, NA, NDep, and 
NAssoc for understandability 

 

MaxDIT, NM,  NC, NGenH for 
modifiability 

Design stage Not 
applicable 

Understandabili
ty and 
modifiability 
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Study 
ID 

Predictors/Factors Used for the Prediction Model/Technique Successful 
Predictors/Factors 

Project 
Stage when 
Predictors 
are 
Gathered 

Maintenance 
Type for 
Which 
Predictor is 
Used 

Maintainability
/ Sub-
Characteristic 
for Which 
Predictor is 
Used 

S24 NPAVGC (Average number of parameters per method), OSAVG 
(Average complexity per method), CSAO (Average number of 
attributes & methods per class), CSA (Average number of 
attributes per class), CSO (Average number of methods per 
class), SDIT (Average depth of inheritance tree per class), 
SLCOM (Average lack of cohesion on methods per class), SRFC 
(Average response per class), SWMC (Average weighted 
methods per class), SNOC (Average number of children per 
class), MHF (Method hiding factor), POF (Polymorphism factor), 
NCLASS (Number of classes), NMETH (Number of methods), 
PDIT (Maximum depth of inheritance trees) 

OSAVG, CSO, CSA, and 
SNOC (OSAVG being the most 
important. Second and third 
are CSO and CSA) 

Post 
implementati
on 

Not 
applicable 

Maintainability 

S25 4 design attributes size, complexity, coupling and reusability were 
considered as below: 

Size: Total number of server pages (NServerP), Total number of 
client pages (NClientP), Total number of web pages (NWebP = 
NServerP + NClientP), Total number of form pages (NFormP), 
Total number of form elements (NFormE), Total number of client 
components i.e., style sheet and Javascript components 
(NClientC) 

Structural Complexity: Total number of link relationships 
(NLinkR), Total number of Submit relationships (NSubmitR), 
Total number of builds relationships (NBuildsR), Total number of 
forward relationships (NForwardR), Total number of include 
relationships (NIncludeR), Total number of use tag relationships 
(NUseTagR) 

Control Coupling: Number of relationships over number of web 
pages (WebControlCoupling = (NlinkR + NSubmitR + NBuildsR + 
NForwardR + NIncludeR + NUseTagR)/NwebP) 

All predictors mentioned in the 
study 

Design 
(metrics 
based on 
Web 
Application 
Extension 
(WAE) of 
UML and 
measure for 
Class 
diagram) 

Not 
mentioned 

Modifiability 
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Study 
ID 

Predictors/Factors Used for the Prediction Model/Technique Successful 
Predictors/Factors 

Project 
Stage when 
Predictors 
are 
Gathered 

Maintenance 
Type for 
Which 
Predictor is 
Used 

Maintainability
/ Sub-
Characteristic 
for Which 
Predictor is 
Used 

Data Couplig: Number of data exchange over number of server 
pages (WebDataCoupling = NFormE/NServerP) 

Reusability: Number of include relationships over number of web 
pages (WebReusability = NIncludeR/NWebP) 

S26 WA architecture related factors including platforms used, 
component modularity, component coupling, interactions 
between components, and separation of concerns. 

 

All predictors mentioned in the 
study 

Post-
implementati
on 

Not given Each measure 
was used for its 
own sub-
characteristic.  

S27 Lines of code, Blank lines, No. Of statements, no. Of declarative 
statements, No. Of executable statements, Comment lines, 
Cyclomatic Complexity, Difficulty level, Effort to implement (E), 
Vocabulary, Volume of an algorithm (V), Maintainability Index (of 
Method), Maintainability Index (of Class), Maintainability Index (of 
Package), Maintainability Index (of Project) 

All predictors mentioned in the 
study 

Not 
applicable 

Not 
applicable 

Maintainability 

S28 Depth of Inheritance Tree (DIT), Number of Children (NOC), 
Response For a Class (RFC), Lack of Cohesion of Methods 
(LCOM), Weighted Method per Class(WMC),Message-Passing 
Couple (MPC), Data Abstraction Coupling(DAC), Number Of 
Methods(NOM), Number of properties(SIZE2), Lines of Code 
(SIZE1) 

All predictors mentioned in the 
study 

Post-
implementati
on 

Not 
mentioned 

Maintainability 

S29 Depth of Inheritance Tree (DIT), Number of Children (NOC), 
Response For a Class (RFC), Lack of Cohesion of Methods 
(LCOM), Weighted Method per Class(WMC),Message-Passing 
Couple (MPC), Data Abstraction Coupling(DAC), Number Of 
Methods (NOM), Number of properties(SIZE2), Lines of Code 
(SIZE1) 

All predictors mentioned in the 
study 

Post-
implementati
on 

Not 
mentioned 

Maintainability 
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Study 
ID 

Predictors/Factors Used for the Prediction Model/Technique Successful 
Predictors/Factors 

Project 
Stage when 
Predictors 
are 
Gathered 

Maintenance 
Type for 
Which 
Predictor is 
Used 

Maintainability
/ Sub-
Characteristic 
for Which 
Predictor is 
Used 

S30 Interaction complexity among components (quantified by ANN), 
reusability of the component (measured based on number of 
components), testability, understandability (documentation), 
trackability 

All predictors mentioned in the 
study 

Maintenance  Not 
mentioned 

Maintainability 

S31 Design Principle Violations (DPV): Interface segregation principle 
(ISP) violation, Usage of implementation instead of interface, 
Single responsibility principle, Wide subsystem interface (lack of 
façade) 

Code Smells (CS): Data class, God method, Temporary variable 
is used for several purposes, Shotgun surgery, Data clump, Long 
message chain, Unused class, Duplicated code in conditional 
branches, Misplaced class, Refused bequest, Subclasses have 
the same member, Feature envy, Suspicious usage of switch 
statements, Import list construction, Field is used as a temporary 
variable, Unused local variable or formal parameter, Duplicated 
code in constructors, Member is not used, God class, Declaration 
is hidden, Dead code. 

Code Measures (CM): Tight class cohesion, Comments: Lines of 
comments in the code, Call from methods in an unrelated class 
(OMMEC), Depth of inheritance tree (DIT), Number of lines of 
code (LOC), Number of children (NOC), Call to methods in an 
unrelated class (OMMIC), Number of methods in a class (WMC). 

All predictors mentioned in the 
study 

Post-
implementati
on 

Not 
mentioned 

Maintainability 

S32 Refactoring – refactored files better withstand changes Refactoring – refactored files 
better withstand changes 

Post-
implementati
on 

Not 
mentioned  

Maintainability 
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Appendix A-7: Data Synthesis for Research Question 4 

Question 4: How are maintainability and its sub-characteristics understood and measured in software applications‟ context and which quality 

model(s) do they comply with? 

 

Study 
ID 

Maintainability and/or 
Maintainability sub-
Characteristic and Definition 

Maintenance Type and Definition Measures/Metrics for Maintainability and/or 
Maintainability sub-Characteristic 

Quality 
Model(s)  

S1 Not given Not given Subjective assessment: using survey instrument for 
subjective by selecting random questions from U.S. Air 
Force software maintainability evaluation instrument 
(AFOTEC) and rewording them. This gives HP Rating 
according to which Maintainability Index < 65 is considered 
“low”, between 65 and 85 is considered “medium” and >85 
is considered “high”. Low, medium and high are termed as 
Maintainability category. 

Not 
applicable 

S2 The ease with which a software 
system or component can be 
modified to correct faults, 
improve performance or other 
attributes, or adapt to a changed 
environment 

Study does not apply to any specific 
type of maintenance. However, the 
definitions are given. Corrective 
(maintenance performed to correct 
faults in hardware or software), 
Adaptive  (software maintenance 
performed to make a computer 
program usable in a changed 
environment), and perfective 
(software maintenance performed to 
improve the performance, 
maintainability, or other quality 
attributes of a computer program) 

HPMAS Maintainability Index which is the subjective 
evaluation measured by AFOTEC (Air Force Operational 
Test and Evaluation Centre) software quality assessment 
instrument. 

Not given 
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Study 
ID 

Maintainability and/or 
Maintainability sub-
Characteristic and Definition 

Maintenance Type and Definition Measures/Metrics for Maintainability and/or 
Maintainability sub-Characteristic 

Quality 
Model(s)  

S3 The ease with which a software 
system or component can be 
modified to correct faults, 
improve performance or other 
attributes, or adapt to a changed 
environment 

Study does not apply to any specific 
type of maintenance. However, the 
definitions are given. Corrective 
(maintenance performed to correct 
faults in hardware or software), 
Adaptive  (software maintenance 
performed to make a computer 
program usable in a changed 
environment), and perfective 
(software maintenance performed to 
improve the performance, 
maintainability, or other quality 
attributes of a computer program) 

HPMAS Maintainability Index based on expert opinion Not given 

S4 Software testability predicts with 
a probability whether tests will 
detect a fault, given that a fault in 
the program exists. 

A software system has low 
testability for a set of tests if the 
tests are unlikely to detect 
existing faults. Conversely, a 
system has high testability for a 
set of tests if the tests are likely 
to detect existing faults. 

Not given TEST which was collected from each module analysed for 
testability using PiSCES testability tool. The value of TEST 
was bounded on the closed interval [0,1]. 

Not given 

S5 The ease with which a software 
system or component can be 
modified to correct faults, 
improve performance or other 
attributes, or adapt to a changed 
environment 

Not given Subjective assessment: using survey instrument for 
subjective by selecting random questions from U.S. Air 
Force software maintainability evaluation instrument 
(AFOTEC) and rewording them. This gives HP Rating 
according to which Maintainability Index < 65 is considered 
“low”, between 65 and 85 is considered “medium” and >85 
is considered “high”. Low, medium and high are termed as 
Maintainability category. 

Not given 
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Study 
ID 

Maintainability and/or 
Maintainability sub-
Characteristic and Definition 

Maintenance Type and Definition Measures/Metrics for Maintainability and/or 
Maintainability sub-Characteristic 

Quality 
Model(s)  

S6 Software maintenance difficulty 
is the relative degree to which 
software maintenance is hard to 
understand, perform, and 
manage 

Not given Expert opinion  

 

Not given 

S7 Error rate as independent 
variable that highlights features 
in software design that may 
require future corrective or 
preventative maintenance activity 

Corrective (to correct errors) and 
preventative (to update the software 
in anticipation of future problems) 

Not given Not given 

S8 Not given Not given Subjective assessment: values range from 1 for “very poor” 
to 5 for “very good”. The survey instrument for subjective 
data was adapted from the same questionnaire used by 
Oman (94) that was constructed by selecting random 
questions from U.S. Air Force software maintainability 
evaluation instrument (AFOTEC). 

Not 
applicable 

S9 No explicit definition of stability. 
Mention of structural and 
behavioural stability as dual 
properties of evolvability. 

Not given Framework assessment method consisting of four steps: 

1. Identification of evolution characteristics 

2. Selecting metrics to assess each evolution category 

3. Data collection 

4. Analysing the changed characteristics and computing 
aggregated metrics 

Normalized-extent-of-change metric: A relative indicator of 
the framework‟s architectural stability. 

Not 
applicable 
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Study 
ID 

Maintainability and/or 
Maintainability sub-
Characteristic and Definition 

Maintenance Type and Definition Measures/Metrics for Maintainability and/or 
Maintainability sub-Characteristic 

Quality 
Model(s)  

S10 Understandability: The ease with 
which the class diagram can be 
understood. 

Analysability: The capability of 
the class diagram to be 
diagnosed for deficiencies or to 
identify parts to be modified. 

Modifiability: The capability of the 
class diagram to enable a 
specified modification to be 
implemented. 

Not given Expert opinion on a scale of seven from extremely difficult 
to extremely easy 

Not given 

S11 Stability is defined as the ease 
with which a software system or 
a component can evolve while 
preserving its design as much as 
possible. In the context of this 
study preservation of design is 
restricted to the preservation of 
class interfaces. 

Not given Binary– 0 means unstable and 1 means stable. 

A software tem xi is stable (Ci =1) if its public interface of 
the j

th
 version is included in the public interface of the (j + 

1)
th
 version, and unstable (Ci =0) otherwise. 

Not given 

S12 Understandability - Ease of 
understanding software system 

Not given Probabilistic model to assess comprehensions and 
understandability based on “software overhaul” process 
that takes into account the probabilities that the worker 
correctly rearranges M components at T attempts. The 
underlying assumptions of the model are arrangements of 
components based on the number of components that are 
different from a previous version of the software. The 
process involves de-construction and re-construction of the 
software to assess comprehension based on the 
probabilistic model. 

Boehm‟s 
quality 
model 
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Study 
ID 

Maintainability and/or 
Maintainability sub-
Characteristic and Definition 

Maintenance Type and Definition Measures/Metrics for Maintainability and/or 
Maintainability sub-Characteristic 

Quality 
Model(s)  

S13 Not given Not given Maintainability of class diagram measured by the time 
spent in modification tasks which is the time taken to 
comprehend the class diagram, analyse the required 
changes and to implement them.  

Not 
applicable 

S14 Not given Not given Not given Not 
applicable 

S15 Testability is the probability 
whether tests will detect a fault, 
given that a fault in the program 
exists. 

Not given Fault Tree Analysis method the result of which is the 
probability of the output failure affected by each basic 
statement‟s fault probabilities. 

Testability measure, PrTEST , defined as the multiplication of 
the normalized failure probability and the entropy and 
calculated as: 

 PrTEST =  λfail * ENT 

Where  λfail is the normalized failure probability of the 
module compensated for the number of basic statements, 
calculated as follows: 

λfail = PrTE / (N * Pre) 

where PrTE is the failure probability of the top event, Preis 
the failure rate of basic statements or variables, and N is 
the number of basic statements or variables. 

And ENT is the normalized entropy (an uncertainty 
measure) that measures the evenness of the contribution 
of the basic statement regardless of the number of basic 
statements and is calculated as: 

ENT = -1 / log N Ʃ Ī (xi) log Ī (xi) 

Where Ī (xi) is the normalized importance of the statement 
xi, N is the number of basic statement variables. 

Ī (xi) is calculated as: 

Not given 
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Study 
ID 

Maintainability and/or 
Maintainability sub-
Characteristic and Definition 

Maintenance Type and Definition Measures/Metrics for Maintainability and/or 
Maintainability sub-Characteristic 

Quality 
Model(s)  

 Ī (xi) = I(xi) / Ʃ I(xi) 

And I(xi) is calculated as: 

I(xi) = Ʃ Pr(xc) / PrTE 

Where Pr(xc) is the probability of cut set C containing x, 
PrTE is the failure probability of the top event. 

S16 Not given Not given Maintainability Index (MI) = 171-5.5 ln(avg V) – 0.23 avg 
V(G‟)  – 16.2ln (avgLOC)  + 50 * sin (sqrt (2.4 * perCM) 

where,    avgV is averge Halstead‟s Volume per module,                 
avgV(G‟) is average extended cyclomatic complexity,                 
avgLOC is average lines of code, perCM is average 
percent of lines of comments per module 

Not 
applicable 

S17 The ease with which a software 
system or product can be 
modified to correct a fault or 
conform to changed 
requirements 

Not given Two dependent variables are mentioned to compute 
maintainability. 

Total effort in person-minutes required to comprehend, 
modify, and test the artefacts related to the system 

Volume of changes made to software artefacts. Change 
volume was measured the number of pages changed in a 
document, the number of modified executable lines of 
code, the number of test cases constructed, the number of 
lines of code written to construct test scripts, the number of 
files needed to be compiled, and the number of files 
needed to be deployed 

ISO/IEC 
12207 

S18 How difficult it is to make small or 
incremental changes to an 
existing software object without 
introducing errors in logic or 
design 

Not given Not given Not 
applicable 
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Study 
ID 

Maintainability and/or 
Maintainability sub-
Characteristic and Definition 

Maintenance Type and Definition Measures/Metrics for Maintainability and/or 
Maintainability sub-Characteristic 

Quality 
Model(s)  

S19 Maintainability is measured as 
the number of changes made to 
the code during a maintenance 
period 

Not mentioned CHANGE metric: count of number of lines in the code 
which were changed during a 3-year maintenance period 

Not 
applicable 

S20 Testability is a quality factor that 
attempts to predict how much 
effort will be required for software 
testing and to estimate the 
difficulty of causing a fault to 
result in a failure (called 
revealing the fault) 

Not mentioned Class-Component Testability Analysis defined as the 
probability that the existing faults will be revealed during 
testing. The locations of defs and uses of variables are 
used to analyse testability. 

