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The current rapid technological advancements and the dynamic workplace environments call for engineering graduates to

be equipped with a combination of interdisciplinary skills. Among the core skills for the engineering profession is

problem-solving. Although industry professionals and academics consider problem-solving an essential attribute of

engineers in industry 4.0, research shows that several engineering graduates are not adequately equipped to apply the

problem-solving approach in workplace environments. During the past years, the most common approach referred to in

the literature for enhancing problem-solving skills in engineering education is Problem-Based Learning (PBL). While

research reported that PBL could improve students’ skills in the early stage of higher education or within their degree

programmes, most engineers generally accept that graduates will ‘‘really’’ learn how to be an engineer at the workplace.

This paper reports on the methodological process of designing and developing a postgraduate vocational training

programme to enhance engineering graduates’ problem-solving skills through PBL. Specifically, it aims to investigate the

programme’s impact on engineering graduates’ problem-solving skills and their perceptions about the PBL experience. A

mixed-methods study was applied to answer the research questions. The Problem-Solving Inventory (PSI) was used to

collect quantitative data regarding engineering graduates’ problem-solving skills and semi-structured interviewswere used

to gather qualitative data regarding the implementation of the PBL programme. The results showed that the programme

was successful in developing engineering graduates’ problem-solving skills. Furthermore, engineering graduates reported

several additional benefits regarding their learning experience. Examples include gaining a deeper understanding of the

problem-solving process, developing professional knowledge, and enhancing employability potential. They also referred

to various challenges which emerged during the programme, such as the time allocation for the assimilation of new

knowledge, the application of problem-solving processes, and the communicationwith the technical staff in the workplace

settings. We hope that this work can open a platform for discussion regarding the engineering curricula and the use of

* Accepted 5 May 2022. 1257

International Journal of Engineering Education Vol. 38, No. 5(A), pp. 1257–1273, 2022 0949-149X/91 $3.00+0.00
Printed in Great Britain # 2022 TEMPUS Publications.



problem-oriented pedagogies toward improving employability and professional skills through industry-academia

collaboration.

Keywords: problem-based learning; problem-solving; vocational training; internship; engineering education

1. Introduction

Engineering is considered a profession that has a

considerable impact upon societies and economies

[1, 2]. It is by no coincidence that in the current era

of the ‘‘fourth industrial revolution’’ or Industry

4.0, which refers to technological breakthroughs,

such as artificial intelligence and robotics, there is a

fast-growing need for skilled engineers to create and
manage advanced and automated production sys-

tems [3]. The application of engineering processes

covers a range of technical activities, including the

‘‘definition, design, documentation, simulation, and

management of products and services, and other

related processes along the entire lifecycle’’ [4].

From the perspective of technical knowledge, the

profession draws upon the disciplines of mathe-
matics, science, and technology, integrated with

business and management [5, p. 65]. However,

over the last years, the profile of the professional

engineer has been enhanced with attributes that

refer to non-technical skills [6]. This change was

foreseen by the Committee on Engineering Educa-

tion of the National Academy of Engineering

(NAE) (2005), which recognised that ‘‘while certain
basics of engineering will not change, the global

economy and the way engineers will work will reflect

an ongoing evolution that began to gain momentum a

decade ago’’ [7, p. 4]. Indeed, the current rapid

technological advancements, the complex and

global technical challenges, and the dynamic work-

place environments call for engineering graduates

to be equipped with a combination of technical and
non-technical skills [8–10]. The latter almost always

focus on professional skills that represent ‘‘atti-

tudes, behaviors, skills, and motivation, and not just

knowledge’’ [9] which can be developed through

training [11, p. 4].

Among the most common attributes of the

engineering mindset is problem-solving [1, 5, 11–

14]. Specifically, the engineering practice involves
solving complex, ambiguous, and ill-structured

problems [12, 15]. Industry professionals and aca-

demics perceive the problem-solving capability as a

key attribute of engineers in industry 4.0 [16, 17].

Such perception is also evident among engineering

students who view problem-solving as a key skill for

their future profession [18, 19].

Despite the importance of problem-solving in the
engineering profession, research shows that gradu-

ates are not adequately equipped to apply problem-

solving in industry environments [20, 21]. The
above fact may be attributed to the nature of

current educational programmes, which do not

sufficiently address the habits of mind required by

today’s engineers [11]. This challenge is also evident

in programmes that focus on Problem-Based

Learning (PBL), the most common instructional

approach for developing problem-solving skills in

engineering education [22]. Specifically, one of the
main challenges regarding the implementation of

PBL is that the nature of the problem-solving

experience in education settings is different from

the workplace settings [12, 23]. While research

reported that PBL projects could improve students’

technical and non-technical skills in the early stage

of higher education [24] or within their degree

programmes [25], most engineers generally accept
that graduates will ‘‘really’’ learn how to become an

engineer at the workplace [12, p. 146]. Additional

challenges reported in the PBL literature refer to the

better preparation of instructors to provide more

resources and pedagogical support and training

[26]. Considering the above, there is a need to

design and develop vital engineering programmes

with a balance of engineering theory and practice to
transform young engineers’ transition to their

workplaces [27]. In the era of the Industry 4.0,

research on engineering education needs to focus

on a modern idea of professionalism which can be

based on the design of vocational education and

continuous training [17].

