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ABSTRACT

In recent years there has been an increase in research focused on the role that
emotion plays within engineering practice. Of the related themes present within
engineering education research (EER), emotional intelligence (El) is reported as one
of the most researched, its development being associated with multiple benefits.
However, it is also claimed that emphasis on El justifies an expectation for students
to conform to norms, something which can result in inequality, and retention of power
hierarchies. It can thus be argued that although the inclusion of emotion, and indeed
El, may, at first, appear advantageous in terms of diversity, it can act to sustain the
status quo. This work is intended to examine the underlying assumptions associated
with the inclusion of El in engineering curricula. In so doing, a review of the literature
is completed with the aims of understanding the way in which EI has been
introduced within engineering education, as well as the reasoning behind its
inclusion. 34 research articles were reviewed, with most motivated by the general
benefits of El in the context of the workplace. Whilst the majority of studies included
use of El measurement tools, the type varied significantly. Test results were typically
used to identify domains of El in which students scored least, this informing future
course design, or student personal development plans. There was a lack of evidence
to suggest that interventions included critical analysis of El within a wider context,
something which should be addressed in future work in the area.
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1 INTRODUCTION
1.1 Introduction to El

In recent years there has been an increase in research which considers the role that
emotion plays within engineering. Much of this work was included in a scoping
review of emotion within engineering education (Lonngren et al., 2021) which
identified four themes: academic emotions; emotions and ethics; emotional
intelligence (El) and other socio-emotional competencies; and mental health. Of
these, EIl was one of the most researched something which was proposed to be
because the quantitative methods used to study El appeal to engineering
researchers (Lonngren et al., 2023).

El is used to conceptualise the relationship between cognition and emotion and can
be considered as an attempt to counter views of emotion as associated with lower
intelligence, and as a possible source of bias (Solomon, 2008). This is of particular
interest within engineering, a profession associated with rationality (Lonngren,
Adawi, & Berge, 2021). It became influential through popular work such as that of
Goleman (1995; 1998; 2013), with the ElI model (Mayer, Salovey, and Caruso,
2000), defining El as “the subset of social intelligence that involves the ability to
monitor one’s own and others’ feelings and emotions, to discriminate among them
and to use this information to guide one’s thinking and actions” (Salovey and Mayer,
1990, p. 189), and as involving the ability to: perceive and express emotions;
understand emotions and emotional change processes; use emotions to facilitate
particular types of cognition; and regulate emotions in oneself and others. Whilst this
(ability) model considers El as a group of cognitive abilities, other work frames it as a
personality trait involving dispositions (Petrides, Frederickson, and Furnham, 2004).

El is typically studied using quantitative instruments developed within psychology,
with the two El models introduced being differentiated with respect to the
measurement method used to operationalize them (Petrides, 2011). Trait El involves
self-perception measured via self-report, whilst ability EI measures cognitive abilities
related to emotion measured via maximum performance tests. The model used has
significant implications for the development of El within education, with the ability
model focusing on possessing certain cognitive competencies, and trait El focusing
on consistent, cross-situational traits such as self-esteem and happiness, which form
part of personality. Although the distinction between the types is well documented, in
some cases the distinction is not acknowledged, this having implications for the
ability to organize development and accumulation of knowledge in the field (Petrides,
2011). Examples of the commonly used measures are shown below.

Ability based measures:

e The Mayer Salovey Caruso Emotional Intelligence Test (Mayer & Caruso, 2002;
Mayer, Salovey and Caruso, 2004).) considers El as four abilities.

Trait based measures:

e Schutte Emotional Intelligence Scale (Schutte et al., 1998) a self-report tool
which focuses on users’ perceptions of their abilities.

e Bar-On Emotional Quotient Inventory (Bar-on, 1997a; 1977b; Bar-On, Brown,
Kirkcaldy, and Thomé’s (2000) EQ-i) which considers emotional-social
intelligence as a mixture of skills, competencies and facilitators.

e Trait Emotional Intelligence Questionnaire/ TEIQue-SF (Petrides, Pita, and
Kokkinaki., 2007) which considers El as a subset of personality.