Testability of component l defined as:  

T(l) = E(l) * P(l) 

Where E(l) is the execution probability and P(l) is the 
propagation probability of the component l. 

Execution probability relates to Controllability which is 
defined as the ease of executing all locations that can 
contain faults and propagation probability relates to 
Observability which means the fault has a greater chance 
of propagating to the output. 

Not given 

S21 The probability that the detected 
fault can be corrected and 
removed by an arbitrary time t 

Not mentioned In Mt/M/∞ framework, software maintainability is defined 
as: 

           G(u) = 1 – exp (-v^u)  

           where v^ is the maximum likelihood of v (the 
correction rate) and u = 3 (week) 

Not 
applicable 

S22 Maintainability is measured as 
the number of changes made to 
the code during a maintenance 
period. 

Not mentioned CHANGE metric: count of number of lines in the code 
which were changed during a 3-year maintenance period 

Not 
applicable 
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Study 
ID 

Maintainability and/or 
Maintainability sub-
Characteristic and Definition 

Maintenance Type and Definition Measures/Metrics for Maintainability and/or 
Maintainability sub-Characteristic 

Quality 
Model(s)  

S23 Understandability: the capability 
of the class diagrams to be 
understood by its users. 

Modifiability: includes 
analysability and changeability 
defined as the capability of the 
class diagram to be diagnosed 
for deficiencies or for the 
identification of the parts to be 
modified, and the capability of 
the class diagram to be changed 
when modifications are required, 
respectively. 

Not given Understandability and modifiability variables measured by: 

Understandability and modifiability time, which reflect the 
time, in seconds, that the subjects spend on the 
experimental tasks. 

SubComp, which reflects the subjective perception of the 
subjects about the complexity of each diagram. It was 
measured on an ordinal scale according to five linguistic 
labels - Very simple, relatively simple, average, slightly 
complex, very complex. 

ISO 9126 

S24 Not given Not given Maintainability Index (MI) = 171-5.5 ln(aveV) – 0.23 
aveV(g‟) – 16.2ln (aveLOC)  + 50 sin (sqrt (2.4*perCM)) 

where,    aveV is averge Halstead‟s Volume per module,  
aveV(g‟) is average extended cyclomatic complexity per 
module, aveLOC is average count of lines of source code 
per module, perCM is average percentage of lines of 
comments per module 

Not 
applicable 

S25 The ease with which a software 
system or component can be 
modified to correct faults, 
improve performance or other 
attributes, or adapt to a changed 
environment. 

Not given Subjective measure by getting input from the developers 
on modifiability sub-characteristic i.e., how easy it is to 
make changes to the web application. The TL of each 
application was asked to provide a measure in terms of low 
or high. 

Not given 
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Study 
ID 

Maintainability and/or 
Maintainability sub-
Characteristic and Definition 

Maintenance Type and Definition Measures/Metrics for Maintainability and/or 
Maintainability sub-Characteristic 

Quality 
Model(s)  

S26 Maintainability: Extent to which it 
facilitates updating to satisfy new 
requirements or to correct 
deficiencies.  

Modifiability: Extent to which a 
software is able to incorporate 
changes. 

Testability: Extent to which a 
software allows the 
establishment and evaluation of 
its acceptance criteria. 

Understandability: Extent to 
which the software is 
comprehensible to the 
maintainer. 

Portability: Extent to which a 
software can be easily and 
effectively operated in a variety 
of computing environments. 

Not given Modifiability metrics: Number of modified files, number of 
modified LOC, development time in man-hours to 
incorporate the change. 

Testability: Qualitative assessment by examining the 
platform features and getting subjective assessment as 
high, medium and low for „ability to test Web components 
without web server‟ and „interactive debugging of running 
WA‟. 

Understandability: Code size (LOC), platform features that 
offer to make the 

WA modular i.e., size and modularity. Modularity is defined 
as degree by which a system is decomposed into loosely-
coupled, cohesive components, is influenced by module 
cohesiveness, inter-module coupling and the extent to 
which a separation of concerns is observed. Modularity 
was measured with the help of cohesion, coupling, support 
for modularization of cross-cutting concerns as subjective 
assessments of low, medium and high. 

Portability: qualitative comparison by examining the 
platform features that help in porting the respective 
implementation to a different database, persistence 
mechanisms, and operating system. 

Not given 

S27 The ease with which a software 
system or component can be 
modified to correct faults, 
improve performance or other 
attributes, or adapt to a changed 
environment. 

Not mentioned Maintainability Index (MI) 

3 metric MI = 171 -5.2 * ln(aveV) – 0.23 * aveV(g‟) – 16.2 * 
ln (aveLOC), and 

4 metric MI = 171 -5.2 * ln(aveV) – 0.23 * aveV(g‟) – 16.2 * 
ln (aveLOC) + 50 * sin(sqrt(2.4 * perCM)) 

ISO 9126 
Standard 
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Study 
ID 

Maintainability and/or 
Maintainability sub-
Characteristic and Definition 

Maintenance Type and Definition Measures/Metrics for Maintainability and/or 
Maintainability sub-Characteristic 

Quality 
Model(s)  

S28 Not given Not given Number of changes made to the code during a 
maintenance period. Metric used for this was CHANGE as 
defined by Li and Henry 

Not 
applicable 

S29 Not given Not given Number of changes made to the code during a 
maintenance period. Metric used for this was CHANGE as 
defined by Li and Henry 

Not 
applicable 

S30 The ease with which a software 
system or component can be 
modified to correct faults, 
improve performance or other 
attributes, or adapt to a changed 
environment. 

Not given None Not 
applicable 

S31 Not given Not given Concept maps: A combination of expert judgment and 
design/structural attributes. 

Not 
applicable 

S32 Not given Not given Frequency of subsequent changes to the code (used as a 
surrogate measure of maintainability) 

Not 
applicable 
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APPENDIX B: Interviews Resources 

Appendix B-1: Ethics Approval Letter 



 
 
 

 

Building 303 
Level 3, 38 Princes Street 
Auckland 1142, New Zealand 
Telephone 64 9 373 7599  ext.85857 
Facsimile 64 9 373 7453 
Email: office@cs.auckland.ac.nz  
www.cs.auckland.ac.nz 
 
The University of Auckland 
Private Bag 92019 
Auckland 1142 
New Zealand  

Appendix B-2: Company Participant  

Information Sheet 

 

Participant Information Sheet for the Company 

Dear Sir/Madam, 

I, Mehwish Riaz, am a PhD student at the University of Auckland, New Zealand in the Department of 

Computer Science. My PhD is funded by the Higher Education Commission, Pakistan. 

For my research, I am interested in investigating the state of practice in software maintainability 

prediction. My research specifically focuses on identifying the factors that may impact software 

maintainability in the domain of database-driven software applications. These factors then 

formulate the basis of predicting maintainability for database-driven software applications. Knowing 

these factors would help in developing more maintainable database-driven software applications. 

The potential results of this research would help software organizations to consider the factors that 

impact maintainability, improve upon them, and develop maintainable database-driven software 

applications thereby reducing the cost and time spent on software maintenance. 

I am conducting interviews for the identification of the factors that impact the maintainability of 

software applications, specifically database-driven software applications, and also to identify how 

organizations measure software maintainability. Your company has been selected for my research 

considering that it deals with the development and maintenance of database-driven software 

applications. Your company’s experience is of great value to us and will help us meet our research 

goals.  

I, therefore, request your company’s participation in this research activity.  If you are willing to allow 

your employee(s) for a short interview, I will contact you through email, telephone or in person, and 

share the Participant Information Sheet for Employees with you for you to then pass to your 

employee(s). If your employee(s) is/are interested to participate in my research, they can contact me 

(Principal Investigator) and arrange a meeting time of their convenience. The interview will cover 

your employee(s)’s opinion on software maintainability, maintainability measures, software 

maintainability prediction, and factors that may impact software maintainability for database-driven 

software applications. Each interview will last for approximately 20-30 minutes. The interview will be 

recorded on a digital recorder, and later will be translated and transcribed by myself. After the 

interview is transcribed, a copy of this transcript will be provided to the participating employee(s) 

who may edit the data in the transcript if necessary. After the interview, your company’s employee(s) 

may be contacted once or twice if any clarification on data is required. I am afraid that no 

remuneration will be offered to you or your employees for their valuable time. However, once the 

results of the interviews are synthesized, these will be presented to the participating employee(s) 

upon request.  

Maintainability Prediction for Database-Driven 

Software Applications 

 

 

http://www.cs.auckland.ac.nz/


 
 
 

 

I seek your permission to contact the employee(s) of your company to request participation in my 

research. I request your assurance that their agreement or disagreement to participate in my 

research will not affect their employment with your company. The confidentiality of the company as 

well as participating employee(s) will be maintained. The responses from the interviews will be 

synthesized and used in the PhD thesis and related research publications. No individual responses or 

the names of the participants will be included in either the PhD thesis or publications, without your 

permission. The data will be stored in safe lockers and password protected computers for a period of 

six years at the University of Auckland. After six years the data will be safely deleted. The company 

and the participating employee(s) will be eligible to withdraw participation within three months of 

the interview date. In case of any ambiguity the participant may contact the principal investigator – 

Mehwish Riaz. 

The provided data will also be analyzed and reviewed by the PhD supervisors at the University of 

Auckland, New Zealand. 

Your cooperation will be of a great value to us and will be much appreciated.  

If you are willing to participate in this research and/or have any queries, please feel free to contact 

me. My contact details are as under: 

Contact Details in New Zealand: 

Address: Department of Computer Science, Private Bag 92019, Auckland, New Zealand.  

Email:     mria007@aucklanduni.ac.nz  

Tel:         +64 210 68 6661. 

Contact Details in Pakistan: 

Address: House # 490 – A, St. 9, F-10/2, Islamabad, Pakistan.  

Email:     mria007@aucklanduni.ac.nz   

Tel:         +92 332 5197885. 

My PhD supervisor Associate Professor Emilia Mendes can be contacted at emilia@cs.auckland.ac.nz 

and the Head of the Department Associate Professor Robert Amor can be contacted at 

r.amor@auckland.ac.nz  

For Ethical concerns, please contact:  

The Chair, The University of Auckland Human Participants Ethics Committee 

Level 3, 76 Symonds Street, Private Bag 92019, Auckland, New Zealand.   

Tel: 3737599 ext. 83711 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE ON 

09/09/2009 for 3 years, Reference Number 2009 / 352. 

mailto:mria007@aucklanduni.ac.nz
mailto:mria007@aucklanduni.ac.nz
mailto:emilia@cs.auckland.ac.nz
mailto:r.amor@auckland.ac.nz


 
 
 

 

Building 303 
Level 3, 38 Princes Street 
Auckland 1142, New Zealand 
Telephone 64 9 373 7599  ext.85857 
Facsimile 64 9 373 7453 
Email: office@cs.auckland.ac.nz  
www.cs.auckland.ac.nz 
 
The University of Auckland 
Private Bag 92019 
Auckland 1142 
New Zealand  

Appendix B-3: Company Consent  

Form 

 

Company Consent Form 

 

(This form will be stored for a period of 6 years) 

 

I hold the authority to permit the employee(s) of my company to be interviewed and participate in 

this research. I understand and I have read the participant information sheets (Company and 

Employee), and have clarified all issues related to this research with the principal investigator.  

I give access to the employee(s) of my company named 

_________________________________________ to be contacted by the principal investigator to 

request participation in the research project titled “Maintainability Prediction for Database-Driven 

Software Applications”. I confirm that the employee’s decision to participate or not in this research 

will not affect their employment status or relationship with the company. I am also aware that my 

company can withdraw participation within three months of the interview date. 

Name: ______________________________________________________________ 

Designation: _________________________________________________________ 

Name of the Organization: ______________________________________________ 

Email: ___________________________________ 

Signature: ___________________________________Date: ____________________ 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE 

ON 09/09/2009 for 3 years, Reference Number 2009 / 352.

Maintainability Prediction for Database-Driven 

Software Applications 
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Building 303 
Level 3, 38 Princes Street 
Auckland 1142, New Zealand 
Telephone 64 9 373 7599  ext.85857 
Facsimile 64 9 373 7453 
Email: office@cs.auckland.ac.nz  
www.cs.auckland.ac.nz 
 
The University of Auckland 
Private Bag 92019 
Auckland 1142 
New Zealand  

Appendix B-4: Employee Participant  

Information Sheet 

 

Participant Information Sheet for the Employee 

Dear Participant, 

I, Mehwish Riaz, am a PhD student at the University of Auckland, New Zealand in the Department of 

Computer Science. My PhD is funded by the Higher Education Commission, Pakistan. 

For my research, I am interested in investigating the state of practice in software maintainability 

prediction. My research specifically focuses on identifying the factors that may impact software 

maintainability in the domain of database-driven software applications. These factors then 

formulate the basis of predicting maintainability for database-driven software applications. Knowing 

these factors would help in developing more maintainable database-driven software applications. 

The potential results of this research would help software organizations to consider the factors that 

impact maintainability, improve upon them, and develop maintainable database-driven software 

applications thereby reducing the cost and time spent on software maintenance.  

I am conducting interviews for the identification of the factors that impact the maintainability of 

software applications, specifically database-driven software applications, and also to identify how 

organizations measure software maintainability. You are selected as a potential interviewee 

considering your experience and knowledge. Your experience is of great value to us and will help us 

meet our research goals.  

I, therefore, invite you to participate in this research by making yourself available for a short 

interview. If you are willing to be interviewed, I will contact you through email, telephone or in 

person, to arrange a meeting time of your convenience. The interview will cover your opinion on 

software maintainability, maintainability measures, software maintainability prediction, and factors 

that may impact software maintainability for database-driven software applications. Each interview 

will last for approximately 20 -30 minutes. The interview will be recorded on a digital recorder, and 

later will be translated and transcribed by myself. After they interview is transcribed, a copy of this 

transcript will be provided to you. You may edit the data in the transcript if necessary. After the 

interview, you may be contacted once or twice if any clarification on data is required. I am afraid 

that no remuneration will be offered to you for their valuable time. However, once the results of the 

interviews are synthesized, these will be presented to you upon request.  

I have, already, sought the permission of the senior management/employer of your company in 

order to contact you and request your participation in my research. The competent authority has 

assured that agreeing or disagreeing to participate will not affect your employment with your 

company. The confidentiality of the participants will be maintained. The responses from the 
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interviews will be synthesized and used in the PhD thesis and related research publications. No 

individual responses or the names of the participants will be included in either the PhD thesis or 

publications without their permission. The data will be stored in safe lockers and password 

protected computers for a period of six years at the University of Auckland. After six years the data 

will be safely deleted. The company and the participating staff will be eligible to withdraw 

participation within three months of the interview date. In case of any ambiguity the participant may 

contact the principal investigator – Mehwish Riaz. 

The provided data will also be analyzed and reviewed by the PhD supervisors at the University of 

Auckland, New Zealand. 

If you are willing to participate in this research and/or have any queries, please feel free to contact 

me. My contact details are as under: 

Contact Details in New Zealand: 

Address: Department of Computer Science, Private Bag 92019, Auckland, New Zealand.  

Email:     mria007@aucklanduni.ac.nz  

Tel:         +64 210 68 6661. 

Contact Details in Pakistan: 

Address: House # 490 – A, St. 9, F-10/2, Islamabad, Pakistan.  

Email:     mria007@aucklanduni.ac.nz   

Tel:         +92 332 5197885. 

My PhD supervisor Associate Professor Emilia Mendes can be contacted at emilia@cs.auckland.ac.nz 

and the Head of the Department Associate Professor Robert Amor can be contacted at 

r.amor@auckland.ac.nz  

For Ethical concerns, please contact:  

The Chair, The University of Auckland Human Participants Ethics Committee 

Level 3, 76 Symonds Street, Private Bag 92019, Auckland, New Zealand.   

