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Abstract 

This thesis advances the understanding of the link between the concepts of Sustainable 

Development (SD) and women’s choice and attraction to engineering. Such understanding is 

particularly important in the present world where a combination of emerging SD challenges, 

the shortage of engineers and underrepresentation of women remain a challenge to the 

profession. As a way of addressing these engineering problems, previous research identified 

the importance of broad themes associated with such SD challenges of the profession in 

influencing women’s choice of engineering. However, knowledge on the degree of 

importance of more detailed themes within the social, environmental and economic SD pillars 

and how these themes influence such career decisions, remains unknown. Moreover, these 

SD challenges not only require skilled engineers but also those who have the interests to 

address them. Thus, identifying more heterogeneous engineering associated SD themes that 

can influence women’s choice of engineering is likely to attract more women who are 

interested in solving the numerous SD challenges. Consequently, the aim of this research is 

to develop a model that explains the link between SD themes and women’s career choice and 

attraction to engineering. 

 A mixed-methods research (MMR) design comprising the Analytical Hierarchy Process 

(AHP), Sensitivity analysis and Grounded Theory (GT) was adopted to address this aim, which 

reflects the primary research question. Hence, a unique gamified/AHP structurally designed 

quantitative survey and qualitative GT semi-structured interviews were utilized to gather and 

analyse data from a sample of 414 respondents and 15 participants respectively in the UK and 

Nigeria to contribute rich insights from both developed and developing nations ‘perspectives. 

The quantitative results revealed the relative importance of specific SD-themed factors 

that influence women’s choice of engineering. While this result is vital, knowledge about how 

this decision is reached is of utmost importance to inform strategies for recruiting and 

attracting women to engineering. For this reason, the qualitative study was conducted and 

the results revealed comprehensive insights indicating that the process of how SD themes 

influence women’s engineering career choice involves a dynamic interaction of four primary 

interrelated factors- Exposure, Awareness, Interest and Direct involvement (EAID). The study 

outcome is a novel EAID process indicating that women’s interest and direct involvement in 

engineering could be influenced through two main routes—either by creating exposure or by 

awareness of engineering roles that cause or address sustainability challenges. The combined 

results of this MMR provided useful insights that informed the development of the three-

dimensional Gender diversity and Sustainability in Engineering (GDSE) model, showing the 

link between SD themes, women’s choice and attraction to engineering.  

Significantly, these findings offered some practical implications for engineering education 

stakeholders including HEIs and engineering organisations. These include the potential of 

utilizing the GDSE model to enhance their recruitment strategies by focusing on the most 

salient areas that influence women’s career choice. This could widen the options and 

pathways of making the profession attractive to women and other underrepresented groups. 
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Chapter 1 Introduction 

This thesis reports a study that examined the link between themes associated with the three 

pillars of Sustainable Development (SD) and women’s engineering career choice within the 

contexts of Nigeria and the UK. This introductory chapter lays the foundations for the entire 

thesis. First, the research context and rationale, including key concepts of the study are 

presented. This is followed by the research questions, aim, objectives and contributions. 

Finally, the chapter outlines the structure of the thesis, providing a brief overview of each of 

the chapters. 

1.1 Research Background/Rationale 

Addressing the demand for more engineers has been identified as an important task for 

engineering education. This includes the need to develop a diverse pool of individuals with 

the required skills, knowledge and interests to tackle complex global SD challenges (Ashraf 

and Alanezi, 2020; Sánchez-Carracedo et al., 2019; Wilson, 2019). The Institution of 

Engineering and Technology [IET] (2021) report cautions that this skills shortage problem 

poses a potential threat to the future of the industry and SD agenda. This is amplified by the 

persistent low representation of women in engineering across both developed and 

developing countries such as Nigeria and the UK. For instance, the Higher Education Statistics 

[HESA] (2021a) reports that women represented only 19% of HE student enrolments in 

engineering and technology in the UK. Likewise, at professional level, although approximately 

70% of women are working professionals in the UK in 2020 (Devine, 2021), only 10.4% of 

engineering professionals were women (Women in Science and Engineering [WISE], 2021). 

Additionally, WISE (2021) data show that while the proportion of women engineering 

professionals increased from 8% in 2016 to 10.4% in 2020, the general percentage split for 

this period has remained low and static since 2018. Likewise, in Nigeria women represented 

only 18% of engineering students in the country’s tertiary institution (National Bureau of 

Statistics [NBS], 2017) and 6% of engineers at the professional level (Nigerian Society of 

Engineering [NSE], n.d.).  

As a way of addressing this twin problem of underrepresentation of women and shortage 

of engineers in the profession, an emerging body of literature suggests that the relevance of 

engineering in solving societal problems should be emphasized (Diekman et al., 2017; Silbey, 

2016; Litchfield and Javernick-Will, 2015). Some of these studies claim that women rather 

than men are more interested in topics that relate to helping people and society. For instance, 

findings from Godwin (2014) showed that beliefs about the positive impact of engineering on 

the world were more predictive of women’s choice of engineering than their physics and 

maths identities, whereas the reverse was the case for men. Despite these assertions, 

evidence shows that women’s maths and physics abilities only differed marginally from men’s 

(Engineering UK, 2018, p. 7, 2020a, pp. 45, 47). However, it was observed that regardless of 
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women’s maths and physics abilities, their perception of engineering as difficult inhibits their 

attraction to the discipline (Abdullahi et al., 2019, p. 5), hence suggesting the need for other 

avenues that appeal more to their interest in the discipline. This therefore, strengthens the 

arguments of the proponents of the ‘people-society themed’ interests of women, which 

suggested that identifying the connection between engineering and such themes is key to 

making the profession attractive to underrepresented students and could influence the 

decision of more women to choose a career in engineering (Bielefeldt, 2014; Shealy et al., 

2016; Stout et al., 2016). The strength of this argument might relate to the growing demand 

for engineering to provide a balance of the technical and human aspects of the profession 

(Kant and Kerr, 2019; Mosyjowski, 2020). Central to this discussion is a stronger call for the 

latter aspects to be given more attention as the present and emerging SD challenges not only 

require skilled engineers but also those who have the interests to address these challenges 

(Ashraf and Alanezi, 2020; Sánchez-Carracedo et al., 2019; Wilson, 2019). 

However, although these themes of interest to women are synonymous with the SD 

concept and also relate to the 3 pillars of SD themes, social, economic and environment, no 

study has been conceptualized using these themes, also known as the “three P’s,” people, 

planet and profit, to classify a combination of SD themes and assess their relative importance 

in women’s decision to choose engineering. Stopper et al. (2016) suggest that these three 

themes provide an integrated model for SD to be achieved. Nevertheless, the bulk of related 

research has only focused on studying the influence of general SD topics, such as the prospect 

of contributing to helping people, societal impact, protecting the environment, and changing 

the world, on women’s attraction to the profession (Bielefeldt, 2014; Klotz et al., 2014; Shealy 

et al., 2016). That approach fails to represent the specific themes within all three aspects of 

SD and as such provides narrow insights to only the social and environment SD aspects. 

Hence, the specific SD themes across all three aspects that inform women’s choice of 

engineering, remain unknown.  

Alternatively, Sánchez-Carracedo et al. (2019) suggest that clarifying the link between 

diverse and specific SD areas such as renewable energies or electronic waste and engineering 

could expand and inspire the interests of engineering students including their commitment 

to other diverse critical challenges of sustainability. This becomes critical as the current and 

emerging complex challenges in the world such as climate change, deforestation, poverty, 

hunger and loss of biodiversity have led to calls for engineering educators in particular to 

produce more individuals who are knowledgeable, skilled and interested in providing 

sustainable solutions to these complex problems (Sánchez-Carracedo et al., 2019; Wilson, 

2019). Such scenario indicates the relevance of identifying more heterogeneous engineering 

associated SD themes that can influence women’s choice of engineering as this is likely to 

attract more women and thus broaden the talent pool of engineers. It could also attract a 

more diverse pool of individuals who are interested in solving the numerous SD challenges 

across the three aspects (Litchfield and Javernick-Will, 2015; Sandekian et al., 2007).  

Likewise, although women’s underrepresentation in engineering and the complex SD 

challenges remain a global problem across both developed and developing nations, a 
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significant proportion of previous studies has been conducted in the United States (Boucher 

et al., 2017; Canney and Bielefeldt, 2015; Klotz et al., 2014; Shealy et al., 2016). These studies’ 

findings are mostly limited to context-specific factors such as the prevailing SD challenges and 

engineering gender inequality problem in the region (2.5.3.1 and 2.5.3.2). This therefore 

justifies the reason for conducting this research in the UK and Nigeria, where no such research 

has been conducted to date. This will contribute rich insights into the research problem from 

both developed and developing nations’ perspectives. While both contexts related to 

women’s underrepresentation in engineering and the complex SD challenges may differ 

slightly, lessons learnt might advance the understanding of unique strategies specific to each 

country that could inform appropriate solutions for attracting women to engineering. 

Additionally, given that there are differences in the prevailing SD challenges and topics that 

both countries are focused on addressing (Freeman and Ekins, 2021; Oyedepo et al., 2018),  

it will be interesting to observe whether such differences reflect in how these specific topics 

influence the career choice of women engineers from the two countries. Such understanding 

could be beneficial in improving diversity in engineering education and employment for both 

countries. 

Furthermore, previous approaches limit insights into the specific SD themes relative to 

those which dominate women’s decisions to engage in engineering. In making such decision, 

there are always competing multi-criteria or factors to consider as evident in the numerous 

SD themes and challenges associated with engineers’ role in addressing these issues (Sánchez-

Carracedo et al., 2019; Wilson, 2019). This situation reflects the relevance of developing 

research that will provide insights into the relative importance of specific SD-themed factors 

that are mostly influential in women’s choice in engineering.  

Moreover, these previous studies have been limited to using a single methodology, either 

qualitative (Seron et al., 2016) or quantitative (Canney and Bielefeldt, 2015; Klotz et al., 2014; 

Shealy et al., 2016), with most favouring the latter approach. This research utilizes a mixed 

methodology comprising both methods to address this gap in research practice. This will 

incorporate the strengths and accommodate the limitations of both methods to provide a 

comprehensive analysis and understanding of the phenomena of interest (Johnson et al., 

2007).  

In addition to the notable lack of qualitative research in this area, women engineers’ 

perspectives of how SD themes influence their decision to choose engineering have not been 

studied, including in the UK and Nigeria. The relevance and need for such study is evident in 

Engineering UK (2020b, p. 12). The report highlighted that challenges brought about by issues 

such as the COVID-19 pandemic prompted more women to choose careers that would help 

them address these issues such as healthcare. However, this did not translate into more 

women choosing an engineering career due to the profession’s shortcomings of 

systematically excluding girls and women, which has led to limited exposure, career interest 

and their lack of awareness of engineering roles in addressing such issues. Thus, although 

women may be aware of the impact of such SD challenges, they may not understand the role 

and relevance of engineering in addressing these.  
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This scenario presents an opportunity for engineering to attract more women to the 

discipline by understanding the dynamics of how to attract women to engineering using 

similar themes that attract them to other careers. Thus, research that examines women 

engineers’ perspectives of how such themes and challenges that attract women to other 

careers also informed their career choice and engagement in engineering becomes of utmost 

importance to inform strategies for recruiting and attracting more women to engineering. 

Altogether, the literature review demonstrates that the concepts of SD and engineering 

career choice appear to be studied in isolation, despite their clear links. However, this 

research links both concepts to provide detailed insight into how specific themes within the 

three pillars of SD influence women’s choice of engineering. Thus, it is anticipated that such 

understanding, which is the overall outcome and potential impact of this research, could be 

used to inform businesses, organisations or institutions of strategies for recruiting and 

attracting more women to engineering, and possibly enhance gender diversity and 

sustainability practices in the engineering profession. 

In addition to these academic reasons for exploring the research topic within Nigeria and 

the UK contexts, there are also personal reasons for its choice. The researcher has long been 

fascinated by gender gaps prevalent in most African countries, especially in the Nigerian 

cultural context, where women are rarely given a voice or role in community affairs. As a 

result, she reflected on how resolution of these issues could contribute to sustainable 

national growth and development. This interest, driven by the desire to see more African 

women harness their unique attributes and better contribute their intelligence and skills to 

developing their societies for the good of all, underpins her academic and work pursuits. The 

academic pursuits, which included studying for a master’s degree and currently a PhD in the 

UK, have afforded the opportunity to observe similarities and differences between the UK 

and Nigeria engineering education field, specifically in research focused on understanding the 

influential factors that drive women’s participation in the discipline. While both countries’ 

contexts differ, lessons learnt could benefit their efforts to attract women to engineering. 

1.2 Research questions, aim, objectives and contributions 

To fully explore the potential link between SD related themes and women’s choice in 

engineering, the following primary research question and sub-questions were constructed: 

 

Primary research question- 

What is the link between the three pillars of SD themes and women’s attraction to 

engineering as a career choice? 

Sub-research questions 

1. What are the themes associated with the three pillars of SD that drive women 

participation in engineering? 

2. In what order of importance do these SD themes influence women’s decision to 

engage in engineering? 
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3. Which group of SD themes has the most influence on women’s decision to engage in 

engineering? 

4. How do these SD themes influence women’s choice of engineering as a career? 

5. How can the themes be used to attract girls to engineering? 

 

To answer these research questions (RQs), the overarching aim of this research is to develop 

a model that explains the link between SD themes and women’s career choice and attraction 

to engineering. The objectives to achieve this aim are as follows: 

 

1. Investigate and determine the SD-themed drivers of women participation in 

engineering.  

To achieve objective 1, an extensive literature review was conducted to expand the 

researcher’s understanding of the SD  topics associated with the three pillars of SD that appeal 

to women’s interest in engineering (Chapter 2, 2.5.3). Subsequently, a quantitative study, that 

utilized a unique gamified web-based questionnaire was conducted with women engineers 

and engineering undergraduates (UG) and postgraduates (PG) students to elicit responses on 

the factors associated with the three pillars of SD that drive women participation in 

engineering (Chapter 4, 4.5.1). 

 

2. To identify the relative importance of the SD themes influencing women’s decision to 

engage in engineering from the survey data.  

To achieve objective 2, the Analytical Hierarchy Process (AHP) pairwise comparison and 

aggregation techniques were used to analyse the survey data to identify the order of the 

sustainable development themes that are relatively important in influencing women’s 

decision to engage in engineering (Chapters 4 and 5, 4.6.1 & 5.1).  

 

3. To identify the group of SD themes that has the most influence on women’s decision 

to engage in engineering. 

To achieve this objective, a sensitivity analysis was conducted to determine the group of SD 

themes with the most impact on the participants’ choice of engineering. That means 

determining the SD themes that the participants are most sensitive to and thus verifying the 

outcome of AHP analysis performed based on objective 2 (Chapter 5, 5.2). 

 

4. To identify and describe the process of how SD themes influence women’s choice in 

engineering (Chapters 5 and 6, 5.3 & 6.3). 

 

5. To identify strategies for utilizing SD themes to attract girls to engineering. 

To achieve objectives 4 and 5, women engineers’ perspectives on how the three main SD 

concepts influenced their choice of engineering and can be used to make the profession 

attractive to girls were explored through interviews using the grounded theory (GT) approach 

(Chapters 4, 4.6.2 & 5,5.3-5.4). 
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6. To develop a model showing the link between SD themes and women’s choice and 

attraction to engineering through a mixed-methods (MM) approach (Chapter 6, 6.5.2). 

The quantitative and qualitative results of this MM approach derived from objectives 1-5, 

were combined to generate the components of the model, Gender diversity and Sustainability 

in Engineering (GDSE), which provides novel insights into the link between two interrelated 

yet understudied concepts, SD themes and women’s choice and attraction to engineering 

(1.1). The model known as a GDSE model is developed based on the views of women 

engineering practitioners and graduate/undergraduate students and thus offers empirical 

findings that can be useful in attracting more girls to the profession.  

Based on the objectives, the study, which was conducted with Nigerian and UK 

participants, involved women engineering professionals, UG and PG engineering students. 

The use of a MM approach to collecting data provided an in-depth insight into the research 

problem. More specifically, the research questions first identified what constitutes the SD-

themed factors and their relative importance in informing women’s engineering career 

decision. The relationship between these themes and women’s attraction to engineering was 

also evaluated.  

This research project expands on the knowledge and results obtained by previous 

researchers who have studied the influence of SD related topics on engineering career choice. 

It provides an original contribution to the field by addressing several previously understudied 

areas. First, it analyses the influence of specific SD themes on women’s choice of engineering 

from both women engineering students’ (undergraduates and graduates) and practitioners’ 

perspectives. Methodologically, this research is the first to utilize a Grounded Theory-Mixed 

methods (GT-MM) sequential explanatory design to develop the GDSE model showing the link 

between SD related themes and women’s choice and attraction to engineering. Finally, the 

application of a combination of gamification techniques, AHP and sensitivity analysis 

methodology in this research is also novel and hence contributes to research practice in the 

engineering education field.  

It is anticipated that identifying the specific SD themes across all three aspects, which 

influence women’s choice of engineering and how such decision is formed, could reveal 

diverse areas of the profession linked to such themes that appeal mostly to women’s interests 

and aspirations. It could also show how to attract women to engineering using such themes 

and hence contribute to attracting a diverse pool of individuals who are interested in solving 

the numerous SD challenges across the three aspects (Litchfield and Javernick-Will, 2015; 

Sánchez-Carracedo et al., 2019; Sandekian et al., 2007). Hence, this research is based on the 

hypothesis that clarifying the link between diverse SD areas or topics and women’s choice 

and attraction to engineering could broaden engineering students especially women’s 

interests and commitment to address other diverse critical challenges of SD. It is hoped that 

this research approach might prompt similar studies in other contexts to corroborate its 

findings. Ultimately, this could contribute to on-going efforts of addressing the 

underrepresentation of women and potentially the skills shortage problem in engineering. 
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1.3 Thesis structure 

This thesis is organised into seven chapters. The first three provide the background and 

rationale for investigating the influence of SD themes on women’s choice of engineering. The 

argument put forward throughout this introductory chapter is developed further in Chapter 

2, which reviews the literature and concepts relevant to the research focus. It starts by 

exploring and presenting an overview of STEM (Science, Technology, Engineering, and 

Mathematics) education generally, and subsequently examining engineering education in 

Nigeria and the UK. This initial discussion leads to examining gender differences in 

engineering participation and reasons for both genders’ career choice in the discipline in the 

next section. The following section focuses on the link between SD themes and women’s 

attraction to engineering as a career choice, within the context of the three pillars of SD, 

namely economic, environmental, and social. Finally, Chapter 2 concludes with a presentation 

of the identified research gaps, significance and contributions. 

Chapter 3 presents the conceptual framework for studying women’s choice of 

engineering influenced by SD themes, which illustrates how the concepts within the 

framework are studied. 

In Chapter 4, the chosen research methodology and design, which seeks to address the 

identified conceptual and methodological gaps are discussed. First, the research questions, 

aims and objectives are restated. Second, the philosophical assumptions that underpin the 

choice of the MM approach and the justification for its choice in this research are presented. 

This is followed by a description of the research design, tools and procedures, including the 

implications of the pilot study and the sample and sampling techniques utilized. The chapter 

concludes by summarising the data analysis methods, the implications of piloting the analysis 

techniques and ethical considerations. 

Chapter 5, which presents the data gathered in this project, is organised according to the 

research questions specified in Chapter 4 and divided into three sections. Sections 1 and 2 

present the quantitative results and section 3, the qualitative results. These are presented in 

tables, figures and in text form, respectively, to corroborate the results and provide a deeper 

insight into the research problem. 

Chapter 6 discusses the research findings presented in Chapter 5. Divided into five 

sections, the first three focus on the results according to the research questions and the last 

two present the proposed GDSE model, which is the main research outcome showing the link 

between the three pillars of SD themes and women’s choice and attraction to engineering. 

Implications for engineering institutions and organisations are also presented. In this chapter, 

the results are compared and contrasted with those obtained by other researchers, and 

interpretations offered. 

Finally, Chapter 7 concludes this thesis by reflecting on the questions, aim, objectives and 

findings of this research. It discusses the contributions of the thesis, including its limitations 

and suggestions for future research. 
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Chapter 2 Literature Review 

This chapter reviews the most relevant literature connected to the influence of the three 

pillars of sustainable development (SD) related themes on women’s attraction to engineering 

as a career choice, which is the focus of this thesis. First, this review focuses on exploring and 

presenting an overview of STEM (Science, Technology, Engineering, and Mathematics) 

education generally, and subsequently examining engineering education in Nigeria and the 

UK, in sections 2.1 to 2.3. This initial exploration is important to understand the impact of 

engineering education delivery, relative to the other three disciplines, on young people’s 

choice of engineering as a career. Next, section 2.4 specifically examines gender differences 

in engineering participation and reasons for both genders’ career choice in the discipline. 

Furthermore, section 2.5 then focuses on the link between sustainable development (SD) 

themes and women’s attraction to engineering as a career choice, within the context of the 

three pillars of SD, namely economic, environmental, and social. The purpose of this section 

is to critique research on the social, economic and environmental SD-themed influences on 

women’s choice of engineering, including their application, strengths and weaknesses. The 

section will also identify the main concepts within the research problem, to inform the 

research’s conceptual framework. These are subsequently integrated into the survey-

questionnaire and interview studies adopted in this research project. A full account of these 

studies is presented and discussed in Chapters 5 and 6 of this thesis, respectively. Finally, 

Chapter 2 concludes with a presentation of the identified research gaps, significance and 

contributions. 

2.1 Engineering and STEM Education 

STEM education has received considerable attention in recent years (Caprile et al., 2015; 

Takeuchi et al., 2020). Its widespread popularity is attributed to both the pivotal role of STEM 

disciplines in global economic growth and STEM education to produce graduates who 

possesses multi-dimensional skills in these disciplines to maintain their countries’ competitive 

position in the global economy (Erduran, 2020; Pimthong and Williams, 2018). However, the 

origin of STEM dates to the 1990s when the term was initially used as SMET by the U.S. 

National Science Foundation (NSF) and later changed to STEM in 2001 to avoid issues of 

impropriety (Breiner et al., 2012; Mohr-Schroeder et al., 2015; Sanders, 2009). In developed 

nations such as the UK, STEM education predated the actual introduction of these disciplines 

into classrooms as structured educational subjects (White, 2014). For instance, 

nineteenth/twentieth century inventors such as Thomas Edison and Henry Ford, with limited 

education and some apprenticeship, applied STEM principles in their technological and 

engineering inventions long before STEM education was introduced to classrooms (White, 

2014).   
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In the late nineteenth century, various formats of STEM education began to find its way 

into elementary stages of classroom education to PhD levels, following certain historical 

events, such as the Morill Act of 1862, the Second World War and the Soviet Union’s launch 

of the Sputnik missile (White, 2014). The formation of these disciplines was viewed as a 

strategic decision for scientists, technologists, engineers, and mathematicians to unite in 

building a stronger platform and voice for the disciplines (Kelley and Knowles, 2016). For this 

reason, STEM education is referred to as educational activities such as teaching and learning 

in all four fields, typically conducted in an integrated manner in either “informal or formal 

classroom settings and across grade levels from pre-school to post-doctorate" (Kennedy and 

Odell, 2014, p. 247).  

Despite its integrated nature, the disciplines vary in definition. For instance, Hasanah 

(2020, p. 1) summarized these differences as  

Science, which encompasses courses such as physics, biology, chemistry, astronomy, is 

regarded as more focused on studying the natural world, whereas Technology is focused 

on how the natural world is modified to meet human needs. The latter involves 

developing things from natural materials through technical means to satisfy human 

needs. Engineering on the other hand applies both science and mathematical knowledge 

for the “construction of engines, bridges, buildings, mines, ships, and chemical plants” 

and to economically improve on materials and forces for the benefit of society and 

humans. Meanwhile, Mathematics studies the science of patterns and relationship and is 

utilized in technology, science and engineering. 

However, McDonald (2016) argues that these distinctive attributes and approaches to 

engaging with each STEM discipline, despite the fact that there are overlapping components 

across all the 4 disciplines, results in the failure to integrate STEM in a unified manner. In 

particular, there seem to be a consensus among researchers that although STEM 

encompasses four disciplines, more focus is given to science and mathematics in the STEM 

curriculum (Kelley and Knowles, 2016; White, 2014; Xie et al., 2015). A likely reason for this is 

the fact that both subjects are more recognizable and relevant to students especially in 

primary school (White, 2014). Indeed, Xie et al. (2015) claim that such focus on maths and 

science can be traced to the curriculum requirements for school students. Hence, this 

perpetuates the belief that the compulsory requirements of both subjects in schools confer 

such importance and the need to focus on the subjects. This is besides the fact that they are 

important components in Technology and Engineering as shown earlier in their definitions. 

Thus, the participation and performance of students in science and mathematics form part of 

the main focus of STEM education research (Xie et al., 2015).  

McDonald (2016) criticizes this approach, arguing that an authentic STEM education 

should build students’ knowledge and achievement in science and mathematics to develop 

their understanding in solving societal problems associated with technology and engineering 

roles. Such approach is likely to project knowledge and understanding of all 4 disciplines. 

McDonald’s proposed approach is particularly important because the lack of integration, 

recognition and emphasis of the critical role of engineering and technology within STEM fields 
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seems to contribute to the low uptake and high gender representation disparity in both 

disciplines in comparison to science and maths. For instance, a Royal Academy of Engineering 

[RAE] (2019a, p. 6) report showed that while STEM promotion may have been deemed 

successful due to more women studying the disciplines, only one discipline within STEM 

recorded a higher representation of women than men. The report indicated that 62% of 

biology A-level entrants are women, compared to computing (10%), physics (22%), Design 

and Technology [D&T] (38%), and maths (39%). Hence, it is evident that although STEM 

promotion in schools seems popular and effective in increasing girls’ participation in the 

disciplines, it contributes to a misleading and skewed STEM gender representation statistics, 

where girls are over-represented in biology only. The report suggests that this scenario is 

amplified by the emphasis on science and maths over engineering and technology. 

The impact of the lack of engineering and technology emphasis in schools on gender 

representation is even more significant for engineering because technology as a subject 

receives more attention and coverage than engineering. For instance, in Nigeria and the UK 

primary school level, engineering is not explicitly incorporated in the school curricula, 

whereas computer science and D&T form the core part of the curricula (Engineering UK, 2018; 

NBS 2017; Ojebiyi and Sunday, 2014). Likewise, Engineering UK (2020b, p. 7) study findings 

showed that out of five disciplines, technology appealed more to boys aged 11 to 19 and is 

the 3rd most appealing subjects for girls after science and healthcare, where they are more 

represented. However, whilst engineers are required to possess knowledge and skills in D&T, 

there are various aspects of engineering beyond D&T that interface with science and society 

(Ashraf and Alanezi, 2020; Clark and Andrews, 2010; Mosyjowski, 2020). Moreover, although 

D&T is renowned for equipping students with part of the engineering required skills, there 

has been a significant decline in its uptake “by over three quarters (77%), from 439,600 

students to 99,700 in mostly secondary schools, between the academic years 2002 to 2003 

and 2018 to 2019” (Engineering UK, 2020a, p. 45). According to the report, a major reason for 

this decline is the perception that D&T is suited more to boys than girls and “associated with 

a narrow set of skills, such as ‘wood working’ or ‘fixing things,’ (p.45). Hence, despite the fact 

that Tech is given more focus than engineering based on the assumption that D& T derives or 

is connected to engineering, the low uptake of D&T signals a potential drastic reduction in the 

number of people with the interest to associate with engineering. Likewise , the skewed focus 

on Technology might result in students becoming more aware of technology as they engage 

with it in school, but not necessarily associating it with the core and diverse elements of 

engineering,  

Therefore, the need to elevate engineering to the same level of scientific study and 

engagement as other STEM subjects becomes critical. This is against the backdrop of the 

strategic importance of engineering in addressing evolving socio-economic and 

environmental challenges of the present and the future (English, 2016). The growing need for 

more engineers to solve these evolving challenges presents serious implications for 

engineering education (Kamp, 2016; Lucas and Hanson, 2016; McGowan and Bell, 2020), 

especially regarding the impact of the way it is delivered and emphasized on students’ future 
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career choices and representation in the discipline. Thus, in the next section, engineering 

education delivery in the UK and Nigeria, is examined in more detail. 

2.2 Engineering Education in the UK and Nigeria – from Early years to 

Higher Education 

The significance of engineering in meeting society’s biggest challenges and providing 

opportunities for socio-economic growth to nations is self-evident (RAE, 2016a). This can be 

seen from the rate at which major challenges that affect the environment and society 

continue to rise, resulting in the increasing demand for engineers to help tackle these 

problems (Mohd-Yusof et al., 2015; RAE, 2019b). Indeed, global challenges such as human-

induced climate change and the collective demand from a human population of 7 billion for 

basic necessities of life including water, shelter, food and healthcare are new and complex 

(Bell, 2016, p. 7). These emerging challenges therefore require a significant supply of 

engineering graduates who are equipped, interested and capable of creating new ways of 

solving them. 

However, what has become problematic is how the available pool of engineering 

professionals can match the urgency of the required solution to these problems (Mohd-Yusof 

et al., 2015). Although this need is markedly higher in the developing countries of Africa, such 

as Nigeria, the implementation of engineering education (EE) in Nigeria and the UK at various 

educational stages remains limited in both countries (Bianchi and Chippindall, 2018; 

Chabalengula et al., 2017) [see 2.2.1 and 2.2.2). This affects students’ interests to engage in 

engineering and limits the extent of their knowledge and awareness of the discipline (Bianchi 

and Chippindall, 2018; Cunningham and Kelly, 2017; McClure et al., 2017). Therefore, it is 

important to examine in detail the engineering education landscape across the main stages 

of education, from early years to higher education to evaluate its current status, engagement 

and implications for gender representation in both countries, as this is related to the focus of 

this thesis. 

 Engineering Education in Early Years, Primary and Secondary Schools 

There is growing concern globally that the education system has continually failed to meet 

the increasing need for more engineers (Bianchi and Chippindall, 2018). Particularly important 

in this context is the failure to address this shortage by nurturing and inspiring young children 

to develop interests in an engineering career (McClure et al., 2017; Pantoya et al., 2015). 

Moreover, it is generally believed that early years and primary school aged children possess 

an innate interest and desire to solve problems (Portsmore and Milto, 2018). For instance, 

children already set out to explore and engage creatively with their wider environment at a 

very young age through play such as fiddling or toying. This provides educators with an 

opportunity to develop stimulating lessons to harness these interests (RAE, 2019c). 
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However, scholars point to the failure of education models from early years to secondary 

school to nurture young children’s innate engineering skills (McClure et al., 2017; Pantoya et 

al., 2015). For example, RAE (2019c) criticizes the current EE approach for providing 

insufficient avenues where young people are exposed to engineering and developed to 

pursue such careers. This lack of exposure to engineering can lead to children’s lack of 

understanding and interest in the discipline at a young age. For instance, the two most 

frequent responses from three hundred 3-7 year-old children who were asked what engineers 

do, were: “I don’t know’’ and “they drive trains’’(Pantoya et al., 2015, p. 61).  

Additionally, from many reported works, STEM education at primary up to secondary 

levels focus more on science, technology and mathematics (Bell, 2016; Clark & Andrews, 

2010). The focus on these subjects can be seen from their inclusion and emphasis in the school 

curricula. It has been observed that this situation largely influences the choice of an 

engineering major between genders in the UK and can be attributed to more instructional 

time being assigned to Maths and English than other subjects, teachers’ unpreparedness to 

teach engineering, and students’ perception of the subject as complicated (Madden et al., 

2016; Moote et al., 2021; Trygstad et al., 2013). This is supported by the data from Trygstad 

et al. (2013), which revealed that only 4% of elementary school teachers indicated their 

preparedness to teach engineering. Moote et al. (2021) argue that this has created a situation 

where current STEM pedagogy in UK early-level schools fails to spark students’ interest in 

engineering. Likewise, in Nigeria, the primary focus has been on Science and Computer 

studies, including subjects such as Biology, Chemistry, Physics, Health science, Basic 

technology, and other related subjects (NBS, 2017, p. 113; Ojebiyi and Sunday, 2014). 

However, an approach that integrates the skills and fundamentals of the individual STEM 

subjects, including engineering, has been proposed as fundamental to developing a well-

equipped future engineer with the required skills to solve the diverse nature of societal 

problems (Bell, 2016). This is especially relevant based on the understanding that science and 

maths are prerequisites for studying engineering and both subjects are used in the discipline 

to solve problems (McGowan and Bell, 2020; Pantoya et al., 2015). For this reason, 

engineering education from early years through to secondary level in both countries, could 

largely benefit from developing more engineering content and introducing varied aspects of 

the discipline, thereby consolidating children’s understanding of science and maths. 

Another important context in the delivery of EE from early years to secondary school level 

is the impact of the messaging about career prospects in the discipline on gender 

representation (RAE, 2019c). For example, the general public portrays a skewed perception 

of engineers as auto mechanics who fix things, building construction workers and people who 

repair boilers and machines (Chan and Fishbein, 2009; Engineering UK, 2020a; RAE, 2019c). 

Such messages, which associate engineering with toys and object-making for boys (Diekman 

et al., 2017; Patrick et al., 2021) and posit that ‘girls shouldn’t work on cars,’ reinforces the 

perception of limited career options for girls.  This negatively impacts the perception and 

image of engineering, which in turn affects gender representation (RAE, 2019c, p. 5). For 

instance, data from the Engineering UK (2020a) report showed that between 2018 and 2019, 
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there was gender equality for compulsory STEM subjects, such as science and maths at GCSE 

level in the UK. Nevertheless, girls were notably underrepresented in non-compulsory 

subjects such as computing, technology, and engineering, with only 1:10 GCSE candidates 

choosing the latter (p.45). The situation is even more uncertain for both genders in Nigeria, 

where engineering is not offered from early years to secondary school level (Ojebiyi and 

Sunday, 2014). While, it could be argued that this underrepresentation of girls in engineering 

may not be solely due to their wrong perception of the discipline, it might also negatively 

affect their uptake of engineering career paths (McClure et al., 2017; Pantoya et al., 2015). 

Hence, exposing girls to engineering and promoting positive messages about the discipline 

can change their perception, influence their career decisions, and in turn, their representation 

in the discipline. 

The approach to engineering education from early years to secondary school, for both 

countries, draws narrow boundaries around the types of knowledge and exposure required 

to instil engineering skills in children and increase girls’ interest in the discipline. Therefore, a 

comprehensive approach that seeks to emphasize aspects of engineering that appeal to 

school-aged children, is an important step towards increasing and equipping the number of 

young people, including girls to develop engineering career aspirations.  

  Engineering Education in Higher Education/Institutions 

The challenge of EE has been generally portrayed as a supply and demand problem, with 

insufficient transitioning of engineers from early years through to higher education and then 

to the workforce (Lucas et al., 2017; Lucas and Hanson, 2016). Nevertheless, EE is more 

accessible and evident in higher education compared to the early school years through to 

secondary school. In the UK, EE, which falls mainly within the engineering and technology 

broad subject group, is given more prominence at college level, with more efforts to promote 

engineering disciplines (Engineering UK, 2020a). Such efforts include the establishment of 

specialist institutions such as, University Technical Colleges (UTCs) and Studio Schools, in a 

bid to develop young people’s interest in engineering and related STEM vocational subjects 

(Lucas et al., 2017). Similarly, in Nigeria the recognition of the importance of EE to the 

country’s development led to the establishment of technical colleges, polytechnics and 

faculties of engineering in Universities (Oyelade et al., 2017). 

Despite this availability of more emphasis on engineering in HE, the challenge of students’ 

choice of engineering courses persists (HESA, 2021b; Lucas and Hanson, 2016). Recent HESA 

(2021b) data showed that out of the total number of students’ enrolment in science 

disciplines at all levels of study for 2019/20 academic year, 12% were engineering and 

technology, compared to 29% in subjects related to medicine. The remaining 59% of 

enrolments were shared amongst the other science subjects, including physics, mathematics 

and computing. However, it is important to note that engineering fared better than 

mathematics (4%) and computing (10%). For comparison purposes, due to the lack of latest 

data in the numbers of students enrolled in engineering related subjects relative to those of 
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social science disciplines in Nigeria, the 2014 data were referred to. The data showed that 

35% of the total number of students enrolled in all subjects were in engineering, while 64% 

were in social sciences discipline (NBS, 2017, pp. 175, 177).  

Apart from the low uptake of engineering by students generally, significant gender 

differences also persist in the discipline. Although it has been shown that gender disparity 

exists across STEM subjects, the situation is particularly prominent in engineering and 

technology. For example, in the UK, engineering and technology which ranked last out of 9 

broad STEM subjects constituted only 10.4% of women participants (Engineering UK, 2020a, 

p. 45). Other subjects such as Biology, ICT and physics accounted for 50.1%, 35.9% and 49% 

representation of women respectively. Likewise, in Nigeria women representation was 

significantly lower in engineering (22%) compared to the science discipline (48%) (NBS, 2017).  

The current situation of EE in both countries indicates the lack of positive associations 

with engineering subjects among young people as previously suggested in  2.2.1, which could 

likely lead to an early rejection of the subject as not worth studying (Lucas and Hanson, 2016). 

Thus, the failure to emphasise engineering subjects from early years through secondary 

schools might disqualify many learners, particularly women, from specialising in these fields 

at higher levels of education. Nevertheless, the increasing global concern and demand for 

more scientists and engineers to meet the emerging societal challenges presents an 

opportunity for both countries to stimulate the interest of young people in engineering, 

especially women to address the gender differences in the field. Therefore, this evaluation of 

engineering education delivery in the United Kingdom and Nigeria provides the background 

for examining the reasons for young people’s choice and attrition from engineering as a 

career, and the gender differences in students’ engineering participation, in the next sections. 

2.3 Young People’s choice of engineering as a career 

Stimulating young people’s choice and interest in pursuing a career in science and engineering 

has formed the main discourse in some studies for several years. (Engineering UK, 2020b; 

Fitzgerald et al., 2013; Osborne et al., 2003). Young people are categorized and defined as 

school-aged children between 11 to 19 years (Engineering UK, 2020a, 2020b; RAE, 2019c). 

Since the typical educational journey presents this group with different subject choices, 

examining the factors that shape these choices will clarify the drivers and barriers to their 

choice of engineering (Engineering UK, 2020b; Osborne et al., 2003).  

Previous studies have identified several factors that inform students’ choice and attrition 

from engineering. Some of the most cited factors are associated with the perception and 

knowledge of engineering (Engineering UK, 2020b; Portsmore and Milto, 2018), and 

perceived alignment of personal identities with engineering (Cruz and Kellam, 2018; Moote 

et al., 2021). Other factors include experiences or engagement with science-related people 

and extra-curricular activities, including encouragement from teachers, students’ self-

perception and extrinsic value of science [science capital] (Archer et al., 2020; Godec et al., 

2017, p. 5; Mujtaba et al., 2018, p. 646). These literature suggest that such factors act as 
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drivers and barriers to young people’s choice of engineering, when associated with positive 

and negative experiences, respectively. Therefore, in the following section, the ‘drivers and 

barriers’ components of each factor are compared. 

  Drivers and Barriers to Young People’s Engineering Career choice  

Some authors have argued that deficiency in the knowledge and perception of engineering 

might repel young people from the discipline. This has been attributed to their limited 

understanding of the discipline, likely due to low coverage of engineering in schools (see 

2.2.1). Others, however, observed that even though early years engineering exposure is 

present, a lack of understanding of the breadth of the discipline and knowledge of relevant 

pathways poses a serious problem (Cruz and Kellam, 2018; Engineering UK, 2020a, p. 1). For 

example, the Engineering UK (2020a) report showed that only 39% of 14-16 year- olds 

indicated they had knowledge of what to do next to become an engineer. According to the 

report, this figure has remained constant over time. Findings from another study showed that 

82% of the students with more knowledge of engineering would consider an engineering 

career compared to 40% of those who did not report such level of knowledge in the discipline 

(Engineering UK, 2020b, p. 3). Furthermore, a previous study found that two groups of young 

people (aged 7-11 and 11-19) held lower positive views of engineering [50%] compared to 

technology [68%] and science [63%] (Engineering UK, 2019, p. 16). These findings indicate 

that improving knowledge of engineering might drive young people’s career choice in 

engineering. Hence, bearing in mind the previously highlighted HESA (2021b) data (see 2.2.2), 

it can be deduced that young people’s level of understanding of a discipline, if significant or 

limited, might lead respectively to a positive perception and possibly, career consideration or 

attrition from the discipline.  

A different perspective derives from young people’s perceived alignment of their career 

interests and personal identities with engineering. Some studies suggest that this is a major 

determining factor for students’ choice or attrition from a discipline, especially in engineering 

(Cruz and Kellam, 2018; Moote et al., 2021). For instance, some researchers claim that young 

people enter engineering due to their perception that the discipline aligns with their maths 

and science skills (Pantoya et al., 2015); affinity with toy-making and objects (Diekman et al., 

2017; Patrick et al., 2021) and solving societal problems (Boucher et al., 2017; Silbey, 2016). 

For this reason, students are motivated to pursue engineering, since they believe it provides 

an avenue to develop such interests and skills. Nevertheless, Lucas and Hanson (2016) argue 

that although students enter engineering with a positive perception, they are likely to 

withdraw from the subject when they realise there are fewer opportunities that align with 

these interests. This could mean that merely having a positive perception before and after 

entering engineering does not guarantee enrolment and persistence in the discipline. Hence, 

young people’s negative perception and a mismatch between their career interests and the 

prevailing practice in engineering can serve as barriers to their engagement. Likewise, a 

positive perception and the interest versus prevailing practice mismatch might also repel 
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them from the discipline. This means that whether they have a positive or negative perception 

of engineering, when they realise that there is a mismatch between their career interests and 

the prevailing practice in engineering, it is likely to serve as barriers to their engagement, thus 

repelling them from the discipline. Therefore, highlighting the breadth of the opportunities 

and activities performed by engineers that particularly align with young people’s career 

interests might lead them to associate a perceived engineering identity with their personal 

identity and interests. 

Another most recently cited factor is the presence or absence of science capital. Drawing 

on the science capital definition (2.3), the concept has been used by an emerging body of 

research to explain and understand why some people engage in science (drivers) and others 

have no interest in the subject (barriers) (Archer et al., 2020, 2015; Godec et al., 2017; Moote 

et al., 2021). These studies have demonstrated that the amount and type of a person’s science 

capital will likely determine whether they pursue a science degree and/or are confident about 

their science abilities, and vice versa. For instance, Archer et al. (2020, p. 7) showed that 80% 

of students who had ‘never’ aspired to science had ‘low’ science capital. On the other hand, 

83% of those who had ‘high’ science capital, continued with the subject post-18. Further 

findings from this study provided more evidence that explains the relationship between the 

science capital concept and students’ choice or attrition from engineering. The study revealed 

that among A- level science students, those studying physics were significantly more likely to 

express interest in engineering. Conversely, aspirations to study engineering were lowest 

among biology students (p. 28). 

To clarify these findings, Moote et al. (2021) claim that dominant masculine associations 

can explain the relationship between high science capital in engineering and physics 

aspirations of young boys. Likewise, Cooper and Berry (2020) argue that compared with boys, 

the overrepresentation of girls in biology can be traceable to the caring and nurturing subject 

traits that appeal to them. Hence, it is evident from Archer et al. (2020) and Cooper and Berry 

(2020) that low aspirations to study engineering among biology students, who are mostly 

women, partly indicate that the girls possess low science capital, hence affecting their 

aspirations and interest in the profession. Therefore, drawing from the science capital 

definition, girls’ low science capital serves as a barrier to their choice and interest in 

engineering. 

This evidence of drivers and barriers to young people’s progression in an engineering 

study and career indicates that the perception of the utility of engineering and its wider 

outcomes, either positive or negative, including the level of science capital, might determine 

whether an individual is attracted or repelled from engineering. However, it remains unclear 

whether wider inequalities such as gender may affect this relationship. Some studies have 

questioned whether gender or other variables provide a better explanation to the low 

participation pattern in engineering (2.4.1) and a stronger role in engineering aspirations and 

interests, especially for women (Archer et al., 2020, p. 8; Moote et al., 2021). 

Consequently, the role of gender and other factors in influencing women’s choice in 

engineering is examined in the next section. This will build the understanding of these factors. 



17 

 

2.4 Engineering and Gender 

Gender has been defined as “the fact of being male or female, especially when considered 

with reference to social and cultural differences,” rather than biological differences (Oxford 

Advanced Learner’s Dictionary, n.d). In the past, this position has been substantiated by 

scholars who have approached the study of gender from the perspective of differences 

inherent in men and women (Hyde, 2005; Keller and Scharff‐Goldhaber, 1998). This approach 

may also relate to the widespread classification of gender differences based on men or 

women roles or patterns of behaviour in society or individuals’ perception of themselves 

(Torgrimson and Minson, 2005, pp. 785–786; WHO, n.d).  

Some of these seminal studies suggest that these gender differences might explain the 

career choices of men and women (Keller and Scharff‐Goldhaber, 1998). For example, it is 

believed that men possess attributes such as objectivity, rationality and mental strength as 

opposed to women, who are perceived as being subjective, nature inclined, mentally weak 

and mostly relying on emotions (Keller and Scharff‐Goldhaber, 1998). As these perceptions 

and narrative continue to thrive, women seem to have aligned with such patterns, as evident 

in their low participation in disciplines long associated with being traditionally male such as 

engineering. As a result, women’s underrepresentation in engineering fields, which 

emphasize objectivity and rationality, has been viewed as a consequence of the differences 

between both genders (Charlesworth and Banaji, 2019; Makarova et al., 2019).  

More recently though, following the advancement and participation of women in science 

fields such as subjects related to medicine, with 79% women representation [233,810 out of 

a total number of 295,520 students](HESA, 2021b), such gender-stereotypical perceptions of 

women have become outdated in these non-engineering fields. The argument therefore 

shifted from gender differences, including women’s capacity to succeed in these fields, to the 

cost of gender inequality (Charlesworth and Banaji, 2019). Nevertheless, the persistent 

underrepresentation of women in engineering (2.4.1) seems to have reinforced the argument 

that factors such as gender differences in the perception, appeal and likelihood of pursuing a 

career in engineering, and affinity towards certain concepts, may be the main driver of choice 

and representation in the discipline (Archer et al., 2020; Boucher et al., 2017; Makarova et 

al., 2019; Moote et al., 2021).  

However, other scholars suggested that additional factors such as culture (Cheryan et al., 

2015; Hui and Lent, 2018), role models (González-Pérez et al., 2020) and parental/family 

support (Busari et al., 2016; Lloyd et al., 2018) may explain the low women participation 

problem in engineering as well as the reasons for women and men’s choice and attrition from 

the discipline.  

Therefore, discussions on both gender versus other drivers for choice of engineering, will 

be presented next. First, gender differences in representation and engagement in engineering 

as a higher education course of study and career, are reviewed to identify the extent of 

disparity in the discipline. Then gender versus other drivers for women’s choice of engineering 

are evaluated to identify the factors that appeal to women’s interest and influence their 
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decision to choose the discipline. While the focus of this research is on women, the reasons 

for men’s choice of engineering are also examined to clarify differences in the factors that 

drive both genders.  

  Gender differences in Engineering Higher Education and Industry: UK 

and Nigeria 

Since women in Higher Education (HE) and industry represent the demographic population in 

this thesis, differences in gender representation in Engineering at both levels are examined. 

In the UK, although Eurostat (2020a) data show that there are more women (57%) than 

men (43%) at the tertiary education level, a lower proportion of women, studies engineering 

compared to men. The data showed that across all tertiary disciplines, there are more student 

representations in Business administration and law (BAL), Arts and Humanities (AH) and Social 

Sciences (SS). However, as indicated in Figure 2.1, it was surprising to find that women were 

overrepresented in these largely populated disciplines, in the following order:  AH (64%), SS 

(63%), BAL (55%) (Eurostat, 2020b). This means that most women at UK tertiary level are 

studying subjects other than engineering. 

 

 

  Figure 2.1: Gender differences at tertiary education level in the UK (Eurostat, 2021) 

 

A similar trend can be seen in the HESA (2021b) data, where women represented only 

approximately 19% of HE student enrolments in engineering and technology. Likewise, at 

professional level, although the UK workforce consists of 47% women in 2020, only 10.4% of 

engineering professionals are women (Engineering UK, 2018; WISE, 2021). The WISE (2021) 

data in Figure 2.2 reveal that while the proportion of women engineers in the workforce 

increased from 6% in 2010 to 10.4% in 2020, the progression rate has remained low and static 

since 2018. Hence, the data of women participation in engineering from HE to industry 

confirm the leaky pipeline theory, which describes the scenario where women drop-out at 

different stages from college to career level as a result of unintentional but cumulative effects 
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of many factors (Blickenstaff, 2005; Powell et al., 2006). This scenario indicates that in the UK, 

more women than men are not progressing towards engineering careers following HE study. 

 

 

Figure 2.2: Trend of Women Engineering Professionals in the UK (WISE, 2020) 

 

Similarly, in Nigeria, while concrete data on gender differences in HE is largely 

unavailable, Adamma (2017) observes that women enrolment in tertiary institutions is low 

compared to men. For instance, unlike the UK, the NBS (2017) data show that more men 

(56%) enrolled in Nigeria tertiary institutions, compared to women (43%) for two consecutive 

years (2013 and 2014). Additionally, of all the disciplines in the country’s tertiary institutions, 

Education and a combination of Engineering/Technology and Environment (ETE) as a single 

course recorded the largest enrolment of students in 2015 (NBS, 2017, p. 180). Figure 2.3 

shows that in these largely populated disciplines, women were over-represented in education 

(52%), whereas men were over-represented in ETE (84%). Gender disparity was also seen in 

two other highly populated disciplines such as ‘Engineering only’ and ‘Medicine,’ with men 

overrepresented in the former (82%) and women in the latter (52%). Likewise, at the 

professional level, out of the total number of registered engineers in Nigeria, only 6% (4,787) 

are women engineers, whereas 93% are males (66,782) (Nigerian Society of Engineering 

[NSE], (n.d.).  
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Figure 2.3: Gender differences at tertiary education level in Nigeria (NBS, 2017) 

 

Similar to the UK, Abdullahi et al. (2019) observe that in Nigeria, women opt for service-

related sectors and non-engineering fields, which then influences their progression in areas 

such as economics, literature, finance and banking and medicine. For instance, it was reported 

that women in Nigeria constitute “2.4% of architects, 3.5% of quantity surveyors, and 33.3% 

of paediatricians” (Okorafor et al., 2015, p. 3). While Nigerian data is limited and may be 

subject to several omissions and biases that might reduce their accuracy (Ohiri et al., 2016), 

some scholars argue that significant challenges of women’s enrolment in engineering persist 

in the country (Abdullahi et al., 2019; Mukhwana et al., 2020).  

Additionally, while this section is focused on data of engineering participation in Nigeria 

and the UK, a glance at the representation of students in engineering globally indicates the 

same men overrepresentation scenario as observed in Nigeria and the UK. For instance, the 

Eurostat (2020a) data show that the ratio of men to women engineering graduates in the 

region is approximately 11:4. In the United States only about 21.9% of engineering graduates 

are women (Roy, 2019). Although the actual proportion of women as shown in these data 

cannot be ascertained owing to the classification of engineering with other disciplines such 

as construction, technology, environment and manufacturing, the fact remains that women 

are significantly overrepresented in these largely populated disciplines.  

These data indicate that both Nigeria and the UK are facing the same problem of women’s 

underrepresentation in engineering, at the HE and level, as Europe and the United States. 

Additionally, it is evident that men were significantly overrepresented in engineering-related 

disciplines, whereas women were only marginally overrepresented in the disciplines where 

they dominate. Hence, this reveals the depth of gender differences in the choice and 

engagement in engineering as well as a persistent masculinity perception associated with the 

image of the discipline. Additionally, both countries’ data indicate that girls’ interest and 

56

48

84 82

48
43

52

16 18

52

0

10

20

30

40

50

60

70

80

90

Total gender
representation at

tertiary level

Education Engineering
Technology &
Environment

Engineering Only Medicine

P
er

ce
n

ta
ge

Men Women



21 

 

choice of discipline and careers tends towards healthcare and humanities. Furthermore, it is 

important to note how gender differences widen from higher education to professional level. 

For instance, both countries’ data as shown in Figure 2.4 reveal that the number of women 

who progress into an engineering career is lower than those who choose to study engineering 

in HE. 

 

 

 

Figure 2.4: The number of female engineering students versus female engineering professionals (HESA, 2021; 
WISE, 2020; NBS 2017; NSE, n.d.) 

 

This scenario highlights the need to investigate beyond the factors that inform gender 

representation differences in the discipline, to the factors that inform the decision of the few 

women practising engineering (Longe and Ouahada, 2019). Most studies on gender diversity 

in engineering have focused on understanding the factors that repel women from the 

profession (Fouad et al., 2017; Hunt, 2016; Salas-Morera et al., 2021; Silbey, 2016), and some 

on the attraction factors (Boston and Cimpian, 2018; Boucher et al., 2017). However, no 

known study has examined how the themes that appeal to the few women in engineering 

influence their career decision. It is suggested here that this understanding could identify 

diverse ways to make engineering more attractive to women, which is in line with the focus 

of this research. Hence, the factors or reasons that influence women’s choice of engineering 

will be examined next. 

  Engineering Career Choice: Gender versus Other drivers 

In this section, the reasons for women and men’s choice of engineering as a career are 

examined to identify distinguishing factors, with particular interest in the drivers for women’s 

choice of engineering. Both gender and other drivers are reviewed to provide a better 

understanding of the factors that mostly appeal to women’s interest and influence their 

decision to choose engineering.  
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2.4.2.1 Engineering Career Choice: Other drivers 

Some scholars have suggested that factors such as culture, role models, or parental/family 

influence and support are instrumental to participation, representation and choice of 

engineering (Engineering UK, 2018; González-Pérez et al., 2020; Hui and Lent, 2018; Koçak et 

al., 2021). Each of these drivers are reviewed and discussed accordingly. 