A significant amount of the work published in the area focuses on the gendered
nature of results which have been shown to depend on the way in which the test is
presented (Horgan & Smith, 2006; Ickes, Gesn, & Graham, 2000; Koenig & Eagly,
2005). In the case of self-report measures, the focus is on “abilities and the potential
for performance” rather than performance itself (Bar-On., Brown, Kirkcaldy, &
Thomé, 2000, p.1110) and results are often skewed by desire for positive self-
presentation (Dawda & Hart, 2000; Mandell & Pherwani, 2003). Any gender
differences tend to be associated with particular aspects of El.

1.2 El and participation and access in STEM

Findings pertaining to gender differences are particularly relevant within engineering.
Several papers have focused on benefits of El in terms of gender representation
within STEM. For example, Tripon (2022) claims the ‘superior’ El of girls could be
key to motivating girls to study STEM. Besser et al. (2020) investigate how the
inclusion of empathy needed for El may act as a mechanism for cultural change and
result in a critical mass of women in engineering. Van Oosten, Buse and Bilimoria
(2017) describe a leadership course aimed at advancing and retaining women within
STEM which featured “skill development in the areas of leadership and emotional
intelligence” (p.3). Melbourne (2016) suggests that STEM educators trained in El
emphasize how emotion regulation skills can help someone succeed, something
they say is essential for women and other underrepresented groups, saying that
those not trained in ElI may “internalize their failures” (p. 9). Similarly, Musa (2020)
claims El “can lead her to success in any engineering disciplines” (p. 3917).

1.3 Criticism of use of El

There is a limited amount of literature within EER that highlights the need to be
cautious with respect to El. For example, in talking about experiential learning,
McDermott, G6l, and Nafalski (2001) question “is it ethically defensible to seek to
modify students’ intuitive or emotional behaviour?” (p. 74). Chan et al. (2020) draw
upon the work of Blackmore (2011) to critique the way EI focuses on individualised
competencies rather than context, as well as the power relations which define how
expressions of emotion are controlled and understood. Lonngren et al. (2023)
highlight the emphasis on individual self-improvement and expectations to conform
to norms and encourage research to draw upon sociological perspectives. They
highlight the work of Zembylas (2007) who compares El to ‘emotional capital’, a
concept based on the work of Bourdieu (e.g. Bourdieau, 1997).

More broadly with respect to equality, diversity, and inclusion (EDI), critical work in
the area has highlighted the role of power and status in determining the components
of El considered of higher social value, and the way beliefs regarding ‘good’ and
‘bad’ emotion are tied to beliefs about characteristics such as social class and race
(Shields, MacArthur, and McCormick, 2018). Shields and Warner (2007) argue that
El “favor(s) those who are in the position to recognize privileged knowledge and
deploy it”, pointing out that “recognizing knowledge is distinct from the ability or
privilege to use it. (p.172)”. They comment on the way types of El that women are
‘supposedly’ not good at are framed to ignore structural issues, and how those
emotions which are considered as ‘undesirable’ are often the ones experienced by
those who undergo gender discrimination (Gibson, Schweitzer, Callister, & Gray,
2009; Vescio et al., 2005). Drawing upon expectation states theory (Ridgeway and
Bourg, 2004), Shields and Warner (2007) describe political dimensions of emotions,



claiming that judgments pertaining to how and when emotion should be felt and
displayed serve interests of regulating organization and functioning of social groups.

In the context of education, Boler (1999) questions “how emotions are disciplined to
maintain social control” (p. 22), this linked to the idea of ‘feeling rules’ which define
who can feel which emotions, how they should feel them, and in which situations
(Hochschild, 1979; 1983). In work examining emotional literacy programmes, Boler
(1999) failed to observe instances in which emotions were analysed within the wider
context and concluded that students were learning to perceive prescriptive rules
regarding acceptable emotional behaviour. They raise several concerns around:
imposing emotional rules that stem from embedded or arbitrary values; reinforcing
the notion of victim blaming and advocating self-control; and contributing towards the
maintenance of social hierarchies and capitalist interests.

It can therefore be argued that although the inclusion of El, may, at first, appear
advantageous in terms of diversity, it can act to sustain the status quo within
engineering. This review is completed with the aims of understanding the way in
which EI has been introduced within engineering education. It is not intended to act
as a criticism and there is little doubt that the initiatives included provided a beneficial
learning experience to students involved. Analysis is intended to examine underlying
assumptions associated with inclusion of El within engineering, and how educational
practices are embedded within larger societal discourses.

