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Testing the Validity and Reliability of an Instrument
Measuring Engineering Students’ Perceptions of

Transversal Competency Levels
Mariana Leandro Cruz , Maartje E. D. van den Bogaard, Gillian N. Saunders-Smits, and Pim Groen

Abstract—Contribution: This study reports on a reliable and
valid instrument that measures engineering students’ perceptions
of their competency levels. A better understanding of students’
needs in engineering curricula will support the development of
engineering students’ transversal competencies.

Background: Prior research has investigated how engineering
students perceive competency levels in transversal competencies.
However, limitations in the competency definition, psychometric
properties, and generalizability were found.

Research questions: 1) What is the reliability and validity of
the competency level instrument? and 2) what are the transversal
competency level perceptions of engineering Bachelor and Master
students?

Methodology: A questionnaire consisting of 36 transversal com-
petencies was designed based on an existing industry model and
administered to 1087 engineering Bachelor and Master students
from the University of Technology, The Netherlands. Validity and
reliability were tested through exploratory factor analysis (EFA)
and confirmatory factor analysis (CFA) and Cronbach’s alpha.

Findings: EFA resulted in five scales with reliable Cronbach’s
alpha values. CFA demonstrated a good model fit for the five-
factor model with 25 items. Students perceived they are most
competent in teamwork and lifelong learning competencies and
less competent in entrepreneurial competencies.

Index Terms—Competency level measurement, engineering
education, reliability, student perception, survey, transversal
competencies and validity.

I. INTRODUCTION

THE POSSESSION of transversal competencies, also
known as professional skills, are a standard require-

ment for employers of engineering graduates. To accommodate
the changes and demands of society, employers of engineer-
ing graduates call for engineers to possess both technical
and transversal competencies [1], [2]. Therefore, accreditation
bodies such as the ABET Engineering Criteria [3] in the USA
and the European Network for Engineering Accreditation [4]
in Europe and engineering institutions themselves [5] have
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emphasized the incorporation of transversal competencies
into engineering education curricula. These transversal com-
petencies consist of competencies such as communication,
teamwork, entrepreneurship, and lifelong learning.

As part of the European project PREFER (Professional
Roles and Employability of Future Engineers), curriculum ele-
ments such as activities, courses, and workshops have been
developed to address the competency needs of engineering
students and better prepare them for employment. To better
understand students’ needs in engineering curricula and deter-
mine which transversal competencies and mastery levels to
focus on in the design of these elements, an instrument that
could measure students’ competency levels according to the
perceptions of the industry, lecturers and students were needed.

Previous studies have focused on graduates’ perceptions
of the most important competencies to the engineering
field [6]–[8] and students’ perception of their competency
mastery levels [9], [10]. These perceptions refer to beliefs or
opinions. Research studies often use perceptions because they
are easy to use and alternatives are labor intensive and not
always easy to implement, especially with large samples [11].
Second, it is important for students to learn to reflect on
their competency levels as part of their education [12], [13]
as it makes students aware of their transversal competencies
and mastery levels, and hence students are able to identify
weaknesses, strengths, and needs [14], which are required for
a successful student and professional careers.

The instruments used in the literature to measure or
research perceptions of competencies have limitations [15].
They often lack competency definitions, psychometric
property analysis [12], [15], and generalizability of the
results [9], [12]. The purpose of this study is to test the validity
and reliability of an instrument created to overcome the limi-
tations found in the literature. This instrument addresses five
main domains: communication, teamwork, lifelong learning,
innovation, and entrepreneurial competencies and provides
definitions for each competency and mastery levels based on
an existing industry competency model.

This study was carried out among aerospace engineering
students from the University of Technology, the Netherlands.
In the Dutch engineering education system, both Bachelor
and Master graduates should be competent in seven areas,
notably: competent in one or more scientific disciplines in
research, in design, and in co-operation and communication,
have a scientific approach, possess basic intellectual skills,
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and take account of the temporal and social context [16].
ABET accreditation standards use the same criteria for tech-
nical and transversal skills across all accredited engineering
programs [3]. In both cases, transversal competencies are used
interchangeably between engineering disciplines. Therefore,
the outcomes of this study can be applied to any engineering
context including electrical engineering.

