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Abstract 

Usability is now a well-established concept in software engineering resulting in a major shift in the 

design, development, and deployment of software applications. Moreover, the appreciation of 

usability, as an important aspect in managing the potentials risks caused by inappropriate outcomes 

of the interaction between systems and their users, is rapidly increasing. It is, nevertheless, critical 

for the developed software to be able to assist users in carrying out their intended tasks without 

unnecessary effort or frustration on the part of users. This is what usability evaluation strives to 

achieve. Better decisions relating to usability at any stage of the Software Development Life Cycle 

(SDLC) can be captured by taking user experience into consideration. Many methods have been 

developed for capturing the user perspective of software, such as questionnaires, checklists, and 

laboratory tests. However, due to the different, rapid and competitive development of systems, the 

huge variety of usability definitions and evaluation methods and multiple expectations from 

different stakeholders, evaluating software usability has become a very challenging task. 

Additionally, the new expansion of the techniques applicable to the evaluation of usability in recent 

years caused an issue amongst software development teams with choosing the right ones under 

different software development project’s circumstances. To many developers within software 

development teams, incorporating user-centred techniques for enhancing software usability 

remains relatively unknown, unclear, or is otherwise inaccessible, difficult or underused, especially 

by developers in small to medium-sized software development teams.  

The main hypothesis proposed by this thesis is that there exists a lack of proper managerial tools to 

assist developers and/or project managers within software development teams in the decision-

making processes involved in the selection of appropriate usability testing tools. The focus is on 

small- to medium-sized software development projects, where usability expertise may be more 

limited resulting in inappropriate implementation of usability evolution methods within software 

development projects. Consequently, negatively influencing the appropriate application of software 

usability evaluation methods and generating higher ratios of usability risks.  A framework will be 

defined in this thesis as a solution to this problem in which a different approach to usability 

evaluation is proposed. It introduces a bottom-up approach to usability focusing on software 

projects by identifying their constraints to suggest appropriate usability evaluation techniques. The 

framework developed works as an enabler for bringing usability closer to software engineering by 

enhancing the interaction between these two disciplines particularly in small- to medium-sized 

software development projects.  
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A literature review was carried out to discuss and investigate the related topics to usability 

definitions, usability focused software development lifecycles, usability evaluation methods (UEMs) 

and current techniques in selecting UEMs. Additionally, initial data to investigate the current gap 

between usability application in real scenarios and theories was carried out in the form of 

interviewing small development team members who were actively developing an application and 

carrying out usability evaluations. The analysis of the data contributed to designing the framework 

this study suggested as an approach to solving the problem. The framework then is tested and 

evaluated after being developed into a web-based logic driven decision support tool that uses logical 

reasoning and fuzzy logics to produce results. However, the initial evaluation of the system 

suggested further implementation of risk assessment model leading to the second phase of the 

system development. The risk assessment model was afterwards evaluated separately. Both 

evaluations were conducted through incorporating several qualitative methods and analyzed 

thematically to ensure coherence and allow relational interpretations across the data sets gathered 

through different methods by recognizing common themes. Finally, the thesis concludes with 

discussing the suggestions for future work for the tool developed and the theories of usability and its 

evaluations methods.  
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Chapter 1: Introduction 

 

1.1   Background 

 

In 1979, Bennett published an article which recorded the first use of the term ‘usability’ in the context 

of software development (Bennett, 1972). But the question remains as to what, precisely, ‘usability’ 

is. At present, the definitions of the concepts of usability that are widely used are those of the 

International Organization for Standardization (ISO), particularly those specified in ISO 9241-11 (ISO, 

1998) and ISO/IEC 9126-1 (ISO/IEC, 2001). ISO 9241-11 specifies usability as “the extent to which a 

product can be used by specified users to achieve specific goals with effectiveness, efficiency and 

satisfaction in a specified context of use,” and ISO/IEC 9126-1 (ISO/IEC, 2001) defines usability as “The 

capability of the software product to be understood, learned, used and considered attractive to the 

user, when used under specified conditions,” (Abran et al., 2003). Besides these ISO definitions of 

usability, several individual contributions to the term’s interpretation have also been made. For 

example, Nielsen described usability in terms of its multiple components of learnability, efficiency, 

memorability, errors and satisfaction (Nielsen, 1994). Preece et al. (1994) proposed a composite 

classification of usability that includes learnability, throughput, flexibility, and attitude. Later, 

‘security’ was added to ISO 9241-11 by Abran et al. (2003).  Other practitioners listed the attributes of 

usable products as effectiveness, efficiency, engagement, error tolerance and ease of learning 

(Alonso-Ríos, 2009). 

These various definitions and different contributions highlight that usability is now a well-established 

concept in software engineering and is widely recognized as being very important due to its potentially 

great impact on the potential success of a piece of software. Quality is vital to maintain a software 

(Stevenson, and Wood, 2018). It is no longer a luxury, as Abran et al. (2003) pointed out in their paper, 

but rather a basic quality pertaining to the productivity and acceptance of software. Hence, for almost 

20 years, the Human-Computer Interaction (HCI) community, which concerns itself with how users 

interact with a computer, has been developing a variety of techniques for understanding and 

modelling user behaviour (Karat and Karat, 2003). Therefore, there has been a major shift in the 

design, development and deployment of software applications. This does not mean however, that 

giving attention to usability is at the expense of functionality. Rather, as pointed out by Constantine 

and Lockwood (1999), basic functionality is the starting point, and focusing on usability helps to think 

beyond providing mere functionality in order to enhance the user experience, because end-users of 

software are now recognised as playing an important role in the software evaluation process (Abran 
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et al., 2003: 3-4). However, due to the different, rapid and competitive development of systems, the 

huge variety of usability definitions and evaluation types and multiple expectations from different 

stakeholders, evaluating software usability has become a very challenging task. Additionally, the new 

expansion of the techniques applicable to the evaluation of usability in recent years caused an issue 

with choosing the right one under different circumstances. Although there is a great emphasis and 

interest in usability, software projects tend not to prioritise it in practice, unless there is a ‘wakeup 

call’ to usability institutionally (Balac, 2016).  Moreover, the appreciation of usability, as an important 

aspect in managing the potential risks caused by inappropriate outcomes of interaction between 

systems and their users, is rapidly increasing (Bevan et al., 2015). It is, nevertheless, critical for the 

developed software to be able to assist users in carrying out the intended tasks without additional 

efforts or frustration on the part of users. This is what usability evaluation strives to achieve.  

Better decisions relating to usability at any stage of the Software Development Life Cycle (SDLC) can 

be captured by taking user experience into consideration. Adding user involvement to a development 

process is one way to learn and receive information about users’ expectations. Traditionally, costly 

controlled trials in the laboratory were the only means to collect such data. However, due to the 

development of recent technologies, an appreciation of users’ expectations can be gathered through 

less-expensive means and tools that enables their engagement to be tested remotely.  Nevertheless, 

there are some techniques used in testing usability where users’ inputs are simulated by usability 

experts as a substitute to cut the cost of usability evaluation in software projects. It is often necessary, 

however, to evaluate software usability during different stages of the SDLC in order to check the 

achievement of goals and objectives and to ensure that an acceptable or high level of software quality 

is maintained, which can only be achieved by incorporating different types of usability tests and 

inspection methods.  

Many methods have been developed for capturing the user perspective of software, such as 

questionnaires, checklists and laboratory tests. Researchers have directed their focus in this field, and 

have produced many theories and best-practice frameworks. Some generalised usability-testing 

methods have also been introduced in the field of software engineering with the intention of 

measuring usability, such as SUMI (Software Usability Measurement Inventory), WAMMI (Website 

Analysis and MeasureMent Inventory), and TAM (Technology Acceptance Model). Some other 

techniques were adapted from fields like psychology and sociology to be used as usability testing 

methods such as: Think Aloud and Eye Tracking. All of these are based on the concept of capturing 

usability attributes suggested by ISO or pioneers in this area, such as Nielsen (1994). 

 



 17 

1.2  Problem statement 

 

Evaluating software usability is often a time consuming and expensive activity that frustrates both 

developers and managers. Developers are frustrated because it is usually a critical part of their work, 

yet they do not have any clear guidelines on how to engage in it, and managerial frustration lies in the 

fact that correcting any usability defects is an iterative process, so the amount of preparation required 

can significantly delay a project. Wider utilisation of evaluating usability may also result in reducing 

the cost associated with usability risk in software-development projects regarding customer 

satisfaction or technology quality. Increasing the likelihood of evaluating usability would necessitate 

simplifying the process of selecting an appropriate method with respect to certain customised 

constraints and criteria. 

Measuring usability is also complicated because usability is not a specific property; rather, it is an 

emergent property that is dependent on interactions among users, products, tasks and environments 

(Hertzum, M., 2010). It is not therefore possible to measure usability using a ‘usability thermometer’ 

– some sort of simple measurement gauge. Instead of ease of use, it is easier to measure the 

difficulties that users experience while using something, and errors can be identified, counted, 

classified, and measured. Ease of use could therefore be taken as being inversely proportional to the 

number and severity of difficulties faced by users in using the software (Lewis, J., 2014). 

To many developers, even incorporating user-centred techniques for enhancing software usability 

remains relatively unknown, unclear, or is otherwise inaccessible, difficult or underused (Endsley, M., 

2016), especially by developers in small- to medium-sized software development teams (Seffah, A. 

and Metzker, E, 2004). In small organisations, developers have to act as usability specialists, which 

may require in-depth usability-related knowledge that they might not have, such as weighting the 

aspects to be tested and interpreting the results accordingly. The problem is also compounded by the 

fact that the concept of usability is itself ambiguous, because it has been used with various 

interpretations by different researchers and developers. That is, usability has not been defined 

consistently, and some definitions have also changed over time. Without consistent terminology and 

an agreed definition, it is therefore very difficult to specify usability precisely, let alone measure it. 
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1.3  Significance and rationale of the study 

 

The main hypothesis proposed in this thesis is that there exists a lack of proper managerial tools to 

assist developers and/or project managers in the decision-making processes involved in the selection 

of appropriate usability testing tools, particularly in small- to medium-sized software development 

projects, where expertise and resources may be more limited. This causes a diversion of proper 

emphasis on usability in software projects where teams are small and deliverable time-scales are 

shorter. A framework will be defined and developed in this thesis as a solution to this problem in which 

a different approach to usability is proposed. It introduces a bottom-up approach to usability. In other 

words, it will focus on software projects by identifying project constraints in order to suggest 

appropriate usability evaluation techniques instead of the currently used top-down approach of 

forcing usability evaluation and user-centred models into software development projects regardless 

to projects limitation and specifications. The framework to be developed works as an enabler for 

bringing usability closer to software engineering by enhancing the interaction between these two 

disciplines. It is particularly useful for project managers and software developers in small- to medium-

sized software development projects who are interested in properly testing usability within their own 

project constraints, and within their knowledge and expertise of SDLCs. It will enable them to decide 

which usability tests to implement according to the constraints of their own software project’s SDLC 

model, and according to time, human and financial resources. This framework provides assistance in 

making critical decisions necessary with regard to usability throughout different software 

development lifecycles, instead of focusing on user-centred design only. Hence, the study could 

encourage developers and/or project managers to apply usability’s best practices theories in a real 

setting. Moreover, since small software projects represent the majority of software development all 

over the world (Mishra and Mishra, 2006 and Tuape and Ayalew, 2019), the framework will be mostly 

influential when applied in these circumstances. 

The literature shows that there is a lack of experience and expertise in usability standards and 

application in general and in usability evaluations in particular (Fischer, 2012). Consequently, very 

limited knowledge in the literature focuses on the use of usability evaluations specially in Small and 

Medium Enterprises (SMEs) (Salgado, et al., 2016, Alyahyan, et al., 2016 and Salman, et al., 2017) and 

small software companies (SSC) (Sulayman and Mendes, 2011).  Although, SMEs definition varies 

according to the industry, to the domain of this study SME is an enterprise with 1-50 employees 

(Alyahyan, et al., 2016).  

However, this study is interested in certain characteristics of SMEs and SSCs that is also applicable to 
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larger enterprises. These characteristics as derived from (Fayad, et al., 2000 , Sulayman and Mendes, 

2011,  Alyahyan, et al., 2016 Tuape and Ayalew, 2019) are: 

• fast or rapid release products following short development lifecycle,  

• and limited experiences and expertise in usability evaluation methods.   

In small software development teams, whether in SMEs or larger enterprises with limited expertise in 

usability, any additional elements to the software development workflow can be a concern due to the 

extra time and costs that may be involved (De Lille, 2014). All activities are subject to budget and 

resource constraints which could be more challenging in SMEs than in larger enterprises. In Germany 

for instance, there is increasing awareness of usability methods and pressure on SMEs to adopt 

usability engineering practices (Scheiber, et al., 2012). At the same time, the SMEs face various 

challenges, especially budget constraints, rising global competition, and growing user expectations of 

users accustomed to using easy-to-use software (Scheiber, et al., 2012). On the other hand, ignorance 

towards usability during development stages is primarily caused by the lack of usability expertise of 

developers and lack of technological skills to conduct usability tests (Ssemugabi and De Villiers, 2007, 

Fischer, 2010, Alyahyan, et al., 2016 and Janssen, 2019). There is a need to find techniques to prepare 

developers to perform usability testing (Øvad, et al., 2015) specially in SMEs. Throughout this study 

SME is used to describe all software projects that fit the SME characteristics described earlier in this 

section. It could be a start-up companies, micro enterprises, or small development teams within larger 

organisation with rapid releases schedule and limited usability expertise.  

In spite of such challenges, this research identifies appropriate points in time during the SDLC as to 

when to conduct certain usability tests. In this way, organisations could save time from not having to 

trial different methods and timing options themselves. Moreover, it could encourage the practice of 

usability testing, which can potentially offer a range of benefits. For instance, usability can help 

discover the real demands of users early in the design process (Kujala, S., 2003), provide well-defined 

evidence for recommending designs, minimise costs through eliminating potential ‘roadblocks’ (Karat, 

J. and Karat, C.M., 1993), provide competitive benefit (Rajanen, M., 2003), decrease errors and 

support costs (Issa & Isaias, 2015), increase user productivity, and so on. 

 

1.4 Study aims and objectives 

 

With the growing importance attached to software quality in general and usability especially, the need 

for usability evaluation during different stages of different SDLCs is increasing, the consideration of 
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software development project’s constrains in applying usability evaluation is challenging and the 

existence of various usability conceptualizations and testing methods is misleading. Therefore, 

developers face a challenge in selecting the most-suitable method for their project’s requirements. 

This study seeks to identify suitable software usability evaluation methods that can be adapted during 

different stages of various SDLC methodologies, keeping in view individual project’s time and resource 

constraints in managing usability risk. The aim of this research is to define and develop a framework 

that can be used to help developers and those who are playing a decision-making role in small- to 

medium-software development projects in making an informed decision regarding usability 

throughout an SDLC being employed in their software developing project and is suitable to the 

project’s resources limitations. As a result, it will satisfy the demand for a high level of quality and 

services expected by the software product, economically efficient production with low risk, and timely 

delivery by taking in consideration the project constraints as the main criteria in determining usability 

evaluation. This will help in decreasing the gap between the theoretical path of usability and the 

everyday practice of it, enabling it to play a critical role in creating a competitive product. This tool will 

also encourage the practice of evaluating usability in small- to medium-sized software projects by 

being able to adapt their resources constraints. This translates into both direct and indirect benefits 

for the end users and software quality by identifying a suitable software usability evaluation method 

or methods to be applied at different stages of various SDLCs under specific project constraints. The 

following are the specific Objectives of the study: 

1. To investigate the ambiguity associated to the underlying theories and applications of software 

usability and usability evaluation methods by reviewing the literature and conducting interviews 

with personnel of interest, i.e. developers, usability experts and project managers;  

2. To critically analyse the previous work in literature of commonly used software usability 

evaluation methods highlighting their strengths and deficiencies under certain criteria, i.e. 

usability attributes they measure, SDLC stage they can be best applied within and their employing 

requirements; 

3. To identify appropriate software usability evaluation method/s that can be applied during 

different stages of the commonly used SDLCs, i.e. ‘agile’ and ‘traditional’, by mapping between 

SDLC models in support of a generic usability framework; 

4. To encourage the application of usability evaluations in software projects by proposing a 

framework that can be used by usability experts and non-usability experts to choose usability 

evaluation method/s using multidimensional criteria; 

5. To justify the importance, the usefulness and the applicability of the proposed framework by 
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having it verified and validated by software developers 

 

1.5 Research questions  

 

The following research questions are framed in line with the five Research Objectives. Each question 

presented below is created to satisfy an objective using the same numbering scheme presented in 

Section 1.4: 

Table 1.1: Research Objectives and Research Questions 

Research Objective  Linked Research Question 

Objective 1  What are the underlying theories and applications of software usability and software usability 

evaluation methods? 

Objective 2 What are the strengths and deficiencies of commonly used software usability evaluation 

methods? 

Objective 3 How can appropriate usability evaluation methods be identified in context specific situations? 

Objective 4 How can a framework be developed and used to evaluate usability evaluation methods using 

multidimensional attributes? 

Objective 5  How can the proposed framework be validated and tested as functional by software 

developers? 

1.6 Thesis outline 

 

Chapter 1: Introduction: This chapter introduces and clarifies research problem and discusses the 

research motivation. Research Objectives are discussed, and research questions are presented in 

relation to the objectives.  

Chapter 2: Literature Review: This provides a background to problem’s underlying concepts, their 

evolution and current practical state to explain the context of the problem. The literature is analysed 

and evaluated to gather evidence supporting the existence of problem.  

Chapter 3: Research Methodology: discusses the research philosophy and the various data collection 

and analysis methods applied to satisfy Research Objectives.  

Chapter 4: Initial Data Gathering: discusses the primary data gathered to support the hypothesis 

mentioned in Chapter One to investigate the complexity and the difficulties of usability evaluations in 

practice. 
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Chapter 5: The Framework: Describes the framework designed to satisfy research Objective 4, which 

is to encourage the application of usability evaluations in software projects by proposing a framework 

that can be used by usability experts and non-usability experts to choose usability evaluation 

method/s using multidimensional criteria. 

Chapter 6: Reference Implementation of Framework: Phase One: presents the software tool created 

to support the framework’s usage. The reference implementation process of the framework went 

through two phases in this research. Phase One includes describes the development of the first 

increment of the tool that is developed to execute the framework functionality of providing 

appropriate usability solutions.  

Chapter 7: Verification and Validation: To satisfy research Objective 5, which is to justify the 

importance, the usefulness and the applicability of the proposed framework by having it validated by 

software developers, this chapter provides the details of verification and validation processes and 

results.  

Chapter 8: Reference Implementation of Framework: Phase Two: This chapter discusses the 

reference implementation of phase two of the framework that is dedicated to risk assessment 

functionalities of the framework.  

Chapter 9: Validation: Phase Two: to justify the additional development as discussed in Chapter 8 

with relation to research Objective 5, this chapter presents an evaluation of the risk assessment 

functionality of the framework in Phase Two.  

Chapter 10: Conclusion and Future Work: To conclude the research by revisiting its objectives and 

questions and reviewing the level of research success. Additionally, the contributions of the thesis and 

areas of future work are discussed.  

  



 23 

Chapter 2: Literature Review  

This chapter focuses on the previous work in the field of software usability, definitions of usability and 

usability attributes in general, and Usability Evaluation Methods (UEMs) and techniques specifically. 

It also discusses some of the established methods and techniques used in the practice of choosing 

appropriate UEMs for software projects. Later, it discusses the different Software Development Life 

Cycle (SDLC) methodologies, as they are one of the elements considered in the suggested framework. 

Finally, this study highlights the project management components relating to usability considerations 

in software projects. These discussions represent a high-level examination of framework building 

blocks, i.e. UEMs, UEM types and classifications, commonly used SDLC compared to usability-focused 

SDLC and project constraints.  

A ‘mind map’ showing the spread of the disciplines being considered, and their relation to the problem 

domain, is shown in Figure 1.  
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Figure 1: Mind map of the disciplines considered in the literature review. 

 

2.1 Software usability  

 

Because the focus of this research is software usability, this section explores the concept of usability 

by discussing its definitions, attributes and importance. It briefly mentions SDLCs that are usability 

focused. Furthermore, it identifies ISO standards in relation to usability. It aims to analyse the 

literature to identify commonly agreed definitions, highlight currently existence challenges in defining 
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usability, and look for proposed unified solutions to incorporate them in this thesis. This section of the 

literature review is linked to study Objective 1: ‘to investigate the ambiguity associated to the 

underlying theories and applications of software usability’. 

2.1.1 History of usability evaluation concerns in software engineering 

There has always been a need for users to understand and interpret the output of computers (Jacko, 

J.A. and Sears, A., 2002: 2). The concept of usability, as it is recognised today in the field of software 

engineering, emerged in the late 1980s with the publication of material on ‘Usability Engineering’ by 

Whiteside, J., et al. (1988) at Digital Equipment Corporation (DEC), and by John Bennett at IBM (ibid.). 

The researchers emphasised early goal setting, prototyping, and iterative evaluation. Joe Dumas, 

another prominent figure in usability engineering, described this period as the birth of the modern 

usability profession. This field has matured with the publication of a number of popular books on the 

subject in the early 1990s, notably ‘Introduction to Usability’ by Jakob Nielsen (1993), ‘A Practical 

Guide to Usability Testing’ by Dumas, J. and Redish, J. (1993, revised 1999), and ‘Cost Justifying 

Usability’ by Bias, R. and Mayhew, D.,  (1994, 2nd edition in 2005). It was around this time also that 

popular usability tools such as the Software Usability Measurement Inventory (SUMI) (Kirakowski, J. 

and Corbett, M., 1993) and the Website Analysis and MeasureMent Inventory (WAMMI) (Claridge, N. 

and Kirakowski, J., 2011) were developed.  

Usability concerns and attempts to make highly usable objects generally, stretches back to the early 

part of the 20th century with the emergence of principles of ergonomics and human factors. In this 

regard, usability probably began in the modern era with the publication of Frederick Taylor’s 

‘Principles of Scientific Management’ in 1911 (Taylor, 2004) in which time-and-motion studies were 

recommended for improving industrial efficiency. Table 2. 1 lists further key developments in the 

modern history of usability. 

Table 2. 1: Key developments in the modern history of usability 

Period and 

Significance   

Key developments 

1910s–1940s 

(holistic discussion of 

user’s involvement 

importance to 

enhance productivity) 

Earliest notion of 

usability based on 

scientific principles is 

• Publication of Principles of Scientific Management by Frederick Taylor in 1911 in 

which he argued that the key to successful innovations, more efficient and effective 

practices is to involve the ‘workmen’.  

• Alphonse Chapanis in 1943 showed how pilot error can be reduced by having a more-

intuitive layout in cockpits. 

• John Karlin in 1947 perfected the modern numeric dialling system and keypad to 

increase effectiveness. 
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discussed in a form of 

involving users to 

increase efficiency 

and effectiveness  

1950s  

(users to be the focus 

of systems) 

Development of Fitts 

Law and emergence 

of human-computer 

interactions shifting 

the emphasis from 

functional only 

software and systems 

to more user-friendly 

ones. 

• Paul Fitts (1954) published a mathematical model for predicting human performance 

which was applied in Human-Computer Interaction by several practitioners in the 

field (Mackenzie, I., 1992).  

• George Miller discussed the capacity of human learnability and comprehensibility in   

1956 which are critical attributes of usability (as discussed later in the chapter). 

• Establishment of Human Factors and Ergonomics Society in 1957 that concern with 

the application of the characteristics of humans in systems with the aim of producing 

user-friendly designs (https://www.hfes.org/about-hfes/about). 

1960s 

(early classifications 

of  users evaluation 

types) 

Introduction to 

summative and 

formative evaluations 

for assessing purposes 

that are both widely 

discussed in relevance 

to usability 

assessment processes.   

• Work on formative and summative evaluations by Michael Scriven in 1967 in the 

education context later applied to usability evaluations serving as the basics for 

empirical usability testing. His argument on assessing is not strictly related to 

education but rather on any form of assessment (Taras, M., 2005). His evaluation 

theory is also applied on machines and computers to assess comprehension.  

1970s 

(usability was 

identified and 

usability testing were 

established) 

First use of the term 

'usability' in a title of a 

publication and 

Companies like IBM 

performing usability 

testing on their 

products indicating 

• John Bennett writes first scientific publication with the word usability in its title in 

1979 (Lewis, J.R., 2014). 

• Summative usability testing performed at IBM in 1979 (Mao, Y., 2019) 

https://www.hfes.org/about-hfes/about
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increasing interest in 

usability amongst 

practitioners and 

researchers.  

1980-1984 

(increasing focus on 

users’ involvement in 

systems and means 

to evaluate it) 

Usability guidelines 

are discussed leaning 

towards expert-based 

methods to evaluate 

usability. These 

methods were 

increasingly discussed 

in the field of 

developing software 

and systems.  

• ‘Verbal Reports as Data’ published by Ericsson and Simon in 1980, which promoted 

the Think Aloud approach that is up to date widely used as one of the usability 

evaluation methods. 

• ‘Tutorials for the First-Time Computer User’ published by Alphonse Chapanis and 

colleagues in 1981 with guidance on observing a few software users to reveal most 

usability problems (Al-Awar et al., 1981). 

• ACM forms Special Interest Group on Computer-Human Interaction (SIGCHI) in 1982. 

• ‘Psychology of Human Computer Interaction’ published by Mellon and Park in 1983 

explaining keystroke level modelling. 

• GOMS, that is, "a set of Goals, a set of Operators, a set of Methods for achieving the 

goals, and a set of selection rules for choosing among competing methods for goals" 

was developed and is widely used as a usability method (John, B. and Kieras, D., 1996) 

• ‘Guidelines for Designing User Interface Software’ published by Smith and Moser in 

1984 in which they proposed 944 guidelines supporting user-interfaces designs in 

computer-based software (Smith, S. and Mosier, J., 1986). 

1985-1989 

(establishing 

benchmark and 

guidelines to usability 

and its metrics) 

A large amount of 

usability scales and 

evaluation methods 

to gather actual users’ 

reactions were 

developed. 

Additionally, iterative 

designs models were 

established allowing 

• ‘Designing for Usability: Key Principles and What Designers Think’ published (Gould, J. 

and Lewis, C., 1985) suggesting an iterative design cycle with early and continual 

involvement of users is necessary to produce usable products.  

• ‘Computer Usability Testing and Evaluation’ published by Richard Spenser in 1985. 

• System Usability Scale (SUS) developed arguably to provide subjective assessment of 

usability (Brooke, J., 1986). 

• ‘Designing the User Interface’ published contributing in the development of 

Questionnaire for User Interaction Satisfaction (QUIS) measuring end user experience 

by focusing on user’s evaluation of interface itself (Norman, K., et al, 1987).  

• Computer User Satisfaction Inventory (CUSI) is developed to examine user reactions 

to specific product by initially examining usability subscales of affect and competence 

(Kirakowski, J. and Dillon, A., 1988). 
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wider integration of 

usability testing in 

development 

processes.  

• ‘Psychology of Everyday Things’ published arguing that designs fail to meet users 

need and how to overcome that by integrating users’ feedback and understanding 

their cognitive abilities (Norman, 1988).  

• ‘Technology Acceptance Model’ (TAM) published proposing a model to test the effect 

of system characteristics on user acceptance (Davis, 1985). 

1990s 

(back to defining 

usability from 

different perspectives 

and discussing 

methods to measure 

it) 

Key publications on 

usability appeared 

attracting wider range 

of practitioners and 

researcher to 

investigate and 

elaborate in the 

subject of usability, its 

evaluation methods 

and comparing what 

by then were the 

major two types of 

usability evaluation 

methods: Empirical 

testing including 

actual users and 

expert-based testing 

(inspection methods)  

• ‘Human Factors for Informatics Usability’ published by Shackel in 1990 defining 

usability as effectiveness, efficiency and satisfaction (Mao, 2019). 

• Several publications on Cognitive Walkthrough by Poison and Lewis in 1990. 

• ‘Heuristic Evaluation of User Interfaces’ published by Jakob Nielsen in 1990 proposing 

several heuristics for evaluating users’ interfaces and providing a cost and time 

efficient method than the traditional empirical testing to evaluate usability (Nielsen 

and Molich, 1990). 

• Carrol, et al., 1991 published a book on “The Task Artifacts Cycle” in in which they 

investigate the gap between the theoretical and practical issues of usability and 

attempt to build a framework to aid the design process by establishing scenarios 

applicable and understandable by designers (Carrol and Rosson, 1992).  

• ‘Refining the test phase of usability evaluation’ published by Robert Virzi in 1992 

arguing the effectiveness of conducting usability testing with as less subjects to 

minimise the cost of integrating usability testing (Virzi, 1992). 

• Post Study System Usability Questionnaire (PSSUQ) published by Lewis in 1992. 

• ‘Usability Engineering’ published by Jakob Nielsen in 1993 discussing usability 

definition and further input into different evaluation methods (Nielsen, 1994). 

• ‘A Practical Guide to Usability Testing’ published by Joe Dumas and Janice Redish in 

1993 discussing their views on usability evolution and the increase practices that 

were leaning towards informal and qualitative evaluation methods (Dumas and 

Redish, 1999). 

• Software Usability Measurement Inventory (SUMI) is published and intended for 

providing an empirical method to measure user’s perception for comparison 

purposes (Kirakowski and Corbett, 1993). 

1995-1999 

(Usability is 

recognised attribute 

of ensuring quality) 

Usability standards in 

ISO are developed and 

• Usability becomes a standard as per ISO 9241, part 11 that provided usability 

definition that is mainly considered to date in usability studies (Jokela, T., et al., 

2003). 

• ‘Web Navigation: Designing the User Experience’ first published emphasising visual 

hierarchies in designing interfaces for people (Fleming, J. and Koman, R., 1998). 
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widely incorporated in 

practices providing 

further analysis into 

usability evaluation 

methods by 

summarising them 

and comparing them. 

Additionally, factors 

that affect the level of 

success of integration 

usability evaluations 

such as sample size 

and evaluators are 

discussed. Finally, the 

emphasis on engaging 

users in product 

development is 

increasingly discussed 

highlighting the shift 

from the traditional 

view in developing 

technology.  

• Comparative Usability Evaluation (CUE) first conducted to highlight the unique 

differences in results of evaluating same system by different evaluators to emphasize 

on the factors that affect usability testing (Molich, R., et al., 2004) 

• ‘The Evaluator Effect in Usability’ published by Jacobsen et al. in 1998. 

• Different usability evaluation methods compared in detail by Gray and Salzman in 

1998 arguing the necessity for formal selection of usability evaluation methods by its 

practitioners and its impact on the validity, effectiveness and usefulness of the UEMs 

(Gray, W. and Salzman, M., 1998). 

• Donald Norman published a book arguing that Companies need a human-centered 

development process, even if it means reorganizing the entire company. In the 

authors vision the only path forward to ensure technology quality and productivity is 

to put users first and technologies last. His publication emphasizes the need for 

further investigation in the current practices and enhance the productivity and 

usability by increasingly engaging with users throughout development lifecycle 

(Norman, 1999).  

2000-2004 

(Emergence of new 

technologies and the 

discussion of usability 

in relation to them) 

The influence of 

software, internet and 

portable. devices on 

usability and its 

discussion and 

evaluation methods. 

Additionally, a 

standardisation of 

usability testing 

reports was proposed.  

• Revised versions of Usage-Centred-Design published to accommodate include lighter 

processes and web development (Constantine and Lockwood, 2002; 2003) 

• Common Industry Format for Usability Test Reports (CIF) developed by ANSI allowing 

a communication means between developers and software purchaser by 

standardising usability reporting format (Mao, 2019). 

• Several publications emerge on remote usability testing in 2002 and forward 

influenced by the use of internet such as: ‘Observing the User Experience’ (Kuniavsky, 

M., 2003). 

• Comparison of lab-based usability evaluations and remotely conducted evaluations 

are performed (Tullis, T., et al., 2002) 
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2005-2009 

(rapid technological 

appearance that are 

focused on providing 

ease-of-use) 

The emergence of 

different 

requirements of user 

interfaces after the 

divergence of variable 

ways of user 

interaction with 

systems throughout 

different screens and 

screen dimensions. 

• Software and crowdsourcing methods developed for automating usability studies in 

2006. 

• Publication of ‘Measuring the User Experience’ by Tullis and Albert in 2008 on 

methods of analysing and quantifying users experience (Albert, W. and Tullis, T., 

2013) and classifying usability evaluation methods into traditional tests, online tests 

and online surveys. 

• Different views on usability presented (Shackel, B., 2009; Hornbæk, K.,2010; Nielsen, 

J. and Loranger, H., 2006) comparing usability and its practices previously and the 

changes after the emergence of interactive systems, internet, web-based systems and 

variable interfaces. 

2010 – 2014 

(efforts to 

standardise usability 

definitions and 

provide general 

method to evaluate it 

as a reaction to major 

shift towards 

usability and its 

integration in 

different domains 

product 

development)  

The focus shifted 

towards evaluating 

and testing usability 

of products. Hence, 

new usability 

evaluation methods 

were emerged, 

usability of specific 

domains and products 

were evaluated, and 

usability evaluation 

methods were 

compared in case 

scenarios.  

• Nielsen introduced eye-tracking as a method to evaluate usability (Nielsen and 

Pernice, 2010) 

• Discussion of usability evaluation and guidelines to conduct them was discussed by 

(Barnum, 2010) 

• (Albert and Tullis, 2013) published a book in which usability testing metrics and 

analysis is discussed elaborately enabling systematic techniques and measure to 

evaluate usability.  

• Majority of publications discussed usability evaluation of specific domains and 

products such as, web usability, mobile usability, teaching technology usability, e-

books usability and applications usability. (Alber and Still, 2010; Nayebi, et al., 2012; 

Holder and Rada, 2011; Yen and Bakken, 2012; Lee and Kozar, 2012; Buie and 

Murrary, 2012; Gonzales, 2012; Nielsen and Budiu, 2012; Harvey and Stanton, 2013; 

Marcus, 2013). 

• Some scholars started differentiating usability from aesthetic and beauty features of 

products (Hassenzahl and Monk, 2010; Hertzum, 2010; Sonderegger and Sauer, 2010; 

Lidwell, et al., 2010) 

• Discussion of several usability evaluation methods in a comparatively in general on in 

specific domains ( Hornbaek, 2010; Sauer, et al., 2010; Gracia-Ruiz, 2013; Sherman, 

2012; Magazine, 2012) 
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2015-2019 

(from general 

discussion of usability 

to more domain-

focused discussion 

providing examples 

of best practices and 

comparative studies) 

The focus is mainly on 

discussing usability 

and its evaluations 

methods in certain 

domain and in specific 

scenarios such as, 

healthcare 

applications, mobile, 

mobile applications 

and gaming.  

• A systematic mapping review of usability evaluation methods for software 

development process by (paz and pow-san,2016) 

• Usabiltility for web (Ritter and Winterbottom, 2017) usability evaluation for vehicle 

system (Harvey and Stanton, 2016) E-commerce usability (Travis, 2017) Game user 

experience evaluation (Bernhaupt, 2015) 

• Funology 2 (Blythe and Monk, 2018) 

• Sauro published several books in analysing and quantifying data for usability purposes 

(Sauro 2015; Sauro and Lewis, 2016) 

• Further investigation of usability evaluation methods but from comparative point of 

view (Lewis, 2018; Jimenez, et al., 2016)  

 

 

As shown in Table 2.1, the concept of ‘usability’ has evolved over many years as software development 

projects’ objectives have shifted from merely producing functional products to producing quality 

products based on its users’ commitments and satisfaction (Paz and Pow-Sang, 2016). However, 

different points of view have been introduced to the concept of ‘software usability’ as shown in Table 

2.1, depending on researcher’s backgrounds (Freire, L., et al., 2012), objectives and goals of studying 

it for usability roots in inheritance stretches back to experimental psychology, measurement, and 

statistics (Lewis, 2014). They oppose the strong evidence that even though the concept of usability is 

well established in the field of software and proving to be increasingly important for determining 

software quality (Pearson et al., 2007; Salvador et al., 2014), it is still a continuously evolving process 

yet to reach maturity in the concept and the relation between usability and its measurements too 

(Tractinsky, N., 2018). Therefore, after 2010, usability studies have been covering a wide range of 

subjects related to the introduction of different devices, such as tablets, phone, computers, digital tv 

etc. for various activities in numerous fields such as education, health and governmental (Lacerda, T., 

and Wangenhiem, C., 2018). Consequently, numerous evaluation methods been introduced into the 

field of usability (Paz, F. and Pow-Sang, J., 2016).  

2.1.2  Definition of software usability 

There are several different definitions of usability in the literature, so it is necessary to be clear about 

what is meant by ‘usability’ for the purposes of this study. This diversity of definitions and lack of 
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standard terminology (Constantine, L and Lockwood, L., 2001) is one of the main problem domains 

discussed in Chapter 1 in the problem statement Section 1.2. Several usability researchers, such as 

Nielsen (1994), Sears (1997), Constantine and Lockwood (2002) and Rosson and Carroll (2002), have 

written extensively on usability engineering, and have also provided their own definitions of usability. 

All their definitions are based on allocating components to describe usability. As it is difficult to 

consider usability as a one dimensional or singular property of software the usability components 

identified by Nielsen (1994) are widely recognised as classical or traditional attributes: 

• Learnability 

• Efficiency  

• Memorability  

• Error 

• Pleasing.   

These attributes generally reflect usability definitions. Some, however, have disregarded the 

subjective aesthetic/pleasing aspect such as (Shackel, 1990; ISO 9241-11), probably under influence 

of the previous outlook towards usability in which it was related only to producing a pleasing product 

instead of also producing an engaging one. Jurist et al. (2003) for example specified the components 

of consistency, natural mapping, accessibility, and error management, but overall newer definitions 

especially emphasise this aspect of user satisfaction. For instance, Rubin and Chisnell (2008: 4) 

regarded usability as a software quality that would be noticed if it was absent and which would lead 

to user dissatisfaction, and Quesenbery, W., (2001) went further by specifying the attributes of not 

only effectiveness, efficiency, error tolerance and being easy to learn, but also being engaging. That 

is, mere satisfaction has given way to the need for software to be engaging, which Gonzales et al. 

regarded as including expectations for style and tone. 

A later ISO definition (DIS 9241-11), refined this to describe usability as “the extent to which a product 

can be used by specified users to achieve specified goals with effectiveness, efficiency, and satisfaction 

in a specified context of use” (Seffah and Metzker, 2004). This latter definition places a greater focus 

on the user and specifically mentions certain aspects, namely effectiveness, efficiency and satisfaction, 

although notably, it does not mention the learnability aspect. Nonetheless, many other definitions do 

emphasise the learnability aspect. For instance, a simpler definition provided in another standard, the 

IEEE 1061, states that “usability concerns how easy it is for a software user to learn to operate, prepare 

inputs for, and to interpret the outputs of a system” (IEEE, 1992). For analytical reasons the discussed 

definitions are categorised into technical, cognitive and aesthetic aspects in Table 2.2. These 
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categories are chosen for their broad-spectrum semantic aspects that would allow categorising 

usability components used in definitions within them.  

Table 2.2: Comparison of usability components categorised in three areas 

Standard/Researcher Technical Cognitive Aesthetic 

ISO-IEC 9126-1 

 (Jung et al., 2004) 

Capability to be used Capability to be understood 

and learned 

Capability to be made 

attractive 

ISO-DIS 9241-11 

(Bevan et al., 2015) 

Extent to which it can be 

used with effectiveness and 

efficiency 

(None specified) Extent of providing 

satisfaction 

Nielsen (1994) Efficient in use, 

Few errors 

Easy to learn and remember Subjectively pleasing 

Ferre, X., et al. (2003) Error management Consistency, 

Accessibility, 

Natural mapping 

(None specified) 

Rubin and Chisnell 

(2008) 

(None specified) (None specified) User satisfaction 

 

The definition that incorporates these three areas, i.e. technical, cognitive and aesthetic, is considered 

to be sufficient, as it covers the three broad areas identified for describing usability components. 

Besides the noticeable development in the identification of aesthetic expectations, many definitions 

have focused on a subset of the areas. For instance, ‘understandability’ was examined in depth by Lai, 

X., et al. (2009), and it is apparent from Table 2. 2 that Juristo et al. (2003) mainly focused on cognitive 

aspects of software usability. However, the original ISO (IEC 9126-1) definition and the attributes 

identified by Nielsen (1994) cover all three areas. Usability can therefore here be considered as 

encompassing the need for the software to be (1) reliable/efficient/effective, (2) easy to learn to use, 

and (3) satisfactory and engaging for the user.  

However, it is important to this research’s problem domain to emphasise that all these given 

definitions of usability and many more that have not been mentioned, indicating the level of difficulty 

and complexity faced in a general approach to usability. The wide range of definitions available 

suggests that usability field is still not fully mature. It is still being reconstructed, evaluated and evolved 

to embrace emerging software quality factors.  

Usability has its share of controversies as a practice related to its definitions, the applicability of its 

theories in practices, the diversity, effectiveness and reliability of its evaluation methods, as well as 

an emerging science (Lewis, 2014). These controversies exist due to usability roots that extend to the 
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field of psychology and statistics (Lewis, 2014). The wide range of extended roots of usability results 

in implications in reaching a universal definition that is agreed by different practitioners and experts.  

This study embraces a usability definition that includes all the components derived from the above-

mentioned literature. Therefore, usability is the ability of software to be effective, efficient, 

comprehensible and satisfactory.  To reach that definition, semantic aspects of the definitions and 

their components are considered for choosing the most relatively related definition to this research 

problem domain. This is discussed in the section which follows.  

2.1.3  Usability attributes and their definitions in the literature 

In Table 2. 2, it is noticeable that the two attributes of effectiveness and efficiency feature prominently 

in several definitions (ISO-DIS 9241-11; Nielsen, 1994; Gonzalez et al., 2010) and they are identified as 

technical components. Efficiency is an important attribute of usability because it indicates the human 

effort required with respect to the return for that effort, the expected performance in terms of task 

execution time, the required human and material resources, and the different types of likely costs. 

Effectiveness, on the other hand, is related to software ability to successfully produce the desired 

results. Therefore, effectiveness and efficiency are selected within the list of usability attributes 

adapted in this study.  

Similarly, the aspect of ‘satisfaction’ which is categorised under ‘aesthetic’ in Table 2. 2, is also widely 

associated with usability. Rubin and Chisnell (2008) for instance, described usability exclusively in 

terms of user satisfaction, remarking that its absence (i.e. user dissatisfaction) would make the very 

concept of software usability appreciated by emphasising the risk associated with a low-usability 

product. The attribute of ‘comprehensibility’, though not mentioned earlier, encompasses the aspects 

of being easy to learn and be understood, which appear under the remaining cognitive area in Table 

2. 2. The attribute of safety is included in the selection as an addition, as it could be important for 

certain types of software where reliability is critical. In fact, safety was specifically identified as a 

usability attribute by Preece et al. (1993), Seffah et al. (2001) and Aloso-Rios et al. (2010). However, 

as safety in the studies that included it is related to specific fields such as e-commerce and/or 

hardware, the attribute of safety is discarded for the purposes of this research for it is hard to define 

within the context of user interface interactions which this research is concerned with.  

This set of attributes (effectiveness, efficiency, satisfaction and comprehensibility) that this study 

define usability with, was also chosen next to safety by Dubey et al. (2012) as providing “an integrated 

model for usability” that unifies the several other models they investigated. The model they provide 

is created for its ability to cover all aspects of usability by semantically analysing usability definitions 

in literature, decomposing its components, and semantically mapping them under the selected 



 35 

attributes mentioned above. This very model was investigated by the same researchers as providing 

a possible means for quantifying software usability (Dubey et al., 2012b). Furthermore, (Moorthy et 

al., 2013) showed that the attributes of effectiveness, efficiency, satisfaction and comprehensibility 

have also been included in many recent studies on usability in which integrated usability models have 

been presented. From the perspective of risk as well, (Moorthy et al., 2014) showed that considering 

these usability attributes together could help address several potential usability risks as they 

summarised it. Table 2.3 shows the usability attributes selected by this research and (Moorthy et al., 

2014) and usability risks associated to them.  

Table 2.3: Potential usability risks associated with the five selected usability attributes, derived from (Moorthy et al., 2014) 

Attribute Potential risk 

Effectiveness • Low percentage of task accomplishment 

• Inappropriateness of the task output 

• Incorrect task execution 

• Incomplete functionalities to perform a task 

• Low usage by persons with some disabilities 

• Lack of cultural diversity in user interface 

• Inability to adapt to changing user preferences and environment 

• High ratio of failure resulted from human errors  

• High ratio of failure/errors (human and execution) 

• Lack of user control 

Efficiency • Incorrect or inaccurate result produced 

• Low estimation of cost in development  

• Inadequate budget  

• Low estimation of cost of human resources in development  

• Lack of utilisation of command 

• Longer execution time of a task 

• Maximum usage of memory while executing a task in software  
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Satisfaction • Software not preferred or liked by the user 

• Lack of software stability 

• Lack of trust on software 

• Unable to fulfil initial intention of user towards the software 

• Bad response from user after using the software 

• Confusing design  

• Lack of aesthetic features and good user interface design 

Comprehensibility • Lack of clarity in system’s properties and functionalities 

• Lack of skills for user and developer 

• High complexity in design and architecture 

• Inability to understand the software 

• Inadequate training for user 

• Longer time to learn the software 

• Unable to remember elements and functionalities of the software 

• Incomplete and inadequate documentation/user manuals 

• Lack of design documentation 

• Insufficient support system (help) 

 

For the same reasons outlined in the section above, which can be summed up as pertaining to 

prominence, importance, coverage and risk, this integrated model of Dubey et al. (2012) was also 

chosen for this study. It is now pertinent to define these selected attributes and identify their sub-

attributes for a precise understanding of what they are and what they involve. Dubey et al. (2012) 

provided definitions for chosen attributes and identified several levels of their sub-attributes as shown 

in Table 2.4.  

Table 2.4: Definitions of the five chosen usability attributes and their sub-attributes derived from (Dubey et al., 2012) 

Attribute Definitions Sub-attributes 

Effectiveness “The degree to which the software facilitates the user in 

accomplishing the task for which it is intended with precision and 

Task accomplishment, 

operability, universality, 
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completeness while avoiding most errors in varying contexts of 

use” Dubey et al. (2012). 

flexibility and errors 

Efficiency “The performance of the software in accurately and successfully 

completing a task in return for the user effort, finances and 

resources that are invested.” Dubey et al. (2012) 

Efficiency in human effort, 

task execution time, tied up 

resources and economic costs 

Satisfaction “The degree to which the software is likeable, comfortable, 

attractive and trustworthy for the users.” Dubey et al. (2012) 

Likeability, trustfulness, 

comfort and attractiveness 

Comprehensibility “The degree to which the software has clarity, is easy to learn and 

remember and includes appropriate help/documentation.” 

Dubey et al. (2012) 

Clarity, learnability, 

memorability and helpfulness 

 

By defining the attributes, sub-attributes and reaching a set of classifications for them, the problem 

of multiple usability definitions existence is covered. The above-mentioned attributes of usability set 

a link between the most popularly used usability definitions that are discussed in Section 2.1.2. 

