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Abstract: Understanding the importance of salient factors associated with sustainability challenges
that engineers are known to solve in influencing women’s choice of engineering is particularly impor-
tant in this present world where a combination of these sustainability issues, the underrepresentation
of women and the need for more engineers remain a challenge to the profession. However, little is
known about the degree of importance of more detailed themes within the social, environmental and
economic sustainability pillars in such career decisions. Consequently, the aim of this paper is to
understand the relative importance of specific sustainability-themed factors influencing women’s
choice of engineering, using the Analytical Hierarchy Process (AHP). An AHP structurally designed
online survey was used to gather and analyze data from a sample of 414 UK and Nigeria respondents.
The results showed that of all the ten sustainability-themed factors examined in this study, water
quality/quantity, climate change, waste management, biodiversity, and material consumption/energy use, had a
greater influence on the respondents’ choice of engineering relative to other factors. The data revealed
specific rather than general sustainability themes that appeal to women’s choice of engineering. This
could offer valuable insight from a recruitment strategy perspective to help engineering stakeholders
to focus their attention and recruitment efforts on the most salient areas of influence.

Keywords: sustainability themes; analytical hierarchy process (AHP); women’s career choice;
engineering; SDGs

1. Introduction and Background

Addressing the demand for more engineers has been identified as one of the important
tasks for the engineering profession. This task includes the need to develop a diverse pool
of individuals who possess the required skills, knowledge and interests to tackle com-
plex global sustainability challenges [1–3]. The Institution of Engineering and Technology
(IET) [4] report cautions that this skill shortage problem poses a potential threat to the
future of the industry and the sustainability agenda. This is amplified by the slow and
persistent low representation of women in engineering. For instance, the Higher Education
Statistics (HESA) [5] reported in 2019/20 that women represented only 19% of HE student
enrolments in engineering and technology in the UK. Likewise, at the professional level,
although approximately 70% of women were working professionals in the UK in 2020 [6],
only 10.4% of engineering professionals were women [7]. Additionally, the Women in
Science and Engineering (WISE) [7] data show that while the proportion of women engi-
neering professionals increased from 8% to 10.4% in 2016 and 2020, respectively, the general
percentage split for this period has remained low and static since 2018.
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As a way of addressing this twin problem of underrepresentation of women and
shortage of engineers in the profession, an emerging body of evidence suggests that the
relevance of engineering in solving societal problems should be emphasized [8–10]. Some of
the aforementioned studies claim that women rather than men are more interested in topics
that relate to helping people and society. For instance, findings from Godwin [11] 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 math identities, whereas the
reverse was the case for men. Therefore, researchers argue that identifying the connection
between engineering and such themes is not only key to making the profession attractive to
underrepresented students but could also influence the decision of more women to choose
a career in engineering [12–14].

However, although these themes of interest to women are synonymous with the
sustainability concept, no study has been conceptualized using the three pillars of sustain-
ability (social, economic and environment, also known as the “three P’s”, namely people,
planet and profit) to classify the themes and assess their importance in the decision of
women to choose engineering. Stopper, et al. [15] suggest that these three themes pro-
vide an integrated model for sustainability to be achieved. Nevertheless, related works
have only focused on studying the influence of generic sustainability 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 [12,13,16]. That approach
provides narrow insights to only the social and environmental sustainability aspects. Hence,
the specific sustainability-themed influential factors across all three aspects that inform
women’s choice of engineering remain unknown.

Alternatively, Sánchez-Carracedo et al. [2] suggest that clarifying the link between
diverse and specific sustainability 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 and skilled in
providing sustainable solutions to these complex problems [2,3]. Hence, this indicates the
relevance of identifying more heterogeneous engineering associated sustainability 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 sustainability challenges across the
three aspects [10,17].

Likewise, although most previous research efforts have utilized this general approach to
the research topic, a significant proportion has been conducted in the United States [13,16,18,19].
Although women underrepresentation in engineering and the complex SD challenges
remain a global problem across both developed and developing nations, these previous
studies’ findings are mostly limited to context-specific factors such as the prevailing sustain-
ability challenges in the United States. This justifies the reason for conducting this study in
the UK and Nigeria, where no such research has been conducted to date. This would con-
tribute rich insights into the research problem from both developed and developing nations’
perspectives. While both contexts related to women underrepresentation in engineering
and the complex sustainability challenges may differ slightly, lessons learnt might advance
culture-appropriate solutions for attracting women to engineering in both countries.

Furthermore, research into specific sustainability themes relative to the others, which
are most important in women’s decisions to engage in engineering, is currently lacking. In
making such a decision, there are always competing multi-criteria or factors to consider, as
evident in the numerous sustainability themes and challenges associated with engineers’
role in addressing these issues [2,3]. Hence, this situation reflects the relevance of develop-
ing research that will provide insights into specific sustainability-themed influential factors
that appeal mostly to women’s choice of engineering.
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As a result, this paper focuses on two separate but interrelated aims. First, the primary
aim is to empirically apply a specific multi-criteria decision-making (MCDM) method, the
Analytical Hierarchy Process (AHP), in a survey study to better understand the relative
importance of sustainability-themed factors influencing women’s choice of engineering.
The survey study comprised female engineering undergraduate and graduate students
and professionals in Nigeria and the UK. As a secondary aim, this paper will also report
the efficacy and suitability of the AHP approach in the context of this current study.

2. Related Work and Conceptual Framework

This section details the conceptual foundation of this study. First, the literature
surrounding women’s choice of engineering career influenced by sustainability themes is
reviewed. Next, the relationship between the key concepts of the study is discussed and
depicted in a conceptual framework.

2.1. Sustainability Themes and Women’s Choice of Engineering as a Career

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 [1,3].
Thus, some studies have examined how students’ interests in addressing these societal
needs might explain their choice of engineering [13,14,18]. Likewise, others suggest that
general sustainability topics related to the societal relevance of engineering could make
the discipline attractive to women [8–10,12]. However, it has been observed that these
topics reflect only social sustainability themes such as helping people, a better world, social
impact, societal wellbeing, social responsibility and communal goals. For instance, some
studies claim that women are more interested in socially conscious engineering work than
men [14,20]. Similarly, in a related study, Klotz et al. [16] pointed to more specific social
sustainability 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.