II. BACKGROUND LITERATURE

A. Transversal Competencies in Engineering Education

Transversal competencies have gained importance in engi-
neering higher education over the past decades. To under-
stand their importance for effective professional practice,
Passow and Passow [8] have studied which competencies
engineering graduates of 11 engineering disciplines perceive as
most important in their professional life. Saunders-Smits [7]
in her doctoral thesis asked aerospace alumni of the Delft
University of Technology, the Netherlands, to rate the impor-
tance of 12 competencies for their present job. Meier et al. [6]
investigated the importance of 54 competencies to engi-
neers according to 415 business managers. Problem-solving,
communication, and teamwork were considered highly impor-
tant in all these studies. These findings are corroborated
in the systematic reviews of Passow and Passow [17] and
Abdulwahed et al. [18].

Prior research was not only just focused on the important
competencies necessary for a successful engineering career,
but also on the mastery level in transversal competencies as
perceived by engineering students. Direito et al. [10] gener-
ated a list of 29 skills and asked undergraduate engineering
students of four Portuguese institutions to rate their profi-
ciency in each skill and their importance for their future
employment. Using a validated questionnaire, Chan et al. [9]
investigated the perceived importance of and competency lev-
els in 38 skills of first-year engineering students at three
universities in Hong Kong. The same questionnaire was used
later by Chan and Fong [19] to compare the perceptions of
competency importance and levels between engineering and
business students in Hong Kong.

B. Self-Perception of Transversal Competencies

All these previous studies have investigated self-perceptions
as does this study. Self-perception of competencies is the
reported self-efficacy in performing competencies [20]. Self-
perceptions are frequently used in education research, in part
due to their ease of use and also because few nonlabor
intensive and workable alternatives exist, especially for large
groups [11]. However, using perceptions as a measurement has
a downside.

Research [13], [21], [22] has shown that students over-
estimate their competencies when asked to self-assess their
abilities. However, studies in the medical field [23], [24]
demonstrated a better correlation between self-perceived and
objectively measured transversal skills compared to practical
skills. It stands to argue that the same applies to engi-
neering students, as both are applied degrees. Also, it has
been demonstrated that students at higher degree levels, who

likely have been more exposed to self-assessment during their
degree, are better able to self-assess [25]. Therefore, self-
assessment can be a reliable instrument for measurement in
research studies if a mix of academic experience (i.e., students
of different years of study) is present in the sample.

Next to using self-perception for research purposes, there
is also a case to be made to use self-perception as an edu-
cational tool to help students learn to self-assess. There is
consensus in [12] and [13] that the ability to self-assess and
be self-aware is essential in the process of maturing and learn-
ing. By being able to self-assess, one can identify weaknesses,
strengths, and needs. Engineering students able to recognize
gaps in their learning may look for learning in areas of limited
competence. Also, the ability to reflect on students’ strengths
and weaknesses can help them to establish expectations of
themselves, goals, and future career needs [14].

Self-assessment (as a possible instrument of self-reflection)
is often a requirement in both organizational and professional
contexts [26]. Engineers able to recognize that they are not
able to complete a task can consult and refer it to another
person or recruit additional resources. In contrast, they can
offer their expertise to help to solve others’ problems.

In summary, students should have an awareness of their
transversal competencies and mastery levels because they need
to be able to identify their strengths and weaknesses in their
studies and professional engineering career. To assist stu-
dents in this, an instrument allowing them to reflect on their
competencies would be useful.

C. Limitations of Measurement Tools in Engineering
Education

Previous studies have measured students’ perceptions of
their competency levels [9], [10], [12]. However, these stud-
ies present some limitations. Cruz et al. [15], in a systematic
review of competency measurement methods, identified that
most studies lack definitions of the skills under study. In addi-
tion, other studies mentioned that absent [15] or broad [27]
definitions make interpretation complicated and may hinder
the internal structure of the instrument. Another limiting factor
of the measurements was the lack of psychometric properties
in studies [12], [15]. Cruz et al. [15] mentioned that some
studies have shown efforts in this regard. They developed
lists of competencies based on industry or academic literature,
conducted exploratory factor analysis (EFA) and confirmatory
factor analysis (CFA) and tested the reliability of the mea-
surements using Cronbach’s α. Chan et al. [9] identified these
limitations and designed a questionnaire to assess the percep-
tions of first-year Bachelor engineering students’ competency
levels in 38 skills based on prior academic literature. This
Hong Kong-based study created a valid and reliable instrument
with eight scales. However, they pointed out that their study
had a limitation regarding the generalizability of the results
as the instrument was only based on the perceptions of first-
year students who had just started their engineering studies. As
a solution, they suggested to measure the competency levels
perceived by final-year students and investigate how students
develop competencies during their studies.
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TABLE I
INFORMATION OF THE NUMBER OF STUDENTS PARTICIPATING IN THE

STUDY PER DEGREE (BSC1, BSC2, AND MSC1), GENDER (FEMALE,
MALE, AND OTHER), AND NATIONALITY (INTERNATIONAL AND DUTCH)

IN THE YEARS 2018 AND 2019. PERCENTAGES REFER TO THE TOTAL

NUMBER OF COMPLETED QUESTIONNAIRES (N = 1087)

D. Industry Competency Model

This study uses a 36 competency instrument with four
descriptive levels of mastery created based on the compe-
tency model developed by Siemens, a worldwide employer
of engineers and partner in the authors’ project. This instru-
ment fitted well into the context of the project deliverables and
the accompanying time frame. Also, this industry competency
framework was chosen because it qualitatively defines skills
and skill levels which are being used to assess employees’
skills development throughout Siemens.