However, the definition provided to the attributes by Dubey et al. (2012) is composed of components 

that are later identified as subclasses, but which are not appropriately defined. The present study 

selects the usability terminologies of effectiveness, efficiency, satisfaction and comprehensibility as 

usability measurement factors. However, these attributes will be discussed and defined furthermore 

throughout the thesis to provide in depth understanding of them.  

2.1.4  The Importance of software usability in Software Development Projects 

The importance of software usability is especially considered in the field of Human Computer 

Interaction (HCI), which concerns how users interact with a computer. As such, it can determine the 

quality of our experiences using computer software. This does not mean that giving importance to 

usability is at the expense of functionality. Rather, as pointed out by Constantine (2011), the founder 

of User-Centred Design (UCD), basic functionality is the starting point, and focusing on usability helps 

to think beyond providing mere functionality to enhance the user experience. Constantine and 

Lockwood (2003) defined UCD as “a systematic, model-driven approach to visual and interaction 

design.” 

In the business context, ensuring a high degree of software usability could make a significant 

difference in terms of lowered costs, improved productivity, and reduced need for training 

requirements (Memmel et al., 2007, Saeed, et al., 2019 and Teka, et al., 2019). As an example, Karat 

(1990) highlighted a case in which a major computer company saved US$41,700 on the first day that 

their system was in use by making sign-on attempts faster for a security application. This increased 
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usability in optimising user interfaces was achieved by adopting an iterative design method at a cost 

of only US$20,700. As demonstrated by Constantine (2011), in the case of websites, attention to 

usability can lessen the likelihood of users seeking alternative sites.  

However, it was observed that in many projects’ usability issues have either not been given sufficient 

attention (Larman, 2002), or were being neglected altogether (Kruse, 2002). Although, Abran et al. 

(2003: 1) stated that “Software usability is no longer a luxury, but rather a basic determinant of 

productivity and of the acceptance of software application,” usability is not considered an absolute. 

Beyond applying a certain level of resource, it is not usually cost-effective to improve usability further. 

Expectations of usability have also changed over time; what may have been considered usable when 

a system was launched is not necessarily true many years later. For example, the command line 

interfaces popular with Linux fans used to be considered usable for far more applications than they 

would today. 

Nevertheless, within the last decade especially, there has been a major shift in the design, 

development and deployment of software applications as usability is being recognised as playing an 

important role in the software quality and evaluation process (Bevan, 2009; Hayat et al., 2015; Lacerda 

and Wangenheim, 2018).  However, studies still argue that the reason for the limited number of users 

involvement specially within  early stages of software development (Shackel, 2009) resulting in low 

usability products have been related to the knowledge background of the developers that are mainly 

in programming and lack the ability to understand ordinary users’ problems due to the lack of 

resources and competence (Nielsen et al., 2006). Therefore, many software development projects to 

date choose to follow an SDLC methodology that is not restrictively focused on users, such as UCD. 

Although, ensuring usability is accomplished, identifying usability requirements during the early stages 

of the SDLC to encapsulate usability goals (Cayola, L. and Macías, J.A., 2018) and to prioritise usability 

throughout development are needed. In practice, however, it has been reported that usability 

requirements are either not documented or they are documented too late in the SDLC (Ramakrishnan, 

L. and Gunter, D., 2017). This inevitably results in software lacking with respect to usability. An early 

assessment of usability during the conception stage of an SDLC is therefore essential (Hussey, A., et 

al., 2001). SDLC methodologies such as Agile (Cockburn, A. and Highsmith, J., 2001) and Waterfall 

(Royce, W., 1987), do consider usability but not to the extent of integrating it from as early as planning 

stages. However, to bridge the gap between the practice and theory of usability adaption in software 

projects, this study focuses on integrating usability within those methodologies with respect to time 

and effort considerations. Moreover, to highlight on the importance of properly integrating usability 

throughout the SDLC stages, this study provides an analysis of the risk associated as mentioned in 
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Table 2. 3.  

2.1.5  Established Usability-focused SDLCs 

There are several SDLC models that were developed to ensure high usability. One of these models is 

a Scenario-Based Design (SBD) framework (Rosson and Carroll, 2009), which in theory argue to 

incorporate users through all phases of software development from requirements analysis through to 

evaluation of usability and iterative development. In theory, in SBD, usability evaluation guides the 

entire development process, and usability is ensured by considering the future use of a system during 

the early stages (Lee et al., 2011b). The focus is more on users than on functionality, in this case 

specifically on how users will use the system for accomplishing tasks. However, SBD require high 

flexibility throughout development processes to integrate requirements, high level of expertise in 

usability to develop effective scenarios (Carroll, J., 2000), all of which are yet challenging factors to 

practically implement SBD model in the vast majority of software development projects.  SBD is also 

challenging for it might be limited or restricted to a segment of users or too generic to exclude specific 

segment of users, and it is open to different interpretations (Vincent, C. and Blandford, A., 2015).  

The concern for usability in software development is a characteristic of UCD. It focuses on end-users 

improving the user experience, relying on user feedback, testing or studies, and usually involves 

iterative prototyping (Bevan, 2001). The terms ‘Human-Centred Design and Activity-Centred Design’ 

were coined by Norman (2005) who later advocated that rather than merely focusing on users per se, 

the focus should be on the activities in which they engage, the tools they use to accomplish tasks and 

the tasks performed during those activities. This change in focus reflects the growing importance 

attached to ensuring software usability in a wider sense than merely satisfying users. 

According to Gould and Lewis (1985), when designing for usability, besides focusing on users and tasks, 

and adopting an iterative design, empirical measurement of usability is also essential. Focusing on 

users and tasks by examining their attitudinal, behavioural, cognitive and anthropometric 

characteristics helps designers to understand the users. Therefore, the adoption of an iterative design 

was recommended so that any usability problems that are discovered throughout the development 

phases can be fixed in time. The continuous usability evaluation is critical to ensure software usability 

and users satisfaction. However, as discussed by (Salah, D., et al., 2015) the integration of UCD 

philosophies and practices in Agile, which is an iterative model, bare challenges and is understudied 

in literature.    

However, UCD is not easily incorporated by developers, especially in small to medium software 

development projects, which are the domain of this study, not merely because of budget, time and 

resources limitations but rather the ability to accommodate UCD within SMEs and the focus required 
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(De Lille, C., 2014). It requires specialised user-experience knowledge for applying it in software 

developing projects which can be rather challenging (de Lima Salgado, A, et al, 2016) specially in 

projects where the roles of the team members are not rigid or restricted. For instance, developers 

need to understand the action theory that explains the way people do things to complete a task in 

general (Norman, 1986) in order to be able to implement UCD.  UCD also follows structured design 

methods and techniques to be successfully implemented (De Lille, C., 2014). On the other hand, it 

requires close involvement of stakeholder and end-users (Daly-Lynn, J., et al, 2016) before, during 

and after development, which can be challenging for software developing projects, especially for small 

to medium enterprises (De Lille, C., 2014). With flexible and unstructured software development 

models followed mostly in small to medium projects (Curcio, K., et al, 2019) the process of recruiting 

end-users is not an easy task neither is continuous involvement request from them for it requires time 

and effort on the part of users. Users’ involvement from requirement phase of development and 

throughout the development phases requires thoughtful planning of time and resources (Salah et al., 

2014). The challenge faced by involving users also affects the selection of evaluation methods, which 

might force towards selecting methods that requires no users-involvement or inappropriate 

application by conducting it in inappropriate SDLC stage. The access to the appropriate users is also a 

challenging fact in incorporating usability testing (Salah et al., 2014) that is due to extensive planning 

and scheduling requirements ahead to development which might not be suitable. for time-limited 

development models. In short, although UCD seems like the correct path to ensure product usability, 

practitioners in the field showed reluctancy in adapting it for its envisioned by the industry of software 

development as complex, time consuming, expensive and challenging to incorporate into 

organisational level (Venturi and Troost, 2004).  UCD, if implemented, successfully achieves usability 

goals. However, this study extends the concepts used in UCD that relate to integrating usability 

evaluations throughout SDLC stages to enable successful integration of usability in non-UCD models 

without the challenges accompanying UCD model.  

2.1.6  ISO standards 

The international organisation for standardisation has issued several standards related to usability in 

general, and software usability specifically. Relevant to the focus of this study on usability and its 

widely accepted importance in ensuring software quality (Earthy et al., 2001), this section discusses 

ISO usability standards to shed further light on what is expected in the industry.  To ensure software 

quality, the International Organization for Standardization (ISO) has developed several models for 

measuring software usability. These include capability of use ISO/TR 18529, User Centred Process ISO 

13407, Interface and Interaction ISO 9241 parts 10, 12-17 and ISO/IEC 9126-3, and Usability in Context 

ISO 9241-11, ISO 14598-1 and ISO/IEC 9126-1, 4. Relevant standards to this research are listed in Table 
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2. 5. The objective of this series of standards that ISO has provided is to serve as a framework of rules 

and regulations that are internationally agreed on among experts in the field to ensure software 

quality. Organisations can benefit from these sets of standards if accessible to improve usability based 

on the standards and gain access to different views in respect to usability.  

Table 2.5: ISO standards for measuring software usability (Bevan, 2001) 

Standard Detail 

ISO-TR 18529 Defines a ‘Usability Maturity Model’ based on ‘Human-centred lifecycle process 

descriptions’ involving appropriate evaluation. 

ISO 13407 Revised by ISO 9241-210, which provides requirements and recommendations for applying 

human-centred design principles to enhance human-system interaction. 

ISO/IEC 9126-3 Defines internal metrics for measuring six external quality usability characteristics defined 

in ISO/IEC 9126-1. 

ISO/IEC 9126-4 Defines quality in use metrics for measuring characteristics or sub-characteristics to 

determine the effects of using the software in a specific context of use. 

ISO 9241-10, 12-17 Part 10 defined ergonomic principles, since withdrawn; Parts 12-17 give recommendations 

for presenting information, ways of evaluating user interfaces, and for designing menu, 

command language, direct manipulation, and form-filling dialogues. 

ISO 14598-1, 4-5 Provides guidelines for applying ISO 9126 of which part 1 gives a general overview for 

software product evaluation. Part 4 gives requirements, recommendations guidelines for 

measuring, assessing and evaluating software quality systematically, and part 5 details the 

activities needed for evaluation. 

 

The standards in Table 2.5 focus on evaluating usability, integrating usability in software development 

lifecycle and usability concepts and method, which is the core interest of this research. However, the 

ISO standard have not provided a framework for integrating usability within small to medium sized 

organisations in which, resources, expertise and time are limited (Alyahyan, L., et al, 2016). The ISO 

standard are mostly inapplicable by developers or usability practitioners, especially in small to 

medium sized software development project, due to the high cost of accessing these standards and 

the complexity of understanding and accurately applying them in practice (Earthy et al., 2001; 

Alyahyan, L., et al, 2016). Moreover, ISO standard does not facilitate the process of selecting UEMs 

but it rather provides general details on implementing them. Finally, ISO standards, in general, are 

formulated using language and terminologies often considered different to what developers and non-

expert usability practitioners are exposed to (Seffah, A., et al, 2005; Alyahyan, L., et al, 2016) 

2.1.7  Summary of Section 2.1 

Usability has been a component of various types of SDLCs. Nevertheless, there has been a shift in 

interest towards introducing UCD focusing closely on user’s perception of a software indicating that 
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usability is not considered an add-on practice in ensuring software quality. The need for expertise to 

incorporate UCD and the resources requirements of doing so has resulted in limited integration of 

UCD in wider industrial scale.  Nevertheless, practitioners and researchers have been focusing on the 

usability aspects in general, and into integrating it within SDLC stages. The increasing interest on 

usability reflected on establishing several ISO standards discussing usability and its integration within 

development projects but they are inaccessible specially by small- to medium-sized projects with 

limited expertise and budget.   Therefore, despite the existence of ISO standards and UCD models, the 

complexity attached to defining, measuring and integrating usability still exists. As an approach to 

solve this complexity, this study focuses on finding common terminologies in popular usability 

definitions, semantically categorising them. Furthermore, this study is concerned with integrating 

usability activities within SDLC stages by investigating ISO standards and UCD concepts to find a 

method to apply them within SDLC stages. The main activities in UCD and ISO 9241-210:2010 are to 

specify the context of use, specify requirements, create design solutions, and evaluate designs.  

 

2.2  Software usability evaluation  

 

This section of the literature review provides an overview of various classifications of usability 

evaluation methods, and the criteria used in previous studies to classify and to test usability. It 

investigates the appropriateness of current classification schemes and testing criteria to extract an 

applicable approach in providing solutions for this study’s aims. It also provides a brief introduction to 

a selected number of usability evaluation techniques of interest to this study. These points are 

considered as the building blocks for the framework of this thesis.  

2.2.1  A brief history of usability evaluation  

In the 1980s, software usability evaluation was introduced in two main forms, usability testing and 

usability inspection (Nieminen, M., et al, 2007). In the 1990s, several handbooks of how to conduct 

usability evaluations in the laboratory were published: ‘Usability Engineering’ by Jakob Nielsen 

(Nielsen, 1993), ‘Handbook of Usability Testing’ (Rubin, 1994), and ‘A Practical Guide to Usability 

Testing (Dumas and Redish, 1999). These were followed by ISO 9241-11 standard (ISO 9241, 1998) 

presenting generic guidance on how to specify and evaluate usability in different contexts. In 1994, 

Nielsen published his usability-evaluation method strategy calling it ‘usability inspection methods’ in 

contrast to costly and time-consuming usability testing methods, claiming that they can be applied 

earlier in SDLC stages. Ever since, studies on usability evaluation methods have referred to ‘usability 

testing’, ‘usability techniques’, ‘usability evaluation methods’ or ‘usability inspection methods.’  In this 
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study, any method or technique used to evaluate usability is referred to as a Usability Evaluation 

Method (UEM).  

Several studies focused on comparing UEMs strengths and weaknesses (Bailey, et al., 1992, Karat, et 

al., 1992, Henderson, et al., 1995, Molish, 1998, Riihiaho, 2000) which would assist the process of 

choosing appropriate UEM when comparing to another UEM. However, there is a lack of standard 

criteria of comparison (Hornbæk, K., 2010; Paz, F. and Pow-Sang, J., 2016) due to vast variety of 

alternative existing UEMs resulting in a gap in fully understanding of UEMs capabilities and limitations 

(Hartson, H., et al, 2001). The lack of studies focusing on in-depth analysis of UEMs individually (Paz, 

F. and Pow-Sang, J., 2016), rather than comparing a UEM to another as in (Mvungi, J. and Tossy, T., 

2015; Khajouei, R., et al, 2018), or studying the level of accuracy of the results of implementing UEMs 

or their effectiveness as in (John, B. and Marks, S., 1997; Hartson, H., et al, 2003; Hasan, L., et al, 2012) 

contributed in creating the problem domain with which this study is concerned.  

2.2.2  Classification of UEMs in previous works: Critical analysis  

The classification of UEMs in the literature has not yet been standardised or reached an agreed 

nomenclature amongst its practitioners (Paz, F. and Pow-Sang, J., 2016). Many studies divided UEM 

into two major classes: Inspection methods and user/usability testing as in (De Kock, E., et al, 2009; 

Law et al, 2012; da Silva, T., et al, 2015). The main criteria for this classification in several studies are 

based on users’ engagements and resources requirements (Desurvire et al., 1991; Jeffries and 

Desurvire, 1992; Nielsen, 1994; Tullis et al., 2002). Usability testing requires user involvement in 

conducting evaluation exercises and, in the majority of cases, laboratory settings. The involvement of 

users in conducting the evaluation, the requirement of controlled conditions, as in a laboratory 

resulted in classifying these methods by many researchers as “experimental usability testing” or 

“laboratory usability testing” (Jeffries and Desurvire, 1992; Tullis et al., 2002). It also is applicable 

mostly in the later stages of software development stages. Inspection methods, on the other hand, 

are arguably an inexpensive evaluation to be conducted by usability experts in any point of the 

software development stages (Nielsen and Mack, 1994). However, some inspection methods, such as 

‘cognitive walkthrough’, require extensive knowledge from practitioners that are considered 

laborious. ‘Pluralistic walkthrough’, an inspection method, on the other hand, does require user 

involvement.  

Another classification was provided by Nielsen and Mack (1994) who classified usability evaluation 

methods into: 

• Automatic – software evaluation 

• Empirical – user testing 



 44 

• Formal – evaluation models  

• Informal – expert evaluation. 

Nevertheless, this classification contains overlapping methods. Empirical testing can partially be done 

automatically, informal evaluation does require formal settings, and so on. In 2001, Ivory and Hearst 

categorised UEMs into five different categories based on the results of conducting evaluation 

methods: 

• Testing: an evaluator observes users working with the system while trying to complete their 

own real work rather than tasks defined by the evaluator to determine usability problems.  

• Inspection: the uses of set of criteria or heuristics by experts/evaluators are considered to 

identify potential usability problems the system. 

• Inquiry: feedback is provided by users regarding the system via interviews, surveys and 

questionnaires.  

• Analytical modelling: usability predictions are generated throughout employing user- and 

interface-models by evaluators.  

• Simulation: mimicking user interaction with the system by an evaluator who employs users 

and interface models to report results of this interaction.  

 

The problem with this type of categorization is that it dismisses the ability of a UEM to produce more 

than one result. The terminologies used to name the classes are defined by the process of each class 

rather than the result, thus allowing wider adaptation of the categorization.  

Fernandez et al. (2011) argued that despite several proposed taxonomies for classifying usability 

evaluation methods, they can generally be categorized into two different types: 

 

• Empirical methods: methods of capturing and analysing usage data from real end-users. 

• Inspection methods: methods performed by expert evaluators or designers. 

 

As noticed from the definitions provided for the both classes suggested, their categorisation depends 

on the user’s involvement, which again creates the same obstacles as the classification mentioned 

earlier in this section.  

 

The attempts at classification in literature are not mutually exclusive. Those classifications also do not 

play a critical role in assisting decision makers in their quest to choose the appropriate method to their 

projects for they are not based on goals of conducting UEMs, when in SDLC they are applicable, what 
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usability attributes they fulfil and what resources they need.  

 

The classification schemes suggested in the literature are either based on the resource-requirement 

dimension or are results-oriented. Neither of which is sufficient to satisfy the need to build an 

integrated formal model for choosing UEMs. Although a meta model could be developed to categorise 

these classifications; however, it was out of the scope for this particular research scope. Therefore, 

the criteria that are chosen to establish the process of creating classes in this study are: the purpose 

of conducting usability evaluation (objectives), the desired usability attribute to measure, resources 

requirements, and applicability within SDLC. This will be discussed in Chapter 5.  

 

2.2.3  Analysis of UEMs  

Researchers failed to critically analyse UEMs in depth to identify their strength and weaknesses 

(Zahran et al., 2014).  Therefore, there is little information regarding their benefits and drawbacks 

(Fernandez et al., 2011). This lack of research and studies into UEMs from a comparative perspective 

causes a crisis in the field of usability, resulting in inadequate evaluation practices prematurely (Zahran 

et al., 2014) contributing to the problem domain of this study. 

Fernandez et al. (2011) collected studies from 1996 until 2009 in the domain of UEMs and confirmed 

that there is a limitation in the number of evaluation methods being compared and few studies 

investigate those methods.  Therefore, the literature is lacking the identification and classification of 

UEMs ever since, as discussed in Section 2.2.2.  

Therefore, this study attempts to introduce an appropriate classification for UEMs based on criteria 

that are critical in the decision-making process to reach appropriate decisions regarding usability 

evaluation especially, and helpful for further studies of usability generally. In this section a brief 

discussion of selected UEMs is illustrated. They will be critically analysed to emphasise their strengths 

and weaknesses. Table 2. 6 shows the results of the analysis. However, this study selects several 

terminologies referring to UEMs for two reasons: 

• Existence of vast numbers of UEMs in literature 

• Rapid emergence of new UEMs.  

The selected terminologies of UEMs are based on their generic and holistic characteristics that are 

mutually exclusive. For the generalisation purposes of the thesis, the terminologies used to refer to 

usability evaluation methods are derived based upon the techniques rather than the commercial 

terminologies that might be given to them to avoid repetition of techniques under different 
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commercial names of UEMs. Additionally, as many UEMs have been automated and can be conducted 

remotely, this study does not consider automation and remote applicability as criteria of selection as 

it does not satisfy the initial selection criteria of exclusiveness of techniques in the following list.  The 

selected UEMs terminologies are:  

1. Benchmarking: compare two user interfaces for the same product (earlier versions and a 

newer version) or with a competitor’s product (Hassan and Li, 2005).  

2. Card sorting: to help understand a user’s expectation of a site’s architecture (Nielsen, J., 1995; 

Wood and Wood, 2008).  

3. Cognitive walkthrough: adaption of potential user personas by evaluators to examine a user 

interface to inspecting system learnability, i.e. ease of use. Evaluators play the role of users to 

identify usability problems and predict problems that the user may encounter (Nielsen, 1994). 

4. Field studies/ contextual inquiry: the evaluator visits users or potential users in their own 

environment and observes them working (Ferrell, 2016). 

5. Focus group: a type of structured discussion about specific topics conducted in groups. A focus 

group is a meeting of about six to nine users wherein users discuss issues   relating to the 

system (Ghasemifard et al., 2015) 

6. Heuristic evaluation / expert evaluation: Heuristic Evaluation (HE) is a usability inspection 

technique introduced by Nielsen (1994). It is a technique where usability experts work as 

usability evaluator in a small group to determine whether the system confirms to heuristic 

principles and identifies usability problems within it. 

7. Interviews: to get a deeper understanding of the user’s attitude, desires and expectations 

throughout specifically designed questions.  

8. Logs, screenshots and recordings: keystroke level modelling, recording users logs and 

mouse/cursor movement and audio or video recording.  

9. Personas: Personas are fictitious user representations created to embody behaviours and 

motivations that a group of real users might express, representing them during the project 

development process (Junior and Filgueiras, 2005). 

10. Pluralistic walkthrough: is an evaluation method that puts small group of users, developers 

and evaluators in a discussion regarding hard-copy or paper-based system informational 

architecture (Holzinger, 2005).  
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11. Usability questionnaires: Survey based methods typically make use of a questionnaire 

administered to a large sample of potential or existing software users (Paz, F. aand Pow-Sang, 

J., 2016). One such instrument developed by IBM is the CUSQ (Computer Usability Satisfaction 

Questionnaire), which was designed to measure four aspects, namely usefulness of the system 

(SYSUSE), information quality (INFOQUAL), interface quality (INTERQUAL), and overall 

satisfaction of users (Karampelas, 2012: 160). Further examples of survey-based 

questionnaires include QUIS (Questionnaire for User Interaction Satisfaction), SUMI (Software 

Usability Measurement Inventory and SUS (System Usability Scale). 

12. Survey/ feedback: quantitative asynchronous remote-testing method recorded in a style of 

questionnaire built specifically for the system.  

13. Think aloud: users are asked to perform a task and verbalise their thinking process while doing 

so (Jääskeläinen, 2010). 

14. Performance testing: Testing is carried out to determine how the software responds under 

load conditions (Patel and Gulati, 2015). 

The literature for each UEM as shown in the list above, was then analysed to gather UEM strengths 

and weaknesses discussed in previous studies and/or from the analysis of the literature. The result of 

deriving the information regarding strength, weaknesses and applicability in SDLC stage is gathered 

throughout references provided above to each UEM, (Paz and Pow-Sang, 2016) and (Usabilitybok.org, 

n.d.) additionally to the references shown in Table 2.6.  

Table 2.6: UEMs strength and weaknesses as derived from literature  

UEMs Strength  Weaknesses  Applicability  

Benchmarking  

(Usabilitybok.org, 

n.d.) 

Time efficient.  

Initially developed to study system 

efficiency (time on task and 

number of errors before 

completion) to gain competitive 

advantage (Berkun, S, 2003) 

 

Requires a large group of 

participants.  

Requires repetitive sessions.  

 

Requires a 

functioning 

product.  

Card sorting  Build the structure for your 

website, decide what to put on the 

homepage, and label categories 

and navigation. 

Simple and cheap to run card 

sorting sessions. 

Quick to get research conducted 

Results can be varied and there 

could be no real pattern in the data. 

Analysing the results can be time 

consuming depending on the 

complexity of the data. 

Card sorting does not consider users 

tasks and goals, so if the research is 

Design 

architecture.  
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and results back from users, 

especially if sessions are 

conducted remotely. 

Provides a good insight about the 

users and how they would expect 

the information to be organised. 

used without taking this into 

account, a structure that is not 

usable for the user to complete 

their tasks on the site could ensue. 

Cognitive 

walkthrough  

May be conducted without 

firsthand access to users.  

takes explicit account of the user's 

task.  

Provides suggestions on how to 

improves learnability of the system 

(Hollingsed, T. and Novick, D., 

2007) 

Can be applied during any phase of 

development.  

Is quick and inexpensive to apply if 

conducted in a streamlined form. 

The value of the data is limited by 

the skills of the evaluators (Virzi, R., 

et al, 1993).  

Tends to yield a relatively superficial 

and narrow analysis that focuses on 

the words and graphics used on the 

screen.  

The method does not provide an 

estimate on the frequency or 

severity of identified problems.  

Following the method exactly as 

outlined in the research is labour 

intensive (Hollingsed, T. and Novick, 

D., 2007) 

Any phase.  

Field studies/ 

contextual 

inquiry 

Clear understanding of user 

environment.  

Allows focusing on specific issues 

of interest.  

Allows gathering user’s 

behavioural data  

It is context specific therefore, it: 

Might Requires planning.  

Might be time consuming.  

Might be costly (Hollingsed, T. and 

Novick, D., 2007) 

Requirement 

gathering 

phase.  

Focus group  Requires small group of 

participants.  

Helps understand user attitude, 

behaviours and beliefs.  

Results may vary and would be 

difficult to find common theme. 

Before design.  

After 

deployment.  

Heuristics 

evaluation/ 

expert evaluation  

Inexpensive, faster and requires 

minimum resources relative to 

other evaluation methods (Nielsen 

and Molich, 1990).  

Advanced planning not required 

(Nielsen and Molich, 1990).  

Evaluators do not have to have 

formal usability training. (Nielsen 

and Molich, 1990; Nielsen, 1992).  

It is an effective method to identify 

standard problems (Hollingsed, T. 

and Novick, D., 2007) 

Depends on usability expertise of 

evaluators.  

Multiple evaluators are 

recommended (Nielsen and Molich, 

1990).  

May not identify many usability 

issues (Nielsen, 1989).  

Heuristic reviews may not scale well 

for complex interfaces (Slavkovic 

and Cross, 1999).  

Does not always readily suggest 

solutions for usability issues that are 

Any phase 

(Hollingsed, T. 

and Novick, D., 

2007) 
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 identified (Nielsen and Molich).  

Biased by the preconceptions of the 

evaluators (Nielsen and Molich, 

1990).  

Heuristic evaluations may be prone 

to reporting false alarms (Jeffries, 

1994). 

Inability to gather user’s needs if 

different from evaluator 

(Hollingsed, T. and Novick, D., 2007) 

Interview  Gathers users’ attitudes, beliefs 

and experiences about certain 

aspect of the system  

Allows further elaboration which 

would provide elements for user’s 

satisfaction   

(Mehlenbacher, B., 1993) 

 

Requires time for planning  

Sensitive to type of questions (open 

or closed) 

Sensitive to the environment and 

situation in which interviews takes 

place (Mehlenbacher, B., 1993) 

Time consuming to conduct  

Data needs expertise for producing 

good analysis 

 

Early 

development.  

Logs, records and 

screenshots  

Gathers data about users’ 

preferences of software 

architecture and layout.   

Provides an overview of user’s 

experience with the system 

They are the least intrusive 

method for collecting feedbacks 

(Mehlenbacher, B., 1993) 

Provides extensive information 

about time spent on tasks 

(Hollingsed, T. and Novick, D., 

2007) 

Not a diagnostics tool.  

Requires large group of participants.  

Requires costly equipment and/or 

laboratory setting  

Late 

development.  

Persona  Helps direct and inform design 

decisions.  

Helps communicate users’ needs 

to stakeholders.  

Cost and time efficient.  

It is an informal method. 

It needs in-depth planning.  

Design.  

All phases.  

Pluralistic 

walkthrough  

Generates valuable quantitative 

and qualitative data. 

Allows direct communication 

between developers and users.  

Requires user’s commitment for 

laborious activities.  

Requires on-site availability of all 

participants.  

 

Early design. 
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Usability 

questionnaires  

Measures ease of use.  

Measures user satisfaction.  

 

Not diagnostic.  

Requires large group of participants.  

Results can be difficult to interpret.  

Late 

development.  

Survey/ Feedback Allows gathering of quantitative 

data.  

Feasible to conduct.   

Inexpensive to administer  

Gathers user experience.  

Gathers subjective satisfaction 

(Hollingsed, T. and Novick, D., 

2007) 

Does not provide rich behavioural 

data. 

Does not diagnose a problem 

accurately for it is exposed to 

potentials of response bias  

Prone low result validity for it needs 

large responses  

Needs expertise to develop 

questions that would be beneficial 

for the purposes they are generated 

for and only collects opinion of 

user’s (Hollingsed, T. and Novick, D., 

2007) 

 

Late 

development.  

Think Aloud  Diagnostic method to evaluate 

usability.  

Provides insight on user 

expectations.  

Identifies conceptual problems  

Provides attitudinal data  

Useful mean of generating design 

feedbacks  

(Mehlenbacher, B., 1993) 

Requires fairly small number of 

users to understand user’s 

preferences and attitude 

(Hollingsed, T. and Novick, D., 

2007) 

Requires resources.  

Time consuming.  

Only conducted on-site. 

Criticized for being unable to obtain 

unexpressed knowledge about the 

context  

Does not allow measurement of 

time or task completion data   

(Mehlenbacher, B., 1993; 

Hollingsed, T. and Novick, D., 2007) 

Early 

development  

 

Performance 

testing  

Examines suitability of 

implemented requirements. 

Requires a formal laboratory.  Code, test and 

deployment  

 

As shown in Table 2.6, the literature does not provide clear inclusion and exclusion criteria for 

classification. UEMs in literature are analysed to extract strength and weakness regardless to a 

standardised set of criteria. Only few analyses provided in literature discussed the strength and 

weaknesses of a UEM based on its effectiveness in measuring usability attributes i.e. effectiveness, 

efficiency, comprehensibility and satisfaction. Hence, further analysis of UEM characteristics needs to 
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be carried out to establish suitable criteria for classification. The categorization of the UEM is essential 

for designing solution framework later in this study. Therefore, the characteristics derived from 

literature are matched to the usability attributes in this study, an example of the output of the 

matching processes that will be carried out to develop the framework, Chapter 5, is provided in Figure 

2. 

 

Figure 2: Matching characteristics derived from literature to usability attribute i.e. effectiveness 

Figure 2 is derived from and built on the model provided by (Dubey, et al., 2012) in which each of 

usability attributes of this research’s scope i.e. effectiveness, efficiency, comprehensibility and 

satisfaction is generically defined and matched to sub-attributes. Their model provides a solution to 

encounter different usability perspectives amongst researchers by unifying taxonomy in an integrated 

model. The general taxonomy provided by (Dubey, et al., 2012) makes it easy to incorporate it in this 

study. For instance, as shown in Figure 3, (Dubey, et al., 2012) matched the attribute of ‘effectiveness’ 

to:  

• task accomplishment,  

• operability,  

• errors  
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• and flexibility.  

 

 

 

 

Noticeable in Table 2.6 is that the strength and weaknesses discussed in the literature for each UEM 

are not semantically related. Each UEM is given characteristics without clearly linking them to the 

usability attributes that they measure. Therefore, in this study, based on information gathered from 

literature regarding UEMs strength and weaknesses partially shown in Table 2. 6, UEMs are analysed 

on the criteria of relating them to usability attributes. The literature investigation of each UEM this 

study is concerned with lead to deriving several descriptive characteristics as shown in Table 2.6 and 

further detailed discussion is given in Chapter 5. These characteristics are further defined then 

semantically match to each attribute and sub-attribute provided by (Dubey, et al., 2012). An example 

of the mapping outcome is shown in Figure 2. As the process of deriving UEMs characteristics, defining 

them and semantically mapping them with usability attribute have not been discussed in literature, a 

detailed discussion of these activities is provided as a part of developing the framework in Chapter 5.  

For instance, as shown in Table 2.6, ‘card sorting’ in literature is described to be a method to gather 

user’s preferences interface’s architectural aspects, which as shown in Figure 2, is matched to 

‘effectiveness’ a usability attribute via the sub-class ‘information architecture’ shown in Figure 2. 

The strength and weaknesses, as discussed in literature, also lack common criteria shared amongst 

the analysis. Many studies consider UEMs that require laboratories and preparation as laborious, 

hence, a weakness. These criteria ignore the project’s resources, goals and objectives of conducting 

usability. The resources requirements of each UEM should not be considered as strengths or 

weaknesses, otherwise that would result in considering informal UEMs to be most beneficial while 

realistically, it would compromise effectiveness of conducting the evaluation. The need for multiple 

techniques to be used on a given project, depending on its context, is an applicable solution to 

overcome the obstacle of inappropriate integration of one or limited number of UEMs based on 

familiarities rather than the project context.  Therefore, this study suggests a formal analysis of UEMs 

mentioned earlier to integrate them in the framework.   

2.2.3.1  Resources requirements  

As discussed in earlier sections in this chapter, and the previous section, UEMs resources requirements 

are always critical factors in analysing UEMs strength, weaknesses and applicability. For instance, as 

Effectiveness  

Task 
accomplishment  

Operability   Errors Flexibility  

Figure 3: Example of attributes and sub-attributes as discussed by (Dubey, et al., 2012) 
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suggested by Nielsen (1994) the typical resources of UEMs are usability group and usability laboratory. 

Other mentioned resources such as: time and cost, in a general concept referring to their availability 

within organisations to conduct a usability evaluation such as (Jeffries, R. and Desurvire, H., 1992; 

Bevan, N., 2006).  In fact, the introduction of inspection and heuristic methods are based on the need 

to provide a “discounted” evaluation method to overcome the obstacles of some usability testing 

requirements (Nielsen, 1994) that are not available within many organisations. However, the “cost” 

of usability evaluation method in many studies are derived from the other requirements factors such 

as: the expertise, the users are the tools and laboratory requirements, as discussed by (Bias, R.G. and 

Mayhew, D.J. eds., 2005). Therefore, in this study, the term “cost” will not be included as a separate 

factor to be considered in the criteria chosen within the framework. The time or duration, on the other 

hand, of planning, recruiting and executing usability evaluation method, as discussed in above section, 

have been always considered as a significant factor in applying a UEM or not. Finally, the use of special 

requirements such as laboratories as always associated with usability testing methods (Nielsen, 1994), 

the specific technologies required for conducting remote testing (Andreasen, M.S., et al, 2007) or 

special setting required for method as eye tracking (Poole, A. and Ball, L.J., 2006) are all considered 

factors in choosing UEMs in this study.  

Next to time, cost and laboratories requirements mentioned above, evaluator’s expertise is also a 

major factor to be considered when determining the resources requirements for a UEM for it majorly 

affects its level of success (Gutwin, C. and Greenberg, S., 2000; Hertzum, M. and Jacobsen, N.E., 2001; 

Holzinger, A., 2005). Similarly, the number of people required to successfully execute an evaluation 

method has been discussed in literature elaborately as a critical factor in ensuring successful 

implementation of usability evaluation (Nielsen, 1994; Hwang, W. and Salvendy, G., 2010; Schmettow, 

M., 2012; Ghasemifard, N., et al, 2015).  

2.2.4  Summary of Section 2.2 

In 1988, usability started to be considered as a software quality characteristic. Later with the 

publications of Nielsen (1994) and other researchers and practitioners, usability evaluation gained 

greater importance. However, most of studies discussing usability evaluation focused on either 

introducing new UEMs (Hüttig and Herczeg, 2017) without a supporting critical analysis studies to 

emphasize on their applicability within different stages of SDLC, or limitations in measuring usability 

attributes and requirements restrictions for their successfulness. Other studies focused on comparing 

UEMs. Consequently, it caused a difficulty in choosing appropriate UEMs by developers. Additionally, 

the studies undertaken in classifying usability testing types, methods, methodologies and tools are 

insufficient. There is a need to provide better understanding of UEM classification concepts and 

critically analyse UEMs given standardized criteria. Furthermore, aligning UEMs with SDLC stages by 
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looking into their aims and objectives is important.  

 

2.3  Choosing the appropriate Usability Evaluation Method/s 

 

The problem domain for this research is the lack of easy and accessible resources that could aid the 

process of determining the most appropriate options of UEM/s in small- to medium- sized software 

projects.   

To understand the extent to which usability evaluation selection studies have reached, this section 

discusses two points: 

• The approaches taken in integrating usability into SDLC  

• Tools and techniques that exist to assess the process of selecting the appropriate UEM.  

2.3.1  Current approaches in Usability Evaluation and their integration to SDLC 

The increasing interest of usability experts in the past two decades (Tractinsky, 2018) resulted in 

different studies discussing emerging evaluation methods, comparing methods and scenarios of 

integrating evaluation methods into development lifecycle. The analysis of studies on the approaches 

followed in usability evaluation and usability integration within SDLC studies to date indicates that 

most studies tend to discuss usability evaluation by producing or discussing methods for separately 

measuring usability attributes causing further difficulties for practitioners to select appropriate 

evaluation method (Paz and Pow-Sang, 2016). On the other hand, dedicated SDLC model is introduced 

to accommodate the evaluation processes, i.e. UCD, discussed in Section 2.1.5. However, the current 

practices of integrating usability evaluations within software developments projects reflects on the 

complexity resulted by the immaturity of the theories discussed in literature. Several studies have 

discussed the challenges and limitations of integrating UCD practices within agile framework 

(McInerney and Maurer, 2005; Fox et al., 2008; Bertholdo et al., 2014) usability evaluation within agile 

(da Silva, T., et al, 2015). However, discarding the area by assuming the non-continuity of these models 

resulted in a gap between theory and practice. Nevertheless, there are few studies that tried to 

conduct usability evaluation within Agile models such as: Zapata, C., (2015) Kieffer, S., Ghouti, A. and 

Macq, B., (2017), Kuusien (2016) and Missiroli (2017). These studies are built on case-specific scenarios 

and did not suggest the development of a framework to generalise the experience of doing so.  

There is a need to analyse and categorise the UEMs, instead of applying them to limited scenarios or 

comparing several of them, to establish a framework that could be adapted by those who are 

interested in usability successfully. Each concept of the problem domain i.e. usability attributes, UEMs 

https://link.springer.com/chapter/10.1007/978-3-319-32165-3_9
https://scholar.google.co.uk/citations?user=IXRr2mQAAAAJ&hl=en&oi=sra
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and applicability within software development lifecycles need further investigation to highlight their 

capability, limitations and applicability to reach a level of maturity. The different point of view of 

usability attributes resulted in multiple definitions and interpretations for concept of usability as 

discussed in Section 2.1.2. It also contributes to the lack of appropriate classification of usability 

evaluation types and methodologies as discussed in Section 2.2. The methods of measuring usability 

need to be critically analysed to highlight their strengths, weaknesses and limitations which this study 

aims to do as a process in building the solution framework. On the other hand, UCD needs to be further 

elaborated or expanded to make it easier for developers to understand and adapt in their projects or 

for usability integration into popular SDLCs (Castro and Acuña, 2016), i.e. Agile and Waterfall methods 

should be one of the main focuses of usability practitioners and researchers.  

2.3.2  Existing tools for Usability Evaluation Method selection  

For depicting suitable. UEM selection, only a few approaches have been developed. Those approaches 

included creating tables, decision trees, charts and questionnaires. A decision tree is usually devised 

in the form of a flow chart, but instead of depicting a sequence of activities, it is based on ‘if-then-else’ 

statements. 

2.3.2.1  Travis (2003): Flowchart 

One such flow chart appears in Travis (2003) to help decide between four usability evaluation 

methods: HE (Heuristic Evaluation), CW (Cognitive Walkthrough), CT (Customer Talkthrough). In this 

particular flow chart, the first decision is whether to test with customers or not for deciding on which 

type to undertake, a usability test (Barnum and Dragga, 2001) or usability inspection (Nielsen, 1994). 

A usability test would involve customers whereas a usability inspection as originally suggested by 

Nielsen (1995) would not need to involve them. In the case of a usability test, the second consideration 

is whether to test against benchmark values. If ‘yes’, the method of CW is recommended, and if ‘no’, 

then CT is recommended. In the case of a usability evaluation, the second consideration is whether a 

good understanding of key tasks is necessary. If so, then CW is recommended, and if not, then HE is 

recommended. This is a simple and unautomated flow chart based on two decision stages, and the 

possibility of four testing methods, but it claims to serve as a tool to show how a decision tree can be 

conducted to aid the decision-making process. 

 

This approach focused only on two criteria in selecting usability evaluation type, i.e. end user 

involvement and expertise. Both of which are the human resource requirement/s for conducting 

UEMs. It is a critical component of the decision-making process, yet it is not considered sufficient for 

reaching an appropriate decision regarding what method to choose to conduct usability evaluation as 
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it disregards many other inputs that should be taken into consideration to reach a good decision, 

which this study will provide in the framework suggested later. A decision based on only these criteria 

are based on assumptions, such as availability of usability experts in the software development team, 

availability of time and tools in the project, and it assumes that all software projects follow UCD 

lifecycle model. Therefore, additional criteria must be considered in the decision-making process 

regarding usability to achieve suitable. solution.  

2.3.2.2  Christian Rohrer (2014): Framework 

Additionally, a group of experts at Nielsen Norman Group, named after the founders Jacob Nielsen 

and Don Norman, have published many articles explaining usability tests and critically analysing them. 

In one of the articles published in 2014 on their website entitled ‘When to Use Which User-Experience 

Research Methods’, by Christian Rohrer, the following chart is presented as a landscape of user 

research methods. The chart is a 3-dimentional framework that illustrates the appropriateness of 

twenty methods regarding the following axes:  

• Attitudinal vs. Behavioural 

• Qualitative vs. Quantitative 

• Context of Use. 

https://www.nngroup.com/articles/which-ux-research-methods/
https://www.nngroup.com/articles/which-ux-research-methods/
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Figure 4: A landscape of user research methods   (A/B testing refers to experimenting between two variants).                          

Source: Nielsen Norman Group. 

However, the methods mentioned in Figure 4 do not include usability inspection methods that are 

popular UEMs used by practitioners. Although some methods that are familiar, such as, interviews, 

focus groups, card sorting, eye tracking, A/B testing and usability benchmarking are presented, the 

chart fails to identify other favoured methods used by practitioners including, questionnaires, 

heuristic testing, expert evaluation and cognitive testing. Besides, some of the mentioned methods in 

the article are not considered methods, but tools. For example, moderated and unmoderated remote 

usability studies, are not methods by themselves. They are a mostly conducted by simulating usability 

testing methods, such as thinking aloud (Andreasen et al., 2007), questionnaires and checklists.   

The dimensions used as criteria to choose the appropriateness of the methods does not include 

software project constraints, i.e. budget and human resources (Alba and Chicano, 2007). In other 

words, it does not emphasise the resources needed to conduct those methods. In successful 

implementation of usability, however, it is important to provide sufficient resources for the usability 

work to be done (Larusdottir, et al., 2017). Otherwise, it may result in failure. Therefore, it is one of 
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the main concerns in the decision-making process to choose a usability testing method suitable. to 

the circumstances/resources of the software project.  

2.3.2.3  Usability Planner: Tool 

The ‘Usability planner’ as shown in Figure 5, is an online decision support tool that is based on ISO PAS 

18152. “It uses a systematic approach of applying value-based software engineering to UCD to migrate 

potential project risks” (Ferre et al., 2010). It claims to be able to help usability experts, such as 

usability professionals, researchers and students, or developers in selecting usability methods 

regarding the following variables with compatibility with UCD only: 

• Cost benefit  

• Risk mitigation. 

‘Usability Planner’ is described as a tool to support the selection of UCD methods to be applied in a 

particular project or organization” (Ferre et al., 2010). It prioritizes human centred design activities 

using ISO PAS 18152. Additionally, it identifies the types of methods to be used in a certain project 

that follow a UCD model. Nevertheless, the Usability Planner uses criteria based on ISO TR 16982 to 

highlight which method is appropriate given certain constraints.  

The tool developers argue that it includes a “comprehensive list of all the potential purposes for using 

UCD methods” (Ferre et al., 2010) which are categorised in groups. Moreover, it tailors the result by 

project constraints and objectives. Then it recommends the most appropriate methods for each 

activity. The prioritizing of recommendation is based on a 5-star ranking that is based on potential 

business benefits or potential risks.  

However, even though the system covers UCD very well, its discarding of other software development 

lifecycle strategies in use, mostly by small organisations, i.e. Agile and Waterfall methods, suggests a 

Figure 5: Screenshot from Usability Planner first page. 
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diversion from its overall goal. The purpose is to support small- to medium-sized organization or 

software development projects by offering them a tool by which they can use the most appropriate 

usability testing method which is tailored to their own constraints. As many studies shows, the main 

reason for not adapting usability testing more frequently in commonly used software development 

lifecycles is the time and money spent to do so. It is not the type software development lifecycle 

chosen itself. For this reason, the Usability Planner lacks the ability to support most software 

development projects.  

Moreover, the Usability Planner argues that it offers further detail of the recommended usability 

testing methods. However, after a few testing trials of using it, it shows that it does not provide as 

much detail as it claims. Mainly, it presents methods with their definitions. In some cases, it leaves the 

user with a blank box that suggests the information requested is unavailable. This lack of supportive 

aspects causes deviation to occur from the main purpose of using it as a decision support tool 

especially by non-usability experts.  

On the other hand, the recommendations appear to be linked vaguely to project constraints. As the 

tool creator said, it is based on potential business benefits or risks mitigation, suggesting that it is not 

based on project resources. It merely highlights the importance of conducting a usability test.  

2.3.3  Summary of Section 2.3 

This section investigated the currently suggested methodologies in selecting UEMs in the literature. 

There is a limited number of studies focusing on developing frameworks to perform this task. Few 

studies concentrated on UCD in building their tool or methodology. Other studies lacked generalized 

concept considerations and inclusion of UEMs. There is a gap in literature in the domain of 

methodologies proposed to choose appropriate UEM. The gap affect is considerably noticeable in 

small- to medium-sized software developing projects given the SDLC models followed and resources 

availability.  

 

2.4 Conclusion  

 

Three major concepts in the literature related to the problem investigated by this thesis were 

assessed:  

• Usability  

• Usability Evaluation Methods (UEMs) 

• Methods of choosing appropriate UEMs. 
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Each subject has been examined, analysed and their components identified and discussed. The 

discussion led to understanding the gap in literature regarding the topic of this study. The first research 

question proposed in Chapter 1 that “what the underlying theories and application of software 

usability and software usability evaluation methods are?” has been answered in Sections 2.1 and 2.2.  

Furthermore, Section 2.2 explored the existing studies in analysing, classifying and applying UEMs. The 

literature shows lack of studies in this area. UEM classifications suggested by practitioners are not 

standardized. The lack of standardization is caused by shortage of studies in appropriately analysing 

UEMs to investigate their characteristics, requirements, objectives and applicability.  