2 METHODOLOGY

The research questions (RQs) focus on 1.) the ways in which the concept of El is
utilised within engineering programmes and 2.) the way in which the inclusion of El
within engineering programmes is justified. A systematic literature review (SLR) was
chosen as an appropriate methodology to understand this emerging area and serve
as a basis for future work. In general, an SLR involves: identifying scope and
research questions; defining inclusion and exclusion criteria; appraising and
synthesising studies; and reporting findings (Borrego, Foster, and Froyd, 2014).

The following inclusion criteria were used:

e Publications written in English, taking form of peer reviewed journal articles
(excluding reviews), conference papers, books, or chapters.

e Work conducted in engineering programmes in higher education (HE).

e El of engineering students is addressed (for examples as part of an intervention)
or measured as part of the study.

Three of the databases recommended for SLRs in engineering education by
Borrego, Foster, and Froyd (2014) were chosen, these being ERIC (ProQuest), Web
of Science and SCOPUS. The search was completed in February 2024 and the
keywords used were “engineering education” AND “emotional intelligence™. The
search resulted in 173 records. 28 duplicates were removed because they appeared
in multiple databases, 9 could not be accessed, 3 had been redacted. One literature
review and one workshop were excluded. The remaining records were partly
screened by abstract and partly by full paper to examine whether they met inclusion
criteria. Most records removed were done so for: describing workplace-based
studies; focusing on use of technology to develop El more widely; mentioning El
briefly as something required in engineering, along with other skills and
competencies; focusing on skills surveys or employer needs; being theoretical or
conceptual in nature; focusing on staff within engineering education. The remaining



34 papers were read and further analysed in a spreadsheet using the following
categories: author, title, publication year, journal/conference name, reason for
focusing on El/purpose (RQ2), context, measurement tool used (if any) and
justification of choice (RQ1), findings, teaching approaches (RQ1).

3 RESULTS

Of the 34 papers, 14 were journal articles and 20 conference proceedings. Table 1
shows the locations in which studies took place. Perhaps unsurprisingly, over a
guarter of papers describe studies situated in the USA. Although the number of
articles per year are relatively similar, there are some peaks, primarily more recently
in 2023, but also in 2017.Although the number of articles considered limits the extent
to which trends can be identified, the increase in recent years may be linked to
increasing focus on professional skills and competencies such as cultural
awareness, within accreditation criteria and engineering education more broadly.

Table 1. A summary of El papers by year published and context of study

Location of study Number of papers Year of Publication Number of Papers
Abu Dhabi 2 2001 1
Brazil 1 2007 1
Canada 2 2009 3
China 1 2010 2
Colombia 1 2012 2
Hungary 1 2013 1
India 1 2014 1
Malaysia 4 2015 1
Morocco 1 2016 2
Peru 2 2017 4
Portugal 3 2018 1
Saudi Arabia 1 2019 2
Spain 3 2020 3
Turkey 1 2021 3
Ukraine 1 2022 1
USA 9 2023 6

In answering RQ1, papers were broadly split into three categories: those describing
just the use of measurement tools (21); those focused on EIl based interventions (6);
and those including both (7).

3.1 El measurement tools

28 of the 34 papers described studies that employed the use of El measurement tools,
7 of which being used in combination with teaching based interventions. A summary
of the 21 papers that made use of tools alone is provided in Table 2.

In three cases the tools were not named. Two studies used both Trait Meta-Mood-
Scale (TMMS-24) and the Emotional Quotient Inventory, presumably to provide
coverage of both ability and trait-based El models. The variation in the tools used is of
significance when considering transferability of practice within the community,
something which was highlighted in one paper (Sushchenko, Borova, and Petrenko,
2023) which suggested a need for instruments that can be used to understand El
associated with activities within the engineering profession. Very few papers



discussed differences between ability and trait-based intelligence, this having
implications for the development of knowledge (Petrides, 2011). Furthermore, few
studies included justification for choice of tool (generally or in the context of EI model
used), which impacts on the ability to design curricula or teaching practices based on
findings of such work. One study (Kumar, 2019) made use of TEIQue-SF to measure
students El levels claiming it “has been successfully applied in the educational context”
and that “traits El is also able to suggest the right academic or vocational line in the
higher education setting” (p. 210). Koontz (2017) made used of the EQI, claiming that
the “assessment gives educators a way to measure student’s emotional development
and offer specific personal-development recommendations” (p. 9268). Lye et al.
(2023) said that the TEIQue-Short Form was selected because it measures ‘trait’ El,
which has a better predictive value compared to the ‘ability’ El, in anticipating actual
behaviours or outcomes in a range of situations” (p. 481). Although Belanger et al.
(2007) do not provide reasons for using Schutte’s scale, they do discuss the
implications of doing so with respect to findings that suggested no correlation between
El and academic performance, saying that Schutte’s scale is trait rather than ability
based, meaning that it measures personality traits as opposed to cognitive ability
which would be expected to have stronger correlation with academic performance.