 

Culture: 

Culture has been regarded as one factor that determines choice of a discipline, including 

engineering (Cheryan et al., 2015; Hui and Lent, 2018; Okorafor et al., 2015). Both cultural 

beliefs and socialization processes tend to conform men and women to certain norms 

(Okorafor et al., 2015). For instance, cultural beliefs in Nigeria constrain women to stay at 

home and take care of the family in addition to the pressure to marry early and start a family, 

whereas men are encouraged to go out and work (Enfield, 2019). Likewise, women are mostly 

encouraged to stay indoors to avoid explorative and risky activities, whereas men are 

encouraged to be assertive and challenge their mental powers by taking on more challenging 

tasks (Okorafor et al., 2015). As a result, women are faced with constant conflict between 

these expectations and any engineering aspirations, hence undermining their choice of the 

discipline. Conversely, these underlying cultural beliefs support men to consider a career such 

as engineering, hence their overrepresentation in the discipline (Hui and Lent, 2018). 

 

Role Models: 

In addition to culture, it has been suggested that role models might influence choice of 

engineering. Although González-Pérez et al. (2020) assert that both men and women’s 

aspirations and choice can be influenced by role models, Silbey (2016) argues otherwise. The 

study found that women are more likely to develop the need to affirm and reaffirm their 

ability from role models than men who show no need for such reaffirmation and to doubt 

their ability. It has also been observed that aspiring women engineers identify with women 

role models whose successful achievements in a discipline such as engineering seem to 

validate their ability to follow the same path (Dasgupta and Stout, 2014). However, women 

engineers underrepresentation in the profession makes it difficult for them to obtain such 

encouragement from role models (González-Pérez et al., 2020). 

Contrarily, Blickenstaff’s (2005) seminal study argues that efforts to increase the number 

of women engineering role models might not attract more girls to the profession. The author 

suggests that although their successful careers might be appealing to some girls, their 

personal family and future life achievement such as having children may not be a desirable 

choice for young people to make. This perspective which depicts a scenario where successful 

women engineers and role models are unable to balance family and career, is likely to make 

engineering unattractive to girls in a country such as Nigeria, owing to the country’s 

preference for strong family values and achievements. As a result, and in addition to the 
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underrepresentation of women in engineering, the influence of role models in attracting 

women to engineering is largely uncertain (González-Pérez et al., 2020). 

 

Family and Parents: 

Thirdly, several studies point to the role of key influencers such as families and parents in 

a person’s career choice (Busari et al., 2016; Engineering UK, 2018; Lloyd et al., 2018). The 

critical nature of this role derives from the observation that parents are early socializers of 

children’s academic and career interests (Dasgupta and Stout, 2014). Likewise, it has been 

found that female students’ choice of engineering was supported by their parents’ help in 

completing STEM-based assignments and having positive role models among their relatives 

(Busari et al., 2016, p. 4724). However, this is surprising since other reports show that parents 

are more likely to dissuade their daughters from studying engineering (Longe & Ouahada, 

2019). 

According to Busari et al. (2016), a possible explanation for the increased interest of 

parents in girls’ choice of engineering is due to the high level of unemployment in most highly 

sought-after service-related sectors, hence prompting them to direct the girls towards STEM 

courses perceived to be less in demand. Therefore, the role of parents in shaping 

expectations, self-belief and providing guidance remains a valuable support for both boys’ 

and girls’ choice of a discipline, including engineering (Koçak et al., 2021; Sagala et al., 2019). 

However, it should be noted that the extent of the impact of this support in largely influencing 

women’s choice of engineering is not certain. For instance, the Engineering UK (2018, p. 15) 

study found that out of the parents surveyed, only 31% indicated knowledge about what 

engineers do and 36% were reported to have confidence in giving career advice about 

engineering.  

This reflects parents’ limited ability in supporting girls to make informed decisions to enrol 

in engineering. Parents’ lack of information of what engineering entails, including the 

available pathways and opportunities in the profession, might distort perceptions and 

attitudes that will rather hinder girls from pursuing an engineering career. Consequently, 

what could be of paramount importance is to demystify the engineering profession by 

illustrating what engineers do through the different pathways and diverse opportunities 

available in an engineering career for girls. This might allow the wider network of key 

influencers, especially parents, to help them make an informed decision of an engineering 

career choice. 

However, the literature on the drivers for choice of engineering such as culture and the 

role model effect, suggest that these factors have limited influence on women’s choice of 

engineering. This observation is supported by the fact that women have access to fewer role 

models who are practising engineers and are mostly faced with cultural expectations and 

inhibitions that deter them from the discipline (González-Pérez et al., 2020; Hui and Lent, 

2018; Okorafor et al., 2015). Hence, other factors related to gender are examined to provide 

a comprehensive understanding of the factors that mostly drive women’s interest in 

engineering in the next section.  
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2.4.2.2 Engineering Career Choice: Gender- drivers 

The most cited gendered reasons for choice of engineering include differences in perception, 

appeal and likelihood of pursuing a career in engineering, perceived ability and personal 

capabilities in the subjects required to enrol in the discipline, the type of exposure and access 

to engineering information. These are in addition to future aspirations and outcome 

expectations (Boucher et al., 2017; Diekman et al., 2017; Engineering UK, 2020b; Mukhwana 

et al., 2020; Roberts et al., 2018; Stewart-Williams and Halsey, 2021; Striolo et al., 2021). 

These factors are reviewed and discussed as follows. 

 

Gender differences in perception, appeal and likelihood of a career choice: 

This is one of the most cited reasons for gender differences in the choice of an engineering 

career in Nigeria and the UK (Abdullahi et al., 2019; Engineering UK, 2020b; Striolo et al., 

2021). For instance, it was observed in Nigeria that although men and women perceive 

engineering courses as relevant based on their families’ recommendation, only a few girls 

compared to boys enrolled in engineering at tertiary education level (Barnard et al., 2012, p. 

200; NBS 2017). Likewise, both men and women were reported to differ in how they perceive 

engineering. Men are reported to perceive the discipline as less difficult, whereas women as 

too difficult, resulting in their low selection of such related courses (Abdullahi et al., 2019, p. 

5). This is an indication that although girls in Nigeria are inspired by family members to 

consider a career in engineering, such negative perception of the difficulty associated with 

the discipline can affect their decision to enrol in engineering. 

Similarly, in the UK male students find engineering more appealing compared to females 

(Striolo et al. (2021, p. 14). For example, according to findings from Engineering UK (2020b, 

p. 7), while only 33% of girls reported engineering as an appealing career, 61% of males did. 

Conversely, among the five career options surveyed in the study (engineering, business, 

technology, healthcare and science), after science (55%), healthcare was the second most 

appealing to females (54%) than males (38%). Additional findings were indicative of gender 

differences in the likelihood to choose a career in engineering. For example, 24% of girls were 

reported to less likely choose an engineering career compared to 44% of males.  

Amongst all five career options, girls were less likely to choose any of the options, except 

healthcare, where 43% reported their likelihood to choose the discipline (p.8). These findings 

support the data, which showed that girls’ choice of discipline and career gravitate more 

towards healthcare and humanities whereas, boys are more inclined to choose engineering 

(2.4.1). Additionally, it is evident from these studies that girls’ preference for these disciplines 

other than engineering is due to the fact that they find them more appealing. One possible 

explanation for this can be linked back to their negative perception of engineering as “too 

difficult” (as discussed earlier) or mainly for ‘’fixing things’’ (2.2.1). 
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Gender differences in the type of exposure and access to Engineering information: 

Another factor that drives individuals’ choices of an engineering career has been 

identified as access to correct and strategic information about the discipline (Roberts et al., 

2018; Sagala et al., 2019). Poor access to information about engineering, while affecting both 

men and women’s choice of engineering (Engineering UK, 2020b), is more evident for women 

(Roberts et al., 2018). For example, studies have found that the type of information exposed 

to girls, including science representations in routine media, in-depth gender-based shows and 

the type of toys bought for them, have significant impact in either improving or affecting their 

self-confidence, self-esteem, and aspirations in engineering (Engineering UK, 2020b; Sagala 

et al., 2019).  

Mozahem et al. (2019) claim that such exposure to advanced multimedia such as TV 

shows and social media, have increased access to relevant information for girls and inspired 

their interest in engineering. However, findings from the Engineering UK (2020b) study 

contradict this assertion. They suggest that there is no significant difference in the type of 

information required by boys and girls, and therefore a generic information that will help both 

genders in their choices is sufficient.  

Nevertheless, Imasogie et al. (2018, p. 4) argue that such an approach is instrumental for 

perpetuating the masculinity perception associated with engineering models, leading to boys 

being exposed to engineering model-like toys and girls to dolls, hence resulting in their 

different career choices. This means that a targeted information suited to girls’ interest is 

required to increase the likelihood of their decision to choose engineering as a course of study 

and career. 

 

Gender differences in perceived ability and personal capability: 

Thirdly, most scholars agree that another reason for choice of an engineering career is 

the individual’s perceived ability and personal capabilities in the subjects required to enrol in 

the discipline (Engineering UK, 2020a, 2018; Mukhwana et al., 2020; Reys-Nickel and Lasonen, 

2018). Moreover, and logically so, the subject choices of male and female students at 

secondary education level are critical to their subsequent representation in different 

disciplines, including engineering (Engineering UK, 2018; Madara and Namango, 2016). 

Hence, reflecting the importance of the choice of secondary level subjects in determining the 

career path in HE level. In the UK, most engineering courses at undergraduate level require 

A- level mathematics and physics (Engineering UK, 2018). A similar scenario also exists in the 

Nigerian education system, where high-level JAMB UTME scores in physics, maths and 

chemistry are required to enrol in an engineering course (Iyeke and Bello, 2019, p. 26). 

However, while mathematics is compulsory in both countries, other science subjects are 

optional and based on student preference especially in Nigeria (Engineering UK, 2018; Iyeke 

& Bello, 2019). Hence, this scenario indicates that only students with capabilities and 

preference for these non-compulsory STEM subjects that qualify them to enrol in engineering, 

are likely to populate these disciplines. 
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Yet, the Engineering UK (2020a, p. 47) data show that although the few girls that choose 

these non-compulsory STEM subjects outperform boys in almost all the subjects at GCSE level, 

the gender participation gap in these STEM disciplines widens at A-level, calling for further 

studies into the reason for this contradiction in the data. The Engineering UK data further 

highlighted that a higher proportion of girls achieved an A*–C grade compared to boys in all 

selected STEM subjects with exception to the equal attainment recorded in physics and boys’ 

marginally better performance in mathematics. The attainment gap was mostly obvious in 

engineering and design and technology where 66% of girls (compared to 42% of boys) and 

73% of girls (compared to 54% of boys), respectively, achieved an A*–C grade. Hence, it was 

surprising to find that some scholars insist that the low number of girls who enrol in 

engineering are actually partly attributed to their incapability in these subjects (Mukhwana 

et al., 2020; Reys-Nickel and Lasonen, 2018). On the other hand, men were reported to be 

motivated to enrol in engineering due to their capabilities in maths and science (Silbey, 2016, 

p.3). Nevertheless, this is contestable as the Engineering UK data cited above shows 

otherwise. 

However, even though girls are equally represented in engineering based on their proven 

abilities in the subjects that qualify them to enrol in engineering, studies have posed the 

question of whether such maths and science capability can sustain their interest in 

engineering and make them immune to negative stereotypes (Boston and Cimpian, 2018; 

Casad and Bryant, 2016; Schmader et al., 2008). Boston and Cimpian (2018) argue that 

intellectually capable and gifted girls from stereotyped groups are more likely to be affected 

by biased suggestions and perceptions of their inability. This could limit their engagement and 

aspirations in the discipline (Casad & Bryant, 2016). Owing to these stereotypical perceptions, 

women’s confidence in their personal abilities as a sole factor might not sustain their choice 

and engagement in engineering. 

 

Gender differences in future aspirations, interests and outcome expectations: 

Consequently, other studies have focused on understanding choice of engineering 

through the lens of gender differences in future aspirations and interests, outcome 

expectation and occupation relevant interests (Boucher et al., 2017; Clark et al., 2016; 

Diekman et al., 2017; Stewart-Williams & Halsey, 2021). Some of these studies highlight the 

need for the engineering discipline to improve participation by emphasizing individuals’ 

desire for societal impact (Boucher et al., 2017; Silbey, 2016). Additionally, they support the 

assertion that women are more likely than men to be interested in disciplines that are socially 

conscious, thus perceptions of the mismatch between engineering and societal impact goals 

might further deter them from the discipline.  

Although Boston and Cimpian (2018) argue that there is no significant difference between 

men and women’s societal-impact motivation to engage in engineering, a recent study on 

gender differences in STEM related courses revealed that interest in people versus things such 

as machines and objects represented the largest gender difference in occupation-relevant 

interests (Stewart-Williams & Halsey, 2021). The findings showed that more men 
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demonstrate stronger interests in objects, whereas women are more interested in people. 

These findings possibly provide an explanation to the reasons why men and women gravitate 

towards disciplines that typically portray their interest (Diekman et al., 2017; Yang and Barth, 

2015). 

Moreover, it has been shown that women’s interest and positivity towards engineering 

increased as a result of projecting the discipline as a job that helps solve people’s problem 

(Clark et al., 2016). Likewise, the Engineering UK (2020b, p. 12) identified social and economic 

factors as critical to career choice in recent times. For instance, it is apparent from the study 

that challenges brought about by issues such as the pandemic prompted women to 

participate in career choices such as healthcare, which would help them address such issues. 

However, the report further revealed that such motivation to help people and society did not 

translate into more women choosing an engineering career, possibly due to their lack of 

awareness of engineering roles in addressing such issues. Contrarily, in Nigeria, it was 

observed that social issues are compelling drivers for more enrolment in engineering career 

choices (Abioye et al., 2019, p. 2). While the Nigerian government strives to undertake most 

initiatives to address such social issues, the key point to note from Abioye et al.’s (2019) study 

is that most women believe they have to be part of the solution to the global challenges, 

which can be attained through engineering. Hence, these studies suggest that women are 

particularly likely to choose engineering when they are exposed to experiences associated 

with a deeper purpose that is linked to their interest in the discipline (Harackiewicz et al., 

2016). 

Following such ideas and concepts, while the role of societal impact themes in influencing 

women’s choice of engineering has been given some coverage in literature, little is known 

about their association with sustainable development (SD) themes and the influence of such 

themes on women’s choice of engineering. Therefore, in the next section, the link between 

SD themes and women’s attraction to engineering as a career choice is examined and 

critiqued within the context of the three SD pillars, namely economic, environmental, and 

social, which is the core focus of this research.  

2.5  Sustainability, Sustainable Development themes and Engineering 

Career choice  

Studies have suggested that highlighting themes related to the social relevance of 

engineering, such as helping people and societal impact, could influence engineering career 

choice (Boucher et al., 2017; Diekman et al., 2017; Silbey, 2016), in addition to making the 

discipline attractive to underrepresented groups, including women (Clark et al., 2016). While 

most of these scholars regarded such themes as related to ‘sustainability,’ others expressly 

grouped them under ‘sustainable development,’ drawing a difference between the uses of 

both terms (UNESCO, n.d).  
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This section will therefore first evaluate the concepts of sustainability and sustainable 

development (SD) to distinguish between both concepts and clarify the use of the former 

within the context of this research. Next, the relevance of the relationship between the three 

pillars of SD themes (social, environmental and economic) and the engineering profession is 

examined. Finally, a critique of the influence of these three pillars on women and men’s 

choice of engineering is conducted. This review would contribute to the development of a 

conceptual framework to analyse the influence of the three pillars of SD themes on women’s 

choice of engineering. 

  Sustainability and Sustainable Development  

Sustainability as a concept dates from the 18th century when its meaning was concerned with 

preserving natural resources such as forestry and agricultural produce for the future 

(Wiersum, 1995; Wilderer, 2007). These concerns were later captured in the Limits to Growth 

report, which simply described sustainability as “constraining human activity from exceeding 

the capacities of the earth” (Honée, 2018, p. 17). More recently, the term sustainability has 

been overused and assigned various definitions ranging from specific ones to generalizations 

such as “the capacity to maintain well-being over a long period” (Kuhlman and Farrington, 

2010, p. 3441).  

On the other hand, in what has become a widely accepted definition, SD is defined by the 

UN World Commission on Environment and Development, better known as the Brundtland 

Commission after its chairperson, as the “development that meets the needs of the present 

without compromising the ability of future generations to meet their own needs” (UNESCO, 

n.d, para. 1). Brundtland’s definition of SD has received widespread recognition, although, 

certain scholars argue that it is vague and leads to confusion (De Paiva Duarte, 2015; 

Pesqueux, 2009).  

This ambiguity surrounding the SD and sustainability concepts is also reflected in the 

utilization of both interchangeably (Robinson, 2004, p. 370). Robinson suggested that the 

former terminology is mostly adopted by ‘government and private sector,’ whereas, 

‘academics and NGO sources’ are more inclined to adopt the latter, although in similar 

contexts. This is likely because both definitions hold similar connotations in the sense that 

development cannot be effective if it is not sustainable or have the capacity to endure over 

time, which is a key theme in the definition of both terms. Despite this ambiguity, both 

definitions were clarified by UNESCO (n.d, para. 3):  

“Sustainability is thought of as a long-term goal (i.e., a more sustainable world), while 

sustainable development refers to the many processes and pathways to achieve it,” 

such as sustainable production and consumption, equal access to clean water and 

healthcare, waste management, taking action to combat climate change and other UN 

SDGs.  

Hence, from this point onward the term sustainability will be regarded as the ‘target’ or 

‘goal’ and sustainable development as the ‘process.’ For instance, this research refers to SD 
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processes and themes such as healthcare, waste management and climate change as the 

pathways to achieve the target of social, economic and environmental sustainability. Thus, 

these SD processes referred to in UNESCO’s (n.d) definition are regarded as SD themes or 

topics in this research.  A similar perspective is reflected in Stopper et al. (2016), who 

observed that an integrated model of themes or challenges associated with the social, 

environmental and economic aspects also known as the three pillars of SD would need to be 

addressed to achieve long term sustainability goals and targets i.e. a more sustainable world. 

This thesis adopts the views of Stopper et al. (2016) and as such uses the term ‘sustainable 

development (SD) themes’ to conceptualize this research. Having clarified and contextualized 

SD and sustainability, it becomes imperative to understand the relevance of these three pillars 

of SD themes in engineering, especially the link to engineers’ roles in SD including their 

influence on career choices in engineering. This forms the focus of the next section. 

  The three pillars of SD themes associated with engineering roles in 

sustainable development 

While Stopper et al.’s (2016) argument is the dominant view with regards to engineering, as 

seen in notable seminal studies (Strange and Bayley, 2008; United Nations, 1997), Ashraf and 

Alanezi (2020) argue that the integration of the three pillars into a model to better explain SD 

creates negative consequences. Some of the most cited consequences include confusion, 

wrong perception and uncertainty about the relevance of SD in engineering curricula by 

students. For instance, some studies found that students’ perception of SD reflects its general 

and confusing definition including a narrow perception of engineers’ role in improving 

sustainability practices and SD (Ashraf and Alanezi, 2020; Wilson, 2019; Wilson et al., 2015).  

Consequently, this poor understanding of the relevance of SD in engineering resulted in 

some students’ aversion to the introduction of SD themes/topics in the curriculum. This may 

be due to the students’ misconception of the relationship between the technical aspects of 

engineering and sustainability, and the perception that such topics do not appeal to their 

professional interests (Ashraf and Alanezi, 2020; Wilson, 2019; Wilson et al., 2015). Despite 

this, there is widespread agreement that demonstrating the societal relevance of engineering, 

particularly in association with the related challenges and threats that engineers are known 

to solve, increased the interest of certain group of students, such as females (Boucher et al., 

2017; Shealy et al., 2016; Stout et al., 2016). 

This becomes critical as complex challenges in the world such as climate change, 

deforestation, poverty, hunger and loss of biodiversity have led to calls for engineering 

educators in particular to produce more individuals who are knowledgeable and skilled in 

providing sustainable solutions to these problems (Sánchez-Carracedo et al., 2019; Wilson, 

2019). In view of this, the UN implemented certain strategies such as the Millennium 

Development Goals (MDGs) in 2000, which developed into the 2030 Agenda for SD. The 2030 

agenda comprises a set of 17 objectives (see Figure 2.5) also known as Sustainable 

Development Goals (SDGs), which reflects a global concern for these challenges and 
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commitment to SD (United Nations, 2015). Likewise, the UN General Assembly [UNGA] 

approved a global indicator framework constituting 231 indicators to measure compliance 

and deliver the 17 SDGs (Department of Economic and Social Affairs [DESA], 2001, pp. 13–

16). Table 2.1 identifies some of these SD indicators within the themes approved by United 

Nations General Assembly [UNGA]. 

 

 

Figure 2.5: 17 UN SDGs (United Nations, n.d) 

 

Some scholars have suggested that since some of these SDGs and challenges, including some 

indicators, cut across the three SD pillars and align with engineers’ role of solving these 

complex problems, they reflect engineers’ responsibility to society (Ashraf and Alanezi, 2020; 

Wilson, 2019; Wilson et al., 2015). For instance, Wilson (2019) argues that engineering’s 

intersection between society and scientific knowledge makes it critical for engineers to 

facilitate and lead SD in the 21st century. 

Moreover, Sánchez-Carracedo et al.’s (2019, p. 1) definition of sustainability science as 

“the interaction between nature and society,” connotes a similarity in the roles of both 

engineering and SD, hence supporting Wilson’s (2019) assertion. Furthermore, in support of 

the need to promote and enhance the SD role of engineers, a group of experts led by the 

National Academy of Engineering [NAE], including engineers and scientists defined the 14 

grand challenges of engineering, which included SD themes (Mote et al., 2016). To clarify the 

intersection between SD and NAE’s engineering challenges, Wilson (2019, p. 2) mapped both 

concepts. As shown in Figure 2.6, the study further demonstrated how the three pillars of SD 

are linked to engineering, especially the challenges that engineers are meant to solve (p. 2).  
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Table 2.1: UNGA approved SD indicators that cut across the three SD pillars (DESA 2001) 

Three SD main themes SD Indicators/ sub-themes 

Social  Equity-Population living below poverty 

line 

 Healthcare-mortality rate 

 Housing-living conditions 

 Population problems- growth rate 

Environment  Water quality-access to safe & available 

water 

 Climate change- Emissions of 

greenhouse gases 

 Biodiversity- % of protected area 

Economic  Material Consumption-Intensity of 

material use 

 Energy Use- Annual energy consumption 

per capita 

 Waste generation & management- 

Waste Recycling and Reuse 
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Figure 2.6: Intersection between sustainable development goals (SDGs) of Agenda 2030 and the National 
Academy of Engineering (NAE’s) grand challenges (Wilson, 2019) 

The engineering grand challenges incorporated SD themes across all three pillars such as the 

environmental pillar (#9 provide access to clean water, #13 develop carbon sequestration 

methods, #12 manage the nitrogen cycle); and social and economic pillars (#5 engineer better 

medicines, #7 improve urban infrastructure and #2 make solar energy economical), as 

illustrated by arrows in Figure 2.6. Additionally, since the 17 SDGS evolved from the three SD-

themed as adopted by 178 countries, the intersection between the SDGs and these three 

pillars is also evident (United Nations, 1997). For instance, some of the 17 SDGs are focused 

on the environment (#6 clean water and sanitation, #13 climate action, #14 life below water, 

#15 life on land) while others focus on the economic (#8 decent work and economic growth, 

#7 affordable and clean energy) and social (#5 gender equality, #13 good health & well-being).  

However, it can be observed from Figure 2.6 that this correlation between engineering 

challenges and the SDGs specifically reflects the challenges that engineers are meant to solve. 

No correlation was shown between engineering challenges and SDGs such as No poverty, zero 

hunger, gender equality and partnerships for the goals owing to the fact that engineers are 

not known to directly solve these. However, any list such as the NAE engineering challenges 

can be limited in scope, as evident in the non-existent connection between the engineering 
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challenges and SDG#11, sustainable cities and communities, which is a crucial aspect of 

engineering SD role.  

Nonetheless, the efforts of the UN and NAE in formulating the SDGs/indicators and the 

grand engineering challenges, respectively, have clarified the role of engineering in delivering 

SD across the three pillars and stimulated efforts in higher education aimed at defining how 

these themes are integrated in core engineering curricula and practices (Wilson, 2019; Wilson 

et al., 2015). For instance, Ashraf and Alanezi (2020) suggest that SD can only be regarded as 

incorporated in engineering if the social, environmental and economic factors are considered 

in the evaluation of designs of processes, products and services. The study further expanded 

this idea by illustrating the overlap of the three concepts such as minimizing resource 

consumption to enhance environmental protection, maximizing population health and 

achieving profits. Likewise, Wilson et al. (2015, p. 3) assert that such integration of all SD 

concepts/pillars in engineering emphasizes the provision of engineering solutions to complex 

challenges facing humanity such as “health, energy, the environment and people-centric 

systems,” hence focusing on solutions that matter most to people. 

Therefore, based on the engineers’ job description as defined earlier by the engineering 

grand challenges, which encompass all the SD themes, it is argued that engineering lies at the 

interface between science and society (Grimson and Roughneen, 2009; Mosyjowski, 2020). 

This statement reflects an understanding that engineering challenges do cover a wide 

spectrum. However, with reliance on lecture-based, content-heavy course contents, 

engineering seems to currently lean towards one end of this spectrum, interfacing more with 

science than society (Stains et al., 2018). Yet, Ashraf and Alanezi (2020) assert that with the 

rise of the SD challenges in the world, developing technical skills is no longer sufficient for 

engineers to meet the needs of society (p.3). Moreover, it has been observed that while 

scientific knowledge can solve technical problems, the real engineering challenges lie within 

the non-technical aspects, involving interfacing with society and considering the ‘people 

impact’ (Mosyjowski, 2020; Grimson & Roughneen, 2009).  

In addition to the emphasis on the technical aspects of engineering, the SD emphasis lies 

often on just one or two aspects. For instance, findings from Wilson and Roberts (2015) 

showed that a significant number of students that participated in the study held narrow views 

of SD being restricted to ecological or environmental impacts. Likewise, Klotz et al.’s (2014) 

study showed that the study participants were not familiar with the concept of SD but were 

only aware of environmental and social impact themes, underlining an earlier argument that 

people do not fully understand the concept of SD as the process of achieving sustainability 

through engineering. 

Hence, although some scholars have highlighted the role of engineering in contributing 

to delivering SD and the link between both concepts, students’ skewed understanding about 

the essence and relevance of this link is likely to generate serious implications. One is that 

career engineers are likely to produce largely unsustainable products (Wilson, 2019). 

Additionally, prospective students who have interests in such SD themes but do not 

understand the link with engineering tend to disassociate from the discipline (Mosyjowski, 
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2020). This situation has worsened recently as evident in girls’ preference for disciplines such 

as healthcare, which affords sustainability contribution roles rather than engineering 

(2.4.2.2). Thus, although the girls understand and indicate more preference to such topics, 

they do not necessarily link the process of achieving sustainability to the engineering 

profession. 

This situation therefore emphasizes the relevance of research into the link between the 

societal relevance of engineering as conceptualised by previous studies (2.5.3) and the three 

SD themes as proposed by this research. This understanding can unravel misconceptions of 

engineering students about SD and possibly attract students who possess interests in such 

themes. Moreover, Sánchez-Carracedo et al. (2019) suggest that clarifying the link between 

diverse SD areas such as renewable energies or waste pollution and engineering such as 

developing wind turbine and utilizing bio-degradable materials in a product can lead to 

expanding and inspiring the interests of engineering students including their commitment to 

other diverse critical challenges of engineering and SD. Indeed, some studies suggest that 

inclusion of SD topics increased the interest of some group of students, especially 

underrepresented groups in engineering (2.5.3). 

Therefore, an understanding of how an interplay of the three pillars of SD themes 

associated with engineering roles influences career choices in engineering, especially for 

underrepresented groups such as women, becomes important and therefore forms the focus 

of this research. However, to gain this understanding, there is a need to first examine and 

critique research into the SD themes that influence women’s choice of engineering in the next 

section. 

  Sustainability Drivers Influencing Women’s Choice of Engineering  

Engineering’s role in developing solutions to meet the rising needs of humanity and society 

calls for more engineers with the required skills, knowledge and interests (Ashraf and Alanezi, 

2020; Sánchez-Carracedo et al., 2019; Wilson, 2019). Thus, some studies have examined how 

students’ interests in addressing these societal needs can explain their choice of engineering 

(Boucher et al., 2017; Shealy et al., 2016; Stout et al., 2016). An emerging body of evidence 

suggest that general SD topics related to the societal relevance of engineering could make the 

discipline attractive to women (Bielefeldt, 2014; Diekman et al., 2017; Litchfield and 

Javernick-Will, 2015; Silbey, 2016).  

Therefore, this section focuses on reviewing the sustainable development–themed 

factors that influence women’s choice of engineering. More specifically, given that this study 

is conceptualised around engineering roles in SD associated with the three pillars, the 

influence of the social, environmental and economic SD themes on women’s choice of 

engineering is examined. The influence of these themes on men’s choice of engineering is 

also reviewed to assess the differences.  
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2.5.3.1 Social SD Themes and Women’s Choice of Engineering  

A wide range of literature argues that the societal relevance of engineering can potentially 

attract underrepresented groups including women, to the discipline (2.5.3). Thus, it is 

unsurprising to find some authors corroborating this position that women’s career choice in 

engineering is largely influenced by social SD topics (2.5). Findings from Godwin et al. (2016, 

p. 328) showed that “beliefs to change the world” were more predictive of women’s choice 

of engineering than their physics and maths identities, whereas the reverse was the case for 

men (p.328). Likewise, Silbey’s (2016) findings, which are consistent with other studies’ 

findings (Diekman et al., 2015; Stout et al., 2016), indicated that women are more interested 

in socially conscious engineering work than men. Silbey (2016, para. 6) further outlined social 

factors such as the desire to become “socially responsible engineers, working to solve major 

problems and making a difference in people’s lives,” as women’s drive to engage in 

engineering. 

Thus, it seems clear from such consistent findings that the desire to change the world and 

solve societal problems influences women’s choice of engineering. Godwin et al. (2016) 

further suggest that this factor could help them overcome negative stereotypical attitudes in 

the discipline during their study. However, among other barriers (2.3.1); the absence of these 

factors can also lead to women’s attrition from engineering, upon discovering that the 

profession do not meet their expectations of being socially responsible (Silbey, 2016; 

Litchfield & Javernick-Will, 2015). 

Another social sustainability factor that influences women’s choice of engineering is 

determined by careers that align and fulfil people’s goals of helping and collaborating with 

others (Boucher et al., 2017; Stout et al., 2016; Diekman et al., 2015). Such communal goal- 

congruity allows alignment between these goals and the opportunity to achieve those 

(Diekman et al., 2017). It was observed from these studies that while men are less driven by 

this factor, women tend to gravitate towards other fields that afford such goals, where 

engineering is perceived as not affording these. Diekman et al. (2017) further assert that 

women tend to choose jobs that afford them the opportunity to help others and work with 

people, whereas men prefer to work in isolation and with things. This perspective reflects the 

people-thing theory or orientation (PTO), which describes an individual’s preference for 

activities that involve interacting with people relative to impersonal tasks activities such as 

dealing with machines and things (Lubinski, 2000; Prediger, 1982; Su et al., 2009; Yang and 

Barth, 2015, p. 3). The central assumption of the PTO perspective states that women are more 

likely to gravitate towards people-oriented endeavours, whereas, men are more thing-

oriented (Graziano et al., 2012). 

In contrast, although these studies argue that men’s choice of engineering influenced by 

communal goals is lower than women, Boucher et al. (2017) rather suggests that men still 

report relatively high level of preference for communal goals and are also likely to be deterred 

from engineering where goal incongruity exist. Nevertheless, this idea mirrors a larger 
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distinction that is often made in engineering between women’s and men’s interest in people 

versus things (Stewart-Williams and Halsey, 2021; Yang and Barth, 2015), discussed in 2.4.2.2. 

Furthermore, Canney and Bielefeldt’s (2015) analysis of 1,000 valid recorded study 

responses indicated that female engineering students demonstrated more positive social 

responsibility attitudes than male students. Earlier studies also supported this finding. For 

example, it was shown that emphasizing the social benefits of engineering in their first year 

might help retain female students (Bielefeldt, 2014, p. 13). Additional data from the study 

showed that 30% of the female first year civil and environmental engineering students cited 

helping people and society as their motivation to choose to study engineering. Nevertheless, 

40% of these women left engineering upon discovering that the discipline did not suit their 

goals to help people. Similar findings were reported in Engineering UK (2020b, p. 12). They 

showed that having a positive impact on society has become a more important factor in the 

career choices of most young people who tend to choose a career in healthcare as opposed 

to engineering since the COVID19 pandemic. For this reason, gender differences in career 

choice have worsened, as only 12% of girls said they were more likely to choose a career in 

engineering (compared to 17% of boys), whereas, 29% indicated that they would choose 

healthcare (compared to 18% of boys). In a related study, Klotz, et al.’s (2014) findings pointed 

to more specific social SD topics that influence women’s choice of engineering, such as 

poverty and distribution of resources and opportunities for women and minorities. The 

authors found that women’s interest in these themes were significantly higher than men’s.  

The themes identified in these studies reflect the typical general definition of social 

sustainability as primarily focused on people and centralised around “improving social safety, 

health and well-being during a project’s life cycle” (Valdes-Vasquez and Klotz, 2011, p. 189). 

However, although the studies have provided ample evidence to show the influence of social 

SD topics on women’s choice of engineering, only general themes were mostly cited. Hence, 

this provides limited insights into the specific social SD themes that inform women’s choice 

of engineering, such as those that reflect the social themes embedded in the UN 17 SDGs 

(2.5.2) with exception to Klotz et al.’s (2014) study. 

This situation may mirror the tension between the technical versus the socially oriented 

aspects of engineering (Faulkner, 2007; Kant and Kerr, 2019; Mosyjowski, 2020), which may 

derive mostly from devaluing core social competencies compared to technical elements. As 

both aspects are mutually exclusive, achieving a balance where the social aspects are 

amplified as much as the technical aspects is likely to attract more participants to engineering. 

To this end, efforts to recruit women to engineering might benefit from focusing on technical 

factors such as enhancing maths and science identities including more emphasis on SD 

themes that reflect similar aspects that women desire to fulfil through engineering. This is 

likely to be more effective in attracting women to the profession (Litchfield & Javernick-Will, 

2015).  

This highlights the importance of this research, which seeks to identify the specific themes 

that cut across the three SD pillars and mostly appeal to women’s choice of engineering, to 

generate diverse ways of making the profession attractive to more women. However, to gain 
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a comprehensive understanding of the influence of these three SD aspects on women’s choice 

of engineering, it is important to also examine the influence of the other two aspects, 

environmental and economic sustainability.  

2.5.3.2  Environmental and Economic SD Themes and Women’s Choice of Engineering 

As discussed in 2.5.2, the environmental and economic SD themes reviewed in this thesis are 

related to the themes and challenges associated with engineers’ role in addressing SD, which 

can motivate women to engage in engineering. The environmental SD theme, which has been 

widely defined as “maintenance of natural capital” (Goodland, 1995, p. 10), includes sub-

themes such as Water quality, Climate change and Biodiversity. Economic themes comprises 

financial cost and benefits including practices that support long-term economic growth 

without negatively impacting social, environmental, and cultural aspects of the community 

(Spangenberg, 2005; University of Mary Washington, n.d., para. 1). They include Material 

Consumption, Energy use and Waste generation & management. 

However, few studies have examined the influence of environmental SD themes on 

women’s choice of engineering, with even fewer focusing on economic themes (Cerinsek et 

al., 2013; Klotz et al., 2014; Shealy et al., 2016). In their seminal paper on sustainability-related 

outcome expectations of students, Klotz et al. (2014) showed some significant gender 

differences within their engineering student population using descriptive statistics and 

correlational analysis method. The results indicated that women were less likely than men to 

be motivated by economic themes such as energy demand and supply in their choice of 

engineering. In this study, however, the SD themes that women reported as their drive to 

engage in engineering were rather social themes such as poverty and disease, not core 

environmental themes such as climate change and economic themes such as Responsible 

Consumption and Production, Economic Growth and Energy Use. Contrarily, in a different 

study, female students were shown to believe more in climate change than their male 

counterparts and expressed the desire to address these issues in addition to environmental 

degradation in their future career as engineers (Shealy et al., 2016). These contradictory 

findings are likely to be the result of the different SD themes that both study participants were 

exposed to and familiar with as suggested by Wilson, et al. (2015). They could also be 

attributed to the lack of clarity in the understanding of the SD themes and their relation to 

engineering challenges, which may be country specific. 

Additionally, while much focus has been given to environmental and economic 

sustainability compared to the social aspect of engineering (Björnberg et al., 2015; Valdes-

Vasquez and Klotz, 2011), few studies have examined the influence of these 2 mostly 

emphasised environmental  and economic SD topics on women’s choice of engineering (Klotz 

et al., 2014; Cerinsek et al., 2013). This may be a result of the lack of attention and 

unfamiliarity with the interrelatedness of the three aspects of SD themes in addition to the 

misunderstanding around the differences between the themes (Dalampira & Nastis, 2019). 

For instance, Klotz, et al. (2014) found that although students were unfamiliar with the SD 
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terminology, they were conversant with specific environmental SD issues such as climate 

change, water pollution and social issues such as poverty and disease. It was also observed 

that although the study was focused on examining students’ understanding of SD topics, no 

economic SD theme was mentioned as a tangible issue of interest to the students. This 

scenario reflects the lack of attention in literature to the benefits of economic efficiency and 

long-term productivity to engineering practices (Björnberg et al., 2015) and a lack of 

understanding of how these themes would attract women to engineering. 

Additionally, it is perplexing to note that while limited attention has been given to social 

sustainability in engineering, more studies have found that this aspect of SD themes tends to 

attract more women to engineering, as discussed in the previous section. This might derive 

from misunderstandings and overlaps among the three SD pillars. This overlap is reflected in 

the nested nature of the three dimensions, where an environmental SD theme such as water 

pollution might be viewed as a social or economic theme, depending on the context of study 

(Dalampira and Nastis, 2020). 

The interrelatedness of the three SD pillars necessitates research into the specific themes 

within the group that might appeal more to women’s decision to choose engineering. The 

relevance of this approach is seen in Klotz et al. (2014), who highlighted that while 

engineering students interested in addressing specific themes such as energy supply or 

demand, water supply shortages or pollution and climate change, are more likely to indicate 

their interest to address broader themes such as opportunities for future generations, the 

opposite is not the case. Although they wish to address opportunities for future generations, 

they may not necessarily indicate to do so by addressing climate change or energy issues. 

Hence, the fact that broad SD themes are mostly mutually exclusive and might not always 

reflect the specific ones, emphasizes the relevance of identifying specific themes within the 

broad SD themes that might inform women’s choice of engineering. 

Sánchez-Carracedo et al. (2019) argue that clarifying this link is critical to unravelling the 

diverse aspects of the societal relevance of engineering that is of interest to women and 

possibly expanding their interests and attraction to the profession. Thus, an understanding of 

the link between the societal relevance of engineering and SD with regards to the challenges 

and threats, can clarify the misconceptions of engineering students on the concept, thereby 

attracting particular students who possess interests in such themes to the discipline. 

Additionally, these SD topics, especially the social factor, have been shown to influence 

women’s choice of engineering and strengthen their actions and attitudes against 

stereotypical experiences. Thus, some authors argue that women may likely disassociate from 

the discipline when this motivational factor is absent in practice (2.5.3.1).  

Therefore, this research is focused on examining and identifying which of the SD-themed 

factors across the three pillars influence women’s choice of engineering and how these 

factors inform such decision. This approach is likely to reveal the specific SD themes that 

appeal mostly to women in their choice of engineering and reflect the direct experiences of 

practising women engineers, which may possibly appeal to aspiring women engineers.  
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2.6 Research Gap and Contribution 

Having reviewed the literature, this section presents first the research gap this project aims 

to address. Subsequently, the potential contributions of this project to the Engineering 

Education Research field are outlined. 

  Research Gap 

Many studies have examined the reasons why women opt out of engineering, focusing 

especially on the unattractive nature of the discipline to women (Archer et al., 2020; 

Makarova et al., 2019; Moote et al., 2021). However, scant attention has been paid to the 

reasons why engineering is attractive to the few women who chose engineering; especially 

practising women engineers (2.4.1). Among these studies, an emerging perspective reflects 

the importance of highlighting the societal relevance of engineering to attract women to 

engineering (Boucher et al., 2017; Silbey, 2016; Clark et al., 2016; Bielefeldt, 2014). The most 

cited of such factors include broad SD themes such as the prospect of contributing to helping 

people, societal impact, protecting the environment, and changing the world. These concepts 

were conceptualized and measured as a unidimensional construct, incorporating generic SD 

topics rather than a multidimensional construct. However, these studies ignore the fact that 

utilizing such unidimensional approach to studying the factors that influence women’s 

engineering choice does not reflect the diverse aspects of engineering and the inherent 

professional opportunities that might appeal to women (2.5.2 and 2.5.3.1). It does not 

therefore also reflect the diverse role of engineers in addressing the sustainable development 

(SD) challenges, which cut across all three SD aspects (2.5.2).  

One major limitation of these studies is that they identify only generic socially relevant 

themes comprising helping people and societal impact as appealing to women’s interest in 

engineering. This thesis however, argues against the use of such general context of helping 

others as the message to attract women to engineering, because this will limit them from 

associating engineering with the SD concept (Silbey, 2016; Litchfield & Javernick-Will, 2015; 

Moote et al., 2014). An exception was observed in Klotz et al. (2014), who examined some 

specific outcome expectations related to SD challenges and threats, such as poverty, disease, 

resource shortages and climate change, which might explain students’ choice of engineering 

careers. However, the authors only examined social and environmental themes, an approach, 

which does not consider the comprehensive elements of the three pillars (2.5.3.2). That 

approach of incorporating a generic or random list of SD topics, without detailing their 

characteristics relating to SD or considering the specific preferences of the group being 

studied, provides narrow insights into only the social and environment SD topics. Hence, 

specific SD themes across all three aspects that inform women’s choice of engineering have 

not been examined and thus remain unknown. Previous approaches fail to identify key and 

specific factors of attraction within the three SD themes. This may reduce the impact of such 
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interventions aimed at attracting women to engineering, as evident in the consistently low 

rate of women joining the engineering profession, despite these interventions (Engineering 

UK, 2018; Sarkar et al., 2014). Consequently, there is a good reason for examining the 

influence of all three aspects of SD, including economic themes on women’s choice of 

engineering. 

Likewise, research on particular SD themes relative to the others, which are mostly 

important in women’s decision to engage in engineering, is currently lacking. In making such 

decision, there are always competing multi-criteria or factors to consider as evident in the 

numerous SD themes and challenges associated with engineers’ roles in addressing these 

issues (Sánchez-Carracedo et al., 2019; Wilson, 2019). Hence, this situation reflects the 

relevance of developing research that will provide objective insights into the relative 

importance of specific SD-themed factors that appeal mostly to women’s choice of 

engineering. One method that is considered as most suitable to address and generate such 

understanding is the Analytical Hierarchy Process (AHP).  

AHP, regarded as a notable approach for structuring and quantifying the concepts of a 

decision problem (Hwang & Yoon, 1981; Saaty, 2008), has been applied in various decision-

making contexts. These include selecting the factors and alternatives for technology transfer 

adoption for profitability (Lee et al., 2012), selecting software for engineering education 

(Dorado et al., 2014), and determining the relative importance of factors influencing students’ 

school and university choice (Chard and Potwarka, 2017; Frangos et al., 2014). However, AHP 

research on the factors influencing the choice of an engineering career is scarce. In addition, 

none of these analyses studied the interdependence of variables on some dependent variable 

under certain defined conditions, that is, studying the sensitivity of the outputs, especially 

when assumptions are altered. This can be achieved by implementing a sensitivity analysis on 

the AHP findings. This thesis recognises the deficiency in this area and utilizes the opportunity 

to contribute to the engineering field. Additionally, no known study has examined this 

research problem exclusively from the perspectives of both female engineering students and 

professionals. Through this theoretical and analytical approach, insights into the salient and 

specific SD-themed factors that influence the engineering career choice of both groups of 

women could be identified, hence clarifying the definitional ambiguity associated with 

correlating both concepts. 

Additionally, most research on women’s choice of engineering influenced by SD topics 

have been conducted in the United States (Boucher et al., 2017; Canney and Bielefeldt, 2015; 

Klotz et al., 2014; Shealy et al., 2016). These findings are limited to context-specific factors 

such as the prevailing SD challenges in the region (2.5.3.1 and 2.5.3.2). Hence, there is a valid 

reason for conducting this research project in the UK and Nigeria, where no research has been 

conducted to date, including the potential for rich insights into the research problem from 

both developed and developing nations’ perspectives. 

Furthermore, previous related studies on this subject have been limited to a single 

approach, either qualitative (Seron et al., 2016) or quantitative (Canney and Bielefeldt, 2015; 

Klotz et al., 2014; Shealy et al., 2016), with most favouring the latter approach. However, it 
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has been observed that using a mixed-methods approach incorporates the strengths and 

accommodates the limitations of both methods to provide a comprehensive understanding 

of the phenomena of interest (Johnson et al., 2007). Yet, no studies have been conducted 

using mixed methods research to address the limitations of ambiguity associated with 

research on SD topics and women’s choice of engineering. Likewise, despite much discussion 

of engineering’s association with SD related themes (Bielefeldt, 2014; Klotz et al., 2014; RAE, 

2016b), there is currently no specific qualitative, quantitative or mixed methodology for 

evaluating the connection between SD goals, challenges/indicators and engineering, 

particularly regarding their potential to attract women to engineering. Therefore, it seems 

pertinent to investigate this topic using a mixed-methods approach. 

Another limitation of previous studies is that the majority utilized quantitative 

approaches such as Likert survey scales to study the important sustainability factors that 

influence the choice of engineering (Klotz et al., 2014; Shealy et al., 2016). Such an approach 

would only result in the respondents listing the topic that influence their career choice. 

However, in practice, certain SD-themed factors will exert more influence on the 

respondents’ choice relative to the other factors. As suggested by Taylor’s (1975) seminal 

study on the implications of cognitive strain for decision-making effectiveness, understanding 

the relative importance of factors is critical owing to the fact that individuals lack the cognitive 

ability to consider all possible elements in a complex decision. Hence, in this study where the 

problem considers various themes that cut across the three SD aspects, an understanding of 

their relative importance in women’s choice of engineering is pertinent. 

Finally, in addition to the notable lack of qualitative research in this area, women 

engineers’ perspectives of how SD themes influence their decision to choose engineering has 

not been studied, especially in the UK and Nigeria. While it is vital to determine the specific 

SD-themed factors that influence women’s choice in engineering, knowledge about how this 

decision is and can be formed remains of upmost importance to inform strategies for 

recruiting and attracting women to engineering. Consequently, this research will utilize a 

mixed-methods approach to first quantitatively identify the relative importance of SD themes 

that appeal mostly to women’s interest in engineering. Subsequently a qualitative approach 

will be adopted to explore women engineering practitioners’ perspectives of how these 

themes influence their choice of engineering as a career. The outcome of both studies will 

inform the development of the GDSE model (1.2) that could be used by engineering 

stakeholders including HEIs and industry, to make engineering attractive to women. 

 Research Significance and Contribution 

This research project aims to study the influence of SD themes on women’s engineering 

career choice. It provides an original contribution to knowledge by tackling previously 

understudied areas and identified research gap as discussed in the previous section.  

First, a novel approach was adopted to address the gap in knowledge associated with the 

need to examine how diverse and specific themes related to all three SD pillars influence 
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women’s choice of engineering. This decision is supported by the general view on the 

overlapping nature of the three pillars, which demands for a consideration of the three 

aspects to ensure a truly sustainable solution to societal problems (2.5.3). To address this 

knowledge gap, this research utilizes an approach that delineates how these general themes 

related to specific SD themes, challenges and indicators might influence women’s choice of 

engineering. Hence, this research is the first especially in Nigeria and the UK to analyse the 

link between the three SD themes and women’s attraction to engineering. 

Furthermore, this research utilizes a mixed methodology to address the gap in research 

practice associated with previous studies being restricted to utilizing single methodologies in 

their research. It is the first research to utilize a Grounded Theory mixed methods (GT-MM) 

sequential explanatory design to develop a model showing how SD themes related to the 

three pillars influence women’s choice of engineering. It is also the first to analyse the 

influence of SD themes on women’s choice of engineering from both female engineering 

students’ (both undergraduates and graduates) and women engineers’ perspectives. The 

novelty of applying the GT-MM approach in this research is owing to the fact it allows for the 

generation of empirical findings grounded in the data. Hence, the research outcome 

represents the direct experiences of practising women engineers, and as such the findings of 

the influential factors and how these informed their choice of engineering can further inspire 

more women to choose a career in the discipline. 

The research’s application of gamification techniques to the quantitative online survey to 

study the influence of SD themes on women’s choice of engineering, as opposed to the 

proliferated use of traditional quantitative surveys in previous related studies, is also novel. 

Gamification has been defined as the use of game mechanics and elements in non-game 

contexts (Deterding et al., 2011, p. 9). The gamified questionnaire format, compared to a 

typical traditional survey design clarified technical and cumbersome SD-themed concepts, 

hence providing an enjoyable experience for the participants whilst maximizing completion 

rates (Cechanowicz et al., 2013; Harms et al., 2015). 

Finally, this research is the first to combine the Analytical Hierarchy Process (AHP) and 

Sensitivity analysis to examine the importance of SD themes in women’s choice of 

engineering. Implementing AHP in this research contributes new insights into specific SD-

themed factors that influence women’s choice of engineering (Ken-Giami et al., 2022); hence, 

the method can be replicated in related studies in the engineering education field. Likewise, 

the novel application of sensitivity analysis in this research revealed additional findings of 

each group of respondents’ distinct preference for the three main SD themes that influenced 

their decision to engage in engineering.  

These approaches clarified the definitional ambiguity associated with the sustainability 

and SD concepts and the link between the associated themes and women’s choice and 

attraction to engineering, hence indicating the novelty. It is anticipated that through these 

theoretical and analytical approaches, new and valuable insights into the salient and specific 

SD-themed factors that influence women’s choice of engineering and how these themes 

inform this decision can be identified. The findings informed the development of a substantive 
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and versatile model that engineering stakeholders could adopt to attract aspiring women 

engineers to choose and engage in engineering.  

Thus, insights from the research findings will have some implications for engineering 

stakeholders. For instance, the findings can improve these stakeholders’ recruitment strategy 

to focus their attention and efforts on the most salient areas of influence (Ken-Giami et al., 

2022). They could also broaden the options and pathways of making the profession attractive 

to women and other underrepresented groups (Litchfield and Javernick-Will, 2015). 

Additionally, increasing women’s interest in engineering could contribute to SD and provide 

the traction to drive increased female participation in the discipline.  

2.7 Summary 

This review has found strong evidence that while all four disciplines within STEM education 

are required to produce graduates with the relevant skills to contribute to global economic 

growth, the lack of sufficient coverage and exposure to engineering in comparison to the 

other three disciplines at early education levels in Nigeria and the UK presents serious 

implications for gender representations and engagement in the profession. This failure to 

emphasise engineering subjects from early years through secondary schools deters young 

people, particularly females, from specialising in these fields at higher levels of education and 

practice. Thus, this presents a problematic situation for engineering education, where the 

available pool of engineering professionals to match the urgency of the required solutions to 

the emerging global challenges, is insufficient. Although this need is markedly higher in the 

developing countries of Africa, such as Nigeria, it has also become an important cause of 

concern in developed nations, such as the UK. 

Findings from gender representation statistics in engineering underscore the depth of 

gender differences in the choice and engagement in the field, as well as a persistent 

masculinity perception associated with the image of the discipline. Furthermore, this review 

shows that UK and Nigeria share direct parallels, as data indicate that the number of women 

who progress into an engineering career in both countries is lower than those who choose to 

study engineering in HE. While the review showed that some barriers such as the deficiency 

in the knowledge and perception of engineering contribute to informing this 

underrepresentation of females in engineering, it also showed the gender and other related 

drivers of women’s choice of engineering. However, amongst all these reviewed factors, some 

factors such as culture and role models were suggested to have limited influence on women’s 

choice of engineering. On the other hand, there is a strong indication in literature that a 

gender-related factor that influences such decision is the alignment of engineering roles with 

women’s future aspirations, interests and outcome expectations. Although this is an 

emerging area of study, which supports a narrow view that general themes related to the 

societal relevance of engineering can influence more women to engage in engineering, it is 

closely related to the focus of this research. This necessitated the need to investigate beyond 

the influence of these general themes on women’s choice of engineering to the specific SD 
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themes that may inform this decision in order to identify diverse ways to make engineering 

more attractive to women. This approach can help ascertain the themes that reflect the 

career motivation of practising women engineers and engineering students and as such could 

appeal to aspiring women engineers.  

Therefore, the overarching aim of this research is to develop a model that explains how 

SD themes influence women’s career choice in engineering. This underscores the research 

objectives of this study, which include identifying the relative importance of themes within 

the three SD pillars that influence women’s choice of engineering in Nigeria and the UK and 

examine how these themes inform their decision and attraction to the profession. In the 

following Chapter 3, a clarification of the conceptual framework that underpins this research 

is presented. A more detailed account of the methodology, including the justification for the 

choice of methods, research design, data collection and analysis procedures is included in 

Chapter 4. 
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Chapter 3 Conceptual Framework 

As discussed in the previous chapter, a number of researchers have examined the influence 

of generic SD topics such as people and society impact on students’ choice of engineering 

generally (2.5.3) (Canney and Bielefeldt, 2015; Klotz et al., 2014; Shealy et al., 2016). However, 

with the exception of Klotz et al. (2014), previous related empirical studies on the influence 

of specific SD topics are somewhat scarce. This lack of empirical research in this area and 

previous studies’ general approach of studying this phenomenon necessitates a clarification 

of the concepts within the research problem (Akintoye, 2015; Luse et al., 2012). Hence, to 

provide such clarity, it becomes necessary to develop a conceptual framework that underpins 

this research. 