The Siemens model divides competencies into five domains
as shown in Cruz and Saunders-Smits [28]. The first domain,
entrepreneurial competencies (ENTREP; seven items), con-
sisted of competencies related to managing and leading people
to achieve goals as well as awareness of markets, finances,
and business opportunities. The second domain, innovation
competencies (INOV; seven items), is defined by items that
lead to the generation of ideas and solutions, including
thinking critically and solving problems as well as taking
into consideration stakeholders and costs. The third domain,
communication competencies (CM; nine items), covers oral
and written communication and interpersonal skills necessary
to convey information and influence audiences. The fourth
domain, teamwork competencies (TW; eight items), is char-
acterized by the ability to work in groups and teams related
to the well-functioning of a team. The last domain, lifelong
learning competencies (LLL; five items), is defined by self-
regulation, adapting performance, and search for continuous
improvement.

III. METHODS

A. Participants and Data Collection

A paper-based questionnaire was administered to all first-
and second-year Bachelor and first-year Master students in
aerospace engineering at the University of Technology, the
Netherlands, in the first week of the academic years 2018/2019
and 2019/2020. In this article, from here on, all first- and

second-year Bachelor students are referred to as BSC1 and
BSC2, respectively, and first-year Master students as MSC1.

As stated earlier, within the Netherlands, the four research-
based universities of technology have created a set of common
learning outcomes which includes transversal skills generic
for all engineering disciplines [16]. As all engineering degrees
(including degrees in electrical engineering and applied com-
puter science) offered by these institutes are accredited accord-
ing to these standards, the results of this sample can be seen as
representative. Also, this population is well-mixed in terms of
nationalities (more than half of the students are non-Dutch and
come from five different continents) and years of study (BSC1,
BSC2, and MSC1), as well as gender-balanced considering the
engineering field.

Ethical permission was granted for this study by the univer-
sity’s Institutional Review Board, and participants were asked
for informed consent. A total of 1087 students (72% of the
total student population approached to participate) completed
the questionnaire and gave consent (Table I).

B. Questionnaire Design and Structure

Participants were asked to indicate what level of expertise
on a four-point descriptive Likert scale (0—absent, 1—basic,
2—advanced, and 3—expert) they think they hold for the
36 transversal competencies. The administration time was
approximately 15 min.

C. Data Analysis

To answer the first and second research questions, respec-
tively, the psychometric properties (reliability and validity)
of the questionnaire and the descriptive statistics (mean and
standard deviation of students’ self-perceived scores) were
calculated and analyzed at factor and item level.

Before starting on the factor analyses, the dataset was ran-
domly split into two groups. As proposed by Hair et al. [29],
EFA was conducted to assess the initial item structure of the
competency questionnaire using the first dataset followed by
CFA to examine the structure of the factors obtained in the
EFA and determines the fit of the model using the second
dataset.

EFA was done in SPSS 25 with 544 cases. Correlation
between variables and the determinant of the correlation
matrix, which should be above 1E-5 to avoid multicollinear-
ity, was investigated [30]. Also, Kaiser-Meyer-Olkin (KMO)
and Bartlett’s tests were considered. They indicate sampling
adequacy and a correlation between items significantly large,
respectively. KMO values above 0.9 are considered superb,
and KMO values of individual variables are acceptable above
0.5 [30]. Then, the factors were extracted and the eigenvalues
and variance within variables calculated. Kaiser’s criterion of
eigenvalues greater than 1 was assumed because of the large
sample size (>250 according to [30]). The underlying factors
were evaluated using orthogonal rotation (varimax) to avoid
dependency between the factors [30] as the constructs in the
initial instrument were not correlated. A cutoff score for the
factor loadings of 0.4 was used. Also, factors with fewer than
three items were removed [31].
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TABLE II
FACTOR LOADINGS DERIVED FROM THE EFA OF 36 ITEMS

AND ABOVE 0.4 ARE SHOWN (N = 544)

CFA was tested in SPSS AMOS 25 with 543 cases.
Maximum likelihood estimation was used. To assess model
fit, comparative fit index (CFI), root-mean-square error of
approximation (RMSEA), and the ratio of χ2 to its degrees
of freedom (χ2/df) were considered. Threshold values of CFI
above 0.90, RMSEA below 0.06, and χ2/df below 3.0 were
indicative of a good model fit [32]. The Chi-squared statistic
(χ2) was included in this study but not used as a model fit
indicator because it is sensitive to sample size, and it rejects
the model for large samples [32].

