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Abstract

Engineers play crucial roles in helping overcome complex global challenges. These include challenges related to energy,
environment, security, health, social and population growth issues which could threaten the sustainability of life on
the planet. The complexity and scope of these challenges place ever increasing demands on the training of engineers.
Embracing a more holistic approach that includes both informational and transformational aspects of learning may
prove key in equipping engineers capable of leading the way in meeting and overcoming these challenges. This study
focuses on the transformational aspect of learning. A qualitative study was conducted on participants from an Engineer-
ing School in Malaysia which had adopted the CDIO framework in its curriculum as well as provided its students with the
opportunity of being voluntarily involved in the Grand Challenges Scholars Program. There were also ample opportunities
for students to participate in extracurricular activities. The aim of this study was to identify the factors that promoted
transformative learning in students. These factors were found to be the breaking out of comfort zones, having crucial
learning experiences and in staying motivated throughout the process. A variety of subthemes clustered under each
of these main themes or factors. The transformative learning outcomes enabled by these factors were found to be new
and different ways of thinking, improved people and relational skills, made project management ability second nature
and improved resilience. Such qualities would be useful in addressing global sustainability challenges and consistent
with education for sustainable development and global citizenship.

Keywords Engineering education - Transformative learning - Sustainable development - Project-based learning -
Qualitative study

1 Introduction

The challenges encountered by today’s twenty-first cen-
tury society are far more complex than that of any genera-
tion preceding it. It is also a matter of great concern that
they continue to increase in their complexity unabated.
These challenges encompass social, environmental,
energy, health, security challenges along with the mul-
titude of challenges associated with population growth.

The United Nations issued a list of 17 of sustainable
development goals (UNSDG) [1, 2]. Among these are goals
related to clean water and sanitation, affordable and clean
energy, industry, innovation and infrastructure, sustaina-
ble cities and communities, responsible consumption and
production, and climate action. Engineers have the poten-
tial to play vital roles in helping to achieve these goals and
perhaps the other goals as well through technology and
innovation.
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Consequently, the education of engineers is criti-
cal and of necessity adapt to deal with the challenging
expectations on the knowledge, skills and mindsets
of engineers. Current global efforts to address these
demands include the Washington Accord Graduate
Attributes [3, 4], the National Academy of Engineering’s
(NAE) Grand Challenge Scholars Program [5, 6] and the
CDIO initiative [7, 8]. It is worth noticing that these ini-
tiatives focus on the development of both hard and soft
skills. The emphasis on non-technical competencies and
soft skills is evident.

Even as early as 1918, a report entitled “A Study of
Engineering Education” by Mann declared that “personal
qualities such as common sense, integrity, resourceful-
ness, initiative, tact, thoroughness, accuracy, efficiency,
and understanding of men are universally recognized as
being no less necessary to a professional engineer than
are technical knowledge and skill” [9, p. 106]. Although
worded somewhat differently due to the language usage
of the day, these personal qualities appear to mirror the
soft skills that an engineer of today is required pos-
sess and as recommended by the various educational
initiatives.

The fact that the engineering community is still faced
with the same educational challenges a century later
should underline how important they are while also sug-
gesting a pressing need to better understand how to bring
about the development of these qualities. The compelling
question to the curious among engineering educators is
not just about how to inform students better but it is also
about how to transform students. In other words, learn-
ing should be both informative and transformative. The
latter is less explored, especially in an engineering educa-
tion context and therefore this inquiry was chosen to drive
this study.

Alongside curricular activities, students in an engineer-
ing program may also voluntarily engage in extracurricu-
lar activities. It is expected that significant learning could
also take place in a variety of informal learning situations.
Therefore, the research question is, “What causes trans-
formative learning to take place in an engineering educa-
tion experience”? with the possibility that the causation
factors may be drawn from both curricular and extracur-
ricular activities and that a complete engineering educa-
tion experience should seek to embrace both.

The aim of this study is to understand the factors that
promote transformative learning in engineering students
leading to the attainment of the desired qualities essential
for addressing complex global challenges as underscored
by the UNSDGs. Hence while this study is defined by edu-
cation for sustainable development and global citizenship,
it also supports all other UNSDGs where engineers play
key roles.
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2 Literature review

A brief review of theories that help explain the factors
uncovered in the study is presented.

Transformative learning was introduced to the field of
adult education by Mezirow through an article that he
published in 1978 entitled ‘Perspective Transformation’
[10]. Mezirow's definition of transformative learning:
“Transformative learning refers to the process by which
we transform our taken-for granted frames of reference
(meaning perspectives, habits of mind, mindsets) to
make them more inclusive, discriminating, open, emo-
tionally capable of change, and reflective so that they
may generate beliefs and opinions that will prove more
true or justified to guide action”[11, pp. 7-8].

Mezirow'’s perspective transformation begins with
what he calls a disorienting dilemma that eventually
leads to a change in either a meaning scheme or a mean-
ing perspective. For Mezirow, this transformation occurs
through a process of 10 stages [12-14]. While not all the
10 stages are necessary, it often follows some variation
of these stages [11].

The desired transformation in this study should not be
constrained by that defined by Mezirow. From a practi-
cal standpoint, what is sought cannot be limited only
to the transformation of thought processes caused by
the breaking of lesser and reforming of better mental
perspectives. Rather it should expand to include all types
of transformation that develops the entire person, and
which would lead to the building of the capabilities
needed to manage the twenty-first century’s challenges.
Nonetheless transformative learning theory can still pro-
vide useful insight.