Tel: 3737599 ext. 83711 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE ON 

09/09/2009 for 3 years, Reference Number 2009 / 352. 
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Appendix B-5: Employee Consent  

Form 

 

Participant Consent Form 

(This form will be stored for a period of 6 years) 

I understand that I have read the participant information sheet and have clarified all issues and concerns related to this 

interview with the principal investigator (PhD Student). 

I agree to participate in the research project titled “Maintainability Prediction for Database-Driven Software Applications” 

and understand the following points: 

 The Principal Investigator, in order to conduct the interview, has sought the permission of the participant 

company’s senior management/employer to contact the participating employee. The competent authority has 

assured the Principal Investigator that agreeing or disagreeing to be interviewed will not affect my employment. 

 I may withdraw my participation and thereof, the data provided for the research within three months of the 

interview date.  

 I am involved in the research on voluntary basis and will be paid no remuneration for my participation. 

 Data of one participant will not be shared with other participants. The transcripts of my interview will be shared 

with me and I will be provided an opportunity to edit the transcripts. The results synthesized after this study may 

be shared with me upon my request. 

 The name of any participating company or their staff will not be published anywhere without prior permission.  

 The data will be used in the PhD research and research publications of the principal investigator. Published studies 

will maintain anonymity and confidentiality of the participant as well as the information provided by the 

participant unless prior permission is sought.  

 I, in case of any ambiguity, can contact the principal investigator for clarification on the interview, this consent 

form, or the participant information sheet.  

 The data will be kept safe. Digital data will be stored in a secure computer and hard copies in a locker.  

 The interviews will be recorded on digital recorders and will be translated (if necessary) and transcribed by the 

Principal Investigator (PhD Student). The digital data will be kept on a secure computer; and the recording device, 

signed forms, and storage device will be kept under a lock, for a time period of 6 years after which they will be 

destroyed. 

 I will be given an option to keep a copy of transcribed data. I will be allowed to edit the transcripts if desired.  

 I wish/do not wish to receive the results of this research. 

Name of the participant: ________________________________________________ 

Name of the Organization: ______________________________________________ 

Email: ___________________________________ 

Signature: ___________________________________Date: ____________________ 
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Appendix B-6: Interview Questionnaire 

 

 

Interview Topics 

The main objective of this research will be to understand maintainability, measures of 
maintainability, and factors and metrics that impact upon maintainability in the context of relational 
database-driven software applications. The outcomes will enable the prediction of maintainability 
for database-driven software applications.  

The following guide gives indicative content for various topics to be discussed in the interview: 

Introduction 

 Introduction of the research project and purpose of research. 
 Objectives of interview. 
 Interviewee company’s background. Age, Services provided, Types of customers, Types of 

applications, Software development model and Database Management System used. 
 Interviewee background. Education, Current role, Experience. 

Maintainability in database-driven software applications 

 What is your understanding of maintainability? The interviewer will also share her view of 
maintainability to ensure that both interviewer and interviewee’s perception of 
maintainability is consistent.  

 Do you believe that software applications should be maintainable? If yes, why?  
 What is your view and/or experience with software maintainability prediction?  
 What, in your opinion, may be possible benefits of predicting software maintainability? 
 Is maintainability measured and/or predicted in your company, even if it is based on expert 

judgment?   
o If yes  

 What are the factors that you take into account when predicting maintainability? 
 How do you measure maintainability?  

o If no  
 Why not?  
 What would you consider in terms of artifacts e.g., design, resources, deliverables, 

source code etc. in order to predict maintainability? 
 What factors would you consider in order to predict maintainability? 

 When dealing with maintainability, do you differentiate between database-driven and non 
database-driven applications? Why? What are the additional factor(s) that need to be 
considered when developing a database-driven application? 
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Appendix C-2: Company Participant  

Information Sheet 

 

Participant Information Sheet for the Company 

Dear Sir/Madam, 

I, Mehwish Riaz, am a PhD student at the University of Auckland, New Zealand in the Department of 

Computer Science.  

For my research, I am interested in investigating the state of practice in software maintainability 

prediction. My research specifically focuses on identifying the factors that either increase or 

decrease the maintainability of database-driven software applications and the strength of their 

impact on their maintainability. These factors will be later used as basis for predicting the 

maintainability for database-driven software applications. Knowing these factors would help in 

developing more maintainable database-driven software applications. The potential results of this 

research will help software organizations to consider the factors that impact maintainability, 

improve upon them, and develop maintainable database-driven software applications thereby 

reducing the cost and time spent on software maintenance. 

I am conducting a survey for this purpose. Your company has been selected for my research 

considering that it deals with the development and maintenance of database-driven software 

applications. Your company’s experience is of great value to us and will help us meet our research 

goals.  

I, therefore, kindly ask for your company’s participation in this research activity.  If you are willing to 

allow your employee(s) to fill in the survey form, I will contact you through email, telephone or in 

person, and share the Participant Information Sheet for Employees with you for you to then pass to 

your employee(s). If your employee(s) is/are interested to participate in my research, they can 

contact me (Principal Investigator) and I will send them the necessary documents. The survey form 

will cover your employee(s)’s opinion on whether the listed factors increase or decrease 

maintainability of database-driven software applications and to what extent. The survey will only 

take approximately 30 minutes of your employee(s) time, and the survey forms and the consent 

forms can be sent back through email/postal mail or in person, as appropriate. Your company’s 

employee(s) may further be contacted once or twice if any clarification on the data is required. I am 

afraid that no remuneration will be offered to you or your employees for their participation. 

However, once the results of the interviews are synthesized, these will be presented to the 

participating employee(s) upon request.  

I seek your permission to contact the employee(s) of your company to request participation in my 

research. I request your assurance that their agreement or disagreement to participate in my 
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research will not affect their employment with your company. The confidentiality of the company as 

well as participating employee(s) will be maintained. The responses from the survey will be 

synthesized and used in the PhD thesis and related research publications. No individual responses or 

the names of the participants will be included in either the PhD thesis or publications. The data will 

be stored in safe lockers and password protected computers for a period of six years at the 

University of Auckland. After six years the data will be safely deleted. The company and the 

participating employee(s) will be eligible to withdraw participation within three months of the data 

collection date. In case of any ambiguity the participant may contact me. 

The provided data will also be analyzed and reviewed by the PhD supervisors at the University of 

Auckland, New Zealand. 

Your cooperation will be of a great value to us and will be much appreciated.  

If you are willing to participate in this research and/or have any queries, please feel free to contact 

me. My contact details are as under: 

Contact Details in New Zealand: 

Mehwish Riaz, PhD Student, Department of Computer Science, Private Bag 92019, Auckland, New 

Zealand.  

Email:     mria007@aucklanduni.ac.nz , Tel:   +64 210 68 6661. 

Contact Details in Pakistan: 

Mehwish Riaz, House # 490 – A, St. 9, F-10/2, Islamabad, Pakistan.  

Email:     mria007@aucklanduni.ac.nz , Tel:         +92 332 5197885. 

Contact Details in Australia: 

Mehwish Riaz, #6 Canberra Avenue, Dandenong South, Melbourne, VIC 3175, Australia.  

Email:     mria007@aucklanduni.ac.nz , Tel:    +61 3 9793 2115. 

My PhD supervisor Associate Professor Emilia Mendes can be contacted at emilia@cs.auckland.ac.nz 

and the Head of the Department Associate Professor Robert Amor can be contacted at 

r.amor@auckland.ac.nz  

For Ethical concerns, please contact:  

The Chair, The University of Auckland Human Participants Ethics Committee 

Level 3, 76 Symonds Street, Private Bag 92019, Auckland, New Zealand.   

Tel: 3737599 ext. 83711 
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Form 

 

Company Consent Form 

 

(This form will be stored for a period of 6 years) 

 

I hold the authority to permit the employee(s) of my company to participate in this research and fill 

the survey form. I understand and I have read the participant information sheets (Company and 

Employee), and have clarified all issues related to this research with the principal investigator.  

I give access to the employee(s) of my company named 

_________________________________________ to be contacted by the principal investigator to 

request participation in the research project titled “Maintainability Prediction for Database-Driven 

Software Applications”. I confirm that the employee’s decision to participate or not in this research 

will not affect their employment status or relationship with the company. I am also aware that my 

company can withdraw participation within three months of the data collection date. 

Name: ______________________________________________________________ 

Designation: _________________________________________________________ 

Name of the Organization: ______________________________________________ 

Email: ___________________________________ 

Signature: ___________________________________Date: ____________________ 
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Participant Information Sheet for the Employee 

Dear Participant, 

I, Mehwish Riaz, am a PhD student at the University of Auckland, New Zealand in the Department of 

Computer Science.  

For my research, I am interested in investigating the state of practice in software maintainability 

prediction. My research specifically focuses on identifying the factors that either increase or 

decrease the maintainability of database-driven software applications and the strength of their 

impact on their maintainability. These factors will be later used as basis for predicting the 

maintainability for database-driven software applications. Knowing these factors would help in 

developing more maintainable database-driven software applications. The potential results of this 

research will help software organizations to consider the factors that impact maintainability, 

improve upon them, and develop maintainable database-driven software applications thereby 

reducing the cost and time spent on software maintenance.  

I am conducting a survey for this purpose. You are selected as a potential participant considering 

your experience and knowledge. Your experience is of great value to us and will help us meet our 

research goals.  

I, therefore, kindly ask you to participate in this research by filling in a short survey form. If you are 

willing to participate, I will send you the survey form through email, telephone or in person, as 

appropriate. The survey form will cover your opinion on whether the listed factors increase or 

decrease maintainability of database-driven software applications and to what extent. The survey 

will only take approximately 30 minutes of your time and the survey forms and the consent forms 

can be sent back through email/postal mail or in person, as appropriate. You may further be 

contacted once or twice if any clarification on data is required. I am afraid that no remuneration will 

be offered to you for your participation. However, once the results of the survey are synthesized, 

these will be presented to you upon request.  

I have, already, sought the permission of the senior management/employer of your company in 

order to contact you and request your participation in my research. The competent authority has 

assured that agreeing or disagreeing to participate will not affect your employment with your 

company. The confidentiality of the participants will be maintained. The responses from the survey 

will be synthesized and used in the PhD thesis and related research publications. No individual 

responses or the names of the participants will be included in either the PhD thesis or publications. 

The data will be stored in safe lockers and password protected computers for a period of six years at 
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the University of Auckland. After six years the data will be safely deleted. The company and the 

participating staff will be eligible to withdraw participation within three months of the data 

collection date. In case of any ambiguity the participant may contact me. 

The provided data will also be analyzed and reviewed by the PhD supervisors at the University of 

Auckland, New Zealand. 

If you are willing to participate in this research and/or have any queries, please feel free to contact 

me. My contact details are as under:  

Contact Details in New Zealand: 

Mehwish Riaz, PhD Student, Department of Computer Science, Private Bag 92019, Auckland, New 

Zealand.  

Email:     mria007@aucklanduni.ac.nz , Tel:   +64 210 68 6661. 

Contact Details in Pakistan: 

Mehwish Riaz, House # 490 – A, St. 9, F-10/2, Islamabad, Pakistan.  

Email:     mria007@aucklanduni.ac.nz , Tel:         +92 332 5197885. 

Contact Details in Australia: 

Mehwish Riaz, #6 Canberra Avenue, Dandenong South, Melbourne, VIC 3175, Australia.  

Email:     mria007@aucklanduni.ac.nz , Tel:    +61 3 9793 2115. 

My PhD supervisor Associate Professor Emilia Mendes can be contacted at emilia@cs.auckland.ac.nz 

and the Head of the Department Associate Professor Robert Amor can be contacted at 

r.amor@auckland.ac.nz  

For Ethical concerns, please contact:  

The Chair, The University of Auckland Human Participants Ethics Committee 

Level 3, 76 Symonds Street, Private Bag 92019, Auckland, New Zealand.   

Tel: 3737599 ext. 83711 
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Form 

 

Participant Consent Form 

(This form will be stored for a period of 6 years) 

I understand that I have read the participant information sheet and have clarified all issues and concerns related to this 

interview with the principal investigator (PhD Student). 

I agree to participate in the research project titled “Maintainability Prediction for Database-Driven Software Applications” 

and understand the following points: 

 The Principal Investigator, in order to conduct the survey, has sought the permission of the participant company’s 

senior management/employer to contact the participating employee. The competent authority has assured the 

Principal Investigator that agreeing or disagreeing to be interviewed will not affect my employment. 

 I may withdraw my participation and thereof, the data provided for the research within three months of the data 

collection date.  

 I am involved in the research on voluntary basis and will be paid no remuneration for my participation. 

 Data of one participant will not be shared with other participants. The data that I provide and the synthesized 

results after this study may be shared with me upon my request. 

 The name of any participating company or their staff will not be published anywhere.  

 The data will be used in the PhD research and research publications of the principal investigator. Published studies 

will maintain anonymity and confidentiality of the participant as well as the information provided by the 

participant unless prior permission is sought.  

 I, in case of any ambiguity, can contact the principal investigator for clarification on the interview, this consent 

form, or the participant information sheet.  

 The data will be kept safe. Digital data will be stored in a secure computer, and hard copies of survey forms and 

consent forms in a locker.  

 I wish/do not wish to receive the results of this research. 

Name of the participant: ________________________________________________ 

Name of the Organization: ______________________________________________ 

Email: ___________________________________ 

Signature: ___________________________________Date: ____________________ 
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Appendix C-6: Survey Form 

 
 
Project Title 
 
Maintainability Prediction for Database-Driven Software Applications 
 
Brief Description 
 
The specific aim of this project is to identify the factors that impact upon the maintainability of 
relational database-driven software applications and the strength of this impact. We take Relational 
database-driven software applications to be those that interact with a back-end database through a 
Relational Database Management System (DBMS).   
 
Within the context of this project Maintainability represents the level of ease with which a 
database-driven software application can be modified to correct faults, to be enhanced, or to be 
adapted to a changed environment. 
 
The data you provide as part of this survey will be used in the PhD research as well as allied research 
publications of the principal investigator and will be kept confidential. The name of any participating 
companies or their staff will not be directly published anywhere without prior permission.
 



 

 

SECTION I. COMPANY AND RESPONDENT CHARACTERISTICS 
 

COMPANY CHARACTERISTICS: 

1. Company Name: ___________________________________________ 

2. Year in which this Company was created: _______________________ 

3. Is this Company engaged in developing database-driven software applications? (Please 
select a single option): 

a. Yes, all the applications have a back-end relational database. 

b. No, none of the applications we develop have a back-end relational database. 

c. Most applications (90% plus) have a back-end relational database. 

d. Most applications (90% plus) do not have a back-end relational database.  

4. The Relational Database Management System used by most of the database-driven 
software applications developed by this company is? (Please select a single option): 

a. Oracle    

b. MS SQL Server   

c. MySQL    

d. MS Access   

e. Other      

Please specify: ____________________ 

 

RESPONDENT CHARACTERISTICS: 

1. Highest completed education (Please select a single option):  

 Bachelor’s degree   

 Master’s degree    

 Doctoral degree   

 Other  

Please specify: __________________ 

2. Total number of years of experience working in software development: ________ 

3. Job function at current employment (Please select a single option): 

 Project manager    

 Quality Assurance Professional  

  Software developer   

 Other   

Please specify: _______________________



 

SECTION II: MEASURE OF MAINTAINABILITY FOR RELATIONAL DATABASE-DRIVEN SOFTWARE 

APPLICATIONS  

 

When you wish to determine the level of difficulty associated with maintaining a database-driven 

software application, do you: 

a. use the estimated amount of time to carry out a maintenance task as a  determinant of 

difficulty? e.g. the longer it takes to maintain, the more difficult the task is. 

b. use your own experience and gut feeling in order to subjectively identify a level of 

difficulty (e.g. very easy.. very difficult) 

c. use an Equation or more sophisticated approach than a or b. If this is the case, could you 

please describe the approach you use?________________



 

SECTION III. FACTORS IMPACTING UPON OR PREDICTING MAINTAINABILITY OF DATABASE-DRIVEN 
SOFTWARE APPLICATIONS 

 
 

A. Factors Related to the Database Schema 

 

Please tick the column that best describes the relationship of the factors listed under the column 

‘Factors’ with maintainability i.e., the given factor impacts maintainability and/or indicates the 

maintainability for database-driven software applications. Please assume, wherever applicable, the 

impact on maintainability due to an increase in the value of the listed factor. 