Corbin and Strauss (2012, p. 2) defined concepts as “products of analysis.” Thus, a 

conceptual framework is an integrated way of logically structuring the concepts and clarifying 

the relationships between them (Osanloo and Grant, 2016). Although, it is suggested that the 

framework can be presented in graphical or narrative form to show the key variables and the 

“series of action” that the researcher intends to undertake in studying them (Adom et al., 

2018, p. 439), this research adopts both formats to illustrate the relationship between the 

key variables within this study. These key variables are reflected within the main research 

question: What is the link between the three pillars of SD themes and women’s attraction to 

engineering as a career choice? 

 Owing to the lack of research on this topic, the concepts within this research question 

and thus underpin this research were identified and drawn from the few studies that focused 

on examining the influence of general SD topics on engineering study choice. This helped to 

systematically analyse the link between the three SD pillars and women’s attraction to 

engineering as a career choice, which is the aim of the research.  

Figure 3.1 represents the graphical form of the framework. The diagram, which illustrates 

the relationship between the concepts of the three pillars of SD themes and engineering SD 

challenges and threats, and how their influence on women’s choice and attraction to 

engineering in Nigeria and the UK is examined in this research, is clarified in the next section. 
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Figure 3.1: Conceptual framework for studying women’s choice of engineering influenced by SD themes (DESA, 
2001) 

3.1 The three pillars of SD themes linked to engineers’ role in achieving 

SD and women’s attraction to engineering 

In this section, the concepts as illustrated in Figure 3.1 and how they have been utilized and 

applied in previous studies are first presented. This helped to formulate the research problem 

and avoid duplication of similar studies (Akintoye, 2015, p. 7). Next, these definitions and 

applications are critiqued from the three pillars of SD themes standpoint, showing that the 

societal relevance of engineering cut across all three themes and not just social themes as 

conceptualised by these previous studies. Afterwards, the connection between the concepts 

and how they are utilized in this research to examine the influence of SD themes on women’s 

choice of engineering is clarified in section 3.2 .  

As explained earlier, the concepts used to develop the framework (Figure 3.1) were drawn 

from a series of previous studies that examined the influence of general SD topics on students’ 

choice of engineering (2.5.3). Additionally, the engineering challenges and threats, which are 

considered as  the associated variables in this conceptual framework are drawn from the UN 

formulated SDGS and indicators and NAE’s engineering grand challenges (DESA, 2001; Mote 
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et al., 2016). These SD topics and associated variables cut across the three pillars of SD themes 

and reflects the challenges engineers are meant to solve, as defined in RAE (2016b), Mote et 

al. (2016), and Wilson (2019). For instance, as discussed in the literature review chapter 

(2.5.3), results from some related studies determined some aspects of the engineering 

challenges and threats concept that are more appealing to women’s engineering engagement 

such as diseases, poverty, and distribution of resources (Bielefeldt, 2014; Boucher et al., 2017; 

Clark et al., 2016).  

However, unlike Klotz, et al. (2014), most of these studies suggest generic SD topics and 

limited issues such as helping people and societal impact as influential to increase 

participation and diversity of thought in engineering. For instance, more recently, a study that 

examined the role of sustainability in students’ engineering career choices found that the 

students’ interpretation of the concept was limited to mainly generic environmental and few 

social themes, with no mention of economic themes (Honée, 2018). Meanwhile, as clarified 

earlier (2.6.1), the generic SD topics examined in these studies fails to reflect specific 

challenges engineers are meant to solve. 

It was observed therefore, that these previous studies utilized a unidimensional approach 

to examining the influence of broad SD topics in attracting females to engineering. The 

implication of such approach has been perceived as equivalent to not being open about the 

breadth of the possibilities that exist in an engineering career. As a result, women tend to 

dissociate from the discipline, as they are not able to relate with these broad aspects (Silbey, 

2016; Litchfield & Javernick-Will, 2015; Smith et al., 2014). For instance, findings from Klotz, 

et al. (2014) showed that students who indicated interest to address specific topics such as 

water supply energy issues and climate change were more likely to want to address a generic 

SD topic, which is not included in UN 17 SDGs and SD indicators such as opportunities for 

future generations (p.145). However, the opposite is not the case, as students who wish to 

address these generic issues may not necessarily want to do so by addressing some specific 

ones such as energy issues. Hence, the importance of clarifying engineering role in addressing 

specific themes rather than general ones.  

Therefore, to build on these previous studies, this research is conceptualized within 

themes related the three pillars of SD themes and engineering SD challenges and threats, with 

a view to systematically examine the link between these SD themes and women’s choice of 

engineering. The narrative form of the conceptual framework, which shows how these 

concepts underpin the research, is presented in the next section. 

3.2 Conceptualizing the three pillars of SD themes within the research 

on women’s attraction to engineering influenced by sustainability 

themes/topics 

In developing the conceptual framework for this research, the UN formulated SDGS and 

indicators (DESA, 2001), including Mote et al.’s (2016) engineering grand challenges and RAE 
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(2016b) report on engineering’s contributions to solving world’s problems, provided a basis 

for the selection of the concepts (Ken-Giami et al., 2022). This is in addition to their definitions 

and how they are linked to the three SD pillars (2.5.2). The definitions of the concepts and 

associated variables central to this research are shown in Table 3.1. These concepts, which 

are defined in this study as themes associated with key challenges and threats that engineers 

are meant to solve also reflect the generic SD topics that previous studies, especially Klotz et 

al. (2014), identified as influential in women’s decision to choose engineering such as helping 

people and protecting the environment. For instance, as illustrated in Figure 3.1, women SD-

themed interest in helping people and societal impact as a drive to engage in engineering is 

linked to the social SD theme, which is then intrinsically linked to four sub-themes such as 

healthcare, equity, housing conditions and population problems. These sub-themes are 

defined as the SDGs that seek to help people and impact society, and forms part of the SD 

challenges engineers are meant to solve.  

Additionally, women’s influential or driving factor of protecting the environment is linked 

to the environmental SD theme, and subsequently to three sub-themes: biodiversity, water 

quality/ quantity and climate change. Similar to the first main theme, these second sub-

themes are defined as the SDGs that seek to achieve environmental protection and part of 

the SD challenges engineers are meant to solve. It is important to note however, that the 

influence of economic SD themes has not been studied in previous studies. They were rather 

hypothesized in this study based on the interrelatedness and nested nature of the three pillars 

of SD concept as posited by Dalampira and Nastis (2020), and UNDP (1997). Therefore, the 

economic themes and challenges that engineers are meant to solve (2.5.3.2), which are 

incorporated in this research to examine their influence on women’s choice of engineering, 

include waste management, material consumption/ energy use and economic performance. 

The rationale for selecting a combination of themes across the National Academy of 

Engineering [NAE] engineering challenges and UN SD indicators relates to the fact that any 

individual list such as these can be limited in scope. Likewise, as single approaches none of 

these is appropriate for use within this study as each fails to provide a comprehensive 

explanatory framework of the influence of specific SD themes associated with engineers’ SD 

role, in women’s engineering career choice and how this decision is formed. Hence, the 

reason this research incorporated these themes in addition to the themes within the UNGA 

SD indicators, which mainly reflect engineers SD role. 

 Additionally, this combined concepts and associated variables were selected based on 

the research hypothesis. This hypothesis, which reflects the research aim states that 

identifying specific themes within the three SD pillars that mostly influence women’s choice 

in engineering and how these themes inform such decision is important to determining the 

link between SD themes and women’s attraction to engineering. Thus, the application of the 

conceptual framework in this research offers significant insights into the diverse aspects of 

SD themes that influence women’s choice of engineering. Likewise, insights into how these 

themes influence women engineering practitioners career choice decision could be useful in 

understanding the diverse ways of making engineering attractive to women, including young 
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girls. Moreover, Klotz et al. (2014) argue that since more women than men indicated interest 

to help people through engineering, greater insights could be achieved by understanding the 

many ways through which engineers help people. This indicates that since themes related to 

helping people attract women, more of such themes should be examined to gain a 

comprehensive understanding of the diverse ways to attract them to engineering. 

Hence, the conceptual framework that underpins this research, as shown in Figure 3.1, 

presents significant factors for studying women’s choice of engineering influenced by SD 

themes based on findings obtained from the identified previous studies. It reflects the aim of 

this mixed-methods research, which is to understand the link between the three aspects of 

SD themes and women’s choice and attraction to engineering in Nigeria and the UK. 

Additionally, the two looped arrows in the framework show how these concepts are studied- 

through two pathways such as quantitative and qualitative studies. In the quantitative strand 

of the research, the relationships between the thirteen variables and women’s choice of 

engineering are examined using a Gamified survey. More specifically, the quantitative strand 

seeks to determine which of the variables mostly appeal to female engineers and engineering 

students’ choice of engineering. The AHP method is used to analyse the variables according 

to their order of importance in the participants’ choice of engineering. In the qualitative 

strand, women engineers’ perspectives on how the three main variables influence their 

choice of engineering are explored through interviews using the grounded theory approach.  

Hence, the conceptual framework links these together to understand the core question 

of this research: What is the link between the three pillars of SD themes and women’s 

attraction to engineering as a career choice? 

 

Table 3.1: Conceptual framework definitions  

Variables Definition based on engineers’ role in addressing SD challenges  

Water 
quality/quantity  

Providing innovative engineering solutions to reduce plastic pollution and access 

to the needed infrastructure for clean water, sanitation and hygiene for millions 

of underserved people in the world  

Climate change  Protecting the world assets from the effects of climate change by developing 

resilient infrastructure that can withstand severe climate impacts and its 

resultant effect on populations  

Material 
consumption & 
production/energy 
use  

Ensuring sustainable consumption and production patterns by implementing 

engineering eco-efficiency measures to achieve zero waste, a significant cut to 

energy usage and carbon emissions from energy  

Waste 
management  

Improving waste recycling and reuse  
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Variables Definition based on engineers’ role in addressing SD challenges  

Biodiversity  

Incorporating ethics and solid values to innovative development efforts to stop 

further damage to the planet  

Economic 
performance  

Promoting inclusive and sustainable economic growth and developing 
technology to improve living standards of all through productive employment 
and decent work  

Healthcare  
Utilizing technological solutions to provide access to quality healthcare and safe 
drinking water  

Housing 
conditions  

Making the right decisions and thinking of the quality of life and health of the 
planet for the coming centuries, when designing, locating, building and financing 
urban infrastructure  

Equity  Providing equal opportunities and access to technology for the poorest, most 
vulnerable and diverse people to access affordable energy, electricity, health and 
education  

Population 
problems  

Developing sustainable infrastructure and creation of jobs to tackle and reduce 
the inequalities that arise as a result of the population explosion of major cities 
in the world especially developing ones  

 

3.3 Summary 

This chapter presented the conceptual framework for studying women’s choice of 

engineering influenced by SD themes, both in graphical and narrative form. This framework 

illustrates how the relationship between themes associated with SD and engineering SD 

challenges and women’s choice and attraction to engineering in Nigeria and the UK is studied 

in this research.  

As illustrated in the framework, this research utilizes a combination of quantitative survey 

and AHP analysis to determine which among the SD-themed variables mostly appeal to 

female engineers and engineering students’ choice of engineering and a qualitative grounded 

theory interview approach to explore women engineers’ perspectives on how these SD 

themes influence their choice of engineering. Therefore, utilizing these approaches, which 

helps to provide an understanding of the core question of this research, requires a 

philosophical foundation and methodology that allows both methods to be combined to gain 

a more comprehensive understanding of the studied phenomena. Comprehensive details of 

the research design, including justification for the selected research methods, data collection 

methods and sample are presented in Chapter 4. 
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Chapter 4 Methodology 

The first three chapters of this thesis provided the background and rationale for investigating 

the influence of SD themes on women’s choice of engineering. Relevant literature and the 

concepts central to this research were also reviewed and illustrated in a conceptual 

framework (3.1), respectively. Furthermore, the limitations of existing studies were 

highlighted. For example, it was pointed out that previous research has failed to consider the 

role of incorporating specific themes within the three pillars of SD and an in-depth method of 

investigation such as the mixed-methods utilized in this research to comprehensively examine 

the influence of these themes on women’s choice of engineering (2.6). 

These identified gaps informed the development of the conceptual framework. Thus the 

influence that themes associated with engineering SD role played in shaping the choice and 

attraction of women to engineering was considered throughout the study. Having developed 

a framework with which to conceptualise women’s choice and attraction to engineering for 

the purposes of the study, the next stage of the research process was to develop a 

methodology appropriate to the identified research question. 

Chapter 4 outlines the current research design that aims to address these identified 

conceptual and methodological gaps and justifies the selection of a mixed-methods approach, 

including methods of data collection and analysis. The chapter is therefore divided into three 

main sections. It starts with restating the research questions, aims and objectives. The second 

section presents the philosophical assumptions that underpin the choice of methodology for 

this research. This is followed by defining the Mixed-Methods Research (MMR), presenting 

some of its advantages and justifying its choice. The third section describes the research 

design, the questionnaire and interview tools and procedures, including the implications of 

the pilot study on the tools, followed by a discussion of the sample and the sampling 

strategy/framework utilized. The chapter concludes by describing the data analysis methods 

utilized, the piloting implications and ethical considerations. 

4.1 Research Questions, Aim and Objectives  

As noted in Chapter 2 (2.5.2-2.5.3), most related studies have suggested that associating 

engineering and SD topics, such as helping people, including other societal relevance of 

engineering, can attract more women to the profession (Diekman et al., 2017; Shealy et al., 

2016). However, this approach largely ignored the role of the multidimensional aspects of the 

three pillars of SD themes in studying women’s attraction to engineering. For instance, some 

studies argue against the use of a general context of helping others as the theme or message 

to attract women to engineering as this could likely lead to fewer people associating 

engineering with the SD concept (2.5.2-2.5.3). Such approach presents very narrow views of 

the impact and relevance of engineering as limited to just helping people and impacting 

society. This has led to a lack of understanding of diverse themes across the three SD pillars 
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associated with the role of engineering in addressing SD challenges and how these influence 

women’s choice of engineering. 

Bearing this mind, this research proposes an approach that identifies the specific 

engineering associated SD themes and challenges that can attract women to the profession 

and describes how these themes influence women’s decision to choose engineering as a 

career. This in-depth insight is crucial to understanding the diverse ways in which engineering 

stakeholders can make the profession attractive to women. Hence, the following primary 

research question and sub-questions were formulated: 

 

Primary research question 

What is the link between the three pillars of SD themes and women’s attraction to 

engineering as a career choice? 

Sub-research questions 

1. What are the themes associated with the three pillars of SD that drive women 

participation in engineering? 

2. In what order of importance do these SD themes influence women’s decision to 

engage in engineering? 

3. Which group of SD themes has the most influence on women’s decision to engage in 

engineering? 

4. How do these SD themes influence women’s choice of engineering as a career? 

5. How can the themes be used to attract girls to engineering? 

 

To answer these research questions (RQ), the overarching aim of this research is to develop 

a model that explains the link between SD themes and women’s career choice and attraction 

to engineering. Identifying the link between both concepts could be relevant in unravelling 

diverse strategies for attracting girls to engineering. The objectives to achieve this aim are as 

follows: 

 

1. Investigate and determine the SD-themed drivers of women participation in 

engineering through a gamified survey of women engineers and engineering UG and 

PG students.  

2. To identify the relative importance of the SD themes influencing women’s decision to 

engage in engineering from the survey data, using the AHP pairwise comparison and 

aggregation techniques. 

3. To identify the group of SD themes that has the most influence on women’s decision 

to engage in engineering, through a sensitivity analysis. 

4. To describe the process of how SD themes influence women’s choice in engineering, 

through interviews.   

5. To identify strategies for utilizing SD themes to attract girls to engineering, through 

interviews. 
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6. To develop a model showing the link between SD themes and women’s choice and 

attraction to engineering through MM. 

As specified in the research objective (RO) 1, the three cohorts that form the demographic 

population in this research are female engineering professionals, undergraduate and 

graduate engineering students. They were recruited from different universities and 

organisations in Nigeria and the UK. The sampling techniques, procedures and sample size, 

which varied across the quantitative and qualitative phases of this research, are described in 

4.4.1 and 4.4.2 respectively. Additionally, the objectives indicated that mixed-methods (MM) 

comprising quantitative and qualitative studies were utilized in this research. Hence, the next 

section describes the philosophical assumptions that underpinned and influenced the choice 

of this Mixed-Methods Research (MMR).  

4.2 Philosophical foundations underpinning MMR 

Creswell and Plano Clark (2011) reiterated the importance of grounding MMR in certain 

philosophical considerations. These considerations, often referred to as worldviews or 

paradigms (and used interchangeably henceforth), are understood as shared beliefs, 

assumptions or agreements which direct thinking and research (Kuhn, 1970; Mertens, 2005). 

The chosen paradigm underlies the ontological and epistemological assumptions (questioning 

nature of reality and knowledge), which in turn informs methodological considerations and 

choices a researcher makes (Cohen et al., 2007; Friedman, 2012).  

The four main paradigms listed by Creswell and Plano Clark (2011), which differ in terms 

of their ontology, epistemology and methodology, comprise positivism, constructivism, 

participatory, and pragmatism. In the following section, the first two paradigms are described 

in relation to how they have informed research on women’s choice of engineering influenced 

by SD topics. As indicated in section 2.6, most of these studies solely utilized either one of 

these two paradigms. Subsequently, the pragmatist paradigm is discussed as it reconciles 

both positivism and constructivism and informed this MMR. 

 

 Research on Sustainability drivers of women’s choice of engineering: 

Positivist and Constructivist Paradigms 

Since the concepts central to this research were drawn from related studies focused on 

women’s choice of engineering influenced by SD topics (3.1 and 3.2), it is important to briefly 

outline the paradigms adopted by these researchers in their studies. In sections 2.6 and 3.1, 

it was shown that existing studies on this subject were grounded in the positivist worldview. 

This worldview is based on the assumption that research aims to uncover a single and 

objective reality (Friedman, 2012). Thus, the SD-themed factors that influence women’s 

choice of engineering have mostly been treated as independent and possible to measure 



54 

 

objectively. This is evident, for example in the primarily quantitative nature of majority of 

studies on this subject (Canney and Bielefeldt, 2015; Klotz et al., 2014; Shealy et al., 2016).  

Therefore, the positivist paradigm has a long tradition in research on this subject and has 

especially generated important findings on some general SD-themed factors that attract 

women to engineering (2.5.3). It also allows the researcher to study large groups of people 

and hence to generalise the findings. This offers the advantage of increasing the likelihood of 

the findings to be generalized to other population with similar contexts (Creswell et al., 2011).  

Despite its popularity with related research on this study’s subject and potential 

advantages for this research, the contribution of positivist studies has been limited in the 

sense that an understanding of women’s perceptions and experiences of how SD-themed 

factors influenced their choice of engineering is lacking (4.3.2.1). This type of understanding 

could be achieved with the constructivist paradigm, which is based on the assumption of the 

existence of multiple emergent realities and aims to gain an understanding of how people 

construct meanings within these realities (Thomas, 2017). In this case, the proponents of 

constructivism are primarily interested in participants’ perspectives and beliefs, and in 

exploring how and why these specific beliefs are formed (Bryant, 2002; Creswell, 2012; 

Kawulich and Chilisa, 2012).  

Such ontology and epistemology predominantly require a qualitative approach, which 

explores the views of fewer participants to generate an in-depth account of their experiences. 

One exception to the limited qualitative studies on this research subject and a prime example 

of adopting this constructivist paradigm is Seron et al. (2016), who utilized students’ dairies 

entry and interviews to qualitatively examine their developmental process of becoming an 

engineer. Thus, the ontological and epistemological advantages of constructivism provided 

the authors with rich accounts of the educational experiences of the study participants. 

However, constructivism approach alone might not be sufficient to provide comprehensive 

answers to certain research questions. Likewise, such solely constructivist studies have been 

challenged for mainly focusing on in-depth analysis of small samples, hence limiting their 

capacity to generate generalizable results (Castro et al., 2010). 

 Reconciling Positivism and Constructivism: Pragmatist paradigm 

While most of the research focused on women’s choice of engineering influenced by SD topics 

adopted the positivist worldview, fewer studies were based on constructivism (4.2.1). Hence, 

the researcher was confronted with a choice between the two contrasting worldviews, each 

of which has unique benefits and disadvantages. Although Cohen et al. (2007) suggest that 

since both paradigms require different methodological principles and tools, a choice must 

necessarily be made between the two, Creswell and Plano Clark (2011) argue that the use of 

more than one paradigm can be applied in certain research projects, such as a MMR study. 

Hence, this research begins with a quantitative survey (4.5.1), which is rooted in a positivist 

perspective to identify specific SD themes that mostly attract women to engineering. The 

research then adopts a more constructivist stance to investigate participants’ reality and 
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experiences based on their own perspectives and meaning, rather than those imposed by the 

researcher. This helped to generate in-depth and additional findings on how SD themes 

influence women engineers’ choice of engineering and provided explanations to the 

quantitative findings (4.5.2). 

The philosophical paradigm where positivism and constructivism are both adopted in a 

single research project is referred to pragmatism. This paradigm focuses on “what works”, 

rather than what “might be considered absolutely objectively or subjectively true or real” 

(Creswell & Plano Clark, 2011, p. 41). Pragmatists assume that reality or truth can be assessed 

both objectively and subjectively, hence quantitatively and qualitatively from multiple 

perspectives, as these contrasting versions of truth or reality could exist (Cohen et al., 2007). 

Therefore, MMR, where both the worldviews and methods are mixed, enabled the researcher 

to validate research results so as to establish a comprehensive representation of reality 

(Johnson et al., 2007).  

Typically, the pragmatic worldview is broad and merges different epistemologies and 

ontologies to address the research objectives (Johnson & Onwuegbuzie, 2004). Nonetheless, 

pragmatism is not an unstructured approach, but instead relies on a set of principles that help 

to strengthen the rigour. For instance, a guiding principle is that the research approach 

adopted should help in answering the research questions (Cohen et al., 2007). This current 

research adopted the pragmatist worldview, which broadly aligns with most MMR and 

reflects the positivist and constructivist worldviews; both adopted in the study, influencing 

the choice of methodology at the various stages of the research (4.5). In addition, as both 

paradigms have been applied individually in previous studies (4.2.1) with acceptable results, 

it would indicate that a combination of both worldviews would help in arriving at a more 

comprehensive understanding of the studied phenomena.  

Therefore, this research took on a pragmatic stance and adopted a MMR approach that 

helped answer the different aspects of the research questions about the link between SD 

themes and women’s choice in engineering. The positivist approach was necessary to identify 

specific SD themes that mostly attract women to engineering (4.5.1). Additionally, to gain in-

depth understanding of women engineers’ perspectives on how these themes influence their 

engineering career choice through interviews necessitated a constructivist stance (4.5.2). 

4.3 Methodological foundations: Advantages and Justification for MMR  

MMR has been defined as an “intellectual and practical synthesis based on a third paradigm 

comprising qualitative and quantitative research, which often provides the most informative, 

complete, balanced and useful research results” (Johnson et al., 2007, p. 129). Although the 

literature review has shown that no known research adopted the MMR approach to 

specifically examine this research topic (2.6), it has been successfully applied in other 

engineering education studies (Polmear et al., 2019; Shekhar et al., 2019). The underlying 

benefits of MMR as demonstrated by these studies include the possibility of combining the 

strongest points of both data sets mixed in a way that best answers the research questions 
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and provides a deeper understanding of the problem (Johnson and Onwuegbuzie, 2004). 

Hence, the MMR approach seems to be a suitable choice for this research.  

 Justifying the Use of MMR in this Research 

Given the multifaceted nature of this research, which seeks to determine the influential 

factors related to the three pillars of SD themes that inform women’s choice of engineering 

(2.5.1 and 2.5.2), including how these themes inform such decision from the different 

perspectives of women engineers and engineering students, the MMR approach was 

adopted. It was observed that using either qualitative or quantitative methods on their own 

might not provide such a comprehensive understanding of the research problem, as the 

combination of both methods would (Creswell & Plano Clark, 2011, p. 8). This research 

therefore adopts both quantitative and qualitative methods in a way that the strengths of 

both methods were optimised, while reducing the impact of its weaknesses (Johnson et al., 

2007). To that extent, it is rooted in the pragmatist worldview (4.2.2), integrating the positivist 

and constructivist paradigms with the aim of arriving at a more complete understanding of 

the researched phenomena.  

The approach to data collection and analysis are known to be applied systematically, 

either concurrently, sequentially or embedding both methods with the procedures grounded 

in the appropriate philosophical paradigm (4.2.2). MMR, which comprises subtypes of mixed 

methods research, can be regarded as a continuum between pure qualitative and pure 

quantitative with key elements ranging from qualitative mixed, pure mixed and quantitative 

mixed (Johnson et al., 2007). A MMR is said to be a qualitative mixed project if more emphasis 

is on qualitative methods and a quantitative mixed if it leans more on the quantitative 

methods. A pure mixed approach is a balance between the equal use of both qualitative and 

quantitative methods. 

On this continuum of methods, the research is based on an equal measure of quantitative 

and qualitative methods, and therefore classified as a pure mixed approach (4.5). In this 

research, results from the explanatory quantitative strand informed part of the design of the 

exploratory qualitative interviews (4.3.2.2) to draw on the advantages of both methods and 

most especially provide an enhanced understanding of the research problem and the initial 

quantitative results (Creswell & Plano Clark, 2011).  

Although this Mixed-Methods Design (MMD) is adopted in this research, it took on a 

different pattern relative to other related studies, namely, a combination of an explanatory 

quantitative and exploratory Grounded Theory (GT) qualitative strands. For instance, the 

MMD recognised as being the closest to the assumptions of this research (4.2.2), and adopted 

as such, is the Mixed-Methods Grounded theory (MM-GT) approach. The following section 

outlines the advantages of using this approach and concludes by providing justification for 

employing MM and GT in this research.  
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 Justifying the use of MM-GT in this research 

4.3.2.1 Grounded theory 

The goal of the exploratory qualitative strand of this research is to provide insights into how 

SD themes influence women’s choice of engineering (4.5.2). After much deliberation and 

consideration of the main methods of qualitative inquiry, the grounded theory (GT) 

methodology was selected as most appropriate for this exploratory qualitative study 

(Charmaz, 2014; Corbin and Strauss, 2012). GT is typically an inductive approach aimed at 

discovering a theory or an explanation grounded in and emerging from the data by thoroughly 

investigating a range of individual cases through a process known as constant comparison 

(Glaser & Strauss, 1967). The logic of GT was summarized in Charmaz’s (2014, p. 1) definition 

as follows: 

 

Stated simply, grounded theory methods consist of systematic, yet flexible, guidelines 

for collecting and analysing qualitative data to construct theories from the data 

themselves (…) Grounded theory begins with inductive data, invokes iterative 

strategies of going back and forth between data and analysis, uses comparative 

methods and keeps you interacting and involved with your data and emerging 

analysis. 

 

Although a phenomenological approach might have been suitable for this study, the 

method mainly leans towards describing several individuals’ common experiences of a 

phenomenon. However, since the goal of this qualitative study (see objective 4 in Section 4.1) 

is to describe the process of how SD themes influence the career decisions of women 

engineers in Nigeria and the UK, rather than exploring their lived experiences as women in 

the engineering sector, GT approach was considered to be more suitable. Moreover, the use 

of GT allowed the researcher to develop a set of interrelated concepts, which was expressed 

in the production of a substantive theory or process model (Chun Tie et al., 2019, p. 7). 

Furthermore, the GT approach proved particularly useful owing to the scarcity of previous 

empirical studies in this area (2.6). The method thus provided in-depth insights into how SD 

themes influence women's decision to choose engineering, particularly in Nigeria and the UK, 

based on the emergent data or findings grounded in the data Hence, the GT methodology 

adopted for the qualitative strand of this research agrees with the research’s philosophical 

assumption, which is pragmatism (4.2.1 and 4.2.2). This paradigm, which informed the choice 

of a MMD, allowed for an integration of the positivist and constructivist epistemologies to 

gain fuller picture of the studied phenomena (4.2.2). Such designs include the integration of 

both quantitative and qualitative data and the philosophies and approaches of GT, hence the 

choice of a MM-GT design in this research. This unique design is defined and its choice 

justified in the next section. 
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4.3.2.2 Mixed Methods-Grounded theory  

Mixed-methods Grounded theory (MM-GT) has been regarded as a potential approach for 

generating revolutionary results (Birks and Mills, 2015; Johnson et al., 2010; Walsh, 2015). 

Moreover, GT has the potential to suitably blend with most MMD forms (Babchuk, 2015).  

An emerging body of mixed-methods studies have successfully integrated relevant 

elements of MM and GT in unique ways based on the different designs to yield a robust hybrid 

approach, including education research (Guetterman et al., 2019). For instance, convergent 

MMDs used GT approach to categorize their qualitative data and applied the findings to 

analyse the quantitative data (Bussing et al., 2016; Thornberg and Knutsen, 2011). Exploratory 

sequential MM studies, on the other hand, applied GT to develop a model or framework 

which informed the development of the quantitative survey tool (Periyakoil et al., 2015; 

Sherbino et al., 2014). Finally, explanatory sequential designs utilized GT for the qualitative 

strand as a follow-up to the initial quantitative strand (Catallo et al., 2013; Forrest et al., 2013). 

Since this research design is based on an explanatory MMD (4.3.2), the qualitative strand 

utilized GT as follow-up to the initial quantitative strand to develop new knowledge and in-

depth insights inductively from the interview data in addition to explaining the quantitative 

findings. Grounded theorists agree that it is crucial to develop this new knowledge from the 

collected data rather than pre-existing frameworks to avoid limiting the researcher’s 

sensitivity to emerging themes and thus affecting the data interpretations (Charmaz, 2014; 

Robson, 2002). To do this effectively without imposing preconceived hypothesis and findings 

of the quantitative study, the research firstly utilized inductive open–ended interview 

questions (4.5.2) with no reference to the quantitative study findings. Subsequently, a follow-

up interview, using theoretical sampling (4.4.2) was conducted to develop and explore the 

emergent themes and theory from the initial interviews. Both quantitative and qualitative 

study findings were integrated to develop the GDSE model that could be used to make 

engineering attractive to women (see Chapter 6). 

The hybrid nature of this explanatory MM study with elements of GT provided further 

insights into the quantitative findings in addition to new insights from the qualitative study 

that explained the link between SD themes and women’s choice of engineering. Therefore, 

this chosen MM-GT methodology provided a comprehensive understanding to the primary 

research question: What is the link between the three pillars of SD themes and women’s 

attraction to engineering as a career choice? The overall outline of the research methodology 

is presented in section 4.5.  

In line with the objectives of this research as specified in 4.1, three cohorts formed the 

sample population, namely, female engineering professionals, undergraduate and graduate 

engineering students. Different sampling strategies and frameworks were utilized for the 

quantitative and qualitative phases of this research. These, as well as the sample sizes, are 

presented and justified in the next section. 
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4.4 Sampling strategies and Sample sizes  

In MMR, it is common practice to adopt different sampling strategies and sample sizes for 

both strands of the research (Teddlie and Tashakkori, 2009). These MMR sampling strategies 

have been categorized into five types, namely, basic, sequential, concurrent, combined and 

multilevel. As this research applied a sequential explanatory MMD (4.3.1 and 4.3.2), the 

sequential sampling technique was used. This type of sampling can be described as a 

technique where one sample precedes another and both samples are selected for 

quantitative and qualitative methods within different time frames (Cohen et al., 2007).  

Additionally, the issue of sample size in MMR is important to either connect or converge 

the quantitative and qualitative data sets in the explanatory design. Typically, the sample size 

of the qualitative sample is meant to be smaller than the size of the quantitative sample in a 

study that employs the sequential data collection approach. In addition, since the purpose is 

not to compare the findings from both stages, as typical of the concurrent design, the 

utilisation of an unequal sample size sequentially should not pose a problem (Creswell & Plano 

Clark, 2011, p. 123).  

For this research, the size of the quantitative sample was designed to be bigger than the 

qualitative sample. However, the researcher is aware that a smaller qualitative sample size 

may still affect the depth of insight obtained (LaRossa et al., 2014; Roy et al., 2015). To address 

this issue as well as provide the required rich data associated with qualitative approaches, 

this research incorporated and utilized multiple sampling strategies during the qualitative 

data collection through two phases of interviews (4.4.2). This organisation of sampling for the 

interviews helped develop an in-depth understanding of the studied phenomenon (Chun Tie 

et al., 2019; Patton, 2002). The different sampling strategies and sample sizes utilized for both 

stages of this MMR are described below. 

 Quantitative study 

In the quantitative study, convenience stratified sampling, which is a non-probability sampling 

technique was used to select the respondents as identified in the research objectives (4.1). 

This means that respondents from different strata (the female engineering undergraduates, 

graduates and professionals) were selected based on their status as female engineers and 

students including their willingness and availability to participate in the study. These were 

recruited by publishing the survey online and the web link sent via email to universities, 

engineering associations/organisations across Nigeria and the UK. Men were excluded in this 

sample, as the primary aim of the study is to understand the salient factors that influence the 

career choice of women, who are largely underrepresented in the discipline. Hence, this 

sampling strategy allowed for the relevant group associated with the study’s goals to be 

selected (Mike, 2011). 
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There is a lack of consensus on the appropriate sampling techniques to calculate the 

required sample size that is representative of the target population. Despite this 

disagreement, some studies have utilized different approaches for their research (Phuong, 

2013; Shelley et al., 2016; Sivapalan, 2015). One widely accepted sample size strategy is the 

National Education Association [NEA] sampling formula (Krejcie and Morgan, 1970, p. 607), a 

technique suitable for use in a MMR and utilized in this research. The NEA formula, as shown 

in Equation 4.1, was utilized by Krejcie and Morgan (1970) to develop a standard table (Table 

4.1) as a technique for determining the sample size of a given population. This table can be 

applied to any defined population from 10 to 1 million.  

 

S = X2 NP(1 – P) ÷ d2 (N −1) + X2 P(1 – P)                                                                                           Equation 4.1  

Where:  

S = required sample size  

X2= the table value of chi-square for 1 degree of freedom at the desired confidence level  

N = the population size  

P= the population proportion (assumed to be .50, to provide the maximum sample size)  

D= the desired margin of error expressed as a proportion (.05)  

 

Table 4.1: Technique for determining sample size (Krejcie & Morgan, 1970, p. 608) 

 
 

Utilizing this sampling technique, the sample size (S) was calculated and estimated for 

this research (Ken-Giami et al., 2022). One of the required variables that make up this formula 

is the population size (N). Due to the difficulty of obtaining the exact population size of women 
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in engineering in Nigeria and the UK for the 2019–2020 academic year when the study was 

conducted, the population (N) and sample size (S) were estimated using two approaches: 

1. The latest published data of the UK and Nigeria students’ enrolment to engineering 

courses:  

 N (from the latest published data)  The number of female engineers and 

enrolments of females (UG and PG) to engineering courses in both 

polytechnics and universities in Nigeria (Imasogie et al., 2018, p. 2; NSE, 

n.d.; Okorafor et al., 2015, pp. 4–5). 

 

 The number of female engineering students and professionals (UG, PG and 

Prof.) published in the UK-2017/2018 data (HESA, 2021c). 

N  7019 + 86,488  93, 507 

S from Table 4.1  382 – 384 

 

The Nigerian data were derived as follows: The 2018 data recorded 523 female 

engineering UG and PG students in the year 2016, while the 2015 data recorded 1709 in the 

year 2013 and 4787 female professionals (NSE, n.d.). Hence, the total estimated number was 

7019. The UK published data for 2017/2018 showed an estimate of female engineering 

students comprising 23,650 UG students, 5050 PG students and 57,788 female professionals. 

The total estimated number was 86,488.  

 

2. The survey’s targeted population, reached by publishing the survey online and email 

invitation to universities, engineering associations/organisations across Nigeria and 

the UK, was 463. Out of this number, 414 completed the survey. 

 

Both approaches showed that the research sample size of 414 was adequate and 

acceptable as it exceeded the estimated sample size provided by the Krejcie and Morgan’s 

(1970) technique (Table 4.1), thus making the data usable for the study (Jogulu and Pansiri, 

2011). In total, 414 respondents (356 female engineering UG and PG students and 58 

engineering professionals), drawn from Nigeria and the UK Universities and organisations 

completed the survey questions during 2019/2020 academic year. The students’ group 

represented in Table 4.2 and 4.3 comprised of female engineering undergraduates and 

graduate students across petroleum, environmental, biomedical, civil, electrical/electronics, 

agricultural, water resources, metallurgical, mechanical, gas, chemical and computer 

engineering programs. The Professional group comprised female engineers from 

organizations, universities and professional associations. Their background information is 

presented in Tables 4.2 and 4.3. 
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Table 4.2: Background information of Survey UK and Nigeria Respondents 

Name of Universities Type of University Number of 
participants 

Nigeria:  

University of Port Harcourt Federal Government 45 

University of Abuja Federal Government 118 

Ahmadu Bello University  Federal Government 82 

University of Ilorin Federal Government 9 

Kwara State Polytechnic State Government 8 

Federal University of Technology 
Akure 

Federal Government 4 

University of Benin Federal Government 1 

Federal university of petroleum 
resources Delta state 

Federal Government 1 

Kwara state Ministry of water 
resources 

State Government 2 

Segun Labiran and Associates Private organisation 1 

Goshi Heritage Limited Private organisation 1 

Rivers State University of Science 
& Technology 

State Government 1 

University of Lagos Federal Government 1 

Association of Professional 
Women Engineers of Nigeria 
(APWEN) 

Association 10 

UK: 

University of Portsmouth Public 25 

University of the West of Scotland Public 2 

Glasgow Caledonian University Public 14 

Aston University Public 3 

University of Warwick Public 4 

UK & IE Engineering Education 
Research Network 

Association 1 

TU Dublin Public 4 

Others (anonymous) Both Nigeria & UK 77 

Total  414 
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Table 4.3: Total group respondents of quantitative study  

Total Respondents according to their group 

Career Level  Number of participants 

Undergraduate student (UG) 319  

Postgraduate student (PG) 37  

Professional Engineer (Prof.)  58  

Total 414 

 

 Qualitative study 

For the qualitative study, two types of sampling strategies were adopted. Firstly, purposive 

sampling, which refers to the technique where participants or data sources suitable for 

answering given research questions are purposively selected (Edwards et al., 2018; Glaser & 

Strauss, 1967), was implemented. This sample strategy was adopted following the suggestion 

by Chun et al.’s (2019) in that it generates the initial data that the researcher analyses. Hence, 

an initial purposive sampling, which directed the data generation and analysis of the 

qualitative study, was conducted concurrently. This concurrent data generation and analysis 

is an essential aspect of GT research as it allows for collecting, coding and analysing the initial 

data before further data collection and analysis is undertaken (Birks & Mills, 2015).  

Secondly, theoretical sampling strategy, which involved “the process of identifying and 

pursuing clues that arise during analysis in a grounded theory study” (Chun Tie et al., 2019, p. 

5), was utilized. This strategy allowed the sampling of new participants that would provide 

relevant information regarding the emergent categories from the initial data generated 

through the purposive sampling. Theoretical sampling strategy is also fundamental to GT 

research as it aids in saturating the categories under development, hence developing the 

evolving theory whilst ensuring that the theory is grounded in the data (Bryant and Charmaz, 

2007; Charmaz, 2014).  

In this research, the objective of the qualitative study guided the purposive selection of 

practising women engineers to commence the process of concurrent data collection and 

analysis. However, these participants were asked open-ended questions to gain insights into 

how they interpret the influence of the factors that led to their choice of engineering without 

imposing any pre-conceived knowledge about SD concepts from the quantitative study 

findings. Despite this approach, analysis of data from the purposive sample generated codes 

around such concepts of SD themes and how these influence women’s choice of engineering 

as a career. Codes of girls’ attraction to messages that convey the impact of engineering on 

everyday life tools and technology that they can relate with, emerged from this initial data as 

well.  
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Based on these initially generated codes, the researcher decided to theoretically sample 

women engineers who are experienced with inspiring girls to engage in engineering such as 

STEM Ambassadors. Those currently involved in sustainability projects were also theoretically 

sampled to provide the most information-rich source of data to further saturate the 

categories under development. Hence, the participants that were selected through 

theoretical sampling were rather recruited based on the developing theory of how SD themes 

influenced women’s engineering choice, which was generated from the data of the 

participants that were purposively sampled. 

 Regarding sample size determination, Charmaz (2014, p. 345) emphasized that this 

should be based on “theoretical saturation, which is the point at which gathering more data 

about a theoretical category reveals no new properties nor yields any further theoretical 

insights about the emerging grounded theory.” Although the question of the exact sample 

size sufficient to reach theoretical saturation remains largely unanswered, some researchers 

suggest that factors such as the scope of study and application of adopted methods, including 

the length of interviews, can contribute to achieving this (Baker and Edwards, 2012; Guest et 

al., 2006; Mason, 2010).  

In this research, theoretical saturation was reached as follows. First, seven participants 

were purposively sampled and initial codes were generated. Subsequently, in order to 

develop the codes and categories generated from the initial purposive sampling, eight more 

participants were theoretically sampled. The possibility of recruiting additional participants 

was considered should theoretical saturation not occur. However, this was not the case, as 

after conducting series of constant comparisons between the developing theory and the raw 

data from the fifteen participants, no new findings emerged from any of the concepts or 

categories. Thus, theoretical saturation was achieved. This research’s sample size is in 

accordance with other GT studies, which utilized and reported similar size and saturation 

points. For instance, Guest et al.’s (2006) study showed that 88% of developed codes from 

their analysis of 60 qualitative interviews were generated at the time 12 interviews had been 

analysed. Mason, who analysed 560 PhD qualitative studies revealed that an average of 20 

participants was utilized for GT studies, with between 15 and 50 as the common sample size 

for other qualitative studies (Mason, 2010).  

The 15 participants who took part in the interview are practising women engineers in 

Nigeria (8) and the UK (7) with varying years of experience, drawn from different engineering 

disciplines, all renowned in their field, and have executed notable projects. The interview was 

conducted during June to August 2021. The choice of utilizing only this group as the sample 

for the qualitative study was motivated by the possibility of generating in-depth insight from 

their numerous years of continuous engagement in the engineering profession and in notable 

organisations such as Mott MacDonald, Shell and Schlumberger. They were approached 

through Linked-In and email, and the interview was conducted face-to-face via Zoom due to 

the Covid19 pandemic situation. Another reason for the choice of Zoom for this study relates 

to its unique features as an innovative video conferencing platform and it being the preferred 

choice for majority of the participants. Likewise, it has been shown that Zoom has additional 
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advantages that enhance its appeal to qualitative and mixed methods researchers (Archibald 

et al., 2019, p. 2). For concerns of anonymity expressed by the participants, only background 

information such as their occupations, areas of specialisation and number of years of practice 

were collected (Table 4.4).  

Table 4.4: Qualitative study participants’ profiles 

Participants 
Pseudonym 

Occupation/designation Years of experience 
as a practising 
engineer 

Country 

P1 
Petroleum engineer with specialty in 
machine learning for CO2 capture, 
utilization and storage 

4 Nigeria 

P2 

Computer engineer with specialty in 
computational information retrieval, 
developing algorithms and 
programming 

20 UK 

P3 

Civil engineer with specialty in building 
structures, responsible for designing 
and constructing the first ever metro 
station in Doha 

17 UK 

P4 
Reservoir engineer with specialty in 
Wells and Reservoir Review and 
Production System Optimization (PSO) 

4 Nigeria 

P5 
Civil engineer with speciality in 
drainage design for highways 

20 UK 

P6 
Mechanical engineering with speciality 
in building services 

4 Nigeria  

P7 
Reservoir engineer, with specialty in 
drilling wells 

9 Nigeria  

P8 
Mechanical engineer with specialty in 
renewable energy, building and urban 
design.  

10 UK 

P9 
Aerospace engineer with specialty in 
product sustainability  

4 UK 

P10 
Civil engineer with specialty in Asset 
management and climate change  

35 UK 

P11 
Chemical engineer with specialty in 
Engineering design, Asset optimisation 
and debottlenecking 

20 Nigeria 

P12 
Chemical engineer, with specialty in 
monitoring energy regulation and 
compliance 

20 Nigeria 

P13 
Petroleum engineer with specialty in 
fluid drilling and waste management 

6 Nigeria 
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Participants 
Pseudonym 

Occupation/designation Years of experience 
as a practising 
engineer 

Country 

P14 
Electrical engineer with special 
interests in energy sustainability, 
business & social entrepreneurship 

31 Nigeria 

P15 

Mechanical engineer with special 
interests in energy transition and 
embedding sustainability within 
technology design 

31 UK 

 

In the following section, based on the research questions and objectives (see 4.1), the 

research design, tools and procedures chosen to collect the data are outlined. 

4.5 Research Design, Tools and Procedures 

The research design, which is a general plan for answering the research questions (RQs), 

adopted the sequential explanatory design in two distinct stages (4.3.2.2). This design 

comprised of follow-up qualitative study in stage two to both explain the quantitative study 

findings in stage one and explore additional findings (Creswell, 2014; Creswell et al., 2003).  

Study one approached the research from a positivist perspective (4.2.1), and as such 

utilized a unique gamified online questionnaire to quantitatively assess the respondents’ view 

on the specific SD themes that appeal mostly to their decision to engage in engineering in line 

with RQs 1-3 (4.1). In study two, semi-structured interviews with a combination of both open-

ended and more structured questions, were utilized to generate in-depth insights into how 

SD themes influence women engineers’ choice and attraction to engineering in line with RQs 

4-5 (4.1).  

Hence, in this MMR, both quantitative and qualitative data were collected to address the 

RQs using methods such as questionnaires and interviews. While the benefits of utilizing this 

type of MM design have been discussed in 4.3.1 and 4.3.2, Table 4.5 illustrates the overall 

methodology outline, comprising detailed timeline of the research process, including the data 

collection methods for both research stages. Further details on the tools used in gathering 

the data for both stages of this MMR are discussed in the following two sections (4.5.1 and 

4.5.2). 
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Table 4.5: Research Methodology Outline 

Timeline Phase Instruments Analysed data Additional activities 

December 2018 –  

March 2019 

Quantitative Pilot study (n=32) 

(4.5.1.3 and 4.6.1.4) 

Online 

questionnaire 

Questionnaire -Piloting the questionnaire 

June 2019 - 

January 2020 

Quantitative phase (n=414) 

(4.5.1 and 4.6.1) 

Online 

questionnaire 

Questionnaire -Develop conceptual framework 

-Integrate conceptual framework to construct AHP 

hierarchical model 

-Incorporate themes from AHP model in the gamified 

survey 

-Distribute the survey 

-Commence data collection 

-Analyse quantitative questionnaire data 

June 2021 Qualitative Pilot study (n=1) 

(4.5.2.1 and 4.6.2.1) 

Interview  Interview guide & 

transcripts 

-Piloting the interview guide and data analysis 

techniques 

June 2021 - 

August 2021 

 

 

Qualitative phase (n=15) 

(4.5.2 and 4.6.2.2) 

Interview Interview 1 & 2 

transcripts 

-Develop final interview guide 

-Commence data collection, transcribe data and 

commence data analysis simultaneously 

 

Note: n= number of participants 
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 Questionnaires 

First, a three-section online questionnaire was used to gather quantitative data on RQs 1-3 

(4.1 and Appendix A). Questionnaires have been chosen due to their usefulness in engaging 

the opinions of groups of participants on certain subjects, making it one of the frequently used 

method in education research and related studies (Canney and Bielefeldt, 2015; Klotz et al., 

2014; Shealy et al., 2016).  

Several factors were responsible for the choice of online questionnaires over paper-based 

ones that are normally delivered face to face. Although the latter might tend to have a higher 

completion rate, it would have involved substantial travelling to diverse destinations, a 

challenge that was worsened by the prevalence of the COVID19 pandemic restrictions. While 

online questionnaires could have lower response and completion rates, they can reach wider 

participants and are cost effective. This is further made more convenient with the proliferation 

of mobile phones and social media. Although questionnaires have potential negative 

outcomes such as speeding and untimely termination by the respondents, this research’s 

novel application of gamification techniques to the online questionnaire (4.5.1.1) mitigated 

these criticisms (Cechanowicz et al., 2013; Harms et al., 2015). Furthermore, the online 

questionnaire allowed for automated data collection and transfer to computational/analytical 

software tools such as Excel and Expert choice, greatly reducing the chances of human error 

or the task of manually inputting and transferring data sets from a paper survey into a chosen 

data analysis program, thereby less time consuming.  

Additionally, considerations regarding the survey design ensured a relatively brief but 

concise content, interesting and inviting design, and access for the researcher and the 

respondents to conduct and respond to the survey respectively. These were necessary to 

avoid challenging questions to prevent users from negatively perceiving questions as difficult 

(Kaminska et al., 2010). Consequently, these reasons informed the choice of online 

questionnaires for this research. The designed online questionnaire can be accessed as 

follows: http://engineeringforgirls.com/. The questionnaire, which was structured and 

designed using the conceptual framework (3.1), was optimised following a pilot study (see 

Appendix B for pre-pilot version) that was conducted to test the beta version or prototype of 

the tool. The questionnaire comprised three main sections, A-C. Sections A and C forms the 

core aspect of this study. 

Section A contains column and/or dropdown box sections to collate the respondent’s 

background information whilst retaining anonymity: their universities, schools, organisations 

and career levels such as professional, undergraduate and postgraduate student. The 

respondents’ choice of these options determines the avatar automatically assigned to them 

(Figure 4.1 and 4.5.1.2). It should be clarified that different from the paper format shown in 

Appendix A, the online version listed certain questions that are only shown to undergraduate 

(UG) students, while others only to postgraduate (PG) and professionals (PE.). Additionally, 

depending on the respondents’ answer to a previous question, some questions change to 

http://engineeringforgirls.com/


69 

 

reflect the question meant for the particular group of respondents. For instance, Question 6, 

which asked if the presence of certain factors would have influenced the respondents’ interest 

in engineering, is only displayed if they previously answered ‘No’ to question 5; that is, if they 

had prior interest in engineering. This is achieved automatically online by embedding 

appropriate logic commands in the survey so that participants do not see the questions that 

are skipped. Furthermore, the consent form was included as part of the participant 

information sheet on the homepage of this online version. This can be seen in Appendix C. 

 

 

 

Figure 4.1: GDSE Survey depicting participant background question/allocated avatar  

 

Section C represents the fundamental section of the questionnaire, as the questions are 

the most direct measure of the combination of SD themes that can appeal mostly to the 

decision of the participants to engage in engineering. Hence, they correspond to RQs 1-3 (see 

4.1). It has 4 questions that measured the three SD themes and four sub-themes as indicated 

in the conceptual framework (3.1). The traditional AHP scales of 1-9 (Table 4.7) were 

strategically integrated within the questions. Saaty (1987) emphasises the importance of using 

the AHP scales due to the fact that the responses to the questions are likely to truly represent 

the participants’ opinion. Hence, by utilizing the AHP scale, a better understanding of the 

degree of importance placed by the different groups of female participants on the selected 

SD-themed concepts was generated.   

The first question asked the participants to identify the order of importance in which the 

three aspects of SD themes would influence them to choose or remain in engineering as 

represented in the conceptual framework (see 3.1). The response options were societal 

impact/helping people, economic status/growth and environmental protection (Figure 4.2).  
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Figure 4.2: GDSE Survey depicting example of Section C questions and 50% progress rate 

 

These were followed by three other questions (Figure 3.1). The questions measured the level 

of importance that the participants place on sub-SD themes, which represent SD 

challenges/themes that cut across the three aspects of SD and the SDGs. These themes are 

climate change, water quality/quantity, healthcare, housing conditions, equity, population 

problems, waste management, and economic performance. These response options were 

selected following the literature review as recommended by Dörnyei (2007), and Mackey and 

Gass (2005).  The authors agree that it can both save time and help in navigating potential 

pitfalls and difficulties of writing new items, as previously used items have gone through 

testing and piloting, and have been proven to yield statistically valid and reliable data. The 

items were also selected based on their relevance to the engineering discipline and its role in 

addressing SD, and as such, they would be useful in identifying the combination of SD themes 

that can appeal mostly to women’s engagement in engineering (2.5.2-2.5.3). Hence, this 

questionnaire from this point forward is named the Gender Diversity & Sustainability in 

Engineering (GDSE) Survey to emphasise the aim and objectives of the research.   

Finally, as mentioned, gamification techniques were applied onto the online 

questionnaire. The justification and design process are discussed in the next sections. 
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4.5.1.1 Gamification of the GDSE Survey: Justification  

Gamification is defined as the use of game mechanics and elements in non-game contexts, 

such as a survey (Deterding et al., 2011, p. 9). Some advantages of gamified surveys are that 

they offer a more enjoyable and less boring experience for the research participants. These 

mitigate some criticisms of online surveys such as reduced attention, speeding, untimely 

termination and random response from the participants, as a result of its traditional dull 

design (Cechanowicz et al., 2013; Harms et al., 2015). A gamified survey has been chosen as it 

has been observed to also provide significant psychological and behavioural benefits related 

to user participation, motivation and data quality (Cechanowicz et al., 2013; Harms et al., 

2015).  

There are also other reasons why a gamified online survey was preferred over a standard 

online survey. While both versions may hold similar advantages given that they are both 

delivered online, such as inclusivity, low cost and ease of data analysis (Belfo and Sousa, 2011; 

Harms et al., 2015), the gamified version has additional advantages. For example, the nature 

of online surveys makes it very interactive, enables instant data validity checks and consistent 

ordering of questionnaire content in line with the user responses. Nevertheless, Schleyer and 

Forrest (2000) and Wyatt (2000) argue that some respondents may not understand what is 

required to navigate the survey. The gamified version offers a solution to this problem by 

providing high-level interaction with the use of game elements such as visual designs, avatars 

and free exploration for easy navigation in the survey design (Deterding et al., 2011).   

However, some researchers caution that there are some disadvantages of this method, 

such as skewed results due to multiple responses from keen participants and the possibility of 

some respondents’ lack of understanding of ambiguous concepts (Belfo and Sousa, 2011; 

Cechanowicz et al., 2013). The former criticism was mitigated by following Schleyer and 

Forrest’s (2000) technique of allowing each participant  a one-off access to the website. In this 

research, the backend of the online survey was programmed not to record multiple responses 

from the same IP address. The latter problem with this gamified approach was addressed by 

linking the concepts’ definition to the back-end of the questionnaire form.  