Hoggan [15, 16] identified six categories of transform-
ative learning outcomes. These are transformations in
worldview, self, epistemology, ontology, behavior and
capacity. Some of these transformations were observed
in this study. Tien et al. [17] in evaluating the potential of
applying transformative learning theory to engineering
education consider Hoggan’s metatheoretical approach
to be well-suited for classifying the outcomes. Hoggan
[15, 16] further identified the criteria of the depth, breath
and the relative stability of change as conditions for
transformative learning.

At present, there is a scarcity of transformative learn-
ing research focused on engineering education. A lit-
erature review by Tien et al. [17] found only six studies.
Four were conference proceedings, one was a thesis and
one was an online article. Even then two of them were
misnamed as there was no application of transforma-
tive learning theory, while another focus on educators
instead of on students. There were no journal papers
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regarding transformative learning theory in engineering
education found. There is however a book on threshold
concepts and transformational learning [18] which has
two chapters devoted to engineering education. None-
theless threshold concepts relate more to informational
learning, i.e., gaining subject specific mastery than to
non-technical competencies, while the aim and scope
of this study is about understanding the development
of non-technical competencies.

In the context of this study, transformative learning con-
cerns the development of the qualities desired by the vari-
ous engineering education initiatives, particularly those
that relate to soft skills and non-technical competencies,
with Hoggan's transformative learning outcomes and cri-
teria serving as reference to define these transformations.

Another theory that can help explain the factors iden-
tified in this study would be the experiential learning
theory. Experiential learning theory defines learning as
“the process whereby knowledge is created through the
transformation of experience. Knowledge results from the
combination of grasping and transforming experience”
[19,p.41].

Kolb’s idealized experiential learning theory (ELT)
depicts a four-stage process of experiencing, reflecting,
thinking and acting as being involved in the experiential
learning [19, 20]. These stages were identified as concrete
experience, reflective observation, abstract conceptualiza-
tion and active experimentation. In this idealized cycle,
concrete experiences are reflected upon, abstract con-
cepts are formed from these reflections and these con-
cepts are actively tested in new situations. This cycle is
depicted in Fig. 1.

The model portrays two dialectically related modes of
grasping experience, i.e., concrete experience and abstract
conceptualization, and two dialectically related modes of
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Fig. 1 Kolb's experiential learning theory [21]

transforming experience, i.e., reflective observation and
active experimentation [22].

Kolb’s ELT has come under criticism over the years.
Among these, the experience-reflect-learn pattern to
experiential learning is considered as more of an ideology
than a philosophy or theory of experiential learning [23].
However, Kolb’s ELT is still the most well-known attempt at
elaborating experiential learning and is useful as a starting
point for understanding the phenomenon.

Motivation is crucial to learning including transforma-
tive learning. Motivation is associated with the learners’
beliefs and values, with their goals and with social and
cultural influences [24]. Learners’ perceptions about their
competence, their valuation of the task and their preex-
isting interest will all influence their motivation. Likewise,
their goals will guide their decisions on whether to expend
effort to achieve the desired outcomes. The types of goals
can be broadly categorized as mastery goals where the
objective is to increase competence and learning, and
performance goals where learners desire to appear com-
petent or to outperform others.

Social and cultural factors also influence motivation.
These include social identity and stereotype threat. Social
identity relates to the social roles that identifies one as a
member of a certain group while stereotype threat is the
unconscious concern that a stereotype about one’s social
group could be applied to oneself [24].

3 Methodology

Adopting an appropriate methodology is essential. In this
study, the research interest lies in how the participants
perceived their experiences in the engineering program.
Hence the constructivist/interpretivist paradigm was con-
sidered the most appropriate. This paradigm assumes that
meaning is not discovered as though it was inherent in an
object but is constructed by human beings as they engage
with the world that they are interpreting [25].

There was no attempt at the start in having any pre-
conceived assumptions as to what the factors contribut-
ing to transformative learning might be nor was there any
predetermined notion as to what changes the participants
could have undergone. It was preferable for such informa-
tion to emerge from the participants without any undue
influence.

In view of this a qualitative study employing semi-struc-
tured interviews was used. This method allowed the find-
ings to surface from the participants themselves through
the meaning they made of their experiences. In contrast
to this, a quantitative survey would limit the participants
to choosing from among the factors predefined by the
researcher and to merely assigning a quantitative rating
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to each of these factors in a survey form. This approach
would inevitably exclude all factors not yet identified by
the researcher. Furthermore, the level of understanding
would not be as deep compared to qualitative research.

3.1 Transferability

Quialitative studies are constrained by their context and
therefore the usefulness of a qualitative study is not
dependent upon it being generalizable but rather on it
being transferable. Transferability refers to the extent to
which the results of one study can be transferred to or
applied in other contexts or settings with other respond-
ents [26]. Transferability is assisted through providing
“thick description” of the participants, the context and
the research process thus enabling the reader to assess
if the findings are transferable to their own settings. The
onus is on the readers to make their own transferability
judgment while the researcher’s responsibility is to pro-
vide a detailed description of the study’s context to help
the readers in this effort [26].

3.2 Sampling

Qualitative researchers recognize that some informants
are more likely to provide the desired insight and under-
standing compared to others. For qualitative researchers,
an improved understanding of complex human issues
takes precedence over the generalizability of results [27].
In this qualitative study, an in-depth understanding of the
phenomenon was desired rather than statistical generaliz-
ability therefore the sampling method employed was that
of purposeful sampling. This method of sampling employs
the purposeful selection of information rich cases from
which the researcher can learn much about the issues of
central importance [25]. Participants who were considered
to have most likely undergone transformative learning
were selected as they were expected to have the needed
knowledge and experience to share with the researchers.
It was expected that students who enthusiastically partici-
pated in both curricular and extracurricular activities and
hence emulated the traits that the programme hoped to
instill in them to be effective engineers were more likely
to have experienced transformative learning during the
programme.