6 papers made use variations of tools. One group of authors made use of the EQI
adapted for Malaysian traditional culture where individuals may be more prone to
appreciate and respect elder people and practice spiritual aspects (Saibani et al.,
2012; 2013). Chen, He, and Yang (2020) made use of the Wong and Law Emotional
Scale (WLEIS) which was based on 418 undergraduates in Hong Kong. Khefacha,
and Sellei (2023) used the Hungarian version of the EQ-I but do not allude differences.
Magano et al. (2021) and Nogueira, Castro, and Magano (2023) made use of an El
scale validated by Rego and Fernandes for the Portuguese population. Sushchenko,
Borova and Petrenko (2023) used a Ukrainian variant of the Hall El test which they
claimed was short and more accessible for the context. In light of such discussions, it
is interesting that some authors discussed potential impacts of socio-cultural factors
on test results. For example, Kumar (2019) described a negative perception of
emotions which should be avoided to show professionalism in Malaysia. Similarly,
when exploring El in the context of teamwork, Deveci (2015) suggested that higher
satisfaction with teamwork, despite low EI, may occur as a result of the collectivist
nature of Arab culture, and discouragement of expressing negative emotions explicitly.

Finally, in some papers there was a noticeable use of deficit-based language when
justifying use of El tools (RQ2). For example, Saibani et al., (2013) claimed that a “test
is able to determine the EQ level ...which is also beneficial towards consolidating any
domain that is deemed flawed” (p.78). Likewise, the same authors (Saibani et al.,
2012) justified use of an EIl tool “as an effort to examine what domain is lacking
amongst the students and what can be done to elevate the low domains.” (p. 525).

3.2 El measurement tools and interventions

Seven papers described the use of El tools alongside a teaching intervention. One
(Casado, Fernandez, and Lapuerta, 2016) made use of a pre-post tests to evaluate El
training effectiveness. Deveci and Nunn (2016) used a tool with seminar discussions
within a project-based module, claiming results could be used to inform content.

Other studies in this category made use of tools to help guide personal development
activities. Stewart, Chisholm, and Harris (2010) used the College Achievement
Inventory-Revised (CARI-R) because the “self-report assessment measures



Table 2. A summary of El papers making use of El measurement tools

Topic of interest Tool(s) Categories of Analysis Reference
Coping strategies and El as contributors to|Schutte’s s Belanger et al.
-major grade point average (GPA) EIS GPA, discipline (2007)
El as a moderator of design Wong and
capability and computational thinking Law EIS $2§n’(;§2’§)nd
Relationship between El and innovation  |(WLEIS) 9
Relationship between teamwork Schutte’s . . ,
satisfaction and El EIS Gender and nationality Deveci (2015)
. . Gender, year/level of Encinas and
Levels of El according to achievement WLEIS study, discipline Chauca (2020)
Strengths and weaknesses of students'  |[EQI
El to identify areas for development using |(Hungarian gzﬁ(fg?((:ggzagr;d
neurolinguistics programming \version)
Impact of liberal arts on El as an indicator [Not Gender, discipline, Kissani and
for general success provided year/level of study Boudihaj (2019)
Relationship between academic Schutte’s Gender Koppad et al.
performance and El EIS (2023)
Gender differences in EI/EDI TEQIlue-SF |Gender Kumar (2019)
El as an indicator of how much time spent EQI-2.0 Year/level of study, Koontz et al.
in each of the design activities ' gender, major (2017)
Determine differences in El of high TMMS-24 Pertegal-Felices
academic performance (HAP) students and EQI-S HAP vs non HAP et al. (2017)
Relationship between team project marks EQI Leicht et al.
and El (2009)
Effects of EI and demographic
characteristics on Psychological Capital TEIQue-SF (Gender Lye etal. (2023)
Impact of El on students’ motivation to Nogueira. Castro
learn more about sustainability and Rego and |Gender, year/level of ang Ma r;mo '
whether it plays a role in moderating the  [Fernandes |[study, nationality (2023) 9
relationships between those variables '
Comparison with teaching Pertegal-Felices
. . students and survey g '
Employability/performance in the Castejon-Costa,
EQI-S results about :
workplace . and Jimeno-
competencies related to El Morenilla (2014)
needed in workplace '
Connection between achievement and ElI  |[Not Gender,_ ye_ar_/ level of . Rizwan et al.
) . S . . . study, discipline, academic
in women, inclusivity, and diversity provided (2019)
performance
Cultural differences in El Malaysian major races in Malaysia Saibani et al.
EQI ! y (2012)