Finally, an overview of currently developed frameworks used in choosing UEMs is given in Section 

2.3. It concluded that there is a need for a framework that would consider all SDLC models to be 

applicable in most of software development projects, classify and categorize UEMs according to 

their effectiveness in measuring usability attributes and finally analysing resources requirements in 

conducting UEM and matching them to software project resources. A framework that embraces 

these criteria would contribute in solving the research problem. 

The following chapter explains the methodology used in conducting this research, including a 

detailed discussion of collecting the data necessary in building the framework, and validating and 

evaluating it.  
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Chapter 3: Research Methodology  

 

This chapter discusses the research philosophy and the various data collection and analysis methods 

applied in the present study. Several methods for data collection were carried out to satisfy the 

research objectives. Details of the process of selecting the methods and analysing them is provided in 

the subsections below. 

 

3.1  Introduction  

 

This chapter discusses the methodology that is followed by this research for identifying the gap in the 

research problem domain and proposing a solution to close the gap. The research problem (see 

Chapter 1) concerns the challenges of applying appropriate Usability Evaluation Methods (UEMs) 

under different variables. The solution proposed is to establish a new knowledge-based decision 

support tool that will assist software development teams in successfully integrating UEMs in their 

projects. In developing the tool, the most important factors affecting the problem domain were 

researched. In line with the knowledge gathered throughout conducting the literature review, data 

was collected to support understanding of the problem domain and helping to create a solution.  

This chapter identifies and justifies the underlying philosophical paradigms to satisfy the research 

objectives. A research philosophy sets out the researcher’s assumptions that guide the research 

(Easterby-Smith et al., 2002), strategy design and methods selected for the work are discussed in the 

following sections. The qualitative data collection and analysis methods adopted by this study are 

highlighted while justifying the choices made. To outline this study’s methodology, a research ‘onion’ 

as shown in Figure 6 was considered. The outer layer shows the four dominant research philosophies; 
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the inner layers detail the associated approaches, strategies, choices, time horizons, and common 

techniques and procedures adopted under each of the philosophies. 

 

Figure 6: Research ‘Onion’. (Source: Saunders et al., 2012.) 

 

 

3.2  Research philosophies  

 

This section discusses the commonly used research philosophies: Positivism, Interpretivism, 

Pragmatism and Realism, and their applicability in this research. A research philosophy describes “a 

way of thinking about and conducting a research” (Gliner & Morgan, 2000: 17). Specifically, a whole 

research paradigm is concerned with “how researchers make claims about what knowledge is 

(ontology), how they obtain knowledge (epistemology), the underlying values (axiology), how we 

write about it (rhetoric), and the process adopted for studying it (methodology),” (Creswell, 2003: 6). 

Then it will highlight the selected philosophy in this study and provides a justification of the selection.  

3.2.1  Interpretivism/Constructivism  

The philosophical stance of interpretivism arose in reaction to the philosophy of positivism to provide 

a qualitative-based research paradigm. 

This paradigm is usually suitable for research in the field of social science in which it emerged because 

it is based on viewing reality as socially constructed. It therefore helps to interpret the meanings that 

people ascribe to that reality through probing their personal experiences (Saunders et al., 2007), in 



 63 

this case usability evaluation. It is also suited to cases where limited research has been conducted 

previously or the subject matter is new (Saunders et al., 2007). It is not suitable for instance, to study 

cause-effect relationships. Research based on interpretivism usually involves investigating intangible 

aspects, such as value judgements, behaviour, feelings, attitudes and beliefs, and where the goal is to 

obtain a description, an interpretation or meaning. Also, it is typically based on a small sample size, 

which raises issues of representativeness of the data, and the generalisability of the findings. 

Intangible aspects of knowledge, beliefs and attitudes were ascertained in this study through 

interviews and focus groups, and observations were used to gather further qualitative data without 

involving the participants directly. This study is also characterised by a small sample of developers to 

gather different opinions about the nature of the problem and to evaluate the usefulness of the 

techniques proposed as a solution. The other paradigms would not have been suitable for this sample 

and for gathering data on the aforementioned intangible aspects and other data obtained through 

observations. 

3.2.2  Positivism 

The philosophical stance of positivism was formed in the 19th century and refers to the use of rational 

thought and the scientific approach for comprehending and manipulating the world (Caldwell, B., 

2015). That is, under positivism, knowledge is created through conducting research by applying the 

model of natural sciences where data is collected based on a wide perspective from diverse samples, 

usually by means of structured instruments, such as survey questionnaires (Finch, 1986). This 

particular criterion contributes majorly in its unsuitability for following it in this research which 

concerns small- to medium-sized software development projects where access to expensive tools or 

consultation is impractical.  The aim of positivism as a stance is to generate data that can be 

statistically analysed, and the results obtained to be expressed quantitatively. It is claimed that such 

results are objective and reliable due to being obtained from large and representative samples. 

However, positivism is only suitable in cases where the study involves researching on tangible aspects. 

It is not suitable for studying intangible aspects such as people’s feelings, attitudes, motivation, 

perceptions and beliefs (Saunders et al., 2007) which is this research’s objective, i.e. to investigate the 

different attitudes of usability practitioners regarding usability and its evaluations. In summary, 

positivism is not applicable to satisfy this research questions and objectives for it is focused on 

statistically investigating a phenomenon by gathering a diverse and large dataset. Meanwhile, this 

research’s objectives are to understand the attitudes and behavioural aspects that affects the 

decision-making process and to analyse them based on qualitative measurements.  
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3.2.3  Pragmatism 

Pragmatism is not committed to any one philosophical position. Rather, pragmatists focus on issues 

of ‘what’ and ‘how’ (Creswell, 2003: 11). Although pragmatism is a research paradigm that usually 

provides the philosophical framework underlying mixed-methods research (Tashakkori & Teddlie, 

2003), some mixed-methods researchers align themselves with the transformative paradigm instead 

(Mertens, 2005). In fact, under pragmatism, the research problem is viewed as being central, and it 

applies all approaches to understanding the problem (Creswell, 2003: 11) by selecting appropriate 

data collection and analysis methods to provide the desired insight without any philosophical loyalty 

to a paradigm. The flexibility of applying multiple methods in a pragmatism approach is desirable in 

this study as different methods may be applicable in different phases in this research. For instance, 

interviews might be useful in identifying the problem as shown in Chapter 4, while the use of case 

study-, observation- and focus group-methods may be effective in implementing and evaluating the 

proposed solutions.  Additionally, as this study focuses on practically investigating the problem rather 

than theoretically approaching it, the essence of centralising the phenomenon to be studied by the 

pragmatism approach is adapted in this research. Therefore, primary investigation took place to 

understand the problem in depth before suggesting solutions. However, this research could not solely 

follow pragmatism as it focuses on qualitative strategies to get understanding of the factors related 

to the problem.  

3.2.4  Realism 

Realism posits that reality does exist independently of the researcher’s mind, but that it consists of 

abstract things that arise from people’s minds, as an external reality. This philosophy holds the view 

that reality “is largely autonomous, though created by us” (Magee, 1985: 61). It therefore deals with 

the realities that are already present in the environment, and this external reality is seen as consisting 

of structures as sets of interrelated objects and mechanisms through which the objects interact. In 

this paradigm, instead of looking for single instances as in positivism, the search is for why a certain 

result has been found because the observed findings are ‘outcroppings’ of an imperfectly 

apprehensible world (Healy & Perry, 2000). A realism approach is in nature inapplicable as a 

philosophy to obtain this study’s objectives. This study is concerned with understanding people’s 

interpretations of the phenomenon of usability rather than looking into it as a separate concept. 

Although the concept of usability is defined following a realism perspective, the research is 

investigating the practitioner’s influences in interpreting it and applying it.   
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3.2.5 Selected Philosophy  

This research consists of several questions that can be answered through the provision of the 

interpretivist method that will allow understanding why the problem exists by gathering more in-

depth descriptions from rich context gathered through qualitative methods.  It also implements the 

pragmatism philosophy which allows this research to be conducted openly so that it can: (a) use 

multiple methods of data collection (b) focus on practical implications of research; and (c) emphasise 

the importance of conducting research that best addresses the problem (Tartakow, 2012). 

 

3.3  Research approach 

 

As shown in Figure 6, the research onion, the approach level includes: deductive and inductive. A brief 

summary is given in the following subsections. Each section also provides a discussion of considering 

their applicability to this research and justifying adaptability or not.  

3.3.1  Deductive approach 

Deductive research begins with the top level, i.e. theory, then it follows a ‘top down’ approach to 

hypothesis to data (Creswell & Clark, 2007).  Deductive approach objectives focus on searching to find 

supportive or contrasting data for the hypothesis (Soiferman, 2010). This process is appropriate for 

quantitative research (Thorne, 2000; Soiferman , 2010) while this study adapts the interpretivism 

philosophy which includes qualitative methods. Moreover, as this research is concerned with 

understanding the underlying theories, factors and behaviours of usability practitioners in applying 

usability evaluation, deductive reasoning will not provide sufficient strategies to gather appropriate 

data.  

3.3.2  Inductive approach   

The inductive approach, in contrast to deductive, investigates views to build themes which then leads 

to generating theories that connect the themes. It is a ‘bottom up’ approach. Additionally, regarding 

the development of theory under qualitative approach, which is this research’s goal, this is 

accomplished by undertaking inductive processes, since qualitative approaches are recognised as 

being inductive (Thomas, 2006). Inductive approaches start with observations and tests to formulate 

research question objectives and aims (Bell et al., 2018). 

In this research, an inductive approach is followed in establishing the problem domain by analysing 

literature and conducting primary interviews.  The inductive approach is also used to test and evaluate 

the tool developed as a solution for the problem. 
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3.4  Research methodological choice  

 

Table 3.1 illustrates the different methodological options. It summarises the features of mixed 

methods in comparison to using either quantitative or qualitative methods singly (Creswell, 2009). 

Table 3.1: Qualitative, quantitative and mixed methodologies 

 

  

Quantitative Methods Mixed Methods Qualitative 

Predetermined nature 

of methods 

Pre-determined Both pre-determined and 

emerging 

Emerging methods 

Type of questioning Instrument based Both open and closed-ended Open-ended 

Data collection • Performance data 

• Attitude data 

• Observational data 

• Census data 

Multiple forms of data 

drawing on all possibilities 

• Interview data 

• Observation data 

• Document data 

• Audio-visual data 

Analysis Statistical Statistical and text Text and image 

Interpretation Statistical Across database Themes and patterns 

 

As this research is concerned with investigating the attitudes, beliefs and viewpoints of software 

development practitioners and focuses on differentiating the science-based application of usability 

and the practice of it, qualitative methods are the most suitable choice for collecting data. By carrying 

out qualitative data collection, the research gains subjective insights into usability meanings and their 

application in practice (Bryman, 2008). Finally, interpretive works focuses on examining the 

phenomenon or the problem domain by considering the assigned meaning to them by people (Myers, 

1997) adopting its methods allows further investigation into usability concepts and its application 

amongst its practitioners. Furthermore, it investigates usability evaluation and its methods by 

understanding their meanings attached to them by their practitioners, their attitudes towards 

integrating them in their projects, and the weighting considerations taken into consideration while 

making decisions.   

Table 3.1 below lists the information related to each of the five objectives and research questions, and 

the methods used for obtaining each of them. The methods are aligned with each of them. 
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Table 3.2: Research objectives and methods used to satisfy them 

Information Related to Research Objectives/Questions  Methods Used 

1. Underlying theories and applications of software usability Literature review 

Interviews  

2. Strengths and deficiencies of commonly used software usability methods Literature review 

3. Appropriate software usability evaluations that can be applied during 

different stages of the SDLC 

Literature review; focus group 

4. Framework that can be used to evaluate usability evaluation methods using 

multidimensional attributes 

Focus group; interviews 

5. Validation of the proposed framework from the perspective of a product 

manager, user-interface expert and software developer 

Evaluation by a focus group; 

observations; interviews and case 

study 

 

As shown in Table 3.2, by adopting a multimethod qualitative approach, various perspectives are 

integrated and examined with the use of multiple research strategies brought together for 

investigation (Bryman, 2008). The difference between multimethod and mixed methods is described 

by Morse (2003):  

• A multimethod strategy refers to conducting two or more strategies completely and rigorously 

and then the results are triangulated to form a comprehensive conclusion;  

• On the other hand, mixed-method strategy refers to applying qualitative and quantitative 

methods in one research.  

Qualitative data is a valuable approach in explaining the relationship between the factors gathered 

through independent data sources that are utilised in contextualizing the main study or providing 

insight into its importance (Bryman, 2006). Finally, the triangulation inherited by applying 

multimethod allows overcoming the drawbacks of some strategies this study uses as discussed in the 

following section.  
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3.5  Research strategies  

 

To satisfy the study objectives shown in Table 3.2 and integrating interpretivism methodological 

approaches, a case study strategy is used in this research alongside primary interviews. In the case 

study, multiple strategies have been chosen to maximise data gathered quality and ensure validity 

and reliability. The chosen strategies in the case study are: 

• Interviews 

• Focus group, and  

• Observation.  

 

Moreover, the use of multiple sources for collecting data and the analysis of the findings allows 

triangulation which validates the process overall ensuring justifiable conclusions (Yin, 1994). The 

triangulation strategy utilises two or more methods in the process of confirming, cross validating and 

corroborating findings within a study. This results in overcoming drawbacks inherited in a method or 

strategy by strength of the other (Creswell, 2003; Saunders et al., 2009). The combination of strategies 

also positively contributes to achieving valuable and valid assessment of the study and allows 

generalisation (Ritchie et al., 2013). Finally, as qualitative data are exploratory approach, it assists in 

the process of designing, testing and evaluating the tool (Creswell, 2003). 

As noticed, quantitative method and strategies were considered but disregarded. This is due to two 

major reasons: 

• It is inappropriate to not conduct the research in its natural setting. Also, insightful data on the 

intangible aspects cannot be easily obtained by using quantitative methods. 

• The objective nature of quantitative methods will not be suitable to collect subjective views 

of usability from its practitioners, which is the main goal of this study.  

• The focus on small- to medium-sized software projects creates a challenge in finding a large 

number of members within development team within a project under the specification of 

customizing each development project. 

Lastly, a thematic analysis approach, as further discussed in Section 4.8, is utilised in analysing 

qualitative data. One of the key advantages of thematically analysing data is its flexibility and the 

ability to compare and contrast findings (Braun & Clarke, 2006). 
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3.6 Research time horizon 

 

As the fifth layer of the research onion is concerned with the time horizon, this section discusses this 

concept in relation to the research. Generally, as discussed by Saunders et al. (2007), there are two 

main time horizons in research: 

• A cross-sectional time horizon study is limited to specific time frame, which is applicable in 

this research as the objective of this research is to investigate the phenomenon of usability 

within different context. A one-off study will satisfy the research approach and provides the 

data needed to perform qualitative analysis. 

• A longitudinal time horizon refers to repeated study over an extended period. The nature of 

this study requires a longer time to derive data and perform analysis. It also requires 

commitment of the same set of participants which would limit the generatability of the 

research objectives.  

 

3.7  Data collection and analysis 

 

The qualitative data from the focus group discussions, observations and individual semi-structured 

interviews was subjected to thematic analysis to identify characteristic, common and typical themes. 

3.7.1  Semi-structured Interviews  

Semi-structured interviews provide greater flexibility than structured interviews. It allows the 

interviewee to pose questions for better understanding or indicating a new topic which facilitates 

engagement (Creswell, 2013). It is also helpful in cases where the questions to be asked are well 

recognised and understood by the researcher, hence the number of questions might increase during 

the interview session to gain clarity or insight (Longhurst, 2003). Although it is a valuable method for 

gathering qualitative data, interviews are considered costly and time consuming to perform (Byrne, 

2001).  

In this research, the interviews were arranged to obtain detailed responses and to gather participants’ 

attitudes and opinions, and the questions were designed to capture interviewees’ expectations and 

capture diagnoses for any problems. The themes were then derived from the datasets based on those 

criteria, and reference codes were subsequently created for each theme identified. 
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The coding process in thematic analysis involves classifying and organising the gathered data into 

categories to facilitate analysis. This is achieved, for example, by searching for patterns, classes, 

sequences, processes, etc. that enable assembling or reconstructing the data “in a meaningful and 

comprehensible fashion” (Jorgensen, 1989: 107). Thematic analysis helps to identify patterns and to 

organize the themes, which in the case of the current study are expected to pertain to system usability, 

productivity and applicability. This method of analysis also serves to highlight major issues related to 

the software attributes. 

3.7.2  Focus group 

The focus group, in software development houses, is usually used for gathering opinions, attitudes 

and reactions for designs, prototypes or requirements amongst developers and/or users. It is, 

therefore, recognized as a valuable method in encouraging the participants to discuss their views 

during the session. It provides dense data, enabling further insight into participants’ beliefs. It also 

requires less time and effort than interviews, whilst extracting rich feedback (Abras, C., et al, 2004). 

In this study, a focus-group method was carried out to gain in-depth insight into the beliefs, attitudes 

and knowledge of the development team in relation to usability and UEMs and their application within 

SDLCs. A survey method was not chosen for this purpose, because it is not likely to have provided rich 

enough data. With the ability to facilitate the discussion within the session, a brainstorming session 

could also occur in supporting the research goals. It also assists the researcher in the learning process 

to improve the tool under discussion. Finally, a focus group enables participants to share their 

viewpoints related to usability and its evaluation methods.  

3.7.3  Observation  

Observation is the act of noting the subject in a field setting and it is considered one of the key 

strategies for collecting qualitative data (Creswell and Poth, 2017). In observation, the observer notes 

the activities, conversations and interactions amongst the participants and the setting. In this study, 

observational data was collected to overcome drawbacks of interviews and by focusing on participants 

attitudes and behaviours towards the sessions. The researcher recorded the information based on 

relevance to subjects addressed in interviews and focus group sessions.  

3.7.4  Ethical considerations  

An important part of the ethical considerations is to ensure the research is conducted in a fair manner 

that minimises risks. This ensures that the gathered data are valid and reliable (Bryman, 2012). 

Following the general data protection regulation (GDPR) the following measures were taken: 

• The permission of each participant was obtained before involving them in the research. 



 71 

• The purpose, setting, expected time and format of the focus group, observations and 

interviews were explained elaborately to the participants beforehand. 

• The scope of the investigation and the objectives of the study were clarified and explained. 

• The participants were assured of the confidentiality of their responses. 

• The participants were asked if they have any concerns about the study to address them, also 

how to get in touch after the research in case they are interested to know the findings. 

• The participants were allowed to withdraw from the study if they wish to.  

The use of the participants data followed DGPR criteria by anonymising the results when reported. 

Participants information sheet, as provided by Loughborough, was used to gather consents. The sheet 

included detailed description of the process or storing, using and publishing the data. It also stated 

the ability of the participants to withdraw from the study whenever desired.  The data collected when 

permitted to be recorded were stored securely. However, most of the data collected were in form of 

summarised data as recording primary data was mainly not permitted throughout the study.   

 

3.8  Data analysis  

 

Since the main objectives of testing are defined, the data records that were collected in this study 

were rigidly structured. They were mostly be collected through interview sessions, while the 

observational data and focus-group data were textual, based on notes taken during the sessions. 

Although the interviews were semi-structured, the emergent common themes were shared in the 

interviews to ensure coherency in the data collected and relevancy to the issue being tested. The 

structured data records maximised the data quality and provided easy access to the data when 

needed.  

To ensure data accuracy as mentioned by Richards (,2014) in his book “Handling Qualitative Data: a 

Practical Guide” the researcher transcribed the data gathered into textual records, and included all 

context possible such as the setting, body language and social and professional context. The records 

were reviewed after the session to ensure all observations were recorded and context established to 

produce detailed data. The data were also reflexive of the researcher’s input and recorded all 

interactions between the researcher and the participants to ensure data quality and usefulness.  



 72 

Within the process of handling data, the emerging themes, categories and concepts were also noted 

and recorded to derive interpretations in relation to the main theory of the research. A thematic 

analysis approach was applied to systematically analyse the data. Thematic analysis of the commonly 

used analytical technique for qualitative studies for its flexibility and accessibility as described by 

Braun & Clarke (2012) was undertaken. It is flexible in terms of theoretical framework which allows 

integrating the multimethod qualitative techniques by using several qualitative methods to collect 

data as discussed in Section 4.7.  It is also relatively easy to implement by the researcher and easily 

comprehended by the wider audience of this research as it investigates different fields of knowledge.  

This study adapts the general guidelines provided by Braun & Clarke (2012) in performing thematic 

analysis described in Chapters 3, 7 and 9 as follows: 

• transcription of the data as discussed earlier in this section, 

• getting familiar with data to look for emerging concepts and themes,  

• coding the emerging concepts and themes by categorising them,  

• reviewing themes to produce thematic map that consist of subthemes and relationships 

between them, and 

• defining the themes.  

  

3.9  Summary of The Research Design  

 

This research empirically completes the earlier literature analysis to establish the problem 

phenomenon and the inherited factors relevant to this research. Primary interviews highlight the 

problems and hone the research questions, and the research methodologies were identified according 

to their suitability to satisfy the research objectives. A case study method was also chosen in the 

research design to examine the tool developed by this research owing to its appropriateness for 

addressing the evaluation and testing goals. Adopting the explanation provided by Yin (2011), case 

studies investigate a phenomenon within its real-life context by applying empirical inquiries due to 

unclear evident boundaries between the phenomenon and context and it utilises multiple sources of 

evidence. Additionally, case studies are valuable in combining data collection methods (Collis & 

Hussey, 2013). Therefore, a case study can achieve all insights thus allowing systemised observational 

analysis of the context. 
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Despite the advantages of the chosen approach, there are number of drawbacks, mainly associated 

with the researcher’s influence on events in the case study context (Robson, 1993). It is time and effort 

consuming as it provides vast amount of data and it limits generalisation (Crowe et al., 2011). 

Nonetheless, this study carries out primary interviews to highlight the research questions. It then uses 

a case study to design, test and evaluate the developed tool devised for the study, minimising the 

influence of the context in developing the tool and answering the research questions. Additionally, 

the researcher is an external investigator which lowers the likelihood of bias. However, it is 

noteworthy to highlight that the researcher being external investigator creates a challenge in 

accessing documents, recruiting interviewees and finding the support in the process of interviews and 

focus group sessions. However, applying multiple qualitative methods within different samples of 

participant ‘representatives’ (Kitto et al., 2008) positively reflects on the quality of qualitative 

research.  

These potential drawbacks have been countered by aligning the methods with specific research 

questions (see Table 3. 2, above), through gaining the trust of the development company for accessing 

documents and being clear with them about the purpose and objectives of the study. In addition, 

triangulation of the data can lend greater validity to the qualitative data gathered and its analysis. The 

flow of data collection in this research is presented in Figure 7.  

 

Figure 7: Research data collection phases 

In the primary data gathering stage the sampling strategy involved arranging six interviews with 

different team personnel at Synchro Ltd. The list of interviewees is presented in Chapter 4. These 

Data Collection 
Phases

Primary Data 
Collection (Chapter 4)

Interviews 

Verification And 
Validation Of Phase 

One (Chapter 7)

Verification Focus Group 

Validation 

Interviews 

Case Study observarion

Evaluation Of Phase 
Two (Chapter 9)

Interviews 
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interviews included the project manager, two senior developers, one junior developer and two 

involved in customer studies. 

Furthermore, the framework evaluation was carried out in two phases. The phased evaluation was a 

result of an iterative development of the tool. The phase one evaluation focused on ascertaining the 

requirements of the framework in terms of inputs and explaining how the framework operates. 

However, the discussions did not involve explicit instructions describing how to use the framework to 

prevent the information affecting usability data integrity. This data was collected as shown in Figure 

7 through conducting a focus group, observing team reactions when a case study was conducted and 

following up with interviews to allow them to elaborate on their opinions. The focus of the 

observations was the usability aspects of the framework, namely effectiveness, efficiency, 

comprehensibility and satisfaction, and the focus of the interviews was on gaining further insight into 

the evaluation. The interviews were semi-structured and conducted with each of the six interviewees 

individually. The last data was collected to evaluate the phase two development of the tool. For the 

purposes of gaining opinions from different development teams members to allow generalised 

evaluation of the tool and maintain its usability in different domain, the participants were selected 

from various organisations with differences in backgrounds. Participants for phase two interviews 

represented a wider range of potential beneficiaries from the framework developed as they come 

from different backgrounds and work on different projects in different organisations. It allows 

gathering wider range of opinions of the tools applicability within various settings.  

 

3.10  Conclusion 

 

In this chapter, the methodological approach that this research will follow to satisfy Research 

Objectives 3 and 5 is mapped out and discussed in detail. The selection of techniques to collect data, 

and their analytical guideline is provided. The chapter has also provided an evaluation of the research 

‘onion’ layers, and the applicability of each layers to this thesis. The philosophical approach to answer 

the questions of this thesis are interpretivism and pragmatism as discussed in Section 4.2, and the 

research is carried out inductively by applying multiple qualitative methods and applying thematic 

analysis to analyse the data.  

The next chapter provides a discussion about designing the framework and an approach to solve the 

research problem. The design of the framework aims to answer thesis Objective 4. The framework will 
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be developed incrementally. Hence, the thesis will discuss two implementation phases and two 

evaluation phases related to each of the increments.  
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Chapter 4: Initial Data Gathering  

 

To satisfy Research Objective 1 ‘To investigate the ambiguity associated to the underlying theories 

and applications of software usability and usability evaluation methods by reviewing the literature 

and conducting interviews with personnel of interest, i.e. developers, usability experts and project 

managers’  this Chapter discusses the primary data gathered to support the hypothesis of this thesis 

as discussed in Chapter 1. The aim for gathering the supportive data is to investigate the complexity 

and the difficulties of usability evaluations in practice. A further aim is to highlight the different points 

of view posed by usability practitioners within one team. Additionally, the data gathered aims to 

support the hypothesis of usability considerations amongst non-User Centered Design (non-UCD) 

software development projects. Analysis of the data gathered will contribute to the study of the 

factors that affect usability integrations within non-UCD software development projects.  

The hypothesis to be tested argues that, in medium- to small-sized software development projects, 

usability evaluations are considered, yet the level to which they are addressed varies amongst 

software development practitioners. The diversity in understanding usability and its importance 

within development teams leads to difficulties in integrating usability practices in a project. Alongside 

resource restrictions, understanding usability and its components play a major role in the level of 

usability integration and UEM selections in a software development project.  

To highlight the gravity of the phenomenon, a team that is actively developing an application or piece 

of software would be ideally situated in ensuring the collection of authentic and realistic responses. 

To emphasize the existence of different, and perhaps contradictory, opinions regarding integrating 

usability evaluations within a team, and to capture the influence of them on the project, participants 

of a team with only a few members with different backgrounds can offer efficient data gathering and 

effective analysis. Moreover, the characteristics of small- to medium-sized software development 

projects are the focus of this study, as mentioned in Chapter 1, is the main criteria for selection.  In 

larger teams, differences of opinion are more likely to occur owing to the wide spectrum of knowledge 

availability amongst the team members, and there are likely to be greater resources for employing 

usability expertise. As this thesis focuses on investigating usability integrations within non-UCD 

software development projects, a team that does not follow UCD methods specifically and 

systematically in developing an application or software product offers more scope examining 

verification and validation purposes.  
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4.1 Participants in the present study 

 

A development team of three developers were working on developing and testing a new iPad-

friendly application within the company Synchro. Synchro is a provider of Building Information 

Modelling (BIM) construction scheduling and management software. It is a UK established company 

that has offices in UK, USA and Shanghai. After launching their first product Synchro Pro in 2007, the 

team took on rapid development projects aiming to enhance the product and to produce supporting 

products based on customers’ needs. The work on developing the iPad-friendly version was begun in 

early 2015.  

The development of the iPad-friendly version of BIM started with the plan to satisfy customers’ desire 

to have a lighter version of the Synchro main software, so that it could be downloaded on their iPads 

to be used on construction sites to input data either to add, edit, or send it. Initially a senior developer, 

J., started working on building this application. Other developers (N. and G., see Table 4.1), were 

simultaneously working with him in developing the application. The methodology of developing this 

application was iterative. The developers worked closely following what they described as an ‘Agile’ 

methodology similar in techniques to extreme programming (XP) or Kanban. The team of two 

developers worked simultaneously on coding requirements while cross-checking each other’s codes. 

Any updates or additions in the requirements were communicated to them by via handwritten post-

it notes on their desktops, and a white board to share ideas and report progress. A list of the 

participants, their role in Synchro and their role in the iPad-friendly application development is 

represented in Table 4.1.  

Table 4.1: Participants details 

Participant 

Name  

Job Title within Synchro Ltd.  Role in SITE project  Qualification  

G.  Manager for Synchro, Software  Tester   Architecture  

J.  Senior Developer  App Creator  Computer Science  

N.  Software Developer  Junior Developer  Economics  

 

As seen in Table 4.1, the team consists of only three people. Their roles in developing the new 

application is defined by their contribution in the process of developing. As for its consideration in this 

Chapter’s outcome, team members’ qualifications are also listed in the Table 4.1 to highlight the 

variety of the backgrounds within this small group. Further information on personal data processing 

and abidance to general data regulation protection regulation (GDPR) is given in Chapter 3.  
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4.2 Methodology   

 

Interviews were chosen as the method to gather data. Further details of the method and criteria for 

its selection are given in Chapter 3. Nevertheless, for this stage, interviews were chosen because, as 

established in the literature, they are the most common methodology used in qualitative research 

(King & Horrocks, 2010). To maintain integrity of data to be considered appropriate for this 

qualitative research, the questions were designed to be open-ended to allow flexibility needed to 

investigate participants’ actual experiences (King & Horrocks, 2010). In this research semi-structured 

interview questions were used to allow the investigator to focus on matters that were important to 

the usability phenomena being studied (Galletta, 2013). Finally, although permission to record the 

interview sessions was requested by the researcher, only one participant agreed to be recorded. The 

other two participants preferred not to be audio or video recorded.  

A thematic analysis was chosen to be used for extracting results because of its appropriateness in the 

early stages of research, primarily to analyse the pilot stage. It enabled the researcher wider access to 

the information for initial inquiry purposes (Boyatzis, 1998) to inquire about the factors related to the 

phenomenon of usability and integrating its evaluations within the Software Development Life Cycle 

(SDLC). The following process is followed for thematic analysis: 

1. Transcribe audio data into written data  

2. Assign preliminary codes to describe the content: 

• usability evaluations 

• usability integration in SDLC  

3. Analyse the transcripts by identifying themes and patterns related to the codes assigned in 

step 2. 

Further methodological considerations and justifications are provided in Chapter 4.  

 

4.3    Analysis  

 

This section presents the findings gathered from the analysis process of the interview sessions 

conducted with the participants, whose details are presented in Table 4. 1. Following the thematical 

analysis process, the following themes emerged and were established in relation to study: 
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• Points of view on usability evaluations 

• Factors affecting usability integration in SDLC.  

Theme 1: Points of View on Usability Evaluations (PoVoUE) 

As a significant element of the investigation, and in relation to the hypothesis mentioned earlier in 

this Chapter, perspectives on usability, were collected and examined. This is to understand 

practitioners’ insights into usability, and as a result, extract potential factors influencing the views that 

would be part of the solution that will be developed by the research. Hence, in response to the views 

on usability evaluations the following answers were significant: 

▪ “For me, it is a way to get feedback from actual users. It is easy to make assumptions of a 

feature and by putting a usability test it gives you a little bit of distance between your vision 

and your view [of] how people might act. So, for me, it is kind of a second set of eyes on the 

design to get that feedback.” (PoVoUE 1) 

▪ “It is part of alpha testing that we would conduct before releasing the product.” (PoVoUE 2). 

 

While the response PoVoUE 1 suggests that usability testing is to be carried out while developing the 

system to communicate users’ needs and expectations to the developers, the opposite view is given 

in PoVoUE 2. However, in the perspective represented in PoVoUE 2, the participant suggests that 

usability testing is a part of software acceptance test that is carried out on an alpha testing phase 

conducted in the later stages of the development lifecycle.  

On the other hand, the response in PoVoUE 1 suggests that usability testing requires actual users who 

can provide their expectations of how the software is going to be used, while the response in PoVoUE 

2 argues that usability testing as part of alpha testing is carried out by the developers.  PoVoUE 2 

implies that usability testing is a part of quality assurance testing a point that usability is a way of 

reaching beyond merely providing functionality.  The later point was emphasized with the reply given 

by the third participant:                                             

▪ “We think about our users and how they will use the application. We consider the 

environment they will be using the application in, such as lighting and hand gloves. Then we 

try and build the application to be friendlier to them.” (PoVoUE 3)  

 

In summary, it can be extracted from PoVoUE 1, PoVoUE 2 and PoVoUE 3 that the views on usability 

evaluations with the focus on its importance and integration within SDLC are based on one of two 

perspectives: 
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• Usability evaluation is to be carried out through early stages to convince developers of actual 

users’ needs (deliver expectations) to guide the development process or 

• Usability evaluation is to be carried out by the developers to match their expectations of their 

users.  

Theme 2: Factors Affecting Usability Integration (FAUI) 

As a critical part of developing a solution to the problem discussed in Chapter 1, an investigation of 

the factors affecting usability evaluations integration within SDLC was carried out. The outcome of the 

investigation provides the basic factors that are critical in the decisions made regarding implementing 

usability evaluations within a software development lifecycle. To underline these factors, the study 

investigated the current state of usability evaluation in the literature in Chapter 2 (Sections 2.1.4, 2.1.5 

and elaborately in 2.2) and gained insight into practitioners’ opinions of the challenges encountered 

or feared to encounter if usability evaluations are integrated into the SDLC. In response to the current 

state of usability testing, the following answer was given by one interviewee: 

▪ “We haven’t done any usability test in Synchro.” (FAUI 1) 

 

As for the reasons why, there had not been any usability evaluations in the process of developing the 

iPad-friendly application, the following answers were given: 

▪ “I think initially software has to have functionality. Without it, it’s like, “what’s the point?” 

Once that is established, we will be able to conduct more usability testing.” (FAUI 2) 

▪ “We do not have a high-fidelity prototype that we can present to our users to test it.” (FAUI 

2) 

▪ “I think once our product is ready for pilot release, we will get the feedback from our users.” 

(FAUI 2) 

All the replies above argue that to conduct a usability evaluation, a functional prototype of the 

application needs to be available for testing. Therefore, implementing usability evaluations in this 

application is being deferred to when a high-fidelity prototype is reached. The answers argue that 

usability is not considered as an initial element of developing the application, although the application 

is being developed based on the feedback received about their main Synchro software. Nevertheless, 

the developers build the application on their view of what could be the expectations of their potential 

users, then gather more feedback in later stages of the development than engaging users throughout 

the development lifecycle. Therefore, when asked about the challenges beyond functionality, the 

following responses were gathered: 
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• “But now that they kind of pushed the product into the mainstream, it is going to be more 

accessible and usable … so now we can really focus on enhanced usability.” (FAUI 3) 

• “This iPad version is like a side project that I started working on and the other two team 

members pitched in with me. It has no resources allocated to its validation, that’s why I try 

and think of the users and build it as I think is going to be helpful for them.” (FAUI 3) 

These two replies suggest that the project size influences decisions made regarding evaluating 

usability. Small projects such as the iPad-friendly application, do not have sufficient dedicated 

resources to execute usability evaluations. Therefore, as one of the participants said: 

▪ “The early adapters are not afraid of missing functionality.” (FAUI 3) 

The developers assume that their users will only be concerned with the functionality discarding the 

affect of usability on the productivity of the product. The participant argues that usability integration 

was secondary to product functionality. In other words, usability does not affect productivity and 

success of the product.  

 

On the subject of discussing the development techniques and strategies used in developing the 

product the participants mentioned that this application follows what has been described by its 

developers as: 

▪ “It is some kind of a mix. It has regular release cycles. But within that regular release … features 

are developed in small pieces like Agile.” (FAUI 4) 

▪ “It is only me and the other two members working in more of an Agile fashion using notes and 

shared board to post ideas and updates.” (FAUI 4) 

As the short iterative cycle of feature-based completion iterations, the team is focusing on developing 

the functionalities to deliver a usable piece of software by the end of the iteration. To integrate 

usability in this short time of iterations, seemed unachievable as the following answer suggested: 

▪ “I would like to do lots of usability testing but given the short release cycle, we were not able 

to do much of testing in this application.” (FAUI 5)  

As for when investigating the reasons why these short cycles are considered to be unaccommodating 

to usability evaluations, the following statements were particularly interesting: 

▪ “I feel like I am an expert. I have done a wide range of methods. Not so much [since] joining 

Synchro. But I have done paper prototyping, testing high fidelity prototype and conducted 

interviews.” (FAUI 6) 

▪ “I only have basic information of usability, just enough to establish best practice.” (FAUI 6) 
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▪ “The only person in team who knows a bit more about usability is G., for me I try and build 

the application to be user friendly.” (FAUI 6) 

All three replies imply that the knowledge regarding usability evaluation itself and the evaluation 

methods are critical factors to be considered in a process of deciding product-usability evaluations. 

Additionally, the integration of familiar methods given the application development circumstances 

was considered unreasonable. The following replies were gathered in relation to describing usability 

evaluation: 

▪ “For me it is a way to get feedback from actual users. It is easy to make assumptions [about] 

a feature and by putting a usability test it gives you a little bit of distance between your vision 

and your view from how people might actually act.” (FAUI 7) 

▪ “To ensure users’ satisfaction.” (FAUI 7) 

FAUI 7 suggests that usability evaluation is restricted to gathering users’ opinions and insights. Both 

replies focus on the attribute of satisfaction in the usability which usually requires users’ involvement 

to capture it.  

In summary, the codes in Theme 2 agree with the argument in the literature that the major factors 

that affect usability integration into SDLC are: 

- Time factors  

- Resources  

- Knowledge of usability methods  

- Knowledge of usability evaluation purposes. 

 

4.4 Discussion  

 

This Chapter described the data gathered to support the investigation about the desire to integrate 

usability evaluations into non-UCDs, yet the limitation of the knowledge and resources affect the 

level of integration. Although the data gathered is limited due to the number of participants who 

may be representatives of the company but if applied to general sample size, it could generate 

issues. However, the primary reason for collecting the primary data represented in this chapter is to 

investigate and support discussion provided in literature in real world scenarios.  

As described throughout FAUI usability evaluations is not considered specifically within UCD model 

but rather to be integrated within the project’s current SDLC model. Meanwhile, the discussion 

provided in PoVoUE and FAUI supports the argument provided in the hypothesis by discussing the 
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differences in points of view regarding usability and usability evaluations which reflects on the level 

of usability integration within the development cycle and the choices of the methods of usability 

evaluations. 

After conducting the interviews and analysing the data, it has been concluded that small development 

projects, involving only three team members, was of interest in evaluating usability. Yet the difference 

in opinions regarding usability’s importance varied amongst the team members. The difference in 

opinion, based on difference in knowledge and backgrounds, affected the decisions made regarding 

integrating usability in the process of developing the application. For instance, the perspective given 

in PoVoUE 1 in essence is similar to the points of view in literature, such as (Hussey, et al., 2001) and 

(Silva, et al., 2015) who argue that usability testing is to be integrated through early stages of SDLC to 

maximize product usability. Additionally, PoVoUE2 supports the point as discussed in the literature 

review, specifically in Section 2.1.4, is the problem that this study emphasises on which is the late or 

insufficient integration of usability testing that leads to products lacking good usability 

Additionally, the knowledge of UEMs, their requirements, their implementations purposes and their 

success in measuring different usability attributes were influencing the team’s decisions regarding 

usability. As presented in PoVoUE3, the causes of various perspectives expressed  are discussed in the 

literature review in Chapter 2, Sections 2.1.4 and 2.1.5 emphasising that mainly the lack of sufficient 

knowledge regarding UEMs amongst software development practitioners leads to either neglecting 

usability altogether, or inadequate integration of usability, resulting in poor usability quality. As 

provided in FAUI 2 and FAUI 3 the rate failure of usability integration is high as also suggested by 

(Larusdottir, et al., 2017). Additionally, the small project generally aims to satisfy a specific users’ 

group, therefore, in the developer’s opinion, those users will adapt if the application is performing the 

minimum functionality (Bornoe & Stage, 2014). Additionally, FAUI 4 supports that the SDLC style of 

the project influences the decisions regarding prioritising tasks given the time limitations as also 

discussed in literature by Ferre (2003). Furthermore, the participants point of view in FAUI 5 agreed 

with many views in the literature review, including Ferre (2003), Seffah, et al., (2005) and Folmer and 

Bosch (2006). Additionally, FAUI 6 it revealed that knowledge of UEMs or the familiarity level with 

some of them led to limitations in considering their integration (Sohaib & Khan, 2010). FAUI 7, On the 

other hand, reflected on the increased effect of the knowledge of UEMs as it highly influences the 

selections of integrating them, a point on which Bornoe & Stage (2013) also focused on.  

Therefore, a need for a decision support tool that is able to suggest methods beyond the team’s 

familiar range of UEMs, based on the project’s restrictions and circumstances, is desirable. The 

development of the tool would satisfy Research Objective 4.  
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4.5 Summary  

 

This Chapter discusses the initial data collection that took place in order to support the conclusions 

reached in the literature review in relation to the thesis hypothesis. The findings to this Chapter also 

extracted the factors that are critical influential to the decisions made regarding integrating usability 

evaluation in practice. The interviews that were conducted, and the questions that were addressed, 

investigated the application of usability in a representative sample of wide software-development 

teams and projects, of small- to medium-size. Their points of view, that were analysed thematically, 

summarised that although it is desirable to be able to integrate usability evaluations within small- to 

medium-sized projects, the complexity of finding appropriate methods poses a challenge. The 

appropriateness of the method is in relation to the project resources, its nature and limitations. 

Therefore, as a solution to this problem, a framework that would consider all the influential resources 

mentioned in this Chapter and focuses on the objectives of conducting usability evaluations, is 

considered as a solution to the research problem discussed in Chapter 1.  
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Chapter 5: The Framework  

 

In smaller software development projects, where hiring a usability specialist is beyond the limited 

resources, the decision maker might narrow the definition of ‘usability’ to personal knowledge, 

evaluating limited exclusive approaches that they are familiar with (Sulayman and Mendes, 2011; 

Fischer, 2012; Jordan et al., 2014; Salgado, et al., 2016; Alyahyan, et al., 2016; Salman, et al., 2017; 

Janssen, et al., 2020). This is also emphasized by the results gathered from primary interviews 

presented in Chapter 4, a matter that is also discussed in the literature review, Chapter 2. The 

increasing gap between the theoretical and practical fields of usability integration within software 

development projects lead to the creation of low-quality software, or high-cost maintenance issues, 

leaving behind dissatisfied customers and inadequate software requiring lots of subsequent updates 

to be installed. This problem is discussed in Chapter 1.  

However, as discussed in Chapter 2, the theories behind usability evaluation are ambiguous and the 

numerous different methods available to evaluate it are confusing to individuals especially interested 

in integrating usability evaluation in small- to medium-sized software projects. The ambiguity is caused 

by the existence of different usability definitions, as described in Chapter 2, subsequently affecting 

the criteria by which usability can be evaluated. On the other hand, the existence of a various Usability 

Evaluation Methods (UEMs) causes confusion amongst decision makers, which leads to their 

insufficient or inappropriate implementation. It is also important to highlight that a single perfect UEM 

does not exist. The selection of UEMs depends on several factors, most influentially, resources 

availability and time limitations in any software project. Additionally, as mentioned earlier, decision 

maker’s familiarity with the UEMs plays a significant role in the selection process.  

Hence, to satisfy research objective 4: “To encourage the application of usability evaluations in 

software projects by proposing a framework that can be used by usability experts and non-usability 

experts to choose usability evaluation method/s using multidimensional criteria,” this chapter will 

present a framework that considers different concepts, factors and variables affecting the selection of 

UEMs, especially in small- to medium-sized projects, and building relationships amongst them. The 

proposed framework integrates the concepts related to decision making, establishing logical relations 

between them and simulating the decision-making process of usability experts.  The reference 

implementation of the framework will take the form of a web-based logic driven decision support tool 

in this study. The framework will be further developed and implemented throughout (chapter 6 and 

8). Table 5.1 represents the lifecycle of developing the framework with references to chapters they 

are elaborately discussed within. However, it is important to mention that the development of the 



 86 

proposed framework followed an iterative model resulted in producing increments of the framework 

as discussed in (Chapter 6 and 8). 

Table 5.1: Framework Development Processes 

Development Processes Title  Reference  

Requirement Gathering • Literature Review  

• Initial Data Collection  

• Chapter 2 

• Chapter 4  

Design • Framework Design    • Chapter 5  

Implementation and Testing • Framework 

Implementation: Phase One 

• Framework 

Implementation: Phase Two 

• Chapter 6 

• Chapter 8 

Evaluation • Framework Phase One: 

Verification and Validation 

• Framework Phase Two: 

Evaluation  

• Chapter 7 

• Chapter 9 

 

The framework design will take the form of logic driven tool with the characteristic of emulating 

human logical ability in decision making to be able to provide intelligent advice based on set of criteria 

provided by the end users. The results also provide explanations of the decisions (Turban and Watkins, 

1986) contributing to analysing them to identify risks. It also is effective option in this study for its 

ability to process problem complexity by using if-then rules discussed later in (section 5.1.3) for 

reasoning rather than following the procedural codes.  In order to build the proposed framework in 

form of an logic driven tool, three major building blocks are included (Chandrasekaran, 1986): 

• Concepts (outlined in section 5.1) 

• Relations (explained in section 5.2) 

• Reasoning (explained in section 5.3)  

 

The ‘concepts’ and ‘relations’ provides the knowledge-based architecture of the proposed 

framework and the ‘reasoning’ provides the procedural rules. Each of the building blocks of the 

framework as described by (Schnupp, et al., 1989; R. Nourian, et al, 2019) is developed and 

discussed in this chapter.  
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As shown in Figure 8, the concepts are discussed in the conceptual framework section, the relations 

are discussed in semantic modelling, which both represent the knowledge base for the proposed 

framework. The use of logical IF-THEN rules is discussed under ‘reasoning’ providing the reasoning 

mechanism for the inference engine of the proposed framework. Finally, the input variables will be 

presented later in this chapter and further implemented within (Chapter 6 and 8). As discussed by 

(Jabareen, 2009) concepts in this chapter are defined by its components and ‘relations’ aims to 

integrate concepts through their components. Finally, reasoning in the proposed framework is the 

relationships amongst the probabilities (Neapolitan, 1990) represented in natural language in the 

proposed framework as further discussed in (section 5.3). 