In contrast, few studies have examined the influence of environmental sustainabil-
ity themes on women’s choice of engineering, with even fewer focusing on economic
themes [13,16,21]. In one prominent study on the subject, Klotz et al. [16], who analyzed
their survey data using descriptive statistics and correlational analysis, showed some
significant gender differences within their engineering student population. 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
sustainability themes that women reported as their motivation to engage in engineering
were rather mostly social themes such as poverty and disease. In a different study, female
students showed more commitment to climate change than their male counterparts and
expressed a desire to address these issues in addition to environmental degradation in their
future careers as engineers [13].

These contradictory findings in Klotz et al. [16] and Shealy et al. [13] might derive from
the different sustainability themes that both studies’ participants were exposed to and were
familiar with, as defined by the two countries’ prevailing sustainability challenges [22–25].
Likewise, these findings indicate the misunderstanding of the overlap among the three
pillars of sustainability, where an environmental sustainability theme such as water pol-
lution may be viewed as a social or economic theme, depending on the context of the
study [26]. Similarly, this interrelatedness of the three pillars of sustainability is seen in
Brubaker et al. [27], who defined societal impact as “measurable effects on environmental,
social and economic issues facing human wellbeing and/or planet” (p.3). Although more
studies outlined several social sustainability topics that influence women’s choice of engi-
neering, it is not clear whether a reference to these topics such as women’s interest in the
societal relevance of engineering or the desire to change the world should be regarded or
classified under any of the three sustainability themes.
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Therefore, these studies have mostly been limited to identifying general socially
relevant themes of helping people and societal impact as appealing to women’s interest
in engineering. One exception was Klotz et al. [16], who examined some specific outcome
expectations related to sustainability themes. However, the authors focused only on social
and environmental themes, reflecting only two of the three pillars of sustainability, an
approach that did not consider the comprehensive elements of the three pillars. This
approach of incorporating a generic and random list of sustainability topics, without
detailing their related diverse characteristics, fails to clarify the link between specific
sustainability themes and women’s choice of engineering. It also does not reflect the
diverse and specific challenges that engineers are meant to solve as identified by the United
Nations (UN) formulated SDGs [28] and Mote et al. [29]. Consequently, it is important to
examine the influence of all three aspects of sustainability, including economic themes, on
women’s choice of engineering.

Another limitation of previous studies is that the majority utilized quantitative ap-
proaches such as Likert survey scales to study the important sustainability factors that
influence the choice of engineering [13,16]. Such an approach would only result in the re-
spondents listing the topic that influenced their career choice. However, in practice, certain
sustainability-themed factors will exert more influence on the respondents’ choice relative
to the other factors. As suggested by Taylor’s [30] 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 sustainability aspects, an understanding of their relative importance in women’s
choice of engineering is pertinent.

2.2. Conceptualizing the Three Sustainability Pillars within the Research on Women’s Attraction to
Engineering Influenced by Sustainability Themes

Corbin and Strauss [31] defined concepts as the “products of analysis” (p.2). Thus,
a conceptual framework is an integrated way of logically structuring the concepts and
clarifying the relationships between them [32]. Moreover, previous related empirical studies
on the influence of specific sustainability topics that cut across the three sustainability
pillars on women’s choice of engineering are somewhat scarce. Hence, the lack of empirical
research in this area and previous studies’ general approach to studying this phenomenon
necessitate the importance of clarifying the concepts within the research problem [33].
To provide such clarity, it becomes necessary to develop a conceptual framework that
underpins this study.

In developing the conceptual framework for this research, the UN formulated SDGs
and indicators [28], including Mote et al.’s [29] engineering grand challenges and RAE [34]
report on engineering’s contributions to solving the world’s problems, provided a basis
for the selection of the concepts, including their definitions and how they are linked to
the three pillars of sustainability. The definition of the concepts central to this research is
shown in Table S1.

These concepts, which are defined in this study as the key challenges engineers
should solve, also reflect the broad sustainability themes that previous studies, especially
Klotz et al. [16], identified as influential in women’s decision to choose engineering. For
instance, as illustrated in Figure 1, women sustainability-themed interest in helping people
and societal impact as a motivation to engage in engineering is linked to the social sus-
tainability 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, which forms part of the sustainability
challenges engineers are meant to solve.
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Figure 1. Conceptual framework for studying women’s choice of engineering influenced by SD
themes [28].

Additionally, women’s motivational factor of protecting the environment is linked to
the environmental sustainability 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
are part of the sustainability challenges engineers are meant to solve. It is important
to note, however, that the influence of the economic sustainability themes has not been
examined in previous studies. Instead, they were hypothesized in this study based on
the interrelatedness and nested nature of the three pillars of sustainability as posited by
Dalampira and Nastis [26] and UNDP [35]. Therefore, the economic themes and challenges
that engineers are meant to solve, which were incorporated in this study to examine
their influence on women’s choice of engineering, include waste management, material
consumption/ energy use and economic performance.

Hence, the conceptual framework, as shown in Figure 1, presents the significant
factors for studying women’s choice of engineering influenced by SD themes based on
findings obtained from previous studies. It reflects the primary aim of this study, which is
to understand the relative importance of sustainability-themed factors influencing women’s
choice of engineering using the AHP approach (see Section 1). As shown in the framework
(Figure 1), the relationships between the thirteen themes and women’s choice of engineering
were examined by applying the AHP to analyze the survey data. More specifically, the
study sought to examine which of the themes mostly appeal to female engineers and
engineering students’ choice of engineering.
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3. Methodology

In this section, the mechanics of the AHP and its significance in the context of this
study is first presented. Next, the AHP procedure is presented in four phases, namely, AHP
criteria identification, Sampling strategy, Data collection and Data analysis.