  Impact upon maintainability or indicates maintainability for relational 
database-driven software applications 

Sr. 
No. 

Factors  High 
decrease 

Medium 
decrease 

Low 
decrease 

No 
Impact 

Low 
increase 

Medium 
increase 

High 
increase 

1 Correct definition of 
entities 

       

2 Normalization of the 
database schema 

       

3 De-normalization of the 
database schema 
according to application 
needs 

       

4 Stored procedures        

5 Inline queries        

6 Number of tables        

7 Number of columns in a 
table 

       

8 Number of triggers        

9 Number of indexes        

10 Correct use of indexes        

11 Number of SQL queries        

12 Complexity of SQL queries        

13 Number of cursors        

14 Use of sub queries instead 
of cursors 

       

15 Use of loops instead of 
cursors 

       

16 Unnecessary keys in the 
database schema 

       

17 Use of character fields as 
keys 

       

18 Metadata schemas and 
summary tables 

       

19 Creation and maintenance 
of data dictionary 

       

 

 

  



 
 

 

B. Factors Specific to Relational Database-Driven Software Applications 

 

Please tick the column that best describes the relationship of the factors listed under the column 

‘Factors’ with maintainability i.e., the given factor impacts maintainability and/or indicates the 

maintainability for database-driven software applications. Please assume, wherever applicable, the 

impact on maintainability due to an increase in the value of the listed factor. 

  Impact upon maintainability or indicates maintainability for relational 
database-driven software applications 

Sr. 
No. 

Factors  High 
decrease 

Medium 
decrease 

Low 
decrease 

No 
Impact 

Low 
increase 

Medium 
increase 

High 
increase 

1 Choice of database engine        

2 Choice of  data adapters        

3 Choice of data types used 
in the database 

       

4 Optimal use of database 
features 

       

5 Amount of data the 
database holds 

       

6 Number of database calls        

7 Procedures for data 
transfer between server 
and clients 

       

8 Capability of application 
to interact with various 
database engines 

       

9 Easy integration with 
other applications 

       

10 Implementation of basic 
checks at the database 
level 

       

11 Use of features provided 
by database engines 

       

12 Performance of SQL 
queries 

       

13 Physical placement of files 
on the database 

       

14 Variety of data storage 
formats 

       

15 Maintenance of database 
logs 

       

 

  



 
 

 

C. Factors Related to the Design Aspects of Relational Database-Driven Software Applications 

 

Please tick the column that best describes the relationship of the factors listed under the column 

‘Factors’ with maintainability i.e., the given factor impacts maintainability and/or indicates the 

maintainability for database-driven software applications. Please assume, wherever applicable, the 

impact on maintainability due to an increase in the value of the listed factor. 

  Impact upon maintainability or indicates maintainability for relational 
database-driven software applications 

Sr. 
No. 

Factors  High 
decrease 

Medium 
decrease 

Low 
decrease 

No 
Impact 

Low 
increase 

Medium 
increase 

High 
increase 

1 Good software design or 
architecture 

       

2 Customizable and 
parameterized application 

       

3 Good database design
1
        

4 Complexity of database 
design 

       

5 Tiered or layered 
application (e.g., a 
separate data access 
layer) 

       

6 Information coming to a 
module or object for 
processing 

       

7 Information sent out by a 
software module or object 
for further processing 

       

8 Number of 
modules/objects 
controlled or connected 
to a module/objects (from 
a layered architecture 
orientation point of view) 

       

9 Number of 
modules/objects being 
controlled or connected 
by a module/objects 
(from a layered 
architecture orientation 
point of view) 

       

1
 A good database design is one that provides a good coverage for user data requirements, properly follows the rules for 

normalization, and has a good mapping between conceptual and physical schema.  

  



 
 

 

D. Factors Related to the Size, Scope, and Complexity of Relational Database-Driven Software 

Applications 

 

Please tick the column that best describes the relationship of the factors listed under the column 

‘Factors’ with maintainability i.e., the given factor impacts maintainability and/or indicates the 

maintainability for database-driven software applications. Please assume, wherever applicable, the 

impact on maintainability due to an increase in the value of the listed factor. 

  Impact upon maintainability or indicates maintainability for relational 
database-driven software applications 

Sr. 
No. 

Factors  High 
decrease 

Medium 
decrease 

Low 
decrease 

No 
Impact 

Low 
increase 

Medium 
increase 

High 
increase 

1 Complexity of the 
application and its domain 

       

2 Scope of the application 
i.e., total work to be done 

       

3 Volume of the 
application

1
 

       

4 Number of executable 
files that constitute the 
application 

       

5 Lines of code or size of the 
application 

       

6 Number of lines of 
comments 

       

7 Number of independent 
paths through an 
application e.g., due to 
the use of conditions and 
loops 

       

8 Number of variables used 
in an application 

       

9 Scope of the variables 
used in an application 

       

10 Number of decision 
conditions evaluated in an 
application 

       

11 Methods in a class do not 
access common or same 
variables

2
 

       

12 Classes with objects of 
other classes as member 
variables 

       

13 Difficulty in writing and 
understanding an 
application 

       

14 Number of operators and 
operand used in an 
application (in terms of 
expressions to be 
evaluated) 

       

15 Number of overridden 
methods in an application 

       

16 Number of private 
members of a class 

       

17 Depth of Inheritance Tree 
in an application

3
 

       



 
 

 

18 Number of methods and 
their complexity 

       

19 Number of  methods in a 
class and invoked by the 
class 

       

20 Number of times an 
object sends a message to 
a different object

4
 

       

21 Number of different 
attributes or member 
variables of a class 

       

22 Number of children of a 
class 

       

1
Volume of an application is a function of how many operators and operands there are in the application and how many of 

them are distinct. 
2
For example, 3 member methods in a class each use a different member variable from a total of 3 classes corresponding 

to the fact that the methods probably should not have been in the same class anyway. 
3
The maximum depth of the class hierarchies in the application. 

4
Number of times a class sends a message to another class: In this case if from a method of class A, a method of class B is 

accessed. 

 

  



 
 

 

E. Factors Related to Quality, Quality Assurance, and Testing of Relational Database-Driven 

Software Applications 
 

Please tick the column that best describes the relationship of the factors listed under the column 

‘Factors’ with maintainability i.e., the given factor impacts maintainability and/or indicates the 

maintainability for database-driven software applications. Please assume, wherever applicable, the 

impact on maintainability due to an increase in the value of the listed factor. 
 

  Impact upon maintainability or indicates maintainability for relational 
database-driven software applications 

Sr. 
No. 

Factors  High 
decrease 

Medium 
decrease 

Low 
decrease 

No 
Impact 

Low 
increase 

Medium 
increase 

High 
increase 

1 Good quality (optimal) 
code 

       

2 Strong emphasis on quality 
assurance 

       

3 Number of bugs in the 
application 

       

4 Application’s time to 
recover from a failure

1
 

       

5 Availability and 
performance

2
 of the 

application 

       

6 Data quality        

7 Quality of comments
3
        

8 Complete, up-to-date and 
high quality 
documentation  

       

9 Flexibility
4 

and scalability 
of the application 

       

10 Strong emphasis on 
properly conducting  the 
requirements phase 

       

11 Understandability
5
 of the 

application 
       

12 Design reviews between 
the team and with the 
client 

       

13 Code inspection, formal 
reviews and peer-reviews 

       

14 Unit testing        

15 Regression testing        

16 Load testing        

17 Testing of all use cases        

18 Scenario-based testing        

19 User acceptance testing        

20 Reproducibility of 
behaviour (predictable 
behaviour when running 
live) 

       

1
Failure is the inability of an application to continue processing due to erroneous logic, lost data, etc. 

2
Performance is how efficiently the application responds. It can be understood in terms of response time. 

3
Comments are of good quality if they are helpful in understanding the code and are up-to-date i.e., align with the code. 

4
The ease with which the application may be modified for use in applications or environments other than those for which it 

was specifically designed. 
5
The capability of the software product to enable the user to understand whether the software is suitable, and how it can 

be used for particular tasks and conditions of use. This depends on the documentation and initial impressions given by the 
software. 



 
 

 

F. Factors Related to Change and Maintenance of Relational Database-Driven Software 
Applications 
 

Please tick the column that best describes the relationship of the factors listed under the column 

‘Factors’ with maintainability i.e., the given factor impacts maintainability and/or indicates the 

maintainability for database-driven software applications. Please assume, wherever applicable, the 

impact on maintainability due to an increase in the value of the listed factor. 

 

  Impact upon maintainability or indicates maintainability for relational 
database-driven software applications 

Sr. 
No. 

Factors  High 
decrease 

Medium 
decrease 

Low 
decrease 

No 
Impact 

Low 
increase 

Medium 
increase 

High 
increase 

1 Ability to foresee future 
changes to the application 

       

2 Maintaining logs and 
changes to the application 

       

3 Formal versioning using a 
Version Management 
System (VMS) 

       

4 Effort and cost spent on 
maintenance

1
 

       

5 Time to perform a 
maintenance task (from 
request/error being 
logged to delivery) 

       

6 Type of maintenance task 
e.g., corrective, 
perfective, adaptive, or 
preventive 

       

7 Understanding a change 
request and its impact 
upon maintainability 

       

8 Changes in the database 
schema 

       

9 Number of different 
versions of the application 

       

10 Rate of technological 
change 

       

1
This effort and cost correspond to the effort and cost after delivery. 

 

  



 
 

 

G. Factors Related to Development and Deployment Environment of Relational Database-Driven 

Software Applications 

 

Please tick the column that best describes the relationship of the factors listed under the column 

‘Factors’ with maintainability i.e., the given factor impacts maintainability and/or indicates the 

maintainability for database-driven software applications. Please assume, wherever applicable, the 

impact on maintainability due to an increase in the value of the listed factor. 

 

  Impact upon maintainability or indicates maintainability for relational 
database-driven software applications 

Sr. 
No. 

Factors  High 
decrease 

Medium 
decrease 

Low 
decrease 

No 
Impact 

Low 
increase 

Medium 
increase 

High 
increase 

1 Use of packaged software 
(or reusable components) 

       

2 Variety of processors        

3 Development and testing 
tools e.g., development 
tools, IDEs or frameworks 
and automated testing 
tools 

       

4 Using frameworks for 
development that allow 
test harnessing 

       

5 Knowledge of the 
application’s  deployment 
environment 

       

6 Number of concurrent 
users using the 
application 

       

7 Variety of 
telecommunication 
protocols 

       

 
 

  



 
 

 

H. Factors Specific to Web Applications with Relational Database Back-End  

 

Please tick the column that best describes the relationship of the factors listed under the column 

‘Factors’ with maintainability i.e., the given factor impacts maintainability and/or indicates the 

maintainability for database-driven software applications. Please assume, wherever applicable, the 

impact on maintainability due to an increase in the value of the listed factor. 

 

  Impact upon maintainability or indicates maintainability for relational 
database-driven software applications 

Sr. 
No. 

Factors  High 
decrease 

Medium 
decrease 

Low 
decrease 

No 
Impact 

Low 
increase 

Medium 
increase 

High 
increase 

1 Number of Web pages or 
Graphical User Interfaces 
(GUIs) 

       

2 Number of Web Objects 
(e.g., Java applets, images, 
multimedia objects like 
sounds and movies, flash 
objects, etc.) 

       

3 Number of server side 
scripts 

       

4 Number of client side 
scripts 

       

5 Number of different 
programming and 
scripting languages used 
to develop an application 

       

6 Pages or User Interfaces 
(UIs) linked to other pages 
or UIs in the application 

       

7 Data exchange between 
different UIs or Web 
pages 

       

 
 

  



 
 

 

I. Factors Related to Organizational Culture and Policies 

 

Please tick the column that best describes the relationship of the factors listed under the column 

‘Factors’ with maintainability i.e., the given factor impacts maintainability and/or indicates the 

maintainability for database-driven software applications. Please assume, wherever applicable, the 

impact on maintainability due to an increase in the value of the listed factor. 

 

  Impact upon maintainability or indicates maintainability for relational 
database-driven software applications 

Sr. 
No. 

Factors  High 
decrease 

Medium 
decrease 

Low 
decrease 

No 
Impact 

Low 
increase 

Medium 
increase 

High 
increase 

1 Organizational culture of 
continuous improvement 
– struggle to do better 
and better as an 
organization and at the 
individual employee level 

       

2 Following standards (e.g., 
for coding and naming, 
etc.) and practices 

       

3 Introducing policies for 
making changes to the 
application and/or 
database 

       

4 Organization’s data 
archive strategy 

       

 
 
  



 

J. Factors Related to Team, Team Communication, and Project Management 

 

Please tick the column that best describes the relationship of the factors listed under the column 

‘Factors’ with maintainability i.e., the given factor impacts maintainability and/or indicates the 

maintainability for database-driven software applications. Please assume, wherever applicable, the 

impact on maintainability due to an increase in the value of the listed factor. 

  Impact upon maintainability or indicates maintainability for relational 
database-driven software applications 

Sr. 
No. 

Factors  High 
decrease 

Medium 
decrease 

Low 
decrease 

No 
Impact 

Low 
increase 

Medium 
increase 

High 
increase 

1 Pair programming
1
        

2 Skilled and experienced 
application developers, 
architects and 
maintainers; and database 
architects 

       

3 Communication between 
front-end developers and 
database architects 

       

4 Time to market        

5 Cost of the project
2
        

6 Marketing and end-user 
training

3
 

       

7 Staff turnover        
1
Pair programming is a software development practice where two programmers work together at the same workstation 

while developing code. One programmer acts as a ‘driver’, operates the keyboard and performs the main programming 
task whereas the other programmer acts as an ‘observer’ and provides suggestions and points out errors in the code. The 
two programmers regularly swap roles in order to experience both roles. 
2
Initial budget of the project. 

3
How much the users have been trained on using the application and then changing the application to bring a new version. 



 

 

SECTIN IV: WHAT IS EASEIR TO MAINTAIN AND ANY OTHER FACTORS?  

Please rank (from easier to more difficult) the three items below in terms of how easy they are to 

maintain.   

(     )   Interface of the application e.g., GUI, console etc. 

(     )   Data model of the application 

(     )   Algorithm objects or computation intensive modules of the application 

 

Would there be any other factors that you believe can influence the maintainability of relational 

database-driven software applications?  

No  (     )  

Yes (     ):  Which ones?  ____________________________________________________________ 

 

 

 

 

 

 

 

--Thank you for your participation-- 

 

 

 

 

 

 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE ON 

02/12/2009 for 3 years, Reference Number 2009 / 527.