In addition to knowledge and experience, the partici-
pants’ availability and willingness to participate, along
with their ability to communicate their experiences and
opinions in an articulate, expressive, and reflective manner
are equally important [28].

The criteria for the selection of interview participants
are listed below.
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1. Enthusiastic participation in curricular activities usually
evidenced by an above average CGPA score.

2. Enthusiastic participation in extracurricular activities

(ECA) evidenced by their roles and initiative displayed

in ECA. It was anticipated that valuable learning may

occur in a range of informal learning situations and

that this would be especially true with transformative

learning.

Unafraid to speak the truth.

4. Have good communication skills as this helps very
much in interviewing.

w

The exclusion criteria would be those not considered
to be in this category.

However, a couple of participants not in this category
were also interviewed. Even in purposeful sampling, it is
still possible to learn from extreme or deviant (outlier)
cases. There is a type of purposeful sampling that does
exactly this [28] although this was not the purpose of this
study. The two outlier participants were participants no. 7
and no. 11. Data saturation already started to appear with
participant no. 6. These two participants were included
mainly to yield additional insight. Apart from that the last
two questions in the interview guide were as follow:

e What would be a least meaningful experience for you?
(Factors that hinder transformative learning).
e Why is that?

These questions were intended to provide insight into
the opposite of what was sought. They eventually served
to confirm the validity of the findings as the factors that
hindered transformative learning tended to be the oppo-
site of those that facilitated it.

A description of each participant is provided in Table 1.

With regards to sample size, in qualitative studies it is
recommended to sample to the point of saturation. That
is, when no new information is forthcoming from the new
sampled units the sampling can be terminated [25].

3.3 Interview

An interview was conducted whenever an identified inter-
viewee agreed to participate. A consent form was emailed
to each participant several days prior to the interview
allowing them adequate time to digest the content. On
the day of the interview, the form was reviewed with the
participants and important points highlighted despite the
interviewee having read the form prior to the interview.
Only upon assurance that the purpose of the interview, the
manner which it would be conducted, what was required
of the interviewees and their rights as participants were
fully understood, were they required to sign the form.
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Table 1 Information regarding the interview participants literature

Interview Program Gender Eth-

Level of study at the point of interview

Reason for selection/remarks

partici- nicity

pant (m/ch)

IP1 ME M | Completed semester 7 Outspoken, displays leadership qualities, active in ECA

IP2 CE F C Recent graduate Completed TGCSP. Showed initiative during TGCSP by
organizing a study trip to Japan

IP3 EE M C Recent graduate Good academically, high Cumulative Grade Point Aver-
age (CGPA) score yet also very active in ECA

IP4 ME M @ Semester 6 Active in ECA, high CGPA score, President of Student
Council. Involved in TRC competition during Founda-
tion

IP5 ME M M Semester 5 Active in ECA. High CGPA score. Is articulate

IP6 ME F C Recent graduate, employed Active in TRT, completed TGCSP, good CGPA and com-
municates well

IP7 EE M @ Completed semester 8, awaiting results Recommended by another student due to a miscom-
munication. His interview was retained to serve as
insight into the challenges of non-transformation

P8 CE F | Recent graduate Outspoken and active in ECA. Displays leadership quali-
ties. The first president of TRC

IP9 ME M M Recent graduate Key leader of the TRT. Can communicate well

IP10 ME M @ Recent graduate, employed Completed TGCSP. One of the top students. Can expect
honesty from him

IP11 EE M C Recent graduate, applying for post- Good academically but no ECA. Deliberately selected to

graduate studies

have a participant with no ECA

There were no incidences of participants refusing to sign
and wanting to withdraw. All of them were happy to share
their experiences.

The interview was conducted in a semi-structured man-
ner. In addition, field notes were taken by the researcher.
These consisted of the researcher’s impressions and obser-
vations during the interview. The transcription of the inter-
view audio recordings was performed by a professional
transcription service provider.

3.4 Context

Understanding the context is important for transferability.
The following is a description of the context where the
interview participants experienced their engineering edu-
cation. The extracurricular activities are also described as
they are considered to play a vital role in the transforma-
tive learning experiences of the participants.

The participants undertook their engineering under-
graduate program at Taylor’s University (TU) School of
Engineering (SOE). TU is a relatively young private univer-
sity being awarded full university status in 2010. With full
university status TU awards its own undergraduate and
postgraduate degrees. Prior to that TU was a tertiary insti-
tution that offered twinning programs where the degrees
were awarded by foreign university partners.

SOE conducts three fully accredited four-year (eight
semesters) B. Eng. (Hons) programs. These are in Chemical
Engineering (CE), Mechanical Engineering (ME) and Elec-
trical & Electronic Engineering (EE). They are fully accred-
ited by the Board of Engineers, Malaysia (BEM) through its
Engineering Accreditation Council [29] and are therefore
compliant with the Washington Accord since the BEM is a
full signatory of the Accord [30]. SOE also offers a 1-year
pre-university Foundation in Engineering program (FIE)
that serves as a bridge between High School and the B.
Eng. (Hons). However, students may also enroll into SOE'’s
B. Eng. (Hons) from any other acceptable pre-university
programs.