 

5.1 The Concepts 

 

To bridge the gap mentioned in Chapter 1, one of the objectives of this thesis is to encourage the 

application of usability evaluations in software projects by proposing a framework that will enable 

choosing UEM(s) using multidimensional criteria. For the purposes of this study, a conceptual 

framework is built to examine the concepts and theories related to the problem domain described in 

(chapter one) that are: 

• Usability Attributes  

• UEMs effectiveness and applicability 

• Project Considerations in selecting UEMs 

 

Conceptual framework in this study is applied to discuss the importance and appropriateness of the 

concepts (Ravitch and Riggan, 2016) mentioned above in the selection of an appropriate UEMs for a 

project. A conceptual framework is defined as a web of concepts, hence designing the conceptual 

framework starts with theorisation (Jabareen, 2009) or choosing the problem (Regoniel, 2015). In this 

• Conceptual 
framework

• Semantic modelling 

Knowledge 
base 

• Reasoning 

Inference 
• Input Methods 

User Interface

Figure 8: Framework Design  
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thesis, the problem is stated in Chapter 1, i.e. selecting appropriate UEMs.  The theories included in 

approaching the problem phenomenon and developing the concepts for the current framework, are 

derived by the means of qualitative analysis conducted in literature review and primary data collection 

analysis presented in Chapters 2 and 4. As a result of deconstructing and categorising the data related 

to above-mentioned concepts, the following variables are interpreted and related to them (Table 5.2): 

Table 5.2: Concepts and components 

Concept Components Sub-components  Reference 

Usability 

 

Attributes Effectiveness  Dubey, et al., 2012; 

Salgado, et al., 2016 Efficiency  

Satisfaction 

Comprehensibility  

Objectives Testing  Gulati and Dubey, 

2012; Martins, et al., 

2015; Folstad, 2017 

Inquiry  

Inspection  

UEMs Requirements Duration Chapter 2 

Expertise  

User involvement  

Tools 

Prototype  

Applicability Pre-Development   

During-Development 

Post-Development  

Measurement Effectiveness  

Efficiency  

Satisfaction 

Comprehensibility  

Project 

Considerations 

for Applying 

UEMS 

Resources for 

Usability 

Evaluation 

Duration Nielsen, 1994; Bevan, 

et al., 2006; Alyahyan, 

et al., 2016 

Expertise  

User involvement  

Tools 

Prototype  

SDLC Stages Early Stages  Munassar, et al., 2010; 

Velmourougan, et al., 

2014; 

During development  

Late stages  

 

The discussion and definition of usability and its attributes are elaborately given in Chapter 2. 

Additionally, the definitions and the analysis of UEMs derived from the literature is provided in 
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Chapter 2. However, the ‘measurement’ and ‘applicability’ of UEMs will be represented in the next 

section. To derive the measurement of UEMs from Chapter 2, Table 5.3 is created.  

Table 5.3: UEMs Measurement Characteristics as Initially Derived from Literature 
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UEMs characteristics from literature review 
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Noticeably, the data in table 5.3 is derived from references provided in Chapter 2, section 2.2.3. As 

noticed from Table 5.2, UEM characteristics are not mutually exclusive. There are several occurrences 

of repetition between them. Therefore, the second step of processing included analysing each 

characteristic mentioned in Table 5.2 by defining them in Table 5.3. Further description of the UEMs 

measurement characteristics as derived from literature are provided in Table 5.4. 
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Table 5.4: Defining UEMs characteristics 

Uems characteristics  Definitions  

Task accomplishment  The successful achievement of a task 

Time on task  The amount of time a user spends to accomplish a task  

Expectations  The total perceived benefits a user expect from product or service  

Learnability  The ease with which a software application or product can be picked up and 

understood by users 

Insight  An accurate and deep understanding of something 

Opinion  A view or judgement formed about something 

Experience  Knowledge or skills acquired by using something or an impression after using 

something  

Information architecture  The complex or carefully designed structure of information  

Task investigation  Formal or systematic examination of task 

Critiques against criteria An assessment of product against predetermined or predefined criteria  

Navigation  The action of moving around a website, the Internet, etc 

Terminology  The body of terms used with a technical application 

Understanding user 

environment 

Having insight to user’s settings or surroundings  

Learnability  Gain or acquire knowledge of or skill to by using something 

 

Additionally, it is important for the development of the conceptual framework for the purpose of this 

study, to merge the component of ‘SDLC Stages’ and ‘UEMs Applicability’. In literature, both of these 

subjects have been elaborately discussed. The arguments in literature regarding a hybrid model of 

SDLC stages for general purposes have been provided (Bashir and Qureshi, 2012; Munassar, et al, 

2010). However, for the purposes of this study, only the subject of ‘a hybrid model of SDLC’ within 

‘usability’ has been considered as discussed below.   

It is critical to match available usability evaluation methods with their corresponding stage of software 

development lifecycle. It is fairly clear with the traditional SDLC model i.e. waterfall, as the model can 

be categorized in a sequence of requirement/ analysis, design, coding, testing and maintenance 

respectively. Nevertheless, the most recent software development models that are based on the agile 

model do not indicate a clear process, sequence or steps. This makes it harder to reflect that in the 

framework. However, it is possible to build a hybrid model in which the practices within any software 

development lifecycle can be mapped. Many researchers have shown that there are cases where a 

definite line between agility and waterfall is not as clear as it can be derived from the theories (Boehm 

and Turner, 2006). In her article, Heeager (2014) studied two use cases in a small software developing 

company and a large one. In both use cases, the “mesh” between the two different models was 

needed. Moreover, the literature defines SDLC processes/practices in general and specially in studies 
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related to usability integrations within SDLC are: planning, requirement gathering (analysis), design, 

implementation, testing and deployment (Zhang, et al, 2004.; Balaji and Murugaiyan, 2012; 

elmourougan, et al, 2014). For instance, Velmourougan et al. (2014) provided a set of usability 

activities within SDLC represented in a model as shown in Figure 9. 

 

Figure 9: Velmourougan et al.’s (2014) usability SDLC model 

Velmourougan et al. (2014) argued that following the key activities provided by the model proactively 

defend the vulnerabilities opposed by usability risk within software development. They also argue that 

the model provided in Figure 9 holistically aligns with the Waterfall SDLC. However, the same approach 

can be adopted to different SDLC methodologies too. Velmourougan et al. (2014) also provided a table 

of UEM tasks that are applicable within the model they presented (Table 5.5).  
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Table 5.5: Usability activities within SDLC stages, Velmourougan et al. (2014). 

 

However, as shown in (Chapter two), studies regarding UEMs mostly refer to SDLC processes as stages, 

usually categorising them into two stages i.e. early stages and late stages. But the overgeneralisation 

of the ‘early stages’ and ‘late stages’ leads to uncertainty and ambiguity which this study overcomes 

by suggesting the three derived sub-classes:  

• Pre-Development: that includes, planning, requirement gathering and analysis.  

• During-Development: code and design and implementation processes. 
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• Post-Development: for testing and deployment processes.  

These three sub-classes provide a further specification of which processes they refer to eliminating 

the ambiguity attached to the early and late stages classification. To summarise the matching 

processes regarding ‘SDLC stages’ and ‘UEMs applicability’ table 5.6 is created.  

Table 5.6: Deriving SDLC subclasses 

SDLC Processes  Stages  Derived sub-classes  

Planning Early Stages Pre-Development 

Requirement Gathering 

and analysis 

Code and Design  During Development 

Implementation  Late Stages 

Testing  Post-Development 

Deployment  

 

Finally, the project considerations concepts are explored. The requirements of conducting each UEMs 

is gathered from literature and discussed in (Chapter 2). Each requirement and its components are 

defined as shown in table 5.7 and table 5.8.  

Table 5.7: UEMs Requirements Description as used in this study 

Project considerations  Description  

Prototype  A version of the system that is developed and considered for evaluations 

Duration  Time spent on planning, executing gathering and analysing results from performing usability 

evaluation 

Expertise  Level of usability experience and knowledge available within the team to conduct usability 

evaluation 

Tools  The hardware, software and technologies available to conduct usability evaluation. For 

instance, specific tools such as eye-tracking technology need to be available to conduct 

certain evaluation. Meanwhile, only paper and pen or standard software or hardware is 

required to conduct others 

User involvement  The number of participants from users or user representatives required to successfully 

conduct an evaluation  

 

As each requirement described in Table 5.7 consist of sub-criteria, a description of them are provided 

in Table 5.8.  
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Table 5.8: UEMs requirements and their variables 

Variable  Sub-variable  Description  

Prototype  High fidelity  A partially or fully developed system, or a computer-based interactive 

representation of the product in its closest resemblance to the final design in terms 

of details and functionality. 

Low fidelity  A prototype that is sketchy and incomplete but has some characteristics of the 

target product but is otherwise simple   

Duration  Short  To plan, prepare and conduct the evaluation within days to a week 

Average  To plan, prepare and conduct the evaluation within two weeks  

Long  To plans, prepare and conduct the evaluation for over two weeks to a month  

Expertise  Usability 

specialist  

Carries knowledge and experiences in usability and its integrations within software 

development projects and familiar with numerous usability evaluation methods.  

Developer  Enthusiastic about usability and its integrations within the project and familiar with 

the general concepts of usability and its evaluation techniques  

Tools  General 

requirements 

of tools  

Standard requirements that are usually available and accessible within any software 

projects such as, screens, keyboard, notepads …etc.  

Specific 

requirement 

of tools  

Specialised hardware, software or technologies required to conduct a usability 

evaluation.  

User 

involvement  

No users  Users are not accessible to participate in a usability evaluation  

Small group of 

users  

A group of three to five users are available/accessible to conduct usability 

evaluation. 

Large group of 

users  

A group of 10 or over users are available/ accessible to conduct usability evaluation.  

 

The concepts of UEMs requirements are directly related to project considerations as each of these 

concepts discusses requirement availability to conduct a task.  

After providing descriptions for concepts built into the framework, the next section will discuss the 

relational links created between the concepts. For the purpose of creating the relations amongst the 

concepts discussed, the concepts and their related components as discussed in this section will be 

referred to as classes, which will represent concepts, and subclasses. The purpose of using the 

classes and subclasses is to be able to discuss the inheritance and further represent the relations in a 

functional form. 
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5.2 The relations  

 

Semantic modelling aims to capture in-depth meaning by integrating relational concept within the 

abstract concepts of data (Klas and Schrefl, 1995). To establish the relationships between the main 

concepts discussed in section 5.1, semantic mapping is conducted in this study. Each of the concepts 

represents a ‘class’ and components represent ‘sub-classes.’ The establishment of classes and sub-

classes is critical for semantic mapping purposes. Web of relations are built within classes and 

subclasses allowing integrational data that will be discussed later in this section. Essentially, the 

concepts of ‘usability’ and ‘project considerations’ are used as criteria to classify ‘UEMs’ by relating 

these three concepts components. Concepts and components are deconstructed and defined, in 

Chapter 2 and earlier in section 5.1, to be semantically mapped to classify UEMs using multidisciplinary 

criteria. As indicated in the literature, UEM classifications or categorisation lack a standardised 

approach/process. Hence, in this study the process of classifying UEMs considered the above-

mentioned criteria to provide a holistic and subjective classification by focusing on: 

• UEMs measurement capabilities compared to usability attributes and performance objectives 

• And UEMs applicability in regard to requirements and SDLC stages 

 

5.2.1 Relating UEMs to Usability Attributes  

Subsequently, by adapting Dubey et al.’s (2012) integrated model in defining usability attributes and 

sub attributes, and by decomposing the descriptions, characteristics and analysis gathered 

throughout critically analysing each UEM and represented in table 5.3, the following model is 

generated as shown in Figure 10. 
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Figure 10: relating UEMs measurement characteristics within usability attributes 

In figure 10, the four attributes of usability, i.e. effectiveness, efficiency, comprehensibility and 

satisfaction are generalised as major classes. Each of the major classes is then matched to sub 

attributes that (Dubey, et al., 2012) have justified, categorising them within the four major classes. 

Further classification is derived by using the taxonomy provided by Dubey et al. (2012) for each of 

the major classes and sub attributes. Consequently, this study matched UEM characteristics derived 

from critically analysing the literature and presented in Table 5.3 to the sub-attributes by 

semantically matching UEMs characteristics, the definitions of which are provided in table 5.4, to 
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classifications descriptions provided by Debye, et al., (2012). The final output of this activity is 

presented in Table 5.9. 

Table 5.9: Final output of matching UEM to usability attributes 

Usability Attribute  UEM 

Comprehensibility Cognitive Walkthrough  

Interviews  

Logs, Screenshots and Recordings 

Card Sorting  

Think Aloud  

Effectiveness Cognitive Walkthrough  

Pluralistic Walkthrough 

Heuristic Walkthrough 

Field Observation  

Focus Group  

Interviews  

Survey (Checklist) 

Experts Evaluation  

Persona Based Inspection  

Benchmarking against Criteria  

Think Aloud  

Efficiency Heuristic Walkthrough 

Contextual Inquiry  

Logs, Screenshots and Recordings 

Experts Evaluation  

Persona Based Inspection  

Benchmarking against Criteria  

Card Sorting  

Satisfaction Contextual Inquiry  

Field Observation  

Interviews  

Survey (Checklist) 

Questionnaire 

Persona Based Inspection  

Think Aloud  

Focus Group 

Pluralistic walkthrough  
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As shown in Table 5.9, a value of ‘maybe’ is added to indicate a probability of UEMs success to measure 

usability element. The values are derived from the general analysis of the literature for the UEMs. 

When the UEMs in the literature are clearly able to measure one of the three usability elements, then 

the value allocated to it is ‘yes’, and ‘no’. If it is clearly mentioned in the literature that a certain UEM 

does not effectively measure any of the elements mentioned above, the value allocated to that UEM 

would be ‘no’. However, when the literature lacks a clear mentioning of whether or not a UEM is 

effective measurement tool for a particular usability attribute, a value of ‘maybe’ is given to it.   

5.2.2 Relating UEMs to Usability Performance Objectives 

In Figure 11, the result of the analysis was applied to semantically map the concepts of ‘performance 

objectives’ and ‘UEMs’ together by relating classes, sub classes and data to each other (example 

demonstrated in Figure 11). The definitions of performance objective sub-classes i.e. inquiry, 

inspecting and testing, are provided in literature.  
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Figure 11: Classes, subclasses and data. 

Each of the subclasses of ‘performance objectives’ includes a number of UEMs that relate them as 

shown in figure 11. The terminological selection of these classes and their definitions have been 

elaborately discussed in Chapter 2. The process of relating UEMs to sub-classes starts by defining 

objectives of performing and analysing usability evaluation, discussed in Chapter 2. Additionally, each 

UEM is defined, critically analysed (using usability attributes, see section 5.1) and its properties 

derived, as discussed in Chapter 2. It is important to highlight that the relationships are built between: 

• Class-to-Class 

• Class-to-Subclass and Subclass-to-Class 

• Class-to-Data and Data-to-Class 

• Subclass-to-Data and Data-to-Subclass 

 

For instance, as shown in Figure 11, by building a relationship between performance objectives (class) 

and UEM (class) through the use of both subclasses and data. To explain further, in Figure 11, 

performance objectives includes three subclasses (testing, inspection and inquiry) and each of the 
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subclasses are matched to data (e.g. card sorting, and focus group represent data for the inquiry, 

which is a subclass for performance). On the contrary, the data for the subclasses within performance 

objectives represent subclasses of another class, which is UEM where this can demonstrate the 

rationale behind using semantic modelling, as it provides a lucid mechanism to create relationships. 

For instance, card Sorting (data) is matched to performance objectives (Class) through inquiry (sub 

class). This relational inheritance can also be represented as shown in Figure 12. 

UEM Card Sorting Inquiry
Performance 

Objectives 
Includes Matched to Sub class of

Matched to 

 

Figure 12: Example of inheritance relationships. 

Figure 12 shows that, when reading it from left to right, a UEM is matched to a class ‘Performance 

Objectives’ by the inheritance of the relation between ‘Card sorting’ which is a data of UEM and 

‘Inquiry’ which is a sub-class of Performance Objectives. The final relational representation of UEMs 

to performance objectives are shown in table 5.10. 

Table 5.10: Relating UEMs to performance Objectives 

Performance Objectives UEMs 

Inquiry  Card Sorting 

Contextual inquiry 

Field observation  

Focus group 

Interviews  

Logs, records and screenshots 

Questionnaire  

Survey  

User feedbacks  

Inspection  Benchmarking  

Cognitive walkthrough  

Expert evaluation 

Heuristic walkthrough 

Persona based inspection  

Pluralistic walkthrough  

Survey  

Standard inspection  

Testing  Cognitive walkthrough  

Field observation  

Logs, records and screenshots  
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Performance Objectives UEMs 

Testing  Persona based inspection 

Think aloud  

 

5.2.3 Relating UEMs to SDLC Stages 

During conducting the analysis, it is noticed that majority of the UEMs are also given two extra criteria 

for comparison in the literature: 

• Occurrence within SDLC stages  

• Type of test  

 

The data extracted from literature are summarised and presented in Table 5.11. 

 Table 5.11: Extracting data from literature regarding UEM application within SDLC 

UEM TYPE OF TEST  OCCURRENCE WITHIN SDLC  

Examine  Diagnose  Early  Core  Late  

BENCHMARKING AGAINST CRITERIA  Yes  No  No No Yes  

CARD SORTING  No Yes  Yes  No No 

COGNITIVE WALKTHROUGH  Yes  No Yes  Yes  Yes  

CONTEXTUAL INQUIRY (PROACTIVE FIELD STUDY OR USER 

VISIT) 

No Yes  Yes  No Yes  

FIELD OBSERVATION  Yes  Yes  Yes  No Yes  

FOCUS GROUP  No Yes  Yes  Yes  No 

HEURISTIC EVALUATION  No No No No No 

HEURISTIC WALKTHROUGH  No No No No No 

INTERVIEWS  No Yes  Yes  No Yes  

LOGS, SCREENSHOTS, AND RECORDINGS   Yes  No No Yes  Yes  

PERFORMANCE TESTING  No No No No No 

PERSONA BASED INSPECTION  Yes  No No Yes  Yes  

PLURALISTIC WALKTHROUGH  No Yes  Yes  No No 

STANDARDISED QUESTIONNAIRE  Yes  No No No Yes  

SURVEY (CHECKLIST) Yes  No No No Yes  

THINKING ALOUD  No Yes Yes  No No 

USERS FEEDBACK  Yes  No No No Yes  

 

Table 5.11 represents the extracted information from the literature regarding the type of test and 

occurrence within an SDLC. It was noticeable that when diagnosing UEMs individually, practitioners 

and researchers tend to categorize UEMs as either an examining tool or diagnostic tool. Additionally, 
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they placed the best practice application of UEM within SDLC stages mostly within ‘early’, ‘during’ and 

‘late’ categories. To satisfy the table cells corresponding to each UEM, a value of ‘yes’ is given to a 

UEM only if there is a literature that supports it. Hence, a value of ‘no’ is given when there is a lack of 

evidence in the literature.   

To conduct further diagnostic analysis, the three main SDLC stages considered in designing the tool 

i.e. predevelopment, core development and post development are considered. UEMs data extracted 

from the literature are then allocated to each of these classes according to what a UEM is used for 

within an SDLC stage. This step focuses on enhancing the goals and objectives criteria of conducting a 

usability evaluation. Each UEM when applied at a certain SDLC stage will result in extracting specific 

types of results. Table 5.12 shows when to implement each UEM best and why: 

Table 5.12: Matching UEMs to hybrid SDLC stages 

UEM Pre-

development  

Core 

development  

Post 

development  

Reference  

Benchmarking  To gain ideas for 

design  

Redesign 

/iteration effect 

on users 

Measuring/ 

comparing 

performance  

(Arnold, 2015)  

 

Card sorting  Design or evaluate 

the information 

architecture of a 

site 

  (Usability.gov, 

n.d.) 

Cognitive 

walkthrough 

 Evaluation of 

system and 

evaluating the 

design of a user 

interface 

 (Spencer, 2000 

; Wharton, et al, 

1994) 

 

Contextual 

inquiry  

Gather 

information prior 

to planning stages 

 Evaluate current 

use for further 

understanding of 

use 

Gaffney, (2004); 

Beyer & 

Holtzblatt, 

(1998); 

Holtzblatt, et al., 

(2005); 

Rampoldi-Hnilo,  

& English,  (2004) 

 

 

 

https://www.usertesting.com/blog/2015/01/05/benchmarking/
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UEM Pre-

development  

Core 

development  

Post 

development  

Reference  

Expert reviews    Evaluation of 

design  

 Laitinen, 2006; 

Katre and Gupta,  

2011 

Field studies   Before design or 

redesign to gain 

insight  

  Farrell (2016); 

Hartson, et. al., 

1996 

Focus group    Test and 

deployment  

Hartson, et. al., 

1996 

Heuristic 

evaluation  

 Evaluation of 

interfaces and 

designs  

Critique  Nielsen and 

Molich, 1990 

 

Interviews  Developing or 

reviewing the 

objectives and 

goals of the site 

  (Usability.gov, 

n.d.); Hartson, 

et. al., 1996 

 

 

Logs, screenshots 

and recordings  

 Evaluate design  Evaluate the 

product  

(Lanoue, 2015); 

Hartson, et. al., 

1996 

Personas Investigate aims, 

functionality and 

demands  

Test features and 

components 

 Khalayli, et al, 

2007; O’Connor, 

(2011); Carey 

(2011). 

Pluralistic 

walkthrough 

Early design 

evaluation  

  Hollingsed and 

Novick, 2007; 

Werner and 

Wilson, (2005) 

Usability 

questionnaires  

  Evaluation of 

user’s satisfaction 

of interfaces  

Chapter 2 

Survey    Evaluation of 

product to 

redesign or rate it.  

Geisen and 

Bergstorm,  

(2017). 
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UEM Pre-

development  

Core 

development  

Post 

development  

Reference  

Think aloud  Planning usable 

product 

(gathering 

expectations) 

Investigating 

interface 

problems in 

design  

 Nielsen, (2012); 

Hartson, et. al., 

1996 

  

Performance 

testing  

 Evaluation of 

design  

Evaluation of 

product and 

compare  

Nielsen, (1993); 

Soken, et al, 

1993 

 

Each of the UEMs considered in this study is investigated based on the criteria of what is it expected 

achieve at which SDLC stage. Table 5.12 summarises the output and provides the references to 

support the matching processes. Despite the different descriptions given to what each UEM can 

perform at what stages, the common themes can be summarised in three points: 

o In the pre-development stages, UEMs are mostly considered to gain insight and information 

into user’s expectations, general expectations of the product and its features. This is a setting 

point for developing usability criteria by which further development of the product should be 

compared to satisfy expectations throughout the development processes.  

o In the core development stages, UEMs mostly focus on the designing process of user 

interfaces and evaluating it. This procedure is dependable on the results gathered from 

analysing the information from the earlier stages. It is a process to reassure the compatibility 

of actual design with user expectations.  

o Lastly, at the post-development stages of the SDLC, it is the UEMs’ function to be able to 

gather data that is diagnostic for critique purposes. The output is used to improve the product 

rather than making major changes to its functionality. It can also be used in planning and 

requirement gathering for a different product. This stage is concerned with ensuring user’s 

satisfaction and investigating ways to improve it.  

The final relational connections of UEMs within SDLC stages are provided in Table 5.13. 
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Table 5.13: Relating UEMs to SDLC Stages 

 

 

5.2.4 Relating UEMs to Project Considerations  

Derived from literature (Chapter 2) and classified in section 5.1, Table 5.14 represents the relations 

between UEMs and project considerations.  

Table 5.24: Relating UEMs to Project Considerations 

Requirement of UEM Requirement availability 

level in project  

UEM 

Prototype 

High Fidelity  Benchmarking, Cognitive Walkthrough, Contextual Inquiry, 

Field Observation, Focus Group, Interviews, Logs, Records and 

Screenshots, Persona Based Inspection, Surveys, Thinking 

Aloud, Performance Testing, Questionnaires 

Low Fidelity  Cards Sorting, Cognitive Walkthrough, Expert Evaluation, 

Heuristic Walkthrough, Interviews, Persona-Based Inspection, 

Pluralistic Walkthrough 

Duration 

Short  Cards Sorting, Cognitive Walkthrough, Expert Evaluation, 

Heuristic Walkthrough, Persona Based Inspection  

Average  Benchmarking, Contextual Inquiry, Field Observation, Focus 

Group, Interviews, Thinking Aloud, Performance Testing  

Long  Benchmarking, Logs, Records, Screenshots, Questionnaire, 

Survey  

Code Maintenance 

Document 

usability 

requirements 

Checklist 

prototype 

Development 

and 

evaluation 

verify usability 

requrement 

verify design 

usability 

usability pilo t 

testing 

usability 

requirement 

evaluation

loging user 

actions

Benchmarking no no yes no no yes yes yes yes 

Card sorting yes yes no maybe no no no no no

Cognitive walkthrough no no maybe maybe yes yes yes no no

Contextual inquiry yes yes no no no maybe no yes yes 

Expert reviews  no no no maybe maybe yes no no no

Field studies  yes yes no no maybe yes no no maybe

Focus group no no no maybe no no yes yes yes

Heuristic Evaluation no no yes maybe yes yes yes maybe no

Interviews yes yes maybe no yes maybe no maybe no
Logs, screenshots and 

recordings no no no yes yes yes yes maybe yes 

Personas yes yes no yes yes yes no no no

Pluralistic walkthrough yes yes no maybe yes maybe no no no

Usability Questionnaires no no no no no no maybe yes yes

Survey no no no no no no yes yes yes 

Think aloud yes yes maybe yes yes yes no no no

Performance testing no no no maybe maybe yes yes maybe yes 

Pre Development Core Development Post Development 

Planning and Requirement 

SD
LC

 St
ag

es
 / 

UEM
s

Des ign Testing 

gathering and documenting 

usability requirement 
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Requirement of UEM Requirement availability 

level in project  

UEM 

Expertise 

Usability specialist  Benchmarking, Cognitive Walkthrough, Contextual Inquiry, 

Expert Evaluation, Field Observation, Heuristic Walkthrough, 

Interviews, Persona Based Inspection, Pluralistic 

Walkthrough, Survey, Think Aloud, Performance Testing  

 Developer  Card Sorting, Contextual Inquiry, field observation, Focus 

Group, interviews, Logs, Records, Screenshot, Pluralistic 

Walkthrough, think aloud  

Tools 

General  Cards Sorting, Cognitive Walkthrough, Contextual Inquiry, 

Expert Evaluation, Field Observation, Heuristics Walkthrough, 

Interviews, Persona Based Inspection, Pluralistic 

Walkthrough, Performance Testing  

Specialised  Benchmarking, Logs, Records, Screenshots, Questionnaire, 

Survey, Thinking Aloud 

User involvements 

No users  Benchmarking, Cognitive Walkthrough, Expert Evaluation, 

Heuristic Walkthrough, Persona Based Inspection  

Small group  Card Sorting, Contextual Inquiry, Field Observation, Focus 

Group, Interviews, Pluralistic Walkthrough, Thinking Aloud, 

Performance Testing  

Large group  Logs, records, screenshots, questionnaire, survey  

 

After creating a web of relations and classifying UEMs within the criteria classes and subclasses, the 

next section will provide a discussion on how to logical execute the relations.  

 

5.3 The reasoning  

 

Following the semantic modelling, which was explained in the previous section, the logical binary 

inherited characteristic of traditional system needs to be altered. In other words, the decision process 

cannot follow simple ‘Yes’ or ‘No’ queries to convey a decision. This implies that a human expert, for 

instance, would consider ‘probabilities’ in cases where it is applicable. Therefore, the use of fuzzy logic 

is proposed to establish reasoning process for the framework. Fuzzy logic system “consists of a set 

input variable that are related to a set output variable through a set of rules” (Johnson, J.A. and Smartt, 

H.B., 1995). Fuzzy logic has been widely used in developing frameworks for it over comes the 

challenges opposed by complex systems (De Silva, C., 2018). In this study, fuzzy logic is applied to 

produce sets of output variables of a combination of UEMs based on the semantic relations created 
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in section (5.3) with the set of input variables i.e. usability and project considerations and based on IF-

THEN rules.  

The initial logical question this framework is trying to answer is “is there a perfect UEM that can be 

efficiently and effectively integrated in any software development project?” To understand the 

question, its two components are analysed, i.e. UEM and software development projects. Therefore, 

the following high-level coding through the use of natural language a rule-based query was created, 

and this implied translating it to the following format: 

• IF there is a perfect fit UEM THEN integrate it in all software development projects.  

• IF there is not a perfect UEM THEN create a set of UEMs that would effectively satisfy all 

criteria. 

• IF the set of UEMs can efficiently be integrated in all software development projects THEN set 

it as default. 

• IF there is not a set of UEMs can efficiently be integrated in all software development projects 

THEN consider each project individually.  

To represent the sequence of decisions, a decision tree for the rules discussed above can be created, 

as represented in Figure 13. 

Is there a perfect 
UEM?

Is it applicable to all software 
development projects?

Is there a set of 
UEMs that is perfect?

Solution found 
Is there usability expert in the 

team?

NO YES

YESNO

YES

NO

Use a tool Apply expertise 

NOYES

Apply UEMs depending on 
familiarities 

NO

 

Figure 13: Decision tree to initial process of selecting appropriate UEM. 

Noticeably, the answer to the questions proposed earlier in this section of whether or not there is a 

perfect UEM that efficiently and effectively measure all usability attributes (effectiveness, efficient, 

satisfactory and comprehensive), satisfy all evaluation purposes and to be applied by all software 

development projects regardless to their resources and SDLC type, simply does not exist as discussed 
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throughout (Chapter Two). Therefore, the proposed framework needs to produce a set of UEMs to 

satisfy a set of input.  

The following stage requires going beyond the simple decision tree process (example in Figure 13) to 

implement logic into a deeper level of the reasoning. Hence, this will encapsulate more hierarchical 

classification, knowledge passing of inheritance aspects of relations is specially applied to the 

proposed framework where for instance, if applied to the UEMs, it will be as following: 

• IF a UEM belongs to a specific sub-class THEN it also belongs to the class that sub-class belongs 

to.  

Also, 

• IF a higher level of hierarchy of a class is chosen THEN all lower subclasses in the hierarchy 

shall be considered.  

Moreover, the sets or the combinations of UEMs created depending on input criteria set, must be 

rationalised. In other words, there could be numerous sets that would satisfy the criteria. To filter the 

most appropriate, the proposed framework should present the set that includes minimum number of 

UEMs that would satisfy all the criteria. Consequently, the following rule is applied according to the 

sequence it is represented in: 

• IF UEM matches maximum number of criteria, THEN add to top of list (a). 

• {IF criteria list is still not fully matched to UEMs THEN find unmatched criteria.  

• IF unmatched criterion is found THEN find a UEM that matches it  

• IF match of UEM is found THEN add to list (b)} LOOP. 

• IF all the criterion in criteria list is matched to UEM THEN stop the loop.  

• IF all criteria lists are created THEN find combinations of UEMs from lists (a, b, … etc) 

• IF all combinations are found THEN create list of combinations 

• IF list of UEMs combinations has more than one combination of UEMs THEN arrange 

combinations in hierarchical order (ascending order: least number of the UEMs in a 

combination top the list) 

Note that for the purposes of this chapter, the creation of lists to find UEMs matches to criteria are 

called ‘list a’, list b’ …... etc. Additionally, a decision tree technique is chosen to facilitate reasoning as 

shown in Figure 14 and 15.  
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find UEM matched to 
project considerations

find UEM matched to 
usability considerations 

find UEMs

is there more than one 
consideration to find a 

match for? 

No 

is there a UEM 
that matches all 
considerations?

Yes 
find all UEMs that 

match it

does this UEM 
matches other 

considerations that 
are not chosen?

No Yes 

create list (a)

fuzzy logic (1): if the 
UEM that matches 

more than one 
consideration fits 

project 
considerations, then 
it should be added to 

final list (bypassing 
binary yes or no)

add to list (a)
seperate each 

element into task 

Yes 

No 

find match to 
each element 

add  result from 
each matching 
process to list

are there overlapping 
UEMs between lists

add all UEMs a list

Apply fuzzy logic (1)

arrange from 
maximum match to 

minimum

create list (a)

Yes 

add all UEMs in a 
list

create list (a)

No 

add all UEMs to 
list (a)

if the chosen value 
is the maximum 

value

if the chosen value is 
not the maximum value

add all the UEMs 
to a list (b)

is the  chosen value the 
minumum value

Apply logic (2)

only find exact 
matches to the value 

find the matches for 
exact value and less 

than it

Yes No 

fuzzy logic (2): if 
the value chosen 
by the user is the 
maximum value, 
then by hierarchy 
logic it relate all 

UEMs to the 
chosen value. 

add to list (b)

filter list (b)

omit UEMs that causes 
contrast between two 

criteria 

finalise list (b)

 

Figure 14: decision tree for proposed framework. 
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compare lists 

find matching UEMs 
between list (a) and 

(b)

add to list (c)

Apply fuzzy logic (3)

analyse list (c)

all usability 
considerations are 
satisfied by list (c)

find missing 
considerations 

add to risk list 

No 

Yes 

fuzzy logic (3): apply 
fuzzy matching.  

 

Figure 15: decision tree for proposed framework. 

As shown in Figure 14 and 15, the output variables are generated by matching to input variable using 

the inherited relational links between classes, subclasses and data as discussed in (section 5.2). Each 

relation generates a list of results, which then is combined with other results generated from other 

relations in order make an appropriate decision.  
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5.4 The components 

 

In this section proposed framework components are described i.e. input, process and output a 

description of each is given in Table 5.15.  

Table 5.15: Description of framework input, process and output 

Input  Process  Output  

Set of variables related to why 

evaluate usability (performance 

objectives and measurement 

abilities i.e. usability attribute) and 

what are the project considerations 

that would affect the selection of 

UEM 

The rules (reasoning) processes that 

needs to be carried out to derive set 

of output that would satisfy a set of 

input  

Set of minimum number of UEMs 

combination that are matched to the 

variables in input set.  

 

5.4.1 input  

Initially, each decision taken by the stakeholder is in a form of a selected answer to given questions. 

The answers to the question represent the input of the proposed framework. The questions are 

designed to capture the desired objectives, goals and project considerations of performing usability 

evaluation in a specific software development project. These are the variables that creates a set of 

input for the proposed framework. Therefore, the questions are divided into two parts: 

• Part 1: collect usability considerations: the main inputs regarding usability goals and objectives 

considerations are gathered. 

• Part 2: collect project considerations: the inputs regarding the resources availability to 

conduct usability evaluation are gathered.   

For the purpose of explaining the creation of set of input variable, the two parts are described in the 

rest of this section.  

In part 1 the goals and objectives of measuring software usability are investigated respectively. 

Common goals of conducting usability evaluation includes finding out the ability of users to complete 

the task allocated with the product successfully, identifying the duration of task completion, 

measuring users’ satisfaction and identifying areas that need changing in order to gain higher 

satisfaction (Babich, 2017). The following question is designed to collect the goals 

• Question 1: What is your project goal regarding usability? 
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A set of multiple choices is created that represents the goals of evaluating usability by linking 

the goals to usability attributes: 

• Effectiveness 

• Efficiency 

• Satisfactions 

• Comprehensibility  

Additional explanations as shown in Table 5. 16, to facilitate the process of making 

appropriate choices are also added to the design.  

Table 5.16: Goals and their definitions. 

Attribute Definitions Sub-attributes 

Effectiveness “The degree to which the software facilitates the user in 

accomplishing the task for which it is intended with precision 

and completeness while avoiding most errors in varying 

contexts of use” Dubey et al. (2012). 

Task accomplishment, 

operability, universality, 

flexibility and errors 

Efficiency “The performance of the software in accurately and 

successfully completing a task in return for the user effort, 

finances and resources that are invested.” Dubey et al. (2012). 

Efficiency in human effort, 

task execution time, tied up 

resources and economic 

costs 

Satisfaction “The degree to which the software is likeable, comfortable, 

attractive and trustworthy for the users.” Dubey et al. (2012). 

Likeability, trustfulness, 

comfort and attractiveness 

Comprehensibility “The degree to which the software has clarity, is easy to learn 

and remember and includes appropriate 

help/documentation.” Dubey et al. (2012). 

Clarity, learnability, 

memorability and 

helpfulness 

 

Additionally, the objectives of evaluating usability are examined. the following question and 

its given options will capture the project’s objective of evaluating usability. 

• Question 2: Why are you interested in evaluating usability? 

              Answer 2: Testing, inspection and inquiry. 

For further explanation, the definitions (as discussed in chapter 2) are provided as below: 

✓ Testing: evaluator observes users working with the system while trying to complete their 

own real work rather than tasks defined by the evaluator in order to determine usability 

problems.  
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✓ Inspection: the uses of set of criteria or heuristics by experts/evaluators to identify 

potential usability problems the system. 

✓ Inquiry: feedback provided by users regarding the system via the means of interviews, 

surveys and questionnaires. 

         Here are some examples of objectives: 

• To gather expectations of targeted users. 

• To make sure the software is following the usability aspects critical to the success of the 

project.  

• To gather information related to actual user’s satisfactory levels. 

• To diagnose a potential usability problem/s. 

• To gather new ideas to improve usability.  

In Part 2 the questions are designed to mainly investigate resources availability within the project to 

conduct usability evaluation. Hence, the fewer the constraints, the better the results. The following 

questions were created to examine the availability of each project/usability evaluation resources 

considered in this study, as following: 

• Prototype complexity level/ system completion level: what is the level of your system 

maturity? What sort of prototype have you got to perform the evaluation on?  

• Duration or time constraints: what are the acceptable/appropriate time duration spent on 

planning, executing gathering and analysing results from performing usability evaluation 

• Expertise within the software development team to successfully plan, implement and execute 

UEMs: what is the Level of usability experience and knowledge available within the team to 

conduct usability evaluation 

• Tools: what is the hardware, software and technologies available to conduct usability 

evaluation 

• User Involvement: accessibility and exposure to users: Is it easy to recruit users to conduct 

usability evaluation? How many users you can recruit? 

Nevertheless, in part 2 of the proposed framework, each variable i.e. prototypes, duration, expertise, 

tools and user involvements consist of sub-set of variables to describe the level of availability of these 

resources in a project. For instance, a prototype has different level of maturity starting from ‘low 

fidelity’ prototype to ‘high level’ prototype. Whereas, in ‘users’ involvement’ the variables represent 

the level of project’s exposure to its users; in other words, level of capabilities to involve users to 

conduct usability tests. The variables are for ‘users’ involvement’: no users, small group of users or 

large group of users. Table 5.17 provides the variables and their descriptions 
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Table 5.17: Representing part 2 variables and sub-variables for proposed framework input 

Variable  Sub-variable  Description  

Prototype  High fidelity  A partially or fully developed system, or a computer-based interactive 

representation of the product in its closest resemblance to the final design in terms 

of details and functionality. 

Low fidelity  A prototype that is sketchy and incomplete but has some characteristics of the 

target product but is otherwise simple   

Duration  Short  To plan, prepare and conduct the evaluation within days to a week 

Average  To plan, prepare and conduct the evaluation within two weeks  

Long  To plans, prepare and conduct the evaluation for over two weeks to a month  

Expertise  Usability 

specialist  

Carries knowledge and experiences in usability and its integrations within software 

development projects and familiar with numerous usability evaluation methods.  

Developer  Enthusiastic about usability and its integrations within the project and familiar with 

the general concepts of usability and its evaluation techniques  

Tools  General 

requirements 

of tools  

Standard requirements that are usually available and accessible within any software 

projects such as, screens, keyboard, notepads …etc.  

Specific 

requirement 

of tools  

Specialised hardware, software or technologies required to conduct a usability 

evaluation.  

User 

involvement  

No users  Users are not accessible to participate in a usability evaluation  

Small group of 

users  

A group of three to five users are available/accessible to conduct usability 

evaluation. 

Large group of 

users  

A group of 10 or over users are available/ accessible to conduct usability evaluation.  

 

5.4.2 Processing   

This section illustrates the steps of processing data discussed in (section 5.5.1) and generating results 

following the reasoning processes discussed in (section 5.4).  

After each question within each part mentioned above, data extracting processes are to be carried 

out followed by rigorous reasoning processes as represented throughout (Section 5.3 and Section 5.4) 

to achieve optimal results. For the purpose of illustrating, data tables are created. Therefore, for the 

purposes of this chapter a spreadsheet has been used to illustrate how the framework will work. A 

spreadsheet could be used if one wanted to do this manually, but it would be too cumbersome to 

implement that way within an organisation. Microsoft Excel is one example of a spreadsheet program 

and it was considered for the purpose of illustration to build the tables discussed in Section 5.2 and 
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section 5.3.  Excel was selected because it can allow tabulated data to be arranged and some relations 

identified as shown in Figure 16 

 

Figure 16: Representing data and relations in Excel 

The UEMs are represented in the first column and the Performance Objective categories are 

represented in the rest columns, also, as shown in Figure 16. The UEMs that belong to each sub-class 

of ‘performance objectives’ were then assigned the value of ‘YES’; meanwhile a UEM does not belong 

to certain sub-class, it is assigned with the value of ‘NO’. Then a pivot Table is created, as shown in the 

bottom right side of Figure 16, in which UEMs are dragged to the box of rows and the sub-classes of 

‘performance objectives’ class, i.e. inspection, inquiry and testing are dragged to the box of filters. 

Finally, the selection of value ‘YES’ to all categories is made, resulting in no outcome for there is no 

single UEM that has the value of ‘YES’ in all the categories.  

However, the spreadsheet in Excel by itself cannot fulfil the purpose of the proposed framework being 

developed because of its limitations in representing the interrelations between the concepts. For 

instance, consider the following scenario that would justify the limitation imposed by Excel. If the 

input for performance objective is inspection, inquiry and testing, then the result is none as shown in 

the bottom right side of Figure 16. 

Afterwards, the processing steps follows the decision tree presented in (section 5.4) and the questions 

(presented earlier in section 5.5.1) and answers are gathered. For the purpose of explaining the 

processes, a flowchart diagram is presented in the Figure 17 to illustrate the sequence of rules-based 

decisions by which the data within the proposed framework flow. 
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Are all  usability 
considerations satisfied 

by list ( c ) ?

Show result 

Final list of 
appropriate 

UEMs with notes 
if applicable 

Find missing 
usability 

considerations 

Missing 
usability 

consideratio
ns 

Yes No 

Output 

Output 
Add to final 

output 
Output 

End 
 

Figure 17: Initial flowchart for processing representation. 

As shown in Figure 17, a set input variable is gathered in the beginning of the process, then fuzzy logic 

is applied to derive a variable set of output. Figure 17 illustrates a high-level representation of the 

activities within the reasoning process. As shown in Figure 17, the proposed framework goes through 

different stages of internal activities. Following the incorporation of inputs, a process of matching 

them to the concepts built in the framework takes place. In other words, proposed framework 

components, i.e. UEM, project constraints and usability attributes, are the data. An example of the 

processing of activity 1 ‘finding UEMs for usability consideration’ is as follow: 

Step 1: Extracting Data 

1. Using the Excel sheet, as discussed in section 5.5.1, select the table/s representing 

‘usability considerations’ i.e. goals and objectives, as represented in section 5.5.1. A 

representation of the tables related to usability considerations i.e. goals and objectives are 

illustrated in Figure 18 and 19  for the purpose of illustration  
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                          Figure 18: Usability goals related to UEMs 

                              

                                  Figure 19: Usability objectives related to UEMs  

Usability goals UEMs

Comprehensibility Cognitive Walkthrough 

Comprehensibility Interviews 

Comprehensibility Logs, Screenshots and Recordings

Comprehensibility Card Sorting 

Comprehensibility Think Aloud 

Effectiveness Cognitive Walkthrough 

Effectiveness Pluralistic Walkthrough

Effectiveness Heuristic Walkthrough

Effectiveness Field Observation 

Effectiveness Focus Group 

Effectiveness Interviews 

Effectiveness Survey (Checklist)

Effectiveness Experts Evaluation 

Effectiveness Persona Based Inspection 

Effectiveness Benchmarking against Criteria 

Effectiveness Think Aloud 

Efficiency Heuristic Walkthrough

Efficiency Contextual Inquiry 

Efficiency Logs, Screenshots and Recordings

Efficiency Experts Evaluation 

Efficiency Persona Based Inspection 

Efficiency Benchmarking against Criteria 

Efficiency Card Sorting 

Satisfaction Contextual Inquiry 

Satisfaction Field Observation 

Satisfaction Interviews 

Satisfaction Survey (Checklist)

Satisfaction Questionnaire

Satisfaction Persona Based Inspection 

Satisfaction Think Aloud 

Satisfaction Focus Group

Satisfaction Pluralistic Walkthrough

Objectives UEMs

Inquiry Card Sorting 

Inquiry Contextual Inquiry 

Inquiry Field Observation 

Inquiry Focus Group 

Inquiry Interviews 

Inquiry Logs, Screenshots and Recordings

Inquiry Questionnaire

Inquiry Survey (Checklist)

Inquiry User Feedback 

Inspection Benchmarking against Criteria 

Inspection Cognitive Walkthrough

Inspection Experts Evaluation 

Inspection Heuristic Walkthrough

Inspection Persona Based Inspection 

Inspection Pluralistic Walkthrough

Inspection Survey (Checklist)

Inspection Standards Inspection

Testing Cognitive Walkthrough 

Testing Field Observation 

Testing Logs, Screenshots and Recordings 

Testing Persona Based Inspection 

Testing Think Aloud 
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2. Using filtration enabler in Excel, filter the data to find matching UEMs to ‘goals’ and 

‘objectives’ as selected throughout the questions represented in section 5.5.1.   

Step 2: Reasoning  

1. Combine the UEMs that would lead to achieving the goals i.e. attributes.  

2. After choosing the UEM/s that cover the maximum number of the goals and objectives 

chosen by decision maker a list is create, named list (a). the list is created by assigning the 

headings chosen as ‘goals’ and ‘objectives’ to the part 1 questions as represented in 

section 5.5.1. An example of the list, for the purpose of illustration, is give in Figure 20.  

 

 

 

 

 

 

3.  Left column is filled with the results that were generated from step 1 and earlier steps of     

step 2 following the query below:   

➢ IF result is TRUE for all correspondent columns THEN stop query 

➢ IF result is FALSE for some OR all correspondent columns THEN choose the UEM that 

is TRUE for maximum number of headings. 

➢ IF result is FALSE for some OR all correspondent THEN go to Table and set heading 

filter to the missing column’s heading.  

➢ IF there is TRUE results for missing column THEN add it to the list above. 

4. the same query is repeated in a (loop) until the selected goals and objectives are 

matched to at least 1 UEM  

5. combinations of UEMs are created.  

6. the combinations are then ranked in (hierarchical order) from high for minimum number 

of UEMs in a combined group for the maximum number of UEMs in a combined group.  

7. the same steps from 1 to 4 are repeated to find matches for ‘project considerations’ 

each one at a time. The considerations are represented in part 2 or section 5.5.1 as: 

prototype, expertise, user involvement, tools and duration. An illustration for the purpose 

of explanation is provided in Figure 21. 

List of 

Matching 

UEMs 

Goals Objectives 

Efficiency  Effectiveness  Comprehensibility  Satisfaction  Inspection  Inquiry  Testing  

UEM 1 True / 

False  

True / False  True / False  True / False  True / 

False  

True / 

False  

True / 

False  

UEM 2 True / 

False  

True / False  True / False  True / False  True / 

False  

True / 

False  

True / 

False  

Figure 20: Creating List (a) 
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Figure 21:: Matching UEMs to Resources (partial) 
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8. Table(b) is created following steps 5 and 6 to fulfil ‘project considerations’ 

9. lastly, lists (a) and (b) are compared to create list (c) which consist of all the matches 

between lists (a) and (b). List (c) must include UEMs that are related to all ‘goals’ and 

‘objectives’ selected in part 1 section 5.5.1 and are related also to ‘project considerations’ 

from part 2 section 5.5.2.  