 

 

Appendix C-7: Survey Frequency Analysis – Intermediate 
Results 

 

  
# Participants that Selected: 

Sum of Participants that 
Selected: 

Factors 

High 
Decrease  Decrease 

Low 
Decrease 

No 
Impact  

Low 
Increase  

Medium 
Increase  

High 
Increase  

High 
Decrease 

& 
Decrease  

Low 
Decrease, 

No 
Impact, 

Low 
Increase 

Medium 
Increase 
& High 

Increase 

Database Schema                     

1 Correct definition 
of entities 0 1 1 1 1 15 21 1 3 36 

2 Normalization of 
the database 
schema 0 2 1 3 6 15 13 2 10 28 

3 De-normalization 
of the database 
schema according 
to application 
needs 0 2 8 7 8 11 4 2 23 15 

4 Stored procedures 0 4 2 4 7 12 11 4 13 23 

5 Inline queries 3 10 7 4 10 4 2 13 21 6 

6 Number of tables 4 3 8 10 5 7 3 7 23 10 

7 Number of 
columns in a table 2 7 11 6 6 5 3 9 23 8 

8 Number of triggers 2 2 10 9 9 8 0 4 28 8 

9 Number of 
indexes 1 3 9 9 8 10 0 4 26 10 

10 Correct use of 
indexes 0 1 0 1 15 15 7 1 16 22 

11 Number of SQL 
queries 3 4 12 7 6 7 1 7 25 8 

12 Complexity of SQL 
queries 6 12 6 3 5 5 3 18 14 8 

13 Number of cursors 2 5 10 7 8 5 3 7 25 8 

14 Use of sub 
queries instead of 
cursors 0 5 9 7 14 5 0 5 30 5 

15 Use of loops 
instead of cursors 0 4 9 11 8 6 2 4 28 8 

16 Unnecessary keys 
in the database 
schema 5 9 12 4 5 3 2 14 21 5 

17 Use of character 
fields as keys 2 5 12 12 4 2 3 7 28 5 



 

 

  
# Participants that Selected: 

Sum of Participants that 
Selected: 

Factors 

High 
Decrease  Decrease 

Low 
Decrease 

No 
Impact  

Low 
Increase  

Medium 
Increase  

High 
Increase  

High 
Decrease 

& 
Decrease  

Low 
Decrease, 

No 
Impact, 

Low 
Increase 

Medium 
Increase 
& High 

Increase 

18 Metadata 
schemas and 
summary tables 0 2 6 11 8 9 4 2 25 13 

19 Creation and 
maintenance of 
data dictionary 0 1 6 7 7 11 8 1 20 19 

Relational database-driven software 
applications 

                

1 Choice of 
database engine 2 0 0 4 6 18 10 2 10 28 

2 Choice of  data 
adapters 0 3 1 5 9 16 6 3 15 22 

3 Choice of data 
types used in the 
database 0 2 1 2 8 19 8 2 11 27 

4 Optimal use of 
database features 1 1 2 0 8 19 9 2 10 28 

5 Amount of data 
the database 
holds 1 4 10 12 2 7 4 5 24 11 

6 Number of 
database calls 2 7 9 9 4 6 3 9 22 9 

7 Procedures for 
data transfer 
between server 
and clients 1 5 5 2 9 12 6 6 16 18 

8 Capability of 
application to 
interact with 
various database 
engines 2 5 7 5 4 8 9 7 16 17 

9 Easy integration 
with other 
applications 3 1 5 4 8 8 11 4 17 19 

10 Implementation of 
basic checks at 
the database level 0 0 4 2 8 13 13 0 14 26 

11 Use of features 
provided by 
database engines 1 2 2 1 12 11 11 3 15 22 

12 Performance of 
SQL queries 1 2 2 4 9 12 10 3 15 22 

13 Physical 
placement of files 
on the database 4 3 5 12 7 8 1 7 24 9 

14 Variety of data 
storage formats 1 6 8 12 5 5 3 7 25 8 



 

 

  
# Participants that Selected: 

Sum of Participants that 
Selected: 

Factors 

High 
Decrease  Decrease 

Low 
Decrease 

No 
Impact  

Low 
Increase  

Medium 
Increase  

High 
Increase  

High 
Decrease 

& 
Decrease  

Low 
Decrease, 

No 
Impact, 

Low 
Increase 

Medium 
Increase 
& High 

Increase 

15 Maintenance of 
database logs 0 2 9 9 5 8 7 2 23 15 

Design aspects of relational database-driven software applications           

1 Good software 
design or 
architecture 1 0 0 0 3 9 27 1 3 36 

2 Customizable and 
parameterized 
application 0 2 2 1 4 20 11 2 7 31 

3 Good database 
design 0 1 1 0 3 12 23 1 4 35 

4 Complexity of 
database design 6 10 8 3 5 6 2 16 16 8 

5 Tiered or layered 
application (e.g., a 
separate data 
access layer) 0 1 2 2 4 19 12 1 8 31 

6 Information 
coming to a 
module or object 
for processing 1 6 3 8 8 10 4 7 19 14 

7 Information sent 
out by a software 
module or object 
for further 
processing 0 6 5 9 9 7 4 6 23 11 

8 Number of 
modules/objects 
controlled or 
connected to a 
module/objects 
(from a layered 
architecture 
orientation point of 
view) 2 6 7 4 10 9 2 8 21 11 

9 Number of 
modules/objects 
being controlled or 
connected by a 
module/objects 
(from a layered 
architecture 
orientation point of 
view) 0 8 7 6 8 10 1 8 21 11 

Size, scope, and complexity of relational database-driven software applications       

1 Complexity of the 
application and its 
domain 11 7 9 3 3 3 4 18 15 7 



 

 

  
# Participants that Selected: 

Sum of Participants that 
Selected: 

Factors 

High 
Decrease  Decrease 

Low 
Decrease 

No 
Impact  

Low 
Increase  

Medium 
Increase  

High 
Increase  

High 
Decrease 

& 
Decrease  

Low 
Decrease, 

No 
Impact, 

Low 
Increase 

Medium 
Increase 
& High 

Increase 

2 Scope of the 
application i.e., 
total work to be 
done 3 6 10 9 5 4 3 9 24 7 

3 Volume of the 
application 3 8 8 10 2 7 2 11 20 9 

4 Number of 
executable files 
that constitute the 
application 3 6 8 10 6 4 3 9 24 7 

5 Lines of code or 
size of the 
application 6 5 13 3 6 3 4 11 22 7 

6 Number of lines of 
comments 0 1 1 18 9 7 4 1 28 11 

7 Number of 
independent paths 
through an 
application e.g., 
due to the use of 
conditions and 
loops 0 7 11 7 6 8 1 7 24 9 

8 Number of 
variables used in 
an application 2 3 9 10 10 3 3 5 29 6 

9 Scope of the 
variables used in 
an application 4 4 10 8 6 6 2 8 24 8 

10 Number of 
decision 
conditions 
evaluated in an 
application 3 9 12 3 4 5 4 12 19 9 

11 Methods in a class 
do not access 
common or same 
variables 0 8 8 5 5 9 5 8 18 14 

12 Classes with 
objects of other 
classes as 
member variables 0 7 9 11 5 3 5 7 25 8 

13 Difficulty in writing 
and understanding 
an application 12 5 9 3 3 3 5 17 15 8 

14 Number of 
operators and 
operand used in 
an application (in 
terms of 
expressions to be 
evaluated) 3 6 13 7 3 6 2 9 23 8 



 

 

  
# Participants that Selected: 

Sum of Participants that 
Selected: 

Factors 

High 
Decrease  Decrease 

Low 
Decrease 

No 
Impact  

Low 
Increase  

Medium 
Increase  

High 
Increase  

High 
Decrease 

& 
Decrease  

Low 
Decrease, 

No 
Impact, 

Low 
Increase 

Medium 
Increase 
& High 

Increase 

15 Number of 
overridden 
methods in an 
application 2 4 11 8 6 8 1 6 25 9 

16 Number of private 
members of a 
class 0 1 8 14 8 7 2 1 30 9 

17 Depth of 
Inheritance Tree 
in an application 3 7 8 7 7 5 3 10 22 8 

18 Number of 
methods and their 
complexity 1 9 9 9 2 6 4 10 20 10 

19 Number of  
methods in a class 
and invoked by 
the class 1 3 13 9 7 3 4 4 29 7 

20 Number of times 
an object sends a 
message to a 
different object 1 5 12 10 4 5 3 6 26 8 

21 Number of 
different attributes 
or member 
variables of a 
class 0 4 16 8 6 6 0 4 30 6 

22 Number of 
children of a class 0 3 14 12 3 7 1 3 29 8 

Quality, quality assurance, and testing of relational database-driven software applications     

1 Good quality 
(optimal) code 0 3 1 1 5 13 17 3 7 30 

2 Strong emphasis 
on quality 
assurance 1 2 1 3 6 13 14 3 10 27 

3 Number of bugs in 
the application 6 11 8 3 2 7 3 17 13 10 

4 Application‟s time 
to recover from a 
failure 2 5 8 11 2 9 3 7 21 12 

5 Availability and 
performance of 
the application 1 6 3 6 8 10 6 7 17 16 

6 Data quality 1 1 3 3 10 12 10 2 16 22 

7 Quality of 
comments 0 2 1 6 10 9 12 2 17 21 



 

 

  
# Participants that Selected: 

Sum of Participants that 
Selected: 

Factors 

High 
Decrease  Decrease 

Low 
Decrease 

No 
Impact  

Low 
Increase  

Medium 
Increase  

High 
Increase  

High 
Decrease 

& 
Decrease  

Low 
Decrease, 

No 
Impact, 

Low 
Increase 

Medium 
Increase 
& High 

Increase 

8 Complete, up-to-
date and high 
quality 
documentation  1 0 3 1 7 15 13 1 11 28 

9 Flexibility
 
and 

scalability of the 
application 0 0 5 1 8 11 15 0 14 26 

10 Strong emphasis 
on properly 
conducting  the 
requirements 
phase 1 3 1 3 5 13 14 4 9 27 

11 Understandability 
of the application 1 1 2 2 6 12 16 2 10 28 

12 Design reviews 
between the team 
and with the client 1 1 2 3 6 14 13 2 11 27 

13 Code inspection, 
formal reviews 
and peer-reviews 0 2 0 3 8 14 13 2 11 27 

14 Unit testing 0 1 1 2 7 18 11 1 10 29 

15 Regression testing 0 1 1 4 9 12 13 1 14 25 

16 Load testing 0 0 5 6 6 11 12 0 17 23 

17 Testing of all use 
cases 0 2 4 5 5 13 11 2 14 24 

18 Scenario-based 
testing 1 1 0 9 6 14 9 2 15 23 

19 User acceptance 
testing 0 1 1 9 5 12 12 1 15 24 

20 Reproducibility of 
behaviour 
(predictable 
behaviour when 
running live) 0 0 3 8 4 15 10 0 15 25 

Change and maintenance of relational database-driven software applications         

1 Ability to foresee 
future changes to 
the application 0 2 1 0 5 16 16 2 6 32 

2 Maintaining logs 
and changes to 
the application 0 0 3 0 9 18 10 0 12 28 

3 Formal versioning 
using a Version 
Management 
System (VMS) 1 0 0 4 7 19 8 1 11 27 



 

 

  
# Participants that Selected: 

Sum of Participants that 
Selected: 

Factors 

High 
Decrease  Decrease 

Low 
Decrease 

No 
Impact  

Low 
Increase  

Medium 
Increase  

High 
Increase  

High 
Decrease 

& 
Decrease  

Low 
Decrease, 

No 
Impact, 

Low 
Increase 

Medium 
Increase 
& High 

Increase 

4 Effort and cost 
spent on 
maintenance 2 4 5 4 7 15 3 6 16 18 

5 Time to perform a 
maintenance task 
(from request/error 
being logged to 
delivery) 4 8 2 5 9 10 2 12 16 12 

6 Type of 
maintenance task 
e.g., corrective, 
perfective, 
adaptive, or 
preventive 1 2 8 6 12 10 1 3 26 11 

7 Understanding a 
change request 
and its impact 
upon 
maintainability 0 2 2 0 9 22 5 2 11 27 

8 Changes in the 
database schema 7 7 8 4 5 6 3 14 17 9 

9 Number of 
different versions 
of the application 7 8 8 1 5 9 2 15 14 11 

10 Rate of 
technological 
change 2 8 8 9 3 8 2 10 20 10 

Development and deployment of relational database-driven software applications       

1 Use of packaged 
software (or 
reusable 
components) 0 3 1 4 6 18 8 3 11 26 

2 Variety of 
processors 0 1 9 7 8 11 4 1 24 15 

3 Development and 
testing tools e.g., 
development 
tools, IDEs or 
frameworks and 
automated testing 
tools 0 2 3 1 6 17 11 2 10 28 

4 Using frameworks 
for development 
that allow test 
harnessing 0 2 3 3 6 17 9 2 12 26 

5 Knowledge of the 
application‟s  
deployment 
environment 0 1 2 6 4 19 8 1 12 27 



 

 

  
# Participants that Selected: 

Sum of Participants that 
Selected: 

Factors 

High 
Decrease  Decrease 

Low 
Decrease 

No 
Impact  

Low 
Increase  

Medium 
Increase  

High 
Increase  

High 
Decrease 

& 
Decrease  

Low 
Decrease, 

No 
Impact, 

Low 
Increase 

Medium 
Increase 
& High 

Increase 

6 Number of 
concurrent users 
using the 
application 1 3 10 11 5 7 3 4 26 10 

7 Variety of 
telecommunication 
protocols 1 1 8 12 11 6 1 2 31 7 

Web applications with relational database 
back-end 

                

1 Number of Web 
pages or 
Graphical User 
Interfaces (GUIs) 3 5 13 7 2 6 4 8 22 10 

2 Number of Web 
Objects (e.g., Java 
applets, images, 
multimedia objects 
like sounds and 
movies, flash 
objects, etc.) 5 6 8 9 4 6 2 11 21 8 

3 Number of server 
side scripts 2 6 15 8 4 3 2 8 27 5 

4 Number of client 
side scripts 2 5 12 12 3 4 2 7 27 6 

5 Number of 
different 
programming and 
scripting 
languages used to 
develop an 
application 7 7 9 7 4 2 4 14 20 6 

6 Pages or User 
Interfaces (UIs) 
linked to other 
pages or UIs in 
the application 0 6 15 10 3 3 3 6 28 6 

7 Data exchange 
between different 
UIs or Web pages 1 5 15 8 4 2 5 6 27 7 

Organisational culture 
and policies 

                    

1 Organizational 
culture of 
continuous 
improvement – 
struggle to do 
better and better 
as an organization 
and at the 
individual 
employee level 0 0 1 6 13 13 7 0 20 20 



 

 

  
# Participants that Selected: 

Sum of Participants that 
Selected: 

Factors 

High 
Decrease  Decrease 

Low 
Decrease 

No 
Impact  

Low 
Increase  

Medium 
Increase  

High 
Increase  

High 
Decrease 

& 
Decrease  

Low 
Decrease, 

No 
Impact, 

Low 
Increase 

Medium 
Increase 
& High 

Increase 

2 Following 
standards (e.g., 
for coding and 
naming, etc.) and 
practices 0 1 2 2 5 12 18 1 9 30 

3 Introducing 
policies for making 
changes to the 
application and/or 
database 0 0 5 2 6 17 10 0 13 27 

4 Organization‟s 
data archive 
strategy 1 2 2 4 12 17 2 3 18 19 

Team communication and project management                 

1 Pair programming 1 0 2 11 12 11 3 1 25 14 

2 Skilled and 
experienced 
application 
developers, 
architects and 
maintainers; and 
database 
architects 0 2 0 2 1 21 14 2 3 35 

3 Communication 
between front-end 
developers and 
database 
architects 0 3 0 4 5 19 9 3 9 28 

4 Time to market 2 1 7 14 4 12 0 3 25 12 

5 Cost of the project 2 2 5 13 8 8 2 4 26 10 

6 Marketing and 
end-user training 1 2 5 13 4 9 6 3 22 15 

7 Staff turnover 3 7 7 7 3 7 6 10 17 13 
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Appendix D-2: Company Participant  

Information Sheet 

 

Participant Information Sheet for the Company 

Dear Sir/Madam, 

I, Mehwish Riaz, am a PhD student at the University of Auckland, New Zealand in the Department of 

Computer Science.  

The aim of my research is to create prediction model(s) that can realistically predict maintainability 

of relational database-driven software application. The model(s) to be created will be based on the 

factors reported by software practitioners as well as research as having an impact on the 

maintainability of mentioned type of software applications.  

The creation of prediction model(s) will enable the participating organizations to develop relational 

database-driven software applications with an improved maintainability. Predicting maintainability 

for this type of applications based on viewable characteristics, even before the actual 

implementation commences, can help reduce the cost and time spent on the maintenance of these 

applications – which is sometimes even more than the actual development cost and time. This can 

also help in decision making related to resource management and whether or not to embark upon a 

software project. 