SOE has been a member of the CDIO Initiative since
2009 [31]. Consequently project-based learning (PjBL)
is prominent in each of its program [32-34]. Group pro-
jects of a multidisciplinary nature are required in each
semester from semesters 1-4. This is followed by a two-
semester monodisciplinary capstone group project
spanning semesters 5 and 6 for ME and EE, while for CE
it spans semesters 7 and 8. Furthermore, if an interview
participant had taken the FIE route, he or she would
have had a further two semesters of group PjBL prior
to entering the B. Eng. (Hons). All SOE students’ PjBL
outcomes are showcased in an end of semester event
known as the Engineering Fair where external judges
from academia and industry are invited to judge the
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students’artifacts [35]. In addition, there is also an indi-
vidual Final Year Project that span semesters 7 and 8
applicable to all three of the B. Eng. (Hons) programs.

SOE is a member of the National Academy of Engi-
neering’s (NAE) Grand Challenges Scholars Program
(GCSP) from 2015 onwards [36], having had the honor
of being the first Engineering School outside of North
America to be granted approval to conduct a GCSP.
In SOE the GCSP is known as the Taylor’s Grand Chal-
lenges Scholars Programme (TGCSP). The TGCSP was
introduced to SOE’s students in 2012 preceding the
submission of the GCSP proposal to NAE and its subse-
quent approval [37, 38]. Students may opt to join TGCSP
voluntarily subject to passing a written application and
an oral interview.

While attempting to meet the requirements of these
education initiatives simultaneously may appear chal-
lenging, the program outcomes of SOE’s B. Eng. (Hons)
programs are intentionally and strategically aligned
with goals of the Washington Accord Graduate Attrib-
utes, the CDIO syllabus and the GCSP in order to make
this concurrent attainment achievable [39].

With regards to extracurricular activities (ECA), the
Taylor’s Racing Team (TRT) is a student-led initiative
where the students design and build a race car to par-
ticipate in various inter tertiary racing competitions in
Malaysia and internationally [40]. In addition, the stu-
dents are responsible to source sponsorship to finance
the building of their car as well as their participation in
competitions. The TRT began as a student-led initiative
by the first cohort enrolled in SOE’s B. Eng. programs.
Membership in TRT is open to interested students from
all three B. Eng. programs as well as to participants from
other Schools are keen on this type of activity.

Apart from the TRT, there are other ECAs that the
students may engage in. Among those undertaken by
the interview participants included AISEC, the Student
Council, and the Taylor’s Robotics Club (TRC). AIESEC
is a non-political, independent, not-for-profit interna-
tional organization run by youth and recent graduates
of institutions of higher education across the globe that
serves as a global platform for young people to explore
and develop their leadership potential [41]. An AIESEC
chapter exist in TU. The Student Council is the repre-
sentative body for all TU students responsible for Cam-
pus Welfare, Campus Relations and Campus Integration
initiatives [42]. Student representatives are elected to
the Council on a yearly basis. The TRC is an SOE initiative
that was formed to encourage interest in robotics by the
students and to participate in robotics competitions.
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3.5 Participants

A total of 11 participants were interviewed. The major-
ity comprised of the newly graduated as they had com-
pleted the entire program with their recent experience
still fresh in their memory. Initially participants who were
still undergoing the program were also selected but it
appeared that the responses of the participants in later
semesters seemed more complete, so it was decided to
focus on those who had already completed the program.
Table 1 describes the participants and the reason for their
selection.

The participants were all Malaysians comprising of its
three main ethnicities of Malay, Chinese and Indian. Seven
of the participants were Chinese, two Malays and two Indi-
ans. This represented the approximate composition of
Malaysian student ethnicity in SOE. Malaysians made up
the majority of SOE’s students while those of other nation-
alities were few and diverse hence it was decided to focus
only on Malaysian students. Most of the participants were
from ME as ME students made up the majority in SOE.

3.6 Data analysis

All interview transcripts received from the professional
transcriber were compared against the interview’s origi-
nal audio recording. These were reread while recording
was replayed to ascertain the accuracy of the transcription.

The transcripts were reread multiple times in the pro-
cess of coding. Segments in the first interview transcript
that contained relevant information and represented the
smallest piece of information that can standalone were
identified. These open codes were grouped into similar
categories. This categorization of open codes into simi-
lar categories is known as axial coding [25]. The coding
process was repeated for the second interview transcript
which was examined for the presence of these same
categories.

This process produced a master list of classification.
Subsequent items were sorted into these categories. The
initial master list was further revised and refined through
information from succeeding data sets. Applying this
method, the categories or themes that represented the
factors promoting transformative learning gradually
emerged. The analysis was discontinued upon attaining
data saturation.

3.7 Member check

One of the constructs for ensuring the trustworthiness of a
qualitative study is that of credibility. Credibility as a con-
struct is concerned with the confidence that can be placed
in the truth of the qualitative research findings [26]. One
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key strategy used to establish credibility is member check
[43]. Member check requires that the themes and where
relevant, any specific description of a related activity are
taken back to the participants to determine whether the
participants feel that these findings by the researcher were
accurate [44]. Member check was performed by sending
the data analysis section of this paper to all 11 interview
participants. The participants had read and endorsed the
accuracy of their interview responses and the accurate
interpretation of their interview data.

4 Transformative learning outcomes

From the data analysis, the main areas of transformation
perceived by the participants were in the improvement of
their people and relational skills, in developing their pro-
ject management skills, in changes in their way of thinking
and increasing their resilience. Each of these outcomes are
elaborated in the subsequent sections.

4.1 People and relational skills

Transformation in people and relational skills included
leadership, working with people, handling difficult team
members, understanding others better, overcoming shy-
ness and effective communication. These can be associ-
ated with transformation in the participants’ worldview,
self and behavior based on Hoggan'’s transformative learn-
ing outcomes [15, 16]. A sample of interview participants’
responses is provided below.

IP2 was a project team leader who had to deal with
several difficult team members as early as her foundation
year in FIE and consequently managed to develop an emo-
tional capacity to work with difficult people.