3.1. AHP and Its Significance in the Study

Multi-criteria decision-making (MCDM) involves addressing complex decisions relat-
ing to multiple goals or objectives of conflicting nature using decision support tools and
methodologies [36]. As an MCDM method, AHP involves making preference decisions by
choosing alternatives against conflicting attributes [37]. 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 [38]. The AHP is used
in this study to quantitatively assess the relative importance of a combination of specific
sustainability themes that influence women’s decision to engage in engineering. Based on
AHP theory, the general structure comprising factors (criteria and sub-criteria) that might
influence a decision were identified from the literature. Subsequently, these were analyzed
through pairwise comparison (criteria vs criteria; sub-criteria vs sub-criteria) to determine
the most significant factors relative to the others in the decision problem [39]. Figure 2
illustrates the AHP hierarchy structure with the goal (G), representing the focus of the
problem, at the top of the hierarchy on level 1; the criteria (C1, C2, C3), which contributes
to the goal, on level 2; and the sub-criteria (SC) on level 3.
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The main rule of this type of hierarchical layout states that all factors on any particular
level should be related to a corresponding factor at the higher level in order to be able
to determine or assess their relative importance at that particular level [38]. As shown in
Figure 2, the relative importance of ‘C1, C2, and C3’ is assessed by conducting pairwise
comparisons of all the criteria with respect to the ‘goal’ and the sub-criteria- ‘SC1.1 and
SC1.2’ with respect to C1 on the upper level. SC2.1, SC2.2, SC3.1 and SC3.2 are also assessed
with respect to C2 and C3, respectively.

When conducting pairwise comparisons, Saaty [38] suggests that the AHP funda-
mental scale is utilized to answer the basic question: how many times is one factor more
dominant, important or preferred than the other with respect to a certain criterion? In
making these comparisons, the decision-maker assigns suggested numbers from the AHP
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scale from 1/9 to 9, as an expression of the degree of importance/preference attached to
the factor being compared. A participant’s choice of scale 1 implies that the two factors
(criteria or sub-criteria) being compared are equally important. On the other hand, a choice
of 9 is an indication that one criterion (i) is extremely important compared to the other (j),
while 1/9 implies that criterion (j) is less important compared to the other (i). However,
for aggregating group participants’ judgements, the preference numbers assigned by each
individual are averaged to determine the weighted average for each criterion.

A typical pairwise comparison operation is conducted in a matrix of ‘n × n’. For
instance, the relative importance of the criteria on level 2 as shown in Figure 2 with respect
to the goal on level 1 is expressed in a (n × n) matrix, where the element ajk represents the
ratio of wj/wk and the reciprocal matrix is expressed as:

ajk = 1/akj and ajj = 1, for all j and k (1)

Likewise, a typical pairwise matrix has been noted to contain a certain number of
comparisons expressed as:

n(n − 1)
2

(2)

(where n is the number of criteria being compared).
Therefore, only 3 comparisons are required for the 3 criterions in Figure 2. The typical

comparisons to be conducted on the criteria on level 2 with respect to the goal on level 1, is
shown in Matrix A (Table 1).

Table 1. Pairwise comparison matrix A.

C1 C2 C3

C1 C1/C1 C1/C2 C1/C3
C2 C2/C1 C2/C2 C2/C3
C3 C3/C1 C13/C2 C3/C3

AHP has been applied in various decision-making contexts. These include selecting
the factors and alternatives for technology transfer adoption for profitability [40], selecting
software for engineering education [41], and determining the relative importance of factors
influencing students’ school and university choices [42,43]. However, AHP research on
the factors influencing the choice of an engineering career is scarce. This study recognizes
the deficiency in this area and utilizes the opportunity to contribute to the engineering
field. Through this theoretical and analytical approach, insights into the salient and specific
sustainability-themed factors that influence women’s choice of engineering can be identified.
Consequently, these insights have implications for engineering stakeholders who can
incorporate them into their recruitment strategies to attract more girls to the profession.
AHP procedures are presented in the following methodology section.

3.2. AHP Problem Definition/Criteria and Sub-Criteria Identification

The study’s primary aim to empirically apply AHP in a survey study to better un-
derstand the relative importance of sustainability-themed factors influencing women’s
choice of engineering, partly defined the criteria and sub-criteria of this AHP problem.
However, to identify the most relevant of such factors influencing women’s career deci-
sions, a two-stage process was employed. First, a literature review was conducted (see
Section 2.1). Next, a conceptual framework for studying women’s choice of engineering
influenced by sustainability themes was developed (see Section 2.2). For both stages of
AHP factor (Criteria and sub-criteria) identification, the works of Klotz et al. [16], UN [28]
and Mote et al. [29] proved useful. The former work, which identified broad sustainability
themes that are influential in women’s decision to choose engineering, was combined with
the SDGs, sustainability indicators and grand challenges generated from the latter works.
These themes were utilized in developing the conceptual framework of this study. They
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were categorized according to the three pillars of sustainability themes and sub-themes and
defined as the challenges engineers are meant to solve. Thus, the framework (see Figure 1)
illustrates how the relationship between the sustainability-related themes and women’s
choice and attraction to engineering in Nigeria and the UK is studied in this research.

Furthermore, the concepts in this framework were incorporated into the development
of the study’s AHP hierarchy model (see Figure 3). This provided the basis for identifying
their relative importance in the decision of the participants to choose engineering as a
career. As mentioned in Section 3.1, this AHP model is a typical part of this method.
Several iteration processes were conducted for the purpose of validity and factor reduction
of the model contents. Following this, the final structure of the AHP model was developed.
As illustrated in Figure 3, the model is divided into 3 levels: goal, criteria, and sub-criteria,
with the goal representing level 1, criteria level 2, and sub-criteria level 3 in the hierarchy.
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First, the goal on level 1 is the focus of the problem, which is to determine the par-
ticipants’ preferences of sustainability themes that influence their decision to choose en-
gineering, hence representing the aim of the survey. Next, the criteria on level 2 are the
elements that contribute to the goal. These are the three pillars of sustainability themes,
which were assessed to determine their relative importance in the decision of the female
participants to engage in engineering. Finally, the sub-criteria on level 3 represents tangible
sustainability-related challenges that cut across the three pillars, including the grand engi-
neering challenges and 17 SDGs. These sub-themes can potentially provide better insight
into the diverse aspects of sustainability-related themes that could attract an increase in
female participation, as well as highlight the different opportunities and possibilities that a
career in engineering can bring to prospective participants.