At this phase of my research, I am collecting software project data on the maintainability factors 

identified in the previous phases of my research. The information that I require relates to the 

project(s) that your company undertakes for developing and/or maintaining relational database-

driven software applications. It aims at gathering information on how a given project qualified in 

terms of maintainability with the help of the given questionnaire. Your company has been selected 

for my research considering that it deals with the development and maintenance of relational 

database-driven software applications. Your company’s experience is of great value to us and will 

help us meet our research goals.  

I, therefore, kindly ask for your company’s participation in this research activity.  If you are willing to 

participate, I will contact you through email, telephone or in person, and ask your preferred way of 

providing the data i.e., nominate an employee (preferably Project Manager) within your company to 

provide the required data, provide me access to your data within the company premises, have your 

Project Manager fill out the questionnaire, etc. In case that you nominate an employee of your 

company to provide me the data, I will share the Participant Information Sheet for Employees with 

you for you to then pass to your nominated employee. I request your assurance that their 

agreement or disagreement to participate in my research will not affect their employment with your 

company.
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I also request you to kindly provide data on more than one project where the level of maintainability 

for each project varies e.g., from low to high. The questionnaire will cover how a given relational 

database-driven application developed and/or maintained by your company qualified in terms of 

maintainability based on the listed factors. The exercise will only take approximately 20 minutes per 

project. The filled questionnaire(s) and the signed consent form can be sent back through 

email/postal mail or in person, as appropriate. Your company may further be contacted once or 

twice if any clarification on the data is required. I am afraid that no remuneration will be offered to 

your company or the nominated employee, if any, for participation. However, once the results of the 

research are synthesized, these will be presented to you upon request which your company can then 

use for predicting the maintainability of the relational database-driven software applications that it 

develops and/or maintains.  

I assure you that the confidentiality of the company as well as the data obtained will be maintained. 

The data will be synthesized and used in the PhD thesis and related research publications. I also 

assure you that your company name or data from a single project will not be included in either the 

PhD thesis or the publications. The data will be stored in safe lockers and password protected 

computers for a period of six years at the University of Auckland. After six years the data will be 

safely deleted. The company will be eligible to withdraw participation within three months of the 

data collection date.  

The provided data will also be analyzed and reviewed by the PhD supervisors at the University of 

Auckland, New Zealand. 

Your cooperation will be of a great value to us and will be much appreciated.  

If you are willing to participate in this research and/or have any queries, please feel free to contact 

me. My contact details are as under: 

Contact Details in New Zealand: 

Mehwish Riaz, PhD Student, Department of Computer Science, Private Bag 92019, Auckland, New 

Zealand.  Email:   mria007@aucklanduni.ac.nz , Tel:   +64 210 68 6661. 

Contact Details in Pakistan: 

Mehwish Riaz, House # 490 – A, St. 9, F-10/2, Islamabad, Pakistan.  

Email:  mria007@aucklanduni.ac.nz , Tel:  +92 332 5197885. 

My PhD supervisor Associate Professor Emilia Mendes can be contacted at emilia@cs.auckland.ac.nz 

and the Head of the Department Professor Gillian Dobbie can be contacted at gill@cs.auckland.ac.nz  

For Ethical concerns, please contact:  

The Chair, The University of Auckland Human Participants Ethics Committee 

Level 3, 76 Symonds Street, Private Bag 92019, Auckland, New Zealand.   

Tel: 3737599 ext. 83711 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE ON 

02/12/2009 for 3 years, Reference Number 2009 / 527
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Appendix D-3: Company Consent  

Form 

 

Company Consent Form 

(This form will be stored for a period of 6 years) 

 

I hold the authority to participate in the research project titled “Maintainability Prediction for 

Relational Database-Driven Software Applications” by providing the software project specific data 

needed for this research project. I understand and I have read the participant information sheet and 

have clarified all issues related to this research with the principal investigator.  

I am aware and agree to the following:  

 It will take my company 20 minutes per project to participate in this research.  

 My company can withdraw participation within three months of the data collection date.  

 Confidentiality of my company as well as the data obtained will be maintained 

 My company name and individual project data will not be published either in the thesis or 
research publications. 

 The data will be kept in safe lockers and password protected computers at the University of 
Auckland for a period of six years.  

 The data will be safely deleted from the computers and hard copies (if any) will be recycled 
after six years of the data collection date. 

 I confirm that if an employee is nominated by the company to provide the required data, the 
employee’s decision to participate or not in this research will not affect their employment 
status or relationship with the company. 
 

Name: ______________________________________________________________ 

Designation: _________________________________________________________ 

Name of the Organization: ______________________________________________ 

Email: ___________________________________ 

Signature: ___________________________________Date: ____________________ 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE 

ON 01/12/2010 for 3 years, Reference Number 2010 / 558. 
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Appendix D-4: Employee Participant  

Information Sheet 

 

Participant Information Sheet for the Employee 

Dear Sir/Madam, 

I, Mehwish Riaz, am a PhD student at the University of Auckland, New Zealand in the Department of 

Computer Science.  

The aim of my research is to create prediction model(s) that can realistically predict maintainability 

of relational database-driven software application. The model(s) to be created will be based on the 

factors reported by software practitioners as well as research as having an impact on the 

maintainability of mentioned type of software applications.  

The creation of prediction model(s) will enable the participating organizations to develop relational 

database-driven software applications with an improved maintainability. Predicting maintainability 

for this type of applications based on viewable characteristics, even before the actual 

implementation commences, can help reduce the cost and time spent on the maintenance of these 

applications – which is sometimes even more than the actual development cost and time. This can 

also help in decision making related to resource management and whether or not to embark upon a 

software project. 

At this phase of my research, I am collecting software project data on the maintainability factors 

identified in the previous phases of my research. The information that I require relates to the 

project(s) that your company undertakes for developing and/or maintaining relational database-

driven software applications. It aims at gathering information on how a given project qualified in 

terms of maintainability with the help of a questionnaire. You have been nominated by your 

company for providing the required data. Your participation is of great value to us and will help us 

meet our research goals.  

I, therefore, kindly ask your participation in this research by providing the information detailed in a 

short questionnaire.  If you are willing to participate, I will send you the questionnaire through email, 

telephone or in person, as appropriate. I also request you to kindly provide data on more than one 

project where the level of maintainability for each project varies e.g., from low to high. The 

questionnaire will only take 20 minutes per project. The filled questionnaire and the signed consent 

form can be sent back through email/postal mail or in person, as appropriate. You may further be 

contacted once or twice if any clarification on data is required. I am afraid that no remuneration will 

be offered to you for your participation. However, once the results of the research are synthesized, 

these will be presented to you upon request.  

Maintainability Prediction for Relational Database-
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I have, already, sought the permission of the senior management/employer of your company in 

order to contact you and request your participation in my research. The competent authority has 

assured that agreeing or disagreeing to participate will not affect your employment with your 

company. The confidentiality of the participants will be maintained. I assure you that the 

confidentiality of the company as well as the data obtained will be maintained. The data will be 

synthesized and used in the PhD thesis and related research publications. I also assure you that your 

company name or data from a single project will not be included in either the PhD thesis or the 

publications. The data will be stored in safe lockers and password protected computers for a period 

of six years at the University of Auckland. After six years the data will be safely deleted. The 

company and the participating staff will be eligible to withdraw participation within three months of 

the data collection date.  

The provided data will also be analyzed and reviewed by the PhD supervisors at the University of 

Auckland, New Zealand. 

Your cooperation will be of a great value to us and will be much appreciated.  

If you are willing to participate in this research and/or have any queries, please feel free to contact 

me. My contact details are as under: 

Contact Details in New Zealand: 

Mehwish Riaz, PhD Student, Department of Computer Science, Private Bag 92019, Auckland, New 

Zealand. Email:     mria007@aucklanduni.ac.nz , Tel:         +64 210 68 6661. 

Contact Details in Pakistan: 

Mehwish Riaz, House # 490 – A, St. 9, F-10/2, Islamabad, Pakistan. Email:     

mria007@aucklanduni.ac.nz , 

Tel:         +92 332 5197885. 

My PhD supervisor Associate Professor Emilia Mendes can be contacted at emilia@cs.auckland.ac.nz 

and the Head of the Department Professor Gillian Dobbie can be contacted at gill@cs.auckland.ac.nz  

For Ethical concerns, please contact:  

The Chair 

The University of Auckland Human Participants Ethics Committee 

The University of Auckland 

Level 3, 76 Symonds Street  

Private Bag 92019  

Auckland, New Zealand.   

Tel: 3737599 ext. 83711 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE ON 

01/12/2010 for 3 years, Reference Number 2010 / 558. 
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Appendix D-5: Employee Consent  

Form 

 

Participant Consent Form 

(This form will be stored for a period of 6 years) 

I understand that I have read the participant information sheet and have clarified all issues and concerns related to this 

interview with the principal investigator and/or PhD Student. 

I agree to participate in the research project titled “Maintainability Prediction for Relational Database-Driven Software 

Applications” and understand the following points:  

I am aware and agree to the following:  

 The Principal Investigator, in order to conduct the survey, has sought the permission of the participant company’s 

senior management/employer to contact the participating employee. The competent authority has assured the 

Principal Investigator that agreeing or disagreeing to be interviewed will not affect my employment. 

 I may withdraw my participation and thereof, the data provided for the research within three months of the data 

collection date.  

 I am involved in the research on voluntary basis and will be paid no remuneration for my participation. 

 Data of one participant will not be shared with other participants. The data that I provide and the synthesized 

results after this study may be shared with me upon my request. 

 The name of any participating company or their staff will not be published anywhere.  

 The data will be used in the PhD research and research publications of the principal investigator and PhD student. 

Published studies will maintain anonymity and confidentiality of the participant as well as the information 

provided by the participant unless prior permission is sought.  

 I, in case of any ambiguity, can contact the principal investigator and/or the PhD Student for clarification on the 

questionnaire, this consent form, or the participant information sheet.  

 The data will be kept safe at the University of Auckland. Digital data will be stored in a secure computer and hard 

copies of questionnaire and consent forms in a locker for a period of six years. 

 

Name of the participant: ________________________________________________ 

Name of the Organization: ______________________________________________ 

Email: ___________________________________ 

Signature: ___________________________________Date: ____________________ 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE 

ON 01/12/2010 for 3 years, Reference Number 2010 / 558. 
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Appendix D-6: Data Collection Form 

  
 
 
Project Title 
 
Maintainability Prediction for Relational Database-Driven  
Software Applications 
 
Brief Description 
 
The specific aim of this project is to gather software projects’ specific data in order to create 
maintainability prediction model(s) for relational database-driven software applications. The data to 
be collected is based on the factors that have been reported by software professionals as having an 
impact on maintainability of relational database-driven software applications. We take Relational 
database-driven software applications to be those that interact with a back-end database through a 
Relational Database Management System (DBMS).   
 
Within the context of this project Maintainability represents the level of ease with which a 
database-driven software application can be modified to correct faults, to be enhanced, or to be 
adapted to a changed environment. 
 
The data you provide as part of this survey will be used in the PhD research as well as allied research 
publications of the principal investigator and will be kept confidential. The name of any participating 
companies will not be directly published anywhere without prior permission. 
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SECTION I. COMPANY CHARACTERISTICS 

5. Company Name: _________________________________________________________ 

6. Year in which this Company was created: _____________________________________ 

7. Is this Company engaged in developing database-driven software applications? (Please 
select a single option): 

a. Yes, all the applications have a back-end relational database. 

b. No, none of the applications we develop have a back-end relational database. 

c. Most applications (90% plus) have a back-end relational database. 

d. Most applications (90% plus) do not have a back-end relational database.  

8. The Relational Database Management System used by most of the database-driven 
software applications developed by this company is? (Please select a single option): 

a. Oracle    

b. MS SQL Server   

c. MySQL    

d. MS Access   

e. Other      

Please specify: ____________________ 

  

SECTION II. RELATIONAL DATABASE-DRIVEN APPLICATION’S CHARACTERISTICS 
 

1. Application Name:1 ________________________________________________________ 

2. The application was (Please select a single option): 

a. Only developed by the company 

b. Only maintained by the company 

c. Both developed and maintained by the company 

3. Time it took to develop the application (if option ‘a’ or ‘c’ is chosen above): __________  

days2 

4. Number of resources (people) developing/maintaining/designing/managing/specifying/ 

testing  the application: ______________________

                                                           
1
 Please note that you can choose to give a fictitious name for the project, if your company confidentiality 

policy does not allow you to quote the actual name. 
2
 Note that we consider a working day comprising eight hours. 



 

 

5. SECTION III. APPLICATION’S MAINTAINABILITY-RELATED CHARACTERISTICS 

Please tick the option that best represents your level of agreement with the statements listed 

under the column ‘Factors’, which apply to both the relational database-driven application 

identified in Section II, item 1 and/or to its corresponding project undertaken for its 

development/maintenance.  

Sr. 
No. 

Factors  Strongly 

Disagree 

Disagree Neither Agree 

Nor Disagree 

Agree Strongly 

Agree 

1 The database entities were correctly 
defined for the application 

     

2 The application was based on a good 
software design or architecture 

     

3 The skill set and experience of the 
application developers, architects & 
maintainers, and database architects 
were appropriate to develop the 
application 

     

4 The database design of the application 
was good  

     

5 While creating the architectural design 
of the application, you were able to 
anticipate/foresee possible future 
changes to the application  

     

6 The application was customizable and 
parameterized  

     

7 The application’s architecture was tiered 
or layered (e.g., a separate data access 
layer was used) 

     

8 The code written for the application was 
of a good quality and was optimal i.e., 
concise in terms of fewer lines of code 
and based on efficient algorithms  

     

9 The application was coded following 
existing company standards (e.g., for 
coding and naming, etc.) and current 
company practices 

     

10 The application was developed by 
following the development processes 
and practices prevalent in the company 

     

11 Unit testing was performed for the 
application 

     

12 The features provided by the database 
engine (e.g., database level checks for 
data input, task scheduling, performance 
tuning etc.) were used instead of 
implementing such features in the front-
end applications 

     

13 The front-end developers and database 
architects communicated promptly and 
effectively in order to carry out the 
development and/or maintenance i.e., 
the work carried out by the database 
architects and application developers 

     



 

 

Sr. 
No. 

Factors  Strongly 

Disagree 

Disagree Neither Agree 

Nor Disagree 

Agree Strongly 

Agree 

was not done in isolation or without 
collaborating with each other  

14 Logs and changes to the application 
were  maintained 

     

15 The choice of database engine for the 
application was the most appropriate 

     

16 Application development and testing 
tools (e.g., development tools, IDEs or 
frameworks and automated testing 
tools) were used to develop/maintain 
and test the application  

     

17 The database architects and 
development team were satisfied with 
the level of database schema 
normalization carried out for the 
application 

     

18 The application’s documentation was 
complete (i.e., the documentation was 
created and was available for all phases 
of the software development life cycle), 
up-to-date and of high quality (i.e., well 
written and understandable by those 
concerned with the application and/or 
the project)  

     

19 The developed application was easy to 
understand by the developers who 
developed and/or maintained it  

     

20 The change requests and their impact 
upon maintainability were understood 
by the maintenance team (e.g., project 
manager, team leads, business/system 
analysts, developers) before carrying out 
any maintenance-related tasks 

     

21 The data types used in the database 
were the most appropriate for the 
application with regards to data storage,  
disk space, and performance 

     

22 A Version Management System (VMS) 
was employed while 
developing/maintaining the application  

     

23 The application’s  deployment 
environment was known to the 
development team prior to creating its 
architectural design  

     

24 There were organizational policies for 
making changes to the application 
and/or the database (e.g., the changes 
to database and/or the application need 
approval from a nominated person 
within the organization, only a certain 
type of changes can be made to the 
database and/or the application, etc.) 

     

25 Design reviews were carried out 
between the team and with the client 

     



 

 

Sr. 
No. 

Factors  Strongly 

Disagree 

Disagree Neither Agree 

Nor Disagree 

Agree Strongly 

Agree 

26 Code inspection, formal reviews and 
peer-reviews were carried out for the 
application 

     

27 There was a strong emphasis on quality 
assurance for the development and/or 
maintenance of the application 

     

28 There was a strong emphasis on 
properly conducting  the requirements 
phase for the application 

     

 



 

 

SECTION IV. APPLICATION’S PERCEIVED MAINTAINABILITY 

Please tick the option that best represents your level of agreement with the statement listed 

under the column ‘Application’s Perceived Maintainability’, which apply to both the relational 

database-driven application identified in Section II, item 1 and/or to its corresponding project 

undertaken for its development/maintenance. 