But what you hear from people “I think you're a very
nice person, you never actually like argue with peo-
ple” and stuff like that, but then, when I think back
of myself, it's like | think maybe because of the toler-
ance | have developed during Foundation.—IP2

IP10 and IP1 managed to develop people skills in the area
of motivation and in understanding another’s perspec-
tive respectively, achieved through working in their group
projects.

That's part of the leadership skills, and being persua-
sive is very important, and knowing who should get
what task and keeping them interested, passionate,
happy.—IP10

| have to understand different perspectives of the
different people that we are working with, so it gave

me a better more communicating style to learn or
to communicate better with different people.—IP1

4.2 Project management skills

The specific project management skills which the inter-
view participants developed included a structured
approach to problem solving, time management skills,
an attitude of preparedness for eventualities, resource
planning and management skills, adopting a systematic
approach and being attentive to details. These were pri-
marily behavioral transformation [15, 16]. A sample of the
participants’ responses is provided below.

It is apparent that participants have internalized good
project management practices which they continue to
apply into the present. For IP5, this is in his projects in the
subsequent semesters while for IP10 this is at his work in
his present place of employment.

Everything | do needs to be planned out well, so that
everything can be done from A to Z. And let’s say
things don’t work out, you should have back up plan
to it, or should have you know, plan A, plan B, plan
C. It just teaches me to be more prepared for things,
makes me less naive.—IP5

In project management you need ideas, you need
time, a lot more time, you need to think about how to
fabricate it. So, projects help a lot in that way.—IP10

Participants also developed an ability for structured
problem solving. IP6 was reflecting on her initial expo-
sure to project-based learning. In the second excerpt she
reflected on the confidence she had gained from becom-
ing well-acquainted with systematic problem formulation
and solution through her experience working on complex
open-ended group projects.

But because we were so used to that kind of situa-
tions, second semester was the same, nobody could
help us, like into detail. So, we came up with the solu-
tion ourselves and after the third semester, it's kind
of like okay, we need to figure it out ourselves....in
the end we get used to the process.—IP6

Like some people when they get into a challenge
then they get scared, but for us, okay, we have a
challenge, can we do something, yeah. That kind of
feeling, yes.—IP6

4.3 Different ways of thinking

Changes in ways of thinking were mainly changes in
the participants’ worldviews and in their epistemology.
In this context, worldview refers to the way that the
learner understands the world and how it works, while
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epistemology refers to the way the learner constructs and
evaluates knowledge in their day-to-day living [15, 16]. A
sample of interview participants’ responses is provided
below.

Being exposed to a different country, culture and way of
doing things was as eye-opening as it was transformative
and it helped change a participant’s worldview.

Because Kuwait has a very different climate to ours.
It really broadened my world view to think that life
is not just about what we have here (in Malaysia).
They also believe they would have a good solution
for their kind of thing and how can we make our
solution to be applicable in their situation. It really
opened my mind to consider other culture context,
other geographical context.—IP6

IP11, a self-confessed nerd, had his way of thinking
changed through a project-based module called Design
and Innovation.

Initially, | was like some kind of nerd. When I'm doing
a project, | usually just want to make the project per-
fect and then it's more like self-satisfaction. | don't
care about the business value, that kind of stuff, but
after | studied the subject of innovation, it changed
my values because | switched my focus toward not
the product itself but to the overall project including
how to present it, and how to attract people’s atten-
tion during presentation.—IP11

Initially I was more technical orientated doing pro-
ject. After that, | shifted to become more business
value orientated.—IP11

As IP9's response indicated, changes in perspectives can
also come about through close interaction with others
who have different perspectives from theirs.

Also, rather than just having engineering-focused
friends, | had friends from business school, mass
comm and they have like different perspectives and
all, and you get to learn actually more about the
world, rather than just have an enclosed engineer-
ing group which have kind of one perspective.—IP9

4.4 Increased resilience

Another transformative outcome observed was that of
increased resilience. This attribute included staying calm
in a crisis, having a strong work ethic, not quitting, and
coping with adversities and failures. A sample of the par-
ticipants’responses is provided below.

Crisis management was an attribute that IP4 attained
through his projects and through his ECA participation.
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This attribute once developed was still applicable for him
in other contexts as he narrates below.

So, one thing that really changed me is crisis man-
agement. So even if let’s say I'm taken out of the uni-
versity, whenever | see a crisis let’s say at home, my
mom is frantic, my grandma is panicking, my father is
being angry because everyone is panicking, | always
act normally. I'm the only one that’s calm at home
trying to manage everyone, because of crisis man-
agement.—IP4

Other attributes inculcated through project-based expe-
riences included adapting to adversity and not quitting
when things got tough as shown by the responses below.

My ability to adapt to adversity, that's second one—
IP1

[ think the most valuable thing that | learnt from that
is that it's not the information that you get, it's actu-
ally learning how to cope with your colleagues and
your friends. And then, making sure that the projects
are properly executed as planned or not as planned,
yeah. Making it... never quitting until it gets into the
end of the job—IP9

Transformation can also happen through assimilating the
ethics and cultural norms of the group that one is a part of.
In the excerpt below, IP9 reflected on how he was changed
by the work ethic of his seniors in the TRT who had created
a culture of hard work in the TRT team.