Sustainability 2022, 14, 566 9 of 26

In addition to the selection benchmark, the selection of sub-criteria was based on
their relevance to engineering, representing sustainability challenges that engineers should
address [29,44] and their synonymity with sustainability issues faced by all regions and
countries in the world [28]. Unlike the criteria (the three pillars of sustainability themes),
which may be constrained to a limited number, there is no defined limit on the number
of sub-criteria (sub-sustainability themes) to be included in the AHP model. This implies
a potential for more sub-criteria inclusion in the model, which might differ depending
on the goal of the decision-maker. This study’s AHP model hierarchy, shown in Figure 4,
comprises 3 criteria and 10 sub-criteria. The survey then incorporated all the factors (goals,
criteria, and sub-criteria) in the hierarchy model. Consequently, the survey data were
used to determine the relative importance among the themes across each level of the AHP
hierarchy model.
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3.3. Sampling Strategy

In this quantitative study, a convenience stratified sampling, which is a non-probability
sampling technique was used to select the respondents. This means that respondents in
this study from different strata (the female engineering undergraduates, graduates and
professionals) were selected based on their status as female engineers and students and their
willingness and availability to participate in the study. 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 [45].
Regarding the required sample size for a quantitative study, there seems to be a lack of
consensus on a suitable method to select the appropriate number of respondents that would
be representative of a study’s target population [46–48]. Despite this disagreement, some
studies have utilized different approaches for their research [13,47,49]. One widely accepted
sample size strategy is the National Education Association [NEA] sampling formula [50],
a technique suitable for use in quantitative research and utilized in this study. The NEA
formula, as shown in Equation (3), was utilized by Krejcie and Morgan [50] to develop a
standard table as a technique for determining the sample size of a given population. This
table, as shown in Table S2, can be applied to any defined population from 10 to 1 million.

S = X2 NP(1 − P) ÷ d2 (N − 1) + X2 P(1 − P) (3)

where:
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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 0.50, to provide the maximum sample size)
D = the desired margin of error expressed as a proportion (0.05)
Utilizing this sampling technique, the sample size was calculated and estimated

to ensure that the sample is relatively a reflection of the study’s population and thus
accommodate the challenges associated with adopting the convenience sampling strategy.
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 females 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 engineering professionals and stu-
dents’ enrolment to engineering courses:

N (from the latest published data) ≈ The number of women engineers and enrolments
of females (UG and PG) to engineering courses in both polytechnics and universities in
Nigeria [51–53].

The number of women engineering students and professionals (UG, PG and Prof.)
published in the UK-2017/2018 data [54].

N ≈ 7019 + 86,488 ≈ 93,507
S from Table S2 ≈ 382 – 384
The Nigerian data were derived as follows: The 2018 data recorded 523 female engi-

neering UG and PG students in the year 2016, while the 2015 data recorded 1709 in the
year 2013 and 4787 female professionals [52]. 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/organizations 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 the number of respondents as it exceeded the estimated sample size provided
by the Krejcie and Morgan’s [50] technique, thus making the data usable for the study [46].
In total, 414 respondents (356 female engineering UG (319) and PG (37) students and
58 engineering professionals), drawn from Nigerian and UK Universities and organizations,
completed the survey questions during 2019/2020 academic year. Their background
information is presented in Table 2, while Figure 4 illustrates the distribution chart of both
groups of respondents from the UK and Nigeria. The students’ group represented in Table 2
and Figure 4 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 is comprised of female engineers from organizations, universities
and professional associations. The ethical approval to conduct the study, as granted by
the University of Portsmouth’s Faculty of Technology ethics committee, is presented in
Figure S1.

3.4. Data Collection

Regarding the data collection method adopted in this study, an online survey compris-
ing three sections was used to gather quantitative data for this paper. One advantage of this
questionnaire method is that it allows data to be obtained from a larger population; hence
the findings can be more generalized [55,56]. 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 methods in education research and related studies [13,16,19].
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Table 2. Survey respondents’ background information.

Name of Universities Type of University Number of Respondents

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
and 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 and IE Engineering Education
Research Network Association 1

TU Dublin Public 4

Others (anonymous) Both Nigeria and UK 77

Total 414

The questionnaire, which was structured and designed using the conceptual frame-
work (see Section 2.2) and AHP hierarchy model (Figure 3), 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, organiza-
tions and career levels such as undergraduate and postgraduate students and professionals.

Section C represents the fundamental section of the questionnaire, as the questions are
the most direct measure of the combination of sustainability themes that can appeal mostly
to the decision of the participants to engage in engineering. Hence, they correspond to the
study’s aim. It has 4 questions that measured the constructs as indicated in the conceptual
framework (see Section 2.2). The traditional Analytical Hierarchy Process [AHP] scales of
1–9 were strategically integrated within the questions to generate a better understanding
of the degree of importance placed by the different groups of female respondents on the
selected sustainability themes [57].

The first questions asked the participants to identify the order of importance in which
the three aspects of sustainability themes would influence them to choose or remain
in engineering as represented on level 2 of the AHP hierarchy model (see Section 3.2).
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The response options were societal impact/helping people, economic status/growth and
environmental protection (Figure 3).