As a result, the definitions and images of the SD themes pop up whenever the participant’s 

cursor is positioned in their direction. Findings from the pilot study (4.5.1.3) indicated that this 

technique of providing explanatory notes for technical and cumbersome concepts helped 

provide an enjoyable and informative experience for the participants and maximized 

completion rates. The process of converting the conventionally designed paper questionnaire 

(see Appendix A) into the gamified GDSE survey is presented in the next section. 

4.5.1.2 The Design Process of the Gamified GDSE Survey 

The gamified procedure applied to the online survey follows a process suggested by Harms 

et al. (2015). It involves the application of game elements comprising the MDA (Mechanics, 

Dynamics and Aesthetics) gamification framework and the three layers of form design 
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(relationship, conversation and appearance) in the survey areas. These areas include the 

Introduction and Welcome pages, Questions & Answers, navigation and submission. The team 

responsible for this design process consisted of the researcher and two computer 

programmers.  

While Figure 4.3 shows the six-step gamification process adapted to the online survey in 

this research, Table 4.6 outlines the game elements applied in the survey areas and snapshots 

of the resulting online design are shown in Figures 4.2 and 4.4. The detailed gamification 

process is presented in Appendix D. 

 

Figure 4.3: Survey Gamification Process 

 

Table 4.6: Game elements applied in GDSE survey main areas 

Application of Game Elements in the GDSE Survey Areas  

Survey Areas   Game Elements Utilized  

Introduction/Welcome Screen  The mechanics of profile ranks were utilized to produce the 
aesthetics of curiosity and acquisition of profile status from the 
onset of the survey and to motivate participants to finish the 
survey.  
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Application of Game Elements in the GDSE Survey Areas  

Survey Areas   Game Elements Utilized  

Questionnaire-Questions 
Answer pages  

and  The mechanics of avatars were employed to produce the aesthetics 
of exploration.  

The mechanics of completion badges were used to display the 
percentage of completion on each questionnaire page and to 
implement the target dynamics of feedback.  

Questioning: game-like techniques such as projection and forced 
imaginary situation were applied to the questionnaire wording. 
These types of questions cause participants to stop and think 
before answering, thereby avoiding speeding and random answers 
typical of a traditional survey design.  

Submission page   The 100% completion achievement badge and profile rank/trophy 
were incorporated in this page  

Thankyou page  A thank you message with a graphically designed SD-themed 
profile rank and the corresponding profile is shown to each 
participant at the end of the survey based on their responses, to 
achieve the intended aesthetics goal of acquisition of profile status 
and accomplishment and reward but not to determine the results 
of the survey.  

 

 

Figure 4.4: GDSE Survey home page 
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4.5.1.3 GDSE survey pilot study  

Before commencing data collection, it was important to conduct a pilot study to obtain initial 

feedback from the respondents on the design and performance of the GDSE online survey. 

This can help determine the suitability and reliability of the survey questions, identify any 

problems and modify the procedures (Dörnyei, 2007; Friedman, 2012). For these reasons, the 

survey pilot study was conducted with a group of female UG and PG students and lecturers 

(professionals) at the University of Portsmouth (UoP) School of Mechanical and Design 

Engineering (SMDE). Based on the findings, the following changes were made. First, the initial 

anticipated time for completion of the survey was 5 minutes. However, following the piloting, 

the expected duration for completion was changed to 5-10 minutes, to avoid dropouts due to 

unmet expectations and disappointment of exceeding the stated duration in the information 

sheet. This is because it took about 7 minutes for most of the pilot study participants to 

complete the survey. 

Next, the initial survey question five had 17 boxes representing images of the 17 SDGs and 

asked the participants to choose the top three that would be most important for them to 

achieve as engineers (see Appendix B). Most of the pilot study participants observed that the 

format of the question made it difficult for them to choose, as expressed in these extracts: 

“For the 17 SDGs, I felt a little overwhelmed by the amount of choice.’’ ‘’For the SDG question, 

I wanted to answer more, it was very hard to choose only 3.’’ Consequently, the format of the 

question was changed by adding another level and set of multiple questions, where options 

included sub-themes that cuts across the three pillars of SD (social, environment and 

economic) and are relevant to the engineering profession. Additionally, this change was 

implemented to allow participants to give their judgment on the importance of each option, 

using the AHP Likert scale of 1-9 (Table 4.7) in order to be able to logically assess the relative 

importance of the 3 concepts and 10 sub-concepts (3.1). 

Finally, additional concerns about device compatibility and cumbersome concepts were 

raised, such as ‘’It does not work on my phone (Huawei P10 with google chrome)’’ and “you 

could potentially explain the link between gender diversity and sustainability more 

extensively”. The former concern was addressed by considering device compatibility during 

the design stage, while all SD-themed related information had a pop-up text box that defined 

the terms used to address the latter concern. Although some other parts of the pre-pilot 

survey already provided explanatory notes for technical and cumbersome concepts, this was 

not consistent across the entire survey. Thus, based on the latter feedback, the decision was 

made to implement this approach all through the survey as findings from other participants 

showed that clarifying the concepts with “pop up” explanation notes provided an enjoyable 

and enlightening experience for them and maximized completion rates. 
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 Interviews 

Second, semi-structured interviews, which are a mid-point between unstructured and 

structured interviews, were used to collect qualitative data and provide answers to RQs 4 and 

5 (4.1). This data collection method enabled the researcher to follow a set of fixed question 

or prompts, and further probe beyond the approved questions (Dörnyei, 2007; Mackey and 

Gass, 2005). Hence, this freedom to explore further, outside prescribed questions, can result 

in “unexpected and insightful data” (Mackey and Gass, 2005, p. 93). This also allows for follow-

up interviews, which can help clarify some of the patterns observed in the questionnaire 

(Dörnyei, 2007). 

The interviews were conducted virtually from June to August 2021 (4.4.2) in English, and 

each interview lasted for approximately one hour. Prior to each interview’s commencement, 

the participation information which included a consent form was sent to the participants to 

sign and return to the researcher (See Appendix E1). The interviews were divided into two sets 

representing the purposively and theoretically sampled groups, to align with the adopted GT 

approach and help achieve the objective of the qualitative study. Both sets of interviews began 

with a ‘briefing’ that contained general information about the study (see Appendix E1). First, 

the participants were reminded of the study aim and assured of the confidentiality of the 

entire process. They were also reminded that the researcher’s input would be minimal and 

that there were no right or wrong answers as the goal was not to judge what they said, but to 

gain insights from their opinion and experiences as women engineers.  

There were differences in structure of both sets of interviews (see Appendix E2). In the 

first set comprising the purposively sampled group, the participants were asked open-ended 

questions to gain insights into how they interpret the influence of the factors that led to their 

choice of engineering without imposing any pre-conceived knowledge. As discussed in Section 

4.3.2.1, this is in keeping with grounded theorists’ suggestion that this approach will help 

avoid a situation where the researcher’s sensitivity to emerging themes is limited, thus 

affecting the data interpretation. For instance, the interview started with an open and general 

question that initiated the conversation whilst encouraging retrospection, such as “Tell me 

about your first introduction to the engineering discipline” (Appendix E2). As the participants 

described their experiences, additional questions were asked to generate further insight to 

the first question. For example, “What kind of information did you receive and where did this 

happen?”, “What was your reaction to this first information and introduction?”, “How did you 

feel?”, “What aspects of this information appealed to you?”  

The organisation of the interview followed Charmaz’s (2014, p. 67) GT interview 

technique, which is designed to be sufficiently open-ended, followed by “intermediate 

questions,” to explore and generate an in-depth account of the participants’ experiences 

about their decision to choose engineering. The questions that followed asked about the 

exciting aspects of the participant’s career, such as “What is exciting about your career and 

job in engineering? Why?”, Tell me about an exciting engineering project you were or 

currently involved in?”, “What is it about?”, “How did you feel to be part of the team that 
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executed this project?” In following this approach, the participants’ responses from these first 

set of interviews helped generate a number of themes that were not imposed by a pre-

determined theoretical framework, but emerged from the data.   

The second set of interviews (Appendix E2) commenced after the GT iterative and 

concurrent data generation and analysis of the first set of interviews. In this second set, the 

questions were more structured owing to the goal of theoretically sampling participants to 

develop the particular themes that emerged from the first set of interviews as well as explain 

the quantitative findings (4.4.2). As Birks and Mills (2015) observe, this process is important 

to saturate the categories under development, identify gaps in the existing data and provide 

insight into the unknown.  

4.5.2.1 Interviews pilot study 

Before commencing the interviews, a pilot study was conducted with the following objectives:  

1. To assess whether the questions were sufficiently open-ended to generate relevant 
data in line with qualitative study objectives. 

2. To ensure the interview guide was clear and easy to understand 
3. To select the most suitable approach to transcription and test the software for 

transcription. 
 

To achieve the first two objectives, the initial draft of the interview guide was sent to some 

qualitative study experts in academia and private practice for their feedback. These included 

Helen Scott and Karl Nunkoosing (Nunkoosing, 2019; Scott, 2017; Scott et al., 2017), who were 

chosen for their substantial contributions to the field and the qualitative orientation of most 

of their studies. This piloting resulted in some significant changes in the initial guide (Appendix 

F). For instance, all the experts expressed concerns about the fact that the questions were not 

suitable for a GT study, which is typically open-ended to generate enough in-depth data for 

developing the emerging theory without imposing any preconceived ideas. For example, the 

first question asked: “At what point did your interest in engineering develop?”, “What factors 

influenced your first interest in engineering?” Then the next question immediately asked 

about the influence of SD themes in the participant’s choice of engineering.   

However, it was observed during this piloting that this question format contradicts the 

goal of a GT study, which does not allow the researcher to approach the study with pre-

conceived concepts or ideas (4.3.2.1) as evident in the third question above. Thus, the final 

version of the interview guide not only incorporated more open-ended questions with several 

prompts to help generate sufficient data on the phenomenon, but it was also divided into two 

sets of questions (Appendix E2). The first set explored the participants’ opinion of the 

influence of the factors that led to their choice of engineering without including any pre-

conceived knowledge, whereas the second set sought to develop the themes that emerged 

from the first set of interviews and to explain the quantitative study findings (4.5.2). 

Having discussed the approach utilized in achieving the first two objectives of the 

interview pilot study, the next section discusses how the third objective was achieved.  
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4.5.2.2 Transcribing the interviews 

The interviews were conducted virtually (4.4.2) and the recording was transcribed before the 

commencement of the data analysis. Hence, the third objective of the interviews pilot study 

was to determine the best way of transcribing the interviews. Initially, Windows Media Player 

was used to listen to the audio-recordings, while transcribing them onto Microsoft Word. This 

method was found to be ineffective and laborious as one had to stop, rewind, play, while 

switching across multiple ‘windows,’ greatly increasing the chances of human error. It was 

also very time-consuming as one minute of audio recording took between 10-15 minutes to 

transcribe. To overcome this obstacle, Otter.ai Transcription Software (Liang and Fu, 2016) 

was tested and chosen for the main study. A useful option provided by this software is the 

possibility to perform all the steps required for the transcription within a single window, which 

greatly reduced the time used for transcription. (Figure 4.5).  

Another useful option provided by this software is the possibility of real-time editing and 

listening to the audio simultaneously. This aspect was very useful as owing to the different 

accents of participants, the software couldn’t pick the correct words or sentences, which 

resulted in several errors in the transcripts. Nevertheless, the software allowed for listening 

to spot the correct words and making the corrections at the same, thereby greatly saving time 

and limiting the potential for misrepresenting the exact quotes of the participants. The option 

to modify the speed of an audio-recording is an additional advantage of the Otter.ai 

transcription software. The next section discusses the methods utlized to analyse the main 

studies’ data.  

 

 

Figure 4.5: A screenshot of Otter Transcription Software control panel 
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4.6 Data Analysis 

Since this research utilized a MM approach, different methods were used to analyse the 

quantitative and qualitative data. These methods of analysis are presented in the following 

subsections. 

 Quantitative Data Analysis 

As discussed in 4.5.1, the questionnaires generated quantitative data, which were used to 

assess the respondents’ view on the combination of specific SD themes that appeal mostly to 

women’s decision to engage in engineering according to their order of importance (see RQs 

1-3 in 4.1). These RQs hence required a Multi Criteria Decision-Making (MCDM) method of 

analysis to empirically assess these factors. The MCDM methods have been chosen because 

of their usefulness in structuring, planning and solving decision and real-world problems 

involving multiple criteria (Aruldoss et al., 2013). Likewise, the type of adopted research data 

comprising predefined alternatives and multi criteria comprising the various SD-themed 

factors, which are discrete data led to the choice of one of the MCDM methods, namely Multi-

Attribute Decision Making (MADM) methods (Figure 4.6). Among the 20 MADM methods that 

currently exist in literature including ELECTRE, PROMETHEE, TOPSIS, and AHP (Chen and 

Hwang, 1992; Hwang and Yoon, 1981), illustrated in Figure 4.7, AHP was selected as the most 

suitable technique to analyse the data. 

 

 

Figure 4.6: Broad classification of MCDM methods (Zavadskas et al., 2014) 
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Figure 4.7: Hierarchical structure of MADM Methods (Aruldoss et al., 2013) 

 

A summary of these different methods, their application and classification and a MCDM 

glossary is presented in Appendix G. However, there were some reasons why the AHP was 

preferred over the other methods, especially ELECTRE. While the latter has similar 

characteristics as the AHP and as such might have been considered as suitable for this 

research, it involves a difficult process and cumbersome outcome. In contrast, although the 

AHP might be criticised for developing possible inconsistencies in the respondents’ 

judgements, it is renowned for its ease of use. Moreover, this inconsistency concerns have 

been addressed by AHP standard measures to check for inconsistent outcomes  (Lee et al., 

2009; Saaty, 1987). Furthermore, since the research utilizes questionnaire to generate 

quantitative data from three groups of respondents (4.4.1), AHP offers better reliability with 

respect to analysing the responses from survey participants and easily accommodates diverse 

decision-making problems (Peterseim et al., 2013; Pons and de la Fuente, 2013). Finally, the 

AHP approach is scalable and not data intensive (Ertay et al., 2013; Karaca et al., 2015) and as 

such can be adapted to target wider participants, including the inclusion of the other gender, 

age-groups, and professions. For these reasons, the AHP method of analysis was the preferred 

choice for this study. 

4.6.1.1 Understanding the AHP and its significance in the research 

Hwang and Yoon (1981) defined the AHP as a MADM method that involves making preference 

decisions by choosing alternatives against conflicting attributes. Developed by Thomas Saaty 

in the 1970s, the underlying philosophy of the AHP is based on its relevance as a framework 

for structuring decision problems in a hierarchy and quantifying the various factors of the 

problem by assessing their relative importance across the hierarchy (Saaty, 2008). The AHP is 
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used in this research to quantitatively assess the relative importance of a combination of 

specific SD themes that influence women’s decision to engage in engineering (see RQs 1-3 in 

4.1). As a result, the previously discussed philosophical pragmatism (4.2.2) manifested itself 

in this approach to the data analysis, as it provided the possibility of combining both the 

positivist and constructivist stance to achieve the aim of this MMR. In this quantitative strand, 

the AHP aligns with the assumptions of positivism, which is a component of the adopted 

pragmatist worldview in this research, and as such is a suitable analysis approach to provide 

answers to the quantitative RQs 1-3 (4.1). 

Following the suggestion of Ishizaka and Labib (2011) and based on Saaty’s AHP 

methodology guide (Saaty, 1987), a 10-step framework, which was developed and applied in 

this research to reduce the subjectivity of the survey and decision analysis problem to obtain 

a more objective result, involved the following steps: 

Step 1: Definition of the goal of the problem  

Step 2: Identify and incorporate the SD-themed factors or criteria from the research’s 

conceptual framework (Figure 3.1) as well as the alternatives, that is, the participants whose 

decisions will inform the findings of the study in constructing the AHP hierarchy model 

Step 3: Construct the AHP hierarchy model   

Step 4: Incorporate the AHP model in the survey, conduct and collect empirical data from 

survey  

Step 5: Conduct pairwise comparisons for the criteria and sub-criteria level  

Step 6: Calculate the weights of the criteria and sub-criteria 

Step 7: Aggregating the overall score of alternatives  

Step 8: Perform the AHP consistency test   

Step 9: Conduct Sensitivity analysis  

Step 10: Identify final outcome of the participants’ preferences  

The process highlighted in this framework is summarised in Figure 4.8. The following 

sections detail the procedures implemented, including the pilot phase where challenges 

encountered and overcome are discussed (4.6.1.4). 
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Figure 4.8: AHP Implementation in this research 

 

4.6.1.2 Problem definition/identification of criteria and alternatives (Steps 1 and 2) 

The research’s primary aim to develop a model that explains the link between the three pillars 

of SD themes and women’s career choice in engineering (4.1), partly defined the criteria and 

alternatives of this AHP problem. However, to identify the most relevant of such factors that 

could influence women’s career decisions, a two-stage process was employed. First, a 
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literature review was conducted (2.5.3). Next, a conceptual framework for studying women’s 

choice of engineering influenced by SD themes was developed (3.2). For both stages of AHP 

factor (Criteria and alternatives) identification, the works of Klotz et al. (2014), UN (DESA, 

2001), and Mote et al. (2016) proved useful. The broad SD themes that are influential in 

women’s decision to choose engineering were identified from the former work, whereas the 

themes associated with the SDGs, SD indicators and engineering grand challenges were 

generated from the latter works. These themes were utilized in developing the conceptual 

framework of this study. They were categorized according to the three pillars of SD themes 

and sub-themes and defined as the challenges engineers are meant to solve. Thus, the 

framework illustrates how the relationship between the SD-related themes and sub-themes 

and women’s choice and attraction to engineering in Nigeria and the UK is studied in this 

research.  

Furthermore, the concepts in this conceptual framework were subsequently incorporated 

into the development of the AHP hierarchy model (Figure 4.9). This provided the basis for 

identifying the participants’ preference of the combination of SD themes that mostly influence 

their decision to engage in engineering. 

 

 

 

Figure 4.9: The Research’s AHP Hierarchy Model 
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4.6.1.3 AHP hierarchy structure definition (Steps 3 and 4) 

Saaty (2008) demonstrated that AHP can be used as a framework for a decision-making 

process which allows the decision-makers to model a problem in the form of a hierarchy, often 

referred to as the AHP Hierarchy model or structure. This means that it is typically hierarchical 

and divided into multi-levels, with the overall goal at the top, criteria and sub-criteria in the 

middle and competing alternatives at the bottom (Perera & Sutrisna, 2010; Saaty, 1987). In 

this research, the representation of the AHP hierarchy model is shown in Figure 4.9. It has 

undergone several iterations guided by experts and based on an analysis of related literature 

in this research area for the purpose of validity and factor reduction of the model contents. 

Following this, the final structure of the AHP model was developed. For this research, the AHP 

hierarchy model (Figure 4.9) is divided into four levels: goal, criteria, sub-criteria and 

alternatives, with the goal representing level 1, criteria level 2, sub-criteria level 3 and 

alternatives level 4 in the hierarchy.  

First, the goal on level 1 is the focus of the problem, which is to determine the three 

groups of participants’ preferences of SD themes that influence their decision to choose 

engineering, hence representing the aim of the survey (4.5.1). Next, the criteria on level 2 are 

the elements that contribute to the goal. These are the three pillars of SD themes, which are 

assessed to determine their relative importance in the decision of the women participants to 

engage in engineering. Furthermore, the sub-criteria on level 3 represent tangible SD-related 

challenges that cut across the three pillars, including the grand engineering challenges and 17 

SDGs. These sub-themes can potentially provide better insight into the diverse aspects of SD-

related themes that could attract an increase in women participation as well as highlight the 

different opportunities and possibilities available in engineering for prospective participants.  

This list of sub-criteria included in the AHP model was selected following the literature 

review on sustainability studies, including an outline of Smalley’s ten most pressing challenges 

facing humanity (Smalley, 2003) and the UN Commission on Sustainable development theme 

indicator framework (DESA, 2001) - see 3.1-3.2. The selection of the sub-criteria was also 

based on their relevance to engineering, representing SD challenges that engineers should 

address (Mote et al., 2016; UNESCO, 2010, p. 16) and their synonymity with SD issues faced 

by all regions and countries in the world (DESA, 2001). Unlike the criteria (the three pillars of 

SD themes), which may be constrained to a limited number, there is no defined limit on the 

number of sub-criteria (sub-SD themes) to be included in the AHP model. This implies a 

potential for more sub-criteria inclusion in the model (4.6.1), which may differ, depending on 

the goal of the decision maker. 

Finally, the alternatives on level 4 represent a set of female respondent groups 

(engineering UGs, PGs and professionals). At this level, the alternative weights are assessed 

with respect to the sub-criteria. Hence, the analysis at this level determined the relative 

ranking or priority of the alternatives, which are the groups of participants. Therefore, the 

hierarchy of the research’s AHP model shown in Figure 4.9 comprises three criteria, ten sub-

criteria and three alternatives. These factors or themes in the AHP hierarchy model (Goals, 
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Criteria, and Sub-criteria) were incorporated into the development of the survey questions. 

Consequently, the survey data were used to determine the relative importance among the SD 

themes across Levels 2 and 3 of the AHP hierarchy model, as judged by the three groups of 

female participants. However, before commencing this aspect of the data analysis, a pilot of 

the AHP technique was conducted and is discussed in the next section.  

4.6.1.4 Piloting the AHP analysis procedure 

This section discusses the process of piloting the AHP technique, including the challenges 

encountered and how they were resolved. As mentioned in 4.6.1.1, the AHP was chosen as 

the suitable method of analysis for the quantitative strand of this MMR. The aims of piloting 

this technique are as follows: 

1. To apply a more simplified AHP structure (Figure 4.10) to first test the suitability of 
the method in this research.  

2. To conduct different techniques of analysing the pilot data using different software 
to test which would be suitable for the data analysis of this research.  
 

 

Figure 4.10: Simplified AHP model 

 

First, the AHP structure utilized for this pilot study did not incorporate the sub-criteria level 

(Figure 4.10). This was mainly due to the purpose of applying a more simplified AHP structure 

in the survey to first test its suitability. Next, the data from the pilot study was analysed twice 

using two different software. For the first analysis, the Microsoft Excel software was 

programmed using the AHP technique equations, and the data analysed following the outlined 

AHP steps (4.6.1.5 and 4.6.1.6). However, the researcher discovered some limitations with 

using Microsoft Excel such as its lack of features to effectively allow a sensitivity analysis, which 

is the last step of the AHP procedure (4.6.1.1) to be conducted.  

Nevertheless, one benefit of using Excel is that it is easy to make significant adjustments 

in a large data set after the programming has been concluded. For example, the initial large 
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data set for this research included data from 140 school students. However, after the initial 

lengthy process of programming Excel and conducting the entire data analysis for the 

quantitative strand of this research, the researcher had to remove all data from the 140 

students. Interestingly, the process was less difficult as the software had already been 

programmed using the AHP algorithms. Hence, all that was required was to remove the data 

and the software automatically adjusted the figures of the remaining data set. 

However, Excel was mainly utilized for calculating preliminary analysis, such as the 

respondents’ total and average mean values for the criteria and sub-criteria, in order to make 

provisions for conducting the sensitivity analysis. Consequently, the Expert Choice 11 software 

was utilized in the second data analysis piloting. Expert Choice is the most recognised and 

arguably one of the most utilized data analysis software for analysing AHP related decision 

problems (Barfod, 2014; Ishizaka and Labib, 2009). The software utilizes an intuitive useful 

graphical user-friendly interface and an automated algorithm to calculate the 

weights/priorities and conduct a sensitivity analysis (Ishizaka and Labib, 2009). The choice of 

this software was motivated by the fact that the aforementioned benefits helped simplify the 

decision model structuring, the entire AHP analysis process and sensitivity analysis using the 

embedded graphical interface.  

Finally, following the AHP piloting procedure (4.6.1.5 and 4.6.1.6), a pilot consistency test 

and sensitivity analyses were conducted to test the consistency and robustness of the AHP 

final outcome, respectively. The findings revealed that although the judgements given by the 

survey participants were based on subjective perceptions, the outcome of their decision 

proved to be consistent, logical and robust, as depicted by the consistent matrices and stability 

of the alternatives ranking. These findings hence demonstrated the appropriateness, 

practicability and applicability of the integrated AHP and sensitivity analysis techniques in this 

research.  

Following findings from this pilot study, in the next sections, the outlined steps 5-10 of the 

AHP 10-step framework (4.6.1.1) were utilized in analysing the quantitative data. 

4.6.1.5 Pairwise comparison matrices construction (Step 5) 

Pairwise comparisons are an integral part of the AHP method as they compare the decision 

factors by pairs and assign a weighting to reflect their relative importance, thereby providing 

a deeper insight into the degree of importance among a set of criteria and alternatives (Saaty, 

1987). The themes on the AHP hierarchy structure (Figure 4.9) were utilized for the pairwise 

comparisons. The main rule of this type of hierarchical layout of themes states that all themes 

on any particular level have to be related to a corresponding theme at the higher level in order 

to be able to determine or assess their relative importance (Saaty, 1987). This means that the 

relative importance of the elements on the hierarchy are assessed by conducting pairwise 

comparisons of the elements on one level with respect to those on the upper level, following 

the procedure depicted in Figure 4.8. For instance, the relative importance of ‘C1, C2, and C3’ 

on level 2 were assessed by conducting pairwise comparisons of all the criteria with respect 
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to the ‘goal’ on level 1. Likewise, the sub-criteria of ‘SC1-SC10’ on level 3 were assessed with 

respect to ‘C1, C2 and C3’ on level 2 and the alternatives - ‘A1-A3’ on level 4 with respect to 

the SC on level 3. 

In making these comparisons, the decision maker (DM) assigns suggested numbers from 

the traditional AHP scale of 1/9 to 9 (Table 4.7) as an expression of the degree of 

importance/preference attached to the element being compared. This can be illustrated as 

follows: 

 a participant’s choice of scale 1 implies that the two criteria or alternatives being 
compared are equally important,  

 a choice of 9 is an indication that one criterion or alternative (i) is extremely 
important than the other (j),  

 1/9 implies that criterion or alternative (j) is less important compared to the other (i).  
 

A typical pairwise comparison operation is conducted in a matrix of ‘n x n’. For instance, the 

relative importance of the criteria on level 2, as shown in Figure 4.9, with respect to the goal 

on level 1 can be expressed in a (n x n) matrix, where the element ajk represents the ratio of 

wj/wk and the reciprocal matrix being expressed as: 

 
ajk =1/akj and ajj=1, for all j and k  (where i, j, k are an integer)                                                   Equation 4.2 

 

Table 4.7: AHP Traditional scale 

AHP Scale of Importance for 
comparison pair (aij) 

Numeric rating Reciprocal (decimal) 

Extreme Importance 9 1/9(0.111) 

Very Strong to Extremely  8 1/8 (0.125) 

Very Strong Importance 7 1/7 (0.143) 

Strong to Very Strong 6 1/6 (0.167) 

Strong Importance 5 1/5 (0.200) 

Moderately to Strong 4 ¼ (0.250) 

Moderate Importance 3 1/3 (0.333) 

Equally to Moderately 2 ½ (0.500) 

Equal Importance 1 1 (1.000) 

 

Likewise, a typical pairwise matrix has been observed to contain a certain number of 

comparisons expressed as: 
𝑛(𝑛−1)  

2
                                                                                                                                        Equation 4.3 

(where n is the number of criteria being compared) 

Therefore, only three comparisons are required for the three criterions in Figure 4.9. The 

typical comparisons to be conducted on the level 2 criteria with respect to the goal in level 1, 

is shown in Matrix A (Figure 4.11). 
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𝐶1              𝐶2           𝐶3 

𝐶1     C1/C1 C1/C2 C1/C3 

 

𝐶2   𝐶2/𝐶1 𝐶2/𝐶2 𝐶2/𝐶3 

 

𝐶3    C3/C1 C3/C2 C3/C3 

 

Figure 4.11: Pairwise comparison matrix A 

 

It is impossible to calculate the collective weight of each criterion using the different 

weights assigned by several respondents for the criterion. Therefore, this required a suitable 

method to represent the relationship among all the DMs’ opinions. Related works have mostly 

preferred to apply the average mean to represent the entire DM’s opinion or judgement of 

the criteria (Al-Harbi, 2001; Ozturk and Batuk, 2011). The mean of a data set is the average of 

all the data values. It has been observed that since the DM or questionnaire respondent 

assigns weights to the criteria individually, it is necessary to calculate the average of the 

weights assigned to the criteria by the DMs before deriving the weight of each criterion 

weights (Perera et al., 2016; Perera & Sutrisna, 2010). This helped in assessing the relative 

importance of the criteria. These criteria weighted average can be expressed as: 

 

∑Wi x Xi /N                                                                                                                                                   Equation 4.4 

(where Wi is the weight assigned to ith option, Xi is the number of respondents who selected 

the ith option; N is the total number of respondents, and i is the integer).  

The average mean was calculated from the values given by the DMs on a scale of 1-9 

(Table 4.7), to represent the given weighting for each criterion by the DMs. Hence, to conduct 

pairwise comparisons of the criteria to determine their relative importance with respect to 

the goal of the problem, the following method was followed. 

 Program Excel to calculate the average mean values from the values (weighting) 

given by all participants (DMs) 

 Conduct pairwise comparisons of the average mean for all criteria. Codes assigned 

to each criterion were C1, C2 and C3 representing Social, Economic and 

Environmental SD Criteria, respectively. 

Typical of AHP analysis, pairwise comparisons of the criteria, sub-criteria and alternatives 

across the AHP model were conducted, followed by a consistency test to ensure that the 

respondents’ judgements were consistent and logical (Saaty, 2008). The following steps and 

formulas were utilized: 
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4.6.1.6 Criteria/Sub-criteria weight and consistency ratio aggregation (Steps 6 and 8) 

Criteria weighting calculation 

 Sum the values in each column of the pairwise comparison matrix. 

𝐶𝑖𝑗   = ∑ 𝐶𝑖𝑗    𝑛
 𝑖=1                         (equation 4.5) 

where C is the criterion value, i and j are integers representing the row and column, 

respectively. 

 Divide each element in the pairwise comparison matrix by its column total to get the 

normalized values 

𝑋𝑖𝑗   =    
𝐶𝑖𝑗  

∑     𝐶𝑖𝑗   𝑛
  𝑖=1

          [
𝑋11 𝑋12 𝑋13

𝑋21 𝑋22 𝑋23

𝑋31 𝑋32 𝑋33

]           (equation 4.6) 

 Calculate the average of the elements in each row of the matrix (sum each row of 

normalized matrix/no. of criteria) to get the criteria weighting/priority vector) 

𝑊𝑖𝑗   =  
 ∑     𝑋𝑖𝑗  𝑛

𝑗=1          

𝑛
[

𝑊1

𝑊2

𝑊3

]                                                     (equation 4.7) 

Consistency ratio estimation 

After performing the pairwise comparisons, the procedure for conducting the consistency 

test was applied. Inconsistencies in the pairwise comparisons based on the judgement of the 

participants are a possibility with decision analysis problems. The AHP took these 

inconsistencies into consideration and as such applied a consistency check to ensure that the 

priorities or criteria weights were accurate (Talib et al., 2011). This is important, as weights or 

priorities only make sense if determined from consistent or near consistent matrices (Ishizaka 

and Labib, 2009; Karapetrovic and Rosenbloom, 1999). The AHP provides different ways to 

determine the consistency of human judgements. 

The steps for calculating the consistency ratio, as adopted in this research are as follows: 

 Calculate the consistency vector for each criterion using Equation 4.8. This is done by 

calculating the weighted sum vector, then multiply the criteria weights by the values 

in the pairwise comparison matrix, sum the acquired values over the rows and divide 

the weighted sum vector by the criteria weights) 

         [

𝐶11 𝐶12 𝐶13

𝐶21 𝐶22 𝐶23

𝐶31 𝐶32 𝐶33

] * [

𝑊1

𝑊2

𝑊3

]= 

[𝐶11𝑊1 + 𝐶12𝑊2 + 𝐶13𝑊3]
1

𝑊1

[𝐶21𝑊1 + 𝐶22𝑊2 + 𝐶23𝑊3]
1

𝑊2

[𝐶31𝑊1 + 𝐶32𝑊2 + 𝐶33𝑊3 ]
1

𝑊3

= [

𝐶𝑣1

𝐶𝑣2

𝐶𝑣3

]   (equation 4.8)     

 Calculate the eigenvalue (sum of the consistency vectors divided by the number of the 

consistency vectors. 
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𝜆 =
∑     𝐶𝑣𝑖𝑗   𝑛

  𝑖=1

𝑛
                                                                                           (equation 4.9)  

        

 Calculate the Consistency index (CI) using Equation 4.10. It shows the relationship 

between CI and the maximum principal eigenvalue (ƛ𝑚𝑎𝑥) of an n X n pairwise 

comparison matrix. 

CI= 
ƛ𝑚𝑎𝑥−𝑛

𝑛−1
                                                                                     (equation 4.10) 

 

Where ƛ𝑚𝑎𝑥 = maximum eigenvalue 

It has been observed that a matrix is said to be perfectly consistent if the eigenvalue (ƛ𝑚𝑎𝑥) is 

equal to the number of matrices constructed (n), otherwise it is inconsistent if more than (n). 

Likewise, the consistency of the matrix can also be checked by confirming if the Consistency 

Index (CI) is equal to zero (0).  

 

 Calculate the Consistency ratio (CR) 

 

This consistency test was conducted on all pairwise comparison matrices in the AHP hierarchy. 

A consistency index (CI) is compared to a random index (RI) to check if a criterion weight is 

consistent enough to be used in the decision analysis or the participants’ judgement/pairwise 

comparisons are consistent and logical. The ratio between the consistency index (CI) and the 

random index (RI) is the CR. This relationship is expressed in Equation 4.11. 

 

CR= 
𝐶𝐼

𝑅𝐼
                                                                                                          (equation 4.11) 

The RI is the expected value of the CI, where the pairwise comparisons were conducted 

randomly from a set of numbers. Although other random indices have been developed by 

some researchers (Alonso and Lamata, 2006; Forman, 1990), this research applies those of 

Saaty (1987), where the RI depended on the number of criterions (N) represented in Table 4.8. 

Hence, it is expected that if the participants made consistent and logical pairwise comparisons 

with no mistakes, the CI should be smaller than the RI. Alternatively, a typical consistency test 

accepts a matrix to be consistent if the CI is less than 10% of the RI (Franek and Kresta, 2014, 

p. 167; Karapetrovic and Rosenbloom, 1999, p. 705). 

Table 4.8: Random Indices developed by Saaty (1987)  

 

 

 

 

 

 

RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 

N 1 2 3 4 5 6 7 8 9 10 
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The CR rule also states that a reliable AHP result can only be generated if the CR is less than 

or equal to 10% (Malczewski, 1996). This means that: 

 if CR is  10%; valid result  comparisons are consistent 

 if CR is > 10%; invalid result  comparisons are inconsistent 

When invalid results are generated, the process is revisited until a 10% CR or less is 

reached (Talib et al., 2011).  

4.6.1.7 Aggregating the overall score of alternatives (Steps 7 and 8) 

In this stage, step-by-step procedures for conducting pairwise comparisons and calculating 

the priority vectors (4.6.1.5 and 4.6.1.6) were conducted on the 4th level of the AHP structure 

(see Figure 4.9). The judgments of the alternatives, representing the three groups of 

participants, were assessed for each criterion or sub-criterion. Subsequently, the CR was 

calculated for constructed matrices, as discussed in section 4.6.1.6. Then, the overall score for 

each alternative with respect to all criteria and sub-criteria was calculated using equation 4.12, 

which is the sum of the product between each criteria and sub-criteria weight and the 

alternatives weights/priority vectors (Teknomo, 2006).  

𝑃𝑖 =  𝛴𝑗 𝑊𝑗  . 𝑙𝑖𝑗                                                                                                     (equation 4.12)                                                                                                                                                     

Where: 

𝑃𝑖 : global priority of the alternative i. 

𝑊𝑗: weight of the criterion j 

𝑙𝑖𝑗: local priority 

4.6.1.8 Decision/outcome verification through sensitivity analysis (Steps 9 and 10) 

In line with the 10-step framework (4.6.1.1), after conducting pairwise comparisons on each 

level of the AHP hierarchy, the relative ranking or priorities of the criteria and sub-criteria 

were determined regarding the order of their weighting. Then the overall outcome of this AHP 

analysis was derived by assessing the alternatives with respect to each criterion or sub-

criterion. This reveals the order of the groups’ preference for the criteria and sub-criteria 

relative ranking, from most to least preference levels. A specific weighted value was assigned 

to each alternative with respect to each criterion or sub-criterion, which is an indication of 

each group’s order of preference for the criteria, as depicted by the alternatives’ relative 

ranking (Zavadskas and Turskis, 2011). Triantaphyllou and Sánchez (1997) suggest that 

conducting sensitivity analysis on outcomes of the AHP analysis is an important step in most 

MCDM problems owing to the imprecise and changeable nature of such problems.  

Therefore, the sensitivity analysis, which is the last step of the AHP decision procedure 

determined the impact of the criteria weights on the outcome of the decision problem. This 

analysis determined the sensitivity of the participants decision to the criteria weight variation 
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(Ishizaka and Labib, 2011, 2009). This sensitivity analysis was typically carried out using 

modelling and simulation techniques adapting the following principles: 

 Define the base case (original) output, which was the criteria weights calculated from 

the AHP, but before the sensitivity analysis. This is followed by changing one of the 

criterion weight value for which the sensitivity is to be measured. All the other inputs 

of the model are also varied accordingly to keep the sum of the criteria weights at 

100%. 

 Then, calculate the new value of the output at a new value of the input. 

Hence, in line with the research focus, the sensitivity analysis approach was utilized to 

determine the sensitivity of the model outcome by applying simultaneous changes to the 

criteria weights to observe any change in the respondents’ preferences as a result of the 

criteria weight variation. It is suggested that if the alternatives relative ranking or respondents’ 

preferences do not change, the decision and final model outcome is considered robust and 

valid. In this research, it was necessary to determine the sensitivity/robustness of the 

influence of SD themes on the participants’ engineering career choice as major decisions such 

this cannot be based on unreliable outcomes and assumptions 
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 Qualitative Data Analysis 

As discussed in 4.5.2, interviews were utilized to generate in-depth qualitative data on how 

SD themes influence women engineers’ career choice and additional findings to explain the 

quantitative results (see RQs 4-5 in 4.1). These RQs hence required an approach that goes 

beyond descriptive analysis to discovering various relationships and patterns to generate a 

certain degree of explanation. This informed the choice of the Grounded Theory (GT) 

approach as the suitable methodology for this study (4.3.2). While the justification for its 

choice as opposed to an alternative qualitative methodology has been discussed in 4.3.2.1, an 

additional motivation is that it allowed the findings to be thoroughly grounded in the data. 

Although some grounded theorists support this idea (Glaser, 1992), others question the 

possibility of the absence of knowledge prior to a study. They rather suggest that these pre-

existing ideas be used to initiate the study and sensitize the concepts with the possibility of 

discarding or revising them at later phase of the data analysis (Blumer, 1969; Charmaz, 2014; 

Van den Hoonaard, 1997). However, all grounded theorists agree that these preconceived 

ideas or concepts are not meant to translate to automatic codes for analysing the data. 

Consequently, it was crucial in this research to avoid using the pre-existing framework 

generated from the quantitative study so as not to limit the opportunity for new concepts or 

theories to emerge (4.3.2.2). This is especially important, as the goal of the study was to gain 

insight into how the participants interpret the influence of SD themes in their choice of 

engineering. Hence, imposing any pre-existing knowledge would have limited the study’s goal 

of discovering new themes and knowledge from the data to merely confirming the 

quantitative study findings. However, before commencing the data analysis, a pilot of the GT 

techniques was conducted and presented in the next section. 

4.6.2.1 Piloting the GT data analysis techniques 

Coding is an essential aspect of qualitative studies, especially those utilizing GT. Charmaz 

(2012, p. 5) described this approach as an active process where short labels are constructed 

based on the researcher’s interaction with the data. It is the link between the data collection 

and theory development (Chun Tie et al., 2019). In typical GT studies, coding can be 

categorized into three phases, usually conducted sequentially, from the initial or open coding 

to focused/analytical and lastly theoretical/thematic coding (4.6.2.3). Hence, the first purpose 

of piloting the GT technique was to test the type of initial coding to adopt that would be 

suitable for the study’s purpose.  

Consequently, a more general initial coding was adopted, where larger chunks of the data 

were coded (Bernard and Ryan, 2010). For instance, the following extract from one of the 

transcripts was coded as “first introduction to engineering” (extract A). 
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Extract A, (Interviewee 3 (P3), Civil engineer, 17 years of experience, responsible for 

constructing the first ever metro station in Doha) 

FG: Tell me about your first introduction to the engineering discipline. 

 

P3: So both my parents are engineers and my introduction to engineering happened when 

I was very little but I suppose my very first proper introduction to engineering had been 

when my parents took me to a dam structure back in Indonesia and it was something that 

they were involved in, when they were still students themselves. It was basically a hydro 

power dam in West Java, they took me there to show me how it works. They showed me 

the spillway, the morning glory, and like what the dam does, and I think I was 10 at the 

time. I was basically very impressed at this massive structure and I think I said, Oh! I really 

want to do something like this in the future, build something that, you know, would be 

useful for other people. And you can see, it's a tangible product that you're creating. And 

it's a hydro power dam, so it was providing electricity for the surroundings. And I think 

that was just quite impressive. Yeah, so that was my first introduction to engineering and 

how I got to know engineering. 

 

Following this approach, it was observed that coding large chunks of the participant’s 

account with the initial general code-“first introduction to engineering,” could limit insight 

into the participant’s description of the phenomena and result in only a basic analysis at the 

latter stage of the study. Hence, the decision was made to adopt a more detailed coding 

approach to generate more insights from the participants’ accounts, which subsequently 

became very relevant as the analysis of larger amounts of the data progressed.  

The detailed line-by-line coding approach, which aligned with the adopted GT approach, 

was subsequently implemented (Charmaz 2014). An example of the researcher’s application 

of this detailed coding approach to the same extract as previously presented, revealed quite 

a number of emerging codes (Figure 4.12). These additional codes, which were overlooked 

during the first attempt at coding large chunks of the data, included parental influence, 

exposure to the magnificence and impact of a visible and tangible engineering structure, and 

awareness of the direct benefits of an engineering structure in providing electricity for the 

community. According to Charmaz (2012), these initial codes are labels that are typically 

descriptive and similar to the data, hence the choice of the length of the texts to properly 

reflect the participants’ accounts. 

Therefore, the detailed coding approach did not only provide the opportunity for an in-

depth analysis, but it also helped control the researcher’s assumptions about the data 

(Charmaz 2014). For instance, since labelling each line and sentence of the data is typical of 

this detailed coding approach, it helped reduce the risk of imposing the researcher’s views 

and personal bias on the data, as the detailed codes are a summary of the participants’ exact 

views in each line of text. 
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Figure 4.12: Example of applying line-by-line coding to Extract A (Participant 3) 

 

Next, the software to analyse the data had to be selected and piloted. In this research, 

NVivo12, which is arguably one of the most utilized and recognised Qualitative Data Analysis 

Software (QDAS) was used to analyse the data. Other software, such as Microsoft Excel, was 

not considered, as it seemed that NVivo is better equipped and specially developed for 

qualitative data analysis. Moreover, it comes with numerous options for managing and sorting 

data, running queries, and keeping track of the data, while conducting data analysis in a time-

efficient manner.  

However, one limitation, which was observed with NVivo, is the software’s inability to 

seamlessly perform line-by-line coding as it does not have an option for showing the codes 

directly next to the coded text, after creating the codes. This was a challenge given the large 

number of codes generated from the line-by-line approach. At the early stages of the data 

analysis, it was important to visually review the texts alongside the created codes. This allowed 

for easier merging of the codes, while checking for patterns in the data, including similarities 

and differences. (4.6.2.3). Hence, to address this limitation, Microsoft Word (Figure 4.13) was 

utilized by creating a two-column table to input the transcribed data and line-by-line codes 

alongside each other. These were subsequently transferred into the Nvivo12 software, which 

allowed for a detailed, timely and efficient data analysis at the later stages of the study. 
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Figure 4.13: Conducting line-by-line coding in Microsoft Word 

 

4.6.2.2 Main study data analysis 

Following the piloting of the data analysis techniques, the main qualitative data analysis 

commenced with data from Interviews 1 and 2. The former involved generating data from 

participants who were purposively sampled to inductively explore the phenomenon without 

a preconceived framework, whereas additional participants were theoretically sampled for 

interview 2 to develop the emerging categories and themes from interview 1 (4.4.2). These 

data were analysed using the GT approach (4.3.2.1). Most GT researchers agree that it involves 

an iterative process which typically begins with a sequential sampling strategy as previously 

alluded (Birks and Mills, 2015; Charmaz, 2014). This was followed by an iterative data 

collection and analysis, which involved different stages of coding, conducted in conjunction 

with taking memos (memoing) and constant comparative analysis. These recurrent 

components embedded in the GT process, which is depicted by the direction of the arrows 

and encompassing brackets in Figure 4.14, guided the application of the GT approach in this 

study. This is discussed in the following sections. 

 



96 

 

 

Figure 4.14: Grounded theory procedure adopted in this research (Chun et al., 2019)  

 

4.6.2.3 The development of codes and themes through initial, analytical and theoretical coding 

Even before coding the data, whilst transcribing the interview, the researcher discovered 

some emerging themes. This is supported by Dörnyei (2007) and Williams and Moser (2019), 

who suggest that the emergence of themes at the transcription stage occurs, as the researcher 

is immersed in the data. Subsequently, following the GT procedure adopted in this study 

(Figure 4.14), after transcribing the interview, initial coding of the data was the first step that 

was undertaken, which involved assigning labels that are typically descriptive and similar to 

the data (Charmaz, 2012).  
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This coding process commenced with line-by-line coding of the first set of transcripts, 

which comprised of questions about the participants’ first introduction to engineering to gain 

insights into how they interpret the influence of the factors that led to their choice of 

engineering without imposing any pre-conceived knowledge (4.4.2). During this initial coding 

stage, themes such as ‘’exposure to the magnificence and impact of a visible and tangible 

engineering structure,’’ and ‘’awareness of the direct benefits of an engineering structure in 

providing electricity for the community,’’ were identified from the data. Next, from these 

detailed codes, core categories were identified to reduce the codes and proceed beyond the 

descriptive phase (Birks and Mills, 2015) until the point when no new code emerged. This type 

of coding is referred to as focused or analytical (Figure 4.14). 

At this point the data from Interview 1, comprising participants 1-7, which were from the 

purposively sampled participants, began to reveal some patterns regarding how exposure and 

awareness of engineering relevance in addressing SD challenges/topics, influenced women’s 

career choice in engineering. Subsequently, it was discovered that the additional data 

generated from the theoretically sampled interviewees (4.2.2), aligned with these existing 

codes. Of the 15 interviews conducted in this study (4.5.2), this point of saturation occurred 

after the seventh, with a large number of codes generated before this point (4.4.2). For 

example, after the analysis of the first four interviews, 170 detailed codes were generated 

(see Figure 4.15 for some examples).  

However, it is important to note that although data from some of the theoretically 

sampled participants (from participants 8-15, see 4.4.2) did not provide new codes nor 

themes, they identified new relationships amongst the emergent themes. Hence, no new 

theme emerged after coding transcript 7. However, the process of how SD topics influence 

women's choice and engagement in engineering began to emerge from the eighth and ninth 

participants. The relationship between the emerging themes, which became clearer from that 

point, indicated that the participants’ exposure and awareness of engineering’s relevance in 

addressing and solving SD topics/challenges elicited their interest and direct involvement in 

the profession. 

Finally, thematic/theoretical coding was conducted by organising the codes into more 

abstract and higher-level themes that emerged from the data (Birks and Mills, 2015), such as 

exposure, awareness, interest and direct involvement. Altogether, the entire coding process, 

which allowed the researcher to be immersed in the data,   involved an iterative process of 

going back and forth between data and analysis to compare the codes and emerging patterns 

in the data. This process of comparing codes both within and across the different cases (4.6.2.4 

and 4.6.2.5) and the collapsing of the codes aligns with the GT constant comparative analysis 

(Glaser & Strauss, 1967). At the final theoretical coding stage in this research, the thematic 

categories became smaller. These categories were organised to parent-child relationship, 

typically referred to as hierarchical organisation of codes in NVivo (Figure 4.15).  
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Figure 4.15: Example of detailed code framework including the organisation of intial codes into parent-child 

relationship in NVivo 

 

Categorising the codes into this type of relationship helped to sort and gain insight into 

the data and as a result, informed the study’s findings, which are presented in the results 

chapter, section 5.3. Although two of the themes such as ‘Awareness’ and ‘Exposure’ under 

the SD-themed influential factors seemed similar (Figure 4.15), the decision not to merge 

them to avoid perceptions of conceptual overlap was due to the difference in their meaning 

as ascribed by the participants. For example, based on the participants’ accounts, the type of 

‘exposure’ they received was perceived as tangible and experiential while ‘awareness’ was 

basically based on the information they received (5.3.1.1 and 5.3.1.2). The final thematic 

framework for the two qualitative research questions (RQs) 4 and 5 comprised of four themes 

and six sub-themes for RQ 4 and two themes and eight sub-themes for RQ5 (Figure 4.16). 
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Figure 4.16: Qualitative study thematic framework
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4.6.2.4 Within-case analysis 

In this research, all 15 interviews were classified under two cases such as ‘Case UK’ (n= 7) and 

‘Case Nigeria’ (n=8). The former comprised participants who are women engineering 

practitioners in the UK with varying years of experience from 4-35, whereas participants in the 

latter case have the same profile as the former case but are from Nigeria, with years of 

experience between 4-31.  

As the qualitative data set increased, a fundamental component of the constant 

comparative analysis process was a within-case analysis, which involved a separate in-depth 

analysis of each ‘case’ or the data attributed to the participants in a ‘case.’ This involved the 

following technique: 

 Summarising each case: Memos were set up in NVivo to summarise the data for each 

participant within both cases. Specific focus was placed on the data that addressed the 
main qualitative RQs. This included the researcher’s comments or insights generated from 
analysing the interviews for each case and aspects that needed to be followed up and 
expanded (Figure 4.17 and Figure 4.18). For each case, the researcher summarised 
individual participant’s accounts, highlighting the themes and codes that were prominent 
and identifying similar and different patterns in each case. This process of within-case 
analysis laid the foundation for the latter stages of the analysis, which involved 
investigating any similarities, differences and patterns across both cases. Quite often, the 
researcher noticed that while going back and forth each transcript during the within-cases 
analysis, there was already an idea of the developing pattern of the data across both cases. 
Hence, cross cases analyses were conducted concurrently. 
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                              Figure 4.17: Example of excerpts of Paticipant’s 9 summary under Case UK  

 

 
 

Figure 4.18: Example of excerpts of Paticipant’s 13 summary under Case Nigeria 
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4.6.2.5 Cross-case analysis 

The next step of the comparative analysis involved comparing the patterns occurring across 

both cases, including the differences and similarities. The purpose was to determine if the 

emerging patterns and relationships within each case were common across both cases. This 

made it possible to understand the general patterns and trends in the data more clearly. To 

aid in this analysis, the following techniques, which involved developing process models in line 

with the main qualitative RQ 4 (4.1) to visualise the process of how SD topics influence 

women's choice of engineering, were followed: 

 Creating visual models for each case: Simple process models for each participant within 
both cases were created to theorize about the connections between the emergent themes 
across both cases, at each point inferring implicit opinions that each case conveys. 
Member checking (4.6.3), which involved sending the transcribed data to the participants 
to check for any errors or misrepresentation of their opinions and responses, helped 
validate the inferences made from the participants accounts. Figures 4.19 and 4.20 depict 
a simple process model created to visualise one participant’s (for each case) 
understanding of how SD topics influence their choice and engagement in engineering.  
 

 Patterns across both cases in relation to certain demographic characteristics or variables 
such as the participants’ years of experience were investigated. For instance, an emerging 
finding showed that some participants mentioned that their choice of engineering was not 
motivated by the desire to solve SD challenges because these issues were not in the front 
burner at the time when they enrolled in engineering. However, as they progressed in 
their career and became more aware of these issues, these became a motivating factor 
for engagement in the profession. Consequently, an investigation of this emerging pattern 
with respect to the aforementioned variable was conducted and it was observed that the 
prevailing SD challenges in a particular country should be part of the SD theme to highlight 
to attract girls to engineering. As illustrated in Figure 4.21, this analysis helped reveal an 
additional relationship between some already emerged themes that became important to 
the development of the research’s final GDSE model (4.1), hence strengthening the theory 
that underpins the model. 

 

Figure 4.19: An example of process model of relationships between themes for ‘Case UK’ 
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Figure 4.20: An example of process model of relationships between themes for ‘Case Nigeria’ 

 
 

 

                  

                          Figure 4.21: Example of Cross-case analysis in relation to participant’s years of experience  

4.6.2.6 Keeping Memos 

Memo-writing has been regarded as “the intermediate step between coding and writing of 

the research’s first draft”(Charmaz, 2012, p. 9). Throughout the data analysis process, the 

researcher’s decisions regarding the naming and organisation of codes and the analysis were 

reported in a memo, which is one of the features of NVivo created for this purpose. These 

memos, which comprised a coding memo and researcher’s diary included decisions such as 

merging, naming or changing the name of a code, creating a new code and categorizing them 

into a parent-child relationship, sampling to follow-up on emergent themes and the 
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researcher’s thoughts on the discovery of new patterns in the data. An example of the coding 

memo created for this study is presented in Figure 4.22. 

Another type of memoing adopted in this study was the researcher’s diary, which was 

tagged as ‘Data analysis guide’ and documented in NVivo. In contrast to the coding memo, 

which documented the researcher’s coding decisions, this diary was created for documenting 

any observations, thoughts, interpretation of the emergent data, consideration of newly 

added RQs and sampling decisions (Figure 4.23).  