Nevertheless, the proposed framework will also highlight the risk of not covering certain areas of the 

SDLC or certain unmeasured attributes and suggests appropriate UEMs for consideration. This latter 

part of the framework is associated with risk analysis adding novelty to the proposed framework being 

developed. It is used as a part of the proposed framework and can be used as a risk management tool 

that helps in evaluating predetermined decisions made by decision makers. The latter functionality is 

discussed in the Phase Two Implementation in (Chapter 8).  It helps to understand shortcoming of the 

selections relating to measuring usability through choosing appropriate UEMs, and for analysing the 

decisions and suggesting suitable or feasible alternatives or additions. 

5.4.3 output  

Following the processing, a decision would be suggested derived from the data processed by logical 

reasoning as discussed in section 5.5.2. The result will include the option or several options that is/are 

tailored to the project constraints (input variable). The output would also include aligning the output 

UEMs to SDLC stages. Additionally, the output would include a description of the UEMs produced as 

results to facilitate better understanding of the terminologies used to describe the UEMs for assessing 

further application attempts by the stakeholders by providing initial information for further research. 

An example for explaining purposes is provided in Table 5.18. 

Table 5.18: Example of output 

Suggested 

UEMs 

Description  SDLC Stage to 

be applied in  

Optimal results of application  

Cognitive 

Walkthrough 

A method that requires adaption of potential 

user personas by evaluators to examine a user 

interface to inspecting system learnability i.e. 

ease of use. Evaluators play the role of users to 

identify usability problems and predict 

problems that the user may encounter 

Requirement Analysing components, 

researching usability trends, 

competitions and guidelines 

Early design Gathering ideas and evaluating 

low fidelity prototype 

Redesign Developing high fidelity 

prototype and evaluating it 

Field 

Observation 

evaluator visit users or potential users in their 

own environment and observe them working 

Planning Understanding requirement, 

creating persona and defining 

use cases 



 124 

Maintenance reporting current situation and 

identifying improvements 

 

The following section will discuss the scenarios in which the framework is applicable and beneficial. 

However, the applicability of the framework is not restricted to the provided scenarios as it can 

potentially be used by different stakeholders for various purposes.  

 

5.5 Scenarios of Using the Proposed Framework 

 

In this section, the potential scenarios of the proposed framework are discussed. The proposed 

framework, as indicated in chapter 1, is built to support usability stakeholders in reaching expertly 

derived decisions to implement usability evaluations within software development projects. 

Noticeably, in literature the term ‘stakeholders’ within the concept of usability is mainly related to 

product users. However, in this study and for the purpose of the framework developed, the term 

‘stakeholder’ refers to personnel engaged in making usability related decisions in a project or 

organisation. (Bevan, 2008) provided a list of stakeholders including: end-user, usage organisation and 

technical support. He then related cost effectiveness and managerial satisfaction to ‘usage 

organisation’, while relating maintenance and support satisfaction to ‘technical support’. However, in 

few studies a more detailed description of the stakeholders in usability is given such as ‘developers’ 

‘software quality practitioners’ and ‘managers’ (Hertzum, et al., 2011). In this section and for the 

purpose of illustrating the immediate stakeholders of the framework developed a list of potential 

stakeholders are represented and described in Table 5.19.  

Table 5.19: Potential stakeholders’ descriptions 

Stakeholder  Description  

Project manager  A person in a software development project who is responsible for planning and executing the 

project.  

Developer 

(senior/junior) 

A person who builds/creates/ develops software or application  

UX / UI designer  A person who builds/creates user interfaces for a software or an application  

Quality manager  A person who is responsible to search for and implement quality improvements measure to 

ensure high level of software or application quality 
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However, it is critical to indicate that the list of stakeholders is not exclusive to the titles and 

descriptions given in Table 5.19.  As the aim of the framework is to assess the process of selecting 

UEMs to be applied in software development project, any personnel interested in 

implementing/diagnosing usability within a software development project can use the proposed 

framework to reach appropriate decisions. Nevertheless, the application of the framework is 

considerably reliable on existing expertise within the project to identify project’s usability goals and 

constraints in relation to conducting UEMs. The framework additionally can assess the managerial 

level in identifying potential usability risks and how it can provide a higher level of potential business 

benefits. Therefore, the inclusion to stakeholder list provided in Table 5.19 is based on personnel with 

expertise in usability such as UX/UI designers, personnel in technical aspects of development such as 

developers and/or personnel responsible for planning and executing within a project such as project 

managers and quality managers.  However, the framework can also be used by researchers to 

elaborate on the methods of selections or on the techniques, to suggest different methods or to 

implement in wider scenarios. The following subsections are the scenarios in which the framework 

can be used by the stakeholders mentioned in table 5.19.  

5.5.1 Small to Medium software project: Considering Usability Evaluations for the First Time 

In small to medium sized software development project a hybrid model of agile and iterative SDLC is 

dominantly used, due to lower team member count with moderate to high level of expertise amongst 

them (Vijayasarathy, L. and Butler, C., 2015). Small team, as described by (Vijayasarathy, L. and Butler, 

C., 2015), is where member count is under 10 whereas a medium team consist of members count of 

11 to 30.   

In need to deliver high quality usable product while maintaining business value in a rapidly changing 

environment, end-users needs and expectations are taking into account (Brhel, M., et al, 2015) in small 

to medium projects. Hence, integrating usability is becoming critical (Curcio, K., et al, 2019) in these 

projects. However, due to limited resources of the project and limited expertise in usability, usability 

evaluations have not been integrated.  

The framework design presented in this chapter, would assist the team in their investigations into 

integrating usability evaluations within their project by providing a platform where their concerns 

about limited resources to conduct usability evaluations is taken into consideration to provide 

applicable solutions. The framework provides logical driven decisions by taking into consideration the 

resources availability, including time and expertise, within the project to produce set of applicable 

UEMs. It also provides further information regarding when to apply the UEMs, what it is expected as 

a result of applying them within those stages, and what are those UEMs.  
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5.5.2 Small to Medium Software Project: Unsatisfied with Current Usability Practice 

In this use case, a small to medium software project already applies several UEMs within the 

development process of their product. Yet, users are unsatisfied with the earlier version of the 

product, and the problems found in the feedbacks are not comprehended by the coders/developers. 

The team is concerned about their product’s quality level and/or looking for competitive advantages.  

The framework designed provides the means to assess the risks associated with their current practices 

by looking into inappropriate implementation of UEMs and/or unevaluated usability attribute. The 

framework also assists by providing solutions to enhance their usability practices with further details 

about appropriateness of applying UEMs within SDLC stages. The explanation of what is expected of 

UEM when applied at certain SDLC stage could enhance the quality of the results gathered from their 

current usability practices by conducting them in appropriate stages. It would also eliminate the risk 

of costly usability practices when inappropriately applied.  Additionally, the proposed framework 

would provide an opportunity for the team to be exposed to new UEMs that would provide further 

usability advantages enabling competitive advantages.  

The use of the framework designed in this chapter would complement the current usability practices 

by providing further diagnostic features to assess the risk associated to practices of inappropriately 

implementing UEMs. An appropriate implementations of usability evaluations will result better 

understanding of what users need by using the appropriate methods to capture them. 

Consequently, developers will be able to gain better understanding of their user’s needs.  

5.5.3 Looking for Additional Expert Opinion 

Regardless to the project size, resources and SDLC model, integrating usability evaluation are highly 

considered. Yet, to calculate risk, solve a problem, or diagnose current practices, the proposed 

framework designed can provide an effective solution. Its ability to provide tailored set of UEMs that 

in combination can satisfy all usability attributes i.e. effectiveness, efficiency, comprehension and 

satisfaction, encapsulate all usability criteria to be considered when producing usable product. 

Furthermore, the novelty of the proposed framework lays on the concepts and the relations that 

uniquely provides results for each situation by calculating the probabilities can be used as an expert 

opinion whether to diagnose current practices, to investigate into different approaches to integrate 

usability and/or to gather inexpensive expert opinion. 
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5.6 Summary  

 

This chapter described the framework in which the relational links between UEMs and the classes is 

represented. Framework components are integrated to enable logical reasoning to satisfy research 

objective 4. The framework semantically maps the concepts discussed in the literature review that 

affect the decisions regarding selecting appropriate usability evaluation method in software 

development project. These concepts are then matched to the analysis results of UEMs that was 

conducted in the literature review to create a link that would allow the framework to gather data 

according to the criteria provided by decision makers. This process minimizes the limitation of binary 

’yes or no’ links by fuzzy matching UEMs to classes and sub-classes based on hierarchical classification, 

inheritance and hypotheses. By the end of the chapter, proposed framework components i.e. input, 

process and output are discussed with further explanations. Finally, the scenarios in which the 

framework can be used are developed and described. The following chapters discuss the incremental 

developing processes of the framework, its implementations and evaluations.  
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Chapter 6: Reference Implementation of Framework (Phase One) 

 

This chapter presents the development of the reference implementation of the framework, in the 

form of a logic driven tool. The framework is implemented in a tool that is developed incrementally 

following an iterative model, which allows for a rapid development cycle that is also flexible allowing 

rapid verifications and corrections to be made to satisfy the research aims and objectives 

(Abrahamsson et al., 2017). The tool developed is called ‘UsabilityHelper’ and will be referred to 

throughout this chapter as ‘UsabilityHelper’ or tool. Each of the two increments (this chapter 

presenting the first) is tested and evaluated. The overall cycle for each increment follows the cycle 

presented in Figure 22.  

 

Figure 22: Iterative cycle adapted in developing framework. 

To provide further explanation of the stages presented in figure 22, each stage is described in relation 

to this study. In the ‘requirement’ stage requirements are generated from research questions, users, 

developers and the literature (Chapter 2 and 3). ‘Planning and Design’ is concerned with creating high-

level plans in which the framework and its features are designed and discussed (Chapter 5). In 

‘implementation’ stage the reference implementation of the framework is carried out, where the 

requirements are implemented to produce a tool incrementally (Chapter 6 and 8). Each increment of 

the framework implementation into a tool is tested and, if functional, evaluated (Chapter 7 and 9). All 

these stages are carried out incrementally to produce functional tool in each iteration. If a problem is 

detected in a testing stage, a solution is suggested and implemented in the next iteration. This study 

produces two increments that will be referred to as the two implementation phases throughout the 

thesis and are discussed separately (Chapter 6 and 8). Each phase is concerned with different 

functionalities of the framework i.e. generating set of UEMs as an output and conducting risk analysis.  

A discussion is provided here of Phase One, which focuses on implementing framework functionality 

by producing a tool that generates a combination of UEMs, which as a set would satisfy usability 

evaluation criteria chosen by a team in a software development project.  Phase One discusses the 

Requirement 
Gathering  

Design and 
Development  

Implementation  Testing 

Evaluation 
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implementation of the framework functionality into a tool in order to accommodate the complexity 

in carrying out the processes or reasoning required to satisfy output expectations as discussed in 

(Chapter 5). 

Phase one of the framework assists its users in selecting an appropriate UEM(s) with the desired 

parameters and performance characteristics. The tool should be able to suggest a list of UEMs based 

on several interrelated expert-derived rules and performance factors determined by the relational 

links between them as discussed in (Chapter 5). Nevertheless, the selection of the choices is based on 

the assignment of weightings to various factors provided by users. Hence, there can be a high degree 

of difference in performance levels or resources requirements among various paths of decisions. 

Initially, the tool aims to suggest appropriate UEM selections and explanations only, the 

implementation of the suggestions depends on the user’s decisions. Furthermore, in the later 

increment, Phase Two, the tool is extended to accommodate the framework functionality to provide 

expert analysis by identifying risks associated with the current UEMs integrated in a project. This is 

discussed later in (Chapter 8). The incremental development plan within both phases is highlighted in 

Figure 23.  

 

Figure 23:Iiterative development plan.  

 

6.2  Phase One: Requirement and planning 

 

The requirement of this phase is to develop a tool that is capable of processing the data, relations and 

reasoning within the framework generated earlier in (Chapter 5) and apply the logical queries to 

generate desired output. The tool should be capable of gathering usability concerns and project 

consideration as ‘inputs’, find matching UEMs within the database, and then applying logical 

reasonings to satisfy all input selections to generate results as ‘output’. A decision-tree technique is 

initially planned to develop the desired framework as shown in (Chapter 5).  

Phase One:

•Planning a web-based tool to implement the framework in an automated format 

•Desining and Developing web-based tool

•Testing the tool

•Evalulating and analysing of web-based tool  (Chapter Seven) 

Phase Two:

•Planning to integrate suggestions from evalaution in phase 2 (Chapter Eight)

•Desining and Develpoing of new requirement in the web-based tool

•Testing the tool

•Evaluating and analysing the tool(Chapter Nine)
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The decision tree created introduces a different approach to the earlier tools and approaches 

discussed in the literature and mentioned in Chapter 2, of this thesis. This study focuses on a given 

software project’s constraints and usability goals and objectives, as discussed in (Chapter 5), to suggest 

appropriate decisions. Hence, the adaptive approach in building the framework depends on tailoring 

solutions by considering each software project as a unique situation as discussed in (Chapter 5) instead 

of suggesting solutions based on best practices as the other current approaches do, as discussed in 

Chapter 2. The goal is to encourage decision makers/proposed framework stakeholders, listed in 

(Chapter 5), in software developing projects to include usability evaluations in early stages of their 

software development lifecycles regardless of the type of SDLC they are following, by suggesting cost 

effective, time and expertise appropriate solutions. This will align and help to dispel the assumption 

that usability is difficult to implement, especially in small to medium software development project 

for they are perceived by small to medium software development practitioners as being time and 

money consuming processes, as discussed in research problem (Chapter 1).   

By doing so, the framework encourages decision makers/proposed framework stakeholders, 

especially in small- to medium-sized software projects, to incorporate usability evaluations 

throughout the software lifecycle resulting in enhanced software quality and low usability risks. 

Additionally, the framework engages decision makers/stakeholders with the process by reacting to 

their inputs. In each step in which the stakeholder is making a selection of criteria through ‘input’ the 

tool would simultaneously produce and illustrates list of UEMs to provide visual representation of the 

effect each selection criteria is causing to the potential ‘output’.  Moreover, it introduces a different 

perspective to usability evaluation by allowing a bottom-up process flow that takes the decision 

maker’s perspective to build an appropriate solution related to usability or analyse the risk of it instead 

of the top-bottom process of applying the best practice option into given project as represented in 

Figure 24. 

 

This perspective helps in bridging the gap between the theoretical state of art in usability as shown to 

the left of Figure 24 and its practice as shown in the right of Figure 24. In other words, the framework 

 Figure 24: Bottom- up vs Top-Down views of integrating UEMs in software development projects. 
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engages the decision makers in software development projects in the process of achieving satisfactory 

usability by applying efficient and effective UEMs. This approach contrasts with the majority of the 

proposed practices in the literature that are based on applying best practices of both UEMs 

applications and usability considerations in any software development project which is perceived as 

challenging as discussed in (Chapter 2).  

Hence the sequence of activities in this tool is established by gathering inputs of the framework from 

decision maker/s. These inputs focus on determining the circumstances in which usability are 

considered when undertaking software development projects. 

 

6.3  Phase One: Design and Development  

 

As discussed in (Chapter 5) the framework theory chapter concluded that a manual system would be 

inappropriate. It was concluded that an automated tool is required to overcome the lengthy duration 

in executing a task and to ensure affective implementation of the logical reasoning in producing 

results.  

The outputs should include a list of UEMs that need to be conducted in combination to satisfy the 

criteria chosen by applying the logics discussed in earlier sections. A description of these UEMs are 

also produced as a result alongside their applicability within SDLC stages to maximise effectiveness of 

conducting a usability evaluation using the suggested UEMs. Each of the output texts will be associated 

with description to overcome ambiguity issues related to usability, UEMs and SDLC stages. 

Additionally, the system should also show any risk, if available, based on the results produced, 

discussed further in (Chapter 8). The risk would show the missing usability attributes, the unsatisfied 

selection of criteria, that is not being evaluated by the produced list of UEMs because of the further 

project limitation criteria chosen the users. It would encourage the users to recalculate their 

constraints and to achieve desirable results. The requirements and plan for the reference 

implementing the framework and the tool development is summarised in Table 6.1. 
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Table 6.1: System input, tool and output (DBM = Database Manager, for discussion of tools, see text) 

Input  Tool  Output  

• Data  

➢ Matching usability 

evaluation methods 

(UEMs) to resources  

➢ Matching UEMs to SDLC 

stages  

➢ Matching UEMs to 

usability attributes  

• Text 

➢ Descriptions and 

definitions  

• Models  

➢ Hybrid SDLC model  

➢ Modelling UEMs 

characteristics  

• Maps  

➢ Semantically mapping 

usability attributes and 

UEMs characteristics   

• Analysis  

➢ Analysing UEMs  

➢ Analysing SDLC 

methodologies 

 

• DBM 

➢ SQL  

• Tables  

➢ Excel  

• Diagrams  

➢ Decision Trees  

• Semantic mapping (ontology) 

➢ Visio 

• Logical Reasoning Processing  

➢ C# Programming 

Language  

➢ Link tables  

➢ Hierarchy concept  

➢ Fuzzy matching   

• Optimisation  

➢ Ranked results  

• Forecasting  

➢ Processing risk 

assessment  

• Integrated suggestions  

➢ UEMs suggestions  

➢ SDLC Stage suggestions 

• Interpretations  

➢ UEMs definitions and 

descriptions  

➢ SDLC stages descriptions 

• Post analysis results  

➢ Risk occurrence and 

description  

 

 

As shown in Table 6.1, the inputs of the tool are the database derived from conceptual framework and 

the semantic matching discussed in Chapter 5. These data also include the models, maps and analysis 

components described in input column. Furthermore, the tool should also be able to show 

descriptions of the results produced that need to be implemented into it as text. The tool process 

includes the tables created initially in an Excel spreadsheet as discussed in (Chapter 5) that need to be 

implemented in a relational database management system to represent relational links to produce 

the desired results. The logical reasoning needs to be coded to process the desired outcome.  
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6.4  Phase One: Implementation      

 

This section starts with designing of database and logical considerations that needs to be accounted 

for in the tool to produce the desired outcome.  

6.4.1  Data (SQL) 

SQL server is used to represent data for its capabilities in executing relational matchings, its enhanced 

level of performance, security and it can easily be hosted by the Microsoft platform to allow access. 

The SQL database is created and the relations between tables are set. The following steps shows the 

sequence of the database creation: 

1. Creating a mother table that include UEMs and assigning primary keys to each UEM as shown 

in Figure 25.  

 

  

Figure 25: Creating Tables in SQL 

                     

2. Creating all the other concepts tables separately yet as dependant on the mother table, UEMs 

table, linking them by using the primary keys in mother table as foreign key in new relational 

table as shown in Figure 26 and 27. 

 

 

Figure 26: Setting keys in SQL 
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Figure 27: Illustration of Relational Database 

6.4.2  Reasoning  

This section describes the logical queries implementation within the tool. The selection follows fuzzy 

matching techniques to find relative matches. If there is no fuzzy matching or logical reasoning, then 

there will not be any outcome for there is not a single evaluation method that satisfies all criteria as 

shown in (Chapter 5). Fuzzy logic is used for its ability emulate human expertise processing logics by 

not describing a UEM as an absolute match to a set of given criteria, but rather describing it depending 

on the degree of which a UEM matches a set of criteria. In this study, fuzzy logic is applied not to only 

describe a ‘yes’ or ‘no’ values of each UEM in relation to the criteria factors discussed in Chapter 5, 

but also to represent a relation of a UEM to a set of criteria. Finally, using fuzzy logic in developing the 

automated tool for implementing framework would help integrating the natural language rules as 

discussed in Chapter 5.  
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C# in Visual studio is used to execute queries because the tool being developed as mentioned earlier 

is planned to be a web-based tool to be accessible to its users. C# is used for the following advantages: 

1. It is object-oriented which is significantly important to develop the framework.  

2. It is a cross platform that only requires .net 

With each selection the user is making in each section of the criteria, a query for deriving data from 

database is triggered. The selection process has the following rules implemented: 

1. Each section needs to have at least one selection and more than one selection can be made. 

2. ‘Objectives’ and ‘goals’ sections are set as mandatory criteria.  

3. Multiple selections are allowed for Goals and Objectives.  

Hence, the input is gathered based on the rules above and the criteria selections are executed 

following the logical processing provided below:  

1. Find all the matches in database that satisfy each selections of criteria (project resources 

restrictions).  

2. Create a list and add the matches for each selection to it. 

3. Filter down the matches through each step by applying the following rule: 

IF a method is not found in the next criteria selection list, THEN remove it 

4. Compare the list created to the Goal criteria selected. Apply the following rules: 

IF all goal criteria are satisfied by the list THEN stop the query 

IF all goal criteria are not satisfied by the list THEN run fuzzy matching. 

5. Repeat the same step with Objectives applying the same rules for Objectives’ criteria. 

6. Finalise the results and stack them in a hierarchical manner applying the following rule: 

➢ Push the UEM with the highest account of matches to the top of the list. 

➢ In a descending order, add the second UEM with the highest count of matches.  

➢ Repeat until all Objectives and Goals criteria are satisfied with the combination of the 

hierarchical list.  

To implement these logical reasonings into the tool the following concepts were used:  

• Fuzzy matching: by applying “Find matching criteria and filter it down through each step. If 

method isn’t found in the next filter it is removed.” And “piece together a match with a 

combination.”  

• Equality check: by applying “count of equal fields” and “run equality to populate count and 

query fields.” 
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• Hierarchical list: adding matches to a list by pushing the most matched UEM to criteria 

selections to the top.  

 

6.5  Phase One: Testing  

 

‘Usability helper’ is a tool dedicated to assist software development projects decision makers with 

UEMs selection. The process overall is described in Figure 28. 

Usability problems is flagged Team meets to discuss the problem Team members agree to use the 
tool  Usability Helper 

Discussion about  Usability Helper  
requirements

 Usability Helper  is used to
 gather decisions

The team discusses the results and
 implement the suggestions

 

Figure 28: Decision maker's requirements for using the tool 

There are prerequisites required for using the tool which are:  

• Desire to produce usable software.  

• Good understanding of project’s resources and limitations. 

• Knowledge of basic software development lifecycle used in the project.  

• General knowledge of usability, usability evaluation and its methods. 

The suggested framework workflow process includes:  

1. The person conducting the meeting should prepare a few points to be discussed related to 

usability components integrated with a usability helper tool. 

2. The topics are then discussed with the stakeholders in an open meeting in which all personnel 

are involved. It is important to capture the overall understanding of usability within the 

project team and find ways to improve it. 



 137 

3. The agreed upon terms and conditions are then fed into the system by selecting the most 

representative or relative options from the tool interfaces. 

4. After selecting all the appropriate criteria, the system should be able to present results. In the 

rare case that no result is available that matches the criteria entered, the team should revisit 

their criteria selection and make some changes where possible. 

5. Finally, the results are gathered and discussed in the team to decide who will implement them, 

and how and when they will be implemented. 

The person or individual assembling a meeting should prepare points to be discussed that are related 

to usability components integrated to the tool. These topics are then discussed with the stakeholders 

in an open meeting where all personnel are involved. It is important to capture the overall 

understanding of usability within the project team and how to improve it. Afterwards, the agreed 

upon terms and conditions are fed into the tool by selecting the most representative or relative 

options from the tool interfaces. After selecting all the appropriate criteria, the tool should be able to 

present results. In rare cases, there might not be any results available that matched the criteria 

entered. The team should then revisit their criteria selection and make some changes where possible. 

The results are then gathered and disused amongst the team to allocate who, how and when to 

implement them.  

The general steps of using the tool start with gathering input, processing them and producing output. 

The inputs are gathered by the mean of multi-selections processes of criteria chosen by user. The user 

is designated by the software development project team to operate the tool. The user then makes an 

appropriate selection of the criteria that represents the goals, objectives and limitations of the 

projects. A representation of the interface built for the tool is given in figure 29. 
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The tool could be used to analyse current UEMs implemented by the project which will be discussed 

in (Chapter 8) or to find an appropriate method/s to increase quality, the discussion of this chapter. 

The tool then runs a logical reasoning processing activity by which the criteria gathered throughout 

the means of input are matched to the rows and columns of the database created for it.  

6.5.1  Testing scenario  

The following scenario was developed as a simulated run-through to show the reader how the tool 

works in practice:  

Figure 29: Tool Interface 
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A small team of one developer is interested in conducting usability tests of a partially developed 

website following an iterative model in developing the website which is developed to provide 

consultation services. The goal of conducting usability evaluation is to understand users’ needs and 

gather their expectations. It is also to evaluate the current state of the website. The objectives of these 

goals are to investigate the effectiveness and efficiency of the website alongside the evaluating the 

level of website comprehensibility by its potential users. The developer is flexible as in time spent in 

conducting usability evaluations and have background knowledge in usability and its practices. 

However, due to financial constraints, only small number of participants are preferable to conduct a 

usability evaluation and minimal techniques and tools requirements.  

The developer is directed to access ‘UsabilityHelper’ through the following link; 

https://usabilityhelper.azurewebsites.net as shown in Figure 30. 

 

Figure 30: UsabilityHelper Page 1 

The developer is then shown a guidelines and instruction of using the system as shown in Figure 31. 

 

Figure 31: UsabilityHelper Guidelines and Instructions 

The developer then proceeds to make appropriate selection in regard to goals followed by the 

objectives of evaluating products usability. An example of goals selection panel is shown in Figure 32.  

https://usabilityhelper.azurewebsites.net/
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Figure 32:UsabilityHelper Goals selection panel 

Afterwards, the requirements availability to conduct usability evaluation within the project are 

gathered through multiple selection options as shown in Figure 33.  
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Figure 33: UsabilityHelper Requirement Selection Interfaces 

Finally, the developer is asked to submit the query by the end of the requirements gathering process 

as shown in Figure 34. 

 

Figure 34: UsabilityHelper Query Submission 

The system then provides the results divided into three sections as shown in Figures 35-37. 
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Figure 35: Usability Helper Result Page 1.1. 

 

 

Figure 36: UsabilityHelper Result Page 1.2 
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Figure 37: UsabilityHelper Result Page 1.3 

In conclusion, the system successfully provided results matching to the goals, objectives and 

requirements of the scenario. The goal as provided in this test scenario were to inquire and inspect 

usability aspects of a software/product within customized project resources availability. The 

framework’s objective is to provide solution that are customized to each project or each project goal 

and phase. In this scenario the automated tool produced suggestions that meet both project goals 

and objectives and customized according to projects resources limitations. Both suggestions as 

provided by the end of the test scenario ‘Benchmarking’ and ‘Card Sorting’ satisfy the desired inquiry 

and inspection goals set for the project when applied together. The results produced also suggest an 

appropriate SDLC stage in which each of the suggestion is preferably applicable and a description of 

what is to be expected when a suggested UEM is applied within specific SDLC stage. Finally, the 

framework as discussed in Chapter 5 aims to highlight the risks associated with unmeasured usability 

attributes and in this test scenario the risks of only applying the suggested UEMs could lead to risks 

resulted by not evaluating user’s satisfaction.  

 

6.6  Summary 

 

In this chapter the discussion of implementing the framework in an automated tool Phase One is 

provided. An automated version of the framework is developed to carry out the activities within the 

framework and have been proven to be successfully functioning as desired in the testing activity. The 
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next step is to verify and validate the concepts built in the framework and embodied in the automated 

tool developed in this chapter. The following chapter will be providing a detailed discussion of 

verification and validation processes.   
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Chapter 7: Verification and Validation of Phase One 

 

This chapter discusses the verification and validation process of the framework developed in Chapter 

5 and implemented into a tool in Chapter 6. The aim of the validation is to satisfy Research Objective 

5, to justify the importance, the usefulness and the applicability of the proposed framework by having 

it validated by software developers. The verification part of this chapter focuses on justifying the 

importance of the concepts embedded when developing the framework so it can execute the task it 

is intended to execute. The validation section of this chapter investigates the developed framework’s 

applicability, importance and usefulness within a representative sample of intended users to check 

whether or not it does what the end-user expect it to do. As a part of the validation, the applicability 

of the developed framework is carried out by applying it to a real example of usability related decision-

making processes in a medium-sized software development team. The usefulness is then justified by 

applying one of the results produced by the recently developed application called SITE.  

The framework developed in Chapter 5 and implemented into a tool in Chapter 6 was developed for 

use by medium- to small-software development project teams. The aim of the framework is to: “To 

encourage the application of usability validations in software projects by proposing a framework that 

can be used by usability experts and non-usability experts to choose usability validation method(s) 

using multidimensional criteria”, (thesis Objective 4 as mentioned in Chapter 1). The tool that 

embodies the framework developed for this study is a web-based tool as shown in Chapter 6. It gathers 

the usability goals, objectives and project considerations from interfacing with a development team. 

The tool is designed to then run logical reasoning based on fuzzy matching techniques to generate a 

set of usability validation methods that satisfy all the criteria selected by the team, as discussed in 

Chapters 5 and 6. It is critical to indicate that the rest of this chapter will use both terms ‘framework’ 

and ‘tool’ when appropriate for the purpose of discussion.  

The criteria for selection of participants, for the purposes of this study, that were required for 

verification and validation processes were set as:  

• A software development team working on developing an application, a segment of a system 

or redeveloping a system.  

• The team to participate should include a member or members interested in conducting 

usability validations, senior and/or junior developers, managers and/or directors.  
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The processing flow and planned sections of this chapter are mapped out in Figure 38. Figure 38 

presents a structural representation for the rest of the chapter to guide the reader through the 

sections and subsections.  

1. System Validation 2. System Evaluation 

Focus Group Concept validation

How 

System Briefing 

Next Step

Interaction with
 System

Next Step

Evaluation 1

Applicability 

Observation Data 

How 

Interviews Evaluation 2

Usefulness 

How 

 

Figure 38: Framework for verification and validation. 

The chapter is divided into the following sections and subsections:  

1. Framework Verification: the process of checking whether a framework is what a stakeholder 

asked for. It verifies the concepts implemented in the framework and subsequently in the tool. 

Section 7.1 also discusses what methodology was used for verification and why a certain 

methodology was chosen for verification.  

 

• Framework Verification: Participants (Development Team) 

• Framework Verification: Implementation (Focus Group) 

• Framework Verification: Findings.  

 

2. Framework Validation: Checking the framework developed for this research does what its 

users expect it to do. It also includes evaluation processes. Section 7.2 discusses the aim of 

validating, how it was carried out, what methodologies were chosen to extract data and what 

were the findings. It covers the two main purposes of validation, namely: applicability and 

usefulness. Applicability and usefulness of the framework embodied by the ‘UsabilityHelper’ 

were evaluated by carrying out the results produced in verification process. Finally, a 

discussion with the Development Team was carried out and the details of which is given by 

the end of validation section.  

 

• Framework Validation 1: Applicability  

• Framework Validation 1: Participant (Development Team) 
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• Framework Validation 1: Implementation (Observational) 

• Framework Validation 1: Findings  

• Framework Validation 2: System Usefulness  

• Framework Validation 2: Participant (Product Users) 

• Framework Validation 2: Implementation (Card Sorting and Observation) 

• Framework Validation 2: Findings  

• Framework Validation 2: Discussion (Interviews). 

The following summarises and clarifies the methods used in this section respectively: 

• Focus-Group method is used to gather ‘Site Developing Team’ perspectives on ‘Site’ usability 

before using the tool developed in this research.  

• Observational data is gathered by observing the reactions and interactions of ‘Site Developing 

Team’ while the ‘Potential Site Users’ carried out a usability test 

• Interviews were conducted to investigate ‘Site Developing Team’ perspectives on usability 

after using the tool developed in this research and to further investigate their reactions to the 

usability tests carried out.  

 

7.1  Framework Verification 

 

To ensure the accuracy, efficiency, comprehensibility and sensibility of the concepts built into the 

framework developed for this thesis as described in Chapter 5, a verification process was carried out. 

It is to satisfy the objective of developing a framework that is applicable given different resources i.e. 

usability expertise level, SDLC methodology and project constraints. The concepts that are being 

verified are: usability, usability importance and usability validation methods choices and applicability 

within a software development stages. These concepts were derived from research question 1: “what 

the underlying theories and applications of software usability and software usability validation 

methods are?” 

A focus group methodology was chosen to perform verification of the Framework , because it provides 

insight into participants concepts, concerns, perception and allows observing the process of thinking 

they are going through while answering the questions and communicating their ideas (Wilkinson, S., 

1998). It was used to not only gain participants views regarding the concepts, but to understand the 

meaning that lies behind those views and to obtain information that leads to tool enhancement in 

further iterations.   

https://www.tandfonline.com/doi/citedby/10.1080/13645579.1998.10846874?scroll=top&needAccess=true
https://www.tandfonline.com/doi/citedby/10.1080/13645579.1998.10846874?scroll=top&needAccess=true
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7.1.1  Framework Verification: Participants  

The Synchro development team agreed to collaborate and participate in this research. Synchro is a 

provider of Building Information Modelling (BIM), construction scheduling and management software. 

It is a UK-established company that has offices in UK, USA and Shanghai. After launching their first 

product, Synchro Pro in 2007, the team went through rapid development projects aiming to enhance 

the product and to produce supporting products based on customers’ needs. Hence, SITE was created. 

It is an extension of Synchro Pro. It was created to be downloaded into portable devices such as iPads 

and tablets, so it can be used at the site of construction unlike Synchro Pro that can only be 

downloaded onto a desktop computer. SITE is still undergoing numerous iterative development cycles 

to reach optimal results. However, based on customers’ demands and market needs, the latest version 

of it has been launched and marketed by Synchro. SITE was developed to be downloaded on iPads and 

Hololenses to enable on-site, real-time data exchange with Synchro Pro.  

As SITE was developed based on customers’ needs and is aimed to be used by non-technical users, 

evaluating its usability became a critical element in its further development cycles. Therefore, its 

project manager agreed to experimenting with the tool developed for the present research to 

enhance the usability evaluation decisions regarding SITE.  

As SITE is a small project developed by medium-sized team in an iterative fashion and with the goal 

and the focus of enhancing usability, its development team was suitable for candidate participants for 

verification purposes. The SITE development team members participating in this research are shown 

in Table 7.1.  

Table 7.1: Participants, job titles and their roles in SITE project 

Participant 

Name  

Job Title within Synchro Ltd.  Role in SITE project  Participation 

Status  

G.D  Director of Platform Innovation at Synchro Software Ltd Project Manager  Active  

H.A  Platform Manager  Senior Developer  Active 

J.B Director of Project Delivery  Senior Developer  Active 

N.D Software Developer  Junior Developer  Moderate  

J.C Learning and Development Manager Customers Studies  Moderate  

 

As shown in Table 7.1, the team members working on SITE have main job titles as represented in 

second column in the Synchro organisation. However, in the SITE project specifically, each member of 

the team has a more defined role as shown in column three. The last column in the table states the 

status of the members during verification processes depending on their level of engagement with SITE.  
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7.1.2  Framework Verification: Implementation (focus group)  

The verification process took place in Amsterdam where Synchro held a ‘Hackathon’ inviting 

developers to solve problems and/or create new solutions for Synchro software in general and for the 

SITE application specifically. Mr. G.D invited the researcher to attend the Hackathon as an opportunity 

to trial the tool developed for the present study to evaluate SITE usability. The event took place in a 

spacious, open-plan area. The Synchro team were situated in the main room, and the hackathon sub-

teams were given smaller rooms to work on their ideas. The Synchro team members moved amongst 

the hackathon sub-teams helping, advising and assisting with work.  

The researcher was introduced by Mr. G.D to the rest of the group. Then a brief discussion was held 

with Mr. G.D to explain the processes of verification and validation intended by the researcher. Mr. 

G.D expressed his agreement on notes being taken, but for the company’s privacy issues, recording 

was not allowed.  Afterwards, the hackathon team were gathered around a large round table in the 

main area. The team members were then briefed about the processes of verification and validation, 

including the trial of the tool developed by this research.  

A focus group technique was implemented to gather data to validate the concepts as discussed in 

Section 7.1. The discussion began with asking each team member’s role in SITE. The discussion 

followed an informal pattern to allow free-flowing conversation to encourage all team members to 

participate and feel comfortable in discussing the questions given by the researcher. The questions 

themselves were introduced to the conversation only when the researcher thought that the discussion 

was leading towards them. The questions were open to allow the flexibility needed to investigate each 

concept and elaborate on it to gain further insight and explanation. To facilitate the discussion and 

ensure each member’s ideas and opinions were expressed, the researcher would sometimes make 

eye contact with a member who had not yet contributed to the discussion at hand. To ensure the 

integrity and sincerity of each member’s contribution, the researcher was aware of not leading a 

participant into a discussion. The focus group session lasted 45 minutes. The session concluded with 

thanking the participants for sharing their views and briefing them about the next step: validation.  

7.1.3  Framework Verification: Findings  

This section presents the findings gathered from the data collected using the focus group method with 

the participants indicated in Table 7.1. Thematic analysis was used to analyse the data to produce 

insightful findings (Nowell et al., 2017), as this supports capturing of richer information about the 

phenomenon being investigated. Thematic analysis is a technique of recognizing themes across a set 

of qualitative data (Braun et al., 2019). The process of analysing data adapted the process suggested 
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by Castleberry, A. and Nolen, A., (2018) to ensure validity and reliability of the work. The process as 

adapted from their study is shown in Figure 39. 

 

Figure 39: Thematic analysis processing. 

Consequently, three themes were identified to conduct the verification process:  

• Perspectives on usability,  

• Usability role within the SDLC, and 

• Pros / cons of usability techniques used.  

It is important to indicate that responses were noted down and were not be recorded audio-visually 

due to the sensitivity of the issue being investigated. Hence, attention was given towards 

terminologies used, difference in opinion and mutual agreements. For each of the themes, quotations 

were coded to ensure consistency and for its future use later in this chapter. 

Theme 1: Perspectives on usability 

Research Objective  1 was “To investigate the ambiguity associated to the underlying theories and 

applications of software usability and usability evaluation methods investigating with personnel of 

interest i.e. developers, usability experts and project managers”, and Research Objective  5 was “To 

justify the importance, the usefulness and the applicability of the proposed framework by having it 

verified and validated by software developers”, therefore a significant part of the verification process 

was to gather perspectives on usability and analyse them. Although the initial data gathering provided 

in Chapter 4 aimed to collect perspectives on usability too, the data gathered in this stage is related 

Compiling

•The researcher transcripted the interviews and focus group and observational responses 

•Organising the trascipted data according to thier occurance throughout the validation 
processes 

Disassembling

•Identifying the similarities in the data gathered and differences 

•Coding: systematically identifying features of data occurance throughout the data 

Reassembling

•Putting data together in relevance to the subject  

•Themes: finding patterns in the codes 

Interpreting

•Analytically deriving conclusions from the codes and themes 
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to a real-life scenario specified to the product being tested throughout the verification and validation 

process. Therefore, this was to gain further insights into usability, and perhaps, highlight some of the 

potential complexities that may arise as part of the responses. In responding to ‘perspective on 

usability’, responses included: 

▪ “We want our users to use the product.” (PoU 1) 

▪ “We developed SITE to be used by constructors, on-site team members who are wearing big 

gloves, [where] lighting [is] too much or too little, internet quality is not at its best, and [in a] 

noisy environment but they are finding difficulties in using it, this is usability issue.” (PoU 1) 

▪ “How can we fix the problem of our customers not using the app properly?” (PoU 1) 

From the quotations above, it is realised that usability was simply described as the product to be used 

by its intended users. Any challenges encountered by the users in using the product is considered a 

usability issue. In demonstrating this, SITE was used to describe some of the usability-related issues 

that were influenced by external influences rather than internal elements such as lighting level and 

internet quality. However, the new applications’ project manager added: 

▪ “I understand usability is to understand our users and try and match their expectations by 

developing an application that is suitable to their needs.” (PoU 2) 

This quotation (PoU 2) considered usability from a slightly different angle where it was considered a 

concept built into the framework. In this response, the words “expectations” and “needs” were 

mentioned that were opposite to PoU 1 responses, where difficulties in using the product were given 

as an answer to perspective on usability. 

As part of perspectives on usability, participants were also asked about the importance of usability, 

and their responses were based on the questions and comments made as feedback received from 

users: 

▪ “Usability is important, but it cannot overtake the importance of app functionality.” (PoU 3) 

▪ “The functions are there, how the users cannot use it?” (PoU 3) 

▪ “They are not looking around.” (PoU 3) 

▪ “They are being lazy.” (PoU 3) 

The above responses (PoU 3) showed that the software developers view the importance of usability 

as a subsequence of software functionalities. In other words, the view was that a functioning 

application results in good usability as the above quotations either clearly mention the word 

“functions” or relate to it by suggesting that users are unable to understand the functions. 

Nevertheless, one view indicated the importance of usability as a separate element from functionality: 
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▪ “It is important to listen to what the users want to create [a] successful application.” (PoU 4) 

 

Theme 2: Integrating usability evaluation within SDLC stages 

The second significant element of this research is the concept of integrating usability evaluation within 

non-user-centred design SDLC practices. The verification process is carried out to check the validity of 

the elements influencing usability evaluation integration within SDLC stages, especially in non-User-

Centred Design (UCD) development projects. The investigation would provide the research with 

verification of elements considered in building the framework and it would further underline implied 

factors in the usability integration process. In acknowledging “integrating usability validation within 

SDLC stages,” the following answers were significant when inquiring about the factors associated with 

usability evaluation:  

▪ “It is very difficult find [a] suitable usability evaluation method as we use Waterfall/Agile 

methodologies.” (IUE-SDLC 1) 

▪ “I never had an opportunity to conduct appropriate usability evaluation for either time or 

users’ involvements issues.” (IUE-SDLC 1) 

▪ “It is difficult as we do not have the resources or expertise in the area.” (IUE-SDLC 1) 

The above comments illustrate the internal facts in the SITE project that affect decisions made 

regarding usability evaluation. However, when the team members were asked about their efforts and 

goals regarding integrating usability evaluation the following answers were given: 

▪ “I have been considering usability aspects with G.D – as he is the usability guy – throughout 

the planning stages and with every iteration we made sure that the product is following what 

we think is desired by its users.” (IUE-SDLC 2) 

▪ “Usability should be our number one consideration while developing it.” (IUE-SDLC 2) 

From the statement in IUE-SDLC 2, it was interpreted that usability evaluation was considered in 

building SITE which follows non-UCD SDLC methodologies.  

Consequently, usability evaluations were carried out at later stages of the SDLC rather than being 

implemented from the early stages or early iterations of SITE, as stated by the interviewees: 

▪ “I believe it [usability evaluation] is important once the software is ready.” (IUE-SDLC 3) 

▪ “Yes, we are unable to do usability tests before that [the end of each iteration on a published 

product].” (IUE-SDLC 3) 

▪ “Think I go with the idea to present a product to your users rather than asking them what they 

want from the very early iteration or before developing it and then gather their opinions and 

make enhancements.” (IUE-SDLC 3) 
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The above-mentioned quotations reflected the points of view of the interviewees about when to 

integrate usability evaluation and the current state in which usability evaluations were carried out. 

Nevertheless, the motivation to implement UEMs within the project was clear as the following 

answers were provided when asked what the participants expectations were from using the tool 

developed: 

▪ “Guidance on the direction of product development based on user feedback.” (IUE-SDLC 4) 

▪ “Find a usability evaluation method we can apply to our project.” (IUE-SDLC 4) 

It was derived from IUE-SDLC 4 that the participants believe in early integration of usability validation 

for its benefits to minimise usability risks and optimise usability. However, due to the factors 

mentioned in IUE-SDLC 1 and the points of view mentioned in IUE-SDLC 3, the integration of usability 

evaluations were limited.  

In addition to the factors mentioned in IUE-SDLC 1 and IUE-SDLC 4, the SITE development team implied 

that evaluating usability involving users or users’ representatives are unobtainable before launching a 

fully functioning product. In this case, SITE’s developers built the application based on their 

perspectives of what its users can be like and what they would expect. The developers believe 

including users or carrying out usability studies from the early stages of developing SITE would not be 

beneficial for two reasons: users do not know what they want until they try a product as mentioned 

in IUE-SDLC3 and it is complicated to involve users’ opinions from early stages of planning for a 

product.  

▪ “How can we ask our users in every iteration about their opinion?” IUE-SDLC 5 

Nevertheless, the senior developer also added that a reason for not considering usability evaluation 

methods from early stages is also related to: 

▪ “We don’t have the time to do so.” (IUE-SDLC 6) 

▪ “Focusing on users will always going to result in changes that would require time we cannot 

afford.” (IUE-SDLC 6) 

▪ “Our development team in Russia are already finding communication difficulties with us and 

the requirements we put for SITE.” (IUE-SDLC 6)  

Referring to the constraints inherited by the project resources itself and the constraints of the familiar 

usability evaluation methods to the team, integrating usability evaluations and its consideration 

during early SDLC stages seemed challenging as reflected in the responses below: 

▪ “SITE is a result of feedbacks and suggestions we have been receiving on our main software 

Synchro Pro.” (IUE-SDLC 7)  
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▪ “We published our first edition of SITE and asked for feedbacks that are in a form of 

questionnaire, we also provide training sessions to those who purchased SITE and, in these 

sessions,, we gather the questions and concerns raised by the users and analyse them.” (IUE-

SDLC 7)  

▪ “There are other usability validation techniques than feedbacks that we should utilise like, eye 

tracking for instance.” (IUE-SDLC 7.  

▪ “We take the feedbacks by the end of the iterations and then try and meet the expectations 

within the time limit and effort available.” (IUE-SDL 7)  

Although the team manager is familiar with other UEMs such as eye tracking, he is reluctant how and 

when to implement the method within their development project. It is a result of a limited knowledge 

of the techniques themselves. A senior developer also said,  

▪ “We analysed the protentional environment in which SITE would be used early on and kept 

that in our considerations throughout the iterations.” IUE-SDLC 8.  

His response indicates that some of the UEMs, such as expert validation or heuristic validation is being 

carried out, but informally. Therefore, the results of those validations are not being documented and 

analysed properly.  

Theme 3: Effectiveness and efficiency of current usability evaluations  

The third element of this research is to investigate the effectiveness and efficiency of current usability 

practices in non-UCD development projects. The verification process is carried out to examine the 

currently used usability evaluation methods to get insight into the factors affecting their effectiveness 

and efficiency. Consequently, the results would verify the research framework elements and highlight 

the potential drawbacks of the current usability practices in non-UCD development projects.  

▪ “What we are doing now is not enough to make SITE reach its potential functionality.” 