They were followed by three other questions representing level 3 of the AHP model
(see Figure 3). These questions measured the level of importance that the participants
place on sub-sustainability themes, which represent challenges/themes that cut across
the three aspects of sustainability and the SDGs. These themes are climate change, wa-
ter 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 [56] and Mackey and Gass [58]. The
authors agree that it can both save time and help in navigating potential pitfalls and dif-
ficulties 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. In addition,
the items were selected based on their relevance to the engineering discipline and its role
in addressing sustainability, and as such, they would be useful in identifying the combi-
nation of sustainability-themed factors that can appeal mostly to women’s engagement
in engineering.

3.5. AHP Data Analysis

Owing to the nature of a web-based survey design, it is impossible to have all decision-
makers (DM), that is, respondents, in one place to obtain their scores for each criterion.
Therefore, this required a suitable method to represent all the DMs’ opinions. Related
works have mostly preferred the use of the average mean to represent the entire DM’s
opinion or judgement of the criteria [59,60]. The mean of a data set is the average of all the
data values. It has been observed that since the 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 criteria weights [61,62]. This helped in assessing
the relative importance of the criteria. These criteria weighted average can be expressed as:

∑Wi × Xi /N (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
to represent the given weighting for each criterion by the DMs. Typical of AHP analysis,
pairwise comparisons of the criteria and sub-criteria across the AHP model were conducted,
followed by a consistency test to ensure that the respondents’ judgements were consistent
and logical [38]. The following steps and formulas were utilized:

3.5.1. Criteria Weighting Calculation

• Sum the values in each column of the pairwise comparison matrix.

Cij = ∑ n
i=1 Cij (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 obtain
the normalized values

Xij =
Cij

∑ n
i=1 Cij

 X11 X12 X13
X21 X22 X23
X31 X32 X33

 (6)

• Calculate the average of the elements in each row of the matrix (sum each row of
normalized matrix/no. of criteria) to obtain the criteria weighting/priority vector)
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Wij =
∑n

j=1 Xij

n

 W1
W2
W3

 (7)

3.5.2. Consistency Ratio Estimation

After performing the pairwise comparisons, the procedure for conducting the consis-
tency 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 [53]. This is important, as weights only
make sense if determined from consistent or near consistent matrices [54,55]. The steps for
calculating the consistency ratio were as follows:

• Calculate the consistency vector for each criterion using Equation (8). This was
performed by calculating the weighted sum vector, then multiplying the criteria
weights by the values in the pairwise comparison matrix, summing the acquired
values over the rows and dividing the weighted sum vector by the criteria weights)

 C11 C12 C13
C21 C22 C23
C31 C32 C33

×

 W1
W2
W3

 [C11 W1 + C12W2 + C13W3]
1

W1

[C21W1 + C22W2 + C23W3]
1

W2

[C31W1 + C32W2 + C33W3 ]
1

W3

=

 Cv1
Cv2
Cv3

 (8)

• Calculate the eigenvalue (sum of the consistency vectors divided by the number of the
consistency vectors using Equation (9).

λ =
∑ n

i=1 Cvij

n
(9)

• Calculate the Consistency Index (CI) using Equation (10). It shows the relationship
between CI and the maximum principal eigenvalue (
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is equal to the number of compared items (n), otherwise it is inconsistent if more than
(n) [53,54]. 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). The ratio be-
tween the consistency index (CI) and the random index (RI) is the CR. This relationship is
expressed in Equation (11).

CR =
CI
RI

(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 [56,57], this study applied those of Saaty [58], where the RI depended
on the number of criterions (n) represented in Table 3. 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 [55,59].
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Table 3. Random Indices developed by Saaty [58].

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

The CR rule states that a reliable AHP result can only be generated if the CR is less
than or equal to 10% [60]. This means that:

• if CR is ≤10%; valid result
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comparisons are inconsistent

When invalid results are generated, the process is revisited until a 10% CR or less
is reached [53]. The criteria and the sub-criteria pairwise comparisons results were used
to calculate the priority vectors at the global level. This was performed by multiplying
the local weight at the sub-criteria level by the local weight at the criteria level [63]. For
instance, if a theme with a sub-criteria score of 0.3526 is housed within a criteria category
holding a 0.3490 score, multiplying 0.3526 × 0.3490 generates a global weight or priority of
0.1231. Given that the sum of all global weights will equal 1, this can imply that this theme
holds approximately 12% influence on the decision at hand. Finally, the relative importance
rank of the factors, highlighting the dominance of one factor over the other, was derived by
dividing the global weights.

4. Results

The study results are presented according to the criteria level weight and rank, sub-
criteria level weight and rank, and finally, global level weight and rank. This is followed by
a discussion of their interpretations and implications.

4.1. Criteria Level Weights and Rank

The first set of pairwise comparisons was conducted for the themes on levels 1 (the
goal) and 2 (the criteria) of the AHP hierarchy. All participants gave their judgement for
each criterion using the AHP scale of 1–9. To calculate criteria weights, the total values and
the average mean values (AMVs) were aggregated, representing the collective decision of
the participants regarding the values given for each criterion.

At the “Criteria” level, the results displayed in Table 4 reveal that the Environmental
criteria (C3) contributed most to the goal with a criteria weight of 0.3490, closely followed by
the Social criteria (C1) with 0.3443, whereas the Economic criteria (C2) 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. These criteria weights signify the relative importance amongst
the three sustainability-themed criteria, social impact, economic status and environmental
protection, with respect to influencing females’ choice in engineering, which is the goal of
the problem.

Table 4. Criteria weighting in Matrix representation (Matrix A).

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
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• Calculate the eigenvalue (sum of the consistency vectors divided by the number
of the consistency vectors using Equation (9).

λ =
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(9) 

• Calculate the Consistency Index (CI) using Equation 10. It shows the relationship 
between CI and the maximum principal eigenvalue (ƛ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) of an n × n 
pairwise comparison matrix. 