The internal consistency of each scale was measured
through Cronbach’s alpha. Item-total correlations lower than
0.3 were pin-pointed as items that do not correlate with the
overall score from the scale. Reliable scales were assumed for
α > 0.70 [30].

IV. RESULTS

A. Questionnaire Construct Validity Evidence

EFA was carried out on the 36 items with varimax rotation.
A KMO value of 0.89 was obtained, meaning adequate sample
size. The Bartlett’s test of sphericity χ2(630) = 4809.9, p <

0.001 demonstrated that correlations between items were large.
In the first exploratory phase, five items were removed as two

items (English language and writing skills) loaded to a sin-
gle factor, the item risk tolerance had a negative loading, and
the other two items (collaborative goal-oriented and negotia-
tion skills) had factor loadings below 0.4. Therefore, a second
analysis was performed with 31 items. Two other items (giv-
ing constructive feedback and noncredit activity participation)
were deleted as they had factor loadings below 0.4. Another
item (engagement in teamwork) was removed in a third anal-
ysis for the same reason. In the following analysis, a sixth
factor composed of three items (leadership, goal settings, and
project management) was deleted because it did not meet the
reliability threshold. The final model had five factors: com-
munication (CM; five items), innovation (INNOV; five items),
entrepreneurial (ENTREP; five items), lifelong learning (LLL;
five items), and teamwork (TW; five items) competencies with
eigenvalues over Kaiser’s criterion of 1 and together they
explained 47.4% of the variance. Their factor loadings are
shown in Table II. The total explained variance is 47.4%.

Cronbach’s alpha was calculated for each scale to test the
reliability of the instrument. Cronbach’s alpha values ranged
from 0.66 to 0.79 (Table II). The item-total correlation ranged
from 0.34 to 0.65 indicating that the items correlated with
the overall score of each scale. The findings showed that five
scales: CM, INNOV, ENTREP, LLL, and TW demonstrated
moderate to high consistency.

CFA was performed to test the factor structure of the instru-
ment. The five-factor model obtained from the EFA presented
a χ2 = 581, 5, df = 265, p < 0.001 and it showed good
fit: χ2/df = 2.194 (<3.0), RMSEA = 0.047 (<0.06), and
CFI = 0.901 (>0.90). The standardized estimates of this
model ranged from 0.43 to 0.77. Therefore, this instrument
is valid.

B. Descriptive Statistics

The means and standard deviations for the perceptions of
the combined students’ competency levels for the (new) five-
factor instrument (including the individual items) are reported
in Table III.

The highest competency levels were found for team-
work and lifelong learning competencies and the lowest for
entrepreneurial competencies. When looking at the item level,
the five highest competency levels perceived by students
were listening skills, strengths and weaknesses awareness,
cross-cultural understanding, actively seeking learning, and
problem-solving (marked in Table III with *), while the five
lowest competency levels were stakeholder management, busi-
ness acumen, financial awareness, idea implementation, and
technology benchmarking (marked in Table III with #).

V. DISCUSSION

The original competency model comprised 36 items loading
to five scales [28]. After EFA and CFA, the model is still com-
posed of the same five scales: CM, INNOV, ENTREP, LLL,
and TW. However, with fewer items and with some differ-
ences in each scale. When comparing the initial model (five
factors with 36 items) with the new model (five factors with
25 items), the former shows redundancy in the context of this
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TABLE III
DESCRIPTIVE STATISTICS OF THE PERCEIVED STUDENTS’ COMPETENCY

LEVELS OF THE 25-ITEM FIVE-FACTOR INSTRUMENT (N = 1087). THE

FIVE HIGHEST AND LOWEST COMPETENCY LEVELS PERCEIVED BY

STUDENTS ARE HIGHLIGHTED WITH A * AND #, RESPECTIVELY

study as 11 items were measuring more than needed and the
latter robustly measures engineering students’ perceptions of
mastery levels.