(EEoCUE1) 

▪ “No, feedbacks only tell us what the problems are but not telling us why they are problems 

and how can we analyse them.” (EEoCUE1) 

▪ “We need to know what our users want. Apparently, what we have been doing so far is not 

enough and that is why we are looking into different opportunities.” (EEoCUE1)  

These statements show ineffectiveness of current usability evaluation practices i.e. feedback. It 

highlights the frustration of the development team by not understanding their users, hence, SITE 

usability is affected. The team needs as tool such as the one developed in this study to enable them 

to reach an effective solution for their usability problems. 
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Additionally, the efficiency of the current usability validation method is low. Although there were 

certain UEMs integrated in developing SITE, the results of conducting such evaluations were 

insufficient: 

▪ “We get feedbacks like where is a certain (button) while it is right there on the application, so 

we don’t know why the users cannot find it.” (EEoCUE 2) 

▪ “SITE can do much more, but the users are restricting its abilities and we can see that in their 

feedbacks, and it is frustrating.” (EEoCUE 2)  

The statements above emphasise the inefficiency of the currently used UEM. However, the reasons 

for lack of efficiency and effectiveness of the integrated methods can be overcome by tailoring the 

implementations of UEMs to satisfy project’s goals and objectives at each stage of the development 

to optimise outcomes.   

7.1.4 Framework Verification: Discussion 

As mentioned earlier a significant part of the verification process was to gather perspectives on 

usability and analyse them in real-life scenario. The data gathered in this stage was to provide 

perspectives of users on usability whose current usability practices are conducting without using 

logical driven tools or experts’ decisions. The data assess in providing comparative points of view once 

the logical driven tool developed in this study is used by the users. Specially, to highlight the 

differences of views once the results of the test are implemented later in validation phase. This would 

highlight influential role of the developed framework in not only product’s usability but also in 

usability perspectives amongst practitioners. The replies in (PoU 1), (PoU 2) and (PoU 3) summarises 

the views. It can be stated that views on usability can either take one of two perspectives, one is 

software-focused, where the primary concern is the functionality of the software, whereas the second 

is user-centred where the ultimate aims is to respond to user needs. These views places usability 

considerations as secondary to functionalities, which this research argues that it is the case in many 

software developments projects, especially small to medium sized ones.  It can also be concluded that 

the verification of perspective on usability supports the research hypothesis that indicates that a 

mixed perspective exists within a software development project team which result in difficulties in 

investing more time and effort in reaching decisions regarding usability. Resulting in reactive views of 

usability within software development projects that depend on integrating usability evaluations when 

a usability problem is found or in later stages/iterations of the product.  

When investigating on factors effecting the views on usability replies in (IUE-SDLC 1) and (IUE-SDLC 4) 

mentioned that alongside the SDLC methodology being not user-centred, the resource availability, 

such as time and participants, were major factors in causing difficulties to evaluate usability. 
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Moreover, the comments showed that usability expertise within the team can influence the decisions 

made regarding usability. Nevertheless, the statements in (IUE-SDLC 2), (IUE-SDLC 3) and (IUE-SDLC 4) 

indicated that usability evaluation is not only used in strictly UCD development and it is being eagerly 

considered in projects that do not follow UCD too. However, its integration is limited because it is 

considered complicated and time consuming; hence, evaluating usability were currently considered 

at the end of the cycle or in later iterations. Additionally, the statements in IUE-SDLC 6 reflect the 

hesitancy of the team in implementing usability evaluations due to the requirements of users’ 

involvement, resources and tools expected to implement specific UEMs. Their statements reflected 

their beliefs that usability evaluations are limited to certain methods that require users’ involvement 

time. These statements reflected the limited knowledge of the team members regarding UEMs and 

their requirements. In summary, statements in (IUE-SDLC) shows that the integration of usability 

evaluations within SDLC stages is already in practice for SITE and a desirable goal. However, the 

methodology used in integrating it is limited by usability evaluation resources, requirement vs. project 

resources availability, level of familiarity or knowledge of UEMs within the team and formality of 

usability evaluation considerations within the software development project. As a result, the 

development team of a software project depends on carrying out usability validation in later iterations 

for their familiarity with certain usability validation methods, such as feedback and questionnaires 

which requires a high-fidelity prototype, users’ involvement and time.   

Finally, the statements in (EEoCUE) were provided to investigate the efficiency of current practices on 

usability where decisions are made without referring to usability specialists or logical driven tools as 

the one developed in this study. It indicated that the lack of productive results leads to frustration 

amongst the team members and contributes towards discarding usability evaluation for its 

ineffectiveness. These statements also show that current practices of integrating usability evaluation 

within software projects have been failing in meeting the development team’s expectations as 

mentioned in EEoCUE1. Although evaluation methods been integrated within the SDLC stages, the 

results of them are proving to be ineffective, causing team frustrations over not understanding their 

users. Moreover, the methods were inefficient by not revealing the potential solutions to enhance 

usability while consuming time and effort in conducting them. The statements mentioned in EEoCUE 

2 emphasise the need for a tool as developed by this research.  

Therefore, the framework developed targets this problem by providing appropriate, effective and 

efficient solutions to integrate usability from early and throughout development stages. This provides 

a proactive view on usability reducing usability risks and increasing software quality. additionally, the 

factors rendering effective integration of UEMs were integrated in the framework developed in this 

study, making it able to produce results based on the project resources and matched to SDLC stages 
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as early as planning stages to maintenance. The analysis of the data supports the development of the 

framework and highlight the necessity of a systematic and logical driven decision to integrate UEMs.  

7.2  Framework validation  

 

The validation process is conducted to satisfy Research Objective 4: “To encourage the application of 

usability evaluations in software projects by proposing a framework that can be used by usability 

experts and non-usability experts to choose usability evaluation method/s using multidimensional 

criteria,” and Research Objective 5, “justify the importance, the usefulness and the applicability of the 

proposed framework by having it verified and validated by software developers”.  A validation process 

is carried out to measure users’ expectations of a Framework, examine Framework comprehensibility 

within limited usability expertise, diagnose Framework effectiveness in producing desired output 

given multidimensional criteria and to examine its output applicability.  

The validation process took place during the application development of the tool developed in this 

thesis (Chapter 6) and it was carried out on a partially developed tool. The aim of conducting the 

process before finalising the tool development stages in the final iteration is to extract usability related 

data needed to be considered for further iterations of the tool (Chapter 8). It also aimed to diagnose 

problems of ambiguity caused by either tool’s functionality or usability issues that might negatively 

affect framework usefulness. The validation process was divided into two subsections as discussed 

below.  

7.2.1  Framework Validation 1: Expectations, effectiveness and comprehensibility  

The aim of Framework Validation 1 is to diagnose and examine the relevancy of the framework 

developed for the present research to users’ expectations and the suitableness of it to be easy to use, 

and to follow, by the intended users. Therefore, using a realistic scenario with representatives of 

intended users was optimal choice to conduct successful validation. The Framework , as discussed in 

the beginning of the chapter, and to satisfy Research Objective 4, is intended to be used by small- to 

medium-sized development teams, preferably that are not following UCD methodology in their 

project, and their expertise in usability decision makings is dependent on their experiences or 

preferences rather than a tool or expert analysis of the situation.  

7.2.1.1 Framework Validation 1: Participants (development team) 

For validation specific purposes in this section, the team personnel involvement in this activity is 

shown in Table 7.2.  
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Table 7.2: Participants list in Interviews 

Participant 

Name  

Job Title within Synchro Ltd.  Role in SITE project  

G.D  Director of Platform Innovation at Synchro Software Ltd Project Manager  

A.H  Platform Manager  Senior Developer  

J.B Director of Project Delivery  Senior Developer  

N.D Software Developer  Junior Developer  

J.C Learning and Development Manager Customers Studies  

P.K Product Manager  Customer Studies   

 

As shown in Table 7.2, each team member mentioned in the table is assigned a role within SITE project. 

In each role, with regard to usability specifically, each have different goals/needs. This framework is 

developed to satisfy various expectations, differently.  

7.2.1.2 Framework Validation 1: Setting and implementation (interviews and observational) 

Qualitative research methods, i.e. interview and observational methods, were chosen to ascertain the 

issues related to the research tool’s effectiveness and comprehensibility alongside determining its 

users’ expectations (Jamshed, 2014).  As it is well documented in the literature, interviews and 

observational data are well compatible as a qualitative research method as often used to supplement 

each other as in (Houghton, C., et al, 2015). This research implemented both methods to collect in 

depth and extensive data for textual interpretations (Jamshed, 2014) for validation purposes.   

The developed tool was demonstrated by the researcher to the team using a laptop. As the team were 

gathered around the table as described in verification setting, for laptop screen size restrictions, the 

team were asked to gather on one side of the table while the researcher demonstrated “what” was 

needed to use the tool and “how” it was carried out. The researcher was careful to not discuss explicit 

instructions on how to use the tool as it would affect usability data integrity. The briefing was short 

and focused on the following points:  

• What does the tool do? 

• How it does it? 

• What does it need from the users as inputs to produce results?  

During the briefing, the researcher observed team members’ reactions, and the discussions and 

interactions with the tool while using it. As recordings were not allowed, the researcher could take 
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only notes of the observational data, focusing on tool’s usability aspects: effectiveness, efficiency, 

comprehensibility and satisfaction. 

The team then started experimented with using the tool, filling in the details and making selections 

while discussing them and questioning their meanings, using the SITE application as their case study. 

J.B was the person interacting directly with the tool. He read the statements and the selections options 

given to each of the sections of tool interface he was using out loud. The team then discussed the 

sections amongst themselves to make best selections that would represent their circumstances in the 

SITE project. After selecting all the appropriate choices, J.B hit the submit button which resulted in 

moving to the results page or interface. The UEM list produced by the tool included: observation, 

surveys and card sorting. The team carried on their discussion about the results and their familiarity 

with some of them. Card sorting was the only method that none of the team was familiar with. It 

emphasises that the tool is valuable for its ability to suggest new methods the development team may 

have not experienced. It also shows the uniqueness of the tool for its functionality to create a list of 

methods that would satisfy usability goals and objectives. They discussed it, asking questions 

regarding it and then they involved the researcher in the discussion by directing a question of “what 

is this evaluating method?”. The researcher then explained the results and conducted one-on-one 

interviews with active participants.  This particular point relates to framework’s ability to produce 

results that are not familiar to its stakeholders, specially in small or medium projects such as SITE. It 

contributes to the wider knowledge acquisition of UEMs.  

7.2.1.3 Framework Validation 1: Findings  

This section presents the findings gathered from the data collected by conducting interviews 

supported by observational data as discussed in Section 7.2.1.2. A thematic analysis was carried out 

to analyse the data gathered to ensure a systematic analysis while ensuring flexibility and 

interpretation while analysing data (Castleberry & Nolen, 2018).  The interviews were semi-structured 

to enable detailed answers and consider each participant’s attitude and opinion. The questions were 

designed to capture expectations and diagnose for problem. Themes were then derived based on 

those criteria and codes are created for the quotations under each one of them.  

Themes 1: Users’ expectations of the tool 

To evaluate the proposed tool’s usability, users’ expectations were examined. Expectations are also 

gathered to analyse the relevancy of personal knowledge in usability, the professional role in the 

project and individual interest in usability.  The findings from this exercise highlight issues related to 

level of complexity related to build a tool that satisfies all expectations. Furthermore, the output of 
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validation will facilitate improving the tool’s usability by understanding users’ expectations. In 

response to ‘user expectations’ the following statements were gathered:  

In response to “What do you expect to be able to do with it?” most of the responses involved  

▪ “Find usability evaluation methods we can apply to our project.” (UE 1) 

▪ “Test usability.” (UE 1) 

Out of these replies, it was derived that the team members expect the product to produce results that 

would solve their usability problems in SITE. Although, these responses were generally related to the 

tool’s purposes and satisfy research objective 5, the following response about expectation was critical: 

▪ “Guidance on the direction of product development based on user feedback.” (UE 2) 

This response implies further in-depth usage of the tool. The interviewee suggested that the tool could 

be used to redefine the SITE software development project by integrating usability evaluations 

throughout its stages. This response directly relates to the optimal intended purpose of the framework 

as mentioned in Research Objective 3: “To identify appropriate software usability evaluation 

method/s that can be applied during different stages of the commonly used software development 

life cycle, i.e. Agile and Traditional by mapping between SDLC models in support of a generic usability 

framework”.  

However, after using the tool, users’ expectations were again gathered by asking “how does the tool 

measure up to their expectations?” the answers to which derived further details and insights into their 

expectations: 

▪ “I expected to get more information and descriptive text to understand it.” (UE 3) 

▪ “I need to see further explanation for the outputs and how to implement them.” (UE 3) 

▪ “It takes some explanation because of my background.” (UE 3) 

The replies mentioned above extracted further user expectations than the replies in UE 1. They 

indicated that the team were expecting a detailed procedures guideline for the processes and the 

results being produced including a detailed explanation of how to conduct data analysis after 

implementing the results. Although the tool was capable of producing the results desired to achieve 

the team’s goals in conducting usability evaluation, the tool failed to provide descriptive guidance and 

elaborated detailed description of the results as expected by its intended users. This was mainly 

caused by the level of usability related knowledge amongst the participants. As the tool was intended 

to be used by non-usability experts, it did not fully satisfy its users’ expectations by lacking informative 

and descriptive text to provide further explanations of processes and results. The addition of guidance 

is to be considered in the following iteration, discussed in Chapter 8.  



 161 

Finally, as for the responses to whether the tool was designed for a team or individually the following 

replies were received:  

▪ “It might be easier for someone who has slight interest in usability to understand it better at 

this point. Some terms were not familiar.” (UE 4) 

▪ “Not directly for me, but for my company.” (UE 4) 

These replies showed the hesitation in using the tool individually due to personal background 

knowledge and interest in usability. Both replies were provided by team members who in general 

believe usability to be a secondary part of ensuring software quality. The first response in UE 4 is 

provided by a senior developer who earlier in verification processes expressed his view on usability to 

be subsequent of software functionality. Meanwhile the second reply in UE 4 was provided by a 

customer studies personnel member who was observed to be reluctant to answer questions about 

usability and expressed uncertainty of using a tool rather than an expert to find solutions for their 

problems. This was emphasised in the following response:  

“Run through the questions asked.” (UE 5)  

The above statement was given when generally asked what they would do with the tool. This reply 

indicated that the customer studies personnel member had no presumptions as to what the tool can 

produce. It showed the reluctance imbedded by his answer on the applicability of the tool in their 

project. The participant did not expect the tool to produce solutions for their usability problems. He 

added: 

▪ “We already gather information in our training sessions from our users.” (UE 5) 

Reflecting on feedback methodology, the team talked about previous focus-group sessions as 

discussed in the verification section (7.1) above. This indicates that for some of the participants 

usability evaluations are only limited to customer feedback. Therefore, their expectations of the tool 

being evaluated is limited. Additionally, for their explanation of why their current ‘feedback’ 

methodology is not effective, the following statements reflect the point of view: 

▪ “But the development team are unable to perform all the changes requested by users.” (UE 

5) 

The comments gathered in UE 5 imply that the novelty of the tool might pose challenges in deciding 

to use it to integrate new UEMs in a software development project or not. For some users, usability 

evaluation is restricted to surveys. However, if surveys are not producing desirable results, then the 

problem for them is not related to their choice of the evaluation method, but rather on the process 

of implementing it. Moreover, the hesitancy in having an opinion or expectations from the tool may 

also indicates that the information presented in the interfaces were not enough to describe the tool 



 162 

and its services to engage its users and attract them to use it. Nevertheless, the concerns in the 

comments in UE 5 regarding current usability evaluation practices and their ineffectiveness were 

imbedded factors in building the framework for the tool, hence, it poses solutions for such problems.  

Theme 2: Effectiveness and comprehensibility of the tool 

Users’ opinions were gathered to diagnose the tool’s effectiveness, whether it did what it is was 

expected to do or not, and tool comprehensibility, whether the users found it easy to effectively use 

the tool or not. The outcome of this section would set a plan for further tool development to enhance 

its effectiveness and comprehensibility for its users. In response to what the users wanted, the 

following answers were gathered 

▪ “Get the result and try it.” (EEoT 1) 

▪ “Get solutions.” (EEoT 1) 

▪ “Get answers regarding usability evaluation method that fits our scenario.” (EEoT 1) 

and to whether they achieved what they wanted by using the tool, the participants replied: 

▪ “Yes.” (EEoT 1) 

The above statements indicated that in general, the tool delivers what it is intended to do. It produces 

answers to usability related issues that are tailored to each project scenarios. However, in further 

investigation of what would enhance its effectiveness the following responses were gathered 

▪ “Templates to use the solutions.” (EEoT 2) 

▪ “Descriptive solutions.” (EEoT 2) 

▪ “Detailed description on how to conduct evaluation and analyze the results.” (EEoT 2) 

As suggested by the answers above, the tool would be more effective if it was able to provide detailed 

explanations of the results and a general guideline on how to implement them. This reflected on the 

usability knowledge available within the team. It led to highlight the necessity to implement further 

descriptions into the tool interfaces for it to be used by its intended users to satisfy Research Objective 

5. As for the tool’s ease of use which also would influence its effectiveness the following responses 

were gathered: 

▪ “Very easy to use.” (EEoT 3) 

▪ “It’s simple.” (EEoT 3)  

However, to elaborate on its navigation and architecture the following answers were given by two 

participants while the rest of the participants suggested that it did.  

▪ “Somehow it needs to be more friendly terms wise.” (EEoT 4) 

▪ “It needs work” (EEoT 4) 
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The replies in EEoT 3 and EEoT 4 indicated that the tool did not pose major challenges for its users to 

be able to effectively use it, but it needed to be further developing a user-friendly interface. Finally, 

the comprehensibility of the tool was examined by investigating tools features, terms and likeability 

to be used again. In response to that, the following answers were collected for missing features of the 

tool: 

▪ “Descriptive texts.” (EEoT 5) 

▪ “Description of suggestions.” (EEoT 5) 

▪ “terms explanations.” (EEoT 5) 

Further descriptions to each term used in the tool were needed as they were not clear to participants 

as shown in EEoT 5.  

In further comments on missing features, one participant added,  

▪ “Entering data of selection criteria, I did not know how many I am supposed to select under 

each section.” (EEoT 6) 

▪ “Quantifying some of the options, multiple choices or single choice.” (EEoT 6) 

▪ “The process needs to be explained.” (EEoT 6) 

▪ “Needs reordering of inputs.” (EEoT 6) 

These answers suggested that the form of representing the selection was confusing; they indicated 

the format of representing the selections as checkboxes were confusing as they imply a level of 

confusion as in the number of selections to be made. The answers also indicated that the current 

ordering of the inputs and processes pose confusion for its users. All these comments implied that the 

tool needed to be further developed to be easily comprehensible by its users.  

Nevertheless, one of the interviewees highlighted that:   

▪ “To validate that the usability tool or methods we are using for the product / features are still 

valid.” (EEoT 7)  

This comment suggested that if the tool was able to assess the current activity then it would be used 

more frequently. The interviewee is suggesting the tool’s effectiveness and comprehensibility could 

be enhanced by implementing further analysis functionalities into it. Those functionalities are related 

to enable the users to assess the risk of the currently implemented UEMs in the project. This critical 

functionality that tool in its current state lacks, does pose a high risk of losing users interest in 

effectively using the tool within their software development projects.  
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7.2.1.4 Framework Validation 1: Discussion  

In summary, as discussed in (UE) the development team expectations from the tool in general were 

to get solutions for their usability problems which the tool successfully provided. The level to which 

the tool meets users’ expectations significantly affects framework productivity and success (Szajna & 

Scamell, 1993). However, their perspective was to find solutions rather than integrate the process of 

evaluating usability throughout their development stages. Nevertheless, the intention was there as 

indicated by one of the interviewees. This shows that they are considering usability issues as problems 

and are willing to reactively use supportive tools or methods to solve them. Therefore, there is a need 

for a useful tool that would proactively guide software development teams through their decision-

making process regarding evaluating usability to minimise risks and meet usability expectations. A 

proactive approach to evaluate usability is a solution for the reluctance expressed to change UEM or 

try a new one which is related to the level of maturity of the application SITE has reached and the 

limitations of expertise and knowledge about different UEMs. The tool was built to embody the 

framework designed to produce suggestions that are new for a development team but within their 

resources limitations to apply.  However, the novelty of the results produced by the framework 

although intrigued the participants yet failed to meet their expectations because the tool was lacking 

descriptive and informatic texts.  As the framework was designed to engage the team and their 

opinions regarding the resources availability within their project to evaluate usability in the process of 

producing results, the tool successfully engaged them to get involved within the process of reaching 

a decision and show interest to conduct one of the solutions suggested as a result. This activity will be 

discussed in detail later in this chapter.  

Additionally, as derived from (EEoT) the complexity of usability concept is reflected on the 

comprehensibility of the tool. Although the tool functionalities were not criticized, most of the team 

reported that giving descriptions and definitions of the terms used in the tool are necessary for them 

to execute the tasks correctly. Further enhancement and adjusting were also pointed out to make the 

tool more user-friendly and easier to use.  It was also concluded that an assessment of in-use UEM 

would also positively contribute on the usefulness of the tool and critically affect its effectiveness. 

However, in its current state too, the tool was desirable and met the expectations.  

7.2.2  Framework Validation 2: Framework usefulness  

After the briefing that took place in the first phase of the validation, the team used the tool on a 

scenario from their own experience of SITE. The tool produced suggestions as a list of UEMs that if 

applied together within SITE development stages, they would satisfy all the selected usability 

validation goals and objectives. In order to test the validity of the result to satisfy Research Objective 

5, and given the new method suggested by the tool, an implementation of the new method was 
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carried out. The team then showed their familiarity with two of the methods, but they were unfamiliar 

with the third suggestions, card sorting. As card sorting was an evaluation method the team had not 

experienced before, or known of, the tool successfully captured their attention to try it. The ability of 

the framework to produce UEMs suggestions that are unfamiliar to its users highlights its usefulness 

in highlighting unknown method.  They also expressed their desire to observe the UEM 

implementation process by the researcher and discuss how to extract data from it. The 

implementation of card sorting method is discussed below and finally the discussion of the 

implementation with the development team is given by the end of this chapter.  

7.2.2.1 Framework Validation 2: Participant (product users) 

In the ‘hackathon’, users of Synchro Pro and SITE were in attendance as well. Their specific identities 

and organizations are not mentioned upon their request. The researcher and Mr. G.D Demchack 

managed to recruit seven participants for a card sorting session. The researcher has also asked the 

development team mentioned in Tables 7.1 and 7.2 including the two customer studies personnel to 

attend the session and observe. The researcher also encouraged them to take notes of the issues the 

participants raised. The participants in the card sorting activity and a description of their roles within 

their organisations and their use of SITE are given in Table 7.3.  

Table 7.3: Participants in the card sorting activity 

Participant  Role Description  Use of SITE  

A Construction consultancy company owner  Trial  

B Building Construction personnel  Active  

C Building Construction personnel  Active  

D Railway planning personnel  Active  

E Railway planning personnel  Active  

F BIM management organisation representative  Trial  

G SITE marketing team personnel  Active  

 

7.2.2.2 Framework Validation 2: Setting and implementation (card sorting + observation) 

This section outlines the second phase of the validation, which aimed to investigate implementing the 

suggested solution within a real-world scenario. The purpose of this activity was to validate the 

applicability of the solutions presented by the tool within the resource’s limitations provided by the 

development team during the decision-making process in real-world. Therefore, the scenario best 

served the objective of conducting the evaluation. The scenario, in principle, is similar to the ‘card 

sorting’ exercise, which is a technique utilised to get users’ insights of an interface architecture for a 
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particular software application. Data was gathered using observation by the researcher who 

attempted to monitor the participants’ reaction to the scenario created. 

Scenario setting 

While the team were recruiting the participants for the card sorting session, the researcher created 

the scenario and guidelines to conduct it. As explained earlier in the chapter, the SITE application gone 

through many iterations to implement the requirements and is partially developed. This means, card 

sorting in its pure form cannot be beneficial if implemented now. However, the researcher adapted 

the technique and methodology of card sorting to evaluate the main interface of SITE application. This 

activity aimed to show the development team the advantages of conducting usability evaluations and 

to test the accuracy of the results produced by the tool. Hence, instead of using cards to sort 

navigation and ordering of the content of SITE, as it is ideally to be done in the early iterations or 

stages of developing a system, the researcher asked the users to express their preference verbally 

while performing the tasks they are asked,  based on the scenario the researcher developed after 

listening to development team’s discussion in earlier validation session. As the previous session 

implied, the development team did not understand the complexity and inability of SITE users to 

navigate through the main interface majorly when asked to go to an existing project and edit it then 

to go back to SITE main page. The researcher then established scenarios requiring participants to 

complete three tasks based on development team’s concerns. Participants were asked to articulate 

their thinking process relate to navigation, content ordering, locating icons/buttons and their 

suggestions or expectations. Their thoughts on where the icons/buttons should be and how should 

they be ordered within the main page contents for them to navigate through the tasks easily is in core 

a card sorting method.  The researcher took notes throughout the session and was also acting as a 

mediator to guide the participants throughout the tasks.  

7.2.2.3 Framework Validation 2: Findings  

Based on the set up of the scenario, two findings were generated: one relates to the validation of the 

solution implemented to the application SITE, and the second about the SITE team’s interactions and 

reactions towards the scenario’s outcomes. 

Findings 1: Card sorting 

The researcher’s primary aim during this card sorting exercise conducted to evaluate SITE was to 

capture various comments, reactions and difficulties that arose by implementing ‘card sorting’ 

method. It is important to indicate that observations were not audio recorded but were written notes 

by the researcher. The card sorting exercise concerned capturing the users’ expectations when doing 

the exercise. For instance, some noted: 
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• Not locating the patterns: “where is the home button?”, “how can I go back to the previous 

page?” and “why is there no plus icon to add things?” 

• The sequence of the steps required to complete the tasks: “how can we edit a project, should 

we open the project or is there an icon in the home page to do so”, “this sequence to carry 

out the task does not make sense”, “the layout of the commands is not in a right order” 

• The terminologies used in the interface: “the home page should be called home and not SITE”, 

“editing a project should be called edit not change” 

• The Icons used to represent functions “home button” “+” and “back” icons. 

Based on the above quotations, the following were the main findings as a result of the card sorting 

exercise on SITE: 

- The SITE system is effective but not efficient 

- The SITE system is incomprehensible to its users. 

As for the first point, the users, except one of them, managed to execute the tasks they were asked to 

finish but the time they took in conducting the tasks was longer than what the users and the 

developers expected. Some reactions of the developers were gathered while the users were struggling 

to execute the tasks. Developers expressed frustration of the unexpected lengthy time manner the 

users were taking to execute tasks. Meanwhile after finishing the exercise the users were discussing 

the time, they took to carry out the tasks and they were mostly unsatisfied. One user left the session 

out of frustration of not finding the icons and buttons needed to conduct the tasks. Additionally, the 

ambiguity of the application caused discussion amongst users while executing the tasks asking each 

other for help and looking towards the developers for answers.  

Findings 2: Team’s interactions and reactions 

This section reviews the comments and questions that triggered the attention of SITE team when the 

participants in card sorting were executing the tasks. It represents the reactions, questions and 

comments that would intend to support improving the application SITE. Subsequently, it would 

indirectly prove the applicability of the suggestions the tool produced. It reflected on the 

appropriateness of the method, in this case it is card sorting, for the team to learn and use. For 

instance, key points reactions were: 

SITE team reactions to the card sorting session: 

• “Why cannot they see the home button?”  

• “It should be very easy to complete this task” 

• “How come they [the users] cannot figure out where the icons are?” 

• “Why are they looking in the wrong section?” 
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7.2.2.4 Framework Validation 2: Discussion 

In the card sorting activity, users showed their dissatisfaction with the application by the difficulties 

they were finding while executing the tasks. As SITE is intended to be used by a variety of users of 

different technological capabilities, the card sorting exercise revealed the complexity it inherits and 

reveals when exposed to non-technical or managerial users. Meanwhile, the outcomes of Site team’s 

reaction can be summarised in: 

- Architecture of the software did not consider the users’ perspective. 

- Developers realised the need for additional clarification, edition and replacement towards 

many commands. 

- The software application is functional but needs further work to improve its usability to reach 

its fully potential productivity. 

In summary, the SITE development team realised that their expectations of their users to behave in 

certain scenarios were unrealistic. It reflected their needs to obtain, analyse and incorporate those 

needs of their users into further development of SITE. It was also acknowledged by the SITE team that 

although their product is fully functional, the users are not satisfied with it. The frustration of their 

users potentially leads to losing them. The SITE development team reaction towards usability 

evaluation method suggested by the tool i.e. card sorting, and its importance to ensure software 

quality was influenced by the results gathered from conducting card sorting activity. SITE team 

reaction showed that their current usability practices failed to communicate their potential users’ 

expectations causing usability issues that were not diagnosed but were critical for SITE effectiveness. 

For instance, SITE development team were surprised to know that although SITE is functionally 

working, its applicability was restricted because of usability issue they considered minor such as: 

navigation and the use of terminologies. Card sorting activity, one of the suggested methods by 

‘usability helper’, productively assisted SITE development team in diagnosing and recognising the 

issues related to SITE. The tool’s proved to be affective in suggesting method/s applicable by its users 

and meets their expectations or solve their concerns.  

 

7.3  Chapter conclusion  

 

The results of both verification and validation processes carried out concluded that while the tool 

developed for this research does produce valuable and applicable results that if implemented 

successfully would satisfy usability goals and objectives, the results themselves and the process of 

reaching them were challenging. These challenges were summarised in the difficulties in 
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understanding the terms used in the user interfaces, the order of input criteria and the representation 

of them. The difficulties in understanding the terms reflected on the usability knowledge individually 

and in a team. As the tool is designed to be used by non-usability experts too, this issue needs to be 

addressed to satisfy research Objective 5. Additionally, the need to reorder the input criteria and 

provide easy to use, navigate and follow structure in the interfaces are critical to ensure tool usability 

and quality. The validation process also emphasised on the successful logical processing implemented 

in the tool to produce results as it satisfied both scenarios given and diagnosed the problem. It also 

confirmed the need for the tool for its ability to produce novel suggestions that was not considered 

or known by the team members. Finally, the tool as presented majorly satisfied research objectives as 

it passed core objectives with some minor issues relating to the depth of guidance provided. However, 

as suggested by one of the participants, the additional functionality of risk assessment is important to 

justify the use of the tool instead of relying on the current activities. Therefore, the comments given 

in this verification and validation process will be implemented into the next iteration of the tool to 

produce a final product. The tool will be expanded to also assess the risk of current usability activities, 

provide further description of the results and when in SDLC stages to be applied to and explain the 

terms used to facilitate the selection of criteria processes. The following chapter will be discussing the 

planning, design and implementation of these factors.  
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Chapter 8: Reference Implementation of Framework (Phase Two) 

 

Many studies have indeed established the fact that software quality problems are directly or indirectly 

caused by usability problems (Moorthy et al., 2013). However, there are many issues that contribute 

to usability problems that currently exist: 

• Different points of view are held by different stakeholders towards usability and its 

importance to software development assessment (see Chapter 2). 

• There is poor integration of usability evaluations within software development stages (see 

Chapter 2). 

• There is a lack of skill, knowledge and support within software development teams about 

usability (see Chapter 2).  

These issues were discussed in literature by Moorthy et al. (2013), Jokela (2005), Douglas (2011) and 

Jayaletchumi et.al. (2013). They were also found in the initial interviews and observational data 

conducted by this research, and a detailed discussion is provided in the initial data collection and 

analysis chapter (Chapter 4). The potential consequences of these problems are illustrated Table 8.1.  

Table 8.1: Usability problems and their potential consequences 

PROBLEM  CONSEQUENCES  

DIFFERENT POINTS OF VIEWS ABOUT USABILITY  • Confusion in decision making process 

• Conflicts within stakeholders  

• Decreases the emphasis on usability importance 

• Increases the chances of ill integration of 

usability within development stages  

POOR INTEGRATION OF UEMS WITHIN SDLC • Time, money and effort consuming 

• Inappropriate results  

• Harm software development progress 

• Non-reliable and non-effective outcomes   

 

LACK OF SKILLS, KNOWLEDGE AND SUPPORT  • Inadequate integration of usability within SDLC 

• Inappropriate choice of usability evaluation 

methods  

• Limited consideration of UEMs 

• Informal decision process (personal preferences) 
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Phase 1 of the decision support tool is concerned with all the problems mentioned in Table 8.1. 

However, for the framework to fulfil its purposes, its use needs to be justified.  The functionalities of 

risk assessment features within the framework are: 

• To procedure an analysis of currently used UEMs and assess them to find gaps 

• And, assesses the solutions generated depending on the limitations given by the project in 

Phase One. 

The risk would be associated to unevaluated usability attribute within SDLC lifecycle enabling the 

decision maker(s) to evaluate their choices and improve their usability evaluation activities. By 

examining and assessing the risk of not implementing an appropriate set of UEMs during software-

development stages to measure all usability attributes regardless of the methodology used, i.e. Agile, 

Waterfall or User-Centred Design (UCD), the tool could be a powerful method in convincing decision 

makers/stakeholders to focus on evaluating usability throughout software-development stages. It also 

helps a software-development team to realise the risks associated with inappropriately implementing 

UEM within SDLC stages based on ‘when’ to apply it.  Although the following section discusses the 

literature of usability risks and might seem appropriate to be included to Chapter 2, the necessity of 

critically analysing the literature with the focus on usability risks targeting the risks associated to 

usability attribute only emerged following the testing and evaluation process in Chapter 7. Therefore, 

in this study the literature related to risk is represented in the following sections as a task within 

expanding the framework to assess risks.  

 

8.1 Overview of Risk Assessment Framework  

 

The processes of formulating a framework for phase two implementation are detailed in following 

steps: 

• Step one: Identification of software usability risks  

• Step two: Relate UEMs to the risks  

• Step three: Relate UEMs risks to SDLC stages.  

Each of the steps consists of different activities. Each activity contributes towards building usability 

evaluation risk assessment framework. This chapter discusses and analyses the subjects of usability 

risks throughout the following sections. The result of analysing the literature for usability risk will then 

be related to the list of the UEMs this study focuses on. Afterwards, this chapter will represent a 

reference implementation of the framework. Subsequently, a new increment of the tool is developed 
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to include the reference implementation of the framework. Finally, a test is carried out on the new 

developed feature of the tool i.e. risk assessment.   

 

8.2 Building Risk assessment framework  

 

To successfully design a usability risk-assessment framework, as an extension to the original 

framework discussed in Chapter 5, several concepts are integrated using relational link i.e usability 

risks and UEMs risk. Usability risk, in this framework and in relation to the purpose of the study, is 

concerned with identifying risks associated with unevaluated UEM; whereas, UEMs risk is concerned 

with obtaining ineffective evaluation by applying UEM to inappropriate SDLC stage. The discussion of 

these two concepts in relation to UEMs are provided in the sections below.   

8.2.1  Step one: Identification of software usability risks 

The objective of this phase is to investigate the relevant literature by conducting a systematic review 

analysis to identify usability risk elements and activities within SDLC stages. A systematic review 

method was chosen to ensure an unbiased and objective decision-making and selection process. 

Additionally, it ensures undertaking a wide search following a clear methodology to allow 

reproducibility in future work Systematic review is carried out to efficiently integrate existing 

information regarding usability risks and provide data for rational decision making. It is also carried 

out to find consistency within data found regarding assessing usability risk to justify its adaptation in 

developing the risk assessment tool. This step is concerned with the identification and classification 

activities.  The details of the systematic review are given below.  

8.2.1.1  Activity 1: A systematic review  

As a part of the system being developed, analysis functionality is to be integrated into the system that 

would perform an analytical process to highlight current or future software usability risk linked to 

improperly applying appropriate UEMs within an SDLC. However, to establish the risk assessment 

criteria by which the system will produce results, a systematic literature review was conducted to find 

and investigate current literature regarding usability risk, critically explore it, analyse it to eliminate 

unrelated, insignificant or redundant data. An initial investigation showed that the literature does not 

have any previous attempts in systematically reviewing usability risks. It also increased the precision 

of data extraction for risk criteria as established by researchers and practitioners. It is also carried out 

to establish a base for usability risk classification within SDLC phases. These are the two subjects 

illustrated in the conceptual model to build the second phase of the usability helper tool. Systematic 
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review also serves further investigations in the subject of usability risk assessment. It can be used as 

an initial stage for future work in usability risk subject and as a resource for references. It explains the 

what, how and why the study is done, and decisions made (Aromataris & Pearson, 2014). The 

systematic review focuses on searching for all ‘usability risk’ related publications, specifically to 

software development, available through accessible research engines and databases, i.e. 

Loughborough University OpenAthens in computer science databases concentrating on software 

related publications and Google Scholar. It is conducted to collect, compare, analyse and conclude the 

state of art in usability risk. The outcome of the review is then used in building a usability risk 

assessment model to be integrated in the developed system. The design of the systematic review 

follows the structure provided by Kitchenham et al. (2007) and applied by Paz, F. and Pow-Sang, J. 

(2014) because they discussed the process of a systematic review in the field of software engineering 

which this research relates to. The structure is provided below: 

a. Structuring research question 

The question that this study is interested in analysing is whether there are earlier studies that 

focus on assessing software usability risks based on usability criteria associated with 

evaluating software usability throughout different stages of software development, 

regardless of SDLC type or methodology followed.  

 

b. Search strategy  

The search strategy was defined by establishing a search string that allowed identifying 

academic studies which discusses usability risks: 

• Usability Risk 

• Software Usability Risk  

• Usability Risk Assessment.  

The search used both inclusion and exclusion criteria with the search words ‘software usability 

risk’ and ‘usability risk assessment’.  

 

B1: Inclusion criteria: 

The studies identified would only be considered if they are about software usability. Studies 

that focus specifically on mobile applications, healthcare applications or any other specialised 

concept without relating to main usability criteria are discarded. Studies should be in the 

computer science field, human-computer interactions field, or the field of measuring usability. 

To ensure sufficiency of strategies used, studies’ outcomes should directly or indirectly include 

or inherently relate to the usability characteristics, i.e. effectiveness, efficiency, 
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comprehensibility and satisfaction. Those four characteristics are also the criteria used in 

analysing usability evaluation methods in the system being developed. Finally, a clear 

reference/discussion of usability risk should be included in the studies to be included in the 

systematic review. Search statements were limited to:  

‘usability’ and ‘risk’ or ‘usability risk’ included in the title. As an added quality criterion, only 

conference proceedings, journals and books were considered.  

 

B2: Exclusion criteria 

To ensure the compatibility with systematic review research question, a few exclusion criteria 

were implemented while conducting automated search such as, -mobile, -physical, -website, 

-culture, -medical, -medicine, -patient and -security. Additionally, the author manually 

checked the titles and abstracts to ensure relevance or appropriateness of the studies the 

search question and inclusion criteria 

 

c. Search Process 

The academic search engines, i.e. Scopus, ACM, Compendex, DBLP and IEEE were used 

alongside Google Scholar. To ensure adequate consideration of databases to be investigated 

for conducting field specific systematic review, a Loughborough University librarian’s 

suggestion were considered too (Greasley, C., Loughborough University academic librarian) 

alongside popularity of computer-science related databases. The results language was set to 

only English to ensure accuracy in later analysis processes. Dates were not specified to gather 

all the publications available and establish a timeline of studies about usability risk. 

 

d. Selection of Primary Studies 

Each study retrieved from the automated search was evaluated by the authors. The evaluation 

was carried out to decide its inclusion in this systematic review. The evaluation consisted of a 

quick review of the entire document: title, abstract, introduction, background, results and 

conclusions. A summary of search results is presented in Table 8.2.  
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                 Table 8.2: Summary of search result 

Database  Title  Type Year  Author/s  

IEEE+ 

Compendex+ 

Scopus 

A Fuzzy-Based Methodology to Assess 

Software Usability Risk  

Conference  2016 Dwi Kartika, A. and 

Surendro, K. 

IEEE+ 

Compendex+ 

Scopus 

Identifying Usability Risk: A Survey Study  Conference  2014 Moorthy, J., Ibrahim, 

S., and Mahrin, M. 

IEEE+ 

Compendex+ 

Scopus 

Formulation of Usability Risk Assessment 

Model  

Conference  2013 Moorthy, J., Ibrahim, 

S., and Mahrin, M. 

IEEE + DBLP The Usability Risk  Conference  1999 Platt, A. 

IEEE+ 

Compendex+ 

Scopus + DBLP 

+ ACM 

Introducing Usability Testing in The Risk 

Management Process in Software 

Development  

 2013 Lindhom, C., and Host, 

M. 

IEEE Risk Communication and Usability Case 

Study: Implications for Web Design  

 2001 Zimmerman, D., Slater, 

M., and Kendall, P. 

ACM + 

Compendex 

Usability as Risk Management   2007 Altom, T. 

DBLP + 

Compendex 

Connecting Usage with Usability Analysis 

Through the User Experience Risk 

Assessment Model  

 2011 Inversini, A., Cantoni, 

L., and Blochini, D. 

Compendex+ 

Scopus 

Design for Risk Control: The Role of 

Usability Engineering in The Management 

Of Use-Related Risk  

 2012 Jan, K. and Adinda, c. 

Compendex+ 

Scopus 

Website Usability: Consumer Satisfaction 

and The Intention to Use Website: The 

Moderate Effect Of Perceived Risk  

Journal  2012 Lui, C., and Maguel, G. 

Compendex+ 

ACM 

Evaluation of Risk in Early Design Usability 

in Failure Analysis Instruction  

 2011 Grantham, K., and 

Arlitt, R. 

Scholar 

(SDIWC) 

The Need for Usability Risk Assessment 

Model  

 2013 Moorthy, J., Ibrahim, 

S., and Mahrin, M. 

Scholar 

(SDIWC) 

Developing Usable Product Using Usability 

Risk Assessment Model  

 2013 Moorthy, J., Ibrahim, 

S., and Mahrin, M. 

Scholar 

(SDIWC) 

Identification of Usability Risk as A Risk In 

Software Development Projects  

 2014 Moorthy, J., Ibrahim, 

S., and Mahrin, M. 
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Scholar) World 

Academy of 

Science) 

Identifying Mitigation Plans in Rescuing 

Usability Risk Using Delphi Method  

 2014 Moorthy, J., Ibrahim, 

S., and Mahrin, M. 

 

However, a few studies, shown in Table 8.2 have been removed for their irrelevance to the 

subject which was revealed after initial analysis of paper’s introduction and summary. These 

studies either narrowly focused on one case study or were in the medical field yet their titles 

did not reveal that. The elininated studies are the studies titled as follows:  

o Connecting usage with usability analysis through the users experience risk assessment 

model.  

o Design for risk control: The role of usability engineering in the management of user-

related risk. 

o Website usability, consumer satisfaction and the intention to use a website: the 

moderate effort of perceived risk. 

Nevertheless, there is one study inaccessible through by the Loughborough OpenAthens 

permission which is ‘Usability as Risk Management’. 

e. Critical appraisal  

To ensure quality of the search results and reliability of the studies, this systematic review 

includes journal papers, conference proceedings and books only. The publisher is also 

specified to highlight the credibility of the publication and its relativeness to the search 

questions and purposes as detailed in inclusion and exclusion steps. 

 

f. Data extraction   

A data extraction process was conducted using a spreadsheet. The following criteria were set 

to extract data:  

▪ Usability attributes considered in the study aimed to ensure compatibility with this 

research’s purposes and procedures. 

▪ Suggested usability risks aimed to gather all possible risks, analyse them and categorise 

them for further integration into the system being developed by this thesis. 

▪ Suggested usability risk factors aimed to critically analyse methods and techniques used 

by researchers or practitioners in analysing usability risk which will be adapted into the 

system. 
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▪ Methodology used / suggested aimed to collect data for usability risks to critically analyse 

and summarise them to adapt them or propose suggestions for different strategy if 

applicable.  

▪ Suggested classification of usability risk within SDLC stages aimed to summarise, 

categorise and adapt into the system.  

▪ Discussion and future work aimed to investigate the state or art and contribute to 

suggested work.  

Those criteria were chosen to help identify the state of art about usability risk and its assessment 

model, the mutual opinions regarding usability and its attributes, the process used in deriving the list 

of usability risk, and linking them to usability or software development stages and elements. Finally, 

these criteria also help in extracting the need for future work and suggestions about how to conduct 

them. The results from this systematic review process was later used in building a list of usability risk 

criteria collected, analysed, and categorised from all the studies, and were linked to usability elements 

adopted by this study, as mentioned in Chapter 5 and 6. Later, the risks were to be matched to UEMs. 

The tool will then be able to offer analytical functionality for risk assessment that depends on UEM 

characteristics and SDLC stages. Nevertheless, the data extracted can be used by researchers 

interested in usability risk as a reference or a start point to look beyond the current state of 

knowledge. The final model or list for this step can also be used as a guideline for further investigation 

about usability risk and its link to usability elements. For the purposes of this thesis, the study made 

efficient use of the list to integrate it in the next stages of development of the tool.  

8.2.1.2 Data analysis  

Out of the 15 studies found, eight referred to the usability attributes of: effectiveness, efficiency, 

comprehensibility, satisfaction and safety. However, only five studies out of the eight clearly 

mentioned the risks associated to usability, four of which were authored by Moorthy et al. (2013, 

2014). Additionally, one publication by Kartika & Surendo (2016) mentioned that their research 

implemented a proactive risk strategy by carrying out an assessment of usability software risk during 

development processes, while data about probability and failure are insufficient. Therefore, the input 

for their tool was obtained through the analysis of expert opinion using a ‘Fuzzy Set Approach’ to deal 

with subjective data from human knowledge. Meanwhile, Moorthy et al. argued in all their 

publications that “There is also a lack in standard framework or model for assessing and managing 

software product risk based on attributes of quality, particularly usability.”  

The earliest mention of usability assessing was by Platt in 1999. However, his study was only a report 

that referred to the importance of being able to assess usability risk to minimise loss of time and effort. 

Moreover, Platt’s study did not fit any of the criteria set for data extraction used in this thesis. The 
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first attempt to build a framework for assessing usability risk was made in 2013 by Moorthy et al. with 

title of ‘Formulation of Usability Risk Assessment Model’. In their study, they also extracted usability 

risks from usability attributes as also suggested by the present study,  stating that  the “Scenario which 

affects the ability to achieve these attributes is considered as potential usability risk during [the] 

software development process.” They also adapted the defined attributes and sub-attributes by 

Alonso-Rios et al. (2009) and Dubey et al. (2012) as considered in this thesis in (Chapter 2).  The list 

Moorthy et al. provided for usability risks derived from usability attributes is: 

1. Effectiveness 

• Low percentage of task accomplishment 

• Incorrect task execution 

• Incomplete functionalities to perform a task 

• Lack of cultural diversity in user interface 

• Inability to adapt to changing user preferences and environment 

• High ratio of failure/errors 

• Human error 

• Execution error 

• Lack of user control 

2. Efficiency 

• Incorrect or inaccurate result produced 

• Lack of utilisation of command 

• Longer execution time of a task 

3. Satisfaction 

• Lack of software stability 

• Lack of trust on software 

• Lack of aesthetic features and good user interface (UI) design 

4. Comprehensibility 

• Lack of clarity in system’s properties and functionalities 

• Lack of skills for user and developer 

• Inadequate training for user 

• Longer time to learn the software 

• Incomplete and Inadequate documentation/user manuals 

• Insufficient support system (help) 

5. Safety 

• Loss of information/data 
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• High vulnerability to threat 

• High prone to system failure/corruption 

• Environment prone to hazards 

• Change in environment. 