CI =
ƛ𝑚𝑚𝑚𝑚𝑚𝑚−n
n − 1

 (10) 

max = 3.00, CI = 0.00, RI = 0.58, CR = 0.00 < 10% (acceptable) 1.0000
Note: Matrix A represents the result of the pairwise comparison and weights of the three criteria on hierarchy
level 2.
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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 4), the principal or maximal eigenvalue (
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max) was
evaluated first using Equations (8) and (9). The consistency index (CI) was then calculated
to measure the degree of consistency using Equation (10). Then the CR was calculated by
comparing the resulting CI with the appropriate random index (RI) as previously expressed
in Equation (11). Table 3 shows the RI for only 3–10 ‘n’ values. For matrix A (Table 2), the
RI is 0.58 for any 3 criteria, as derived from Saaty’s randomly filled matrices. Hence, the
CR for matrix A = 0.00/0.58 = 0.00.

The AHP provided different ways to determine the consistency of human judgements.
One of the AHP consistency rules states that a matrix is considered consistent when
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max is
equal to the number of comparisons. In this case, the number of pairwise criteria compared
was equal to three. In addition, if CI is equal to ‘0’, a matrix is consistent. An additional
consistency rule considers a matrix to be consistent if CR is ≤10% (0.1). For matrix A, it
was determined that
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max = 3 and CI = 0, confirming the consistency of the participant’s
judgements. The analysis showed that this matrix was consistent as CR was ≤10% (0.1).
Table 5 summarizes the results of the consistency ratio analysis.

Table 5. Consistency Ratio Estimation/Analysis for matrix A.

Criteria Principal Eigen Value (PEV)

C1- Societal Impact 1.00

C2- Economic growth/status 1.00

C3- Environmental protection 1.00

Total (
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n
(9) 

• Calculate the Consistency Index (CI) using Equation 10. It shows the relationship 
between CI and the maximum principal eigenvalue (ƛ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) of an n × n 
pairwise comparison matrix. 

CI =
ƛ𝑚𝑚𝑚𝑚𝑚𝑚−n
n − 1

 (10) 

max−n
n−1 ) 0.00

RI (for any 3 criteria) 0.58

CR ( CI
RI ) 0.00

4.2. Sub-Criteria Level Weights and Rank

Within each of the criteria level factors, pairwise comparisons at the criteria level
generated local results for each item. Specifically, the results in Figure 6 show that with
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respect to C1 (Societal Impact), the survey participants assigned the highest weight of
importance to SC1 (health care—0.2848), whereas the least weight of importance was as-
signed to SC2 (equity—0.2328). Meanwhile, SC3 (housing conditions—0.2426) and SC4
(population problems—0.2397) had a higher degree of importance than SC2 (equity). The
order of importance/preference for all SC under C1 (Societal Impact) is depicted as follows:
SC1 > SC3 > SC4 > SC2.
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The Economic growth (C2) category revealed that the participants assigned the highest
weight of importance to Waste management—3445 (SC5), followed by Material consump-
tion/energy use—0.3445 (SC6), whereas Economic performance—0.3183 (SC7) was assigned
the least importance within the category (see Figure 7). Finally, as indicated in Figure 8
under the Environmental protection category, Water quality/quantity—0.3526 (SC9) sub-theme
showed the biggest influence on the participants’ choice of engineering, followed by Cli-
mate change—0.3489 (SC10), and Biodiversity—0.2985 (SC8) with the least influence within
the category.
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Calculating the Consistency Ratio for All Sub-Criteria under C1, C2, and C3

The CR calculations were also conducted for all sub-criteria under the three criteria,
C1, C2 and C3, using Equations (8)–(11). The results also revealed that all three matrices
generated
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max = 3, CI = 0, and CR ≤ 10% (0.1), indicating the consistency of the participants’
judgements on the relative importance of all the sub-criteria on level 3 and the criteria on
level 2 of the AHP hierarchy.

4.3. Global Weights and Rank

The global (overall) weights of each influencing sub-criteria factor were calculated
by multiplying the local weight at the sub-criteria level by the local weight at the criteria
level. Consequently, the global (overall) level rank, which showed the relative influence of
the sustainability-themed factors on women’s choice and attraction to engineering, was
derived by dividing the global weights. This global weights and rankings were derived
at the combined group level (both students and professional groups) and the individual
groups. Table 6 illustrates the results of the global weights and ranking, including the
previously generated criteria and sub-criteria weights at the combined group level.

Table 6. Group level Aggregation of final score- Hierarchy level 2 (criteria) and 3 (sub-criteria)
total weights.

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-Societal Impact 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
status/
growth

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

protection 0.3490 1st SC9-Water
quality/quantity 0.3526 1st 0.1231 1st

SC10-Climate change 0.3489 2nd 0.1218 2nd

4.3.1. Group Level Global Weights and Ranking

The combined group-level results showed that the two most prominent sustainability-
themed factors influencing women’s choice of engineering were Environmental sub-themes.
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While the first most prominent theme, Water quality/quantity, was just 1.01 times as impor-
tant as the second most prominent theme (Climate change), both themes influenced almost
one-quarter of the weighting (0.1231 + 01218 = 0.2431) thus of the women’s choice and
engagement in engineering.

Surprisingly, although the Economic theme was ranked third relative to the other two
criteria, it was also a significant influence as two of the three Economic sub-themes were
listed in the top 5 influential themes as depicted in Figure 9. Here, Waste management and
Material consumption/energy use (with a global weight of 0.1057 and 0.1034, respectively) were
ranked as the third and fifth most influential sustainability-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
fourth- and sixth-ranked influential factors, under the Environmental and Social criteria,
respectively. Likewise, apart from Economic Performance (under Economic Criteria), which
was the seventh-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).
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4.3.2. Individual Group Level Global Weights and Ranking- Difference between Students
and Professionals Ranking of SD-Themed Influential Career Choice Factors