In the new model as listed in Table III, the first scale (CM)
is defined by oral communication and ability and confidence to
express information to different audiences. A scale involving
oral communication and the use of influential communication
is present in the study of Lizzio and Wilson [12]. The CM
scale in the new model has lost four items present in the ini-
tial model. Two of them (English language skills and writing
skills) were deleted as they loaded to a single factor in the first
step of EFA, and the other two items (listening skills and inter-
relation ability) loaded to the TW scale. Although listening to
others was considered part of communication in the study of
Lizzio and Wilson [12], listening skills seem to fit well in the
TW scale as engineers need to listen when working in teams.

The second scale (INNOV) of the new model is character-
ized by items that lead to the generation of ideas and solu-
tions. Again similarities were found between this study and
Lizzio and Wilson [12]. Both studies suggested an interaction
between problem-solving and critical thinking. Although in
Chan et al. [9] these items belonged to two distinct scales
(academic and problem-solving skills and critical thinking),
in their new instrument [33], items related to the identifica-
tion and solving problems and thinking critically loaded to
the same scale as in Lizzio and Wilson [12] and in this study.

The INNOV scale of the new model compared to the ini-
tial model excluded skills such as stakeholder management
and value/cost-consciousness. They load to the ENTREP scale.
This finding makes sense as the ENTREP scale includes items
related to finances, markets, and business opportunities. Thus,
the awareness of stakeholders and value and costs seem to be
related to them. The ENTREP scale gains two items but loses
four. Two of them (project management and leadership) loaded
to an extra factor which was deleted because it showed low
reliability, and the other two items were deleted as risk toler-
ance showed a negative factor and negotiation skills seemed
to be redundant due to similarities with pitching skills. This
scale seems to be not considered in the previous literature. This
gives value to this instrument as it can measure items related
to entrepreneurship, important for engineering roles [34].

The fourth scale (LLL) is characterized by self-
management, in terms of professional needs, strengths and
weaknesses, stick to time frames, and search for continuous
improvement autonomously. In this scale, the new model has
four items in common with the initial model. One item non-
credit activity participation present in the initial model was
deleted in the new model as it seemed to have issues shown
by the factor loading lower than 0.4. On the other hand, in the
new model, this scale has an extra item time management. This
item was left on this scale as it is also present in a similar scale
named self-management skills of the study of Chan et al. [9].
A scale including adaptability, self-management, and self-
understanding was also present in Lizzio and Wilson [12] and
in the new instrument by Chan and Luk [33].

The fifth scale (TW) in the new model is defined by the
ability to work in groups respecting cultural differences and
disciplines of knowledge, listening attentively, and managing
issues. Three items were maintained from the initial model,
and two other items were added. The item listening skills was
discussed above. The item interrelation ability was consid-
ered appropriate in this scale as teamwork requires interaction
and relationships between people. The four items deleted (col-
laborative goal-oriented, engagement in teamwork, and giving
constructive feedback) seemed to show redundancy in the
initial model in the context of this study.

This study and the study carried out by Chan et al. [9]
have similarities which show that the competency levels’
perceptions of engineering students in the Netherlands and
Hong Kong are alike. However, dissimilarities were also
present. The scale interpersonal skills of Chan et al. [9]
consisted of items related to interaction and communica-
tion with others, teamwork, and flexibility. However, in this
study as well as in Lizzio and Wilson [12], three distinct
scales (CM, TW, and LLL) were demonstrated. The reason
presented by Chan et al. [9] for this difference between their
study and Lizzio and Wilson [12] was discipline generaliz-
ability (engineering versus behavioral science, engineering,
and management, respectively). Considering the results of
this study, the reason may be the different cultural educa-
tional background in terms of location and student population
of the three studies: 90% Asian in Chan et al. [9] ver-
sus Western in Lizzio and Wilson [12] and this study (80%
Australian and 84% European, respectively). This may be
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explained by similarities between the European and Australian
systems, which have 3-year Bachelor programs and 2-year
Master programs combining broad interdisciplinary knowledge
and deep core engineering disciplines, versus the Hong Kong
system, which after the reformation in 2006 included a student
holistic development approach, i.e., “a progressive process
through which the intellectual, physical, professional, psycho-
logical, social, and spiritual capacities of an individual can be
holistically enhanced” [35], which is not implemented in the
degrees in Europe and Australia [36]. The fact that students
are exposed to different education systems and consequently
differently exposed to transversal competencies may influence
the way they perceive their competency levels. Thus, more
similarities between the system may mean more similarities
between students’ perceptions.

When looking at the outcomes of the descriptive statistics,
students perceived they were most competent in teamwork
and lifelong learning competencies and less competent in
entrepreneurial competencies. Previous studies [6]–[8] have
shown that engineers highly require teamwork and lifelong
learning competencies as in their careers engineers are con-
stantly working with other people engineers and nonengineers,
and these competences need continuous development.