Moorthy et al. (2013) suggested expert interviews/ questionnaire as a method to classify these risks 

within SDLC stages, but it has not yet been conducted. In 2014 they conducted a survey to validate 

the list of risks and their occurrence. Two additional risks were found after collecting data from 

distributed and completed surveys i.e. lack detailed testing and lack of maintenance method. Finally, 

in their last publication (2014), according to the systematic review conducted, a list of some mitigation 

plans they suggested were gathered by applying the Delphi methodology (Table 8.3).  

Table 8.3: Mitigation plan for usability risk proposed by Moorthy et al. (2014) 

USABILITY RISK  MITIGATION PLAN  

LOW PERCENTAGE OF 

TASK 

ACCOMPLISHMENT  

✓ Prepare to perform effective functional testing of the software such as User 

Acceptance Testing (UAT) before releasing it for operational use. 

✓ Enabling developer by establishing realistic project timeline to ensure full task 

accomplishment.  

✓ Assign dedicated development team to increase task accomplishment. 

✓ Continuously review user and functional requirements to enhance the system. 

✓ Provide sufficient training to developers to ensure quality of task accomplishment. 

 

INAPPROPRIATENESS 

OF TASK OUTPUT  

✓ Preform simulation run. 

✓ Plan for familiarisation sessions. 

✓ Establish testing acceptance and functions. 

✓ Engage users and stakeholders during development stages.   

✓ Conduct walkthrough and inspection evaluations regularly. 

✓ Build in quality assurance process during the development. 

 

INCORRECT TASK 

EXECUTION  

✓ Review the dataflow and functional requirement. 

✓ Prepare and conduct software testing.  

✓ Build in quality assurance process during the development.  

✓ Review the dataflow, functional requirement and coding.  

 

INCOMPLETE 

FUNCTIONALITIES TO 

PERFORM A TASK  

✓ Review user requirements and system design specification to ensure functionality 

identification.  

✓ Employ appropriate expertise in the development team.  

✓ Build in quality assurance process during the development.  

✓ Design verifications including the stakeholders and establish design sign/offs 

documentation.  
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✓ Use use-cases and functionality acceptance tests to ensure appropriate functionality 

inclusion.  

✓ Identify potential users and involve them during the development process. 

 

 

USABILITY RISK  Mitigation plan  

LOW USAGE BY 

USERS WITH 

DISABILITIES  

✓ Adopt content accessibility guidelines to add features that facilitates usage by users 

with disabilities.  

✓ Build in quality assurance process during the development.  

✓ Review and prepare complete requirement engineering using user requirement 

specification (URS).  

✓ Include URS in design stages. 

 

 

LACK OF CULTURAL 

DIVERSITY IN USER 

INTERFACE  

✓ Identify potential users and engage them during the development processes 

✓ Gather user expectations in requirement stages.  

✓ Include or consider cultural diversity in user interfaces.  

✓ Quality assurance should be implemented during development.  

INABILITY TO ADAPT 

TO CHANGING USERS’ 

PREFERENCES AND 

ENVIRONMENT  

✓ Include feature changing and preferences changing in design and requirement.  

✓ Quality assurance should be implemented during development. 

✓ Design flexible system. 

LACK OF USER 

CONTROL  

✓ Include user control feature in requirement and design.  

✓ Quality assurance should be implemented during development. 

✓ Early definition of users’ role and system security requirements.  

✓ Design flexible system. 

HIGH RATIO OF 

FAILURE RESULTING 

FROM HUMAN 

ERRORS  

✓ Quality assurance should be implemented during development. 

✓ Create more drop-down menus and radio buttons to reduce failure from human 

errors. 

✓ Plan comprehensive functional testing. 

✓ Carry out rigorous auditing based on complete and adequate operational 

documentation. 

✓ Develop sufficient test cases to cover all possible scenarios. 

✓ Implement functional testing and comprehensive testing scripts. 

HIGH RATIO OF 

FAILURE RESULTED 

FROM EXECUTION 

ERRORS 

✓ Quality assurance should be implemented during development. 

✓ Dedicate sufficient time for unit and integration testing.  

✓ Ensure testers have domain knowledge during testing. 

✓ Continuous check and review of system coding and configuration. 

 

In 2016, Kartika & Surendo published a paper called ‘Fuzzy based to assess software usability risk’ in 

which they proposed usability attributes and sub attributes as factors of usability risk. They also 
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suggested a formula to calculate severity and likelihood of risk occurrence without providing a list of 

usability risks.  

Figure 40 summarises the suggestions in building a usability risk assessment tool from all the studies 

that met the quality criteria i.e. inclusion and exclusion metrics suggested in Section 8.2.1.1. 

 

Figure 40: Summarising review outcomes. 

In Figure 40, the criteria by which usability risks are identified for the current study’s framework are 

generally linked to usability attributes. The same criteria were chosen in building phase one of the 

framework developed in the present research (Chapter 6). Additionally, as usability risk assessment 

frameworks and models suggested throughout the studies included in the systematic review have 

linked usability testing/evaluation to a generalised SDLC steps or a hybrid SDLC model rather than 

specifying an SDLC methodology. A generalised SDLC steps or a hybrid SDLC model allows feasible 

usability risk classification within SDLC steps or SDLC stages. This study also classifies SDLC into general 

stages as mentioned in (Chapter 5) and relates usability risks to those stages. Finally, the studies 

reviewed above suggested two approaches to calculate the likelihood and severity level of the risks: 

• Expert opinion 

• Calculating the gap between requirement and reality.  

However, the present study will not consider the severity and likelihood because it is intended to be 

used for customized purposes. In which case, each project will be uniquely analysed and assigned a 

UEM.  

8.2.1.3 Summary of systematic review  

The immaturity of usability risk as a study is emphasized by the limited number of studies found, since 

it was first mentioned in 1999; this encourages further investigation. It also magnifies the contribution 

of this thesis by developing an automated tool that would link usability risks to UEMs through usability 

attributes and categorising them within SDLC stages. This thesis has analysed UEMs according to which 

Usability 
Risks 

•Usability attributes 

•Scenario of failing to accomplish an attribute

Risk 
Classification 

•Generalise SDLC steps

•Classify risk within generalise SDLC steps

Liklihood 
and Severity 

•Gather expert opinions

•Analyse data and calculate liklihood and severity level by risk occurance and gap difference 
between requirements and reality
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attribute of usability they measure and when within SDLC would they be productive. Hence, by 

inheriting these relations, usability risks can be classified within SDLC stages depending on which 

UEMs they are linked to by analysing the risks attached to usability attributes that are not evaluated 

properly and to the inappropriate implementation of usability evaluation within a SDLC stage.  

8.2.2 Relating UEMs to Usability Risks 

Table shows the relational link creating within this framework to relate UEMs to usability risks by using 

the relational table created in Chapter 5 between UEMs and usability attributes. The risk is calculated 

as:  

➢ UEM – (usability attributes the UEM is not related to) = Risk related to the attributes the UEM 

is not related to 

For instance, going back to the table created in Chapter 5 to link UEMs with usability attributes, 

represented her for the purpose of explanation (Table 8.4) 

Table 8.4: Relating UEMs to usability attributes 

Usability Attribute  UEM 

Comprehensibility Cognitive Walkthrough  

Interviews  

Logs, Screenshots and Recordings 

Card Sorting  

Think Aloud  

Effectiveness Cognitive Walkthrough  

Pluralistic Walkthrough 

Heuristic Walkthrough 

Field Observation  

Focus Group  

Interviews  

Survey (Checklist) 

Experts Evaluation  

Persona Based Inspection  

Benchmarking against Criteria  

Think Aloud  

Efficiency Heuristic Walkthrough 

Contextual Inquiry  

Logs, Screenshots and Recordings 

Experts Evaluation  

Persona Based Inspection  

Benchmarking against Criteria  
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Card Sorting  

 

 

 

 

Usability Attribute  UEM 

Satisfaction Contextual Inquiry  

Field Observation  

Interviews  

Survey (Checklist) 

Questionnaire 

Persona Based Inspection  

Think Aloud  

Focus Group 

Pluralistic walkthrough  

  

And applying the formula represented above, the following risk is derived for ‘cognitive walkthrough’: 

Cognitive walkthrough – (efficiency + satisfaction) = the risks associated to efficiency and satisfaction 

i.e.: 

Efficiency 

• Incorrect or inaccurate result produced 

• Lack of utilisation of command 

• Longer execution time of a task 

Satisfaction 

• Lack of software stability 

• Lack of trust on software 

• Lack of aesthetic features and good user interface (UI) design 

As a result, table links all UEMs this study is concerned with, with usability risks using the formula 

presented and described above. Table 8.5 links UEMs to usability risks by their relation to usability 

attributes as shown in the first column.  
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Table 8.5: Relating usability risks to UEMS via usability attributes 

Usability 

Attribute  

Risk of not evaluating usability attribute  Risk of UEM  

Effectiveness 

Low percentage of task accomplishment 

Card sorting, contextual 

inquiry, logs, records and 

screenshots, questionnaire, 

performance testing, 

questionnaire 

Incorrect task execution 

Incomplete functionalities to perform a task 

Lack of cultural diversity in user interface 

Inability to adapt to changing user preferences and environment 

High ratio of failure/errors 

Lack of user control 

Low percentage of task accomplishment 

Incorrect task execution 

Incomplete functionalities to perform a task 

Lack of cultural diversity in user interface 

Efficiency 

Incorrect or inaccurate result produced Cognitive walkthrough, field 

observation, focus group, 

interviews, pluralistic 

walkthrough, questionnaire, 

surveys, think aloud 

Lack of utilisation of command 

Longer execution time of a task 

Comprehensibility 

Lack of clarity in system’s properties and functionalities Benchmarking, contextual 

inquiry, expert evaluation, 

field observation, focus 

group, heuristic 

walkthrough, persona-based 

inspection, pluralistic 

walkthrough, questionnaire, 

surveys 

Lack of skills for user and developer 

Inadequate training for user 

Longer time to learn the software 

Incomplete and Inadequate documentation/user manuals 

Insufficient support system (help) 

Satisfaction 

Lack of software stability Card sorting, cognitive 

walkthrough, expert 

evaluation, heuristic 

walkthrough, logs, records 

and screenshot 

Lack of trust on software 

Lack of aesthetic features and good user interface (UI) design 

 

 

8.2.3 Relating Risks to SDLC  

In order to fully diagnose the risk of not evaluating a usability attributes, inappropriate integration of 

UEM based on conducting it in an inappropriate SDLC stage should be taken into consideration. 
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Therefore, in this framework, this section discusses the process of identifying the risks of 

inappropriately implementing UEMs based on their applicability within SDLC stages.  

As discussed in Chapter 5, a relational link was developed between UEMs and SDLC stages based on 

the previous relations in literature. For the purpose of explanation, the table is adapted into Table 8.6. 

Table 8.6: UEMs and their occurrence within SDLC stages 

UEM OCCURRENCE WITHIN SDLC  

Early  Core  Late  

BENCHMARKING AGAINST CRITERIA  No No Yes  

CARD SORTING  Yes  No No 

COGNITIVE WALKTHROUGH  Yes  Yes  Yes  

CONTEXTUAL INQUIRY (PROACTIVE FIELD STUDY OR USER 

VISIT) 

Yes  No Yes  

FIELD OBSERVATION  Yes  No Yes  

FOCUS GROUP  Yes  Yes  No 

HEURISTIC EVALUATION  No No No 

HEURISTIC WALKTHROUGH  No No No 

INTERVIEWS  Yes  No Yes  

LOGS, SCREENSHOTS, AND RECORDINGS   No Yes  Yes  

PERFORMANCE TESTING  No No No 

PERSONA BASED INSPECTION  No Yes  Yes  

PLURALISTIC WALKTHROUGH  Yes  No No 

STANDARDISED QUESTIONNAIRE  No No Yes  

SURVEY (CHECKLIST) No No Yes  

THINKING ALOUD  Yes  No No 

USERS FEEDBACK  No No Yes  

 

To related usability risks to inappropriate implementation of UEM, the risk is firstly calculated 

following the rule below: 

IF a UEM is conducted in an inappropriate SDLC stage THEN UEM risk and all usability risks are applied 

Because:  

IF a UEM is conducted in an inappropriate SDLC stage THEN a UEM is incapable of successfully 

measuring the attributes  
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8.2.4 Measuring Risk  

As discussed earlier in this chapter the literature in usability risk is limited. Only a few scholars have 

discussed usability risks in association to usability attributes as perceived in this study, see section 8.1. 

The literature as shown in section 8.1 identify usability risks only. It does not provide further data to 

categorise them according to likelihood and severity. To properly categorise, calculate and prioritise 

risks, expert’s response and reporting is required (Hoodat and Rashidi, 2009). Furthermore, risk 

prioritising relatively depends on its importance in a project; therefore, usability risks reports from 

several projects need to be gathered and analysed to weigh risk likelihood and severity. For the lack 

of literature, expert analysis and projects report discussing usability risks, this study could not provide 

a detailed categorisation for usability risks as identified earlier. However, as this study focuses on 

identifying usability risks in association to inappropriate implementation of UEMs specifically, the 

purpose is fulfilled by introducing the formula of:  

IF a UEM does not satisfy a usability attribute THEN there is a risk 

IF a risk is indicated THEN identify risks 

A detailed formula that have been applied to identify risks associated to each usability attribute is 

given in sections 8.2.2 and 8.2.3. following these formulae Table 8.5 is created which identify the risks 

associated with conducting each UEM if applied and when applied inappropriately within SDLC 

lifecycle as discussed in section 8.2.3.  

 

8.3 Reference Implementation of Framework into the Tool  

 

As the risks are textual data, the text was inserted as text to the visual studio project without 

building tables. However, the existing database relating UEMs to SDLC is used to perform the task. 

The input of the tool is represented in figure 41. 
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Figure 41: Risk assessment page – a screenshot. 

 

As shown in figure 41, The user can select each UEM, and when within their project lifecycle it is 

counted in. The framework then runs the logical reasoning of: 

➢ IF the selected UEM and the selected SDLC match, THEN find unmatched usability attributes 

to the UEM. 

➢ IF unmatched usability attributes are found for selected UEM in selected SDLC, THEN find risks 

attached to unmatched attributes. 

➢ IF risks are found, THEN produce the founded risks as a result. 

Also, 

➢ IF the selected UEM and the selected SDLC are not matched, THEN set the value of matched 

usability attributes to 0. 

➢ IF the selected UEM is matched to 0 usability attributes, THEN produce all risks as a result. 

The output provides a list of risks if available alongside the UEMs selected, its applicability within SDLC 

stages and its functionalities if applied within each stage. Further example of the output is shown in 

the following section.  
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8.4  Testing  

 

To test the functionality of the tool in producing desired results, several scenarios were run by using 

the tool’s interfaces. The results were manually checked across the tables to ensure reliability and 

integrity of the produced outcomes. One of the testing scenarios is shown in the figure 42 and 43  

below, in which the sequence of selection and producing results are given. 

 

Figure 42: Selection on tool user interface – screenshot. 



 189 

 

Figure 43: Results interface. 

In the partially shown result interface in Figure 43, the report shows in the top part the selected UEM, 

its matches of SDLC stages and what implementing it within that stage would result in. In the second, 

lower, part of the report, the risks are given. The risks are calculated by finding the usability attributes 

that are not evaluated by the UEM selected. A list of the risks is then given to illustrate them.  

 

8.5  Summary  

 

In this chapter, the output of verification and validation processes discussed in Chapter 7 are 

considered, the desired functionalities are then designed and implemented within the tool. To design 

the risk assessment model, several complex steps and activities were conducted to extract data, 

represent it, match it and implement it. All these steps are discussed throughout the chapter. Finally, 

the testing of the newly developed functionality of the tool was carried out. An example is also 

provided. The next chapter will discuss the validation process of the additional functionality 

developed, i.e. risk assessment.  
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Chapter 9: Phase Two Evaluation  

 

This chapter discusses the Phase Two evaluation process. Discussion of Phase Two of the system 

developed for this thesis is provided in Chapter 8. The purpose of the system evaluation is to justify 

its additional development as discussed in Chapter 8 with relation to Research Objective 5: “to justify 

the importance, the usefulness and the applicability of the proposed framework”. As the initial 

verification of concepts and validation of system applicability was carried out and discussed in Chapter 

7, this chapter will focus on justifying the applicability and usefulness of the additional functionalities 

of the system.   

The development of the risk assessment component of the system, as discussed in Chapter 8, was 

encouraged by the remarks gathered from the validation process discussed in Chapter 7. The necessity 

of the risk assessment model was suggested by the evaluation of Phase 1 participants and justified by 

them as it would:  

• Help developers in recognizing the risk of not applying usability evaluations within SDLC 

stages.  

• Communicate usability importance by highlighting its risks to stakeholders including project 

managers, developers and testers.  

• Evaluate the current usability practices and analyze their strengths and weaknesses.  

• Investigate appropriate applicability of a UEM within SDLC stages.  

 

Therefore, to evaluate the applicability and usefulness of the development of Phase Two of the 

system, interviews were chosen as a method to gather the opinions of software development 

practitioners. Interviews, as discussed in Chapter 4, are beneficial to get insight into participants’ 

opinions by allowing free flow of information, especially in the case of semi-structured interviews. The 

participants Phase Two were developers or usability decision makers in different software 

development projects. A wide range of interviewees is beneficial as it allows collecting data from 

different practitioners’ perspectives, in different circumstances. The interviewees that were overseas 

received the questions in advance, and then a meeting using video call was used to conduct the 

interviews. Additionally, local interviewees were approached, and meetings arranged with them to 

carry out the interviews. If applicable and permitted, the interviews were to be recorded audio-

visually. But if not accepted, the interviewer would take notes of the answers. Before the interview 

session, each interviewee was asked to give consent to use the answers given for research purposes. 

Each interviewee was also asked if he/she would like to receive a copy of the paper in which their 
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answers will be used before publication. Further details of participants and the design of interview 

questions are given later in this chapter. 

 

9.1  Participants 

 

Developers, from different backgrounds, jobs and titles, were recruited for interviews. The process of 

finding developers itself was challenging. Many of the developers who were approached by the 

researcher showed little or no interest in usability. The challenges met in finding participants reflects 

the nature of research problem mentioned in Chapter 1. Nevertheless, six developers from four 

different organizations participated in evaluating the risk assessment model. The participating 

developers work in software developing projects of the interested of this research of which 

characteristics are provided in Chapter 1.  Table 9.1 shows the details of the participants.  

Table 9.1: Participants list 

Participant  Background  Current Job Title  Organization  

AB  Worked in software 

developing for over 10 years  

Data scientist  Organisation 1  

AL  BSc in computer science  Software developer  Organisation 1  

HD Over 20 years’ experience in 

Oracle application 

development 

Analyst Developer  Organisation 2 

MA Knowledge in Android (Java), 

Html, Css, Js, Jquery, php, 

vb.net, Sql. 

Software Developer  Organisation 1 

PC Over 10 years’ experience 

working with software 

commercially 

 

Senior Developer  Organisation 3 

RA Over 10 years’ experience 

working with software 

commercially, BSc Hons 

 

Senior Developer  Organisation 4 

 

The participants shown in Table 9.1 are all experienced developers with different backgrounds, that 

enabled varying insights and opinions influenced by different experiences to be gathered. The 

intended selection of developers from different organization aimed to investigate the applicability of 
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the system within different software development environments to allow generalizability. The distinct 

characteristics of each participant is shown in Table 9. 1, allowing understanding of the extent to which 

system is applicable and useful to satisfy Research Objective 5. 

 

9.2  Implementation  

 

The system developed for this thesis and being evaluated here is published as a web-app using Azure 

services to allow sharing the web-link with the participants who are distant. An email including the 

web-app link, detailed guidelines as to what is expected from participants, what is it to be evaluated, 

and a consent document was sent out to each participant. The participants then tested the system 

when it was convenient for them and answered questions at interview.  

The interview questions were designed to be semi-structured to allow flexibility in answering which is 

desired in this study as it focuses on understanding people’s opinions on usability and its effect of 

usability integrations within software development projects. The questions were developed to: 

• understand participants views on usability application within their current jobs, 

• analyse the usability of the system developed by investigating the ease of use, efficiency and 

comprehensibility,  

• analyse effectiveness of the system,  

• gather participants satisfaction level, and  

• investigate the impact of the system in participants points of view on usability and its 

importance.  

 

9.3  Findings  

 

This section presents the analysis of the data gathered from interviews. As discussed in Chapter 4, a 

thematic analysis technique is applied to analyse the data. A thematic analysis is suitable in this phase 

of the system development because it allows identifying themes within qualitative data to describe 

and provide interpretations from data (Vaismoradi et al., 2016) of the use of the usability risk 

assessment model developed in Phase 2 (Chapter 8). The process of thematically analyzing the data is 

given in Chapter 3 (Methodology).  

As a result of applying thematic analysis to the interviews transcriptions, the following themes 

emerged in relation to the system applicability and usefulness: 
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• Views on analyzing usability testing, 

• Usefulness of identifying usability risks, and 

• System usability.  

 

Participants opted not to have their responses audio recorded to the questions asked, but they agreed 

to have their responses recorded in written form. During the analysis, the focus was to look for mutual 

and contrasting opinions regarding ‘risk’ and/or ‘usability evaluation’. The goal was to capture themes 

emerging from codes which are presented in quotes in this section ensuring consistency and enabling 

further referencing later.  

Theme 1: Importance of usability risk analysis   

To discuss the framework’s importance, an examination of current level of satisfaction with usability 

practices was carried out. The following responses were stated in continuation with relation to general 

‘views on analysing risk of usability testing’: 

• “Users still ask for changes.” (IoURA1) 

• “Clients do occasionally request changes after the software has been delivered.” (IoURA1) 

• “It has the problem of not showing every aspect of the user experience.” (IoURA1) 

 

The existence of usability issues in general that are highlighted were requests for changes to be made. 

This was noticeable by the developers regardless of their initial positive reaction towards their current 

usability practices.  

• “There is no standard methodology (for usability) in place.” (IoURA2) 

 

However, when investigating the reasons for not conducting usability risks analysis the following 

responses were gathered: 

• “I don't think we have the expertise.” (IoURA 3) 

• “The size and structure of the team.” (IoURA 3) 

• “I would like to know what patterns to avoid when designing user experiences in the future.” 

(IoURA 3) 

 

The statements in IoURA 3 are related to the factors influencing current practices in evaluating 

usability by expressing the causes for lack of appropriate usability integrations i.e. expertise and 

resources and suggesting a practical solution. Consequently, according to the factors given in IoURA 

3, the current general usability risks practices are: 
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• “If users are logging many tickets that share the same problem, then we consider this an event 

to make a change.” (IoURA 4) 

• “Users are led through an application rather than trying to figure things out for themselves … 

we're lacking that certainty of proper implementation of these usability methods.” (IoURA 4) 

• “We use different analytics techniques …. It is limited so far though.” (IoURA4) 

 

As a result of the inaccurate implementations of usability evaluations and lack of systematic risk 

analysis in general, the risks associated with the inappropriate integrations of UEM exist as shown in 

VoAUT4. The developed framework provides the option to evaluate the risk associated with using 

certain UEM(s) and the risks associated with implementing those practices at an inappropriate SDLC 

stage of the product development process as noticed by the participants in the following comments: 

• “It showed potentially the short-fall in terms what we've picked and the stage we're currently 

at, whether it's compatible.” (IoURA5) 

• “The identified risks … made sense as to how our current practice was lacking.” (IoURA5) 

• “Understanding the risks can help a lot in the development whether you follow an Agile or a 

Waterfall planning approach.” (IoURA5) 

 

Responses given in IoURA5 highlighted the importance of the framework’s ability to identify risks 

associated to each participant’s case or scenario. Identifying the risks critically influence the analysis 

of current practices and the planning for further implementation.  

Theme 2: Usefulness of identifying usability risks 

The significance of identifying usability risks was established through Theme 1. This section focuses 

on gathering insights on understanding usability risks and the effect of it in encouraging better quality 

of product usability. In relation to usefulness of identifying usability risks, the following responses are 

significantly insightful: 

• “The risks would encourage me to expand on the level of usability research and the tools 

used.” (UoIUR1) 

• “The key stake-holder would need to be notified of any potential risk to see whether they 

think that's acceptable or not.” (UoIUR1) 

• “It will facilitate the communication level between developers and managers in the topic of 

usability and issues related to it.” (UoIUR1) 

• “It’s one of those areas which is often neglected in software development and having a tool 

to prompt on the areas missed will be very useful.” (UoIUR1) 
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The statements gathered in UoIUR1 show the potential of the increasing positive influence of the tool 

in communicating usability risks between the development team, enriching usability knowledge 

amongst the decision makers and increase the awareness of usability in sustaining quality of the 

product. The reasons are also given in: 

• “The identified risks were clearly displayed and made sense as to how our current practice 

was lacking.” (UoIUR2) 

• “The tool is helpful in describing the risks associated even as a reminder.” (UoIUR2) 

• “It will affect the transition towards producing usable products.” (UoIUR2) 

 

The risk assessment functionality developed into the system was useful in identifying the downfalls of 

current practices, encouraging further investigations, influencing future decisions and affecting them 

as shown in UoIUR2. Additionally, the following replies supported the development of such a tool by 

stating that: 

• “Having tools that make experts aware of methods for improving user experience (especially 

if those tools are frequently updated) can greatly improve the end result.” (UoIUR3) 

• “This tool seems to take the place of a consultant who would come in and look at currently 

what we're doing and suggest usability methods that would best fit.” (UoIUR3) 

• “It can help a lot in the development of a product.” (UoIUR3) 

• “It also encourages to look into different available UEMs that are applicable in our project.” 

(UoIUR3) 

• “As the company grows, tighter processes will be required to ensure consistency across 

different development areas. It is certainly worth considering adding this to the internal 

‘toolkit’.” (UoIUR3) 

 

Theme 3: Comprehensibility and effectiveness  

To ensure the usability of the system, and investigate its ease of use between its users, an investigation 

was carried out. The questions regarding ease of use focused on the terminology used in the user 

interface (UI) to evaluate mainly system comprehensibility and effectiveness. The focus on evaluating 

comprehensibility is to examine the familiarity of users with the terms used. Especially that the terms 

used are related to usability while the users are software developers who, as shown in Table 9. 1, have 

moderate interest and knowledge in usability. Other atheistic aspects of the UI were also investigated, 
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but as the system is in its prototype stage and for the time constraints imposed by the thesis 

submission, those aspects are considered for further studies/development.  

In relation to system effectiveness i.e. its ability to produce results, the participants’ stated: 

• “It showed potentially the short-fall in terms what we've picked and the stage we're currently 

at.” (SU1) 

• “It showed effective examples of different usability evaluations approaches and their 

limitations.” (SU1) 

• “The results contain all the data needed to understand the advantages/disadvantages of a 

certain procedure with its risks.” (SU1) 

• “I liked the results - clearly displayed and with sufficient detail about the benefits at each 

stage.” (SU1) 

 

As the participants were generally satisfied with the results produced by the system that identified 

risks associated with their own practices of usability and its application within their projects, 

noticeable remarks were made to enhance system effectiveness such as: 

• “The results and suggestions were clear to read but lacking in further reading or examples.” 

(SU2) 

 

The statement in SU2 suggested providing further details into how to implement UEMs appropriately 

within SDLC stages, examples of best practices and detailed guidelines of them. Although it is 

considered significant aspect to be considered, yet for risk assessment the implementation of further 

solutions is not a critical task.  

As for system comprehensibility i.e. the ability of its users to understand the terms used, navigate 

easily through the tasks and understand the results, the following statements were given: 

• “With the description up it was easy to understand and also the risks and how they're broken 

down into categories was useful.” (SU3) 

• “I didn’t face any ambiguity in understanding concepts when interacting with the tool. It gives 

enough details and descriptions to its usability views.” (SU3) 

• “Found no difficulties in understanding the concepts provided or the descriptive texts to the 

terms used as it was informative and helped expedite the task of selection.” (SU3) 

• “I noticed some minor UI issues, but I did not look for further help.” (SU3) 
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Although the basic design of the UI as it currently stands can be considered as one of the participants 

expressed: 

• “It was easy to interact with but was very verbose.” (SU4) 

 

9.4  Discussion 

Participants views on the techniques and processes of examining usability testing were gathered to 

satisfy Research Objective 5, that is “To justify the importance, the usefulness and the applicability of 

the proposed framework by having it verified and validated by software developers”. The objective is 

to gain insight into understanding risks associated with performing or not performing usability testing. 

Additionally, evaluation was carried out to investigate the importance of the framework developed 

and as embodied by the tool, that may arise from participants’ responses. This views in (IoURA) 

contributes to the research problem stated in Chapter 1 where the current usability practices are 

limited to finding solutions to problems found by users, a reactive view, as opposed to the proactive 

view embodied by the tool developed for this thesis that would facilitate better usability 

implementation and decrease usability related issues/risks. Those views also support the claim that 

there is a lack of existing techniques or practices available to small- and medium-sized software 

development projects teams that would enable them to systematically analyse usability risks 

associated with implementing inappropriate UEMs.  

Secondly, the positive effect of the tool is highlighted by the responses given in UoIUR3 that showed 

participants interest in usability and its practices shifting from what was given in VoAUT2 where they 

were sceptical regarding usability and the tool itself. It indicates that the tool successfully encouraged 

the potential users to show interest and take part in enhancing product usability. However, to evaluate 

the level of its own usability the following theme is discussed. Finally, the majority of the participants 

in (SU) found the descriptions given to the terms used in the UI helpful and informative. 

In Summary, the factors found in participants responses that would affect the practices of integrating 

usability evaluations systematically were considered and implemented in developing the framework 

as discussed in Chapters 6 and 8. Therefore, the usefulness of the developed risk assessment tool is 

high. Evidence of which will be further discussed in (UoIUR) and (SU). Additionally to the developed 

tool’s effectiveness and usefulness, the comprehensibility of it approved to be acceptable as the UI 

was designed to accommodate definitions of the terms used. 
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9.5 Conclusion 

 

The novelty of the developed risk assessment model was expressed by the participants who show 

reluctant interest in using it as discussed in VoAUT2. However, their attitude changed after interacting 

with the tool and seeing the results provided as shown in UoIUR3. The effectiveness of the tool led to 

better understanding of usability and its practices and may positively affect further implementation 

of enhanced usability practices amongst software development projects as expressed by participants 

in UoIUR2 and UoIUR3. In general, the tool proved to be useful and applicable.  
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Chapter 10: Conclusion and Future Work 

 

This chapter aims to consolidate the findings previously discussed in this thesis. Initially, the research 

questions and objectives outlined in Chapter 1 are reviewed to help measure the success of the 

research. Afterwards, this chapter highlights the main contributions of this research to the relevant 

fields of study. Finally, the main constraints are discussed and the further directions for possible 

research are outlined.  

 

10.1  Introduction  

 

This study focused on the integrating usability evaluations throughout software development stages 

to optimize software quality and minimise risks of inadequate usability. However, the problem as 

defined in Chapter 1 was to establish whether the development teams in small- to medium-sized 

software development projects were interested in moving towards the process of integrating usability 

evaluations in non-User Centred Design (UCD) software development lifecycles (SDLCs). Further aims 

included investigating what would affect development teams’ decisions about applying usability 

evaluations in SDLCs and how those criteria could be extracted (Chapters 2 and 3), analysed and 

defined (Chapter 5).  

For the present research, a framework was devised and constructed in which the theories of usability, 

usability evaluations and software development projects were semantically mapped to create 

relational links between the concepts and their sub-concepts (Chapter 5). The framework also defined 

rules and logic by which it can uniquely generate useful conclusions about Usability Evaluation 

Methods (UEMs) in SDLCs by performing fuzzy matching techniques (Chapters 5 and 6). Finally, a 

reference implementation of the framework embodied as a logic driven tool was developed that is 

capable to execute the logical reasoning and fuzzy matching processes of the framework (Chapters 6 

and 8) and investigations were carried out to perform analysis of whether the framework represented 

in a tool are effective in countering the problems identified in the research (Chapters 7 and 9).  
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10.2  Research questions Mapped to Chapters 

 

The research questions defined in Chapter 1 are revisited and answered in summary in Table 10.1 to 

satisfy research objectives.  

Table 10.1: Research questions and answers summary 

Research 

Question 

Summary  Relevant 

chapters  

What are the 

underlying 

theories and 

applications of 

software usability 

and software 

usability 

evaluation 

methods? 

The literature was critically analysed to investigate the phenomenon of 

usability in theory and the level of maturity it has gained in literature. 

It was found that the concept of usability itself is controversial and it 

has various definitions based on different factors considered as criteria 

for usability.  As a result of literature investigation, it was found that 

numerous usability evaluation methods exist yet there is a lack of 

studies dedicated to evaluating these methods. This lead developers or 

usability personnel to select methods they are familiar or popular 

methods. To accentuate/substantiate literature findings, an analysis of 

the initial data collection supports the findings from the literature 

investigation and provides additional factors to be considered that are 

related to each project time and resources constraints.  

Chapter 2 

Chapter 4  

What are the 

strengths and 

deficiencies of 

commonly used 

software usability 

evaluation 

methods? 

To analyse usability evaluation methods, the literature on commonly 

used methodologies were gathered, defined and summarised. Then 

criteria to evaluate the methods were chosen i.e. usability attributes. 

Each methodology was then investigated individually according to its 

relation to evaluate usability attributes and when it is recommended to 

be applied within SDLC stages to achieve desirable outcomes.  

 

 

 

 

 

 

 

 

 

Chapter 2 
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Research 

Question 

Summary  Relevant 

chapters  

How can 

appropriate 

usability 

evaluation 

methods be 

identified in 

context-specific 

situations? 

To establish a model that would incorporate the basic activities in 

different SDLC techniques, SDLC methodologies were analyzed, 

identifying the major activities and stages, then a holistic model of SDLC 

stages were generated in which each stage was defined. Then each 

UEM was matched to the model created with a description of what is 

that methodology is applied for with regard to usability evaluation.  

Both project resources availability and usability evaluation resources 

requirements were also investigated, analysed and described. The 

outcome of project resources and UEMs’ resources were then matched 

based on which usability evaluation method is feasible to be applied 

given project resources.  

Chapter 2 

Chapter 4 

Chapter 5 

How can a 

framework be 

developed and 

used to evaluate 

usability 

evaluation 

methods using 

multidimensional 

attributes? 

Semantic mapping is used to match the following usability attributes to 

usability evaluation methods, UEMs to SDLC stages, usability attributes 

to SDLC stages, usability evaluation methods to project resources, 

usability attributes to usability risks and usability risks to UEMs.  

Chapter 5  

Chapter 6 

Chapter 8 

How can the 

proposed 

framework be 

validated and 

tested as 

functional by 

software 

developers? 

To verify and evaluate the framework and its effectiveness, a web-

based logic driven decision support system was developed that is able 

to perform logical reasoning and gather outputs from fuzzy-matching.  

The web-based system was then evaluated in two stages using a case 

scenario and interviews. The participants in the case study scenario 

were representative of the actual intended users of the system. And 

the interviews were conducted with developers who are the general 

stakeholders of the system built. The results of the verification and 

evaluation process showed that the system developed address the 

problem investigated by the research and provides an effective 

solution.  

Chapter 6 

Chapter 7 

Chapter 8 

Chapter 9 
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10.3  Contribution  

 

The research also provides a theoretical foundation for understanding the problem stated in Chapter 

1 spanning various fields of research and practices. It discusses the roots of usability in theory and in 

practice to bridge the gap between the best practices and their applicability within real life scenarios. 

The research investigates the understanding of the concepts related to usability amongst its 

practitioners and provides an extensive analysis of the results. It highlights the existing controversy 

understanding of usability and provides a method to categories the available knowledge by applying 

semantic matching approach.  

The framework also defines and identifies links between usability, its attributes, usability evaluation 

methods, SDLC stages and resources requirements using a semantic approach to generate relations 

between theses concept’s properties. Establishing a semantic web of relations between these 

concepts has not been discussed in literature prior to this study. The unique web of relations based 

on consistent core criteria creates a conceptual structure to perform effective analysis of usability 

evaluation methods. It also allows to detect the risks related to unevaluated attribute or a risk related 

to applying a usability evaluation method in an SDLC stage that is not suitable for effective 

performance.  

The main contribution of the research is the proposed novel framework to integrate usability 

evaluations within software development projects by tailoring solutions dependent on project 

resources and SDLC stages. To the best of the researcher’s knowledge, an approach or tool in the 

literature did not exist that enabled the software development practitioners, especially in small- to 

medium-sized projects, to find an appropriate UEM for their own project by: 

• Producing a combination of outcomes that would satisfy varying usability evaluation 

objectives subject to project constraints and applicable across the lifecycle. 

• Accommodating varying levels of constraints to satisfy different scenarios. 

• Engaging decision maker(s) by offering a real-time visual representation of results throughout 

the input gathering process to explain the effect of constraints on decision making process. 

• Providing definitions and references of the terms to accommodate varying levels of 

stakeholder’s prior knowledge. 

• Producing descriptive text on the outcome to assist further implementations of the 

recommendations. 

• Assessing the recommendations to highlight their benefits and limitations by explaining the 

relationship between usability overall goals and stakeholder’s satisfaction. 



 203 

• Producing risk analysis to evaluate a current practice of usability evaluations in a project.  

 

The framework was proposed after a comprehensive study of the available literature and initial data 

analysis. The validity of it was tested through the development of a prototype and afterwards a more-

detailed version was tested. The uniqueness of this framework in comparison with the existing tools 

and techniques relies on its ability to tailor the results to project resources by performing fuzzy-

matching on semantically driven framework that maintains the core concepts to ensure consistency 

of the research domain and to mediate between diverse domains for knowledge verification, while 

applying unique mechanism of similarity finding. The proposed framework has also established a 

significant step towards increasing the level of automation and accuracy of the process of decision-

making regarding usability. There are, however, certain assumptions on which this framework relies. 

These assumptions can be overcome during the further development of this work. Some possible 

extensions of this work are discussed later in this chapter. 

Furthermore, this study has provided a unified comparison framework for UEMs based on their 

effectiveness in evaluating usability attributes, an analysis that has not been conducted prior to this 

research in the literature. The literature on UEMs prior to this study has focused on comparison of 

different evaluation methods or on the resource requirements for evaluation methods as described 

in Chapter 2. The process of critically analyzing usability evaluation methods provided in this study 

sets a unique view on assessing them. Moreover, this study’s approach in semantically classifying the 

descriptive literature of the UEMs using a consistent set of usability attributes is unique in its nature 

for it is beneficial to enhance the performance of the methods based on their effectiveness rather 

than based on a comparison with another method(s).  

Additionally, this study has provided an effective mechanism for applying usability evaluations 

regardless of SDLC designs. It focuses on integrating User-Centred-Design (UCD) general practices 

within non-UCD lifecycles rather than integrating UCD methodology into non-UCD designs which, as 

discussed in the literature (Chapter 2), is challenging. The study focuses on enhancing the software 

quality aspect of usability regardless to the methodologies used in developing software to enable 

small- to medium-sized projects with limited resources to improve usability without the necessity to 

amend their current methods and techniques in developing software. To align with the research’s 

scope, the framework is specialised to accommodate small- to medium-sized projects; however, for 

the purpose of generalisability, a further discussion is provided in Section 10.4.  
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10.4  Research limitations 

 

The context for which this study primarily focused on is small- to medium-sized projects. Although the 

contributions are not limited to a particular project or product, but rather to their characteristics. This 

inherently limits its application in larger projects or UCD projects. There are limitations that were 

encountered and posed challenges as listed but did not prevent the research from achieving the study 

objectives:  

• The first evaluation was carried out on a prototype of a reference implementation of the 

framework due to timescale limitations enforced by the participating organization. To gain full 

access to developers, users and managers, the researcher was notified to join a ‘hackathon’ 

the organization was organizing in Europe. At that stage, the prototype was lacking some 

features and one of the two main functionalities. However, the organization is an excellent 

representative for the research audience, therefore, the initial evaluation was carried out on 

a prototype. Nevertheless, to gain aspects of generalisability of research outcomes, the 

second evaluation was carried out with personnel (developers).  

• Due to time limitations, resources limitations and the sensitivity of the subject investigated, 

the evaluation could not be carried out by including several companies to perform more-

comprehensive evaluation. Companies were contacted but eventually refused to participate 

according to the confidentiality of their development processes.  

• The framework built discusses the general techniques of usability evaluation methods, the 

trade names of these methods are not considered in the research neither the automated tools 

available for purchases as it would interfere with the research objectives of generating 

affordable solutions to allow maximum exposure.  

• The reference implementation of the framework poses limitations in providing further 

detailed instructions and guidelines on how to implement solutions. Due to limited time, an 

investigation could not be carried out to analyse all the resources available for methods 

implementations processes and guidelines in literature to produce a generalised set.  

• The developed framework has only received limited testing in a single domain and would 

benefit from wider testing across different types of software development organizations. 

• The framework developed may not be applicable to large organizations where the resource 

limitations are not a major influencer on usability decisions. 
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• Although the framework is accessible through a web host, it does not appear in a general web 

search, with the web address needing to be shared for accessibility purposes. In order to 

commercialize it, a dedicated domain and open access need to be provided. 

 

10.5  Future work  

 

Generally, the concept definitions, analysis and categorisation provided by this research provide a 

core base for further studies in utilizing the relational links to optimize integrations and minimise 

incoherency. The semantically matched concepts provided in building the framework can be 

individually investigated comprehensively to elaborate their applicability within the field of software 

engineering and software quality. The uniqueness the framework developed poses allows further 

evaluations of similar approaches in larger context and including different stakeholders. These points 

can be further studies as follow: 

• Commercialising the framework: the framework can be used in different contexts, on in a 

larger scale and within UCD practices; however, there are deficiencies that the current state 

of the tool poses preventing its applicability in these contexts. Nevertheless, the existing tool 

could be further developed and additional concepts and functionalities to be built into it for 

it would need to provide further details of methods and their implementations, perhaps 

additional guidelines and references to their application within various scenarios too. More 

commercial usability evaluation methods could be included within the tool by analysing their 

resources and aligning them with the resources constraints currently built in the tool. Further 

selection constraints such as automated evaluations, user type categorisation and off-site or 

on-site evaluation are to be added.  

• Expanding tool functionality: the tool currently produces risk assessment reports by indicating 

the unevaluated usability attribute resulted in limitation the evaluation method or 

inappropriate implementation of the evaluation method which limits its effectiveness; 

however, it could be further expanded into producing recommendations to avoid the risks 

that are subject to project constraints. This functionality is part of the developed tool, but it is 

not rebuilt as an expanded solution into the risk assessment services the tool currently 

provides. This service is provided as a standalone function in the present tool. The risks could 

also be shown in a visual representation of the outcome throughout the cycle circle of SDLC. 

Finally, the functionality to priorities results based on what is most applicable and appropriate 

can be added.  



 206 

• Wider evaluation: the tool could be evaluated in different industries such as education, health 

and gaming software to analyze its applicability in wider spectrum of software products. 

Wider evaluation would allow emphasised analysis of tools restrictions and limitations which 

could be solved in future studies. Also, wider utilisation of the tool would expose it to wider 

range of users with different background knowledge in usability and its implementations 

within SDLCs. That can result additional requirements to be considered in enhancing the tool’s 

further applicability.  

• Gathering feedback: a method to be implemented within the tool to gather feedback from 

users to enable establishing best case scenarios, implementations suggestions, knowledge 

sharing and perform more accurate risk analysis of the usability evaluation methods based on 

their usage in real world cases.  

• Categorising usability evaluation methods: as discussed in Chapter 2, an approach to generally 

categorise usability evaluation methods available to date does not exist. A framework that 

could produce a generalised categorization approach to all usability evaluation methods 

considering all the criteria and aspect to be investigated to perform the classification is 

needed.   

 

10.6  Conclusion  

 

This thesis and the research presented in it brings the current state of effectively integrating usability 

evaluation methods into non-UCD projects a step closer to being more widely implemented. By 

moving towards taking a systematic decision regarding usability and investing upfront time to plan for 

it, an improvement is made in a project by reducing the time to analyse problems or re-work on a 

failure caused by producing unusable product. However, there remains a considerable amount of 

future work that needs to be done in the area to promote usability practice in a wider range of 

projects.  
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ABSTRACT 

Building Information Modelling (BIM) is claimed to be the first truly global digital construction 

technology, which started becoming deployed widely. Hence, applications supporting BIM are in 

continuous development to support various activities involved in a construction project. However, 

effective development requires sufficient usability considerations to ensure a value-delivery to the end-

user. Current research efforts demonstrate limited emphasis of usability considerations in relation to 

BIM technology, which can have an influence on the usefulness of this technology in the construction 

industry. This paper aims to inquire into the usability considerations given to the BIM technology, 

exploring some of the potential complexities associated when conducting the usability tests. Evidence 

has been demonstrated using both existing literature and semi-structured interviews with one of the 

BIM software vendors. The gathered results demonstrate the need for formal usability considerations, 

which require multi-disciplinary construction stakeholders. The practical implications suggest that 

incorporating multi-disciplinary stakeholders can support further developments of BIM technology. 

Future work involves examining the analysis proposed within this paper. 

. 

 

Key Words: Software Usability, Construction Management, BIM, Usability Attributes. 

INTRODUCTION 

BIM has helped melding the way buildings are designed, analysed, constructed and managed. 

Currently, many theories of its potentials associated with various tools to its application are available. 

It could be the answer to many problems faced by construction manager. However, using it seems to be 

misleading. It frustrates users and owners to the extent of not desiring to use it again (Hardin, 1980). 

Although technical advancement of BIM in the field of construction management is important, 

capturing lessons learned and best practices are critical to improve the usefulness of this technology. It 

cannot be refined unless users get involved and share their experiences with others.  Therefore, tackling 

non-technical barriers is needed to bridge the gap between technology, end-users and their processes. It 

can be approached by conducting usability tests. By inviting user involvement, capturing better 

decisions relating to usability can generally be obtained (Hayat et al. 2015).  
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METHODOLOGY 

This research aims to explore how usability is perceived with respect to BIM technology for the 

construction industry. The methodology consists of two parts: literature review and semi-structured 

interviews. The literature takes critical insight into BIM technology and software usability. 

Additionally, a BIM software vendor has been interviewed to obtain a direct insight into usability 

aspects. It is claimed that using qualitative research for computing related research is useful to 

understand casual processes (Kaplan and Maxwell, 2005), which can be hard to describe using 

quantitative methods. It is important to emphasize that size of the research sample did not pose any 

issue, as quantitative analysis are not desired. 

Literature Review 

This section reviews the existing literature in relation to the areas being investigated in this paper. 

The literature begins with a general overview of BIM technology, emphasizing its benefits to the 

construction industry. It then follows with reviewing various applications of BIM technology, with 

drawing emphasis on the approaches used to evaluate it. The section concludes with discussing usability 

and its measurement acknowledging the complexities associated with it.    