[ just want to learn more of Formula 1 cars, just try to
get as much skills as | can. And my seniors are quite
good, very well-behaved people, very competitive.
So, it’s the right culture basically. Just the right cul-
ture for me. So, it tends to stick until my final semes-
ter because | love it so much and | learn a lot of skills.
Basically, | think the most that change in me is the
work ethic.—IP9

5 Factors that promote transformative
learning

Three overarching themes emerged from the analysis of
the interview data. They were the breaking out of comfort
zones, having crucial learning experiences and in staying
motivated throughout the process of transformation.
Within these three themes comprised a variety of sub-
themes. These themes and their subthemes represented
the factors that promoted transformative learning experi-
enced by the interview participants. Each of these themes
are elaborated in the subsequent sections.
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5.1 Breaking out of comfort zones

The first factor to emerge is the breaking out of com-
fort zones. The Cambridge dictionary defines a comfort
zone as “a situation in which you feel comfortable and
in which your ability and determination are not being
tested” [45]. All human beings have their comfort zones.
In order to grow, breaking out of one’s comfort zone is
often necessary.

In transformative learning, the breaking out of com-
fort zones corresponded closely to that of encountering
a disorienting dilemma, with this being the first stage of
Mezirow's transformative learning theory [10-14]. While
Mezirow tended to associate disorienting dilemmas
more with rational processes, however in the context of
this study comfort zones were most often encountered
in the emotional realm.

The data analysis revealed that breaking out of com-
fort zones is one of the factors that facilitated transform-
ative learning. The subthemes included comfort zones
related to dealing with difficult people, in making cold
calls, in project related challenges, difficult tasks, critical
situations, challenging environments, leading and pub-
lic speaking. A sample of participants’ responses with
regards to coming out of their comfort zones and how
that experience changed them is provided below.

IP1 overcame his shyness with regards to his task of
contacting sponsors for exchange programs for AISEC
after many attempts. He eventually managed to secure
some personal appointments, overcame his shyness and
was grateful for the experience.

Like I said | was a very shy person, having my first
cold call and | was very scared....... | was so scared,
so nervous until that fella was so fed up of me, he
started scolding me on the phone”. But eventually
“...I manage to secure a few personal appoint-
ments to meet them, like a few amazing people
honestly, different fields and so on, and seal the
deal myself.—IP1

IP2 shared about her discomfort in not being able to
control circumstances so that having to come out of her
comfort zone was a matter of necessity for her.

The special thing about group project is you can’t
do it on your own. So, when you can’t control eve-
rything on your own, it’s time for you to actually
step out of your comfort zone to adjust everything
and make it to the best like how you can make it
because you need to work with people.—IP2

IP3 discussed his personal challenges in leading which
required him coming out of his comfort zone.

Yes, because I'm not really into leading but | used to
have a lot of leadership positions before but it's not
what | like to do. But | still to push myself through the
comfort zone to lead.—IP3

IP6 shared about her discomfort of encountering an open-
ended challenge for the first time in her project-based
learning experience. (She eventually overcame this fear
and became comfortable in dealing with complex chal-
lenges as evidenced in her response in the Project Man-
agement Skills section).

And then we realized he’s not going to give us the
answer, it was scary, | remember because we felt like
we couldn't accomplish the task.—IP6

As can be observed from these sample responses, the
emotional element is quite noticeable. Comfort is often
affected at the emotional level before and more than at
the cognitive level. Hence venturing out of one’s comfort
zone would require an ability to cope with one’s emotions
especially at the initial stages of the encounter. This would
need to happen alongside the disorienting dilemma of
meaning schemes and meaning perspectives mentioned
in Mezirow’s transformative learning theory.

5.2 Crucial learning experiences

The second factor to emerge is that of having crucial learn-
ing experiences which were experiential in nature. To
transform, learning that is experiential can be effective in a
way that theoretical learning by itself is unable. This theme
diverges from that of breaking out of comfort zones in that
experiences which do not compel a participant out of their
comfort zone can still be transformative with regards to
the outcomes sought in this study.

Subthemes of this category of crucial learning experi-
ences include fully experiencing a real project, in applying
knowledge gained to real projects, working with people,
stepping out of disciplinary boundaries and experienc-
ing different cultures and work ethic. These subtheme
experiences need not always be personal but could also
be secondary experiences such as learning from others’
experiences. A sample of participants’ responses is pro-
vided below.

IP3 and IP5 opined that there are aspects of learning
that must be experiential in order to be effective. These
experiences can be considered transformative in the sense
that the participants are significantly affected and have
the potential to produce outcomes in self and behavior
[15,16].

[ actually find it helpful in the sense that | get to be
involved in a lot of projects. | learn how to manage
in a group, how to manage my project, the time
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management and all those. There're some skills |
think you can't learn from a textbook but you have
to learn it from experience.—IP3

Because if we just learn it by theory, by just reading
it, you don't get to practice it. It only gets instilled
once | tried applying it on my own, and not when
I'm... | mean not during class or not during the
tutorial but using what I learnt in class, when I'm
doing something on my own which is the pro-
ject.—IP5

IP6 and IP9 pondered about the need for repetition until
a difficult experience becomes natural to them. This can
also be considered transformative within the context the
transformations sought in this study.

And then having bits where we can put our learn-
ing into actual practical examples, it’s actually very
helpful...not just one time to do it, but like over
and over again, and came like second nature.—IP6
| think the main reason because you have done it
like, I think I clocked out 1200 calls in AIESEC; so, you
get used to it. Once you get used to it, it's pretty easy
to do, yeah, just that first few steps (was hard).—IP9

IP9 reflected on his community service experience of
teaching underprivileged children to build an engineer-
ing artifact which humbled him and changed his per-
spective. This proved to be a crucial learning experience
for him resulting in changes to worldview and self.