 

Application’s Perceived Maintainability Strongly 

Disagree 

Disagree Neither 

Disagree 

Nor Agree 

Agree Strongly 

Agree 

Overall the application was easy to modify 
i.e., for corrections, improvements, 
adaptations to changed environment, and 
changes to the requirements and functional 
specifications. 

     

 

 

 

 

 

 

 

--Thank you for your participation-- 
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Appendix D-7: Results of Ordinal Regression 

 

SPSS Output of Ordinal Regression Using DBEngine 

 

Table 1 Case Processing Summary 

 
N 

Marginal 
Percentage 

Maint 2.00 7 12.5% 

3.00 4 7.1% 

4.00 38 67.9% 

5.00 7 12.5% 

DBEngine 2.00 2 3.6% 

3.00 10 17.9% 

4.00 20 35.7% 

5.00 24 42.9% 

Valid 56 100.0% 

Missing 0  

Total 56  

 

 

Table 2 Model Fitting Information 

Model -2 Log 
Likelihood Chi-Square df Sig. 

Intercept Only 26.528    

Final 23.749 2.779 3 .427 

Link function: Logit. 

 

Table 3 Goodness-of-Fit 

 Chi-Square df Sig. 

Pearson 1.278 6 .973 

Deviance 1.600 6 .953 

Link function: Logit. 
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Table 4 Pseudo R-Square 

Cox and Snell .048 

Nagelkerke .057 

McFadden .026 

Link function: Logit. 

 

 

Table 5 Parameter Estimates 

 

Estimate Std. Error Wald df Sig. 

95% Confidence Interval 

Lower 
Bound 

Upper 
Bound 

Threshold [Maint = 2.00] -1.788 .507 12.419 1 .000 -2.783 -.794 

[Maint = 3.00] -1.226 .454 7.297 1 .007 -2.115 -.336 

[Maint = 4.00] 2.249 .556 16.371 1 .000 1.160 3.338 

Location [DBEngine=2.00] -1.552 1.406 1.218 1 .270 -4.307 1.204 

[DBEngine=3.00] .146 .795 .034 1 .854 -1.411 1.704 

[DBEngine=4.00] .708 .658 1.157 1 .282 -.582 1.997 

[DBEngine=5.00] 0a . . 0 . . . 

Link function: Logit. 

a. This parameter is set to zero because it is redundant. 

 

 

Table 6 Test of Parallel Lines
a
 

Model -2 Log 
Likelihood Chi-Square df Sig. 

Null Hypothesis 23.749    

General 22.149 1.600 6 .953 

The null hypothesis states that the location parameters (slope 
coefficients) are the same across response categories. 

a. Link function: Logit. 
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SPSS Output of Ordinal Regression Using DBEngine 

 

Table 1 Case Processing Summary 

 
N 

Marginal 
Percentage 

Maint 2.00 7 12.5% 

3.00 4 7.1% 

4.00 38 67.9% 

5.00 7 12.5% 

DBFeatures 2.00 16 28.6% 

3.00 14 25.0% 

4.00 19 33.9% 

5.00 7 12.5% 

Valid 56 100.0% 

Missing 0  

Total 56  

 

 

Table 2 Model Fitting Information 

Model -2 Log 
Likelihood Chi-Square df Sig. 

Intercept Only 32.072    

Final 27.914 4.159 3 .245 

Link function: Logit. 

 

Table 3 Goodness-of-Fit 

 Chi-Square df Sig. 

Pearson 5.384 6 .496 

Deviance 3.921 6 .687 

Link function: Logit. 
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Table 4 Pseudo R-Square  

Cox and Snell .072 

Nagelkerke .084 

McFadden .038 

Link function: Logit. 

 

Table 5 Parameter Estimates 

 

Estimate Std. Error Wald df Sig. 

95% Confidence Interval 

Lower 
Bound Upper Bound 

Threshold [Maint = 2.00] -3.575 .927 14.862 1 .000 -5.392 -1.757 

[Maint = 3.00] -3.030 .895 11.451 1 .001 -4.785 -1.275 

[Maint = 4.00] .571 .761 .563 1 .453 -.921 2.063 

Location [DBFeatures=2.00] -1.459 .969 2.269 1 .132 -3.358 .439 

[DBFeatures=3.00] -1.541 .993 2.405 1 .121 -3.488 .406 

[DBFeatures=4.00] -2.042 .968 4.451 1 .035 -3.938 -.145 

[DBFeatures=5.00] 0a . . 0 . . . 

Link function: Logit. 

a. This parameter is set to zero because it is redundant. 

 

Table 6 Test of Parallel Lines
a
 

Model -2 Log 
Likelihood Chi-Square df Sig. 

Null Hypothesis 27.914    

General 21.796 6.118 6 .410 

The null hypothesis states that the location parameters (slope 
coefficients) are the same across response categories. 

a. Link function: Logit. 
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APPENDIX E: Research Project Ethics Application Form 

(2010) 

Important Information 

(Please do not submit this page) 

 

 

 With effect from 1 September 2009, all applications from students (including 

Doctoral, Masters and Honours students) must be submitted by the appropriate 

supervisor. 

 

 If none of the answers to the questions under Risk Assessment in the Application 

Checklist is “Yes” there is likelihood that the application will be considered as Low 

Risk Application.  In this case, it will be reviewed immediately and you will hear 

the outcome within two weeks.  If the application is not deemed low risk, it will be 

automatically put into the next agenda for Full Review.  

 

 NOTE: The Committee reserves the right to decide whether an application is 

low risk. 

 

 Failure to comply with all requirements outlined in the Applicants’ Manual 

will result in the application being returned to the applicant for completion.  

Incomplete/non-compliant applications will not proceed to UAHPEC for 

consideration. 

 

 Please do not change/delete the wordings of the questions and format on the 

application form unless specified. 

 

 Use as much space as necessary to complete your answers. 

 

 Submit the hard copy of one unstapled, single sided, signed application form and 

all accompanying documentation to the Ethics and Biological Safety Administration, 

Level 3, 76 Symonds Street. 

 

 Note: Some faculties have special requirements and require the application to be 

submitted through them at an earlier closing date, for example, the Faculty of 

Medicine and Health Sciences requires a signed Dean’s signature Sheet and the 

Faculty of Education requires the Faculty Ethics Advisor to sign off the application. 

 

 Applicants will receive an email with the reference number of the application after 

acceptance on the agenda.  It is essential to quote this reference number with 

all communication with UAHPEC and participants in their PIS and CF.   

 

 Upon receipt of the acceptance letter, please submit the electronic version of the 

application to humanethics@auckland.ac.nz in one single file (preferably in pdf 

format) in the following sequence: 

1. Application form 

2. Advertisement/notice/poster, etc 

3. Confidentiality agreement 

4. Questionnaire 

5. Interview questions 

6. Other supporting documents 

7. Participant Information Sheet 

8. Consent Form 

 

mailto:humanethics@auckland.ac.nz


Appendix E: Research Project Ethics Application Form 

 
 

(Note:  If there is more than one set of PIS and CF, (e.g., there are one PIS and 

CF for Manager and another PIS and CF for employees), please put them in this 

sequence: PIS for Manager, CF for Manager, PIS for employees, CF for 

employees.)



 

 

 

 

 

 

 

 
Reference Number 2010 /_____ 

 
University of Auckland Human Participants Ethics Committee (UAHPEC)  

 
RESEARCH PROJECT APPLICATION FORM (2010) 

 
DECLARATION FOR ALL SIGNATORIES: 
The information supplied is, to the best of my knowledge and belief, accurate.  I have read 
the current Guiding Principles and Applicants’ Manual 2010. I clearly understand the 
obligations and the rights of the participants, particularly in regard to obtaining freely given 

informed consent.  I have completed and submitted with this application the Application 
Checklist. 
 
PRINCIPAL INVESTIGATOR (P.I.):  

 
Name Ewan Tempero 

Postal address Department of Computer Science, The University of Auckland, Private Bag 92019, 
Auckland 

Email address e.tempero@cs.auckland.ac.nz 

Phone number 0064 9 373 7599 

Department Computer Science 

Signature  Date  

 
STUDENT (This includes Doctoral, Masters and Honours student): (If applicable) 

 

Name Mehwish Riaz 

Postal address Department of Computer Science, The University of Auckland, Private Bag 92019, 
Auckland 

Email address mria007@aucklanduni.ac.nz 

Phone number 0064 21 068 6661 

Department Computer Science 

Name of degree PhD Computer Science 

Signature  Date  

  



 

 

OTHER INVESTIGATORS: (If applicable) 
 

Names Associate Professor Emilia Mendes 

Associate Professor Ewan Tempero 

Organisation Department of Computer Science, The University of Auckland 

Is ethical approval being applied for from another institution? NO 

 
 AUTHORISING SIGNATURES  

 

Name of Head of Department or 
Nominee 

Professor Gillian Dobbie 

Email address gill@cs.auckland.ac.nz  

Signature of Head of Department 

or Nominee 

 Date  

 

Name of Pro Vice Chancellor 
(Māori) / Nominee 

 

Email address  

Signature of Pro Vice Chancellor 
(Māori) / Nominee  
(If applicable) 

 Date  

 

 

 
 

mailto:gill@cs.auckland.ac.nz


 

 

APPLICATION CHECKLIST (Please delete whichever is not applicable) 

 
General Information 

Is the application form dated for the current year?  

(Any application not using the current form on the website will be returned.) 

YES 

Have you obtained all the signatures on pages 2 and 3 (wherever applicable)? YES 

Have you addressed the ethical issues on A4?   

(Please note that “Not applicable” is not acceptable.  The Committee will not consider the application if this is not 

answered adequately.) 

YES 

Have you completed all sections? YES 

Have you attached the advertisement? N/A 

Have you attached the questionnaire? YES 

Have you attached the list of interview questions? N/A 

Have you attached the transcriber confidentiality agreement? 
(Please refer to the Applicants’ Manual Section 5c for sample format.) 

N/A 

Have you consulted an ethics advisor in preparing the application?  If yes, please provide the name and email 

address.  

 

Name of ethics advisor: ________________________________________________ 

 

Email: ______________________________________________________________ 

 

NO 

 
Risk Assessment 

A. Risk of Harm  

 1. Does the research involve situations in which the researcher may be at risk of harm? NO 

 2. Does the research involve the use of any method, whether anonymous or not, which might 

reasonably be expected to cause discomfort, pain, embarrassment, psychological or spiritual harm 

to the participants? 

NO 

 3. Does the research involve processes that are potentially disadvantageous to a person or group, 

such as the collection of information which may expose the person/group to discrimination? 

NO 

 4. Does the research involve collection of information about illegal behaviour(s) which could place the 

researcher or participants at risk of criminal or civil liability or be damaging to their financial 

standing, employability, professional or personal relationships? 

NO 

* 5. Does the research involve any form of physically invasive procedure on participants, such as the 

collection of blood, body fluids, tissue samples, DNA, human tissue from a tissue bank, exercise or 

dietary regimes or physical examination? 

NO 

* 6. Does the research involve any intervention administered to the participant, such as drugs, 

medicine (other than in the course of standard medical procedure), placebo, environmental 

conditions, food/drink? 

NO 

* 7 Does the research involve processes that involve EEG, ECG, MRI, TMS, FMRI, EMG, radiation, 

invasive or surface recordings? 

NO 

* 8. Is the research considered a clinical trial? NO 

 9. Does the research involve physical pain beyond mild discomfort? NO 

B. Informed and Voluntary Consent 

 1. Does the research involve participants giving oral consent rather than written consent? 

(If participants are anonymous the response is “No”). 

 

NO 

 2. Does the research involve participation of children (seven years old or younger)? NO 

 3. Does the research involve participation of children under sixteen years of age where parental 

consent is not being sought? 

NO 

 4. Does the research involve participants who are in a dependent situation, such as people with a 

disability, residents of a hospital, nursing home or prison, or patients highly dependent on medical 

NO 



 

 

care? 

* 5. Does the research involve participants who are being asked to comment on employers? NO 

 6. Does the research involve participants whose capacity to give informed consent is in doubt? NO 

 7. Does the research use previously collected information or biological samples for which there was 

no explicit consent? 

NO 

 8. Is any part of the research conducted in University of Auckland class time? NO 

 9. Does the research involve Focus Groups? NO 

C. Research conducted overseas 

 1. Will the research be conducted overseas? YES 

D. Privacy and confidentiality issues 

 1. Does the research involve evaluation of University of Auckland services or organisational practices 

where information of a personal nature may be collected and where participants may be identified? 

NO 

 2. Does the research involve University of Auckland staff or students where information of a personal 

nature may be collected and where participants may be identified? 

NO 

 3. Does the research involve matters of commercial sensitivity? NO 

E. Deception 

 1. Does the research involve deception of the participants, including concealment or covert 

observations? 

NO 

F. Conflict of interest 

* 1. Does the research involve a conflict of interest or the appearance of a conflict of interest  for the 

researcher (for example, where the researcher is also the lecturer/teacher/treatment 

provider/colleague or employer of the participants, or where there is a power relationship between 

researcher and participants)? 

NO 

G. Cultural sensitivity 

 1. Does the research have impact on Maori persons as Maori? NO 

 2. Does the research raise any specific ethnicity or cultural issues on any cultural groups other than 

Maori? 

NO 

H. Compensation to participants 

 1. Does the research involve payment or other financial inducements other than reasonable 

reimbursement of travel expenses or for time to participants? 

NO 

I. Procedural 

 1. Does the research involve a requirement imposed by an outside organisation for University of 

Auckland Human Participants Ethics Committee approval, for example a funding organisation or a 

journal, in which the researcher wishes to publish? 

NO 

If none of the answers to the above Risk Assessment is “Yes” there is likelihood that 
the application will be considered as Low Risk Application.  In this case, it will be 
reviewed immediately and you will hear the outcome within two weeks.  If the 

application is not deemed low risk, it will be automatically put into the next agenda for 
Full Review.   
  
NOTE: The Committee reserves the right to decide whether an application is low risk. 

  



 

 

Have you included the following information in the Participant Information Sheet?  
(Please note that this is not an exhaustive list.  Please refer to the Applicants’ Manual Sections 2c and 5a for more 

information.) 

On University of Auckland Departmental letterhead YES  

Project title YES  

Researcher name  YES  

Position of staff and /or Degree of the student  YES  

Address by category, e.g. Participant Information Sheet for Manager YES  

Explain the project in simple language YES  

Actual date/period for withdrawal of data  YES  

Length of time involvement YES  

Source of funding N/A 

State whether audio/videotaping N/A 

Data storage/retention/destruction/future use   

Confidentiality statement YES  

Participation/non-participation statement 

(Please refer to the Applicants’ Manual Section 2c iv) 

YES  

Contact details (This includes the details of the researcher, supervisor, HOD and Chair) YES  

Approval wording YES  

 

Have you included the following information in the Consent Form?  
(Please note that this is not an exhaustive list.  Please refer to the Applicants’ Manual Sections 2d and 5b for more 

information.) 

On University of Auckland Departmental letterhead YES  

Project title YES  

Researcher name  YES  

Address by category, e.g. Consent Form from Manager YES  

Actual date/period for withdrawal of data  YES  

Length of time involvement YES  

Consent for audio/videotaping N/A 

Data storage/retention/destruction/future use YES  

Confidentiality statement YES  

Participation/non-participation statement YES  

Participant’s and / or legal guardian’s name, signature and date  YES  

Approval wording YES  

 



 

 

SECTION A: 
 

1. Project title 

 

Maintainability Prediction for Relational Database-Driven software Applications 

 

2. Aims/objectives of project  
(Describe in plain language that is comprehensible to lay people and free from jargon.) 

 

The main objective of this project is to gather project specific data related to the factors and 
metrics that impact upon maintainability in the context of relational database-driven software 
applications. The outcomes will enable the creation of prediction of maintainability for 

relational database-driven software applications. 