Looking at studies that investigated students’ competency
levels, Chan et al. [9] and Direito et al. [10] showed that
engineering students perceived they were most competent in
listening skills. In this study, this competency belonged to the
TW factor and students indicated they were highly competent
too. High levels for actively seeking learning and problem-
solving were also found in Direito et al. [10]. In this study,
they belonged to LLL and INNOV factors, respectively, and
students also perceived high levels of competency. These three
competencies are essential for future engineers who need to
solve problems constantly and be attentive to the needs of
people around them including colleagues but also the wider
society and look continuously for opportunities to develop
themselves. Although students already feel they are highly
competent in these competencies, it is the role of the university
to further prepare future engineers with the ability to problem
solve, listen to others, and actively looking for more knowl-
edge so that students are prepared for the real-life environment
of the labor market.

As innovation is considered a key competency for future
engineers by stakeholders [37], it is interesting to see that the
INNOV factor was not among the factors that students per-
ceived they were highly competent in. This is mainly due to
students feeling they were not very competent in ideation and
idea implementation. This outcome was also verified in the
following studies [10], [12], [33]. Another similar outcome of
the four studies (this study and [10], [12], [33]) was that engi-
neering students felt less competent in pitching and negotiation
skills. In this study, this item presented the lowest compe-
tency level in the CM factor. Attention to the development
of students’ ideation, idea implementation and pitching skills
should be given by the university, as students felt less compe-
tent and these competencies are important for the engineering
professional roles developed by Craps et al. [34]. Their model
highlights the need for the customer intimacy engineer to

be able to negotiate with clients and the product leadership
engineer to develop new ideas and execute them.

Moreover, the focus of the university should not only be lim-
ited to the previous competencies but also entrepreneurial com-
petencies because first engineers are expected to become lead-
ers of the top organizations, refine markets, solve major tech-
nological problems, and economic crisis at national and global
levels [38], second entrepreneurial competencies were consid-
ered important for future engineers by stakeholders [37], and
finally, students in this study perceived they were less com-
petent in these competencies. Although the development of
entrepreneurial competencies has grown interest in engineer-
ing education [39], universities should continue to emphasize
the development of these competencies for instance through
inductive teaching methods with real-life problems [40].

The transversal competency instrument presented in this
study measures students’ perceptions of their competency lev-
els to overcome the limitations of the instruments of the previous
studies [9], [15]. This is done by providing descriptions for each
competency and mastery levels based on an industry-based com-
petency model. The model has been tested using a wide selection
of students of different ability in self-perception skills by
including students from different years of studies and different
nationalities, even though only aerospace engineering students
took part in this study. In doing so the study differs from the study
of Chan et al. [9] that only used first-year engineering students,
who have a limited understanding and experience of the engi-
neering disciplines and transversal competencies [13], [41].
Moreover, this sample included a range of different cultural pre-
university education backgrounds, i.e., students from several
parts of the world participated in this research.

Finally, the results of the EFA and CFA have shown that
after a reduction in items, a valid and reliable five-scale, 25-
item instrument that measures competency levels has been
achieved which can be used both for educational research and
as a self-reflection instrument for students.

VI. LIMITATIONS AND FUTURE WORK

The main limitation of this study was that the data collected
on the mastery of competency was based on students’ percep-
tions on a list of competencies. Prior research [13], [21], [22]
has demonstrated that students are biased when they assess
themselves. To reduce this issue of bias, in this research, more
mature students (not only first-year Bachelor) were included in
the sample as they are considered to have a better understand-
ing and practice of the engineering discipline and transversal
competencies [41] and more exposed to self-assessment [25].

For future research, interviews and observations exploring
the level of mastery in competencies of Bachelor and Master
students may yield additional outcomes on the perceptions of
students’ competency levels.

The similarities and differences between this study and the
studies of Lizzio and Wilson [12] and Chan et al. [9] showed
that there is a potential role of disciplines and cultural edu-
cational background influencing the perceptions of students’
competency levels, which can be explored further.
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In conclusion, this study has provided a valid and reli-
able instrument consisting of 25 competencies divided over
five scales that can be used to research the mastery levels
of engineering students as well as being used as a self-
assessment instrument. For the authors, this instrument will
help them address the needs of their students and develop
their transversal competency levels.