‘6 people trying to make a bubble machine work;
it took like, 2 weeks to do it and the kids took like,
2 days to do it. It puts into perspective that you
shouldn't over think stuff and don’t underestimate
that even small kids could be very smart. That tone
down my ego a bit... it's a humbling experience
basically... having that is a great because at first,
all of us think that, okay, this is CSR module, we
shouldn’t focus so much on it. But it turns out to be
the most rewarding in terms of self.—IP9

IP10 narrated his experience about a study trip to Japan
as part of his TGCSP multicultural competency require-
ment. This crucial experience made a huge impact on
his way of thinking.

It's a totally different culture than what we are used
to. We visit their schools, universities, we found
out it was very different. And these Japanese, they
focus a lot on renewable energy, in Malaysia we
don't... we don't see it. It makes you think about
why can’t we do this back home?—IP10

IP8 shared about her internship with an air condi-
tioner manufacturer at the end of her third year of study
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and the crucial role that her prior project-based learning
experiences have had on her confidence.

| was just assigned a task to dissemble or assemble
the parts, | was like okay, | will do it. Then you know,
when they saw me, | was able to carry it and do it by
myself, and not asking for help. Their first impression,
a girlis doing mechanical work. Then their mind gets
blown. Then they see a chemical engineering stu-
dent knows, you know, all this. | would say, in truth,
chemical engineering didn’t teach me this. It was the
projects that taught me this.—IP8

At times, the experiences need not be personal but could
be vicarious. Secondary experiences could still be effective
[46] and the responses below bore this out.

| came to the school, not only to learn the knowl-
edge, the book knowledge. The book knowledge is
easy, right, you can just read the slide and then you
learn by yourself at home. What | want to learn is the
experience or knowledge that is already experienced
by those lecturers in the past. Because they have
experience, so you can ask about their experience
or their opinions, about how they think about some
stuff or future, that kind of stuff.—IP11

Experience wise...it was really connecting us to the
outside world, especially we were meeting people
who are in the industry. Our lecturers would bring
them to give us talks.—IP8

Crucial learning experiences are beneficial for transforma-
tion. These experiences may be practical firsthand experi-
ences, or they may be the experience of being exposed
to different people and new environments, or they may
even be secondary experiences shared with them by those
whom they esteem.

Theoretical classroom learning by itself is inadequate
for the type of transformation sought in this study. These
transformations relate to the soft skills components
desired by the various engineering education initiatives
and which are very similar with the personal qualities
mentioned in the Mann Report [9]. However, this should
in no way imply that classroom learning is unimportant as
engineers still need to be fully equipped with the neces-
sary theoretical and technical knowledge. Even so their
classroom learning could be judiciously supplemented by
a variety of crucial learning experiences.

5.3 Staying motivated

The third factor to emerge is that of staying motivated
throughout the process of transformation. This is to allow
for the process to be completed. Transformation is not
always easy. Hence the motivation to break out of one’s
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comfort zone or to undertake a new or challenging expe-
rience and then to see that process through to the end
requires considerable motivation. The nature of this moti-
vation may be either intrinsic or extrinsic. Both appeared
in the data, however intrinsic motivation was more fre-
quently observed.

Associated subthemes included the motivation to learn,
motivated by personal goals, motivated to improve, moti-
vated by support from others, motivated by the challenge
presented, motivated to discover one’s capacity, motivated
to by the opportunity offered to them, motivated by com-
petition, by grades and even by the fear of failing and in
coming last in a competition. The sources of motivation
among the participants were quite varied. A sample of
participants’ responses is provided below.

IP9 was motivated by a personal goal to develop “sale
skills” and by a preexisting interest in automotive rac-
ing that became a passionate obsession. This form of
motivation would be considered as intrinsic motivation
while the goals sought considered as mastery goals,
i.e., goals related to increasing one’s competence and
understanding.

So, the reason why | joined AIESEC was because |
know that | have zero sale skills and | want to build
on it—IP9

In terms of TRT, | do it because of my goal, | want to
be in the Formula 1 team.—IP9

For IP4, his valuation of the benefits that an opportunity
offered him was the basis of his motivation.

| would see what are the benefits that | could get
from it, if the benefits are me getting a new skill,
and meeting more people or getting to, get more
knowledge, and the only disadvantage is me sacri-
ficing some time, then | will go straight into it. But if
let’s say there is nothing to gain from it and only me
wasting my time, then | wouldn't.—IP4

IP1 was intrinsically motivated by a personal goal and it
was his intrinsic motivation that helped him persist in the
face of adversity which eventually resulted transformation.

So, this is not for me | thought, but something inside
me told that if | were to give up at the time | may
not, | will stay the same guy, | may not improve.—IP1

IP6 in recalling her first couple of project-based learn-
ing experiences confessed that her primary motivation
at the time was not to be shamed. This may be consid-
ered as a form of performance goal motivation, i.e., the
desire to appear competent or to outperform others. This
form of motivation may still serve its purpose but is not
usually considered as robust as mastery goals. Nonethe-
less in Asian cultures, performance goals are common

and they tend not be perceived as negatively as in West-
ern cultures [47].

So, what motivated us is not to be shamed, that we
cannot even cross our obstacles, but maybe there
was competition to it, so that was the reason why.
Second semester was also the same, because in
engineering fair, we don’t want to end up the last
team, so, we had to do the project well.—IP6

IP8 was inspired to undertake all manner of ECA
because of the example she saw in students who were
senior to her who were female like herself. This helped to
create a positive social identity and broke any stereotype
threat which may have worked against her motivation
[24]. Having role models to emulate can serve as a source
of motivation.