At the individual group level, the results revealed that each group indicated their
preference for environmental sub-themes as their motivation to engage in engineering (see
Tables S3 and S4). However, slight differences were observed. For instance, as indicated
in Figure 10, the first most prominent theme for the students’ group was climate change
followed by water quality/quantity, whereas the professionals’ group indicated their first
preference for water quality/quantity followed by climate change (Figure 11). Despite this slight
difference, each group’s preference for the top five sustainability themes that influence
their choice of engineering comprised environmental followed by economic subthemes.
The top five influential factors for the students’ group engineering career choice comprised
climate change (0.1222), water quality/quantity (0.1214), waste management (0.1052), material
consumption/energy use (0.1037)) and biodiversity (0.1022). On the other hand, the ranking for
the professional group comprised water quality/quantity (0.1334), (climate change (0.1192),
biodiversity (0.1105), waste management (0.1078), and material consumption/energy use (0.1014).
It was observed from this result that the professional group indicated more preference for
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environmental themes, as evident in the emergence of such themes in the first three top
themes. Additionally, each group indicated the least preference for social themes such as
Housing conditions, Population problems and Equity.
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5. Discussion

AHP theory supports a decision-making problem such as the one addressed in this
study, which involved various factors such as criteria and sub-criteria, to be structured in a
hierarchy to quantify the various factors by assessing their relative importance across the
hierarchy [38]. Hence, the application of this method in this study has demonstrated its
capability and suitability in better understanding the relative importance of sustainability-
themed factors influencing women’s choice of engineering.

The AHP implementation and its findings in this study differ from those of previ-
ous studies that examined the importance of various factors using Likert scale question-
naires [13,16]. This 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. For example,
water quality/quantity was 1.01 times as 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. Furthermore, the application of the AHP in this study con-
tributed to determining the consistency of the data. The consistency tests results revealed
that although the judgements given by the survey participants were based on subjective
perceptions, the outcome of their decision proved to be consistent and logical, as depicted
by the consistent matrices.

Additionally, the relative importance of specific sustainability themes that influence
the study participants’ (female engineering undergraduate and graduate students and
professionals) choice of engineering as a career, which was the primary aim of the study,
was determined from the AHP analysis. First, the results showed that among the three
criteria, the Environmental (0.3490) and Social themes (0.3443) were deemed to be the most
important criteria relative to the Economic theme (0.3067) in the participants’ choice of
engineering. Although there is a marginal difference in the weights assigned to all three
themes, mostly between the top two most preferred themes, namely, Social and Environ-
mental, this finding is consistent with studies that refer to the social and environmental
themes as the motivation for females to engage in engineering without reference or insight
into the impact of the economic sustainability themes [8,9,13,16]. Additionally, although
the Economic sustainability theme was not reflected in literature as one of the influential
factors for women’s choice of engineering, the marginal difference among the three criteria
weights seem to prove otherwise. Hence, this study’s findings may suggest that the partic-
ipants perceive all three sustainability themes as interrelated in their career choice. This
interpretation is broadly supported by Ashraf and Alanezi [1] and Wilson et al. [64] and
also reflected by the final global weight ranking.

Next, the results from the relative importance of the sub-criteria themes showed
the most influential sub-sustainability themes (within each of the three-criterion groups)
in the participants’ career choices. It was not possible to compare these results with
previous studies due to a lack of research that utilized this detailed approach to examine
the influence of various sustainability themes on women’s career choices. However, our
research yielded some surprising findings. For instance, the participants attributed more
detailed sustainability themes such as water quality/quantity (SC9), climate change (SC10),
healthcare (SC1), housing conditions (SC3), waste management (SC5), and material consumption
and production/energy use (SC6), to their motivation to engage in engineering. This finding,
therefore, puts into question the notion of highlighting the broad societal relevance of
engineering to attract women to engineering [9,12,18]. It rather supports the suggestion
that clarifying the link between diverse sustainability topics and engineering can lead to
expanding and inspiring the interests of engineering students, especially females, who are
likely to disassociate from the discipline, where there is a lack of understanding of such
link [2,5,7].

Finally, the global weights and ranking provided insightful results and clearer expla-
nations of both the criteria and sub-criteria level weights results at the combined group
and individual group levels. Of all the ten factors (sub-criteria) examined in this study at
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the combined group level, it is clear that five (water quality/quantity (0.1231), climate change
(0.1218), waste management (0.1057), biodiversity (0.1042), and material consumption/energy use
(0.1034)) provided the most influence on the participants’ choice of engineering. While
the emergence of the environmental sub-themes in the top five influential factors (Table 4)
is in line with previous studies [8,9,13,16], it was rather surprising to see the economic
sub-themes emerge in this top list and as the second most influential sub-factors in the par-
ticipants’ career choice. This suggests the significance of this research’s novel approach of
detailing and characterizing the three pillars into specific sub-themes in identifying the vari-
ous aspects of engineering associated with such themes that can appeal to women’s interest.
Likewise, at the individual group level, the results of the top five influential sustainability-
themed factors comprised environmental and economic themes with marginally different
weights. Although this finding is similar to the preferred themes derived at the group
level, there are slight differences. For instance, the professional group indicated more
preference for environmental themes than economic themes. The students’ group, on the
other hand, preferred a mix of both environmental and economic themes. This finding
from the professional group may imply that their preference for mostly environmental
themes may be attributed to the fact that they are already directly involved and engaged on
the job or the field and, as such, can possibly relate to the impact of their decisions on the
environment. However, further study is required to ascertain the reasons for the individual
groups’ preference.

The marginal difference in the criteria weights may imply that the participants per-
ceived the themes as interrelated. This finding reflects that of Dalampira and Nastis’s [26],
the study of the relationship between the United Nations SDGs, which showed the in-
terrelatedness amongst the three sustainability aspects. For instance, the study revealed
that SDG #3 (good health), #11 (Sustainable cities), #12 (responsible consumption and
production tended to overlap between environmental and Economic themes, while SDG #8
(Economic growth) overlapped between economic and social themes. On the other hand,
SDG #6 (Clean water), #3 (good health), #13 (climate action), and #7 (affordable and clean
energy) interrelate with environmental and societal themes.