2.1.1. BIM Technology 

Construction is considered to be one of the highly fragmented industries, as it consists of 

differentiated stakeholders with disparate approaches influenced by varying professional practices 

(Feige et al. 2011). BIM was introduced as an enabler of more integrative design processes, promoting 

multiple stakeholder collaboration and efficiently present complex concepts to aid fast and effective 

decision-making (Ahmad et al. 1995). According to Aranda-Mena et al. (2009), BIM is seen as an 

evolution of Computer Aided Design (CAD) systems, which provides intelligent and more importantly 

interoperable information. In addition, it represents an approach to create and manage information over 

the whole life cycle (production, construction, building in user and end of building’s life) of a building, 

which allows better collaboration between project stakeholders (Liu et al. 2012). It is important to point 

out the ambiguity associated with the term ‘BIM’, as it can be described as a process for designing and 

documenting building information, or a whole new approach that requires new policies, or a software 

application (Aranda-Mena et al., 2009). As for the purpose of this paper, and to avoid any possible 

confusion, it will be looked at software applications that support BIM process. 

 

There are many research efforts that demonstrated the usefulness/impact of various BIM 

applications within the construction industry. A study conducted by Suremann and Issa (2009) has 

demonstrated the positive impact of BIM on pre-defined construction key performance indicators 

(KPIs), which primarily focused on quality, cost, schedule, productivity and safety. Another study by 

Becerik-Gerber (2010) showed the uses of BIM for various aspects such as clash detection, construction 

sequencing and facilities management. However, Hartman et al. (2012) claimed that one of the major 

challenges faced by BIM software tools is aligning its capabilities to be balanced across various project 

lifecycle. On the one hand, it is claimed by Eastman et al. (2011) that BIM requires highly specialised 

skills, which potentially can cause issues within teams, as different members often possess different 

BIM capabilities. Furthermore, Eisenmann and Park (2012) highlighted that maximizing BIM benefits 

is directly related to the experience of those who use it. On the other hand, the issue of interoperability 

between different BIM applications is considered to be a major issue, which affect BIM adoption within 

construction projects (Olatungi, 2011). Although the literature has acknowledged the benefits of BIM 

technology, yet it has not been demonstrated how they have correlated towards evaluating the usability 

of the BIM applications. More importantly, these evaluation approaches are quantitative based, which 

do not emphasize how it would contribute towards the technological development for BIM software 

applications.  



 226 

2.1.2. Software Usability 

This study focuses on measuring usability of BIM technology in the field of construction 

management. Nevertheless, measuring usability is complicated. It is not a specific property; rather, it is 

an emergent property that is dependent on interactions among users, products, tasks and environments 

(Hertzum, 2010). Since 1979, the first recorded use of the term usability was made in the context of 

software development in an article published by Bennett; various definitions for usability have been 

published. At present, the definitions of the concepts of usability that are widely used are those of the 

International Organization for Standardization (ISO), particularly those specified in ISO 9241-11 (ISO, 

1998) and ISO/IEC 9126-1 (ISO/IEC, 2001). ISO 9241-11 specifies usability to refer to “the extent to 

which a product can be used by specified users to achieve specific goals with effectiveness, efficiency 

and satisfaction in a specified context of use”, and ISO/IEC 9126-1 (ISO/IEC, 2001) defines usability 

as “The capability of the software product to be understood, learned, used and attractive to the user, 

when used under specified conditions” (Seffah et all, 2003). Several individual usability researchers, 

such as Jakob Nielsen, John Carroll, Andrew Sears and Larry Constantine have written extensively on 

usability engineering, and have also provided their own definitions. Of these, the usability components 

identified by Nielsen (1994) are widely recognised as classical attributes. These are the software being 

easy to learn, efficient to use, easy to remember, having few errors, and being subjectively pleasing. 

Newer definitions however went further by specifying the attributes of not only effectiveness, 

efficiency, error tolerance and being easy to learn, but also being engaging Gonzales et al. (2010). In 

effort to unify the several models investigated, Dubey et al. (2012) provided “an integrated model for 

usability.” They specified the usability attributes to: effectiveness, efficiency, satisfaction, 

comprehensibility, and safety. Table 1 below gives brief definition of each attribute as mentioned in by 

Dubey et al. (2012). 

 

Table 1: Definitions of the four chosen usability attributes (Dubey et al., 2012) 

Attribute Definitions 

Effectiveness “The degree to which the software facilitates the user in accomplishing the task for which 

it is intended with precision and completeness while avoiding most errors in varying 

contexts of use”   

Efficiency “The performance of the software in accurately and successfully completing a task in 

return for the user effort, finances and resources that are invested.”  

Satisfaction “The degree to which the software is likeable, comfortable, attractive and trustworthy for 

the users.”  

Comprehensibility “The degree to which the software has clarity, is easy to learn and remember and includes 

appropriate help/documentation.”  

Safety “The degree to which risk/damage derived from the use of the software can be avoided.”  

  

Semi-structured Interviews 

  

Three interviewees were involved in collecting data: Product Manager, Senior Developer and a 

Developer. Although usability is expected to have similar understanding within particular software’s 

environment, the authors have intended to explore perspectives on usability based on different roles. As 

mentioned in the literature, usability is considered to be complex, and interviewing individuals’ 

worldviews from different roles would potentially support capturing more comprehensive knowledge 

(Morse, 1991), which increases the possibility of detecting conflict of opinion. The use of the interviews 

in the context of same software environment plays an important role in shaping meaningful analysis, 

which can have some practical implications. 
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As mentioned before, the interview questions have aimed to derive direct yet comprehensive 

reflections on usability and its related aspects. There are five areas that the interview questions include, 

and are listed as below: 

1. Different perspectives of software usability. 

2. Importance of software usability test. 

3. The current software usability test used for the application. 

4. When the software usability test is conducted. 

5. How the software usability test is conducted. 

The gathered answers have been tabulated with respect to the mentioned themes above, and are 

presented in the next section. 

RESEARCH  RESULTS 

This section presents the data collected using interviews with the Product Manager, Senior 

Developer and a Developer. Results are presented in a table form, allowing ease of knowledge 

interpretation. Table 1 presents the individuals’ responses with respect to the areas mentioned in the 

previous section. 

Table 3: Responses gathered from the interviews conducted with the Product Manager, Senior Developer and a 

Developer  

Participant Usability considerations 

Perspective on 

usability 

Importance of 

usability 

Usability tests currently in use 

What When How 

Product 

manager 

It is easy to make 

assumptions about 

features but by 

putting it in a 

usability test it 

gives a distance 

from developer 

vision and users’ 

(people) visions.  

  Very important  

 

  It is a way to get 

feedback to 

iterate.  

We have not 

done any formal 

usability test yet 

It depends on 

the feature. If it 

is a fresh 

concept, it 

might start 

with a 

wireframe or 

just a random 

informal 

interview since 

requirement 

stage.  

Feedback 

loops 

Senior 

Developer 

You do not know 

what the customer 

wants until you 

talk to them. 

Sometimes the 

customer 

themselves do not 

know what exactly 

they want until a 

piece of software 

is being used by 

them.  

 

 

Very important  

 

 If the software 

does not satisfy 

the technical need 

that is a failure but 

if does not satisfy 

the ability to how 

to learn how to 

use it or discover 

it  

Expert analysis 

 

All the time. In 

a sense we 

have an idea. 

Then we sit 

down and write 

up the software 

and we run it 

and test it out 

immediately. 

Trying to focus 

on one thing at 

a time for as 

long as we can. 

Make it feel 

and work as 

well as 

possible to 

satisfy the 

Feedback 

loops 
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needs that we 

have identified  

Developer Usability means 

understanding 

how people use 

software. 

Developers are 

disconnected from 

users until 

usability tests are 

conducted   

 

Very important Off-site Alpha 

and Beta testers  

Web-based 

program for 

adding feedbacks 

and adding 

questions  

All the time  

In iterative 

process  

Feedback 

loops 

 

DISCUSSION AND PRACTICAL IMPLICATIONS 

This section introduces the practical implications derived from the results presented in the 

previous section. Primarily, the discussion undertakes two themes that would potentially set the ground 

for further work prior to this research. The first theme discusses the complex nature of ‘usability’ 

whereas the second theme argues the need to establish a more formal approach for ‘usability’ tests to 

be applied for BIM software applications.  

The complex nature of ‘usability’ 

The results presented in the table 2 demonstrate that even within the same working environment 

usability can be perceived differently. It is important to acknowledge that both role and expertise have 

influenced the view of usability. Looking at the Product Manager’s view, usability is viewed as a 

strategic tool to drive the developer’s vision by understanding the users’ vision. As from the senior 

developer’s perspective, the user’s experience of the application defines the usability. Finally, usability 

from the developer’s side has been defined as the main connection between users and the software 

developers. It can be realised that these views can be interpreted differently, which mainly depends on 

the parameters that are used during this interpretation. In other words, whilst the product manager’s 

view seems to drive a more holistic and inclusive view of usability, yet when commenting on the 

importance of usability, it was mentioned that “It is a way to get feedback to iterate”, which almost 

complies with two of the usability attributes: effectiveness and efficiency. The senior developer’s view 

seems to be driving the ‘satisfaction’ attribute, which demonstrates an objective predefined view of 

usability. It can be argued that the developer’s view of usability is hard to interpret when compared to 

the previous two views, as no measures of performance (objectives) have been mentioned. As a result, 

it can be claimed that the nature of usability and how it is tested is complex to be holistically considered, 

and establishing a formal approach towards it is needed.         

The need for a formalised ‘usability’ tests for BIM application 

Following on the previous section, an insight into usability from different perspectives showed 

the need for a more holistic consideration of it. Drawing on the answers mentioned in table 2, it is 

apparent that there is no common opinion on what usability test is being conducted for the current BIM 

application. Whilst the product managers argued that there is no formal usability test, both senior 

developer and the developer have mentioned that they conduct a usability test. However, both 

mentioned usability tests (expert analysis and the web-based feedback) are loop-natured, which do not 

provide enough clarity to when and why these tests are being conducted. It is noticed that the timing of 

these feedback loops are not well-defined, apart from the Product Manager who mentioned that 

interviews could take place when releasing a new function or concept. It is important to note that the 
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interviewees have not acknowledged the importance of multi-disciplinary user consideration when 

deciding to conduct the usability test. The literature showed that the previous evaluations (Suremann 

and Issa, (2009); Becerik-Gerber (2010) of BIM technology for the construction industry have 

acknowledged the usefulness of it from interdisciplinary stakeholders during different construction 

stages. Consequently, it is desired that a consideration of these evaluations should contribute towards 

establishing a formal usability tests to acknowledge the complexity of such technology for the use by 

construction industry. Potentially, formal testing would involve a set of users (from different roles) 

during one of the construction stages. The nature of the test would then depend on the activities being 

performed by the technology and users either talk or give feedback about it.      

CONCLUSION 

To sum up, the paper has taken an insight into usability for BIM applications using both literature 

and a selected BIM software vendor. It is critical to capture various expectations of different 

stakeholders of BIM to increase its usability, allowing further quality development and encouraging 

user’s engagement. The objective for this paper was to emphasize the importance of non-technical 

aspects of BIM due to its criticality in building a knowledge sharing system, which will refine the best 

practices of this technology. Future work involves inquiring into further analysis, as this will assist 

further investigations in testing usability for other BIM applications, which can support the technology 

development for this technology. 
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ABSTRACT  

  

In recent years the increasingly competitive nature of the software industry has led to greater 

emphasis on software quality, causing software developing organizations to shift their attention towards 

usability, which is recognized as one of the key characteristics of software quality. The growing 

importance attached to software usability has resulted in a plethora of different usability 

conceptualisations that have led to considerable variation in testing methods throughout industry. These 

organizations, however, are struggling with usability testing due to the difficulties they face in choosing 

appropriate usability evaluation methods. This is in part due to the diversity of these testing methods 

and the increasingly distinctive types of software and software development life cycles. This paper will 

critically explore the commonly used standardized survey-based usability evaluation methods: SUMI 

(Software Usability Measurement Inventory), WAMMI (Website Analysis and Measurement 

Inventory) and TAM (Technology Acceptance Model).  Additionally, a contrasting usability evaluation 

method ‘Think Aloud’ will be discussed, which is a laboratory based rather than field based usability 

test. The paper will then outline a possible route to ensuring organisations apply the right evaluation 

process for their individual development context. Finally, the paper will provide recommendations for 

future research areas, including the formal definition of usability concepts, existing usability evaluation 

methods and application to common software development lifecycles.   

 

1. INTRODUCTION 

 

A completed set of functionality is not enough to ensure the success of a piece of software, it is 

quality that determines whether software is considered either a success or a failure [1]. The importance 

of usability has been widely recognised by both academia and industry due to its potential to make a 

significant impact on the quality, and therefore success of a piece of software. Therefore, it is no longer 

a luxury, as Abran et al. [2] noted in ‘Usability Meanings and Interpretations in ISO Standards’. 

 

It is rather a basic quality pertaining to the productivity and acceptance of software. Hence, since 

1979 when Bennett published an article in which the first recorded use of the term usability was made 

in the context of software development, there has been a major shift in the design, development and 

deployment of software applications to focus on usability. End-users of software are now recognised as 

playing an important role in the software evaluation process [2]. However, capturing better decisions 

relating to usability can generally be obtained by inviting user involvement in the software development 

process. In attempts to achieve that, many standardized usability evaluation methods were introduced 

mailto:H.Hayat@lboro.ac.uk
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into the field of HumanComputer Interaction. Commonly used standardized survey-based methods 

include SUMI, WAMMI and TAM. Owing to their questionnaire based methodology, they are fairly 

easy to conduct and time efficient. Nevertheless, the extent   to which these methods can capture 

usability issues is questionable, and clearly highly dependent on the context in which they are applied. 

In contrast, the Think Aloud approach has been merged into the field of usability evaluation methods, 

offering better insight with respect to usability issues due to its laboratory-based nature. However, the 

time and resources allocated to conduct the method could be considered excessive for many small 

software developments. 

 

This paper advocates the development of a structured approach to reason about the applicability 

of usability testing approaches. In order to develop an approach to provide guidance for developers in 

reaching an educated decision regarding usability, it is necessary to understand what should be 

implemented in terms of usability evaluation methods, and secondly, when in the software development 

lifecycle they should be applied. The paper first critically analyses four commonly used methods, with 

the goal of categorising them according to suitable selection criteria that will eventually lead to the 

matching of these methods to a given project context, and, the appropriate stage of its given software 

development lifecycle. 

 

2. SUMI (SOFTWARE USABILITY MEASUREMENT INVENTORY) 

SUMI is a survey based method for measuring software usability. It uses a 50-item questionnaire 

that makes use of five defined subscales for Efficiency, Affect, Helpfulness, Control and Learnability 

for surveying users that relies on an attitude scale. Work on SUMI began in 1986 by Kirakowski, who 

was entrusted with a project that had two objectives:  To examine the competence scale of Computer 

User Satisfaction Inventory Achieving an international standardization database for a new 

questionnaire. 

2.1 EMPIRICAL SUPPORT AND CRITICISM 

Three types of studies have been conducted to establish its validity to test usability: (1) the 

industrial partners within MUSiC, (2) laboratory-based studies, and (3) theory-based validation. Thus, 

many early studies have recommended it. Preece et al. [3] suggested SUMI should be adopted as a 

standard method for assessing user attitudes. Dzida et al [4] acknowledged it as a way of gaining a 

measure of user acceptance in the context of the Council Directive on Minimum Safety and Health 

Requirements for Work with Display Screen Equipment [5]. Davies & Brailsford [6] also recommend 

the use of SUMI in their series of guidelines for multi-media courseware developers. Despite the above-

mentioned benefits of SUMI, those applying the method face numerous challenges, and a number of 

drawbacks have been pointed out by researchers who have critically evaluated SUMI. It only allows for 

objective assessment therefore; the assessment process seeks to address classical end-user issues. In 

other words, only a small portion of the evaluation process evaluates different aspects and features of 

the software itself, resulting in insufficient information being made available as a basis for making a 

consistent decision about the validity of the software and pointing out the potential of its features. 

Secondly, the results generated by SUMI are often only valid under certain conditions, such as minimum 

sample size, and their generalizability depends on how well the software plan has been designed, and 

the extent to which the context of use of the software has been studied [7]. Moreover, SUMI does not 

offer an opportunity for the respondents to give their personal opinion outside of the structured 

evaluation questions stated in the questionnaire as it provides for only a fixed three row system of 

making responses (where agree, undecided and disagree are the only options), end-users with varied 

degrees of agreement or disagreement with the evaluation questions are not adequately catered for 

resulting in difficulties in tracking nondirect user responses, such as why and to what extent they found 

the task easy or difficult. 

The use of fixed and inflexible questions in the SUMI method of usability testing limits its 

potential usage in recent software applications, because some of the aspects that SUMI questions focus 
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on are no longer valid for end-users. For example, the statement “It is relatively easy to move from one 

part of a task to another” suggests that doing a single task goes through different fixed stages, which 

would no longer be applicable in the case of certain applications, such as interactive learning software. 

Moreover, the questions and the wording used in SUMI tests are often confusing. Some of the questions 

that are written in the questionnaires are of very high level for the sake of creating an adequately 

accommodative tool to which most software developers can identify their stage of development. Owston 

[8] stated that this high level of language use creates an efficient evaluation criterion. This can however 

also result in ambiguity. Questions such as “The software has at some time stopped unexpectedly” are 

extremely vague. The examinee is not given any details or clues of when it may have stopped; whether 

it stopped while entering an input, performing a task, or presenting an output. Finally, SUMI provides 

an inflexible process of evaluation process as SUMI’s results need to be interpreted by experienced 

psychometricians who are experts in the science of measuring mental capacities and processes. This 

means that assessment has to be submitted to the Cork University College’s HFRG for evaluation and 

rating. This not only makes the evaluation process tedious but also too procedural for inexperienced 

programmers. This process also raises important security concerns due to sharing nature of it that might 

impact adversely on their reputation as developers. 

2.1.1 SUMI: STRENGTH   

• It is easy to conduct from the perspective of developers, organizations, endusers due to 

its questionnaire-based methodology   

• Its objectivity helps set a baseline for further usability tests 

 2.1.2 SUMI: WEAKNESSES  

• Its dated and restricted question set prevents it being used in many developmental 

contexts, relegating its role to a small subset of program types  

• The complex and relatively opaque process of evaluation prevents application without 

using the HFRG,   

• Requires trust in a 3rd party by the organisation undertaking the test  

 2.1.3 SUMI SUITABILITY CONTEXT  

•  Suitable for use in largely procedural systems which do not allow flexibility in 

completing tasks 

•  More suitable for stand-alone software than for web or mobile application-based 

systems 

•  Suitable for use after development but not during unless development has taken an 

incremental approach 

•  Cannot be undertaken entirely by the development company 

•  Suitable to summarize perceived usability due to its objectivity 

3 WAMMI: WEBSITE ANALYSIS AND MEASUREMENT INVENTORY  

WAMMI was developed in 1996 for the purpose of evaluating the benefit of incorporating 

Human Computer Interaction input into the development of websites. It was originally based 

on the same factor structure as SUMI, defined by the same Human Factors Research Group. 

The current version includes 20 items that are assessed using a 5-point Likert scale which 

ranges from 'strongly agree' to 'strongly disagree' as the response options. The subscales remain 

the same as in SUMI, namely (1) attractiveness, (2) controllability, (3) efficiency, (4) 

helpfulness, and (5) learnability. 
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3.1 EMPIRICAL SUPPORT AND CRITICISM  

WAMMI is available online and the cost of running it starts at 250 Euros per test report 

providing fairly easy access for developers and usability specialists. Hence, it has proved a 

relatively popular instrument for assessing website usability, and it is a well-research validated 

questionnaire [9]. In addition, WAMMI provides a global measure as an overall usability score 

across all dimensions to make it easy to compare usability between different sites, the entries 

of textual responses, crosstabulations, and other custom analyses [10]. Its standardisation 

allows results to be easily compared with the results obtained from the usability assessment of 

other similar websites that have also been assessed using WAMMI. The validity and reliability 

of the single-item measure of usability given by using WAMMI were both confirmed by 

different studies such as, [11], who analysed the first version of WAMMI, found the instrument 

to be valid, sensitive, and reliable and [12], who confirmed them while assessing the usability 

of an online store.   

  

However, WAMMI shares a number of drawbacks with SUMI i.e. its objectivity, its structure 

inflexibility, and the ambiguity that lies behind the evaluating process. Additionally, the 

usefulness of the WAMMI instrument is also questionable as it may not be possible to ascertain 

the reliability of the response rate if the number of genuine visitors to a site is unknown. A 

study by [13] concluded that although the results indicated user satisfaction being positively 

affected by a high level of perceived aesthetics, these did not lead to a high level of perceived 

usability, which indicated a possible deficiency with the assessment tool. The study involved 

examining the interaction between user satisfaction and perceived usability for various 

websites, which was done by assessing scores obtained from applying WAMMI. The selected 

websites ranged from high to low with respect to aesthetics and usability. The results suggest 

that a website may be aesthetically pleasing but not necessarily be so usable at the same time, 

or it may not be aesthetically pleasing yet it may still be highly usable. Their study supports 

that the objective nature of the instrument that does not provide sufficient information in order 

to reach a valid decision regarding usability.   

3.1.1 WAMMI: STRENGTHS  

• WAMMI provides the possibility of measuring user satisfaction of websites cost 

effectively  

• Compares the perceived usability of different sites objectively   

• Provides formative evaluation information   

• Allows benchmarking of average perceived usability  

  
3.1.2 WAMMI: WEAKNESSES  

• Although it allows the addition of a certain number of custom questions for an extra cost, 

WAMMI, like SUMI uses a largely inflexible set of questions  

• It limits the ability of a developer to understand the user’s perspective, and limits their 

engagement   
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3.1.3 WAMMI SUITABILITY CONTEXT  

• Suitable for use in a standard web usability testing context  

• Suitable for use when launching but not during development unless a pilot          version is 

presented    

• Cannot be undertaken entirely by the development company 

4 TAM: TECHNOLOGY ACCEPTANCE MODEL  

The TAM (Technology Acceptance Model) provides another standardised usability testing 

instrument. It was developed by [6] based on Fishbein & Ajzen's Theory of Reasoned Action, 

which links beliefs, intentions and attitudes with a person's behaviour. It was designed to 

explain computer usage behaviour; provide a way of predicting the acceptability of an 

information system as well as to identify any necessary modifications so as to make it more 

acceptable to its users. It suggests that two main factors determine the acceptability of an 

information system: (1) perceived usefulness, which refers to the degree to which a person 

considers the use of a system can improve performance, and (2) perceived ease of use, which 

refers to the degree to which a person considers the use of a system to be effortless. These 

factors are captured by 20 items with a standardised 7-point semantic differential rating scale. 

The questionnaire also includes 5 items to capture the attitude towards using and 2 items for 

the frequency of using a system. 

 

4.1 EMPIRICAL SUPPORT AND CRITICISM 

TAM has been examined widely by others and accepted as a valid model for predicting 

acceptance behaviour in the context of various information technologies and types of users [14, 

15, and 16]. It has been especially regarded for its high predictive power [17]. However, TAM 

has been criticised for discounting the role of attitude in explaining behaviour with respect to 

technology acceptance [18]. [17] Even eliminated the attitude construct altogether in their 

version with the argument that its role is very limited. On the other hand, research by [18] 

examined the role of attitude strength in explaining the effect of attitude on the behavioural 

intention of users, and found that attitude is the most important determinant of this intention to 

use the system. Similar results were also found by [19] who stated that its effect is actually 

stronger than that of usefulness. This suggests the decision may have been controversial. 

Results to the contrary for perceived usefulness have also been found in studies by others, 

which cast doubt on the validity of the model. For instance [20] found that usefulness actually 

affects attitude negatively; [21] found no evidence for any relation between perceived 

usefulness and attitude, and [22] found no evidence of any relation between perceived 

usefulness and either behaviour intention or actual use. These studies show that [17] views 

were not accepted universally, as contradictory results also exist. 

4.1.1 TAM: STRENGTHS   

• TAM has been elaborately discussed in literature detailing the process of formatting the 

questions and scaling system, it offers a flexible set of questions,   

• It can be tailored accordingly to the system in test,   

• It allows a customized evaluation which may result in beneficial usability improvements.   

• Its questionnaire based nature is time efficient and reasonably easy to conduct.   
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• It shares the evaluating psychometric nature with SUMI and WAMMI. Nevertheless, it is 

defined and discussed elaborately in literature allowing better insight understanding to the 

process and further criticism.   

 

4.1.2 TAM: WEAKNESSES   

• Some researchers share scepticism regarding the application and theoretical accuracy of the 

model.  

• Its subjectivity raised questions regarding the validity of its results   

  

4.1.3 TAM SUITABILITY CONTEXT  

• Suitable for use in a standard usability testing context   

• Suitable for use during and after development     

• Testing can be controlled entirely by the development company 

5 THINK ALOUD  

 [23] defined Think Aloud as: “In a thinking aloud test, you ask test participants to use the 

system while continuously thinking out loud – that is, simply verbalising their thoughts as they 

move through the user interface.” In collecting usability data, test participants are often asked 

to think aloud in order to gain insight into their thought processes. It is used for testing the 

usability of software as well as websites, interfaces, and instructional documents. One 

important aspect of making the Think Aloud approach effective is the extent to which the 

instructions are given. These instructions can range from a simple request to a more explicit 

one that may include certain content. A study by [24] compared the two extreme approaches, 

and found that although explicit instructions have a greater mental workload, they help to focus 

better on the actual problems and yield more utterances related to user experiences, 

expectations, and behaviour explanations. In this study, 16 participants were involved with an 

equal number divided between the two different conditions.  The Think Aloud Approach can 

be divided into the Retrospective Think Aloud Approach (RTA) and the Concurrent Think 

Aloud (CTA) Approach. The difference between the two is that in the former, the verbalisation 

takes place continuously whilst completing the set tasks whereas in the later, the verbalisation 

of the user's performance is done afterwards. 

5.1 EMPIRICAL SUPPORT AND CRITICISM   

[23] Regarded this approach as “the single most valuable usability engineering method”. Given 

that the data reflects actual usage and focuses on cognitive processes, the method has a high 

validity [25]. Nevertheless, it is not a method in terms of having clearly defined rules, which 

makes comparisons difficult [26]. Additionally, as a direct method, the Think Aloud 

approaches provides a rich source of data, but this comes at the expense of time consumption 

[27].  

5.1.1 CONCURRENT THINK ALOUD   

The main drawback of CTA is that by speaking concurrently, the attention and concentration 
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of users is distracted, and users' task performance may therefore be compromised. Also, by 

fully verbalising how tasks are to be performed, the users may inadvertently change their 

approach accordingly so it can be an interference [3]. 

5.1.2 RETROSPECTIVE THINK ALOUD   

There has not been much work done to confirm the validity and reliability of RTA. Instead, 

most studies have compared RTA with other methods such as CTA based user testing rather 

than empirical studies, such as [25] and [28]. On the other hand, it was noted that with 

Retrospective Think Aloud, some information is omitted during verbalisation. Two case 

analyses revealed this occurs only when users struggle to complete tasks and that the reporting 

in these cases tend to be highly abstract and less dense. Such instances are still useful as they 

are indicators of possible usability weaknesses. Another weakness with it is that the protocol 

not only results in gaps, but also distortions [29]. 

5.3 COMBINING BOTH THINK ALOUD APPROACHES  

The complementary nature of both methods has also led to studies that have combined both 

instead of adopting one or the other. For instance, [30] examined the utility of combining the 

two for studying dual verbal elicitation. There were overlaps in the type of utterances, and the 

retrospective method produced more verbalisations relevant to analysing usability. However, 

the combination of both methods helped to better understand usability issues. Whereas the 

concurrent phase yielded more usability issues, the retrospective data helped improved overall 

understanding of them through reinforcement, elaboration and contextual information. 

5.1.3 THINK ALOUD: STRENGTHS   

• The novelty of data collected allows detailed results to be reached with respect to usability 

• It encourages end-user’s engagement that leads to better usability related decisions which 

are beyond classical issues.  

• The explicit and real time instructions and interactions allow gathering precise data that 

presumably accelerate enhanced usability related decisions.   

5.1.4 THINK ALOUD: WEAKNESSES  

• Highly complicated and rigid process  

• High cost   

• Requires trained participants and test coordinators   

5.1.5 THINK ALOUD SUITABILITY CONTEXT  

• Suitable for use in planning stage and while developing   

• Suitable for lab based testing  

• Suitable in situations where significant funds are available for testing   

• Suitable for standard usability context 

6 CATEGORIZING THE METHODS DISCUSSED   

The question of how best to assess each method is not an easy one to answer and the research 

itself is still at a relatively early stage. In terms of evaluation, it is important to realize that each 
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method incorporates its own unique set of methodology and assumptions. The significance of 

choosing an appropriate methodology when carrying out an evaluation cannot be 

overemphasized. To better understand when to use which method, it is helpful to view them as 

part of a wider framework considering the following factors, as explored in Table 1:   

• Level of priority  

• Level of Resources needed   

• Context of Use 

Table 1: The Categorization of SUMI, WAMMI, TAM and Think Aloud   

 
  

  

Priority of the usability issues can affect which method is chosen as well as time and cost 

constraints [31], and training and skill requirements [32]. Thus, simple methods may suffice 

for dealing with low priority issues, or when time and cost are major constraints, whereas high 

priority issues would ideally require more sophisticated methods. Table 1 represent a partial, 

limited, view of the types of data that will be considered in the construction of an envisaged 

usability method framework. 
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7 FUTURE WORK & CONCLUSIONS  

Although the outline of the framework has been limited in depth by the constraints of the 

paper length, once the framework has reached a level of maturity it will be developed further 

to provide a decision making system. The objective of the system will be to ease the process 

of choosing the suitable usability evaluation method under a customized individual set of 

constraints of a software project. Hence encouraging small to medium size organizations to 

adapt the usability approaches they take to the individual context of their software 

development processes.   

8 REFERENCES  

1. Larman, C. (2002). Applying UML and patterns: An introduction to object-oriented 

analysis and design and the unified process. Second edition. Prentice Hall  

2. Abran, A.; A. Khelifi & W. Suryan. (2003). Usability Meanings and Interpretations in ISO 

standards. Netherland: Kluwer Academic Publishers.  

3. Preece, Jenny; Yvonne Rogers & Helen Sharp. (2011). Interaction design: Beyond human-

computer interaction. John Wiley & Sons.  

4. Dzida et al. (1993) 5. IEEE Std. 1061. (1992). IEEE standard for a software quality metrics 

methodology. IEEE Computer Society Press.  

6. Davis, F.; R. Bagozzi & R. Warshaw. (1989). User acceptance of computer technology: A 

comparison of two theoretical models. Management Science, vol. 35, pp. 982-1003.  

7. Jordan. P; B. Thomas, B. Weerdmeester & I. MsClelland. (1996). Usability Evaluation in 

Industry. London: Taylor & Francis Ltd.   

8. Owston, R. D. (1987). Software Evaluation: A Criterion-Based Approach. Canada: 

Prentice-Hall.  

9. Satar, Nuhizam Safie Mohammed. (2007). Does e-learning usability attributes correlate 

with learning motivation? Open University Malaysia Knowledge Repository. Available at 

http://eprints.oum.edu.my/7/1/Does_e-learning.pdf (accessed June, 2014).  

10. Wilson, Chauncey. (2013). Credible checklists and quality questionnaires: A user-

centered design method. Newness.  

11. Kirakowski, J.; N. Claridge & R. Whitehand. (1998). Human Centered measures of 

success in web site design. Conference Proceedings. Available at 

http://research.microsoft.com/enus/um/people/marycz/hfweb98/kirakowski/ (accessed July, 

2014).  

12. Christophersen, Timo & Konradt, Udo. (2011). Reliability, validity, and sensitivity of a 

single-item measure of online store usability. International Journal of Human-Computer 

Studies, vol. 69, issue 4, pp. 269-280.  

13. Lindgaard, G. & C. Dudek. (2003). What is the evasive beast we call user satisfaction? 

Interacting with Computers, vol. 15, no. 3, pp. 429-452. 

14. Mathieson, K. (1991). Predicting user intentions: Comparing the technology acceptance 

model with the theory of planned behaviour. Information Systems Research, vol. 3, no. 3, pp. 

173-191.  

15. Segars, A. H. & V. Grover. (1993). Re-examining perceived ease of use and usefulness: a 

confirmatory factor analysis. MIS Quarterly, vol.  

16, no. 4, pp. 517-525. 16. Doll, W. J.; A. Hendrickson & X. Deng. (1998). Using Davis's 

perceived usefulness and ease-of-use instruments for decision making: a confirmatory and 

multigroup invariance analysis. Decision Sciences, vol. 29, no. 4, pp. 839-869.  

17. Venkatesh, V. (2000). Determinants of perceived ease of use: integrating control, intrinsic 

motivation, and emotion into the technology acceptance model. Information Systems Research, 



 240 

vol. 11, no. 4, pp. 342-365.  

18. Kim, Yong Jin; Jae Uk Chun & Jacki Song. (2009). Investigating the role of attitude in 

technology acceptance from an attitude strength perspective. International Journal of 

Information Management: The Journal for Information Professionals, vol. 29, issue 1, pp. 67-

77.  

19. Agarwal, R. & J. Prasad. (1999). Are individual differences germane to the acceptance of 

new information technologies? Decision Sciences, vol. 30, no. 2, pp. 361-391.  

20. Bajaj, A. & S. R. Nidumolu. (1998). A feedback model to understand information system 

usage. Information and Management, vol. 33, pp. 213-224.  

21. Jackson, C. M.; N. Zinatelli, P. Cragg & A. Cavaye. (1997). Toward an understanding of 

the behavioural intention to use an information system. Decision Sciences, vol. 28, no. 2, pp. 

357-389.  

22. Lucas, H. C. J. & V. K. Spitler. (1999). Technology use and performance: A field study of 

Broker Workstations. Decision Sciences, vol. 30, no. 2, pp. 291-311.  

23. Nielsen, J.  (1993). Usability Engineering. London: Academic Press Limited.  

24. Zhou, Xiao-Ying. (2009). Usage-Centered Design for Government Websites - A Practical 

Analysis to Canada Government Website. Second International Conference on Information and 

Computing Science, ICIC 2009, pp. 305-308.  

25. Haak, Maaike J. Van Den; Menno D. T. De Jong & Peter Jan Schellens. (2003). 

Retrospective vs. concurrent think-aloud protocols: testing the usability of an online library 

catalogue. Behaviour & Information Technology, vol. 22, no. 5, pp. 339-351.  

26. Boren, M. Ted. (2000). Thinking aloud: Reconciling theory and practice. IEEE 

Transactions on Professional Communication, vol. 43, no. 3, pp. 261-278.  

27. Jaspers, Monique W. M. (2009). A comparison of usability methods for testing interactive 

health technologies: Methodological aspects and empirical evidence. International Journal of 

Medical Informatics, vol. 78, pp. 340-353. 

28. Gero, J. S. & H. H. Tang. (2001). Differences between retrospective and concurrent 

protocols in revealing the process-oriented aspects of the design process. Design Studies, vol. 

21, no. 3, pp. 283-295.  

29. Hoc, J.M. & Leplat, J. (1983): Evaluation of different modalities of verbalisation in a 

sorting task. Intl. J. Man-Machine Studies   

30. McDonald, Sharon; Tingting Zhao & Helen M. Edwards. (2013). Dual verbal elicitation: 

the complementary use of concurrent and retrospective reporting within a usability test. 

International Journal of HumanComputer Interaction, vol. 29, pp. 647-660.  

31. Mueller, C. J. (2009). An economical approach to usability testing. 33rd Annual IEEE 

International Computer Software and Applications Conference 2009, pp. 124-129.Nielsen 

(1993)  

32. Bak, Jakob Otkjaer; Nguyen, Kim; Risgaard, Peter & Stage, Jan. (2008). Obstacles to 

usability evaluation in practice: a survey of software development organizations. Proceedings 

of the 5th Nordic Conference on Human-Computer Interaction: Building Bridges, held in New 

York 

 

 

 

 

 

 

 

 

  



 241 

Appendix III: Initial Data Questions  

 

Point to be investigated  
Questions Addressed  

 

Phase 1: 
 
 
 
 
 
 
Basic Demographic Data 

• What is your position in the organization? ( 
Manager, Developer or UX expert) 

 

• How old are you? 
 

• What is your background in Software 
Engineering, Computer Science, or Usability? 
 

• How long have you been working in your 
position? 

 

• Do you consider yourself (expert, moderate, or 
beginner) when it comes to software and 
usability?  

 

Phase 2: 
 
 
 
 
 
Different Stakeholders possess different interpretation 
of usability  
 

• to perceived the importance of usability testing 
within the organisation 

 

• Which software development lifecycle your 
organization follow? For example, Waterfall, 
Agile or UCD. 
 

• In which stage would you usually conduct the 
usability test? Is it integral or tagged on the 
end? 
 

• Are your current usability tests being conducted 
on site or off site? 

 

• Is it conducted to allocated personnel or 
distributed?  
 

• What does software usability means to you? 
 

• How important it is for you to conduct usability 
test? 

 

• Why do you conduct usability test? 
 

• What was/is the overall goal to be achieved 
from conducting a usability test? 
 

• If you could launch the product without 
conducting a usability test, would you go along 
with that decision? 

Phase 3: 
 
 
 
 
Different level of satisfactory from conducting a survey 
type of usability test (without refereeing to educated 
decision) 
 

• to identify patterns of techniques being applied 
that leave gaps in testing 

 

• What were/are the expectation from conducting 
those usability tests? 
 

• What are the usability measurement that need 
to be tested? 

 

• How were/are those measurement been 
chosen? What were/are the criteria of choosing 
them? 

 

• What kind of usability testing method was used? 
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• Why did you choose this method to conduct the 
usability test? 

 

• What sort of characteristics were meant to be 
tested? 

 

• Did the method fulfil the expectations? 
 

• Have there been projects that suffered due to 
poor usability testing?  

 
 

 

  



 243 

Appendix IV: Phase Two Evaluation Questions  

Interview Questions: 
Please answer the following questions as elaborately and detailed as you can, the more information 
you can provide, the better the analysis of the tool will take a place. Your answers are all appreciated, 
and it will help towards a better result. Ideally, an audio recording of your answers is more effective 
but if you prefer to write your answers, please do.  
 
1. describe the current usability evaluation activities in your company/project? Are you satisfied 
by the output of your current usability evaluations, if any in place? why? Do your users still ask for 
changes?  
2. will you be interested in assessing your current usability practices using this tool 
“UsabilityHelper”? and why?  
3. What are the other measurements, if any, you are currently using in assessing your usability 
practices? In other words, how do you know that you might need to change, add or discard usability 
evaluations? 
4. Is “UsabilityHelper” easy to use to assess your current usability practices? How? Why? How 
can it be improved?  
5. Did you find any difficulties in executing the task in the tool? why? Where did you look for 
help? how was help provided? Was the issue clarified? 
6. Did you face any ambiguity in understanding concepts when interacting with the tool? Was 
help or additional information provided within the tool? what were you seeking help for? Did you 
manage to clarify the issue?  
7. Did the system give enough details and descriptions to its usability views i.e. description, details, 
terms and definitions?  
8. Do you understand and agree with the four usability criteria of measurements the system 
base the risk to (effectiveness, efficiency, comprehensibility and satisfaction? If not, what are the 
criteria you believe usability measurement should rely one? How would you describe them?  
9. what is your opinion about the results produced by the system? Why? Please explain in detail. 
10. Was the tool helpful in describing the risks associated with your current usability practice?  
11. Will you be taking steps to overcome the risks as described by the tool, if any? 
12. Will understanding the risks, if any, lead to better usability implementations in the future? 
Would you consider or reconsider introducing usability evaluation from early stages of development 
and throughout the development stages?  
13. Does understanding the risks associated with implementing a usability evaluation method 
(UEM) in inappropriate SDLC stage encourages you to plan thoughtfully for usability in your next 
project?  
14. Does understanding the risks associated with not measuring one of the usability measurement 
criteria encourages you to search for different UEMs that would satisfy all the criteria in order to 
satisfy all usability measurements? Or are you going to priorities some over another?  
15. Do you think tools like “UsabilityHelper” positively affect the transition towards producing 
usable products in general and to integrating usability evaluation in non-user-centred SDLC? 
16.         Please provide your current job title (developer, app manager, usability specialist, app 
designer) and your background qualifications in software development.  
 
Thank you for your time!  
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Appendix V: INFORMED CONSENT FORM 

 
Taking Part 

Please initial to confirm agreement 

 
The purpose and details of this study have been 
explained to me.  I understand that this study is 
designed to further scientific knowledge and that all 
procedures have been approved by the Loughborough 
University Ethics Approvals (Human Participants) Sub-
Committee. ---------------------- 
 
I have read and understood the information sheet and 
this consent form.   ---------------------- 
 
I have had an opportunity to ask questions about my 
participation.  ---------------------- 
 
I understand that taking part in the project will involve 
being interviewed and recorded (audio or video)]. ---------------------- 
  
 
I understand that the personal information collected 
will be [e.g. name].  ---------------------- 
 
I understand that sensitive personal information, [Job 
Title], will be collected during this study.  ---------------------- 
 
I understand that I am under no obligation to take part 
in the study, have the right to withdraw from this study 
at any stage for any reason, and will not be required to 
explain my reasons for withdrawing. ---------------------- 
 
Use of Information 
  
I understand that all the personal information I provide 
will be processed in accordance with data protection 
legislation on the public task basis  and will be treated 
in strict confidence unless (under the statutory 
obligations of the agencies which the researchers are 
working with), it is judged that confidentiality will have 
to be breached for the safety of the participant or 
others or for audit by regulatory authorities.  ---------------------- 
 
I understand that information I provide will be used for 
[e.g. publications, reports, web pages, research 
outputs, etc]. ---------------------- 
 
 
I understand that personal information collected about 
me that can identify me, such as my name or where I 
live, will not be shared beyond the study team.  
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---------------------- 

 
I agree that information I provide can be quoted 
anonymously in research outputs.  ---------------------- 
 

  
 
If written information is provided by the participant: I 
agree to joint copyright of the [Interview answers] to 
[Hanan Hayat]. ---------------------- 
 
I give permission for the anonymised data I provide to 
be deposited in Loughborough Depository so that it 
can be made publicly available for future research at 
the end of the project.    ---------------------- 
  
  
  
  
 
Consent to Participate 
 

 

I voluntarily agree to take part in this study.  ---------------------- 
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Appendix VI: Adult Participant Information Sheet 

 

Investigators Details: 

Hanan Hayat, Computer Science Dept, Loughborough University, h.hayat@lboro.ac.uk,  

 

 

 

I would like to invite you to take part in my study. Before you decide I would like you to 

understand why the research is being done and what it would involve for you.  

 

What is the purpose of the study? 

The main hypothesis proposed by this thesis is that there exists a lack of proper managerial 

tools to assist developers and/or project managers in the decision-making processes involved 

in the selection of appropriate usability testing tools, particularly in small to medium sized 

software development projects where expertise may be more limited. This causes a diversion 

of proper emphasis on usability in software projects. A framework will be defined as a solution 

to this problem in which a different approach to usability is proposed. It introduces a bottom –

up approach to usability. In other words, it will focus on software projects by identifying project 

constrains in order to suggest appropriate usability evaluation technique instead of the currently 

used top-down approach of forcing usability evaluation and user centred models into software 

development projects. The framework to be developed works as an enabler for bringing 

usability closer to software engineering by enhancing the interaction between these two 

disciplines. 

 

Who is doing this research and why? 

 

This research is carried out by me under the supervision of Dr. Russell Lock. The research is 

taking place in Loughborough university and the study is sponsored by Higher Education 

Ministry. 

 

Are there any exclusion criteria? 

 

The tool developed  is particularly useful for project managers and software developers in small 

to medium sized software development projects who are interested in properly testing usability 

within their own project constraints and within their knowledge and expertise of SDLCs. 

 

What will I be asked to do? 

 

You are asked to test the tool “Risk Assessment” part only. Then you are kindly asked to answer 

some interview question to the best of your knowledge regarding your experience. The 

estimated duration for the whole session is between 30-40 minutes. The session can be carried 

out remotely and in person at your preference.  

 

 

Once I take part, can I change my mind? 

 

After you have read this information and asked any questions you may have if you are happy 

to participate, I will ask you to complete an Informed Consent Form. However, if at any time, 

before, during or after the sessions you wish to withdraw from the study please just contact the 
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main investigator.  You can withdraw at any time, for any reason and you will not be asked to 

explain your reasons for withdrawing. 

 

However, once the results of the study has been submitted (expected to be by <September 

2019>), it may not be possible to withdraw your individual data from the research. 

 

Will I be asked to attend any sessions and where will these be? 

 

No. 

 

How long will it take? 

 

30 – 40 minutes  

 

Are there any disadvantages or risks in participating? 

 

There isn’t any risk of participating in this research and your participation can be anonymised 

if you prefer to. Only your initial will be used in the written thesis and/or any further 

publication.  

 

Data Protection Privacy Notice 

 

Loughborough University will be using information/data from you in order to undertake this 

study and will act as the data controller for this study. This means that the University is 

responsible for looking after your information and using it properly. 

 

What personal information will be collected from me and how will it be used? 

 

Only your name, job title and professional background is going to be collected for the purposes 

of the study. As your job and professional background are both criteria the study is 

investigating into in relation to the research topic. 

 

What is the legal basis for processing my personal information? 

 

Personal data will be processed on the public task basis. Individuals’ rights to erasure and data 

portability do not apply if you are processing on the basis of public task. However, individuals 

do have a right to object.  

 

If you are processing sensitive personal information, you should include: 

 

<Under the General Data Protection Regulation (GDPR), some of the personal data which 

will be collected from you is categorised as “sensitive data”. The processing of this data is 

necessary for scientific research in accordance with safeguards. This means that study has 

gone through an ethical committee to ensure that the appropriate safeguards are put in place 

with respect to the use of your personal data.>  

 

 

How long will my personal information be retained? 

 

We will keep identifiable personal information about you for any further studies.  
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Will my personal information be shared with others? 

 

As a part of the PhD research, your data will be shared with the supervisor and external 

examiners who will be assessing the research for viva.  

 

Will my taking part in this study be kept confidential? 

 

personal information will be anonymised and security of personal information during 

collection, storage and analysis is ensured. 

 

How will the anonymised data/results collected from me be used? 

 

in reports, journal publications, conference papers.   

 

How long will the anonymised data/results be retained? 

data is being archived permanently to a data repository  

 

How long will samples be retained? 

 

Permanently . 

 

I have some more questions; who should I contact? 

 

Hanan Hayat, h.hayat@lboro.ac.uk 

 

What if I am not happy with how the research was conducted? 

 

If you are not happy with how the research was conducted, please contact the Secretary of the 

Ethics Approvals (Human Participants) Sub-Committee, Research Office, Hazlerigg Building, 

Loughborough University, Epinal Way, Loughborough, LE11 3TU.  Tel: 01509 222423.  

Email: researchpolicy@lboro.ac.uk 

 

The University also has policies relating to Research Misconduct and Whistle Blowing which 

are available online at http://www.lboro.ac.uk/committees/ethics-approvals-human-

participants/additionalinformation/codesofpractice/ .   

 

If you require any further information regarding the General Data Protection Regulations, 

please see: https://www.lboro.ac.uk/privacy/research-privacy/. 

 

mailto:researchpolicy@lboro.ac.uk
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