I would say when | was studying with seniors like F,
she was very good. | was so like, she can do it and
there’s always this image where you know, girls are
only good at one thing, so | said M was very good
also. So, when you are always surrounded by peo-
ple like this, | find it's okay.—IP8

| don't actually look at my friends who are not mak-
ing an effort. | have friends who throughout the
four years were barely involved in any extra-cur-
riculum, because they feel like classes are already
overwhelming, projects are overwhelming, they
don’t have the time. But then | also can see those
who already have this and they are doing beyond.
Well, let’s join them.—IP8

Having the support of others is an important element
for staying motivated. Support lightens the load by pro-
viding emotional energy.

In some cases, | can see that support from your
friends, people you hang out with actually contrib-
utes a lot. We motivate each other. It's that mutual
support with your peers and then you notice this if
you work harder together.—IP6

Support was noticeably absent from the experience of
IP7, being the only participant interviewed who seemed
to register no transformation.

Awkward but | just cope with it. Last year was actu-
ally quite tough but | just cope with it.—IP7

IP7's comment relates to his experience in his team
after falling out with a team member and in retaliation
that team member turned the entire team against him.
Unfortunately, he was from the program which had a
very small enrollment. His cohort consisted of less than
ten students, so he had to continue in the same team.
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He is still coming to terms with his experience and it may
yet prove transformative for him at some future time.

Staying motivated is crucial to avoid the transforma-
tive process from being aborted prior to its completion.
Transformation is a process and similar with all processes
it requires time. It does not happen in an instant nor does
it happen without effort expended. This effort may involve
having to pursue opportunities, overcoming adversities,
dealing with emotional discomfort, working with difficult
people, not quitting, and so on. The effort may be men-
tal or emotional or likely to be both, but in the process
something transformational occurs. Therefore, staying
motivated until the process is complete is essential. Moti-
vation is akin to the foundations that support the twin pil-
lars of breaking out of comfort zones and having crucial
learning experiences.

6 Discussion

From the data analyzed, it is important that the students
be provided with ample opportunity to experience new
and challenging activities. From a curricular perspec-
tive, the most effective means to achieve this is through
project-based learning. The projects should be designed
for experiential learning. If such projects are offered every
semester, the students will be able to keep improving and
developing the necessary capabilities through repeating
the Kolb experiential learning cycle [19-22] again and
again, improving through each cycle.

Projects may intentionally and unintentionally provide
experiences that challenge the students’ comfort zones
such as facing a complex challenge for the first time with
minimal guidance or dealing with difficult team members.
Students’ comforts zones are challenged both rationally
and emotionally. Leaving a comfort zone is akin to expe-
riencing a disorienting dilemma which has the proven
potential for transformative learning [10-14]. In some case
motivational support may be necessary however how to
provide this may require further study.

From the experience of one of the authors, when he
visits the students at their industrial attachment and que-
ries the industrial supervisor regarding the students’ per-
formance, he frequently receives positive feedback. Often
the industrial supervisor would regard the intern as among
the best and this can be attributed primarily to the regular
project-based learning experiences which the student has
undergone prior to the industrial attachment.

In addition, there needs to be an ecosystem whereby
students can freely choose to develop themselves in line
with their personal goals and aspirations. This can be pro-
vided through interesting, challenging and diverse ECA.
The ECA may be engineering related such as a racing team
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or a robotics club. They may also be non-engineering
related such as AISEC or the Student Council. The key is to
make these opportunities available. This is because infor-
mal learning experiences often possess potent transforma-
tive learning potential.

A program such as TGCSP is also helpful. It specifies
key competencies for the students to achieve and hence
motivates the students to achieve them. This is especially
true with regards to the multicultural competency. As the
interview data revealed, having an experience in a differ-
ent country and culture was a transformative experience.

The visual model shown in Fig. 2 may be helpful to illus-
trate the findings. Transformative learning in the context of
engineering education at SOE is represented by a roof. The
roof symbolizes the apex of what we want to achieve. The
roof rests on two pillars. These pillars signify crucial learn-
ing experiences and the breaking out of comfort zones.
For these two factors to have the intended effect the stu-
dents need to stay motivated throughout the entire pro-
cess of transformation. Hence staying motivated which is
the third factor is symbolized by the underground founda-
tions on which these two pillars receive support. The entire
structure consisting of roof, pillars and foundation is firmly
embedded into the ground. The ground therefore repre-
sents an educational ecosystem conducive to fostering
transformative learning. The potential for transformative
learning is augmented if a suitable ecosystem is provided.

7 Conclusion

A qualitative study was conducted with the intention of
identifying and understanding the factors that promoted
transformative learning in engineering undergraduates.
This study was carried out at a Malaysian private institution

Transformative Learning
in Engineering Education

! Crucial Learning
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EMF TRT Project-based learning

TGCSP
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Fig.2 A visual model of transformative learning in an engineering
education context
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of higher learning which housed a School of Engineer-
ing. The student composition at the School of Engineer-
ing consisted of its three main ethnicities and interview
participants were selected from among them. The factors
that promoted transformative learning were identified as
the breaking out of comfort zones, having crucial learn-
ing experiences and staying motivated throughout the
process of transformation. These factors were the main
themes that emerged from coding the interview data and
congregating under each of these themes were a variety
of subthemes.

An educational ecosystem that embraces project-based
learning and which can provide ample opportunities for
students to participate in extracurricular activities was
found to be conducive in supporting transformative learn-
ing. The transformative outcomes included enhanced peo-
ple and relational skills, with project management skills
becoming second nature, in discovering and adopting
different ways of thinking and in increasing resilience.
These are outcomes that align with the soft skills desired
by the various engineering education initiatives because
they contribute toward equipping engineers who not only
possess the hard skills but also the soft skills and non-
technical competencies vitally needed to lead the way in
confronting today’s and tomorrow’s global sustainability
challenges which are underscored by the UNSDGs.
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