This process of memo writing served the purpose of ensuring the quality, validity and 

rigour of the study, rather than being utilized as a distinct data set. As the researcher became 

immersed in the data (4.6.2.3), this process helped develop more analytic thinking through 

reflecting and interpreting the data in a transparent manner (Robson, 2002). It also served as 

a logical guide of the analysis process (Lempert, 2007), which proved useful, considering the 

large number of initial codes that were created. 

Additionally, the entire memo writing process helped increase the researcher’s 

theoretical sensitivity, as it was adopted following Hoare et al.’s (2012) description of how 

they “danced with data in search of heightened theoretical sensitivity (p. 241). In their study, 

the authors identified memoing as one of the analytical tools to increase sensitivity to the 

emergence of theory in the data. In this research for instance, one example of how the 

researcher developed theoretical sensitivity is shown in 4.6.2.5 and Figure 4.21.  

 

                                       

                                Figure 4.22: Example extract from coding memo 

 



105 

 

 

Figure 4.23: Example extract from researcher’s diary 

 

 Ethical Issues 

Cohen et al. (2007) observe that ethics is a key consideration from the planning, permissions, 

administration to actually conducting the research in any academic environment. Creswell 

(2012) also assert that an ethically conducted research must respect the rights of the 

participants in that study. These include the rights to anonymity, knowledge of the purpose of 

the research, how the results will be stored and utilized, and the right to voluntary consent to 

participate, which can be withdrawn. Based on these outlined considerations, an ethical 

application was submitted to the UoP Faculty of Technology ethics committee. A favourable 

ethical review was received on 13 August 2018 (see Appendix H). 

The research also maintained anonymity of the participants in accordance with the 

University of Portsmouth ethics policy and guidelines, via the use of anonymous online 

questionnaires in the quantitative aspect of the study, which utilized an online survey 

approach (4.5.1). The survey link including the participant information sheet was sent to the 

respondents. The web-based survey link containing the participant information is at 

http://engineeringforgirls.com/survey/information. 

This document link detailed the information of the survey, including all ethical 

considerations incorporated into the research design, such as the provisions for consent to 

participate and the confidentiality of the data generated. Details of the title and purpose of 

the research and how the research would be conducted were incorporated into this 

http://engineeringforgirls.com/survey/information
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information sheet and in the invitation letter/email. The invitation letters to the organisations 

are in Appendix I. 

For the qualitative aspect of the research, the data analysis raises the question of 

confidentiality of the participants (Cohen et al., 2007). In contrast to quantitative data, where 

the use of numbers blurs any identification of individual participants, qualitative data requires 

detailed descriptions, which could affect the anonymity of the participants. Consequently, in 

this research, symbols and numbers were used to present extracts from the qualitative data. 

Transcribed data were also presented to the participants to obtain their approval and 

feedback on whether there were any misinterpretations of what they said in the interview, 

which is referred to as member checking (Candela, 2019). 

4.7 Summary 

This chapter presented the sequential explanatory MMD and how it has been applied to 

address the identified conceptual and methodological gaps, including the justification for its 

application in this research. Based on this MMD, the pragmatist paradigm, which reconciles 

both the positivist and constructivist worldviews present in this research, informed the choice 

of methodology at each stage of the research design. The design comprised two main stages. 

In the first stage, a web-based gamified tool was created to conduct the GDSE survey. The 

data generated from the survey were analysed using the MADM AHP technique, which allows 

for a better understanding of the relative importance of SD-themed factors influencing 

women’s choice of engineering. This is in addition to the adopted sensitivity analysis to 

determine the robustness of the AHP outcome and the SD-themed factors that each group of 

participants are sensitive to.  

For the second stage, grounded theory methodology was adopted to conduct two sets of 

qualitative interviews with the goal to gain insights into how SD themes influence women’s 

engineering career choice. The philosophical assumptions and benefits of these quantitative 

and qualitative methods provided the basis for analysing the link between the three pillars of 

SD themes and women’s attraction to engineering as a career choice, which is the research’s 

primary question. Chapter 5 presents the results of the main data collected for both stages of 

this MMR. 
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Chapter 5 Results 

The main data collected during this research are presented and analysed in this chapter. Since 

this research utilized a Mixed-Method (MM) approach (4.3), quantitative survey and 

qualitative interviews were utilized to gather data on RQs 1-3 and RQs 4-5 respectively (4.5.1 

and 4.5.2). The data were generated from three distinct groups, female engineering 

professionals, undergraduate and graduate engineering students. The quantitative study 

comprised all three groups (4.4.1), while the qualitative study included only female 

engineering professionals (4.4.2). Thus, to clarify the presentation of both quantitative and 

qualitative data, the chapter is divided into four sections according to the RQs. 

First, the relative importance of the themes associated with the three pillars of SD that 

influence women’s decision to engage in engineering (RQs 1 and 2) are presented in section 

5.1. Next, section 5.2 presents the results on the group of SD themes that has the most 

influence on women’s choice in engineering (RQ 3). Finally, women engineers’ perspectives of 

how SD themes influence their career choice in engineering and can be used to make the 

profession attractive to girls (RQs 4 and 5) are shown in sections 5.3 and 5.4. 

 

5.1 Identifying the relative importance of the three pillars of SD-themed 

factors that influence women’s decision to engage in engineering 

To answer RQs 1 and 2, a gamified quantitative survey was used to collect the data, which 

were analysed following steps 5-10 of the AHP analysis framework and the AHP hierarchy 

model as indicated in Figure 4.9 and Figure 5.1 (4.6.1.1 and 4.6.1.2), respectively. Unlike the 

AHP hierarchy model used for the pilot study (4.6.1.4), the sub-criteria level was included in 

this quantitative survey, ensuring full adaptation of the whole AHP hierarchy. The AHP 

hierarchy is represented in Figure 5.1. The explanation of how this model informed this study 

has been discussed in 4.6.1.2 and 4.6.1.3, whereas the results from analysing the themes 

across the model are presented in the following subsections. Additionally, steps 5-10 of the 

AHP analysis framework (4.6.1.1) indicate that pairwise comparisons are conducted on the 

themes across levels 2 and 3 of the AHP hierarchy to determine their relative importance. 

These results are presented in the following subsections.  
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Figure 5.1: The AHP hierarchy model utilized for the GDSE online gamified survey (Ken-Giami et al., 2022) 

 

 Pairwise comparison of all criteria related to the problem goal    

Steps 5 and 6 of the AHP procedure involves the construction of pairwise comparisons for the 

criteria on level 2 with respect to the problem goal, before calculating their associated criteria 

weights. The results from the analysis following these steps are presented as follows: 

 

Pairwise comparison matrices construction of Levels 1 and 2 of the AHP hierarchy 

The first set of pairwise comparisons were conducted for the themes on level 1 (the goal) 

and 2 (the Criteria) of the AHP hierarchy. The survey question 7 was a direct measure of the 

relationship between the themes on AHP hierarchy 1 and 2 (Figure 5.1), as it asked the 

participants to identify the order of importance in which the 3 aspects of SD themes would 

influence them to choose or remain in engineering (see Appendix A). The three aspects, which 

are the criteria, in this case were coded C1, C2, C3, respectively 

All participants gave their judgement for each criterion using the AHP scale of 1-9 (Table 

4.7). The total values and the average mean values (AMVs) were aggregated and presented in 
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Table 5.1 and Table 5.2. AMVs represented the collective decision of the participants 

regarding the values given for each criterion. 

 

Table 5.1: Participants' Total Values for all Criteria 

Participants' Total Values for all Criteria 

Criteria Code Criteria Total Values 

C1 Social 2892 

C2 Economic  2576 

C3 Environmental  2932 

 

Table 5.2: All Criteria Average Mean Values (AMV) 

All Criteria Average Mean Values (AMV)  

Criteria Code Criteria Mean Values 

C1 Social 6.99 

C2 Economic  6.22 

C3 Environmental  7.08 

 

Normalising the matrix 

A 3 x 3 matrix was constructed based on the 3 criteria. The results of the 3 x 3 pairwise 

comparison matrix of the criteria mean values with respect to the goal are displayed in Table 

5.3. Hence, Table 5.3 represents the dominance relationship between the criteria on the left 

of the column and those on the top right row. The columns were then summed up using 

equation 4.5 (4.6.1.6). The pairwise criteria mean values in Table 5.3 were normalised using 

equation 4.6 (4.6.1.6). The normalised criteria mean values were calculated and are shown in 

Table 5.4. As the values were normalised, each column summed up to 1. 

 

Table 5.3: Results of Pairwise Comparisons (PWC) Matrix 1 for All Criteria Mean Values with Respect to the Goal 

Results of Pairwise Comparisons (PWC) Matrix 1 for All Criteria Mean Values with 

Respect to the Goal 

PWC  C1 C2 C3 

C1 1.00 1.12 0.99 

C2 0.89 1.00 0.88 

C3 1.01 1.14 1.00 

Total 2.90 3.26 2.86 
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Table 5.4: Normalised Matrix 

 
  C1 C2 C3 

C1 0.3443 0.3443 0.3443 

C2 0.3067 0.3067 0.3067 

C3 0.3490 0.3490 0.3490 

Total 1.0000 1.0000 1.0000 

 

 

Calculating the priority vector or criteria weight 

The normalised principal Eigen vector also known as the priority vectors for each criterion, 

which determines the relative weight among the criteria, was calculated, using equation 4.7. 

Table 5.5 shows the criteria weights of each of the AHP level 2 criterion.  

The results displayed in Table 5.5 reveal that the environmental SD criteria contributed 

the most to the goal with a criteria weight of 0.3490, closely followed by the social SD criteria 

with 0.3443, whereas the economic SD criteria contributed the least to the goal with a criteria 

weight of 0.3067. The criteria weights with respect to the goal are also displayed in Figure 5.2. 

These criteria weights results signify the relative importance amongst the three SD-themed 

criteria - social, economic and environmental, with respect to attracting females to engage in 

engineering, which is part of the goal of the study. 

 

Table 5.5: Criteria weighting in Matrix representation 

Matrix A 

Note: Matrix A represents the result of the pairwise comparison and weights of the three 

criteria on AHP hierarchy level 2. 

 

PV  C1 C2 C3 Total 

Criteria weights/ Priority 

vectors 

C1 0.3443 0.3443 0.3443 1.0329 0.3443 

C2 0.3067 0.3067 0.3067 0.9200 0.3067 

C3 0.3490 0.3490 0.3490 1.0471 0.3490 

ƛmax = 3.00, CI=0.00, RI= 0.58, CR= 0.00 <10% 

(acceptable) 1.0000 
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Figure 5.2: Graphical representation of criteria weights 

 

The data in Figure 5.2 show that all groups of respondents ranked environmental (0.3490) 

and social (0.3443) SD themes as the most important SD-themed factors that influenced their 

choice of engineering relative to economic SD themes (0.3067). However, the results indicate 

that there is no significant difference in the weights assigned to all three themes, especially 

mostly between the top two most preferred themes, namely, environmental and social. This 

suggests that the participants perceive all three main SD themes, as interrelated in their career 

choice, which confirms the ambiguity in SD understanding and the interdependency between 

the 3 themes (2.5). Given this finding, it is evident that identifying the specific SD themes 

within the three main interrelated themes becomes relevant to gain understanding of the 

diverse themes and ways of attracting women to engineering. 

However, the reason for this finding is examined through the qualitative study (5.3.1) and 

its implication presented in the discussion chapter (6.3.1). The next step was to assess the 

consistency of the respondents’ judgements, as presented below. 

 

Calculating the consistency ratio for matrix A 

To determine the consistency of the participants’ decisions as represented in the matrix 

displaying the criteria weighting (Table 5.5), the principal or maximal Eigen value (ƛ𝑚𝑎𝑥) was 

evaluated first by summing up the products between each criteria weights and the sum of the 

columns of the matrix (as in Table 5.3), as follows: 

ƛ𝑚𝑎𝑥  = 2.90(0.3443) + 3.26(0.3067) + 2.86 (0.3490) = 3.00 

The consistency index (CI) was then calculated to measure the degree of consistency using 

equations 4.8, 4.9 and 4.10 to determine the consistency ratio (CR) - equation 4.11. 
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Table 4.8 shows the RI for only 3-10 ‘n’ values. For matrix A, the RI is 0.58 for any 3 criteria, 

as derived from Saaty's randomly filled matrices. Hence, the CR for matrix A (Table 5.5) = 

0.00/0.58 =0.00. 

Following the different AHP techniques for determinng the consistency of human 

judgements  (see 4.6.1.6), for matrix A, it was determined that ƛ𝑚𝑎𝑥= 3 and CI=0, confirming 

the consistency of this study participant’s judgements. The analysis showed that this matrix 

was consistent as CR is ≤ 10% (0.1). Table 5.6 summarises the results of the consistency ratio 

analysis. 

Table 5.6: Consistency Ratio Estimation/ Analysis for matrix A 

 

 

 

 Pairwise comparison of all sub-criteria with respect to the criteria 

The next process was to conduct pairwise comparisons on the sub-criteria, which are the 

elements on level 3 of the hierarchy (Figure 5.1) with respect to each criterion on level 2 of 

the hierarchy. This was performed following the same steps as those of the pairwise 

comparison of the criteria (level 2) with respect to the goal (level 1). 

 

Pairwise comparison of themes on Levels 2 and 3 of the AHP hierarchy 

Based on the elements on level 2 and 3 of the hierarchy (Figure 5.1), pairwise comparisons 

(PWC) of all sub-criteria, defined in Table 3.1 were performed. Three survey questions, 8, 9 

and 10, were a direct measurement of the relationship between the sub-criteria represented 

on level 3 of the AHP hierarchy model. These questions sought to measure the level of 

importance that the participants place on the sub-SD themes.  

Tables 5.7, 5.8 and 5.9 show the total number of values given by the participants for each 

SC related to the 3 criteria. Likewise, these tables also display the Average Mean values (AMVs) 

for each SC related to the 3 criteria.  

 

 

 

Criteria             Principal Eigen Value (PEV) 

C1- Societal Impact 1.00 

C2- Economic growth/status 1.00 

C3- Environmental protection 1.00 

Total/PEV 3.00 

CI 0.00 

RI (for any 3 criteria) 0.58 

CR 0.00 
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Table 5.7: Total Values and AMV for all Sub-Criteria (SC) under C1                       

Participants' Total and Average Mean Values (AMV) for all Sub-Criteria (SC) 

under C1 

Sub-criteria Code Criteria Total Values Mean Values 

SC1 Healthcare 3078 7.43 

SC2 Equity 2516 6.08 

SC3 Housing conditions 2622 6.33 

SC4 Population problems 2590 6.26 

 

          Table 5.8: Total Values and AMV for all Sub-Criteria (SC) under C2                               

Participants' Total and Average Mean Values (AMV) for all Sub-Criteria (SC) 

under C2 

Sub-criteria Code Criteria 

Total 

Values Mean Values 

SC5 Waste management 2916 7.04 

SC6 

Material consumption & 

production/energy use 

2854 6.89 

SC7 Economic performance 2694 6.51 

 

            Table 5.9: Total Values and AMV for all Sub-Criteria (SC) under C3                         

Participants' Total and Average Mean Values for all Sub-Criteria (SC) under 

C3 

Sub-criteria Code Sub-criteria 

Total 

Values Mean Values 

SC8 Biodiversity 2438 5.89 

SC9 Water quality/quantity 2880 6.96 

SC10 Climate change 2850 6.88 

 

 

Normalising the matrices 

On the hierarchy level 3, there were 4 sub-criteria under C1, and 3 sub-criteria under C2 and 

C3 respectively. Hence a 4 x 4 pairwise comparison matrix B was constructed for all 4 sub-

criterions with respect to C1 and 3 x 3 matrices C and D were constructed for all sub-criterions 

with respect to C2 and C3 respectively.  

On level 3, similar pairwise comparison process of summing up, determining the mean 

values and normalising them to sum up to 1 in level 2 were followed. The results of all three 

normalised matrices (B, C, and D) are presented in Appendix J. 
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Calculating the sub-criteria weight/priority vector 

The normalized principal Eigen vector, also known as the priority vector (PV), for each sub-

criterion, which determines the relative weighting among the sub-criteria, was calculated 

using equation 4.7. The weighting for all sub-criteria with respect to C1, C2 and C3, derived 

from the normalised matrices B, C and D (Appendix J), are presented in Appendix K. These 

results, showing the relative importance of all sub-criteria with respect to their associated 

criteria are illustrated in Figures 5.3, 5.4 and 5.5, respectively. 

The results in Figure 5.3 showed that, with respect to C1 (Social theme), the survey 

participants assigned the highest weight of importance to SC 1 (health care-0.2848), whereas 

the least weight of importance was assigned to SC2 (equity-0.2328). Meanwhile, SC3 (housing 

conditions-0.2426) and SC4 (population problems-0.2397) had higher degree of importance 

than SC2 (equity). The order of importance/preference for all SC under C1 (Social) is depicted 

as follows: SC1 > SC3 > SC4 > SC2. 

 

 

 

Figure 5.3: Graphical representation of sub-criteria weights with respect to criterion 1 (Social theme) 

 

The results in Figure 5.4 indicated the order of importance/preference for all SC under C2 

(economic theme), as follows: SC5 (0.3445) > SC6 (0.3372) > SC7 (0.3183). Likewise, the results 

as shown in Figure 5.5 revealed the order of importance/preference for all SC under C3 

(environmental theme-), as follows: SC9 (0.3526)> SC10 (0.3489) > SC8 (0.2985).  
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Figure 5.4: Graphical representation of sub-criteria weights with respect to criterion 2 (Economic theme) 

  

 

 

Figure 5.5: Graphical representation of sub-criteria weights with respect to criterion 3 (Environmental theme) 

 

Calculating the consistency ratio for the pairwise comparisons of all sub-criteria with respect 

to the criteria  

The CR calculations were conducted for the pairwise comparisons of all sub-criteria with 

respect to C1, C2 and C3 following similar process conducted for all criteria with respect to the 

goal (see Table 5.6 and section 5.1.1 ). The results in Tables 5.10 and 5.11 revealed that all 

pairwise comparisons at the sub-criteria level generated ƛ𝑚𝑎𝑥= 3, CI = 0, and CR ≤ 10% (0.1) 

and as such are consistent. This results indicate the consistency of the participants’ 
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judgements on the relative importance of all the sub-criteria on level 3 of the AHP hierarchy 

and the criteria on level 2. 

 

              Table 5.10: Consistency ratio for matrix B (all SC under C1) 

Sub-Criteria under C1 Principal Eigen Value (PEV)ƛmax 

SC1- Healthcare 1.00 

SC2-Equity 1.00 

SC3-Housing conditions 1.00 

SC4- Population problems 1.00 

ƛmax (PEV) 4.00 

CI (4-4)/4-1 0.00 

RI 0.90 

CR 0.00 

              

            Table 5.11: Consistency ratio for matrices C & D (all SC under C2 & C3) 

Sub-Criteria under C2 Sub-Criteria under C3 Principal Eigen Value (PEV)ƛmax 

SC5- Waste management SC8- Biodiversity 1.00 

SC6- Material consumption/energy 

use 

SC9- Water quality/quantity 

1.00 

SC7- Economic performance SC10- Climate change 1.00 

ƛmax (PEV) ƛmax (PEV) 3.00 

CI (3-3)/3-1 CI (3-3)/3-1 0.00 

RI RI 0.58 

CR CR 0.00 

 

 Pairwise comparison of all alternatives with respect to the sub-criteria 

In line with step 7 of the AHP procedure, pairwise comparisons were conducted on the level 

3 elements of the AHP hierarchy, which are the sub-criteria themes and the alternatives on 

level 4, comprising the 3 groups of female participants (4.1). 

Pairwise comparison of themes on levels 3 and 4 of the AHP hierarchy 

The alternatives on level 4 of the hierarchy were coded as follows: A1- UG, A2-PG, and A3-

PROF. On this level, pairwise comparisons (PWC) were conducted for each group of 

participants’ judgements with respect to each sub-criterion (SC). On levels 2 and 3, the over-

all judgments of participants were utilized in conducting the PWC. However, on level 4, the 

individual group’s judgements with respect to each sub-criterion were rather utilized in 
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conducting the PWC. Table 5.12 presents the total values given by each group of alternatives 

(respondents) with respect to each SC. 

Table 5.12: Total values for each group of alternatives with respect to each sub-criterion (SC) 

Sub-

Criteria 

Code Sub-Criteria 

A1-UG         

N=319 

A2-PG  

 N=37 

A3-Prof.  

 N=57  
SC1 Healthcare 2417 243 409 

SC2 Equity 1985 179 349 
 

SC3 Housing conditions 2307 120 363  
SC4 Population problems 2077 183 329  
SC5 Waste management 2275 237 398  
SC6 Material consumption/energy use 2225 243 375  
SC7 Economic performance 2155 211 321  
SC8 Biodiversity 1917 161 357  
SC9 Water quality/quantity 2231 211 431  
SC10 Climate change 2243 223 385  

 

From the total values given by the participants for each sub-criterion as shown in Table 

5.12, the AMVs were derived. The total number for each group of participants based on the 

distribution of entire sample population (Table 4.3) was as follows: UG (319), PG (37) and Prof. 

(57). It is important to note that the A4 Professionals group’s response to the questions in 

level 3 of the hierarchy was short of 1 (one), hence the reduction of the number of participants 

from 58 (as displayed in Table 4.3) to 57 (Table 5.12). The AMV results are displayed in Table 

5.13. 

 

Table 5.13: AMV for each group of alternatives with respect to each sub-criterion (SC) 

Alt. A2-UG A3-PG A4-Prof. 

Sub-Criteria AMV AMV AMV 

SC1- Healthcare 7.6 6.6 7.2 

SC2-Equity 6.2 4.8 6.1 

SC3-Housing conditions 7.2 3.2 6.4 

SC4- Population problems 6.5 4.9 5.8 

SC5- Waste management 7.1 6.4 7.0 

SC6- Material consumption/energy use 7.0 6.6 6.6 

SC7- Economic performance 6.8 5.7 5.6 

SC8- Biodiversity 6.0 4.4 6.3 

SC9- Water quality/quantity 7.0 5.7 7.6 

SC10- Climate change 7.0 6.0 6.8 
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Additionally, as can be seen from Table 5.12, the sample size for each group of participants 

is not the same. However, irrespective of the difference in the sample size distribution among 

the groups, the calculation of the average mean of the total values given by each group for 

each sub-criterion mitigated the distribution issues. To check for the existence of outliers and 

deviations of the data from the mean value in the data set of each group, it is suggested that 

the variance of the data set should be considered before commencement of the AHP 

comparisons (Wu and Lin, 2008). Therefore, the standard deviation of the total values given 

by each group of participants (as in Table 5.12) was calculated and presented in Figure 5.6 (for 

UG), Figure 5.7 (for PG), and Figure 5.8 (for Prof.).  

The results as illustrated in Figures 5.6-5.9 show that these values were evenly spread 

around the mean with one exception of an outlier recorded in the total values given by the PG 

group for sub-criteria 3: housing conditions. This finding indicates that since the average mean 

values (AMVs) of each group mitigated differences in the sample size distribution among the 

groups, the outcomes will not be dominated by the largest group. Hence, the AMVs of each 

group were deemed suitable in representing the judgement of the entire group and as such 

were utilized in performing the pairwise comparisons, normalisation, consistency test and the 

final scores of the alternatives. 

 

 

Figure 5.6: Standard deviation of total values given by UGS for all sub-criteria 

 

 

 

 

Figure 5.7: Standard deviation of total values given by PGs for all sub-criteria 
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Figure 5.8: Standard deviation of total values given by professionals for all sub-criteria 

 

 

Pairwise comparisons of the 4 groups of alternatives with respect 10 sub-criteria (SC1 to 

SC10) 

Since there are 10 sub-criteria as defined on level 3 of the hierarchy (Figure 5.1), 10 pairwise 

comparison matrices were needed to be constructed to calculate the weighting of all 

alternatives with respect to each sub-criterion. Firstly, pairwise comparisons were conducted 

using the AMV (Table 5.13) of all 3 groups of alternatives with respect to the 10 sub-criteria. 

Furthermore, in line with equations 4.5, 4.6, 4.9, 4.10 and 4.11, the resulting normalised 

values, weighting, principal Eigen value (ƛmax), consistency index (CI) and consistency ratio (CR) 

were derived for all alternatives with respect to the 10 sub-criteria. The results are presented 

in Appendix L. These results revealed that all 10 matrices generated ƛ𝑚𝑎𝑥 =4, CI(ƛ𝑚𝑎𝑥-n/n-1)= 

0, RI= 0.90, CR= 0.00 (thus < 10%) which means the consistency test requirements were 

satisfied and the judgements of the participants consistent. 

Following the results of the relative importance of the three pillars of SD-themed factors 

including the 10 sub SD-factors that influence women’s decision to engage in engineering, the 

next step is to aggregate the final score of the alternatives, using the results of the weighting 

of all alternatives with respect to each sub-criterion. 

 Aggregation of final score 

In this section, the alternatives priorities with respect to the sub-criteria, as generated from 

the previous section are used to aggregate the final outcome of participants’ SD-themed 

preference. This final score, which was generated following equation 4.12 (4.6.1.7), revealed 

the ranking of the sub-SD themes in influencing the participants’ choice in engineering and 

the individual group’s priority or preference for the SD-themes that inform this decision based 

on the derived sub-criteria and alternatives weightings.  

First, the level 2 criteria weighting as generated in Table 5.5 were multiplied by their 

respective level 3 sub-criterions weights (as derived and shown in Figure 5.3, Figure 5.4 and 

Figure 5.5) to generate the final sub-criteria weights. The results including the ranking of the 

10 SCs are presented in Table 5.14. The results showed that the two most prominent SD-
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themed factors influencing women’s choice of engineering were Environmental sub-themes. 

While the first most prominent sub-theme, Water quality/quantity, was just 1.01 times as 

important as the second most prominent sub-theme (Climate change), both themes 

influenced almost one quarter (0.1231 + 01218= 0.2431) of the women’s choice and 

engagement in engineering. 

 Surprisingly, although the Economic theme was ranked third relative to the other 2 

criteria, as evident by the criteria level weight/rank in table 5.14, it was also a significant 

influence as two of its three respective sub-themes at the sub-criteria level, are listed as the 

top 5 influential themes. Here, Waste management and Material consumption/energy use 

(with a global weight of 0.1057 and 0.1034, respectively) were ranked as the 3rd and 5th most 

influential SD-themed factors with regards to the participants’ choice of engineering. 

Relatively, these sub-themes were marginally more influential than Biodiversity (1.01 times) 

and Healthcare (1.05 times), which were the 4th and 6th ranked influential factors, under the 

Environmental and Social criteria, respectively. Likewise, besides Economic Performance 

(under Economic Criteria), which was the 7th ranked influential theme, the Social criteria sub-

themes were ranked as the least influential factors as follows: Housing conditions (8th, 

0.0835), Population problems (9th, 0.0825) and Equity (10th, 0.0802). This finding is further 

examined through the qualitative study (5.3.2) and its implication presented in the discussion 

chapter (6.5.1). 
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Table 5.14: Hierarchy level 2 and 3 criteria and sub-criteria total weights (Ken-Giami et al., 2022) 

        

 

Criteria 

Criteria 
Level 
weight 

Criteria 
Level Rank Sub-Criteria 

Sub-Criteria 
Level weight 

Sub-Criteria 
Level Rank 

Global Level 
weight 

Global 
Level Rank    

      SC1- Healthcare 0.2848 1st  0.0981 6th    

C1-Social 0.3443 2nd SC2-Equity 0.2328 4th 0.0802 10th    

   SC3-Housing conditions 0.2426 2nd 0.0835 8th    

      
SC4- Population 
problems 0.2397 3rd 0.0825 9th    

   

SC5- Waste 
management 0.3445 1st  0.1057 3rd    

C2- Economic  0.3067 3rd 

SC6- Material 
consumption/energy 
use 0.3372 2nd 0.1034 5th    

      
SC7- Economic 
performance 0.3183 3rd 0.0976 7th    

   SC8- Biodiversity 0.2985 3rd 0.1042 4th    

C3- 

Environmental  0.3490 1st 

SC9- Water 

quality/quantity 0.3526 1st  0.1231 1st    

      SC10- Climate change 0.3489 2nd 0.1218 2nd    
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Table 5.15: Final score of all alternatives 

 

Aggregation of Final Score- Hierarchy Level 3 and 4 

 

Global 

Level 

weight UG 

Weight x 

UG PG 

Weight x 

PG Prof. 

Weight x 

Prof.   

With respect to C1- Social theme                 

SC1- Healthcare 0.0981 0.3554 0.0349 0.3081 0.0302 0.3366  0.0330   

SC2-Equity 0.0802 0.3621 0.0290 0.2815 0.0226 0.3563  0.0286   

SC3-Housing conditions 0.0835 0.4294 0.0359 0.1926 0.0161 0.3781  0.0316   

SC4- Population problems 0.0825 0.3779 0.0312 0.2871 0.0237 0.3350  0.0276   

             

With respect to Economic theme          

SC5- Waste management 0.1057 0.3476 0.0367 0.3122 0.0330 0.3270 0.0345   

SC6- Material 
consumption/energy use 0.1034 0.3466 0.0358 0.3264 0.0338 0.2402 0.0248   

SC7- Economic performance 0.0976 0.3734 0.0365 0.3152 0.0308 0.3113 0.0304   

            

With respect to Environmental 
theme            

SC8- Biodiversity 0.1042 0.3615 0.0377 0.2618 0.0273 0.3768 0.0393   

SC9- Water quality/quantity 0.1231 0.3452 0.0425 0.2815 0.0346 0.3733 0.0459   

SC10- Climate change 0.1218 0.3549 0.0432 0.3042 0.0370 0.3409 0.0415   

Sum( Alternatives weighting)     0.362   0.2890  0.347   
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Figure 5.9: Final Outcome of Participants’ Preference (Priority vectors for all criteria and alternatives) 

 

Next, all level 4 alternatives weights (as generated and presented in Appendix L) were 

multiplied by each sub-criterion final total weighting (see Table 5.14), resulting in the final 

score of all alternatives, as shown in Table 5.15 and Figure 5.9. The results illustrate the 

relative ranking or priority of the alternatives where A1 (UG) recorded the highest priority 

with 36.2% weight, followed by A3 (professionals) with 34.7% and A2 (PG) had the least 

priority with 29%. 

These results show that the final scores of the participants’ relative priority for the SD-

themed outcome were not significantly different. Hence, they may suggest that the 

interdependency of the 3 aspects of SD does exist, as identified by the SD-themed model 

outcome presented in sections 5.1.1 and 5.1.2 and the marginal difference in the participants’ 

preference for these themes. Furthermore, to ensure that these final scores are robust, it was 

important to confirm that the relative ranking or priority of the alternatives does not change 

with criteria weight variation (no rank reversal), hence a sensitivity analysis was performed 
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for this purpose. This will help determine the sensitivity of the influence of SD themes on the 

participants’ engineering career choice.  

In line with RQs 1 and 2, this section presented the AHP results, which showed the relative 

importance of the three pillars of SD-themed factors, and their related sub-themes that 

influence women’s decision to engage in engineering. The following section focuses on 

determining the sensitivity, hence robustness of this final AHP outcome (RQ 3). 

5.2 Verifying the robustness of the SD-themed factors that influence 

women’s engineering career choice 

Sensitivity analysis was performed on the previously presented AHP analysis final scores, 

specifically the criteria and alternatives weights on levels 2 and 4, as displayed in Figure 5.9. 

These final scores showed the ranking of the three main SD themes in influencing the 

participants’ choice in engineering and the ranking of the group that influenced this SD-

themed outcome decision from the most to the least. The sensitivity analysis, which is used 

to understand the effect of a set of independent variables on some dependent variables under 

certain specific conditions, mainly addresses the uncertainty of the outcomes, which is the 

participants’ SD-themed preference due to variation of the criteria weights input.  

Thus, in line with RQ 3 (4.1), the goal of the sensitivity analysis study was to verify the 

importance of these SD themes to the participants’ choice of engineering by varying the 

weights of the criteria/themes to observe any changes in their priority or preference for these 

themes, hence testing the robustness of the final AHP outcome. Since the criteria weights 

signify the importance assigned to themes by the participants, any change in their relative 

priority/preference for the final SD-themed outcome could be an indication that this final 

score is not robust. The implication of such outcome is to revisit and revise the entire analysis 

as major decisions such as identifying the SD themes that influence women’s choice of 

engineering cannot be based on unreliable outcomes and assumptions. Hence, this analysis 

will help determine the sensitivity of the influence of SD themes on the participants’ 

engineering career choice. Consequently, the specific themes that each distinct group of 

participants is most sensitive to and as such most likely to influence their choice in 

engineering, was identified. 

The actual or base case criteria and alternatives weights originally generated from the 

AHP analysis were represented in the Expert Choice dynamic sensitivity graph in Figure 5.10. 

Following the sensitivity analysis simulation technique (4.6.1.8), this graph was used to 

demonstrate the impact of the changes applied to each criterion on the alternatives ranking 

or order of priority. This was done by running 4 sets of simulations, which comprised of 

applying 5%, 10%, 15% and 25% criteria weight variations. Each set represents 4 defined 

scenarios. In each scenario representing a range of possible outcomes between 5%-25%, a 

simulation was performed by means of increasing and decreasing each criterion weight by one 
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of the applied percentage value. The results of this analysis are presented in the following 

section. 

 

Figure 5.10: Dynamic Sensitivity graph - actual criteria/ alternatives’ weights generated from AHP analysis 

 



126 

 

 Sensitivity analysis findings 

Under Simulation 1, for example (Table 5.16), 4 scenarios were conducted by running 3 simulations where a 5% increase was applied 

simultaneously to the criteria weights of C1, C2 and C3 and 1 simulation where C3 weight was decreased by 5%. When a percentage increase 

was applied to each criterion weight, the commensurate percentage decrease was applied to the other 2 criteria accordingly, reflecting the 

relative nature of the weights. The total weights summed up to 100%. 

The results from simulation 1 and for all 4 simulations and scenarios (see simulation 1 in Table 5.16 and 2-4 in Appendix M), show that the 

relative ranking or order of priority of the alternatives was not altered by the change of the criteria weights. As typical with the AHP studies, it 

has been observed that where the relative ranking or priority of the alternatives does not change, the decision is considered robust (Ishizaka and 

Labib, 2011, 2009; Zavadskas and Turskis, 2011). This means that the outcome of the AHP analysis, which revealed the relative importance of the 

three pillars of SD themes that influence women’s choice of engineering (Figure 5.9), is reliable, robust and valid. Examples of the simulations 

are represented graphically and displayed in Figure 5.11 and Figure 5.12, while the others are presented in Appendix N. 

 

Table 5.16: Results obtained from simulation 1, scenarios 1-4 (5% changes) 

Criteria 

 

Actual Sensitivity result 

(original criteria and alternatives 

weighting) 

 

C1-Social-34.4% 

C2-Economic-30.7% 

C3-Environmental-34.9% 

Scenario 1 

C1 (Social) 

 

 

C1↑ 5% (39.4%) 

C2↓ 2.3% (28.4%) 

C3↓2.7% (32.2%) 

Scenario 2 

C2 (Economic) 

 

C2↑ 5% (35.7%) 

C1↓ 2.5% (31.9%) 

C3↓ 2.5% (32.3%) 

Scenario 3 

C3 (Environmental) 

 

C3 ↑5% (39.9%) 

C2 ↓ 2.4% (28.3%) 

C1 ↓ 2.6% (31.8%) 

Scenario 4 

C3 (Environmental) 

 

C3↓5% (29.9%) 

C2↑2.4% (33.00%) 

C1↑2.6% (37.1%) 

Rank  

1st UG:36.2% UG:36.3% (+0.1) UG:36.1% (-0.1) UG:36.1% (-0.1) UG:36.2% (0.0) 

2nd Prof:34.7% Prof:34.7% (0.0) Prof:34.6% (-0.1) Prof:34.8% (+0.1) Prof:34.6% (-0.1) 

3rd PG:29.1% PG:29.0% (-0.1) PG:29.3% ( +0.2) PG:29.1% (0.0) PG:29.2% (+0.1) 
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Figure 5.11: Simulation 1, Scenario 1: When C1 (Social theme) is increased by 5% 

 

 

Figure 5.12: Simulation 4, Scenario 3: When C3 (Environmental theme) is increased by 25% 

 

In addition, the novel application of the sensitivity analysis in this research (4.6.1.4 and 4.6.1.8) 

revealed each group of respondents’ distinct preference for the three pillars of SD themes that 

influenced their decision to engage in engineering. This particular finding as shown in 

Appendix M, is summarised in Table 5.17, which illustrates the effect of increasing and 

decreasing the criteria weight on the ranking of the alternatives or groups of participants. A 

positive, negative or no deviations relative to the base case value as a result of the criteria 

weight changes were noted. The findings suggest that the higher the percentage changes 

applied, the larger the deviation of the alternative weights, noticeably at the 25% variation 

level. This finding determined the sensitivity of the influence of SD themes on the participants’ 

engineering career choice. Consequently, the specific themes that each distinct group of 

participants is most sensitive to and as such most likely to influence their choice in 

engineering, was identified.  
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Table 5.17: The summary on the group’s distinct preferences with regards to the three SD themes 

 C1 (Social) C2 (Economic) C3 (Environmental) 

 5% 10% 15% 25% 5% 10% 15% 25% 5% 10% 15% 25% 

A1-UG + ++ +++ ++++

++ 

- - - - - - - - - - - - - - 

A2-PG - - - - - - - - - - - - 

- - - 

++ ++++ ++++

++ 

++++

++++

++ 

= - - - - - - 

A3-

Prof 

= = + + - - - - - - - - - - - - 

- - - 

+ ++ ++++ ++++

++ 

Note:  + indicates positive shift was observed, - indicates negative shift, and = suggested a sustained 

effect. 

 

These variations hence revealed the similarities and differences between each group’s 

preferences for the three pillars SD themes, which influenced their choice and engagement in 

engineering (identified by the “+” sign in Table 5.17), as follows: 

• UG (A1) - Societal Impact themes (C1) 

• PG (A2) - Economic Growth theme (C2) 

• Professionals (A3) -Environmental protection (C3) and Societal Impact (C1) themes 

It was observed that the three groups differ in regards to their SD-themed preferences, 

with exception to the UG and professionals’ groups, which share similar preference for 

societal impact themes (Table 5.17). Additionally, each group’s interests or preference was 

sustained or increased when the weight of a criterion of interest to them is increased. 

Likewise, their preferences tend to increase significantly in response to a higher increase in 

the weights of their preferred themes. For instance, Table 5.17 shows that the UG group’s 

sensitivity or preference for societal impact themes increased by 6 times at 25%, which is the 

highest variation level. Similar findings were observed for the PG and Professionals groups, 

where PG’s preference for economic themes increased by 10 times and the Professionals’ 

preference for environmental themes increased by 6 times at the same 25% variation level.  

A follow-up study on how these three pillars of SD themes influence women’s choice and 

engagement in engineering provided insights into the reasons for the different groups’ SD-

themed preference. Hence, these sensitivity analysis findings were further examined through 

the qualitative study (5.3.1) and the implication presented in the discussion chapter (6.3 and 

6.5.1). Having presented the results, which verified the relative importance of SD themes that 

influence women’s choice of engineering (RQ2) and the group of themes with the most 

influence to each groups’ engineering career choice (RQ3), the results on women engineers’ 

perspectives of how these SD themes influence their career choice in engineering and can be 

used to attract girls to engineering (RQs 4 and 5), are presented in the next section.
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5.3 Perceptions of how SD themes influence women’s career choice in 

engineering 

Contrary to the preceding sections, qualitative Grounded theory (GT) semi-structured 

interviews were used to gather data on RQs 4 and 5 (4.1, 4.5.2). This section is divided into 

two main subsections, each of which corresponds to the individual RQs. In the first part, data 

on the process of how SD topics (social, environment and economy) influence women’s choice 

and engagement in engineering based on the participants’ perceptions, are analysed (RQ4).  

As typical with the GT methodology, additional interview questions emerged during the 

data collection without the influence of any predetermined ideas (see interview guide 2- 

Figure 5.14). The findings from these questions, which provided insights into some reasons for 

the quantitative study participants’ drive to engage in engineering informed by their 

preference for two of the three SD topics (5.1.1, 5.1.2, 5.2.1), are also presented under this 

first main subsection. Finally, the second subsection (5.4) focuses on the strategies for utilizing 

SD topics to attract girls to engineering (RQ 5). Altogether, the results presented in these two 

main subsections provided answers to the qualitative RQs of how SD topics influence women’s 

choice of engineering and can be used to attract girls to the discipline. 

 

 The process of how SD topics influence women’s career choice and 

engagement in engineering 

Having identified the relative importance of the three SD-themed factors/topics that influence 

women’s choice of engineering in the previous sections 5.1 and 5.2, this subsection focuses 

on understanding how these topics (social, environment and economy) influence such 

decision from women engineers’ perspectives. Hence, these results are presented here. Figure 

5.13, which presents the thematic framework developed from the analysis of the qualitative 

data on RQ 4 shows the emerging themes/factors that explain how SD topics influence the 

participants’ engineering career choice and engagement. 

These findings were generated from 15 purposively and theoretically sampled women 

engineering practitioners in Nigeria and the UK, with varying years of experience (4-35) and 

expertise (section 4.4.2, Table 4.4). The additional theoretical approach, which prompted the 

methodological need to interview women engineers involved in sustainability projects, such 

as projects related to achieving SD, provided rich answers to the research question.  

The purposively sampled participants were asked open-ended and inductive questions 

such as “Tell me about your first introduction to engineering,” while others who were 

theoretically sampled, answered more structured questions to follow-up with Interview 1 

findings. These included questions such as- “What was your first introduction to the role of 
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engineers in solving SD challenges and how did this influence your career decision?” (see Figure 

5.14 and Appendix E for both sets of interview guide).  

All 15 participants had different period of entry to study an engineering course (either at 

an earlier or later date) and they all proceeded to engage in different engineering careers. 

Likewise, during the data analysis, it was discovered that these participants comprised of two 

groups, those whose choice of engineering was influenced by SD topics and others who 

indicated that such topics rather influenced their continuous engagement after entry into the 

discipline. 

Nevertheless, majority of the participants gave an account of how the three SD topics 

(social, environment and economic) influenced either their choice and/or continuous 

engagement in their career as engineers, through four primary interrelated factors: Exposure, 

Awareness, Interest and Direct involvement. These results are presented in the following 

subsections, while the data can be found in the USB included as part of the PhD thesis 

submission. 
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Figure 5.13: Thematic framework of the emerging themes/factors that explains how SD topics influence the participants’ engineering career choice and engagement 
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Figure 5.14: Interview guide 1 and 2 
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5.3.1.1 Theme 1: Exposure to engineering impact 

A major contributing factor to some of the participants’ choice of engineering was attributed 

to their exposure to the impact of engineering on mostly the society, people and environment. 

Whilst categorising the themes generated from the data, it was observed that this exposure 

being referred to by the participants was mostly experiential and thus had a strong influence 

on their career and engagement decision. It was gained out of an experience of engineering 

impact through either a physical structure, a movie, or the visual and problem-based 

components of typical case studies of mistakes often made by engineers. Hence, for some 

participants, the significance of the influence of this exposure to engineering impact on their 

career choice was mostly attributed to the tangible and visible nature of engineering 

structures that provided enormous benefits to society: 

My very first proper introduction to engineering had been when my parents took me to a dam 

structure back in Indonesia….it was basically a hydro power dam in West Java providing electricity 

for the surroundings ….and I think I was 10 at the time. I was basically very impressed at this massive 

structure. And I think I said, Oh! I really want to do something like this in the future, build something 

that would be useful for other people. And you can see it's a tangible product that you're creating. 
And it’s a hydro power dam, providing electricity for the surroundings. 

                  P3 (UK, Civil engineer for 17 years, responsible for constructing the first ever 

metro station in Doha) 

In contrast, for others, exposure to the prevailing negative impact of engineering practices on 

the environment in their country was a main attraction to the discipline: 

 

I was attracted to engineering because earlier on, I saw the very bad practices of the oil and gas 

industry which causes so much damages to our environment. 

  P1 (Nigeria, Petroleum engineer at ExxonMobil, 4 years’ experience) 

These accounts point to the fact that the participants’ choice of engineering was influenced 

by an exposure to the either the positive or negative impact of engineering on society, which 

was both tangible and visible. Other participants expressed similar views. For instance, P5 

mentioned that a film, which connected the relevance of engineering in solving problems that 

keep people and the society safe, attracted her to the discipline. Although not particularly 

related to engineering SD relevance, this account emphasises the participant’s drive to engage 

in the profession to solve problems that can possibly harm people and the society after being 

exposed to the potential of doing so through an engineering career: 

So I then decided to go into engineering, actually after watching a film called Starship Troopers 

about the universe getting invaded by great big bugs (3 or 4meters high) that kill everybody and 

everything in its way…and a woman was navigating a starship equivalent of a car park through the 

hell, and you've got to have really straight eyes to get through to solving the problem without 

hitting things. And I realized I can do that, therefore, I chose engineering. 

               P5 (UK, Civil engineer for 20 years with speciality in drainage design for highways) 
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P1 further highlighted that exposure to her mother’s recycling practices and no-waste policy 

developed her passion for sustainability, which then influenced her choice of engineering. She 

further emphasized that she would have chosen a different engineering field that would give 

her a better opportunity to express her passion for waste management and recycling, if she 

had been exposed to such possibilities in the field at the time she enrolled to study 

engineering: 

... there are some things that you do at home, and you don't realize, have a long impact. My mom 

used to have like a no waste policy... And it's something that I kind of grew up with, we can't eat 

our food and have leftovers, she'll tell you, you are wasting it and also, throwing it away is wasting 

resources. I grew up with that mentality... And then back home things as little as PET bottles and 

cartons, she would make you store them and sell them for a cheap amount. I mean, at that point, I 

didn't realize that she was actually recycling… 

…I feel like if I had the kind of exposure where my skills are matched with the different engineering 

disciplines, I probably wouldn't have done petroleum engineering, I would have done something in 

the lines of maybe industrial or chemical engineering because I'm very passionate about 

sustainability…So I feel like if I had that exposure, earlier on, I'll probably be doing engineering, but 

not just not this particular one. 

                  P1 (Nigeria) 

As mentioned earlier in this section, the participants in this study comprise two groups, 

those whose choice of engineering was influenced by SD topics and others who indicated that 

such topics rather influenced their continuous engagement after entry into the discipline. 

Although it was observed that this engineering impact on environmental or social SD could be 

either positive or negative, the most striking underlying factor, which influenced the 

engineering career choice and continuous engagement of both the former and latter groups 

respectively, is the “exposure” to either of them. However, some differences were observed 

in the type and source of such exposure for both groups. As the last quotes indicate, which 

were all from the former group, these included exposure to internal SD practises at home, 

positive SD relevance of engineering in the community or through a film that emphasised the 

professions’ problem-solving attributes.  

In contrast, the latter group attributed their continuous engagement in engineering to 

exposure to not just problem-based SD-themed course content at university but contents that 

comprise case studies of different engineering sectors, the reality of the mistakes they make 

and their impacts as evident in P9’s account: 

So I decided to consider engineering because I saw that what they did was meaningful, I wanted to 

be in a role where I felt like I'm making a difference. So when I first went into engineering, I studied 

chemical. During my second year, I did a lot of modules on sustainability, health and safety and the 

environment 

…we looked at a lot of case studies of different engineering fields from construction to petroleum 

and gas and seen all the things that could go wrong, due to either engineering mistakes or things 

being overlooked. And I think that's what really made it stand out to me, that was the first time I 

ever considered that I, as an engineer, there's a huge part to play, so it made me switch my course…. 

And that has directed my career to what I'm doing now. 
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                     P9 (UK, Aerospace engineer for 4 years with specialisation in product sustainability) 

 

Thus, this finding highlights the experiential component of exposure to problem-based SD 

themed course contents and its impact in defining the participant’s career path in engineering. 

For instance, such exposure, which created an experiential visual image of engineering 

mistakes, resulted in P9’s definite career engagement. 

5.3.1.2 Theme 2: Awareness of engineering relevance 

Another important factor that some of the participants perceived as related to the link 

between their choice or engagement in engineering and SD topics is awareness of the relevant 

role of the profession in addressing such topics or challenges. Although the exposure and 

awareness themes seem to hold similar connotations, the decision not to merge them was 

derived from the difference in the meaning as defined by the participants’ accounts. In this 

case, awareness was perceived as essentially based on the information received or knowledge 

acquired. Unlike the exposure theme, such awareness was often gained from an information 

or realisation of engineering SD impact through SD-themed courses and school career fairs, 

with no components of problem-based activities: 

… there are several fields in engineering. And I was drawn more to petroleum engineering, simply 

because Nigeria has a rich source of hydrocarbon and in my mind, I thought if engineering can help 

with enabling people with access to power and electricity... And we were rich in this resource, 

maybe that's one area that I could contribute in and that's how I found myself in petroleum 

engineering.  

P7 (Nigeria, Petroleum/reservoir engineer for 9 years with expertise in drilling wells) 

At university, we studied sustainability, but what we studied is the awareness of them, to make us 

aware that everything we do has an impact, and what sort of impact it could be. And so we don't 

just suddenly design this massive dam in the middle of a rain forest, for example, and then it 

destroys everything. Essentially it is that awareness. 

P3 (UK) 

I became aware of environmental engineering through careers fairs at school... that's the field I 

really wanted to go into way back when I was a teenager… [But] as a civil engineer, pretty much 

every part of an individual's life is influenced by a civil engineer to some degree .., we're really core 

to society. 

P10 (UK, Civil engineer for 35 years, leading sustainability and climate change efforts at 

Mott MacDonald) 

One participant mentioned that her excitement about her choice of engineering began at 

400 level in University, when she became aware of her role thus, those of engineers in 

providing solutions to SD challenges: 

I got the opportunity to study Petroleum Engineering in the university after trying for different years 

to gain admission into medical school and I took up the role, it was very traumatising for me, 

adjusting to courses… it was until my 400 level that I found out that as an engineer, it is my job to 

provide solutions to sustainability goals. Today, I am one of the most excited person. I mean, 
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especially when I think of all the awesome things as engineers we bring to this world. I look forward 

to being an engineer every day 

P13 (Nigeria, Petroleum engineer for 6 years with specialisation in fluid drilling and waste management) 

Likewise, the impact of awareness as defined in this study on the continuous career 

engagement of the participants was evident in P6’s (who also belong to the latter group) 

account. It was observed that despite P6’s reluctance to consider an engineering career due 

to her fear of maths, her awareness and realisation of engineering sustainability impact of 

combining energy with building services through sustainability-themed courses after entering 

engineering informed her continuous engagement in this area. This decision was facilitated by 

a lecturer with proficient skills who broadened her understanding of the concept: 

…but I said no, I am not doing engineering because I didn't like maths… So I went on to A levels 

for chemistry, biology and sociology…when A level results came out, I really failed woefully. My 

parents were not pleased. Then my oldest brother said to me, why don't you go through clearing 

and study engineering… 

Apart from properties and buildings, another thing that I was drawn to was Renewable Energy. I 

think it was because of Jovanna [her lecturer]. She taught thermodynamics and renewable energy 

really well, so I was drawn to these aspects by the teacher or maybe someone that is already in that 

field. The way they talk about it, or the way they teach me …. And then when I realized that I can 

actually combine energy with building services, I was like, yes, sign me up. 

                      P6 (Nigeria, Mechanical engineering for 4 years with speciality in building services) 

 

This finding also buttresses the importance of proficient teaching in making engineering 

attractive to women who accidentally or reluctantly enrol in engineering with little or no 

interest in the discipline.  

 

Furthermore, P7 gave a striking insight into the role of awareness in addition to exposure as 

major facilitators of the link between SD topics and women’s engagement in engineering: 

…I was quite timid growing up. So the thought of even going against my parents didn't even get me 

to think about engineering, which was sort of like a natural flair for me, but having a family friend 

just, open up my mind to engineering, basically just cemented my decision. 

P7 (Nigeria) 

 

This account shows that despite the fact that the participant would normally not oppose 

her parents’ wish for her to study medicine, she ventured into engineering after being aware 

and exposed to her country’s prevailing SD challenge and SD-themed outcome expectation or 

end goal. Although most of the participants’ accounts in this study suggest that their 

engagement in engineering was through exposure, these findings suggest that awareness is 

also a crucial contributory factor. For instance, P9’s previous account (see Section 5.3.1.1) 

suggests that exposure to negative sustainability and engineering practices influenced her 

engagement in the profession. Likewise, she further mentioned that an increased 

sustainability engagement and considerations of its impact on society, economy and 
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environment might also contribute to building engineering impact awareness and as such 

influence more engagement in the profession: 

And I think there's a lot more engagement around the topic and people are a lot more 

conscious about how it affects them staying in business because sustainability is not just the 

environmental side of things, is also economic sustainability, and social sustainability. 

P9 (UK) 

Thus, this indicates that either exposure and/or awareness of engineering sustainability 

relevance and impact are two significant and strategic factors that influence women’s choice 

or engagement in the profession. 

Such findings on the types of exposure and awareness of engineering impact and 

relevance in solving SD challenges, which the participants received and how it was delivered 

are an important evidence of how SD themes influence women’s choice of engineering. They 

also indicate that such exposure and awareness can influence choice and engagement in 

engineering both before and upon entry to the profession. 

5.3.1.3 Theme 3: Interest in addressing SD challenges 

Most participants’ accounts revealed that the two main factors, Exposure and Awareness of 

engineering impact and relevance in solving SD challenges, resulted in the third factor, Interest 

in contributing to solving these challenges, which further influenced their choice or 

continuous engagement in the discipline. Although these results might indicate that interest 

is rooted in exposure and awareness, its difference is evident in the fact that it involves a 

desire, feeling, curiosity and resolve to contribute to addressing SD challenges:  

So I had like two options, medicine and engineering. I thought about how I am going to be dealing 

with human blood if I study medicine and I am not really a fan of blood, although I love and can 

take care of people but I felt that there are other ways in which I can impact my world, so, I got to 

know that engineering is like innovation, you get to bring in new ideas and solve series of problems 

of the world...so that was like an interest… I wanted to be in a place where I will be relevant. 

                                                  P4 (Nigeria, Petroleum/Reservoir engineer for 4 years) 

I was attracted to engineering because I really have interests when things have to do with lower 

your carbon footprint, you know, trying to make the world a better place. 