The fact that this marginal difference was observed mainly between the environmental
(0.3490) and social themes (0.3443) could potentially imply that the participants perceived
both themes as more interrelated and similar. This is evident in their selection of mainly
environmental themes and sub-themes as most influential in their career choice and social
themes as the least preferred themes at both the group and individual group level (see
Tables S3 and S4). This finding agrees with that of Wilson et al. [64], who suggest that
a significant number of students that participated in their study held narrow views of
sustainability being restricted to ecological or environmental impacts. This may imply that
the participant’s perception of the sustainability themes that most influence their career
choice could reflect the themes that they are familiar with.

Additionally, the participants’ selection of economic themes as the second most influen-
tial factor after environmental themes could relate to the fact that the inclusion of economic
themes associated with engineers’ sustainability role broadened their perspectives of its
potential impact on the economy. This finding challenges the idea that women’s moti-
vation to engage in engineering is mostly driven by altruistic values, the desire to help
people and protect the environment, as suggested by Diekman et al. [8], Silbey [9], and
Shealy et al. [13]. Furthermore, the marginal difference between the sub-factor’s weights,
especially biodiversity and material consumption/energy use (both environmental and economic
themes, respectively) could stem from both the UK and Nigeria’s focus on addressing their
individual prevailing sustainability challenges. For instance, the current unique challenge
for Nigeria is energy generation and distribution [22,23,65], whereas the UK’s current focus
is energy transitions to net-zero and biodiversity [24,25,66,67]. Hence, the participants from
both countries likely assigned similar importance to the sustainability themes that their
countries are focused on addressing.
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The achievement of the study aims using AHP, as evident in these findings, offer
valuable insights that could serve as a strategy tool for engineering stakeholders interested
in diversifying the population of individuals they recruit into their institutions.

Study Limitations

Despite the importance and novelty of this study, there are limitations that should
be considered. First, the sustainability-themed factors examined in this study were se-
lected based on their association with the role of engineering in addressing sustainability
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 [16].
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 sustainability themes across the three pillars that
are directly related to the challenges, which engineers are known to solve, as suggested by
Mote et al. [29]. However, it is recommended that further work could consider examining
other themes across the 17 SDGs based on their context or focus. Moreover, the AHP
approach adopted in this paper provides the possibility for further research into more
sustainability themes that align with the goal of the study (see Section 3.2).

Next, the fact that the scope of this study is limited to two countries, the UK and
Nigeria, means that its findings are only currently generalizable to both countries and
possibly other countries with similar contexts. It is recommended that further work in
different contexts could choose to focus on context-specific factors such as the prevailing
SD challenges and engineering gender inequality problem in their region country.

6. Conclusions

This study utilized AHP to better understand the relative importance of sustainability-
themed factors influencing women’s choice of engineering, and to test its suitability in the
study’s context. The findings reveal that the sustainability-themed motivational factors for
women to engage in engineering cut across all three pillars of sustainability. 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 engineering stakeholders such as Higher Education Institutions
(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 such as universities and departments of engineering can also focus on any
combination of the themes that are relevant to their organization.

However, this selection should include each of the three social, environmental and
economic sustainability 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 second),
the economic sub-theme (material consumption/energy use, ranked fifth position) and
social sub-theme (healthcare, ranked sixth) as a valuable strategy to recruit and attract
women to engineering.

Additionally, stakeholders such as universities that organize school outreach programs
could focus on highlighting any of the most influential themes that align with the prevailing
sustainability challenge specific to their country. For instance, since energy transitions to
net-zero and biodiversity and energy generation and distribution constitute some of the
foremost sustainability challenges receiving increased attention in the UK and Nigeria,
respectively, these engineering stakeholders in both countries can choose to focus on
highlighting the connection between engineering and any of such influential themes.
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Hence, 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 which cuts
across the three main themes but subject to the users’ missions, corporate responsibilities
and prevailing sustainability challenges in the country of application. This approach is
likely to appeal to young people 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 sustainability 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. The significance of this implication is evident in recent
times, where more girls are showing more interest in pursuing careers such as healthcare,
with renowned relevance and contributions to addressing current global challenges caused
by the COVID19 pandemic [68].

The findings also demonstrated the appropriateness and applicability of the AHP
approach in this study, as revealed by the relative importance of the decision factors and
consistency of the results. Hence, by achieving the study aims, valuable insights into
various specific rather than generic sustainability themes that appeal to women’s choice
of engineering were provided. These insights could be useful from a recruitment strategy
perspective to help engineering stakeholders focus their attention and recruitment efforts
on the most salient areas of influence. They could also broaden the options and pathways
for making the profession attractive to women (and other underrepresented groups) [10].

However, this study is not without limitations. First, since there is no uniform ap-
proach to generating the criteria and sub-criteria factors [69], it is possible that the selected
factors were not inclusive of all the sustainability themes that influence women’s engi-
neering career choice, as they mainly comprised of sustainability themes that are directly
related to the challenges, which engineers are known to solve. Further work could focus
on other themes across the 17 SDGs based on their research goal. Next, the study focused
on sampled participants from two countries, the UK and Nigeria. Hence, unique and
prevailing challenges in other countries may produce different participants’ responses, thus
outputs. Therefore, the study findings are currently generalizable to both countries and
possibly other countries with similar contexts.

Finally, owing to marginal differences between criteria and sub-criteria weights, it
is recommended that future studies confirm the robustness of this study’s AHP decision
outcome through sensitivity analysis to observe any change in the preferences as a result
of the criteria weight variation. A follow-up study is also needed to provide insights into
how these three pillars of sustainability themes influence women’s choice and engagement in
engineering. This type of understanding, which will require a qualitative approach, can offer
valuable insights into the reasons for the different groups’ sustainability-themed preferences.

Despite the 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. For instance,
future work can 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.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/su14010566/s1, Table S1: Conceptual framework definitions [28,34], Table S2: Technique
for determining sample size [50], Figure S1: Research ethical approval, Table S3. Students group
Sustainability-themed influential factors for engineering career choice, Table S4. Professionals group
Sustainability-themed influential factors for engineering career choice.
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