ACKNOWLEDGMENT

Mariana Leandro Cruz, Maartje E. D. van den Bogaard, and
Gillian N. Saunders-Smits would like to thank the European
Union for funding the project PREFER. They would also like
to take this opportunity to dedicate this article to Pim Groen,
coauthor who sadly passed away in May 2020 during the
revision of this manuscript. The authors thank him for all his
help, advice, and support with this research. He will be sorely
missed.

REFERENCES

[1] L. J. Shuman, M. Besterfield-Sacre, and J. McGourty, “The ABET ‘pro-
fessional skills’—Can they be taught? Can they be assessed?” J. Eng.
Educ., vol. 94, no. 1, pp. 41–55, 2005.

[2] S. Cassidy, “Developing employability skills: Peer assessment in higher
education,” Educ. Training, vol. 48, no. 7, pp. 508–517, 2006.

[3] Criteria for Accrediting Engineering Programs, Eng. Accreditation
Commission ABET, Baltimore, MA, USA, 2000.

[4] EUR-ACE Framework Standards for the Accreditation of Engineering
Programmes, Eur. Netw. Accreditation Eng. Educ., Brussels, Belgium,
2008.

[5] C. Winberg et al., “Developing employability in engineering education:
A systematic review of the literature,” Eur. J. Eng. Educ., vol. 45, no. 2,
pp. 165–180, 2020.

[6] R. L. Meier, M. R. Williams, and M. A. Humphreys, “Refocusing
our efforts: Assessing non-technical competency gaps,” J. Eng. Educ.,
vol. 89, no. 3, pp. 377–385, 2000.

[7] G. N. Saunders-Smits, “Study of Delft aerospace alumni,” M.S. the-
sis, Dept. Aerosp. Eng., Delft Univ. Technol., Delft, The Netherlands,
2008.

[8] H. J. Passow and C. H. Passow, “Which ABET competencies do engi-
neering graduates find most important in their work?” J Eng. Educ.,
vol. 101, no. 1, pp. 95–118, 2012.

[9] C. K. Y. Chan, Y. Zhao, and L. Y. Y. Luk, “A validated and reliable
instrument investigating engineering students’ perceptions of competency
in generic skills,” J. Eng. Educ., vol. 106, no. 2, pp. 299–325, 2017.

[10] I. Direito, A. Pereira, and A. M. de Oliveira Duarte, “Engineering
undergraduates’ perceptions of soft skills: Relations with self-efficacy
and learning styles,” Procedia Soc. Behav. Sci., vol. 55, pp. 843–851,
Oct. 2012.

[11] L. Cohen, L. Manion, and K. Morrison, Research Methods in Education.
Abingdon, U.K.: Routledge, 2007.

[12] A. Lizzio and K. Wilson, “First-year students’ perceptions of capability,”
Stud. Higher Educ., vol. 29, no. 1, pp. 109–128, 2004.

[13] M. Pinxten, G. N. Saunders-Smits, and G. Langie, “Comparison of 1st
year student conceptions on their future roles as engineers between
Belgium and The Netherlands,” presented at the 46th SEFI Annu. Conf.,
Copenhagen, Denmark, Sep. 2018, pp. 499–507.

[14] K. W. Eva and G. Regehr, “Self-assessment in the health professions:
A reformulation and research agenda,” Acad. Med., vol. 80, no. 10,
pp. S46–S54, 2005.

[15] M. L. Cruz, G. N. Saunders-Smits, and P. Groen, “Evaluation of com-
petency methods in engineering education: A systematic review,” Eur.
J. Eng. Educ., vol. 45, no. 5, pp. 729–757, 2020.

[16] A. W. M. Meijers, C. W. A. M. van Overveld, and J. C. Perrenet, Criteria
for Academic Bachelor’s and Master’s Curricula, Techniche Universiteit
Eindhoven TU/e, Eindhoven, The Netherlands, 2005.

[17] H. J. Passow and C. H. Passow, “What competencies should undergrad-
uate engineering programs emphasize? A systematic review,” J. Eng.
Educ., vol. 106, no. 3, pp. 475–526, 2017.

[18] M. Abdulwahed, W. Balid, M. O. Hasna, and S. Pokharel, “Skills of
engineers in knowledge based economies: A comprehensive literature
review, and model development,” presented at the IEEE Int. Conf. Teach.
Assess. Learn. Eng., Bali, Indonesia, 2013, pp. 759–765.

[19] C. K. Y. Chan and E. T. Y. Fong, “Disciplinary differences and impli-
cations for the development of generic skills: A study of engineering
and business students’ perceptions of generic skills,” Eur. J. Eng. Educ.,
vol. 43, no. 6, pp. 927–949, 2018.