                                                               P1 (Nigeria) 

Beyond the whole medicine [career] drive by my parents, I've always wondered why we didn't have 

access to electricity in Nigeria. My mom is an entrepreneur, she had a Cold room. You could 

imagine, having a cold room where you sell frozen foods and, not having access to power. People 

and businesses will always suffer as a result of that…. And then, connecting it back to the end goal, 

taking into account my mom's personal experience with her business, was what basically just 

cemented my decision. 

P7 (Nigeria) 

Although some of these participants’ choice of engineering was not based on their interest 

in solving SD challenges through the profession, after being exposed and aware of engineering 
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relevance in addressing these issues, it increased their interest and engagement in the 

profession. However, one participant reported a different experience where her interest in 

addressing SD issues preceded the awareness and exposure to such issues. In addition to her 

maths proficiency, at the core of her choice of engineering was an interest in making people's 

lives better. Based on this interest, she was drawn and exposed to the social and 

environmental issues experienced by her family and people in her community. Hence, based 

on a combination of interest and exposure to such issues, she developed problem-solving 

resolutions: 

...I mainly stumbled into engineering, because of interest in mathematics…So for those of us in the 

analogue era [entered engineering a long time ago], those were not the times of the sustainability 

themes, but at the core of it was I wanted to make life better for the people around me and in the 

village, like my aunties who make groundnut oil. I see how they spend time and energy, trying to 

roll those groundnuts into paste and then extract the oil. And I thought there should be a better 

way to do this, I needed to solve some of these problems.   

P12 (Nigeria, Chemical engineer for 20 years, working in an energy regulation agency) 

 

Similarly, P9 gave a salient example of the importance of interest in influencing 

engagement in engineering. Exposure to both the problem-solving aspects of engineering and 

the negative impact of the profession on the environment and people, intensified her interest 

in addressing these issues. Her interest was so intense that she changed course mid-way 

through university to one that would give her the opportunity to address these issues. It also 

defined her career path decisions, which included a resolute and unpopular decision to work 

only in sectors where there are opportunities to solve environmental problems and with 

companies who share the same interest of reducing the environmental impact of their 

products: 

During my second year, I did lots of modules on sustainability, health and safety and the 

environment. And that's where my interest in environmental issues came from. So I switched my 

degree from just chemical engineering to chemical and energy, because I believe that we have, as 

engineers, responsibility to not just manufacture products, use processes that solve problems, but 

also make sure that we're not impacting the environment and the people in a detrimental way at 

the same time. 

...So I wasn't specific that I wanted to work in maybe the automotive or the aerospace or any of 

those. I just knew whatever role I would be in, I wanted to be solving problems that are related to 

environmental awareness and in a company that that sees the importance of reducing the 

environmental impacts of their products.. 

P9 (UK) 

Additionally, although the previous account suggests that exposure and awareness are key to 

eliciting interest in the participants to solve SD issues through an engineering career, P4’s 

account revealed that interest remains an important factor in sustaining continuous 

engagement in the profession: 

My desire to impact my world actually helped sustain my interest in engineering. When I saw that 

this thing I'm doing will be relevant… Also I actually have interest and love in this area that I actually 
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majored in, because if you don't have interests and you face challenges along the way, you can 

actually say I don't want to continue anymore, but because of the love and interest I had, even with 

the really terrible education system in Nigeria, I had this drive, I was pushing, I wanted more.  

P4 (Nigeria) 

 

A parallel view was expressed by P6 whose initial interest in addressing SD challenges through 

engineering including her interest in the discipline as a whole, declined due to her country’s 

unsustainable practises: 

When I realized that I can actually combine energy with building services, I was like, yes, sign me 

up. But then down here, they are not talking about to reduce electricity consumption. I'm very 

specific or particular about the amount of co2 in my building. Nobody down here cares about that. 

Lagos [a major city in Nigeria] was flooded yesterday, the amount of dirt on the road. The flooding 

raised everything up. And you realize that Nigeria is not ready for renewable energy. They're still 

throwing away water can from their car into the road. I have absolutely no idea when they are 

going to…I feel like I've gotten to that point where I need to figure out what next I want to do in my 

career.  

P6 (Nigeria) 

These accounts suggest that interest in engaging in engineering to address SD challenges is 

directly influenced by exposure and/or awareness of the reality or existence of such 

challenges and engineering relevance in causing or addressing them. However, as evident in 

P4 and P12’s accounts, interest seem to be also relevant in women’s choice or continuous 

engagement in engineering as the experience and information gained from exposure and 

awareness, respectively may not translate into a career decision without the desire and 

interest to engage in such profession. 

5.3.1.4 Theme 4: Direct Involvement in SD problem solving 

It was observed from all the participants’ accounts that the relationship (interplay) between 

interest, exposure and awareness in explaining how SD themes influence their choice of 

engineering, is incomplete without their direct involvement in solving SD challenges. It is 

evident that the latter is a key aspect in this relationship owing to the fact that a combination 

of exposure, awareness and interest in addressing SD challenges resulted in the participants’ 

direct involvement in developing a solution to solve the problems. This involved an active 

participation and involvement in activities or making decisions that address such SD 

challenges: 

I started my role as a trainee engineer… I was lucky that my supervisor was a British engineer who 

had a lot of experience, he told me: “you're not going to ever sit down in the office, I'm going to 

send you to the field, because that's where you're going to get your hands dirty.” So for three 

months, I was out in the field. … And I saw the mistakes engineers make because it's always in an 

operating plant you see mistakes …I started solving problems frequently. And then after a year or 

so, I then started my journey in projects 

P11 (Nigeria, Chemical engineer for 20 years, chief engineer in an oil and gas corporation) 
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In Engineering, there are different areas, like in the oil and gas industry, there are a lot of issues in 

the industry, and so I sit in my own little corner and ask how I can contribute to solving these 

problems. Now we're talking about automation, we talk about the energy transition and lots of 

things, and I am constantly involved in finding ways to be relevant in solving these world's problem 

of providing cleaner energy, so this is like my drive. It keeps evolving… 

P4 (Nigeria) 

Another participant stated that being directly involved in tackling a tangible and real societal 

problem resulted in a feeling of satisfaction, which helped with the aftermath of the 

distressing images from witnessing societal disasters:  

To be able to make that contribution to society, is very rewarding. So when I've been involved in the 

design and construction of projects that I've been part of, there's something very tangible and real 

that I can see at the end, you know is the fruits of the team's work, and that's hugely rewarding. ...I 

work for the Environment Agency, and part of that job was around Incident Management. …So we 

had to provide that support during an emergency. The fact that I was able to make a contribution 

to addressing that made it a lot easier to deal with those images that can be quite distressing when 

you see on the news of people suffering from different incidents and events that happen. 

P10 (UK) 

Additionally, being directly involved in an organisation that focuses on addressing these issues 

could also appeal to the interests of the participants and their further involvement in 

addressing more SD challenges: 

... when I worked for West Sussex County Council in highway design, during design and construction, 

I became involved in environmental assessments that needed to be put in place to make sure that 

we got the right balance, … I think it was there that my passion and engagement in sustainability 

and then climate change grew. 

P10 (UK) 

The significance of direct involvement in the relationship between SD topics and women’s 

engagement in engineering was amplified by some participants’ experiences, where a 

combination of exposure, awareness and interest in such tangible challenges cumulated in 

their direct involvement in developing novel projects with substantial benefits across all three 

pillars of SD:     

…I really like math but I didn't want to do pure math because I wanted to do something tangible, 

that you can see, and would actually have an impact in people's life. … and I like problem solving. 

So that’s the reason I studied engineering…and in the view that I would then become and practice 

as an engineer. 

One of my biggest projects is the one that kind of, made me. I spent five years on the project from 

the very start of detailed design to construction. And now it's actually open for public. It's a new 

metro station in Doha, five level and 50 meters deep into the ground, and called the crown jewel of 

the metro system in Doha because they really didn't have any kind of public transportation systems 

apart from taxis before. And by providing this Metro network, you're essentially allowing people to 

move more freely, giving people a bit more independence than kind of relying on cars, which 
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actually made an impact on the sustainability [because] Middle East isn't the probably seen as the 

most sustainable right now. But this is kind of their step towards that. 

P3 (UK) 

In Nigeria, people kept talking about gas flaring, polluting the environment. So one of the projects 

I did within my first year was around pollution in the environment. I looked at the technologies 

[and] discovered that there was a technology I called Dr. Technology that can harness that flared 

gas, and then help boost it at a pressure where it can be utilized. So I started that study, and I 

completed it and I can tell you that at this point in time, it's been rolled out, [and] would ensure 

that there is little or no flared gas in our gas plant.  

P11 (Nigeria) 

Together, these findings provided useful and interesting insights, demonstrating that the link 

between SD topics and women engineers’ choice and engagement in the field is manifested 

through an interplay of four main factors - Exposure, Awareness, Interest and Direct 

involvement. This interaction is illustrated in an EAID model showing the process of how 

women’s choice in engineering is influenced by SD topics (Figure 5.15).  

As depicted in Figure 5.15, this EAID process can be implemented through two main routes 

(1 & 2). Route 1 begins with exposure and/or awareness of the negative impact of SD 

challenges including those caused by engineering practises or the profession’s positive 

relevance in addressing these issues. Route 2, however, begins only with awareness of such 

impact of engineering in either causing or addressing SD challenges. The negative impact 

includes mistakes, misuse or improper implementation of engineering. These first two 

components in both routes 1 and 2 of the EAID process model then elicits women’s interest 

in these SD issues and finally their direct involvement in developing novel inventions and 

projects to tackle them. 

However, there are slight differences in the process of how SD topics influence the UK 

participants’ (referred to as Case UK) engagement in engineering and that of Nigeria 

participants (Case Nigeria) (4.6.2.4-4.6.2.5). Some aspects of the process differed, such as the 

kind of exposure and interest in certain SD challenges. These are presented in the next 

subsections.  

 

 

 

 

 



143 

 

  

Figure 5.15: EAID Process model of how women’s choice in engineering is influenced by SD themes 
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5.3.1.5 EAID process for Case UK 

As mentioned in Section 4.4.2, 7 of the 15 women engineers interviewed for this qualitative 

study were classified as Case UK. Based on the illustration in Figure 5.15, results from the data 

analysis showed that the EAID process model for this group of participants mostly began with 

Exposure. This finding indicates that for most of the Case UK participants, their choice and/or 

engagement in engineering was influenced by an exposure to the positive relevance of 

engineering in addressing SD challenges.  

Additionally, the type of exposure that influenced the interest and direct involvement of 

Case UK in engineering was mostly through SD-themed course contents integrated with 

problem-solving activities and tangible structures depicting the positive relevance of 

engineering in communities. 

5.3.1.6 EAID process for Case Nigeria 

Contrary to Case UK, the EAID process (Figure 5.15) for Case Nigeria, comprising 8 participants 

out of the 15 interviewees, began with either awareness or exposure to the negative impact 

of SD challenges on the society, environment and economy. This included those caused by 

engineering practices, which are regarded as engineering mistakes. Such awareness or 

exposure, mostly amplified by the prevailing SD challenges in the country largely influenced 

this group’s interest and direct involvement in engineering. 

The interpretation and implications of these findings on the differences of some 

components of the EAID process model for Case UK and Case Nigeria are discussed in Chapter 

6 (6.3.2). 

 Reasons for women's preference for social and environmental topics 

versus the economic topic as drive to engage in engineering  

The process of how SD topics influence women’s engagement in engineering, as presented in 

the previous sections, began to develop as the qualitative data analysis progressed. Hence, 

the emergence of such patterns and categories in the data necessitated the decision to 

theoretically sample women engineers who are directly involved in SD-related projects to 

further develop these emerging categories. Consequently, insights into possible reasons for 

women’s preference of environmental and social compared to economic topics, which was 

revealed in the quantitative study (5.1.1, 5.1.2, 5.2.1) as their drive to engage in engineering, 

was generated. These results are presented in this section. Based on some participants’ 

accounts, the reasons were categorized into two themes, such as direct and tangible versus 

indirect and intangible impact and lack of integrated sustainability impact. 
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5.3.2.1 Direct and Tangible versus Indirect and Intangible Impact 

The results revealed that one major reason for the quantitative study respondents’ preference 

for environmental and social relative to economic topics as most influential in their career 

choice was the fact that the impact of issues related to the two former topics is more direct 

and tangible, whereas the latter is indirect and intangible. Two participants highlighted this: 

I think engineering has more of a social impact. But also an economic impact as well. But the social 

one is more because the impact is on society. If a bridge is well done, the impact is on the society. 

However, the background of it is, it is going to create revenue, because it eases the traffic or 

movements or whatever. But that impact is seen more on the society. Then when you now look at 

the books [economic impact], you now see that Oh, Mr. A applies this route all the time [and] has 

been able to make three times what he used to make before because of how easy he's able to move, 

or how easy is able to navigate…  

P6 (Nigeria) 

I think when you talk about things like maybe the economic sustainability is less tangible but when 

you talk about social and environmental issues, most people are already aware about it, they've 

heard about it, they’ve seen a documentary…Those things are visible to you and are tangible things 

that you can give as examples. For example, where oil companies might have polluted the seas or 

things like that, it is more tangible than if you talk about integrity in business, and maybe setting 

up companies, it's just not very tangible. So people will tend to overlook the other areas of things 

and don't class them under sustainability, they might class them as under different topics such as 

fair trade or as a different aspect of their business [rather than as an impact of engineering on the 

economy]. 

P9 (UK) 

Another participant asserted that women’s deposition to people consideration could be a 

possible reason for their social and environmental-themed preference: 

I think possibly because mostly women tend to be sensitive. We have, I think, what they call ethical 

sensitivity, we think about others. 

 P14 (Nigeria) 

However, other participants attributed the indirectness and intangibility of engineering 

economic impact to the longer time required to actualise or assess the economic impact of 

projects: 

When you have a project, and a cost say it's going to cost a million dollars. … And you know that 

you don't spend all that money at once, you've spread it over the years, so that is your projection. 

But what normally happens is when you start the project, one can't say the cost…. And 

unfortunately, some of our projects take time, I've seen projects that took 7-10 years.  

P11 (UK) 

I manage a project that we mature certain fields, push them through, go through the design, the 

planning, and then based on the design, we cost the project, and then push it through what we call 

final investment decision. So it's when the economics of the project prove to investors that this 

project is economical, that's when people will invest just like any other investment you go into. So 

you need to know that it would really yield high returns. 
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P7 (Nigeria) 

These participants agree that the tangibility of social and environmental SD challenges 

projects could be a possible explanation for women’s preference of such topics as their drive 

to engage in engineering. Hence, the longer time frame required to assess the economic 

impact of engineering may imply that such issues are less tangible and as such women 

engineers are unlikely to understand their role in this regard. This might explain women’s 

selection of economic topics as the least preferred factor that influences their career choice 

in engineering. However, other participants provided a different reason, as presented in the 

next subsection. 

5.3.2.2 Lack of integrated sustainability impact 

The data showed that another reason for women’s preference for social and environmental 

as most influential in their career choice relative to economic topics is the lack of integration 

of the impact of engineering across all three aspects of SD. Some participants suggested that 

this is due to more emphasis and focus being placed on the two aspects over the economic 

aspect: 

…we hardly hear about the economic impact, and you see, even the economic impact is actually 

quite important. Because it's supposed to be a balance between economics, environment, and 

social. I think it should all be integrated. So even if you're dealing with the environment, you're 

solving the economic issue as well, because you're reducing the cost of something. I think the three 

aspects are not just integrated as a whole.  

P12 (Nigeria) 

… if you ask a little child about what you think or picture about engineering, the person pictures, 

somebody with a hardhat safety boots coverall. So the first thing that comes to mind is hard work, 

tough work, which involves dealing with environmental and societal problems. So your mind does 

not really go much to the economic aspects, when you're talking about an engineer.  

P13 (Nigeria 

These participants highlighted that more focus is on solving problems with one suggesting that 

once someone mentions engineering, the first thing that comes to mind is plier, screws, before 

they think about the economics of it [P13]. However, other participants commented on some 

strategies to emphasise on the economic impact of engineering to attract girls to the 

profession. For instance, to achieve this, one participant argued for the need to promote the 

impact of engineering across all three aspects of SD: 

…For example, let's use Railway, [that is], providing railway infrastructure to people, like in Nigeria, where 

there are issues around road transportation, …so if we have a good rail system, it is easier to transport 

larger amounts of foodstuff or products at the same time, at a reasonable cost. And then you can transport 

people from point A to B, easier. And then you'll be generating money out of that infrastructure. And over 

time, you're making more money to create more value for the society. 

P12 (Nigeria) 
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Furthermore, another participant mentioned that the emphasis on any of the three SD aspects 

is rather dependent on organisation or institutions’ priorities and focus: 

… it depends on what side of the fence you're on. Because if you're in the NGO and water sanitation 

world, then the longevity of your project is based around the community's supply of clean water. 

So for them, the economics did take a backseat, because their primary reason was to stop people 

dying due to contaminated water. So the community engagement comes first. Now, if you switch 

to industry, and companies that have shareholders, then for them, the economics is primary.  

P15 (UK, engineer for 31 years, with special interests in energy transition and embedding 

sustainability within technology design) 

However, the central importance and the need to highlight the economic impact of 

engineering projects, was further emphasised:  

If you're an engineer, and you're hired to do something, build a bridge, build a power plant, 

whatever happens, the economics should be at the centre, with questions like, can I pay for this? Is 

it affordable? And how long it's going to last for? 

P15 (UK) 

One participant suggested the likelihood of the engineering economic impact to attract girls 

to the profession rather than negative societal and environmental SD-related themes and 

challenges: 

… I think even the economic benefits should be highlighted. In fact, it will encourage people than 

all the negative environmental and social issues that are highlighted more. 

 P12 (Nigeria) 

Likewise, P14 further suggested that a message that emphasises more on the economic 

impact of engineering is likely to attract girls in rural areas where the SD challenges are 

widespread. This is especially when they realise that they can make a difference by both 

improving their community’s well-being and lifestyle through the profession: 

the truth is a lot of the work we do when you're talking about social and environmental work and 

intervention, happen in usually poor neighbourhoods and in the rural areas…. where there are girls 

who want to escape from hardship. So you can't just inform them that they can fix these, but also 

at the same time, actually improve the lifestyle of their family and village 

P14 (Nigeria) 

Other participants suggested a more balanced approach, which involves creating awareness 

of the economic benefits of solving social and environmental problems through an 

engineering career: 

People need that orientation, to realise that engineering is not just machines and equipment. It's 

also economics. That is, once I'm done with this machine and equipment, money is supposed to be 

generated from it. 

P13 (Nigeria) 

I've been pushing how people can look at the economic benefits of energy… most people are quite 

happy to solve the problem and disappear … But it's too valuable for us not to also empower 

engineers with economics knowledge  
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P14 (Nigeria, Electrical engineer for 31 years with special interests in energy sustainability, 

business & social, entrepreneurship) 

Interestingly, the reasons that these participants provided as the quantitative study 

respondents’ drive to engage in engineering based on their preference for social and 

environmental topics are similar to some of the findings on how SD topics influence women’s 

choice of engineering (5.3.1.1). They highlighted that the fact that the preferred topics/issues 

are more tangible and visible, attracted them to engineering. They further recommended for 

the intangible economic impact of engineering to be more emphasised through awareness, 

hence made visible alongside the social and environmental aspects to effectively appeal to 

girls. 

5.4 Strategies for attracting girls to engineering 

The participants who all progressed from their choice to study engineering to practising in the 

field gave very valuable insights into some strategies for utilizing SD topics to attract girls to 

the profession (RQ 5). This is the focus of this section. Additionally, owing to the theoretical 

sampling technique utilized in the research, this prompted the methodological need to talk to 

‘expert-practitioners,’ who are women engineers experienced with recruiting and inspiring 

girls to consider an engineering career (4.4.2). This meant that these participants with such 

experience provided rich answers to the RQ. Although the RQ is focused on understanding the 

strategies for attracting girls to engineering using SD topics, hence termed ‘SD-themed 

strategies,’ other valuable findings were generated. Hence, as illustrated in the thematic 

framework developed from the analysis of the qualitative data on RQ 5 (Figure 5.16), the 

results were categorized into SD-themed strategies and other strategies (referred to as 

facilitators) for attracting girls to engineering, and thus presented accordingly in the following 

subsections. 
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Figure 5.16: Thematic framework of strategies for attracting girls to engineering 
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 Sustainability-themed strategies for attracting girls to engineering 

Interestingly, based on the some of the participants’ accounts, the emerging themes identified 

as the SD-themed strategies for attracting girls to engineering are parallel to the newly 

discovered process of how SD challenges/topics influence women’s choice and engagement 

in engineering (as identified in section 5.3.1). These themes include exposure to engineering 

relevance, creating awareness about engineering and early direct involvement and 

engagement in SD problems solving. 

5.4.1.1 Exposure to engineering relevance 

Some of the participants that addressed the question on the strategies to attract girls to 

engineering using SD topics, interestingly highlighted themes regarding the exposure of girls 

to the profession’s role in addressing SD challenges. They suggested that such exposure should 

be done early and in a manner that is relatable by showing the value and importance of 

engineering interventions to people's daily lives: 

…this takes us back to the STEM outreach programs in schools for instance. Here, it is important 

that these girls see the direct results and benefits. Doctors treat people and they get well, so the 

question is what do engineers do? Civil engineers give an example of bridges and roads, because 

without engineers, we won't have these, we won't have motorable roads. I think this will surely 

influence them.  

P4 (Nigeria) 

Stem ambassadors do a lot of work in this area, because I work as a stem ambassador. And we put 

on a lot of sustainability events, while at Uni. I was part of the British Science Association. So every 

event we did always had a focus or linked back to sustainability because there’s always a link back… 

so these are things that we did talk about and expose them to related real-life sustainability issues. 

P9 (UK) 

.. Communicate the impact, communicate how engineering translates to whatever impacts that 

you want to communicate to them. Of course, there are several impacts and some of the girls might 

connect with one of them. And that alone might be their driving force to want to go into 

engineering. 

P7 (Nigeria) 

Likewise, one participant noted that exposing girls to problem-solving activities that they can 

relate with could help develop empathy and compassion in them, which will generate a 

sense of responsibility to contribute to solving these problems: 

…having the right class of women or role models talking to them and engaging them actively [by] 

giving them a problem to solve like challenges or essay writing or put it into relatable context, like 

something they can relate with, and then they will grow the empathy and the compassion, which 

will, of course give them a sense of responsibility, so that they can relate to what the issues are, 

and then they would now want to create the necessary change, to make things happen. 

P12 (Nigeria) 
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The importance of creating exposure to engineers’ role in solving SD challenges as a strategy 

to attract more girls to engineering was emphasised by P13. She further explained that if she 

had received such exposure early before entering engineering and not at 400 undergraduate 

level, it would have inspired her to increase her efforts to achieve more in terms developing 

inventions to address SD issues of interest to her: 

I just got into engineering, because that was what flashed my face after four years of being tired of 

staying at home. But imagine if someone had come to me and exposed me to the available 

opportunities for me in engineering? … from year one, I would have put in all the energy I need. And 

imagine how much that would have been achieved by the time I'm graduating. I wouldn't have to 

wait until level 3 or 4, or for my institution to make me realise that as a girl child, I can be an 

engineer and I can provide solutions to man's problems. 

P13 (Nigeria) 

These participants, who are experienced engineers in the field, especially those who have 

experience with school outreach programs for girls, agree that exposure to engineering 

relevance in addressing SD challenges could contribute to providing the girls with relatable 

and experiential insights into diverse engineering aspects and possibly influence their career 

decision. 

5.4.1.2 Creating Awareness about engineering 

Another strategy which some of the participants regarded as important for attracting girls to 

engineering, is the need to create awareness about engineering. Specifically, majority argued 

for the diverse aspects of engineering to be more highlighted in addition to providing answers 

to frequently asked questions during outreach programs such as, what do engineers do? It 

was observed that this approach is likely to broaden girls’ perspectives about different 

pathways and areas of the profession, which they may not be aware of: 

There are different aspects of engineering. That's one thing a lot of people don't know as well. I 

didn't know about biomedical engineering until when I was looking at courses to go to college and 

I saw biomedical engineering and I was surprised, I only knew about biomedical science. So girls 

can still be in the medical field with engineering. So it's creating that awareness and being more 

vocal about the things that go on in engineering or science, and making girls realize that there are 

so many things we can do... and achieve with engineering, …and just make them aware of what's 

out there for them so that they are spoilt for choice, because in engineering, you're spoilt for choice, 

it is not just mechanical, civil and electrical. There are so many other things one can do in 

engineering.  

P6 (Nigeria) 

…talk about the roles of different types of engineers, the electrical engineers, they have their own 

space, the mechanical engineers deal with our pipelines, which need to be managed 

P4 (Nigeria) 
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I think for the recruiting program that look to increase and encourage or attract girls to engineering 

field, education is very important, we should let girls know how important engineering and science 

is. 

                                                                               P2 (UK) 

Other participants observed that creating awareness about engineering involves highlighting 

a positive image of the profession, including dispelling negative stereotypes associated with 

the profession so as not to discourage girls from considering a career in engineering: 

…the reason why there aren't a lot of girls in engineering is because engineering previously had 

been advertised as this kind of dirty side job with a bunch of builders. Although there is that aspect, 

if you like that aspect, but that's not all there is. Engineering is also about problem solving. And I 

know a lot of girls really like math, they like problem solving. And I think we just need to kind of 

open that up, and then make sure that girls are aware that they can do as good of a job … and I 

think it's selling it better and not selling it as a male dominated job.  

P3 (UK) 

I feel like it's just creating more awareness and also telling girls that it's not hard. If you think you 

can do medicine, you can do engineering. I feel like engineering is even easier to study than 

medicine. It's really not difficult. 

P6 (Nigeria) 

…if before entering engineering,  I constantly heard of these horror stories from women engineers 

in the workforce talking about the kinds of sexual harassment they are to deal with in the workplace 

on a daily basis. I would have for sure changed my mind. If I'm in first year, maybe I wouldn't have 

proceeded with engineering in the second year onwards. 

P8 (UK) 

Similar to the exposure theme, some participants suggested that it is the responsibility of 

female engineers as role models and STEM ambassadors to create such awareness about 

engineering, based on their experience as opposed to other influencers such as parents, family 

and teachers. This includes creating awareness about female engineers who are notable and 

successful in different areas: 

I did not have that opportunity of people coming to the schools. I had, like I said, my elder brother 

and my dad, and all the teachers, but they didn't have the experience of working in engineering 

sector, some of the teachers might not be exposed, some of them just graduated from university, 

they may not have the opportunity of even working in industry. So they don't have that experience 

to actually let the kids know what they stand to gain, they can't really tell you much… that's why 

practicing engineers in the industry should go back to school tell people about it... So if we try to 

paint a picture, using an example and breaking it down into layman's terms, and pass it to these 

girls, they will be able to understand, and start thinking in that light.  

P4 (Nigeria) 

When girls see more females being vocal about engineering, it will make them feel like Oh, okay. 

It's not a man's world, there are women who are making their way, creating their paths in that 

same field. And they too, can do it. It's more, I think, about creating awareness and speaking to 

students, at a very tender age, that you know, these are so many things you can achieve. 

                                                                               P6 (Nigeria) 
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…Messages like engineering isn't just men in hardhats on site. I don't know if you've seen the video 

called engineering happy. It was done by ICE in London some years ago. And it's the song happy. 

And it's sang by lots of Women Engineers across the region in London… And they're all singing and 

dancing to this. And they're going, look, you've got this woman that's working on this big project 

like Croswell, for example. And you've got these women here who have designed this or have led 

this. 

P5 (UK) 

Closely related to the previous comments is the suggestion that women engineers should 

convey messages that portray the usefulness of engineering in creating inventions that 

support other renowned careers’ role in helping people, such as medicine: 

That's why I said, people from the industry going to secondary schools to talk to these ladies and 

give them an example…I know yes because medicine is just so close, the girls can relate with it, 

like people get sick daily and they need medical attention and all of that but just as we need 

medical doctors, engineers are also needed and useful, like even in the medical space, I think 

there's biomedical engineering. So that equipment that they use, an engineer also plays a role 

there. 

P4 (Nigeria) 

5.4.1.3 Direct involvement and engagement in SD problems-solving 

Finally, based on some of the participants’ accounts, directly involving girls at an early age in 

solving SD challenges through creative and fun role-plays seem to be an important strategy 

for attracting girls to engineering. It was suggested that this could elicit their interest and 

expose them to a range of available engineering careers through SD routes, which can in turn 

make them feel that they can also make a contribution that is valued through these careers: 

…so we put on Interactive Events. One of them was like energy scales, where people could look at 

the carbon footprint just from everything they did that day before they arrived at the event, and 

how they could balance it by reducing the carbon footprint in the future. So for instance, we think 

about all the emissions they used, maybe driving or whether they took the bus or the train, the 

number of hours that they watch the TV for how many hours, and added that. And discussing ways 

in which they could reduce these, maybe going shorter distances walking or carpooling, or maybe 

getting the train instead of flying, if that was possible, reducing your flying hours, and shopping 

more sustainably, recycling, embracing minimalism. 

P9 (UK) 

Other participants emphasised the high potential of using hands-on experience with 

developing inventions that appeal to girls’ needs and related interests, as this could largely 

help them make informed decisions of the career path to follow: 

Another thing that's important for students to kind of getting a job, or getting a foot in with a 

company, is making sure you do your kind of internship, or like summer placement, because that's 

a really good way to first of all, know whether you really want to do the job, because when you're 

doing summer internship in a company, they basically treat you like one of their graduates… so you 

get to experience of what it's like being a practicing engineer. So it's useful to have that experience 

before they fully decide that they want to do it 
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P3 (UK) 

Many of the applications could attract girls’ interests, such as the Beauty App, Hair and Dress Apps. 

Interest is a good starting point for girls to approach engineering subjects and find their 

potentials…..You knows we have different engineering fields. But in my field, I would like to show 

different applications, especially the applications like the electronic piano, it can attract a girl who 

is more interested in music. So a different application like the jewellery piece can show the girls how 

to make a model to make the diamond in different shapes...I think these sort of applications can 

attract girls’ attention. So don't make them think engineering is something that is very tough or 

hard or not that interesting, so making the girls see that interesting part is important, really. 

P2 (UK) 

Participants’ accounts of the SD-themed strategies for attracting girls to engineering 

presented in this section revealed a similar process to the newly discovered process of how 

SD issues influence the participants’ choice and engagement in engineering. One participant’s 

account provided explanation that highlighted a part of the process: 

If you don't plant the idea that all people can be engineers…It won't occur to people to try it. You've 

got to know something exists before you can get interested in it. 

P5 (UK) 

This implies that creating awareness about the possibilities in engineering and what engineers 

do comes before interest. Thus, these results suggest that exposure, awareness and/or direct 

involvement of girls in SD challenges through problem solving role-plays are a feasible strategy 

for eliciting their interest and attraction to engineering. The interpretations and implications 

of these findings are discussed in Chapter 6, whereas other non-SD-themed strategies for 

attracting girls to engineering, as identified from some participants’ accounts, are presented 

in the next section. 

 Other Influential factors (facilitators) for attracting girls to engineering 

Following the results presented in the previous section, in this section, the results of other 

influential factors (referred to as facilitators) for attracting girls to engineering, are presented. 

The top five most influential facilitators were identified as follows: Parental and family 

influence, Maths and Science ability, Encouraging internships, Being a problem solver and 

Good pay/social status. 

5.4.2.1 Parental and family influence 

Some participants identified parental and family influence as one of the top five non-SD-

themed factors in their decision to choose engineering. The results highlighted this factor as 

the most influential amongst the five factors associated with some participants’ first 

introduction and choice of engineering as a course of study: 

I think I basically chose engineering because I'm already familiar with it from my parents, kind of 

introducing it to me. 
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P3 (UK) 

...But in my time when I was young, in high school, it's not very easy to make a living with non-

engineering courses. So that's my initial motivation to choose science and engineering… so my 

parents always educated me to be an engineer to get a good job and make an easy life.  

P2 (UK) 

 Someone actually introduced me to engineering, it was a family friend of mine …he just told me 

that, you know, you could try engineering. And he always knew that I was very good with 

mathematics. I had no issues with physics and chemistry. So it was just sort of like a natural fit, you 

know, as a career. So that's why I decided to then go in for engineering. 

P7 (Nigeria) 

Others attributed this type of influence, to a family member who was either studying 

engineering or practitioners who were previously involved in developing notable engineering 

inventions. For P3, an exposure to such impressive invention by her parents, who were 

engineers and who contributed to its development, informed her decision and interest to 

replicate such infrastructure in the future: 

So both my parents are engineers and my introduction to engineering happened when I was very 

little but I suppose my very first proper introduction to engineering had been when my parents took 

me to a dam structure back in Indonesia. And it was something that they were involved in, when 

they were still students themselves … I think I was 10 at the time. And I was basically impressed at 

this massive structure. And I think I said, Oh! I really want to do something like this in the future. 

P3 (UK) 

Well, when I was in secondary school, I was actually good in sciences, mathematics, and the likes… 

my dad wanted me to study medicine, but I had an older brother that was already in University 

studying mechanical engineering… and since he was already in the university and had an idea and 

overview about what the different fields of engineering were and he was already in one, he sat me 

down and told me about the different fields of engineering.  

P4 (Nigeria) 

My father is a mechanical engineer. So I've always known that engineering existed. 

                                                                              P5 (UK) 

5.4.2.2 Maths and Science ability 

Another top influential factor attributed to most of the participants’ drive to engage in 

engineering is their Maths and Science ability. They highlighted that the realisation that maths 

is a requirement for an engineering study, made the discipline a natural fit, owing to their 

ability in the subject: 

…would say I stumbled into engineering, mainly because of interest in mathematics. Somehow, I've 

always liked mathematics… And then I now heard that you need mathematics to do engineering…so 

it's not surprising that I'm studying engineering, even though my parents wanted me to study 

medicine 

P12 (Nigeria) 
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I first studied engineering because I do love calculation courses, I don't really have a great memory. 

So it was the best course for me, I thought I wouldn't have to do as many reports and essays. I 

mean, you still have to do reports as an engineer, but not essays like you would maybe in the arts 

or the social sciences…So that was why I went into engineering 

P9 (UK) 

…even though I was not very interested [in engineering] in the beginning. But you know, I was 

always good at math in high school. It's also because of the big environment, because math and 

engineering are very important.  

P2 (UK) 

Others noted that despite their parents’ desire for them to study medicine, their fascination 

and ability in Maths and some science subjects informed their choice to study engineering: 

…And why did I study engineering? First of all, I have always been very good in calculations, it has 

been one of my talents. So when I was growing up, initially, my parents wanted me to have a career 

in medicine, they wanted me to be a medical doctor. But as I transitioned into Senior Secondary, I 

found out that I was fascinated with physics and chemistry and mathematics. And these were my 

three best subjects… 

P11 (Nigeria) 

I wanted to study medicine just because it was sort of like the buzz word at the time and my parents 

wanted a doctor in the family. So I tried to, I did my first Jamb, actually with the hope to get in for 

medicine, of course, with biology, chemistry, and physics, being the key subjects... But I knew that 

I wasn't really a biology student, you know, I've always been a mathematical student, mathematics 

was one of those subjects that even if you just wake me up, and you actually ask a question in 

maths, I just give you the answer without even having to think twice about it 

P7 (Nigeria) 

 

In addition, from P4’s account, the need to introduce engineering to girls who are proficient 

in maths and related science subjects, especially at the point when they are still undecided of 

the career path to take, was emphasised: 

Well, when I was in secondary school, I was actually good in sciences, mathematics, and the likes… 

my dad wanted me to study medicine, but I had an older brother that was already in University 

studying mechanical engineering… and he already knew that I love solving problems and those 

subjects, so he sat me down and told me about the different fields of engineering.  

P4 (Nigeria) 

Similar to the previous comment, the need for lecturers with teaching styles that demystify 

maths in a manner that eliminates the stereotypes around the subject, was highlighted: 

So because I didn't have any engineering related subjects in A levels, I was told I had to do 

foundation in engineering and technology. And first day of classes, I was scared. But at the same 

time, the lecturers made it easy for me to just fuse in. The lecturer was really good. He made me 

fall in love with engineering and the whole maths of it, because of the way he taught maths. So, I 

carried on, my grades were really good. I didn't even believe that it was me that was acing 

engineering 

                                                                             P6 (Nigeria) 
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5.4.2.3 Encouraging on-the-job experiences, internships and job placements 

One other important factor suggested as a key strategy for attracting girls to engineering is 

the need to encourage engagement in on-the-job and role-play experiences, including 

promoting opportunities for internships and job placements. Some participants 

recommended such activities to enhance girls’ understanding of the possible career prospects 

and areas to explore. They also pointed out that if these are included as a mandatory course 

requirement, it would put the girls ahead of other job seekers in future, due to the experience 

gained: 

…if we can find fun and creative ways to engage children from a very young age, I think that's really 

important, then for the school curriculums, so that the young people at school are informed in the 

right way at the right age. And then to provide great opportunities for work placements, so young 

people can develop their understanding of the range of careers that might be open to them, so they 

feel that they can make a contribution that is valued.  

P10 (UK) 

One of the things that we do here [Women engineering society in Nigeria] is we have what we call-

‘take a girl to work’. So for a day… we make sure that we take them to women engineers who are 

important. So it's not just that we want them to meet women of influence, we want them to know 

that we don't just wear overalls and hard hats, that engineers also can make money can be on 

boards can make a difference and can be politicians. 

P14 (Nigeria) 

 The university course I chose, I deliberately chose because it included a placement year and my 

thought was if I do that, I complete my degree with a year's experience anyway, so that puts me 

ahead of other young engineers looking for jobs. 

P5 (UK) 

5.4.2.4 Being a problem solver 

Furthermore, the desire to solve problems and tackle challenges was associated with some 

participants’ motivation to choose engineering: 

I think people go into engineering because they like resolving problems, or they like having a chance 

to be intelligent and to resolve and to fix things… Fortunately, I had a friend who was a careers 

officer. So she gave me the big book of careers. And I read through it, I saw something that looked 

interesting. It was either civil engineering looked interesting, or being a roughneck, I was looking 

for jobs that were challenging 

P5 (UK) 

So there are lots of things that actually excite me in my career as an engineer, coming to work every 

day, and looking forward to tackling a challenge, 

P4 (Nigeria) 

I also like challenges, I like challenging new things and things I cannot do… And so probably because 

engineering and science is not a very easy subject. So it motivated me at the beginning. 

                                                                              P2 (UK) 



158 

 

5.4.2.5 Good pay/Social status 

The least of the top five non-SD-themed strategies for attracting girls to engineering was 

promoting the pay and social status of engineering. Some participants cited this factor as 

part of their drive to engage in engineering as a career:  

So I don't see it as a bad thing to say that I became an engineer because I want to make a living. 

That's why I went to university. That's why I got a degree, etc. Right. 

P8 (UK) 

Another thing is, outside your love for your field of study and everything, they're also things that 

push you like, if you go on google, you will see that engineers are well paid and the social status 

thing. 

P4 (Nigeria) 

One participant observed that since stereotypical girly jobs such as nursing, teaching and shop 

attendant are not well-paid nor have a good reputation, she opted to consider a well-paid and 

reputable career such as engineering: 

Where upon the schools still, at that time, expected all women to go into the girly careers, you 

know, nursing, teaching, working in a shop, working in library, none of which are exactly appealing, 

or well paid, or with a good reputation… Fortunately, I had a friend who was a careers officer; she 

gave me the big book of careers… I saw something that looked interesting. It was either civil 

engineering looked interesting, or being a roughneck, I was looking for jobs that would be well paid. 

P5 (UK) 

These results of other influential strategies for attracting girls to engineering indicate that they 

are relevant facilitators to the SD-themed strategies as presented in 5.4.1. For instance, the 

results show that parental and family influence (facilitator), has a key role to play in creating 

awareness of the engineering impact on sustainability (SD-themed strategy). Likewise, 

encouraging internships, job placements and being a problem solver (facilitators), increases 

the possibility of the girls’ direct involvement in role-plays that seek to solve such SD problems 

(SD-themed strategies). This is likely to elicit their interest in these problems and their 

consideration of an engineering career as a medium to address such problems.  

Altogether, both results (SD-themed and other strategies) validate the notion that 

exposure, awareness and/or directly involving girls in SD challenges problem solving through 

role-play experiences, internships or job placements are feasible strategies for attracting them 

to engineering. This is in addition to family influence and introducing engineering to girls with 

maths and science abilities, and promoting the profession’s pay status. The interpretations 

and implications of these findings are discussed in Chapter 6.  
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5.5 Summary 

This chapter presented both quantitative and qualitative results of this MMR research, which 

were generated from the AHP survey and GT interviews respectively. The main AHP 

quantitative results showed the specific SD themes that influence women’s choice of 

engineering according to their order of importance. The certainty or uncertainty of this AHP 

outcome was tested using the sensitivity analysis. Hence, the sensitivity and robustness of this 

outcome of the influence of SD themes on the participants’ engineering career choice was 

determined. Additional findings from the sensitivity analysis provided unique insights into 

specific themes that each distinct group of participants (UG, PG and Professionals) is most 

sensitive to and as such most likely to influence their choice in engineering. The results showed 

that the UG group’s engineering choice was more likely influenced by social themes, while the 

PG group were more influenced by economic themes. The professional group’s career decision 

on the other hand, was influenced by both social and environmental themes. Further findings 

from this sensitivity analysis simulation technique revealed the importance of these preferred 

themes to each group’s career choice as evident in the significant increase in their preference 

for such themes in response to a higher increase in the weights of the preferred themes.  

It is known that the weights assigned to each theme by the participants signify the 

importance that themes have in influencing their decision. Therefore, the fact that each 

group’s preference for the themes that influence their choice increased when the weights of 

the themes are increased, validates the initial sensitivity analysis results that identified the 

themes that each group are most sensitive to with respect to their choice of engineering. 

The GT interview results revealed insights into the key factors and strategies that explain 

the process of how women’s choice in engineering is influenced by SD themes. The results 

showed that this process, depicted in the novel EAID model, is a product of an interplay of 

four main factors - Exposure, Awareness, Interest and Direct involvement. Thus, these results 

indicated that enhancing the exposure, awareness, interest and direct involvement of women 

in SD problem solving and related topics is a feasible strategy for attracting and engaging them 

in the engineering profession. Therefore, the combination of both studies’ findings suggest 

that increasing exposure to themes that are most likely to influence or appeal to each distinct 

group of women’s choice of engineering is paramount to attract them to the discipline. 

Altogether, both studies generated valid findings that provided answers to this research’s 

main question- What is the link between the three pillars of SD themes and women’s 

attraction to engineering as a career choice? Thus, the combined research results informed 

the development of the Gender diversity and sustainability in Engineering (GDSE) model 

(6.5.2) showing this link between SD themes and women’s choice and attraction to 

engineering. Both quantitative and qualitative results were analysed and organised following 

the order of the RQs to facilitate their presentation. Likewise, the same order is applied in the 

following chapter, where the data are discussed, interpreted and linked to the literature.  
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Chapter 6 Discussion of Research Findings 

The adopted methodologies facilitated an original contribution to research on women’s 

inclusion, career choice and attraction to engineering. Using mixed-methods research (MMR) 

comprising a gamified AHP survey and GT interviews, a unique GDSE model that clarified the 

link between the three pillars of SD themes and women’s choice and attraction to engineering 

as a career choice, was developed and proposed. This chapter discusses these main findings 

and are divided into four sections (6.1-6.4) to focus on the results according to the RQs listed 

in Chapter 4 (4.1). The division of these four sections in this chapter also corresponds to that 

in Chapter 5, which presented the results. Additionally, the discussions include references to 

some of the relevant literature in Chapter 2, hence establishing a clear link between the 

theoretical and empirical discussions. 

First, Section 6.1 discusses the AHP analysis results on the relative importance of specific 

SD themes that influence all three groups of respondents’ choice of engineering. Second, the 

results, which identified the group of SD themes with the most influence and impact on 

women’s choice in engineering, including the individual group’s engineering career choice are 

discussed in section 6.2. This is followed by a discussion of the participants’ interpretation of 

how SD themes influence their engagement in engineering in section 6.3. The interaction of 

the components that explain this process is also described there. Next, discussions of results 

on the strategies of how to utilize SD themes to attract girls to the profession are presented 

in 6.4. Finally, the last two sections (6.5-6.6) present discussions on the outcome of the entire 

study by integrating the results of the quantitative and qualitative phases. Subsequently, the 

GDSE model, which is the main research outcome is proposed and presented under the 

auspices of both data. The implications of this model for engineering education institutions 

and organisations are also discussed there. 

6.1 The relative importance of the three pillars of SD-themed factors 

that influence women’s decision to engage in engineering 

AHP theory supports a decision-making problem such as the one addressed in this 

research, which involved various factors such as criteria and sub-criteria that are structured in 

a hierarchy to quantify the various factors by assessing their relative importance across the 

hierarchy (Saaty, 2008). Hence, the application of the AHP method in this research has 

demonstrated its capability and suitability in better understanding the relative importance of 

SD-themed factors influencing women’s choice of engineering (Ken-Giami et al., 2022). 

The AHP implementation and its findings in this study, differ from those of previous 

studies that examined the importance of various factors using Likert scale questionnaires 

(Klotz et al., 2014; Shealy et al., 2016). That theoretically required the criteria to be assessed 

in isolation, and each could be assigned a score of 4 (fairly important) or 5 (very important). 

In contrast, the AHP generated the relative scale of importance through pairwise comparisons. 
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For example, regarding the influential SD themes that emerged from this study, water 

quality/quantity was 1.01 times marginally more important as the second most prominent 

theme (climate change), while both themes influenced almost one-quarter of the women’s 

choice and engagement in engineering (Ken-Giami et al., 2022). 

Thus, the results from RQs 1 and 2, which determined the relative importance of specific 

SD themes that influence the study participants’ (female engineering undergraduate and 

graduate students and professionals) choice of engineering as a career proved illuminating. 

First, the results showed that among the three broad group criteria, the Environmental 

(0.3490) and Social themes (0.3443) were deemed the most important relative to the 

Economic theme (0.3067), in the participants’ choice of engineering. This finding is consistent 

with various other studies (Diekman et al., 2017; Klotz et al., 2014; Shealy et al., 2016; Silbey, 

2016). However, it provides new insights indicating that there is no significant difference in 

the weights assigned to all three themes, especially between the top two most preferred 

themes, namely, Social and Environmental.  

Additionally, although the Economic SD theme is not reflected in literature as one of the 

influential factors for women’s choice of engineering, this marginal difference among the 

three criteria weights indicates the theme’s importance as well. It depicts the interrelated 

nature of the three main SD themes (Ashraf and Alanezi, 2020; Wilson et al., 2015), which may 

explain the similarity in importance assigned to the themes. Hence, this study’s finding 

suggests that the participants perceive the three themes, which cut across the three pillars of 

SD, as interrelated in their career choice.  

Similar to the three main broad SD themes’ weights, a marginal difference was also 

observed in the weights of importance assigned to all ten specific sub-SD themes. The 

marginal difference among the themes in the sub-group category, especially biodiversity and 

material consumption/energy use (both environmental and economic themes respectively), 

could stem from both the UK’s and Nigeria’s focus on addressing their individual prevailing SD 

challenges. For instance, the current unique challenge for Nigeria is energy generation and 

distribution (Monyei et al., 2018; Oyedepo et al., 2018), whereas the UK’s current focus is 

energy transitions to net zero and biodiversity (Freeman and Ekins, 2021; GOV.UK, 2021; 

Kilburn and Anton, 2020). Hence, the participants from both countries likely assigned similar 

importance to the SD themes that their countries are focused on addressing or challenges 

prevalent in the country such as climate change and water quantity / quality. The latter is 

more of a challenge to the environmental and societal well-being in Nigeria than it is in the 

UK. Moreover, while climate change is a global problem, there is less focus on this challenge 

in Nigeria, probably due to the country’s negligence on sustainability practices. So the 

participants are more likely to relate with the SD challenges that either they or someone they 

know is experiencing or is a general public concern 

Further results from the relative importance of the specific sub-criteria themes showed 

the most influential sub-SD themes (within each of three-criterion group) in the participants’ 

career choice. For instance, of all the ten factors (subcriteria) examined in this study, it is clear 

that five [water quality/quantity (0.1231), climate change (0.1218), waste management 
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(0.1057), biodiversity (0.1042), and material consumption/energy use (0.1034)] provided the 

most influence on the participants’s choice of engineering. While the emergence of the 

environmental sub-themes in the top five influential factors slightly reflects those of previous 

studies (Klotz et al., 2014; Shealy et al., 2016), it was rather surprising and novel to see the 

economic sub-themes emerge in this top list and as the second most influential sub-factors in 

the partcipants’ career choice. Therefore, as opposed to previous studies, the inclusion of 

economic themes associated with engineers’ SD role in this study possibly broadened the 

participants perspectives of its potential impact on the economy and the relevance of their 

contribution to such impact on the economy. This may explain their selection of economic 

themes as the second most influential factors after the environmental themes among the sub-

SD themes category. This finding indicates the importance of economic themes in also 

influencing women’s choice in engineering and therefore challenges the idea that women’s 

motivation to engage in engineering is mostly driven by altruistic values, such as the desire to 

help people and protect the environment as suggested by Diekman et al. (2017); Silbey (2016); 

and Shealy et al. (2016). 

Furthermore, although results of the relative importance of the three broad SD-themed 

criterion group showed that the social theme was ranked the second most important drive for 

the participants’ career choice after the environmental theme, the specific sub-social SD 

themes were rather ranked as least important amongst the 10 sub-SD themes category. The 

fact that the marginal difference in the weights of the three broad SD themes was mainly 

observed between the environmental (0.3490) and social theme (0.3443) could potentially 

imply that the participants perceive both themes as more interrelated and similar. This 

possibly explains their selection of mainly the environmental theme and associated sub-

themes including some economic subthemes instead as most influential in their career choice.  

This finding is in agreement with those of Wilson and Roberts (2015), which showed that 

a significant number of students who participated in their study held narrow views of 

sustainability being restricted to ecological or environmental impacts. Although it may seem 

that these authors suggest that the study participants’ perception of the SD themes influential 

to their career choice could reflect the themes they are familiar with, this current research 

finding provided an expanded knowledge on the various aspects of SD themes that could 

influence such decision beyond just broad environmental and social SD themes. It was 

interesting to find that the participants attributed more detailed sub-SD themes such as water 

quality/quantity (SC9), climate change (SC10), healthcare (SC 1), housing conditions (SC3), 

waste management (SC 5), and material consumption & production/energy use (SC6), to their 

decision to engage in engineering.  

These findings therefore puts into question the notion of highlighting only broad 

‘People/Society-impact’ themes to attract women to engineering (Bielefeldt, 2014; Boucher 

et al., 2017; Silbey, 2016). They rather support the suggestion that clarifying the link between 

diverse SD topics and engineering can lead to expanding and inspiring the interests of 

engineering students, especially females, who are likely to disassociate from the discipline if 
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there is a lack of understanding of such link (Mosyjowski, 2020; Sánchez-Carracedo et al., 

2019).  

 

6.2 Verifying the robustness of the SD-themed factors that influence 

women’s engineering career choice 

Having answered RQs 1 and 2 in the previous section, the discussions in this section are 

focused on the results from the sensitivity analysis, which verified the group of SD themes 

with the most influence and impact on women’s choice in engineering. These results 

determined the robustness of the AHP analysis outcome as discussed in the previous section, 

which was based on the collective judgements of the three groups of respondents (UG, PG 

and Prof.). This aspect was the focus of RQ 3. The analysis was conducted by varying the 

weights of importance assigned to the three SD-themed factors by the participants to observe 

any change in their preferences. Since the criteria weights signify the importance assigned to 

the themes by the participants, any change in their relative priority/preference for the three 

SD-themed factors could be an indication that this final score is not robust. Thus, the findings 

which revealed no change in the participants’ preference for the SD themes that influence 

their choice of engineering suggest that their judgement of the relative importance of the 

combination of SD themes assessed in RQs 1 and 2 was robust, reliable and hence validated. 

Although the novel application of sensitivity analysis in this research meant that there are 

likely no empirical studies to compare the results with, the finding is consistent with other 

AHP studies which generated robust outcomes following a sensitivity analysis (Ishizaka and 

Labib, 2011; Ivanco et al., 2017; Maletič et al., 2014). 

Nevertheless, the adopted novel sensitivity analysis simulation technique in this research 

provided some interesting results. First, the results revealed new insights into each group of 

respondents’ distinct preference for the three pillars of SD themes that influenced their 

decision to engage in engineering. The similarities and differences between each group’s 

preferences were shown as follows: 

• UG (A1) - Societal Impact (C1) 

• PG (A2) - Economic Growth (C2) 

• Professionals (A3) -Environmental protection (C3) and Societal Impact (C1) 

One possible reason for the participants’ preference of the distinct SD themes that influence 

their career choice could be attributed to the familiarity and connection of these themes to 

their countries’ prevailing SD challenges, as suggested by Monyei et al. (2018), Oyedepo et al. 

(2018), Freeman and Ekins (2021), and GOV.UK (2021). However, other reasons associated 

with each group’s choice of engagement in engineering were further explored using the 

qualitative data results and the interpretations presented in the overall meta-analysis of both 

studies’ findings (see 6.5.1). 
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Additional findings from the sensitivity analysis showed that each group’s sensitivity or 

preference for the SD themes that mostly influence their career choice significantly increased 

when the weights of these themes were increased. For instance, at the highest variation level 

(25%), UG group’s preference for societal impact themes increased by 6 times, PG’s 

preference for economic themes increased 10 times and the Professionals’ preference for 

environmental themes increased 6 times (Table 5.17). This finding mirrors similar discussion, 

which was raised in UNESCO (2010), suggesting that people’s interest and attraction to 

engineering increases when engineering potential for solving global issues is highlighted. This 

current research finding may therefore imply that an increase in highlighting the relevance of 

engineering in addressing such preferred themes/challenges could increase women’s 

attraction to the profession. Hence, the finding provides an additional explanation to the 

reasons why although some women enter engineering, they become alienated after 

discovering that the profession did not meet their expectations of being socially responsible 

and when such relevance of the profession is not clarified (Litchfield and Javernick-Will, 2015; 

Mosyjowski, 2020; Sánchez-Carracedo et al., 2019; Silbey, 2016). The implications of these 

results are further explored and discussed in Section 6.5.1. 