. - Malaysian Saibani et al.
Employability/competitive advantage EQI Year group/level of study (2013)
Relationship between El and personality .
traits and resilience (needed for project Rego and Silva et al.(2020)

) . Gender Magano et al.
management including teamwork and Fernandes (2021)
communication) of GenZ students.

Development of (engineering specific) self-[Hall Sushchenko,
evaluation tools, represented by (Ukrainian |Year/level of study Borova and
qualimetric instruments to evaluate El lversion) Petrenko (2023)
General benefits/employability Schutte’s ér?gi’ngei?(ijrf :‘:'slmlk;/blesy Tekerek and
EIS . - Tekerek (2017)
professional pessimism




behavioural tendencies and self-perceived abilities” which is suitable when “the intent
of El assessment of students is to provide the student with an awareness of their
behavioural tendencies and how to improve their self-perceived abilities.” Price, and
Cordova-Wentling (2009) claim that El tests allow for self-assessment and feedback
necessary for improvement, and asked students to use their results as the basis of a
personal development plan for the semester. Degen et al. (2022) describe teaching
students on a programme for first generation students about the EQ-i 2.0 instrument,
saying that they made use of their results to produce SMART goals for personal
development. In their work into leadership development, Didiano, Simpson, and Reeve
(2021) combined the use of a tool with one-on-one debriefs with the instructor which
they said allowed students to clearly understand their strengths and areas for growth,
this forming the basis of a personal development plan. Crowley et al. (2010) also
described the use of El tools to inform students’ development plans.

3.3 El measurement based interventions

Six papers described El based teaching interventions. These typically involved an
introduction to the concept and discussion. Such content was introduced in leadership
(Bayless, Mitchell, and Robe, 2009; Bayless and. Robe, 2010) and management
(Burgos-Vera et al.,, 2021) courses and as a core element of an Innovation,
Leadership, and Engineering Entrepreneurship BS Degree Program (Newell, and
Varshney, 2017). Catalano, Abdalla, and Delicato (2012) describe introducing EI to
help students to differentiate themselves in the labour market. Rojas-Martinez et al.
(2021) describes utilising a problem-based learning approach to introduce content
addressing three axes within EI: motivation, tolerance, and resilience. The learning
outcomes include identifying factors that affect emotional well-being, motivations,
identifying situations of stress, setting goals and actions, healthy relationships, support
groups, social and academic connections and activities which activate resilience.

4 SUMMARY

The main limitation of this work is the focus on only three databases and the exclusion
of non-English publications or non-academic articles or reports. There are also
limitations associated with the search terms used. Nevertheless, the findings show
that, in the context of EER, El based studies primarily make use of EI measurement
tools. Results were typically analysed by characteristics such as gender, race, year of
study and discipline and used to identify constructs of EI which are underdeveloped,
to inform course design, or to help inform student personal development plans. In
some cases, pre-post El tests were used to assess the effectiveness of an
intervention. In a few cases authors did not report the tool used and there was little
consistency in tool used across range of papers. It would be beneficial for researchers
to justify reasons for use of tools in the context of trait based or ability-based El models
and research aims. A more consistent approach would help facilitate faster
development of knowledge within the field. In some cases, papers took a deficit
approach to El and there was little evidence to suggest that courses included critique
of the emphasis on individual self-improvement and the expectation to conform to
norms, or analysis of emotions within a wider context. Future interventions within
engineering should focus on highlighting such issues. For example, Boler (1999)
suggests several ways in which EI can be made explicit, suggesting reflective,
collaborative, critical analysis of gendered and cultural differences in emotions and the
role emotions play in maintaining power structures, topics which may be considered
particularly relevant within engineering, which suffers from a lack of diversity.
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