[20] P. Katowa-Mukwato and S. Banda, “Self-perceived versus objectively
measured competence in performing clinical practical procedures by
final year medical students,” Int. J. Med. Educ., vol. 7, pp. 122–129,
Apr. 2016.

[21] J. Kruger and D. Dunning, “Unskilled and unaware of it: How dif-
ficulties in recognizing one’s own incompetence lead to inflated self-
assessments,” J. Pers. Soc. Psychol., vol. 77, no. 6, pp. 1121–1134,
1999.

[22] D. Boud, Enhancing Learning Through Self-Assessment. London, U.K.:
Kogan-Page, 1995.

[23] L. Coberly and L. M. Goldenhar, “Ready or not, here they come: Acting
interns’ experience and perceived competency performing basic medi-
cal procedures,” J. Gen. Internal Med., vol. 22, no. 4, pp. 491–494,
2007.

[24] A. Jones, P. J. McArdle, and P. A. O’Neill, “How well prepared are
graduates for the role of pre-registration house officer? A comparison
of the perceptions of new graduates and educational supervisors,” Med.
Educ., vol. 35, no. 6, pp. 578–584, 2001.

[25] E. F. Gehringer, “Self-assessment to improve learning and evaluation,”
presented at the ASEE Annu. Conf. Exposit., Columbus, OH, USA, 2017,
pp. 1–9.

[26] D. Boud, “Assessment and the promotion of academic values,” Stud.
Higher Educ., vol. 15, no. 1, pp. 101–111, 1990.

[27] J. Arnold, J. Loan-Clarke, A. Harrington, and C. Hart, “Students’ per-
ceptions of competence development in undergraduate business-related
degrees,” Stud. Higher Educ., vol. 24, no. 1, pp. 43–59, 1999.

[28] M. L. Cruz and G. N. Saunders-Smits, “Transversal competency level
of engineering graduates dictated by European industry,” presented at
the 126th ASEE Annu. Conf. Exposit., Tampa, FL, USA, Jun. 2019,
pp. 1–18.

[29] J. F. Hair, W. C. Black, B. J. Babin, R. E. Anderson, and R. L. Tatham,
Multivariate Data Analysis. Edinburgh, U.K: Pearson Educ. Ltd., 2014.

[30] A. Field, Discovering Statistics Using SPSS. London, U.K.: SAGE Publ.,
2009.

[31] J. Raubenheimer, “An item selection procedure to maximize scale reli-
ability and validity,” SA J. Ind. Psychol., vol. 30, no. 4, pp. 59–64,
2004.

[32] D. Hooper, J. Coughlan, and M. Mullen, “Structural equation modelling:
Guidelines for determining model fit,” Electron. J. Bus. Res. Methods,
vol. 6, no. 1, pp. 53–60, 2008.

[33] C. K. Y. Chan and L. Y. Y. Luk, “Development and validation of
an instrument measuring undergraduate students’ perceived holistic
competencies,” Assess. Eval. Higher Educ., pp. 1–16, Jul. 2020.

[34] S. Craps, M. Pinxten, H. Knipprath, and G. Langie, “Wanted:
super(wo)man—A study to define professional roles for future engi-
neers by distinctive professional competences,” presented at the 46th
SEFI Annu. Conf., Copenhagen, Denmark, Sep. 2018, pp. 148–157.

[35] Whole Person Development, HKBU, Hong Kong, China, 2019. [Online].
Available: https://sa.hkbu.edu.hk/cdc/support-for-new-students/WPDM
(09/06/2020)

[36] C. K. Chan and L. Y. Luk, “Faculty perspectives on the,’3+ 3+ 4,’
curriculum reform in Hong Kong: A case study,” Int. Educ. Stud., vol. 6,
no. 4, pp. 56–66, 2013.

[37] N. Spinks, N. Silburn, and D. Birchall, Educating Engineers for the 21st
Century: The Industry View. Henley-on-Thames, U.K.: Henley Manag.
Coll., 2006.

[38] S. Purzer, N. Fila, and K. Nataraja, “Evaluation of Current Assessment
Methods in Engineering Entrepreneurship Education,” Adv. Eng. Educ.,
vol. 5, no. 1, pp. 1–13, 2016.

[39] C. J. Creed, E. M. Suuberg, and G. P. Crawford, “Engineering
entrepreneurship: An example of a paradigm shift in engineering
education,” J. Eng. Educ., vol. 91, no. 2, pp. 185–195, 2002.

[40] M. J. Prince and R. M. Felder, “Inductive teaching and learning methods:
Definitions, comparisons, and research bases,” J. Eng. Educ., vol. 95,
no. 2, pp. 123–138, 2006.
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