The results discussed in sections 6.1-6.2 have shown that when the data of all three groups 

of participants’ preferences for the main SD themes were examined as a whole, the 

environmental and social SD themes were mostly preferred, relative to the economic themes 

as the motivating factors that influence their choice in engineering. Then, while examining 

more detailed sub SD-themed factors, the influential SD themes were expanded to include 

some economic sub-themes. Additionally, when the data were examined according to the 

individual groups of participants, each group showed their distinct preferences for the three 

SD themes. Hence, these findings provide additional knowledge on the specific combination 

of SD themes that might influence women’s engineering choice including the distinct SD 

themes that are most likely to appeal to each group’s (UG, PG and practitioners) interest in 

the profession. 

Therefore, discussions of how women engineers interpret the influence of these themes 

in their choice of engineering are presented in the next section, while the reasons for their 

preferences of the influential themes, which were not part of the RQ but emerged from the 

data (5.3), are discussed in subsection 6.3.1. 

6.3 Perceptions of how SD topics influence women’s engineering career 

choice and engagement 

Comparing the results of this section with those obtained by other researchers proved 

difficult, as the literature review indicate that no research has explored women’s perception 

on how SD topics influence their choice and engagement in engineering. Literature has 

focused largely on identifying generic topics such as helping people and society that influence 

engineering students’ attraction to the discipline including women (Bielefeldt, 2014; Boucher 
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et al., 2017; Klotz et al., 2014). Consequently, this research provides a unique and novel 

understanding of women engineers’ interpretation of the process of how their choice and 

engagement in the profession was influenced by SD themes, which is the focus of RQ4. These 

findings indicate that this process is largely demonstrated through four primary interrelated 

factors: Exposure, Awareness, Interest and Direct involvement (EAID).  

First, exposure and awareness to engineering impact and relevance emerged from the 

data as the most important factors that explain the process of how SD themes influenced the 

participants’ choice and engagement in engineering. The significance of both factors was 

amplified by the type of exposure and awareness that they received. These included such 

awareness and exposure to tangible positive impact and relevance of engineering in solving 

societal problems through infrastructures that provide enormous benefits to the society and 

sustainability practices that enhance recycling and waste management (5.3.1.1-5.3.1.2). 

Likewise, exposure and awareness of the negative impact of SD challenges including those 

caused by engineering mistakes was also regarded as contributory factors to the participants’ 

engagement in the discipline. Some of these emerging findings that indicate the type of 

exposure and awareness which the participants received is similar with those of previous 

studies who only suggested that themes such as engineering societal impact could potentially 

attract women to the profession (Boucher et al., 2017; Klotz et al., 2014; Shealy et al., 2016).  

However, this particular research finding provides new insight into how these influential 

SD topics informed women’s engineering career decision. For instance, it was shown that the 

participants’ exposure to the reality of engineering relevance and impact in either addressing 

or causing these SD issues/topics, which were mostly tangible and experiential, resulted in 

their decision to choose and engage in the profession to contribute to addressing these issues. 

The importance of this current research finding is evident in Engineering UK (2020b, p. 12) 

report. It was shown that the tangible and visible nature of the impact of the COVID19 

pandemic on people, society and the economy resulted in girls associating the healthcare 

career as one that will give them the opportunity to make positive contributions to society. 

However, they could not associate the crucial role of engineering in providing such support of 

building the infrastructures that healthcare and doctors rely on, therefore fewer girls 

considered an engineering career. This situation is likely owing to the fact that such crucial 

role of engineering seems not visible enough hence the need for exposure and awareness of 

this engineering crucial role of addressing SD challenges to attract girls to engineering as 

evident in the healthcare career 

This situation reinforces the vital importance of exposure and awareness of engineering 

impact and relevance in explaining the process of how SD topics inform and influence 

women’s choice of engineering, as identified by this research. One implication and impact of 

this finding is that it provides substantial evidence for the engineering profession to utilize the 

opportunities created by SD challenges such as the pandemic to create awareness and 

exposure to the profession’s central role in addressing these issues to attract more girls to the 

field.  
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Another important aspect of the interplay of both factors in explaining how women’s 

choice of engineering is influenced by SD topics is the manner through which their exposure 

and awareness of engineering SD impact was delivered. These included exposure and 

awareness of engineering’s SD role through problem-based sustainability course contents, 

parent’s sustainability practise, school career fairs and a country’s increased sustainability 

engagement and considerations. Some participants vividly indicated that the experiential 

nature of this problem-based approach of exposing this positive relevance of engineering and 

negative impact of SD challenges, especially those related to engineering mistakes on the 

environment and people, created a real-time picture of the profession’s challenges. This left 

an indelible impression and defined their choice of career path.  

As evident in P7’s account, such exposure and awareness of the prevailing SD challenges 

in her country and engineering role in solving them also strengthened her decision to consider 

an engineering career against her parents’ wish for a career in medicine (5.3.1.2). This finding 

partly reflects those of Moote and Archer (2018, p. 188), who suggested that students exposed 

to careers education “are more likely to express broader career aspirations and less likely to 

be constrained by societal and/or familial pressures to make early career compromises.” 

However, this current research finding provide novel and specific insight into the impact of 

exposure and awareness to engineering SD relevance and impact in preventing societal and 

family pressure on girls to consider career paths other than engineering. They indicate that 

awareness and exposure to SD-themed problem based course contents and real-life impact of 

engineering produce first-hand experience that could result in informing women’s choice and 

continuous engagement in the profession despite challenges that might deter them from 

considering an engineering career. Therefore, both factors are an important part of the 

process of how SD themes influence women’s choice and engagement in engineering.  

The third and fourth important factors that emerge from the data as crucial to explaining 

the process of how SD topics influence women’s choice of engineering are interest and direct 

involvement. It was observed that a combination of the experiential and informational nature 

of such type of awareness and exposure to SD challenges elicited participants’ interest and 

direct involvement in addressing such issues through engineering (5.3.1.3). For instance, most 

of the participants whose choice of engineering was not initially influenced by SD topics 

reported an increased interest and direct involvement in addressing these issues after being 

aware and exposed to such issues either during their course of study or practise.  

Additionally, where interest in addressing SD challenges as a reason to choose engineering 

preceded exposure and awareness of such issues, it resulted in increased problem-solving 

considerations and drive to be directly involved in engineering to address these issues 

(5.3.1.3). Although the data mostly indicate that exposure and awareness are significant in 

eliciting this interest to address SD challenges through engineering, the importance of interest 

in the participants’ continuous engagement in the field was also emphasised. A striking 

example was observed in P9’s account (5.3.1.3), where her exposure to the negative impact 

of engineering during her university studies intensified her interest and drive to address such 

issues. Therefore, she changed to a different engineering discipline that will afford her the 
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opportunity to address such issues and defined her career path decision to practise only with 

companies who share similar interests.  

Altogether though, in cases where a combination of all three factors, exposure, awareness 

and interests in addressing SD challenges exist, these cumulated in the participants’ direct 

involvement in developing novel projects that proved to have substantial significance and 

benefits across all three aspects of SD. One prominent study on this interest concept (Hidi and 

Renninger, 2006), which proposed a 4-phase model of interest development, broadly supports 

and provides some explanations to these findings. The model components describe how 

situational interest evolves into emerging and well-developed interest. Situational interest, 

which can be triggered by instructional content or environmental stimuli and maintained 

through personal involvement such as projects-based learning, provides a basis for emerging 

interest and well-developed interests (pp. 113-114). The authors further suggested that an 

environment that supports an individual’s interest such as school field trip or exposure to art 

museums is crucial for progress to be made through all four phases of the interest 

development model. 

Another extant theory that provides an added explanatory power to this research’s EAID 

theory is Albert’s Social learning theory [SLT] (Bandura, 1977). One of the core concepts of 

SLT, termed observation learning or modelling suggests that individuals can learn and actively 

imitate behaviours observed in other people. This can be either through a live model involving 

demonstration by an individual, a verbal instructional model of descriptions and explanations 

or a symbolic model where behaviour is displayed by real or fictional characters. The last two 

models of SLT align with the exposure and direct involvement components of this research’s 

EAID process model. For instance, the impact of the experiential exposure received by the 

study participants’ elicited their interest and subsequent direct involvement in actually 

participating in solving the SD problems, which they were exposed to in the beginning of the 

process. 

These theories of interest development and SLT provide evidence that support the EAID 

process model of how SD topics influence women’s choice of engineering. However, this 

current research evidence provides an extended knowledge, suggesting that awareness and 

exposure to tangible engineering impact and relevance to the society, environment and 

economy triggers the interest of women to engage in the discipline. As a result, if this interest 

is maintained through SD-themed problem-based course contents, as depicted in the last 

stage of the EAID process model, it can develop into a more enduring  and sustainable interest. 

At this stage, the participant seeks more avenues to be directly involved in the object of 

interest, which is addressing SD challenges and subsequently leads to a defining and self-

sustaining career choice and engagement decision. This last stage of the EAID model, parallel 

to the well-developed interest dimension of the interest development theory, might lead to 

girls’ choice to major in engineering or the decision for further direct involvement or 

engagement of professionals (Harackiewicz et al., 2016, p. 3). This might explain this research 

participants’ drive to be directly involved in developing novel projects that address such issues 

of interest. 
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Hence, this emerging finding from the data indicates the significance of the interaction of 

exposure, awareness, interest and direct involvement in the relationship between women’s 

choice of engineering and SD topics.  

 Reasons for Women’s preference for environment and social versus 

economic topics as drive to engage in engineering 

As mentioned in the conclusion of section 6.2, while analysing the data in line with RQ4 on the 

participants’ perception of how SD topics influence their choice in engineering, additional data 

which were not part of this RQ emerged as well. Thus, it was interesting to find that the data 

provided insights into the reasons for the quantitative study results. These included results on 

the participants’ preference (on the group level) for environmental and social SD topics, 

relative to the economic topics as the motivating factors that influence their choice in 

engineering (5.1.1 and 6.1). The data were presented in the previous chapter (5.3.1.5) and are 

further discussed below.  

Before doing so however, it is worth noting that no study so far has attempted to draw 

correlations between women engineering students and professionals’ preference for SD 

topics and their choice in engineering. While some studies have suggested that such topics 

related to mainly environmental and social ones are associated with women engineering 

students’ preference and drive to choose engineering (Klotz et al., 2014; Shealy et al., 2016), 

no research to date has shown the reasons for this, especially from women engineering 

professionals’ perspectives. Consequently, these research findings offer an important 

contribution to knowledge. 

First, one possible reason behind the participants’ preference for environmental and 

social relative to economic SD topics as the drive to engage in engineering is a belief that the 

impact of the two preferred themes are tangible and direct, whereas the economic impact of 

engineering is intangible and indirect. Most participants agreed that since the direct effect of 

these SD-themed challenges on people, society and the environment are tangible and visible, 

they could easily relate with them; hence, they were ranked as most important in their 

decision to engage in engineering. Directly related to this finding is the opinion of women’s 

disposition to people-consideration and their sensitivity to such tangible issues. This finding is 

partly reflected in the people-thing theory or orientation (PTO), which describes an 

individual’s preference for activities that involve interacting with people relative to impersonal 

tasks such as dealing with machines and things (Su et al., 2009; Yang and Barth, 2015, p. 3). 

The central assumption of this PTO perspective states that women are more likely to gravitate 

towards people-oriented endeavours, whereas, men are more thing-oriented (Graziano et al., 

2012).  

Following this perspective, the current research finding implies that the people-oriented 

nature of tangible environmental and social SD challenges appeals more to women, hence 

explaining their preference for such themes. Conversely, this means that the fact that the 

economic impact of engineering is not visibly associated with people impact makes it a less 
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preferred theme. However, an alternative explanation to the intangibility of economic impact 

of engineering, is the longer time required to actualise or assess its impact, which makes it 

difficult to promote its tangibility and direct impact on people, society and environment. 

Another reason for the decision to engage in engineering due to preference for some SD 

topics relative to others is the lack of integration of the impact of engineering across all three 

aspects of SD. One possible explanation that emerged from the data point to the fact that the 

participants’ preference among the three themes is as a result of the emphasis on the 

environmental and social aspects over economic themes. Hence, most participants agreed on 

the importance of highlighting the benefits of engineering on all three aspects of SD to appeal 

to more women’s interest in engineering. To achieve this, for instance, the need to create 

awareness of engineering economic benefits of solving social and environmental problems as 

a way of connecting the impact of the former to that of the latter themes was emphasized in 

this research finding (5.3.2.2). This is consistent with Engineering UK (2020b, p. 12) report, 

which argued for the “central role of engineering in helping people and society, including 

supporting the economy by building infrastructures and systems for mobility and healthcare” 

to be highlighted to make the profession more appealing to young people. Likewise, the data 

revealed that exposing girls to this central importance of engineering economic impact is likely 

to appeal to the interest of more girls to engage in the profession. Moreover, such economic 

impact of engineering has been acknowledged to be crucial and a major contributor to both 

Nigeria’s and the UK’s economy (Akingbagbohun, 2018, p. 14; Engineering UK, 2015). 

Hence, the findings in this section provided new insights parallel to two of the four factors, 

namely Exposure and Awareness of the tangible impact of engineering, which emerged as 

central to explaining how SD themes influence women’s choice of engineering (6.3). The 

findings specifically highlighted that the participants’ awareness and exposure to tangible and 

visible environmental and social SD challenges enhanced their attraction to engineering, thus 

explaining the reason for their preference for these themes as influential in their career 

choice. They further recommended for the intangible yet crucial economic impact of 

engineering to be more emphasised through awareness, hence made visible alongside the 

social and environmental aspects to effectively appeal to girls. 

 

 Interplay of EAID in relationship between SD topics and women’s 

attraction to engineering 

Having discussed the results in sections 6.3 and 6.3.1, which revealed some similarities 

between the reasons for the participants’ SD-themed preference and the process of how the 

three pillars of SD themes influence women’s choice of engineering, this section will now focus 

on discussing the different components that characterize this process. The data as presented 

in 5.3.1 and discussed in 6.3 highlighted four main interrelated EAID factors that explain this 

process. This EAID process model, developed from the analysis of data on RQ 4 and illustrated 
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in Figure 6.1, was presented in Chapter 5 but represented here to discuss the central finding 

of this qualitative study regarding the interaction of the components that underpin this model.  

As illustrated in Figure 6.1, utilizing SD topics to influence women’s choice and 

engagement in engineering can be implemented through two main routes or pathways (1 & 

2).  

Route 1 in the EAID process model begins mostly with women’s exposure to either the 

tangible positive relevance or impact of negative sustainability and engineering practices in 

addressing or causing SD challenges, which then develops into eliciting their interest and 

finally direct involvement in addressing these issues. This exposure could take different forms 

and settings including through novel engineering structures providing substantial benefits to 

the community, the negative impact of engineering practices and its mistakes on society and 

the environment. Nevertheless, the results show it occurs mostly through problem-based SD-

themed course contents and parental influence, including parents who are also engineering 

practitioners.  

While Route 2 follows a similar process as Route 1, it begins only with women’s awareness 

of a country’s prevailing SD challenge and engineering positive role in addressing these, 

leading to their interest and finally direct involvement in the profession to contribute to 

solving these issues.  

 

 

Figure 6.1: EAID Process model of how women’s choice in engineering is influenced by SD themes 

 

A similar theory to this EAID process model is Silvia’s (2001) conceptualisation of how 

interest evolves into enduring interests. Nevertheless, while Silvia argues that interest mainly 

emerges from the individual, this research’s findings suggest that interest emerges from 

interaction between the individual and the environment. For instance, the majority of 

participants in the qualitative study highlighted that the exposure and awareness they 

received was through external interaction (5.3.1.1), which were both experiential and 

informational enough to trigger their interest in engineering. 

Altogether, both routes of the EAID process model provided useful and novel insights into 

how SD topics influence women engineers’ engagement in the field. It is suggested that any 

of the routes that yields better results of engaging and eliciting the interests and direct 
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involvement of more women in engineering, should be implemented. However, there is a 

slight difference between both routes. For example, although both factors at the beginning 

points of routes 1 and 2 (exposure and awareness) are significant in the process model, their 

unique features and significance were differentiated by the participants’ accounts, which 

indicated that the exposure they received was more experiential while awareness was more 

informational. It was observed that exposure seems to be more significant as it is more 

experiential than awareness. Hence, most of the participants who indicated exposure as the 

first point in the process of how SD topics influenced their career decision (through Route 1) 

went further to be directly involved in developing novel projects with significant benefits to 

society, environment and the economy (5.3.1.4). Nevertheless, a combination of the 

experiential exposure and informational awareness is likely to produce a more significant 

impact in eliciting the interest and direct involvement of women in engineering. 

Slight differences were also observed in the process of how SD topics influence the UK 

participants’ (Case UK) engagement in engineering and that of Nigerian participants (Case 

Nigeria). There were also differences in some aspects of this process between both cases, such 

as the kind of exposure and interest in certain SD challenges. This forms the focus of the 

following subsection.  

6.3.2.1 Interplay of EAID in relationship between SD topics and women’s attraction to 

engineering- Case UK versus Case Nigeria 

First, Figures 6.2 and 6.3 reveal that Nigerian women engineers were more exposed to  

and aware of the prevailing SD challenges in the country while UK participants were rather 

exposed to the positive impact of engineering through visible, tangible structures and SD-

themed problem-based course content. Despite Nigeria’s significant natural resources, its lack 

of engineering infrastructures that reflect such relevance of engineering in addition to the 

numerous SD challenges evident in the country due the prevalence of unsustainability 

practices compared to the UK may explain this finding (DFID, 2017). Additionally, the Nigerian 

engineering curriculum does not integrate SD-themed problem-based content compared with 

the UK (Akeel et al., 2019; Sivapalan, 2015). This could explain why the Nigerian participants 

were mostly exposed and aware of the negative impact of SD challenges including those 

caused by engineering practices through such challenges in the country as opposed to the UK 

participants’ exposure to more of SD-themed problem-based courses.  

Second, although the same pattern of the EAID process model (Figure 6.1) was observed 

for both cases, there were slight differences between them and two exceptional patterns 

observed in Case Nigeria. For instance, as depicted in Figure 6.2 and Figure 6.3, the EAID 

process model mostly began with exposure for Case UK, whereas, it began with mostly 

awareness for Case Nigeria. Based on this pattern, the significance of the experiential nature 

of exposure as opposed to the informational components of awareness was revealed. For 

example, although Case Nigeria’s EAID process model mostly began with awareness of the 

negative impact of SD challenges, an exception was observed with one participant whose 
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process rather began with exposure. The impact of the experiential components of exposure 

led to the participant’s direct involvement and lastly interest in further addressing the SD 

challenges she was exposed to. However, this interest declined due to her country’s 

unsustainable practices (5.3.1.3). 

 

 

Figure 6.2: Example of EAID process model for Case Nigeria 

 

Figure 6.3: Example of EAID process model for Case UK 

 

This finding is evident in Hidi and Renninger (2006, p. 118), who suggested that “phases 

of interest development are subject to reversals if there is no opportunity for repeated 

engagement or support for this interaction is not present.” This means that at the stage where 

there are no opportunities for the participant to reengage with related tasks of interest, the 

interest can “go dormant or even be abandoned” (Harackiewicz et al., 2016, p. 3). Following 

this perspective, this current research finding therefore highlights the importance of the need 

for engineering educators to continuously expose and involve women in SD problem-solving 

activities to sustain their interest in studying engineering and practising in the field. 

Additionally, since direct involvement is also experiential, the account of the second 

participant (P11) whose EAID process was slightly different from those of the other Case 

Nigeria participants highlights the significance of this experiential nature of exposure and 

direct involvement in the EAID process model (Figure 6.4). This participant, whose EAID 

process model started with a combination of direct involvement and exposure to the reality 
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of engineering tangible mistakes through a SD project, developed a novel tool in her country 

that addresses environmental sustainability (5.3.1.4).  

 

Figure 6.4: Unique EAID process model for Case Nigeria 

 

Likewise, this experiential exposure significance was also observed in another participant 

in Case UK who was directly involved in building a novel metro station in Doha with gains 

across all three SD aspects (see section 5.3.1.4 and Figure 6.3). This finding reinforces the 

argument for the need for engineering service education and engineers who are involved and 

skilled with such engineering service to confront the pressing global challenges (Litchfield and 

Javernick-Will, 2015). Hence, they hold potentially important implications for engineering 

education institutions and organisations in both countries (6.6.1). 

Additionally, the differences and similarities observed in the emerged pattern of the EAID 

process model for both Cases UK and Nigeria revealed significant and valid findings regarding 

the relationship among its components, which helped in developing the research’s novel GDSE 

model. It also contributed to strengthening the theory that underpins the model, as outlined 

and presented in section 6.5. The next section focuses on discussing the results on RQ 5 (5.4). 

6.4 Strategies for attracting girls to engineering 

RQ 5 sought to explore women engineers’ perspectives of how SD themes can be used to 

attract girls to engineering. As mentioned in 5.4, the adopted theoretical sampling technique 

meant that the data generated from the participants, who are women engineers experienced 

with recruiting and inspiring girls to consider an engineering career, provided rich answers to 

the RQ. These were evident in the emergence of the SD-themed strategies for attracting girls 

to engineering in addition to other influential factors, which although was not part of the RQ, 

yet emerged from the data. Hence, these other influential factors are referred to as 

‘facilitators’ for attracting girls to engineering and discussed alongside the SD-themed 

strategies below. Interestingly, similar to the EAID process of how SD themes influence 

women’s choice of engineering (6.3.2), this section’s data revealed that exposure to 



174 

 

engineering relevance, creating awareness about engineering and early direct involvement 

and engagement, were the most cited suggested strategies for attracting girls to engineering 

using SD topics.   

Central to the engineering relevance exposure strategy is the need to expose girls to the 

profession’s role in addressing SD challenges through SD problem-solving activities from an 

early age. This is likely to instil a sense of responsibility and desire to contribute to solving 

these problems. The importance of early exposure to such engineering relevance was further 

emphasised by one participant, who mentioned that if she had received such exposure before 

her fourth year in university, she would have developed more inventions to address SD 

challenges. This perspective was raised by Moote and Archer (2018, p. 189), who suggested 

that one of the ways to influence students’ aspirations and career decisions is “exposure to 

employment through work experiences.” Nevertheless, the current scenario in engineering 

indicates a disconnection between girls’ perception of engineering and their career goals, such 

as the opportunity to make a difference, potential impact and contribution to society 

(Engineering UK, 2018). Hence, girls are less likely to consider the profession as one to fulfil 

such aspirations. Therefore, this current study finding provides valuable insights on how to 

connect these aspirations to engineering relevance. Some of the study participants who are 

mostly experienced with school outreach programs agree that exposing girls to SD problem 

solving roles can provide them with relatable insights into diverse aspects of engineering, 

which may likely appeal to them. 

Closely related to the exposure strategy is the need to create awareness of what engineers 

do during school outreach programs to broaden their perspectives about different pathways 

to an engineering career (5.4.1.2). One striking finding indicated that the kind of awareness 

that is most likely to appeal to girls are messages that portray the relevance of engineering in 

creating inventions to support notable careers associated with helping people such as medical 

science. The importance of creating such awareness is evident in recent studies’ data, which 

showed that girls are increasingly more attracted to medical sciences and healthcare careers 

as opposed to engineering especially in the aftermath of the COVID19 pandemic (Engineering 

UK, 2020b; Macnish, 2016). The reason has been attributed to the fact that these preferred 

careers afford them the opportunity to make a significant contribution in their communities. 

A salient case was highlighted in Macnish (2016, p. 10), where a “young woman with 

outstanding academic achievements in science and mathematics” enrolled in engineering 

with the perception of contributing to the well-being of others. However, she later left the 

discipline to enrol in medicine after discovering that the former would not enable her to make 

the world a better place as much as the latter would.  

This situation of girls’ attraction to medical field as opposed to engineering was typical in 

most of this research’s participants’ accounts who mentioned that either their initial career 

choice or parents’ choice was medicine. However, their decision to rather engage in 

engineering was made after being aware and exposed to the profession’s role in addressing 

similar issues as addressed by the medical profession such as opportunity to make a 

difference, potential impact and contribution to society. Hence, this research finding suggests 
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that prevailing SD challenges, such as presented by the current pandemic, provide an 

opportunity for the engineering profession to appeal to more women’s interest by  

highlighting engineering role in contributing to address these issues (Engineering UK, 2020b). 

The third most cited strategy to attract girls to engineering using SD topics is the 

importance of directly involving and engaging girls in solving SD challenges. Some of the 

participants agree that such strategy is likely to motivate the girls’ interest and exposure to 

the diverse range of engineering careers’ routes. It was suggested that this could be done 

through creative and fun role-plays such as hands-on experience with developing inventions 

that appeals to girls’ interests. Previous research has suggested that such approach is an 

effective way of incorporating SD topics into engineering education. Consequently, it offers 

students the opportunity to be exposed to the actual engineering work outside academia, 

which is a knowledge that will be paramount in their future career as engineers  (Björnberg et 

al., 2015). 

Other top influential factors that emerged from the data as additional strategies to attract 

girls to engineering are mainly through Parental and family influence, Maths and Science 

ability and Encouraging internships. First, parental and family influence was the most cited 

facilitator of some participants’ engagement in engineering. Foremost in this finding is the role 

that family members and parents who are engineering practitioners or previously involved in 

developing notable engineering inventions, played in introducing most participants to 

engineering. Similarly, Holmes et al. (2018) observed that it is more likely for students with 

one or more parents working in a STEM occupation to aspire to such careers relative to those 

without such parents. However, this current research finding provide additional knowledge, 

which specifically signifies the importance of the role of family members, who are 

knowledgeable and involved in engineering, in introducing more girls not just to the 

profession but also to its significant role in addressing novel SD problems, to elicit their 

interest in the profession.  

In contrast, Engineering UK (2018) report argued that parents’ lack of information of what 

engineering entails, including the available pathways and opportunities in the profession, 

could lead to more distorted perceptions and attitudes that will hinder girls from pursuing an 

engineering career. Nevertheless, this concern of deficiency in parents’ ability as influencers 

was addressed by this current research finding, which suggested that such support is likely 

more beneficial when offered by parents who are knowledgeable and previously or currently 

involved in engineering. 

Likewise, there was an almost unanimous agreement among the participants that the two 

other top influential factors for attracting girls to engineering are maths and science ability, 

and encouraging internships and on-the-job experiences. This finding was not surprising, as 

most studies agree that although girls are underrepresented in engineering, their maths and 

science attainment rates are marginally different from those of their male counterparts 

(Botcherby and Buckner, 2013; Engineering UK, 2020a, pp. 45, 47, 2018, p. 7). For instance, 

the Engineering UK (2020a, pp. 45, 47) report showed that the proportion of girls (50.3%) 
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taking maths in GCSE is slightly higher than boys (49.7%), while a marginal difference was 

observed in the maths attainment rate between both genders.  

Similarly, regarding the suggestion for the need to encourage more on-the-job 

experiences, the participants agree that in addition to broadening girls understanding of the 

possible career prospects in engineering, it is likely to prepare them for the job market due to 

experiences gained. This approach is closely related to the suggestions by some scholars 

regarding the need to engage students, especially the underrepresented ones, in engineering 

community work through problem based learning (Guerra, 2017; Litchfield and Javernick-Will, 

2015).  

Despite this finding, the current reality of engineering education delivery and exposure to 

students in both Nigeria and the UK (2.2.1) is characterised by the failure to nurture young 

people’s innate engineering skills and the stereotypical perceptions associated with the 

discipline. This makes it difficult for girls with such maths and science ability to pursue their 

interests through an engineering career or dispel their negative perceptions about the 

profession. Consequently, this scenario points to the relevance of this study finding which 

suggested the need to intentionally attract girls with maths & science abilities to engineering 

and appeal to their people-society themed interests to engage in the profession as a combined 

strategy. It was suggested that this approach, which ensures that girls are not just 

knowledgeable about the importance of these maths and science skills in engineering but also 

their contributory role of solving the pressing global SD challenges, could be a feasible strategy 

for attracting them to the profession. 

Altogether, the central findings from the SD-themed strategies for attracting girls to 

engineering indicate that exposure, and awareness and/or direct involvement of girls in SD 

challenges through problem solving role-plays are a feasible strategy for eliciting their interest 

and attraction to engineering. Likewise, a connection was observed between these SD-

themed strategies results and other influential (facilitators) strategies for attracting girls to 

engineering. For instance, the results show that parental and family influence (facilitator) has 

a key role to play in creating awareness of the engineering impact on sustainability (SD-

themed strategy). Likewise, encouraging internships, job placements and being a problem 

solver (facilitators) increases the possibility of girls’ direct involvement in role-plays that seek 

to solve such SD problems (SD-themed strategies). This is likely to elicit their interest in 

addressing these problems and consideration of an engineering career.  

However, the data revealed that currently the situation in the profession does not project 

its crucial role in addressing these SD topics of interest to women. Hence, it is suggested that 

such strategies for attracting girls to engineering as generated from this research finding 

should be tailored in a manner that highlights these aspects of engineering relevance, making 

it visible and easy for girls to connect these to their career goals.  

Having discussed the main results generated from both quantitative and qualitative 

studies separately in previous sections, the next section focuses on presenting the overall 

research findings and outcome, including the GDSE model, which was developed based on 

these overall findings. 
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6.5 Overall Research Outcome: Sustainability-themed GDSE Model for 

attracting women to engineering  

The discussions of the main results generated in this MMR, including references to some of 

the relevant literature in Chapter 2 to provide a clear link between the theoretical and 

empirical discussions, have been presented in sections 6.1-6.4. This section is therefore mainly 

focused on first discussing the outcome of the entire study by integrating the results of the 

quantitative and qualitative phases. This is in line with the pragmatic philosophical stance and 

sequential MM approach adopted in this research, which allows the qualitative results to be 

used to explain the quantitative results (4.2.2). Hence, for clarity in the presentation, the term 

‘respondents’ is used to refer to the quantitative study sample and ‘participants’ for the 

qualitative study sample. Next, the GDSE model showing the link between SD themes and 

women’s choice and attraction to engineering, which is the overall research outcome, is 

presented under the auspices of both data. 

 Overall Research Findings 

First, the quantitative results from the AHP analysis, which examined the three groups of 

respondents’ preferences for the broad three aspects of SD themes, showed that 

environmental and social SD themes were mostly preferred, relative to the economic themes 

as the motivating factors that influence their choice in engineering, hence answering RQs 1 

and 2 (5.1.1). However, further analysis of more specific sub-SD themes within each of the 

three broad SD themes produced some interesting results. The data revealed that the 

research’s novel approach of detailing and characterising the 3 pillars into specific variety of 

sub-themes, resulted in the respondents associating their decision to engage in engineering 

to some specific themes relative to others. The influential themes included water 

quality/quantity (SC9), climate change (SC10), healthcare (SC 1), housing conditions (SC3), 

waste management (SC 5), and material consumption & production/energy use (SC6), whereas 

themes such as economic performance, biodiversity and equity were least preferred among 

the sub themes. Surprisingly, the influential sub-SD themes included economic themes that 

were least preferred when examined broadly in the first analysis (see Section 6.1 and Table 

5.14). 

The reasons for these findings were provided by the qualitative participants’ data. The 

data indicated that the tangibility and visibility associated with the preferred themes are the 

reasons they were ranked as most important in the respondents’ decision to engage in 

engineering (5.3.1.5 and 6.3.1). Although this ‘tangibility’ reason was mostly attributed to 

environmental and social SD themes and challenges, the surprising emergence of economic 

themes such as waste management and material consumption & production/energy use as 
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one of the top influential sub-themes seem to validate this finding. For instance, these themes 

represent SD challenges whose effect on the society, environment and economy are tangible, 

visible and relatable, whereas the least preferred themes such as equity are not directly 

relatable or tangible.  

In addition, the qualitative data on RQ 4, which indicated the EAID process model of how 

SD themes influence women’s choice of engineering, provides further explanation to these 

quantitative results. The qualitative results generated useful insights indicating that Exposure, 

Awareness, Interest and Direct involvement in addressing SD problems are the crucial factors 

explaining the link between SD themes and women’s choice of engineering (5.3.1 and 6.3). 

The data further revealed that Exposure and Awareness of engineering role in addressing 

tangible SD challenges through SD-themed course content, novel engineering structures and 

a country’s prevailing SD challenge, are the two most fundamental components of the EAID 

model that can elicit women’s interest in the profession. Hence, this qualitative finding 

provides explanation as to how the influential SD themes generated from the quantitative 

study informed the respondents’ choice of engineering, as mentioned earlier. 

 Both results imply that quantitative study respondents’ choice of engineering might have 

been influenced by their exposure or awareness of engineering’s connection to these 

influential SD themes through a SD-themed content or their country’s prevailing challenge, as 

suggested by the data from the qualitative study participants. Additionally, it was surprising 

to observe from the quantitative results that Equity as a sub SD-theme, which is supposedly 

meant to be important to women, emerged as the least preferred theme amongst the ten 

examined themes (5.1.4, Table 5.14). However, the qualitative EAID process model finding 

imply that the fact that Equity is not tangible and synonymous with SD problems engineers 

solve could be a possible explanation for it being least preferred. 

Next, in line with RQ 3 (5.2.1 and 6.2), the sensitivity analysis results indicated that the 

novel application of the approach in this research revealed each group of respondents’ distinct 

preference for the three pillars of SD themes that influenced their decision to engage in 

engineering, as follows: 

• UG (A1) - Societal Impact (C1) 

• PG (A2) - Economic Growth (C2) 

• Professionals (A3) -Environmental protection (C3) and Societal Impact (C1) 

Once more, the qualitative study finding from RQ4, which showed that the participants’ 

engagement in engineering was influenced by SD themes mainly through exposure and 

awareness of the tangible/visible aspects of the link between the profession and these 

themes, explains this quantitative data on RQ3. Likewise, the qualitative findings also showed 

that exposure to such SD-themed problem- based and real-life impact of engineering is crucial 

to informing both choice and continuous engagement. This was evident by some participants’ 

account of how such exposure during their study at university reinforced their drive for 

continuous engagement and those whose choice of engineering was also influenced by such 

exposure (6.3). Hence, the implications of these findings are as follows: 
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• UG (A1) – UGs’ preference for societal themes as their drive to choose to study 

engineering may be influenced by the fact that they could have been aware or exposed to the 

tangible impact of their country’s prevailing SD challenge. It could also be exposure to a 

physical engineering structure that provides relatable societal impact through their parents 

who are engineers or through school career fairs as then they may not have selected or 

enrolled in the discipline, as mentioned earlier. Alternatively, an exposure to SD-themed 

problem based course content during their study may have influenced this decision. 

• PG (A2) – Having graduated without much direct involvement or access to field 

experiences, the PG group may have not been recently exposed to the tangible impact of 

engineering on society and environment. They may rather be more interested in meeting the 

expectations of their role as potential key players in the drive to enhance economic value 

through the companies they seek to work for as suggested by Clarke (2018) and Tomlinson 

(2012). This might explain their preference for Economic SD themes. 

• Professionals (A3) – The professional group, who are already directly involved and 

engaged on the job or the field, can possibly relate to the impact of their decisions on the 

environment and society, hence their preference for both themes. 

Additionally, the sensitivity analysis revealed that each respondent group’s preference for 

the SD themes that mostly influenced their career choice significantly increased when the 

weights of these themes were increased. For instance, UG’s preference for societal impact 

themes increased 6 times, PG’s preference for economic themes increased 10 times while the 

Professionals’ preference for environmental themes increased 6 times (see Table 5.17 and 

Section 6.2). The qualitative data on RQ 4 supported by Hidi and Renninger’s (2006) 4-phase 

Interest development model, seem to align with this quantitative data finding, as it was 

observed that continuous direct involvement and exposure to engineering role in addressing 

these tangible SD challenges, sustained the participants’ interest to engage in the profession 

(6.3 and 6.3.2). Indeed, one participant whose direct involvement and exposure to such 

content decreased, reported a decline in her interest to engage in engineering (5.3.1.3 and 

6.3.2.1). 

Finally, the emerged EAID process model showing the process of how SD themes influence 

women’s choice in engineering, as generated from RQ4, aligned with the findings of RQ5, 

which highlighted exposure, and awareness and/or direct involvement of girls in SD problem 

solving through role-plays as a feasible strategy for stimulating their attraction to engineering. 

Furthermore, additional data on RQ5 indicated other facilitating strategies for attracting girls 

to engineering such as parental and family influence, encouraging internships, job placements 

and being a problem solver. These other strategies were termed ‘facilitators’ to the SD-

themed strategies owing to the fact they contributed to the participants’ heightened 

awareness and/or direct involvement and exposure to the impact and relevance of 

engineering in solving SD problems, hence signalling a connection between both findings. A 

vivid example of the importance of these facilitating strategies such as parental influence was 

seen in a participant’s account who mentioned that her introduction to the magnificence and 

relevance of an engineering structure to the community by her parents, increased her interest 
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in engineering and subsequently led to her direct involvement in developing a novel SD 

project. 

Although part of the finding on RQ1, which showed the respondents’ preference for the 

broad SD themes is consistent with the few related studies on this topic (Boucher et al., 2017; 

Shealy et al., 2016), no research to date has attempted to examine the correlation between 

these themes and women’s engagement in engineering. Hence, the rest of the findings of this 

research offer an important contribution to literature and the engineering education field. 

Altogether, the entire results of this MMR provided valid and useful insights, which underpin 

the development of the main novel research outcome. This include the EAID Process of how 

women’s engagement in engineering is influenced by SD themes, which informed the 

development of the final GDSE model showing the link between these SD themes, women’s 

choice in engineering and girls’ attraction to the profession. This GDSE model including the 

linkages within and across its dimensions is presented in the next section. 
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 Sustainability-themed GDSE Model for attracting women to engineering 

The overall main research findings of both quantitative and qualitative studies have been 

combined and presented in the previous section. This section is focused on presenting the 

main research outcome, which is the GDSE model showing the link between SD themes and 

women’s choice and attraction to engineering, in line with research objective 6 (1.2). Figure 

6.5 presents this conceptual model, which was developed from the analysis of both data sets. 

The model comprises three dimensions, each representing the key main findings of both 

studies. The components that comprise each dimension are outlined and clarified below based 

on the results, hence showing how the results underpin the model. Furthermore, the link 

between the components within and across all three dimensions, which demonstrates how 

the model can be implemented is presented in section 6.5.2.1.  
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Figure 6.5: The GDSE model showing the link between SD themes and women’s choice / girls’ attraction to engineering
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Dimension 1 (D1): This comprises the sustainability-themed factors driving women’s choice 

of engineering as indicated in the findings from the respondents’ data on RQs 1 and 2 (5.1 and 

6.1). The components in this dimension are ten SD themes/challenges, which are listed 

according to their order of importance in the respondents’ decision to engage in engineering. 

The downwards arrow with ranking points depicts this order of importance among the 

themes. 

 

Dimension 2 (D2): It is comprised of the EAID process showing how SD themes, such as those 

outlined in D1, influence women’s choice of engineering. The components and their 

interaction within this dimension were derived from the qualitative data on RQ 4 (5.3.1 and 

6.3). The interaction indicates that either exposure and/or awareness of engineering relevance 

and impact of negative sustainability and engineering practices in addressing or causing 

tangible SD challenges can result in eliciting women’s interest and direct involvement in 

developing tangible novel inventions to address these challenges through the engineering 

profession. The data thus, indicated that both factors (exposure and awareness) at the 

beginning points of routes 1 and 2 are significant in the process of how SD themes influence 

women engineers’ engagement in engineering. However, the experiential nature of the kind 

of exposure the participants received as opposed to the informational nature of awareness 

resulted in their direct involvement in developing novel projects with substantial benefits to 

society, environment and the economy (6.3.2). Hence, a choice of any of the routes that will 

yield better results in attracting women to engineering is recommended.  

The components also include the ‘EAID process facilitators’ (Figure 6.5). The choice of this 

terminology relates to the fact that they serve as facilitators of the process of women’s choice 

of engineering influenced by SD themes. For instance, findings from the qualitative data 

showed that exposure to engineering positive relevance and impact of negative sustainability 

and engineering practices was facilitated through SD-themed course contents, the country’s 

prevailing SD challenges, engineer parents’ influence, increased SD considerations and school 

career fairs (5.3.1 and 6.3).  

On the other hand, interest and direct involvement in SD problem solving can be 

facilitated by organisations with SD interests and focus. The interaction between the 

components in D2, especially route 1 demonstrates that exposing girls to tangible relevance 

and impact of engineering in addressing SD challenges through site, infrastructure tours or 

visits is likely to broaden their perspective of the available opportunities in the profession and 

possibly elicit their interest to pursue an engineering career. 

 

Dimension 3 (D3): The strategies for attracting girls to engineering using SD themes (RQ5) 

constitute D3’s components. Likewise, facilitating strategies that support the aforementioned 

strategies, as generated from the data are also included as part of D3’s components (5.4.2 and 

6.4). Based on the data and illustration in Figure 6.5, the link between D3’s components 

indicate that one feasible strategy for attracting girls to engineering is their exposure, 

awareness and direct involvement in SD problem solving. This strategy can be facilitated 
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through parental/family influence, as well as on-the-job experiences including job placements 

and internships to create such exposure and awareness of the engineering impact on SD. This 

is in addition to increasing girls’ opportunities to be directly involved in role-plays that seek to 

solve such SD problems. Additional facilitating strategies include intentionally recruiting girls 

with maths and science abilities, and promoting the problem-solving aspects of engineering 

including its social and pay status (5.4.2 and 6.4). 

 

6.5.2.1 The link between the three dimensions of the GDSE model 

Both quantitative and qualitative results generated from this research underpin the link 

between the dimensions of the GDSE model presented in Figure 6.5. The link between D1 and 

D2 indicate two key scenarios.  

First, the model shows that exposure and/or awareness of the positive relevance of 

engineering (as depicted in D2) in addressing any of the SD challenge in D1 is likely to result in 

stimulating women’s interest and direct involvement in solving any of the tangible SD 

challenge outlined in D1. Alternatively, exposure and awareness of the impact of negative 

sustainability practices and engineering role (as depicted in D2) in causing any of the SD 

challenge in D1 can generate similar outcome to that of the first scenario. Additionally, the 

upward and downward arrows in both D1 and D2’s process indicate that an increase 

(illustrated by the red highlighted upward arrows in Figure 6.5) in exposure and awareness of 

engineering connection with these themes in D1 could result in women’s increased interest 

and direct involvement to engage in engineering to contribute in addressing these challenges.  

Second, regarding the link between D2 and D3, a similarity between the interactions of 

the components within each of the two dimensions, was observed. For example, the red 

highlighted asterisks in D2 and D3 are used to depict the similarity between the highlighted 

components of the EAID process (D2) and those of the strategies for attracting girls to 

engineering using SD themes (D3). On the other hand, the blue asterisks illustrate the 

similarity between the highlighted components of the EAID process model facilitators (D2) and 

the facilitating strategies for attracting girls to engineering (D3). For instance, the central 

assumptions of this model as generated from the research findings indicate that exposure, 

and awareness and/or direct involvement of girls in SD problem solving through role-plays is 

a feasible strategy for eliciting their interest and attraction to engineering. Additionally, 

facilitators such as parental and family influence have a key role to play in creating awareness 

and exposure to engineering impact on sustainability. Likewise, encouraging internships, job 

placements and being a problem solver increases the possibility of girls’ direct involvement in 

role-plays that seek to solve such SD problems. This is likely to elicit their interest in these 

problems and consideration of an engineering career.  

The implications of the key findings of this MMR, which underpin this GDSE model, are 

presented in the next section. 
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6.6 Implications for Engineering Education Institutions and 

Organisations 

The discussion of the research findings in this chapter would be incomplete without indicating 

their practical implications for engineering stakeholders. This forms the focus of this section. 

These implications are divided into two main categories. First, the implications for engineering 

education institutions such as Higher Education Institutions (HEIs) are presented. This is 

followed by suggestions for engineering organisations or companies.  

 Implications for Engineering Education Institutions 

The quantitative results presented in Chapter 5 and discussed in Chapter 6 reveal that the SD-

themed factors influential in women’s choice of engineering cut across all three pillars. These 

included the top five environmental and economic related sub-themes, such as water 

quality/quantity, climate change, waste management, biodiversity and material 

consumption/energy use. While distinctions will exist among women engineers in different 

countries, these findings provide practical implications for HEIs to utilize.  

First, although these top five influential factors reveal the priority areas for attracting 

women to engineering, the marginal difference in the weights of these themes imply that HEIs 

can also focus on any combination of the themes that are relevant to their institution. 

However, this selection should include each of the three social, environmental and economic 

SD sub-themes in the mix. For instance, during open days, HEIs could choose to highlight the 

role of engineering in addressing any combination of the influential themes such as the 

environmental sub-theme (climate change, ranked 2nd), the economic sub-theme (material 

consumption/energy use, ranked 5th position) and social sub-theme (healthcare, ranked 6th) 

as a valuable strategy to recruit and attract women to engineering. Such strategy is likely to 

attract a diverse talent-pool, including women who are skilled and interested in addressing SD 

challenges across all 3 pillars and not just restricted to ecological or environmental impacts. 

Additionally, stakeholders such as universities that organise school outreach programs 

could focus on highlighting any of the most influential themes that align with the prevailing 

SD challenge specific to their country. For instance, energy transitions to net zero and 

biodiversity and energy generation and distribution constitute some of the foremost SD 

challenges receiving increased attention in the UK and Nigeria, respectively (GOV.UK, 2021; 

Kilburn and Anton, 2020; Monyei et al., 2018; Oyedepo et al., 2018). Thus, stakeholders in 

both countries can choose to focus on highlighting the connection between engineering and 

any of such influential themes. 

These results imply that the utilization of this study’s outcome should be based on a 

strategy to focus on any of the influential factors, especially the top 6 that cut across the three 

main themes but subject to the users’ missions, corporate responsibilities and prevailing SD 

challenges in the country of application. This approach is likely to appeal to more young people 
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who are interested in contributing to addressing such issues but undecided about their future 

career choice. Although they may be aware of the impact of these SD challenges, they may 

not understand the role and relevance of engineering in addressing these. Therefore, this 

presents an opportunity for HEIs, especially engineering education institutions, to showcase 

the link between engineering and these priority areas of influence. From a recruitment 

strategy perspective, these research findings could help HEIs to focus their attention and 

recruitment efforts on the most salient areas of influence. They could also broaden the 

options and pathways of making the profession attractive to women and other 

underrepresented groups (Litchfield and Javernick-Will, 2015). 

Furthermore, the qualitative study developed a novel EAID process model describing the 

interaction of exposure, awareness, interest and direct involvement in the relationship 

between women’s engagement in engineering and SD themes. The results also indicate that 

women’s choice of engineering can be stimulated through two routes – either by creating 

exposure or by raising awareness of engineering role in addressing or causing SD challenges, 

including the negative impact of such challenges. However, irrespective of the preferred 

route, it is recommended that potential users of the model should adopt the one that would 

yield better results of attracting and appealing to the interests of more girls in engineering. 

This could be through either an experiential exposure and/or informational awareness of the 

link between SD themes or challenges and the profession. Utilizing both approaches as a 

combined strategy is likely to produce a more significant impact in eliciting the interest and 

direct involvement of women in engineering. 

This becomes important especially in HEIs, where “difficulties of working with 

academically unmotivated students” abound (Hidi and Renninger, 2006, p. 111). For 

engineering students undergraduates and graduates, it is suggested that HEIs focus on 

highlighting the relevance of engineering in addressing the SD themes with the most influence 

to these groups as identified in this study, which suggested that female undergraduates are 

likely to be more influenced by the societal impact of engineering to reinforce their drive for 

continuous engagement while exposure to the economic impact of engineering is likely to 

appeal more to post graduates as such exposure may be paramount in their attempt to meet 

up with the expectations to enhance the economic value of their prospective employers – see 

6.5.1. 

It is recommended that an early intervention such as exposing girls to relatable impact of 

engineering that aligns with their interests would promote the profession as one to fulfil their 

aspirations and inform their career decision. In addition, HEIs should incorporate more 

strategies to create awareness of the support role that the engineering profession provides to 

disciplines that appeal more to women’s interest, such as medical sciences and healthcare. 

The significance of this implication is evident in recent times, where young people are showing 

more interest in pursuing careers such as healthcare, with renowned relevance and 

contributions to addressing current global challenges such as the COVID19 pandemic 

(Engineering UK, 2020b). This provides a unique avenue for engineering educators to utilize 
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the opportunities created by such SD challenges to create awareness and exposure to the 

profession’s central role in addressing these issues and attract more girls to the field.  

Finally, the fact that Nigerian women engineers were more exposed to the prevailing SD 

challenges in their country while UK participants experienced the positive impact of 

engineering through SD-themed problem-based course content implies that Nigeria’s 

engineering curriculum is deficient in such course content (Akeel et al., 2019). This presents a 

potential challenge to the country’s HEIs as owing to the numerous SD challenges prevalent 

in the country, it becomes important to produce engineers who have both the interests and 

skills to address these challenges (Mote et al., 2016; RAE, 2016b). Hence, compared to the 

prevailing challenges in one’s country, exposure through SD-themed course content is likely 

to not only illustrate SD challenges and the negative impact of engineering practices, but also 

provide insights into how to reduce such impact and address them. Therefore, more girls who 

are interested in addressing such issues in addition to the skills gained through SD-themed 

course contents are likely to benefit the country HEIs to advance on diverse gender 

representation and more graduates who can contribute to addressing SD challenges.  

 Implications for Engineering Organisations 

The results of this research also have practical implications for engineering organisations or 

companies. Specifically, some of the women engineers who work in companies that provided 

the enabling environment for them to achieve their SD-themed problem-solving aspirations 

developed novel projects with significant social, economic and environmental sustainability 

benefits to communities. These organisations with such SD agenda and focus encouraged 

women engineers to be directly involved in addressing these issues. Hence, this implies that 

more engineering companies with such service orientation should promote these aspects to 

attract more individuals including women with such skills and commitment to be involved in 

confronting the pressing global challenges (Guerra, 2017; Litchfield and Javernick-Will, 2015). 

Such approach is likely to increase more women engineers working in industry. 

Likewise, the results show that such direct involvement through sustainability-themed 

problem-based courses and activities such as job placement and internships, is a crucial 

strategy for encouraging women’s engagement and girls’ attraction to the profession. The 

finding indicates that this strategy bridges the gap between what engineers learn and do 

(Engineering UK, 2020b) whilst demonstrating the role of engineers in delivering sustainable 

development. Therefore, this presents a potential opportunity for engineering organisations 

who have shown concern that HEIs are still not producing sufficient graduates with the skills 

required to address the challenges in the field (RAE, 2019d). 
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6.7 Summary 

The aim of this chapter has been to discuss the research findings of this MMR study. The 

results show that the sustainability-themed influential factors for women to engage in 

engineering cut across all three pillars of SD themes. These included the top five 

environmental and economic related sub-themes such as water quality/quantity, climate 

change, waste management, biodiversity and material consumption/energy use. However, 

the resulting marginal difference in the weights of these themes indicated the participants’ 

perception of the interrelatedness of the themes in their career choice. The reason for such 

preference was attributed to the fact that the impact of these themes and challenges are 

tangible and relatable to the participants. 

In addition, the data also provided useful and interesting insights into how SD themes 

influence women engineers’ engagement in the field. This finding revealed that this process 

is largely demonstrated through four primary interrelated factors: Awareness, Exposure, 

Interest and Direct involvement (EAID). The outcome of this finding is the novel EAID process 

model describing the interaction of exposure, awareness, interest and direct involvement in 

the relationship between women’s choice of engineering and SD themes. Similar findings 

emerged, which highlighted exposure, awareness and/or direct involvement of girls in SD 

problem solving through role-plays for instance, as a feasible strategy for stimulating their 

attraction to engineering. Key facilitating strategies for attracting girls to engineering such as 

parental and family influence, encouraging internships, job placements and girls with maths 

and science abilities emerged as additional findings. 

Overall, this MMR results provided valuable insights, which underpin the development of 

the main novel research outcome, the GDSE model showing the link between SD themes and 

women’s choice in engineering and girls’ attraction to the profession. This chapter ended with 

the implications of these findings for engineering institutions and organisations. In the next 

chapter, after summarising the content of this thesis, suggestions for future research are 

presented.  
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Chapter 7 Conclusion 

This chapter demonstrates the extent to which the research aim and objectives were met. 

This includes a discussion of the contributions made to the current body of knowledge on 

women’s underrepresentation, choice and attraction to engineering, specifically and the 

engineering education field in general. It concludes with a discussion of the research 

limitations, including suggestions for future research. 

7.1 Addressing the research questions  

The research gaps identified from the literature review indicated the need to utilize an in-

depth method of investigation to examine the link between SD themes and women’s 

attraction to engineering as a career choice. These research gaps, which were both conceptual 

and methodological, informed the development of five research questions (RQs). This section 

presents a discussion of how these questions were answered. 

 

RQ1: What are the themes associated with the three pillars of SD that drive women 

participation in engineering?  

RQ2: In what order of importance do these SD themes influence women’s decision to engage 

in engineering? 

 

To deepen the researcher’s understanding of the SD-themed factors associated with the three 

pillars of SD, which drive women participation in engineering, an extensive review was 

conducted in Chapter 2 of this thesis. This review contributed to identifying the main research 

gap of examining the link between specific themes within the three broad SD pillars and 

women’s attraction to engineering. It also informed the development of the conceptual 

framework utilized in this research (Chapter 3). To examine the relationship between these 

concepts, the research’s first study comprising an integrated gamified survey and AHP analysis 

was conducted. First, the survey elicited women engineers and engineering undergraduates 

(UG) and postgraduates (PG) students’ responses on these SD-themed factors associated with 

women participation in engineering. Second, the AHP analysis provided better understanding 

of the relative importance of these SD-themed factors in the respondents’ engineering career 

choice (Chapters 5 and 6, Sections 5.1 and 6.1 respectively).  