 
3. Research background 

(Provide sufficient information to place the project in perspective and to allow the significance of the project 
to be assessed.) 

 

Software maintainability, an important software quality attribute, is a determinant of how 

much effort would be spent on the maintenance of a software application. Software 

maintainability prediction models give an estimated measure of software maintainability. 

Maintainability metrics give a measure of software maintainability and have a potential to be 

used as independent variables in maintainability prediction models. Software maintainability 

and metrics can be very helpful for software organization enabling them to manage their 

software and resources. The focus of this research is on the maintainability prediction for 

relational database-driven software applications – a subset of software applications. 

 

In order to establish the state of art in the area of software maintainability prediction for 

relational database-driven software applications, we conducted a Systematic Literature Review 

(SLR). The gaps found with the help of the SLR indicate that maintainability prediction for 

relational database-driven applications is an area of research that needs attention. 

 

In order to be able to predict maintainability for relational database-driven software 

applications, we need to determine the state of practice in what metrics are used for 

measuring maintainability and what factors impact upon maintainability in the specific context 

of relational database-driven software applications. 

 

As a first step to this research, we have conducted interviews of the employees in the software 

companies to gather information on the state of practice in the mentioned research area and 
have created a theoretical model (UAHPEC Reference: 2009 / 352). 
 
For the second step of this research, we ran a survey involving the employees in the software 
companies to gather information on the factors that either increase or decrease maintainability 
and on the strength of these factors to predict maintainability of software applications 
(UAHPEC Reference: 2009 / 527). 

 
The third step of this research involves collecting project specific data on the factors identified 
with the help of steps 1 and 2 described above. The participants for this will not be humans as 
such rather the data will be specific to the projects carried out in software companies that 
develop relational database-driven software applications. This data will be used to create 
maintainability prediction models for relational database-driven software applications. 

 

4. Identify the ethical issues arising from this project and explain how they can be 
resolved. 
 (For example: confidentiality, anonymity, informed consent, participant’s rights to withdraw, conflict of 
interest, etc.) 
(UAHPEC expects applicants to identify the ethical issues in the project and explain in the documentation 
how they have been resolved.  The application will not be considered if this is not answered adequately.  A 
“Not applicable” response is not acceptable.) 

 

 Willingness: The permissions of participating companies will be sought prior to 

conducting the research through company information sheet and consent forms. The 

company will be allowed to withdraw their participation and information at any point in 

time within three months of the data collection date. 

 Confidentiality: The confidentiality of the companies’ project data will be maintained 



 

 

by not sharing the data provided by one company to the other.  

 Data Storage: The digital data will be kept on a secure computer; and the signed 

forms will be kept under a lock. 

 Publications:  The name of any participating company will not be directly published 

anywhere without prior permission. 

 

SECTION B: 
 

1. Who are the participants in the research? 
(Delete those who do not apply) 
 

Other: The participants of this research will either be a Project Manager, Team Lead, or 
Business Analyst, as deemed appropriate by the competent authority of the participating 
software companies in New Zealand and Pakistan that develop relational database-driven 
software applications. The data to be collected for this research project relate completely to 

the characteristics of the software projects undertaken by software companies and not to the 
employees working within these companies.  
  

 
2. Explain how many organisations, departments within the organisations, and 

individuals you wish to recruit.   
(Attach any letter of support you may have had from an organisation.) 

 

20-30 organisations. The departments of interest are Quality Assurance (QA) and Quality Engineering (QE) 
and may involved Software Development and Maintenance department in case of small organisations 
where separate QA and QE departments do not exist. 

 

3. How will you obtain the names and contacts of participants? 
(If by advertisement or email, attach a copy to the application.  If through an agency holding these details, 
attach a copy of support letter.)  

 

Companies’ directors and CEOs will be contacted through email and telephone as well as 
through Internet searches.   

 

4. Who will make the initial approach to potential participants? 
(For example: will the owner of the database send out letters?) 

 

PhD student – Mehwish Riaz 

 

5. Is there any special relationship between participants and researchers? 
 

NO 

 

6. Are there any potential participants who will be excluded? 
 

NO 

 
SECTION C:  RESEARCH PROCEDURES 

 
1. Project duration (Dates during which data needs to be collected for this study and requires ethics 

approval.) 

 
 

From _01/12/2010__ to _30/06/2011__ 

 
2. Describe the study design. 

(For example: If it is a longitudinal study, explain what a longitudinal study is and provide the details.) 
 

The study involves collecting project data based on the designed questionnaire. The 

questionnaire attempts to gather information on factors previously identified during the 

research that impact maintainability of relational database-driven software applications. 

The companies can either provide access to the repositories and/or database if they 



 

 

record their project specific data. If the companies do not explicitly record the required 

data, they can nominate an employee of theirs who can provide us the information 

relevant to software projects.  

The study which will employ a quantitative approach. Overall results will be calculated and 

analysis will be performed with the help of various statistical analysis methods. 
 

3. List all the methods used for obtaining information. 
(Delete those that do not apply) 

 

1. Questionnaires 

2. In some cases the PI will herself go and collect data from the software companies 
about the relational database-driven software applications. The same data items as 
listed in the questionnaire will be used. 

 
4. Who will carry out the research procedures? 

 

PhD student – Mehwish Riaz - who is a Pakistani citizen and has spent 24 years of her life in 

Pakistan. She does not require a visa to conduct research in Pakistan. She is also well aware of 
the overall culture of Pakistan as well as the research culture since she has herself worked as 
software engineer in Pakistani software companies. 

 
5. a) Where will the research procedures take place? 

     (Physical location/setting) 

 

At participating companies in New Zealand and Pakistan. 

 
b) If the study is based overseas, which countries are involved? 

     (Provide local contact information on the PIS.) 
 

Pakistan. 

 

c) If the study is based overseas, explain what special circumstances arise and how 
they will be dealt with?  Explain if there are any special requirements of the 

country (e.g. research visa) and/or the community with which the research will be 
carried out? 

 

There are no special circumstances associated with carrying this research activity overseas. 
The researchers will abide by any local laws in Pakistan regarding carrying out of research, 
data collection, privacy, and confidentiality etc. In addition, any rules mentioned by the 

companies for privacy and confidentiality will be followed. 

 
6. If the questionnaire is web-based, explain how anonymity can be preserved. 

(Indicate this on the PIS.) 
 

N/A 

 
7. How much time will participants need to give to the research? 

(Indicate this on the PIS.) 
 

The companies will need to give at least 20 minutes per project. 

 
 

8. Will information on the participants be obtained from third parties?  
 

NO 

 
 
  



 

 

9. Will any identifiable information on the participants be given to third parties? 
 

NO 

 
10. Are you intending to conduct the research in University of Auckland class time? 

 

NO 

 
11. Is deception involved at any stage of the research? 

 

NO 

 

12. Is there any koha, compensation or reimbursement of expenses to be made to 
participants? 

 

NO 

 
13. a) Does the research involve the administration of any substance to participants? 

 

NO 

 
b) Does this research involve potentially hazardous substances? 
 

NO 

 
SECTION D: INFORMATION AND CONSENT  
 

1. By whom and how will information about the research be given to participants? 
(For example: in writing or verbally – a copy of information to be given to prospective participants in the 
form of a PIS must be attached to this application.) 

 

The information will be given to the participating companies by the PhD student, using the PIS. 

 

2. a) Will the participants have difficulty giving informed consent on their own 

behalf? 
(Consider physical or mental condition, age, language, legal status, or other barriers.) 

 

NO 

 

b) If participants are not competent to give fully informed consent, who will consent 
on their behalf? 

(For example: parents/guardians) 
 

N/A 

 
3. a) If a questionnaire is used, will the participants have difficulty completing the 

questionnaire on their own behalf? 
(Consider physical or mental condition, age, language, legal status, or other barriers.) 

 

NO 

 



 

 

b) If participants are not competent to complete the questionnaire, who will act on 
their behalf? 

(For example: parents/guardians) 
 

N/A 

 
4. Is informed consent obtained in writing? 

 

YES  

 
5. Is access to the Consent Forms restricted to the Principal Investigator and/or the 

researcher? 
 

YES  

 
6. Will Consent Forms be stored by the Principal Investigator, in a locked cabinet, on 

University premises? 
 

YES  

 
7. Are Consent Forms stored separately from data and kept for six years? 

 

YES  

 

SECTION E:  STORAGE AND USE OF RESULTS 

 
1. Will the participants be audio-taped, video-taped, or recorded by any other electronic 

means such as Digital Voice Recorders?   
(Explain in the PIS and CF.  Consider whether recording is an optional or necessary part of the research 
design, and reflect this in the CF.) 

 

NO 

 
2. a) Will the recording be transcribed or translated? 

 

N/A 

 
b) Who will be transcribing the recordings?  

(If someone other than the researcher is the transcriber, attach a copy of the Confidentiality Agreement 
and indicate in the PIS and CF.) 
 

N/A 

 
c) If recordings are made, will participants be offered the opportunity to edit the 

transcripts of the recordings? 
  
 

N/A 

 

d) Will participants be offered their tapes or files of their recording (or a copy 
thereof)? 

  

N/A 



 

 

3. If a questionnaire is used, please explain if there is any coding.   
 

NO 

 
4. a) Explain how and how long the data (including audio-tapes, video-tapes, digital 

voice recorder, and electronic data) will be stored. 
(Indicate this in the PIS.  The period data is to be kept will be commensurate to the scale of its research.  
For peer reviewed publication that might be further developed, the University expects six years.) 

 

Data will be stored for a period of six years, hard copies in secure lockers and soft copies and 

electronic data on password protected computers. 

 

b) Explain how data will be used. 
(Indicate this in the PIS.) 

 

The data will be safely stored and will be used solely for the purpose of PhD research of the 

principal investigator including related publications and PhD thesis. 

 
c) Explain how data will be destroyed. 

(Indicate this in the PIS.) 

 

Data on the computers i.e., in the digital form will be deleted and the hard copies will be 

recycled. 

 
5. Describe any arrangements to make results available to participants. 

(Explain this in the PIS.) 
 

The synthesized results will be made available to the participating companies upon request. 

The individual responses of a particular participating company may be shared with the same 
participating company upon request. However, individual data of one participating company 

will not be shared with any other company or other individuals. 
 

6. a) Are you going to use the names of the research participants in any publication or 
report about the research? 

(The PIS must inform the participants, and be part of the consent obtained in the CF.) 

 

NO 

 
b) If you don’t use their names, is there any possibility that individuals or groups 

could be identified in the final publication or report? 
(This is a problem either when one is dealing with a small group of participants known to a wider public 
or when there is to be a report back to participants likely to know each other.) 

 

NO 

 

SECTION F:  TREATY OF WAITANGI 
 

1. Does the proposed research have impact on Māori persons as Māori? 
 

NO (Go to Section G.) 

 
2. Explain how the intended research process is consistent with the provisions of the 

Treaty of Waitangi. 
(Refer to the Applicants’ Manual 2010 for further information.) 

 

 

 

 



 

 

3. Identify the group(s) with whom consultation has taken place, describe the 
consultation process, and attach evidence of the support of the group(s). 

 

 

 
4. Describe any on-going involvement the group(s) consulted has/have in the project. 

 

 

 
5. Describe how information will be disseminated to participants and the group 

consulted at the end of the project. 
 

 

 
SECTION G: OTHER CULTURAL ISSUES 
 

1. Are there any aspects of the research that might raise any specific cultural issues? 
 

NO  (Go to Section H) 

 

2. What ethnic or cultural group(s) does/do the research involve? 
 

 

 

3. Identify the group(s) with whom consultation has taken place, describe the 
consultation process, and attach evidence of the support of the group(s). 

 

 

 
4. Describe any on-going involvement the group(s) consulted has/have in the project. 

 

 

5. Describe how information will be disseminated to participants and the group(s) 

consulted at the end of the project. 

 

 

SECTION H:  CLINICAL TRIALS 

1. Is this project a Clinical Trial? 
 

NO  (Go to Section I) 

 

2. Is this project initiated by a Pharmaceutical Company? 
 

YES NO 

 
 



 

 

3. Are there other NZ or International Centres involved? 
 

YES NO 

 
4. Is there a clear statement about indemnity? 

 

YES NO 

 
5. Is Standing Committee on Therapeutic Trials (SCOTT) approval required? 

 

YES (Attach) NO 

 

6. Is National Radiation Laboratory approval required? 
 

YES (Attach) NO 

 
7. Is Gene Therapy Advisory Committee on Assisted Human Reproduction (NACHDSE) 

approval required? 
 

YES (Attach) NO 

 
SECTION I:  RISKS AND BENEFITS 
 

1. What are the possible benefits to research participants of taking part in the research? 

 

Upon the completion of this research, the participating companies will be able to see a 
prediction model that can predict the maintainability for their relational database-driven 
software applications.  This will enable them to create more maintainable software as they will 
be able to predict it beforehand. It will also enable them to manage their resources and project 

better and as a result may provide financial benefits. 

 
2. What are the possible risks to research participants of taking part in the research? 

(Make sure that you have clearly identified/explained these risks in the PIS and CF(s).) 
 

There are no possible risks involved. 

 

3. a) Are the participants likely to experience discomfort (physical, psychological, 

social) or incapacity as a result of the procedures? 
 

NO 

 
b)  What other risks are there? 
 

There are no possible risks. 

 
c) What qualified personnel will be available to deal with adverse consequences or 

physical or psychological risks? 
(Explain in the PIS.) 

 

N/A 

 
 



 

 

SECTION J:  FUNDING 
 

1. Have you applied for, or received funding for this project? 

 

NO  (Proceed to Section K) 

 
2. From which funding bodies?  (Quote the contract reference number.)  

 

 

 
3. Is this a UniServices project? 

 

YES (Quote the contract reference number.) NO   

 
4. Explain investigator’s financial interest, if any, in the outcome of the project. 

 

 

 
5. Do you see any conflict of interest between the interests of the researcher, the 

participants or the funding body? 

 

YES (Explain.) NO 

 

SECTION K:  HUMAN REMAINS, TISSUE AND BODY FLUIDS 

 
1.  Are human remains, tissue, or body fluids being used in this research? 

 

NO (Go to Section L.) 

 
2. How will the material be taken? 

(For example: at operation, urine samples, archaeological digs, autopsy.) 
 

 

 
3. Is the material being taken at autopsy? 

 

YES NO 

 
4. Is material derived or recovered from archaeological excavation? 

 

YES (Explain how the wishes of Iwi and Hapū (descent groups), or similar interested 

persons, or groups, have been respected?) 

NO 

 
5. Will specimens be retained for possible future use? 

 

YES (Explain and state this in the PIS.) NO   

 

a) Where will the material be stored? 
 

 



 

 

b) How long will it be stored for? 
 

 

 
6.  a) Will material remain after the research process? 
 

YES (Explain and state this in the PIS.)   NO 

 
c) How will material be disposed of? 

(Explain how the wishes with regard to the disposal of human remains of the whanau (extended 
family) of similar interested persons will be respected.) 

 

 

 
d) Will material be disposed of in consultation with relevant cultural groups? 

 

YES (Explain and state this in the PIS.) NO   

 
7. Is blood being collected? 

 

YES (Complete this section and state in the PIS.) NO   

 
a) What is the volume at each collection? 

 

 

 
b) How frequent are the collections? 

 

 
c) Who is collecting it? 

 

 

 

d) Explain how long it will be kept and how it will be stored. 

 

 

e) Explain how it will be disposed of. 
 

 

 

 
SECTION L:  OTHER INFORMATION 
 

1. Have you made any other related applications? 

 

YES (References 2009 / 352 and 2009 / 527) 

 



 

 

2. If there is relevant information from past applications or interaction with UAHPEC, 
please indicate and attach. 

 

Letter of outcomes from University of Auckland Human Participants Ethics committee 
(References 2009/352 and 2009 / 527) are attached. 

 
3. Are there any other matters you would like to raise that will help the Committee 

review your application? 
 

NO 

 
 
 

--- END OF APPLICATION 

 

 

 

 

 