The AHP theory has been proven to be effective in many previous studies within various 

decision-making contexts. However, this is the first AHP research on the factors influencing 

women’s choice of an engineering career. Recognising this deficiency, the research utilized 

this theoretical and analytical approach to contribute to knowledge in the engineering 

education field. The findings significantly contributed to the understanding which suggests 

that the SD-themed factors driving women’s engagement in engineering comprise specific SD 

themes that cut across all three pillars. These include top five environmental and economic 

related sub-themes such as, water quality/quantity, climate change, waste management, 
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biodiversity and material consumption/energy use. Although these top five influential factors 

reveal the priority themes for attracting women to engineering, the study provided valuable 

recommendations for engineering stakeholders. These include the suggestion to focus on any 

combination of the priority themes that are relevant to their organisation or align with the 

prevailing SD challenge specific to their country (Chapter 6, Sections 6.1 & 6.6.1). 

Contrary to previous studies which examined the importance of various factors using 

Likert scale questionnaires (Klotz et al., 2014; Shealy et al., 2016), which theoretically required 

the factors to be assessed in isolation, the AHP utilized in this research generated the relative 

scale of importance among the factors through pairwise comparisons. This revealed the 

degree of importance of each specific theme relative to the others in influencing women’s 

choice and engagement in engineering. Furthermore, the possibility of the inclusion of 

additional decision variables or factors apart from the ones examined in this study indicates 

that the adopted research approach is scalable and adaptable to suit other studies’ goal and 

context. Hence, in providing answers to these two RQs, valuable insights into various specific 

rather than generic SD themes that appeal to women’s choice of engineering were provided.  

 

RQ3: Which group of SD themes has the most influence on women’s decision to engage in 

engineering? 

 

Building on the AHP findings, RQ3 aimed to determine the group of SD themes with the most 

impact on the different groups of respondents’ choice of engineering (Chapters 5, 5.2 and 6, 

6.2). The results revealed that each respondent group’s sensitivity and preference for the SD 

themes that mostly influence their career choice significantly increased when the weights of 

these themes were increased. This indicated that the women’s interest to engage in 

engineering to address these preferred themes is likely to increase when more emphasis is 

placed on engineering’s role in addressing such themes. Although this finding agrees with 

other studies suggesting similar perspective, it provides unique insights into the specific SD 

themes where more focus should be placed on to attract more women to the profession. 

 

RQ4: How do these SD themes influence women’s choice of engineering as a career?  

RQ5: How can the themes be used to attract girls to engineering? 

 

Grounded theory (GT) interviews were rigorously applied to provide answers to both RQs. 

While GT has been successfully applied in previous engineering education studies, no known 

GT research has explored the link between SD themes and women’s career decision and 

attraction to engineering from women engineers’ perspectives. The fourth RQ informed the 

study that elicited women engineering practitioners’ views on how the three main SD 

concepts influenced their choice of engineering, while the fifth RQ examined how these 

themes can be used to make the profession attractive to girls. The goals of both studies were 

to describe the process of how SD themes influence women’s choice in engineering and 

identify strategies for attracting girls to engineering using these themes. 
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First, the outcome in relation to addressing RQ 4 provided significant insights suggesting 

that the process of how SD themes influence women’s engineering career choice involves a 

dynamic interaction of four interrelated factors - Exposure, Awareness, Interest and Direct 

involvement (EAID). The findings indicated that Exposure and Awareness of the engineering 

role in addressing tangible SD challenges through SD-themed course content, novel 

engineering structures and a country’s prevailing SD challenge are the two most fundamental 

components of the EAID model that can elicit women’s interest and direct involvement in the 

profession. The outcome of this finding is the novel EAID process model describing the 

interaction of these four primary factors in the relationship between women’s choice of 

engineering and SD themes.  

This finding therefore provided explanation for the emergence of the top influential SD-

themed factors associated with the participants ‘choice of engineering, as generated from RQs 

1 and 2 data. Both results implied that the participants’ preference for the influential SD 

themes that informed their choice of engineering might have been influenced by their 

exposure or awareness of these themes through a SD-themed content or their country’s 

prevailing challenge. Additional findings suggested that the reason for these preferences is 

due to the tangible nature of engineering impact and relevance in addressing such themes. 

Next, findings from RQ5 revealed similar finding to the EAID process model. They 

suggested that exposure, awareness and/or direct involvement of girls in SD problem solving 

through role-plays are feasible strategies for stimulating their attraction to engineering. Key 

facilitating strategies for attracting girls to engineering, such as parental and family influence, 

encouraging internships, job placements and girls with maths and science abilities, emerged 

as additional findings. 

Altogether, both quantitative and qualitative RQs 1-5 findings led to the achievement of 

the research aim, which is to develop a model that explains the link between the three pillars 

of SD themes and women’s career choice and attraction to engineering. Both studies’ results 

were combined to generate the themes/elements of the research’s novel GDSE model, which 

integrated the EAID process to illustrate the link between SD themes and women’s choice in 

engineering, including strategies to attract girls to the profession.  

Figure 6.5, which shows the interactions between components within the three 

dimensional (D) GDSE model already presented in Chapter 6, Section 6.5.2, proposes the 

following suggestions and scenarios for influencing women’s choice and attraction to 

engineering: 

 

 Create exposure and awareness of the positive relevance of engineering in addressing 

any of the influential SD themes such as water quality/quantity, climate change, waste 

management, biodiversity and material consumption/energy use to elicit women’s 

interest and direct involvement in contributing to solve these issues through the 

profession (see D1 & D2). 

 Similar exposure and awareness of the negative impact of SD challenges, including 

engineering role in causing any of these challenges can be implemented to elicit 
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women’s interest and subsequent direct involvement in addressing these issues 

through engineering (D2). 

 Any combination of the outlined specific SD-themed influential factors (D1) that are 

relevant and align with the prospective model users’ organisational goals can be 

utilized to create such exposure and awareness of engineering relevance and impact 

to attract women to engineering. 

 Increase women’s exposure and awareness of the connection between engineering 

and these SD themes/challenges to increase their interest to address these issues 

through the profession (D1 & D2). 

 The exposure and awareness of engineering role in both addressing and causing SD 

challenges can be implemented through SD-themed problem based course contents 

and a country’s prevailing SD challenge, respectively (D2). 

 The interest and direct involvement of women in SD problem solving can be facilitated 

by organisations with SD interests and focus (D2). 

 Parents/family with engineering background, on-the-job experiences including job 

placements and internships can be utilized as key facilitators for attracting girls to 

engineering. The importance of these facilitators was attributed to their crucial role in 

heightening women’s exposure, awareness, interest and direct involvement in SD 

problem-solving (D2 &D3). 

 An additional strategy for attracting girls to engineering should involve intentionally 

recruiting those with maths and science abilities and promoting the problem solving 

aspects and pay status of engineering (D3). 

Furthermore, the research recommended for users of this novel GDSE model to apply any 

of the outlined scenario or routes that yields better results in attracting women to 

engineering. Likewise, the findings suggest the potential for inclusion of additional SD themes 

that are not among the outlined SD-themed influential factors but relevant and align with 

prospective users’ research or organisational goals. This therefore indicates the scalability and 

adaptability of this research’s GDSE model as a tool for influencing women’s choice and 

attraction to engineering. 

Altogether, the results of this MMR provided some practical implications for engineering 

stakeholders such as HEIs and organisations as discussed in Chapter 6 (6.6), as well as valid 

and useful insights, which underpinned the development of the main novel research outcome 

and contributions. 

 

7.2 Original contribution to knowledge 

The achievement of the research aim and development of its outcomes are timely and 

relevant to the current contexts of engineering role in addressing SD challenges and the 
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demand for more diverse engineers with such interest and skill. Thus, they provide the 

following contribution to knowledge and practice. 

Firstly, this is the first research to systematically and empirically identify the link between 

themes associated with the three pillars of SD and women’s engineering career choice. This 

link was first illustrated through the novel EAID Process model. This model which is grounded 

in the findings of the qualitative data comprise a process that shows two possible and 

fundamental routes through which women’s choice and engagement in engineering 

influenced by SD themes can be explained. For instance, unique insights from the EAID model 

indicated that women’s interest and direct involvement in engineering can be largely elicited 

by either exposure (route 1) or awareness (route 2) of the tangibility and reality of engineering 

relevance and impact in either addressing or causing SD issues (Figure 6.1).  

The EAID process was integrated to develop the research’s final three-dimensional GDSE 

model that could be used to generate women’s interest and engagement in engineering. This 

novel GDSE model also provides potential strategies for making the engineering profession 

attractive to girls. It could be used by engineering stakeholders in determining the priority 

areas to focus on when recruiting girls to engineering. To the best of the researcher’s 

knowledge, the concept of SD and choice of engineering appear to be studied in isolation 

despite their clear links. Thus, no research has attempted to link both concepts. This current 

research has systematically linked these together to provide detailed insights into how themes 

associated with the three pillars of SD influence women’s choice of engineering. 

Secondly, the following original methodological contributions were made to engineering 

education research: 

 This research is the first to utilize a combination of Analytical Hierarchy Process (AHP) and 

Sensitivity analysis in a survey to examine the importance of the SD themes in women’s 

choice of engineering from both female engineering students’ (undergraduates and 

graduates) and women engineers’ perspectives. Although there is a possibility of 

generating inconsistent results with such decision analysis studies, combining both 

methods contributed to determining consistent and robust outcomes. Furthermore, the 

possibility of the inclusion of additional decision variables or factors in the developed AHP 

structure apart from the ones examined in this study indicates that the approach is 

scalable and adaptable to suit other research’s goal and context. It is important to note 

that these AHP findings and outcome were disseminated in a notable international and 

cross-disciplinary peer reviewed journal, Sustainability, where this work was 

acknowledged for addressing a relevant situation within engineering careers and 

contributing greatly to knowledge on the inclusion of women in the field (Ken-Giami et al., 

2022). 

 

 The research’s application of gamification techniques to the quantitative online survey to 

study the influence of SD themes on women’s choice of engineering, as opposed to the 

use of traditional quantitative surveys in previous related studies, is also novel. The 

gamified questionnaire format helped clarify technical and cumbersome SD-themed 

https://www.mdpi.com/2071-1050/14/1/566/htm
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concepts, hence providing an enjoyable experience for the participants whilst maximizing 

completion rates (4.5.1.1). To generate similar benefits, other studies especially in the 

engineering education field can apply this approach.  

 

 This research utilized a mixed methodology (MM) to address the gap in research practice 

associated with previous related studies being restricted to adopting single 

methodologies. Specifically, this is the first research to utilize a GT-MM sequential 

explanatory design to examine the link between SD themes and women’s choice of 

engineering. The inclusion of GT approach to the study meant that no existing frameworks 

were adopted to investigate this topic, and thus all findings emerged directly from the 

data. Despite this and interestingly, some of these findings are to a great extent consistent 

with the 4-phase Interest development theory by  Hidi and Renninger’s (2006) and Albert’s 

Social learning theory (SLT) (Bandura, 1977) [6.3].  

Nevertheless, this research extended knowledge on both theories by providing 

specific and unique insights into how women’s interest and direct involvement in 

engineering develops. Thus, both theories not only provides clarity to the contribution of 

this research’s GT to existing knowledge, but also validates that knowledge (Birks et al., 

2019). This implies that the consistency of both theories and this research’s addition to 

knowledge strengthens both the research findings and the validity of the existing theories. 

Therefore, this rigorous approaches, which helped establish and clarify the link between 

women’s choice of engineering and SD themes, could be applied in other studies to explain 

participants’ choice of a discipline including the process that informs this decision.  

The approaches provided new and valuable insights into the salient and specific sustainability-

themed factors that influence women’s choice of engineering and how these themes inform 

such decision. These findings, which informed the development of the final three-dimensional 

GDSE model for attracting women’s interest to engage in engineering, as discussed earlier, 

provided some practical implications for engineering education stakeholders including HEIs 

and engineering organisations. These include the potential of utilizing the model to enhance 

their recruitment strategies by focusing on the most salient areas that influence women’s 

career choice. This can help widen the options and pathways of making the profession 

attractive to women and other underrepresented groups. 

 

7.3 Limitations and Suggestions for future research 

The literature review and the data generated in this research suggest important 

considerations for future research. These are divided into two main parts and presented 

alongside each other. The first addresses the limitations of this study, while the second 

includes suggestions for future research to corroborate the results.  

Despite the importance and novelty of this research, there are limitations that should be 

considered. First, since there is no uniform approach to generate the SD-themed factors (Lee 
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and Walsh, 2011), it is possible that the selected factors were not inclusive of all the SD themes 

that influence women’s engineering career choice. The SD-themed factors examined in this 

study were selected based on their association with the role of engineering in addressing SD 

challenges and helping people. This is an important gap to be addressed as it has been argued 

that since themes related to helping people attract women, more of such themes should be 

examined to gain greater insights into diverse ways through which engineers help people and 

hence broaden the pathways of attracting women to engineering (Klotz et al., 2014). 

Additionally, findings from the study showed that students who hope to address other 

sustainability issues such as poverty and disease are less likely to indicate an interest in an 

engineering career. Hence, this work only considered the SD themes across the three pillars 

that are directly related to the challenges, which engineers are known to solve, as suggested 

by Mote et al. (2016). It is recommended that further work could consider expanding the 

scope of the themes by examining other themes across the 17 SDGs based on their context or 

focus. Moreover, the AHP approach adopted in this research provides the possibility for 

further research into more SD themes that align with the goal of the study (4.6.1.2). 

Next, the research scope is limited to two countries, the UK and Nigeria. Hence, since 

unique and prevailing challenges in other countries may produce varying results, the research 

findings are only generalizable to both countries and possibly other countries with similar 

contexts. Consequently, it is recommended that further work in different contexts might 

choose to focus on context-specific factors such as the prevailing SD challenges and 

engineering gender inequality problem in their country or region. Likewise, since this research 

generated new finding regarding the influence of SD themes on women’s choice of 

engineering and approached the study exclusively from the perspectives of female 

engineering students and professionals, future research could focus on expanding this study 

and corroborating its results to determine if they are generalizable to other contexts.  

Finally, although the novel application of the GT approach in this MM research meant that 

the outcome represents the direct experiences of practising women engineers, and as such 

may possibly appeal to aspiring women engineers; distinctions may exist among women 

engineers and girls in different countries. As a result, future research might aim to corroborate 

the GDSE model by conducting a longitudinal study where the decision of girls to engage in 

engineering are tested over a period of time using the underlying interactions of the model 

components. Future research might also apply the GDSE model to boost the motivation and 

engagement of students in other disciplines that interface with sustainability roles. 

Despite these highlighted limitations and possible distinctions that may exist in other 

contexts, the possibility of the inclusion of additional decision variables or factors in the 

developed AHP structure, apart from the ones examined in this study, indicates that the 

approach is scalable and adaptable to suit other research’s goal and context. Future work 

could adopt a similar approach as utilized in this study to examine differences in the influential 

factors that drive students’ participation across various engineering disciplines. Similar studies 

can also be conducted across other disciplines.  
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The findings of this MMR provide practical implications for engineering stakeholders to 

utilize in making the profession attractive to women and possibly other underrepresented 

groups, as discussed in detail in section 6.6. It is hoped that this current research can guide 

future studies, leading to the evaluation, acceptance and application of its final outcome, 

which is the novel GDSE model, showing the link between SD themes and women’s choice in 

engineering and girls’ attraction to the profession.  

Finally, although, the gender inequality and underrepresentation of women in 

engineering cannot be underestimated, this research makes no claims that the GDSE model 

can solve this problem. However, the in-depth insights generated from this research’s 

comprehensive approach, which included empirical findings grounded in the data and 

perspectives of women engineering practitioners specifically, were indeed promising on the 

benefits that the proposed GDSE model could have in generating women’s interest and 

engagement in SD problem solving through an engineering career. This, in turn, might 

contribute to SD and provide the desired traction to drive increased women participation in 

the discipline. 
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Appendix A: GDSE Hard copy questionnaire 

 
Gender Diversity & Sustainability in Engineering Survey 

Required Question(s) 
 
Section A: Participant Background 
 
Please tell us about yourself. 

  
 

 

 1. Name of your University/School/Organisation? 
 

 2. Your Career Level? 
 

 

School Student 

 

Undergraduate Student 

 

Postgraduate Student 

 

Professional Engineer 
  

 3. Your Course? 
 

 4. Your Country of Origin (Country of Birth)? 
  
Section B: Engineering & You 

  
 

 

 5.  Looking back at your life's experience, have you ever had an interest in engineering? 
 

 

Yes 

 

No 
  

 6. Which of these factors (if present) influenced or would have influenced your interest in 
engineering? (Please tick as many as apply)  

 

Sustainability themes (helping people, society & protecting the environment) 

 

Parental influence/support systems 

 

Math/science aptitude 

 

Self Determination 

 

Media 

 

Classroom Climate & Teaching 
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Section C: Engineering Career Choice & Sustainability Themes Outcome Expectations 
 
When choosing your response for the next 4 questions, please consider the following: 
* Equal importance= One option is EQUALLY IMPORTANT with other options 
* Moderate importance= One option is MODERATELY more IMPORTANT than other 
options 
* Strong importance= One option is STRONGLY more IMPORTANT than other options 
* Very strong importance= One option is VERY STRONGLY more IMPORTANT than other 
options 
* Extreme importance= One option is EXTREMELY IMPORTANT over other options 

 
 

 7
. 

Imagine that you are at the peak of your career as an engineer, in what order of 
importance would these themes influence you to remain in engineering? 

 

  
Equal 
Importance  

Moderate 
Importance  

Strong 
Importance  

Very Strong 
Importance  

Extreme 
Importance  

Societal 
Impact/Helping 
people 

     

Economic 
Status/Growth 

     

Environmental 
protection 

     

  

 8
. 

 Imagine that you are the CEO of an engineering company, faced with a decision to 
solve this list of environmental sustainability issues, in what order of importance will 
solving these issues influence your decision to remain in engineering?? 

 

  
Equal 
Importance  

Moderate 
Importance  

Strong 
Importance  

Very Strong 
Importance  

Extreme 
Importance  

Biodiversity 
     

Water 
quality/quantity 

     

Climate Change 
     

  

 9
. 

Imagine that you are the CEO of an engineering company, faced with a decision to 
solve this list of social sustainability issues, in what order of importance will solving 
these issues influence your decision to remain in engineering? 



219 

 

 

  
Equal 
Importance  

Moderate 
Importance  

Strong 
Importance  

Very Strong 
Importance  

Extreme 
Importance  

Healthcare 
     

Equity 
     

Housing 
Conditions 

     

Population 
Problems 

     

  

 10
. 

Imagine that you are the CEO of an engineering company, faced with a decision to 
solve this list of economic sustainability issues, in what order of importance will 
solving these issues influence your decision to remain in engineering? 

 

  
Equal 
Importance  

Moderate 
Importance  

Strong 
Importance  

Very Strong 
Importance  

Extreme 
Importance  

Waste Management 
     

Material 
Consumption/Energy 
Use 

     

Economic 
Performance 

     

  

 11. Which of the engineering disciplines do you think would give you the opportunity to 
address the sustainability issues? ( Tick as many as are suitable)  

 

Mechanical 

 

Environmental 

 

Aerospace 

 

Electrical 

 

Civil 

 

Biomedical 

 

Chemical 

 Other   
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Appendix B: GDSE questionnaire pre-pilot draft version 

1. Please tell us about yourself  

i. University/Organisation-  

ii.  Career Level:   

-Undergraduate  

-Postgraduate  

-Professional  

iii. Discipline/Course:  

iii. Your country of origin:  

●  Engineering & You   

2. Looking back at your life’s experience, have you ever had an interest in                

engineering?            Yes/No  

3.  Which of these factors mostly aligns with your interest in engineering?                  

     (Please tick as many as apply).  

A. Sustainability related themes (helping people, contribution to society and protecting the 

environment). B. Parental influence/support systems.  C. Math/science efficacy. D. Self-

efficacy E. Classroom climate  F. Counselling & teaching  

●  Engineering Career Choice & Sustainability Themes Outcome   Expectations  

  

4. Which of these factors (if present) would have influenced your interest in engineering? 

(Please tick as many as apply)  

A. Helping people/society  B. Protecting the environment C. Creating economic growth  

5.Imagine that you are the CEO of an engineering company, faced with a decision to 

choose any of the 17 SDGs to implement. Which top 3 goals would be most important for 

you to achieve?  

Options: A list of the 17 SDGs in a square shaped design with a pop-up of the definition of 

each SDG when the cursor is placed over the particular SDG box.  

6.Which of the following engineering disciplines would give you the opportunity to 

address the sustainability issues of interest to you?  

A. Mechanical B. Environmental C. Aerospace D. Electrical E. Civil F. Biomedical G. Chemical 

H. Others (State).  
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Appendix C: Participant Information sheet 

Participant Information Sheet   
Title of Project: An analysis of the link between the three pillars of sustainable development 
and women’s attraction to engineering as a career choice.   
Name and Contact Details of Researcher: Ibifuro Ken-Giami (ibifuro.kengiami@port.ac.uk)   
Name and Contact Details of Supervisor: Dr. Sarinova Simandjuntak  
(sarinova.simandjuntak@port.ac.uk)   
8 Ethics Committee Reference Number: (I.K-G - 02)   
This research seeks to understand and identify the influential factors linked to sustainability 
which could significantly encourage female students to choose engineering as a profession. 
By filling in this questionnaire, you will help us find ways of widening access to engineering 
education and practice for female participants, improve their perception of engineering, and 
attract a wider range of applicants to the profession. If you agree to take part, please answer 
all the questions to the best of your ability. There are no right or wrong answers. Questions 
which do not apply to your experience may be left blank (e.g. questions about a course or 
programme you have not undertaken).   
Please also note the following:   

• You must be 15 years or older to participate   
• Participation is voluntary and you may withdraw by informing me within two 
weeks of completing the survey   
• Please note that after reading the information sheet, your participation in this 
survey signifies your consent   
• Participation will NOT affect your grades in any course you are currently 
undertaking   
• The survey will take approximately 10 minutes to complete   
• You will be asked for contact information (email) in case we need to follow up 
on some of your survey questions. This information is voluntary and will not be 
shared with any third party, and will be destroyed after the study is completed.   
• This study has been reviewed by the University of Portsmouth Faculty Ethics 
Committee and been given a favourable ethical opinion.   
• If you have any questions or concerns, please contact the researcher and 
supervisor on the details on the information sheet.   

If your concern or complaint is not resolved by the researcher or supervisor, you should 
contact the Head of Department as follows:   
The Head of School, School of Mechanical and Design Engineering   
University of Portsmouth, P01 3DJ , T: +44 (0)23 9284 6451   
E: myport-liongate@port.ac.uk; eng-office@port.ac.uk. If the complaint remains unresolved, 
please contact: The University Complaints Officer: complaintsadvice@port.ac.uk. Thank you 
for taking time to read this information sheet and for considering volunteering for this 
research  
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Appendix D: Gamification process 

This six-step gamification process involves the following steps: 

Step 1: Selection of game elements. At the beginning of the gamification process, game 

elements suitable for the specific gamified survey were selected from validated gamification 

toolkits suited to surveys (Puleston, 2011), general game elements toolkit (Werbach & Hunter, 

2012) game design patterns (Dolnicar et al., 2013) and aesthetics (Hunicke et al., 2004). 

Step 2: Selection of aesthetics/relationship layer. Analysis of the target population of the 

survey, the task (questionnaire form) and context of the design, was conducted to define the 

target aesthetics to be generated by the survey. This was done to produce the desired 

responses and experiences for the user. Different target aesthetics goals such as the aesthetics 

goal of exploration, challenge and fellowship were selected and demonstrated in parts of the 

survey to elicit the intended goal for the different survey areas. Additionally, the introduction 

page was designed to produce the aesthetics of curiosity and interest to proceed to the next 

page. Aesthetics of exploration were selected for navigation and aesthetics of reward for the 

submission page. Visually designed answer options and innovative questions enhanced the 

quality of user’s response (Werbach & Hunter, 2012; Hunicke et al., 2004). 

Step 3: Selection of dynamics/conversation layer. Game dynamics refer to the run-time 

behaviour of a gamified system, hence they define the users’ flow of interactions with the 

survey and are consonant with the conversation layer of the form design (Jarrett & Gaffney, 

2008; Hunicke et al., 2004). These authors suggest that designers can select game dynamics 

such as time pressure or feedback systems which depict the users’ progress or points, in order 

to produce the survey’s goal aesthetics. In this GDSE survey, target dynamics of feedback 

systems were implemented by displaying the progression rate of the participants on each page 

of the questionnaire. 

Step 4: Selection of mechanics/conversation and appearance layers. Game mechanics refer to 

the rules and building blocks of a game and are selected during the design process to produce 

the intended dynamics and aesthetics of the survey (Hunicke et al., 2004). Hence, game 

mechanics represent both the conversation and appearance layers of the form design. The 

mechanic of avatars is mainly designed to produce the aesthetics of exploration, allowing 

users to freely navigate with their avatars all through the questionnaire. This was utilized in 

this GDSE survey. Mechanics such as badges and points are also typically designed to 

implement the dynamic of feedback and aesthetics of challenge or acquisition of status 

respectively.  

Steps 5 and 6: Prototype, evaluation and iteration/final design. A design process of this nature 

normally undergoes a series of iterations and evaluations of the proposed prototype from a 

simple idea to a more detailed stage, covering steps 1-4 as discussed above. The evaluation of 

the prototype gamified questionnaire can be either on paper or through digital mock-ups in 

successive iterations up to step 6, when the final design of gamified questionnaire is ready to 

be used (Harms et al., 2015).  
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Appendix E: Interview guide 

E1. Participant Information Sheet 

Exploring Women Engineers’ Experiences and Career Decision 

 Name and Contact Details of Researcher: Ibifuro Ken-Giami (ibifuro.ken-

giami@port.ac.uk)   

 Name and Contact Details of Supervisor: Dr. Sarinova Simandjuntak  

 (sarinova.simandjuntak@port.ac.uk)   

 Ethics Committee Reference Number: (I.K-G - 02)   

Dear participant, 

I am a student at the University of Portsmouth-United Kingdom and I am currently working on 

my PhD research. 

Thank you for agreeing to take part in this research on women engineers’ experiences and 

career decision. The research aims to explore the factors that influence women engineers’ 

career choice. A further aim is to understand how these factors in addition to others that 

emerged from a separate study, influenced your decision to choose and remain in the 

profession. Your opinion and experiences as a female engineer are very important to this 

research. I hope that my conversations with you will provide insights into how you interpret 

the influence of these factors in your choice of engineering as a career and generate valid 

findings that could be used to make engineering attractive to both practising and aspiring 

women engineers. 

In particular, you will be asked to do an interview with the researcher (named above). This 

interview, which will last for about one hour, will be conducted face-to-face via zoom or skype 

with the researcher, and will be recorded. The researcher will ask for your permission before 

she starts to record. All personal information about you will not be mentioned in any published 

works, to ensure confidentiality. Once the recordings have been transcribed to manuscripts, 

the researcher will send you a copy to check for accuracy and to delete as appropriate before 

commencing the data analysis. 

Your participation is totally voluntary, and you are able to withdraw from the research at any 

time before the data analysis. 

If you are happy to go ahead after reading this information sheet (which is totally voluntary), 

please put your signature on the consent form below. 

Thank you very much for your support! 

 

Kind regards, 

Ibifuro Ken- Giami 

 

I have read the included information and I consent voluntarily to be a participant in this study 

Participant’s signature _____________________ 

Date_____________________ 
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E2. Interview Guide 1 and 2 

 
Interview Guide 

Can I ask for your permission to start recording? 

My name is Ibifuro Ken-Giami, a PhD candidate at the UOP in the UK 

 

Thank you for agreeing to take part in this interview focused on understanding your 

experiences and career decision as an engineer.  

Your opinion and experiences as a female engineer are very important to this research. I hope 

that my conversations with you will provide insights into how you interpret the influence of 

these factors in your choice of engineering as a career and generate valid findings that could 

be used to make engineering attractive to both practising and aspiring women engineers. 

All personal information about you will not be mentioned in any published works, to ensure 

confidentiality.  

Your participation is totally voluntary, and you are able to withdraw from the research at any 

time before the data analysis.  

 
Interview Guide 1 
• Tell me about your first introduction to the engineering discipline? 

o Prompts 
 How and when did you first hear about engineering? 
 What kind of information did you receive and where did this happen? 
 What was your reaction to this first information and introduction? How did you 

feel? 
 What aspects of this information appealed to you? What aspects did not appeal 

to you? 
 What did this information affect you? 
 Did this information inform your decision of a career choice? Why and How? 
 If not, what led to your decision to choose engineering? How? Why?  
 Tell me about the point when you first became interested in engineering. Do 

you remember why? 
 Think back to the time before you have not made the decision to choose 

engineering? Do you remember why you did not make that decision? Tell me 

about that moment. 

 Describe the process of how you became interested in pursuing an engineering 
career? What contributed, what pushed you forward, what could possibly 
discourage you? etc. 

 
• How did your career in engineering begin? 

o Prompts 
 What factors influenced your decision to choose an engineering career? How? 

Why? 
 What was your experience like in the beginning when you started off as a 

career engineer? 
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 Do you think this experience influenced your decision to continue as an 
engineer? How? Why? 

 
• What is exciting about your career and job in engineering? Why? 

o Prompts 
 How does your job as an engineer make you feel on a daily basis? Why? 
 Can you think of an exciting engineering project you were or currently involved 

in, what is it about? and what are/were benefits of this project/what did the 
project seek to solve? What was/is the impact of the project? and how do you 
feel to be part of the team that executed this project?   

 What kind of challenges/setback come with your job?  
 When faced with the challenges, do you feel like quitting? Why? 
 What reasons keep you on the job despite these challenges? 

 
Interview Guide 2 
As the interview and data analysis progressed, and themes began to emerge, the following 
follow-up questions guided the next phase of interviews, where participants were recruited 
using theoretical sampling. The goal here is to validate and provide explanation to the themes 
that emerged from Interview 1 and the quantitative study findings. 

 
•      What was your first exposure to the relevance of societal, environmental and economic 
themes in engineering at the point of your decision to choose engineering?   

o Prompts 
 What do you think is your role as an engineer in solving societal, environmental 

and economic problems/challenges? 
 How do you feel about this role? Why? 
 Is there any motivation to stay on your job linked to this role? How? Why? 
 Where you aware of this role of engineers in solving SD challenges before 

enrolling in engineering? If yes, please explain how that happened? 
 If not, what was your first introduction to this role of engineers in solving SD 

challenges? 
 Can you think of a difficult challenge you had to solve related to any of these 

three challenges? How did you tackle the challenge? Why? How did you feel 
about the way you handled these challenges?  
 

 Findings from an earlier study revealed that women engineers and engineering students 

listed SD themes such as healthcare, housing conditions, waste management, material 

consumption/energy use, water quality/quantity and climate change as the themes that 

they more interested in addressing and one way or the other influenced their choice or 

continuous engagement in engineering. In contrast, they were less interested in 

addressing economic performance, biodiversity. Why do you think this is? 

 Is there any specific SD theme or challenges related to the 3 aspects of sustainability-social, 

economy and environment, that you are mostly interested in addressing? Please explain 

why? 
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 In your opinion as a practising female engineer, how important are programs geared 
towards attracting females to engineering? How can these SD themes be incorporated in 
such programs to make engineering as a career more attractive to females? 
 
o Prompts 

 Imagine an effective campaign that attracts females to engineering, what kind 
of message should be included?  

 There are the social, environmental and economic impact of engineering, but 
the social and environmental aspects are more emphasised than the economic 
aspects. Please what do you think is the reason for this?  

 There are girls that may be interested or motivated to consider a career in 
engineering if the economic impact of engineering is emphasised, how can we 
make the economic impact of engineering visible to attract more girls who are 
interested in such themes, to engineering? 

 Are these SD themes sufficient to sustain women’s interest and decision to 
choose engineering? If yes, why? How? If no, what other factors can achieve 
this? 

 
  



227 

 

Appendix F: Pre-pilot Interview guide 

 
1. At what point did your interest in engineering develop? What factors influenced your 

first interest in engineering? 

2. Below is a list of SD themes generated from an initial quantitative study as the 
themes that appeal mostly to females’ motivation to engage in engineering. Which of 
these themes played a role in your choice of engineering as career and how did they 
influence that decision?   

SD Themes                                Type   

 Healthcare  

Social 

  

 

 Equity   

 Housing conditions   

 Population problems   

 Waste management  

Economic 

  

 Material consumption/energy use   

 Economic performance     

Biodiversity  

Environment 

 

Water quality/quantity    

Climate change     

 
3. In your opinion as a practising female engineer, how important are programs geared 

towards attracting females to engineering? How can these themes be incorporated in 
such programs to make engineering as a career more attractive to females? 

4. Which engineering disciplines do you think would give females the most opportunity 
to address each of the SD challenges outlined above? How can this be done? 

5. In your opinion, what other concepts and themes or aspects should be included in 
addition to SD themes to significantly enhance females’ interest and attraction to 
engineering? 

  



228 

 

Appendix G: MCDM Methods and Glossary 

●   Discrete MCDM and Multi-Attribute Decision Making (MADM) Methods  

This appendix presents the most commonly known discrete MADM methods and their 

applications 

• G1 - Multi-Attribute Value Theory (MAUT).  
• G2 - Case-Based Reasoning (CBR).  
• G3 - Elimination Et Choix Traduisant la Realit´e (Elimination and Choice 
Expressing the Reality), ELECTRE.  
• G4 - Preference Ranking Organisation Method for Enrichment Evaluation 
(Promethee).  
• G5 - Technique for Order Preference by Similarity to Ideal Solution (Topsis).  
• G6 - Analytical Hierarchy Process (AHP).  

G1. Multi-Attribute Utility Theory (MAUT)  

Overview  

MAUT, an extension of Multi-Attribute Value Theory, is one of the most commonly used MCDA 

methods by researchers, in the decision analysis of real world problems. It is a methodology 

that majors on incorporating risk preferences and uncertainty into multi-criteria decision 

support models (Keeney, 1974; Loken, 2007). It is an expected utility theory that is capable of 

identifying the best course of action in a given situation by assigning a utility to every possible 

consequence and then calculating the best possible utility (Konidari and Mavrakis, 2007).   

Areas of Application- General Areas  

Economics, finance, actuarial, natural resource management- water management, energy 

management, agriculture problems (these areas possess a significant amount of uncertainty 

and adequately available data, making MAUT suitable in solving the decision-making 

problem).  

Specific Areas  

 MAUT model was used to assist in selecting the location of a global manufacturing facility 

(Canbolat, Chelst, and Garg, 2007).  

 MAUT was used in real world application to analyze risk preferences regarding forest land-

use in Australia (Ananda and Herath, 2005).  

 The analysis of risk aversion coefficients (Gomez-Limon, Arriaza, and Riesgo, 2003).   

 To develop a model for emergency evacuation decisions (Kailiponi, 2010). 

 

 

 

 

G2. Case-Based Reasoning (CBR)  

 Overview  
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CBR typically retrieves similar cases to a problem from an existing database of cases. Then the 

solution to the decision-making problem is proposed based on the most similar cases 

(Dengdej, Lukose, and Murison, 1999). It is mostly used in industries where a sizeable database 

of previous cases is already in existence and is significant enough to prevent inconsistency in 

cases. On the other hand, the method is sensitive to inconsistent data and requires many 

cases, due to the inaccuracy posed by some similar cases in solving the given problem based 

on invalid previous cases and invalid answers from special cases (Velasquez & Hester, 2013, p. 

59).  

Areas of Application General Cases  

Businesses, vehicle insurance, medicine, and engineering design.  

 Specific Cases  

 A vehicle insurance claims study, utilizing a hybrid algorithm case-based reasoning in order 

to produce acceptable solutions to the claims (Daengdej, Lukose, and Murison, 1999).  

 Engine room monitoring and automation systems design. CBR was utilized to find historical 

designs that match proposed design requirements. (Kowalski et al., 2005).  

 G3. ELECTRE  

Overview  

ELECTRE, which stands for Elimination Et Choix Traduisant la Realit´e (Elimination and Choice 

Expressing the Reality), is an outranking method where preferences are modelled by using a 

binary outranking relation to select the best choice with utmost advantage and least conflict 

from a set of criteria or actions (Aruldoss et al., 2013b, pg. 33). A new preference relation is 

therefore created when modeling preferences using outranking relations, which is mainly 

useful when the decision maker is not able to compare two actions (Kahraman et al., 2015, p. 

639). Furthermore, following the development of ELCTRE I, different versions have been 

developed to include ELECTRE II, III, IV and TRI. Although these versions have similar 

underlying concepts, they differ in terms of operationally and the type of decision problem.  

 Areas of Application  

Energy, economics, environmental, water management, and transportation problems.  

  

G4. PROMETHEE  

 Overview  

PROMETHEE (Preference Ranking Organisation Method for Enrichment Evaluation)  is also an 

outranking method that has evolved into a family of six, ranging from Promethee 1, used for 

partial ranking of alternatives, Promethee II  for complete ranking of alternatives, Promethee 

III for ranking based on intervals, Promethee IV for both complete and partial ranking of 

alternatives where a set of viable solutions is continuous, and Promethee V for representation 

of the human brain (Behzadian et al., 2010).  
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 Areas of Application  

● Environmental, hydrology, water management, business and finance, chemistry, logistics 

and transportation, manufacturing and assembly, energy, agriculture.  

G5. TOPSIS  

Overview  

TOPSIS (“Technique for Order Preference by Similarity to Ideal Solution”), initially developed 

by Hwang and Yoon (1981) for ranking purposes, is based on the assumption that the positive 

and negative ideal solutions can be easily identified based on the tendency of a criterion to 

monotonically increase or decrease utility (Aruldoss et al., 2013b, pg. 32). The underlying 

concept involves utilizing the Euclidean distance approach to evaluate the relative closeness 

of the alternatives to the ideal solution. Therefore, the aim is to ensure that the chosen 

alternative has the shortest distance from the positive ideal solution and the farthest from the 

negative ideal solution. This is determined by conducting a series of comparisons of the 

relative distances to generate the preference order of the alternatives (Aruldoss et al., 2013, 

pg. 32).  

Areas of Application  

 Supply chain management and logistics, design, engineering and manufacturing systems, 

business and marketing (Velasquez & Hester, 2013, p. 63).  

G6. Analytic Hierarchy Process (AHP)  

Overview  

The AHP is another commonly used MCDA method. This method typically makes use of 

pairwise comparisons to both compare the alternatives with respect to the various criteria 

and estimate the criteria weights (Loken, 2007, p. 1587). Similar to the relationship between 

MAUT and MAVT, the Analytical Network Process (ANP) is also an extension of AHP, with the 

former typically non-linear while the latter is hierarchical and linear with the goal at the top 

and the alternatives at the lower levels (Wang, 2012). AHP uses a theory of measurement 

through pairwise comparisons with a reliance on the judgment of experts or decision makers 

to derive priority scales (Saaty, 2008). The capability of AHP in handling large problems makes 

it suitable to tackle problems that compare performance among alternatives. However, it is 

advised to avoid its usage with problems where alternatives are commonly added.  In addition 

to making it relatively easy for decision makers to weigh criteria and compare alternatives, its 

hierarchy structure makes it to easily accommodate diverse decision-making problems.  

 Specific Areas of Application  

 The evaluation of factors and alternatives of Technology transfer adoption for 
profitability. AHP was used to weigh seven factors and rank three alternatives (Lee et al., 
2012).  

 Real world applications. The study of urban water supply systems in Nigeria (Okeola & 
Sule, 2012).   
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 Risk Analysis in transport infrastructure appraisals, using AHP and cost-benefit analysis. 
AHP was used to access the various non-monetary criteria while the CBA risk analysis 
was used to tackle the limitations of the AHP in weighing the criteria (Ambrasaite, 
Barfod, and Salling, 2011).   
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Appendix I: Invitation Letter to Organisations 

 



236 

 

Appendix J: Normalised matrices B, C and D for all Sub-criteria 

Matrix B: Normalized Matrix for all sub-criterions under C1 Matrix C: Normalized Matrix for all sub-criterions under C2 
 

  SC1 SC2 SC3 SC4     SC5 SC6 SC7 
 

SC1- Healthcare 0.2848 0.2848 0.2848 0.2848 
 

SC5-Wastemanagement 0.3445 0.3445 0.3445 
 

SC2-Equity 0.2328 0.2328 0.2328 0.2328 
 

SC6-Material 

consumption/energy use 0.3372 0.3372 0.3372 
 

SC3-Housing conditions 0.2426 0.2426 0.2426 0.2426 
 

SC7-Economic performance 0.3183 0.3183 0.3183 
 

SC4- Population problems 0.2397 0.2397 0.2397 0.2397 
 

Total 1 1 1 
 

Total 1 1 1 1 
      

 

Matrix D: Normalized Matrix or all sub-criterions under C3  

  SC8 SC9 SC10 

SC8-Biodiversity 0.2985 0.2985 0.2985 

SC9- Water 
quality/quantity 0.3526 0.3526 0.3526 

SC10- Climate 
change 0.3489 0.3489 0.3489 

Total 1 1 1 
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Appendix K: Sub-criteria Weights 

Weighting of all Sub-Criteria under Criteria 1 Calculation  

PV  SC1 SC2 SC3 SC4 Total 
Sub-Criteria weights/ Priority 
Vector 

SC1- Healthcare 0.2848 0.2848 0.2848 0.2848 1.1394 0.2848 

SC2-Equity 0.2328 0.2328 0.2328 0.2328 0.9313 0.2328 

SC3-Housing conditions 0.2426 0.2426 0.2426 0.2426 0.9706 0.2426 

SC4- Population problems 0.2397 0.2397 0.2397 0.2397 0.9587 0.2397 

      1.0000 

 

Weighting of all Sub-Criteria under Criteria 2 Calculation  

 PV  SC5 SC6 SC7 Total Criteria weights/ Priority Vector 

 SC5- Waste management 0.3445 0.3445 0.3445 1.0336 0.3445 

 SC6- Material consumption/energy use 0.3372 0.3372 0.3372 1.0116 0.3372 

 SC7- Economic performance 0.3183 0.3183 0.3183 0.9549 0.3183 

      1.0000 

Weighting of all Sub-Criteria under Criteria 3 Calculation  

 PV  SC8 SC9 SC10 Total Criteria weights/ Priority Vector 

 SC8- Biodiversity 0.2985 0.2985 0.2985 0.8954 0.2985 

 SC9- Water quality/quantity 0.3526 0.3526 0.3526 1.0578 0.3526 

 SC10- Climate change 0.3489 0.3489 0.3489 1.0468 0.3489 

      1.0000 
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Appendix L: Alternatives Normalised Matrices & Weights 

 

Normalization of SC1- Healthcare Comparison matrix 
  
    

Weighting 

 
Alt. A1-UG A2-PG A3-PROF. Total PV PEV 

A1-UG 0.3554 0.3554 0.3554 1.0662 0.3554 1.00 

A2-PG 0.3081 0.3081 0.3081 0.9242 0.3081 1.00 

A3-PROF. 0.3366 0.3366 0.3366 1.0097 0.3366 1.00 

SUM 1.000 1.000 1.000   PEV(ƛmax) 3.00 

     CI(ƛmax-n/n-1)=0, RI=0.9, CR=0.000 

 

Normalization of SC2-Equity Comparison matrix 
  
    

Weighting 

 
Alt. A1-UG A2-PG A3-PROF. Total PV PEV 

A1-UG 0.3621 0.3621 0.3621 1.0864 0.3621 1.00 

A2-PG 0.2815 0.2815 0.2815 0.8446 0.2815 1.00 

A3-PROF. 0.3563 0.3563 0.3563 1.0690 0.3563 1.00 

SUM 1.000 1.000 1.000   PEV(ƛmax) 3.00 

     CI(ƛmax-n/n-1)=0, RI=0.9, CR=0.000 

 

Normalization of SC3-Housing Conditions Comparison matrix 
  
    

Weighting 

 
Alt. A1-UG A2-PG A3-PROF. Total PV PEV 

A1-UG 0.4294 0.4294 0.4294 1.2881 0.4294 1.00 

A2-PG 0.1926 0.1926 0.1926 0.5777 0.1926 1.00 

A3-PROF. 0.37809 0.3781 0.3781 1.1343 0.3781 1.00 

SUM 1.000 1.000 1.000   PEV(ƛmax) 3.00 

     CI(ƛmax-n/n-1)=0, RI=0.9, CR=0.000 
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Normalization of SC4- Population Problems Comparison matrix 
  
    

Weighting 

 
Alt. A1-UG A2-PG A3-PROF. Total PV PEV 

A1-UG 0.3779 0.3779 0.3779 1.1337 0.3779 1.00 

A2-PG 0.2871 0.2871 0.2871 0.8612 0.2871 1.00 

A3-PROF. 0.3350 0.3350 0.3350 1.0050 0.3350 1.00 

SUM 1.000 1.000 1.000   PEV(ƛmax) 3.00 

     CI(ƛmax-n/n-1)=0, RI=0.9, CR=0.000 

 

Normalization of SC5- Waste Management Comparison matrix 
  
    

Weighting 

 
Alt. A1-UG A2-PG A3-PROF. Total PV PEV 

A1-UG 0.3476 0.3476 0.3476 1.0427 0.3476 1.00 

A2-PG 0.3122 0.3122 0.3122 0.9365 0.3122 1.00 

A3-PROF. 0.3403 0.3403 0.3403 1.0209 0.3403 1.00 

SUM 1.000 1.000 1.000   PEV(ƛmax) 3.00 

     CI(ƛmax-n/n-1)=0, RI=0.9, CR=0.000 

 

Normalization of SC6- Material consumption/Energy use Comparison 
matrix 
  
  

 
Weighting 

 
Alt. A1-UG A2-PG A3-PROF. Total PV PEV 

A1-UG 0.3466 0.3466 0.3466 1.0399 0.3466 1.00 

A2-PG 0.3264 0.3264 0.3264 0.9792 0.3264 1.00 

A3-PROF. 0.3270 0.3270 0.3270 0.9809 0.3270 1.00 

SUM 1.000 1.000 1.000   PEV(ƛmax) 3.00 

     CI(ƛmax-n/n-1)=0, RI=0.9, CR=0.000 
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Normalization of SC7- Economic Performance Comparison matrix 
  
    

Weighting 

 
Alt. A1-UG A2-PG A3-PROF. Total PV PEV 

A1-UG 0.3734 0.3734 0.3734 1.1203 0.3734 1.00 

A2-PG 0.3152 0.3152 0.3152 0.9457 0.3152 1.00 

A3-PROF. 0.3113 0.3113 0.3113 0.9339 0.3113 1.00 

SUM 1.000 1.000 1.000   PEV(ƛmax) 3.00 

     CI(ƛmax-n/n-1)=0, RI=0.9, CR=0.000 

 

Normalization of SC8- Biodiversity Comparison matrix 
  
    

Weighting 

 
Alt. A1-UG A2-PG A3-PROF. Total PV PEV 

A1-UG 0.3615 0.3615 0.3615 1.0845 0.3615 1.00 

A2-PG 0.2618 0.2618 0.2618 0.7853 0.2618 1.00 

A3-PROF. 0.3768 0.3768 0.3768 1.1303 0.3768 1.00 

SUM 1.000 1.000 1.000   PEV(ƛmax) 3.00 

     CI(ƛmax-n/n-1)=0, RI=0.9, CR=0.000 

 

Normalization of SC9- water quality/quantity Comparison matrix 
  
    

Weighting 

 
Alt. A1-UG A2-PG A3-PROF. Total PV PEV 

A1-UG 0.3452 0.3452 0.3452 1.0357 0.3452 1.00 

A2-PG 0.2815 0.2815 0.2815 0.8445 0.2815 1.00 

A3-PROF. 0.3733 0.3733 0.3733 1.1198 0.3733 1.00 

SUM 1.000 1.000 1.000   PEV(ƛmax) 3.00 

     CI(ƛmax-n/n-1)=0, RI=0.9, CR=0.000 
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Normalization of SC10- Climate Change Comparison matrix 
  
    

Weighting 

 
Alt. A1-UG A2-PG A3-PROF. Total PV PEV 

A1-UG 0.3549 0.3549 0.3549 1.0647 0.3549 1.00 

A2-PG 0.3042 0.3042 0.3042 0.9126 0.3042 1.00 

A3-PROF. 0.3409 0.3409 0.3409 1.0227 0.3409 1.00 

SUM 1.000 1.000 1.000   PEV(ƛmax) 3.00 

     CI(ƛmax-n/n-1)=0, RI=0.9, CR=0.000 
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Appendix M: Sensitivity Analysis Simulation 2-4 

 Results obtained from simulation 2, scenarios 1-4 ( 10% changes) 

Criteria 
 

Actual Sensitivity result 
(original criteria and 
alternatives weighting) 
 
C1-Societal Impact-34.4% 
C2-Economic growth-30.7% 
C3-Environmental 
protection-34.9% 

Scenario 1 
C1 (Societal Impact) 
 
 
C1↑ 10% (44.4%) 
C2↓ 4.7% (26.0%) 
C3↓5.3% (29.6%) 

Scenario 2 
C2 (Economic growth) 
 
C2↑ 10% (40.7%) 
C1↓ 4.9% (29.5%) 
C3↓ 5.1% (29.8%) 

Scenario 3 
C3 (Environmental 
protection) 
 
C3 ↑ 10% (44.9%) 
C2 ↓ 4.8% (26.0%) 
C1 ↓ 5.2% (29.2%) 

Scenario 4 
C3 (Environment 
protection) 
 
C3↓10% (24.8%) 
C2↑4.7% (35.4%) 
C1↑5.3% (39.8%) 

Rank  

1st UG:36.2% UG:36.4% (+0.2) UG:36.1% (-0.1) UG:36.0% (-0.2) UG:36.3% (+0.1) 

2nd Prof:34.7% Prof:34.7% (0.0) Prof:34.4% (-0.3) Prof:34.9% (+0.2) Prof:34.5% (-0.2) 

3rd PG:29.1% PG:28.8% (-0.3) PG:29.5% (+0.4) PG:29.0% (-0.1) PG:29.2% (+0.1) 

 

 Results obtained from simulation 3, scenarios 1-4 (15% change) 

Criteria 
 

Actual Sensitivity result 
(original criteria and 
alternatives weighting) 
 
C1-Societal Impact-34.4% 
C2-Economic growth- 
30.7% 
C3-Environmental 
protection-34.9% 

Scenario 1 
C1 (Societal Impact) 
 
 
C1↑15% (49.5%) 
C2↓ 7% (23.6) 
C3↓ 8% (26.9) 

Scenario 2 
C2 (Economic growth) 
 
C2↑15% (45.7%) 
C1↓7.4% (27.0%) 
C3↓7.6% (27.3%) 

Scenario 3 
C3 (Environmental 
protection) 
 
C3 ↑15% (49.8%) 
C2 ↓7.1% (23.6%) 
C1 ↓7.8% (26.5%) 

Scenario 4 
C3 (Environment 
protection) 
 
C3↓15% (19.8%) 
C2↑ 7.2% (37.8) 
C1↑ 7.8% (42.4) 

Rank  

1st UG:36.2% UG:36.5% (+0.3) UG:36.0% (-0.2) UG:36.0% (-0.2) UG:36.4% (+0.2) 

2nd Prof:34.7% Prof:34.8% (+0.1) Prof:34.3%(-0.4) Prof:35.1% (+0.4) Prof:34.4% (-0.3) 

3rd PG:29.1% PG:28.7%(-0.4) PG:29.7% (+0.6) PG:29.0% (-0.1) PG:29.3% (+0.2) 
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 Results obtained from simulation 4, scenarios 1-4 (25% changes) 

Criteria 
 

Actual Sensitivity result 
(original criteria and 
alternatives weighting) 
 
C1-Societal Impact-34.4% 
C2-Economic growth-30.7% 
C3-Environmental 
protection-34.9% 

Scenario 1 
C1 (Societal Impact) 
 
 
C1↑ 25% (59.4%) 
C2↓ 11.7% (19.0%) 
C3↓13.3% (21.6%) 

Scenario 2 
C2 (Economic growth) 
 
C2↑ 25% (55.6%) 
C1↓ 12.3% (22.0%) 
C3↓ 12.7% (22.3%) 

Scenario 3 
C3 (Environmental 
protection) 
 
C3 ↑ 25% (59.9%) 
C2 ↓ 11.9% (18.9%) 
C1 ↓ 13.1% (21.2%) 

Scenario 4 
C3 (Environment 
protection) 
 
C3↓25% (9.9%) 
C2↑11.9% (42.4%) 
C1↑13.1% (47.7%) 

Rank  

1st UG:36.2% UG:36.8% (+0.6) UG:35.9% (-0.3) UG:35.8% (-0.2) UG:36.5% (+0.3) 

2nd Prof:34.7% Prof:34.8% (+0.1) Prof:34.0% (-0.7) Prof:35.3% (+0.6) Prof:34.1% (-0.6) 

3rd PG:29.1% PG:28.4% (-0.7) PG:30.1% ( +1.0) PG:28.9% (-0.2) PG:29.4% (+0.3) 
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Appendix N: Sensitivity Analysis Simulation Graphs 

 
   Simulation 1, Scenario 2: When C2 (Economic) is increased by 5%      Simulation 1, Scenario 3: When C3 (Environment) is increased by 5% 

 
 Simulation 1, Scenario 4: When C3 (Env.) is decreased by 5%     Simulation 2, Scenario 1: When C1 (Soc.) is increased by 10% 
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Simulation 2, Scenario 2: When C2 (Eco.) is increased by 10%      Simulation 2, Scenario 3: When C3 (Env.) is increased by 10% 

 

  
Simulation 2, Scenario 4: When C3 (Env.) is decreased by 10%     Simulation 3, Scenario 1: When C1 (Soc.) is increased by 15% 
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  Simulation 3, Scenario 2: When C2 (Eco.) is increased by 15%      Simulation 3, Scenario 3: When C3 (Env.) is increased by 15% 

 

 
Simulation 3, Scenario 4: When C3 (Env.) is decreased by 15%   Simulation 4, Scenario 1: When C1 (Soc.) is increased by 25% 
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 Simulation 4, Scenario 2: When C2 (Eco) is increased by 25%                       Simulation 4, Scenario 4: When C3 (Env.) is decreased by 25% 

 

 