This paper reports on themethodological process

followed for designing and developing a PBL-based
postgraduate vocational training programme called

ENGINITE to enhance the professional develop-

ment of engineering graduates. Specifically, the

programme aimed to develop problem-solving

skills in graduate engineers through industry-aca-

demia collaboration based on the Aalborg model,

which is considered one of themost well-established

PBL approaches in engineering [22]. The research
questions guiding this study are the following:

� RQ1: What is the impact of the ENGINITE

programme on enhancing engineering graduates’

problem-solving skills?

� RQ2: What are the engineering graduates’ per-

ceptions about the learning experience within the
ENGINITE programme?

In order to answer the research questions, a mixed-

methods study was conducted to collect quantita-
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tive and qualitative data regarding engineering

graduates’ problem-solving skills and their percep-

tions about the PBL approach. The analysis of the

results showed that the programme was successful

in developing engineering graduates’ problem-sol-

ving skills. Additionally, engineering graduates
perceived positively their learning experience

within the PBL programme.

2. Literature Review

As stated by Miller (2017), ‘‘graduate engineers

should be given the opportunity to develop profes-

sional skills andmindsets that support them in order to

contribute to solving the most complex challenges of

our age’’ [10, p. 55]. However, many higher educa-

tion institutions fail to prepare engineering students

for practice for various reasons. Namely, the course

content does not reflect the real industry require-

ments [28–30], engineering academics are not

equipped with industrial and practical experience
of engineering gained prior to their entry into the

higher education sector [31], and students are

mainly academically but not industry trained [17,

21]. As a result, young engineers graduating from

higher education institutions are not industry-ready

[17, 30, 32]. This is quite problematic as the demands

rising from the technological developments of

industry 4.0 keep changing at a very fast pace, and
academia fails to match steps with it [29]. Therefore,

there is an urgent need to transform young engi-

neers’ transition to their workplaces [27] by provid-

ing them more opportunities to gain practical

experiences and enhance their professional skills in

industrial work settings [17, 24].

It is worth noting that the engineering profession

is considered among the ones with the highest rates
of change, and graduates in engineering work in

occupations with much faster rates of job skill

change than graduates majoring in other fields.

For this reason, early-career engineers need a

strong set of skills that will allow them to deal

with rapid technological changes [33] but not at

the cost of losing a strong theoretical base [28].

Among the core skills for the engineering profession
is problem-solving [5, 11–14]. The NAE (2005) in

the report The Engineer of 2020: Visions of Engi-

neering in the New Century stated that ‘‘engineering

is problem recognition, formulation, and solution’’

and concluded that future engineers ‘‘will be work-

ing with diverse teams of engineers and non-engineers

to formulate solutions to yet unknown problems’’ [7,

p. 43]. Nowadays, in the era of Industry 4.0, the
above statements are more relevant than ever for

enhancing productivity growth and handling forth-

coming social and technological challenges [27].

Industry professionals look for graduate engineers

who possess more than a strong theoretical knowl-

edge, namely, engineers who are skilful in solving

industry-related problems [16, 30, 32, 34]. This

perception is also common among engineering

students who consider problem-solving skills essen-

tial for workplace [18–19, 35].
During the past years, several educational

approaches have been applied to enhance pro-

blem-solving skills in engineering education. The

most common approach is Problem-Based Learn-

ing (PBL) which is associated with the development

of knowledge as well as higher-order thinking skills,

including problem-solving [22, 36, 37]. PBL has

been recognised as an approach that supports
students to develop essential skills needed for the

workplace [38–40]. Specifically, within a PBL pro-

gramme, students work in small collaborative

groups directed by the facilitator [41, 42]. The

groups are engaged in a guided learning experience

that requires solving complex, authentic problems

[43] and building knowledge by interacting with

each other [44]. Such problems drive the learning
process by triggering students’ interest to learn to

work through the problems by identifying and

researching the concepts and principles they need

to know [37]. Through this experience, they are

encouraged to take an active role in formulating

and analysing problems, generating hypotheses,

and presenting possible solutions [41].

It should be noted that PBL is not limited to one
common methodology, but it is an instructional

approach that can take many forms [45]. Savin-

Baden (2014) described nine different formulations

of PBL, namely: PBL for knowledge management,

PBL through activity, project-led PBL, PBL for

practical capability, PBL for design-based learning,

PBL for critical understanding, PBL for multimo-

dal reasoning, collaborative distributed PBL, and
PBL for transformation and social reform [46].

Barrows (1986) indicated that the common denomi-

nator of the different forms of PBL is the use of

problems in the instructional sequence and that

perfecting problem-solving skills through repeated

practise and feedback is considered one of the

primary objectives of PBL [47]. In the context of

engineering education, research reports positive
results from the implementation of PBL pro-

grammes regarding students’ learning outcomes

[48-49] and satisfaction with the learning experience

[50]. Other studies highlighted the effectiveness of

PBL in enhancing undergraduates’ professional

skills [24, 51, 52].

Apart from the promising results of the imple-

mentation of PBL in engineering education, several
challenges have also been reported, especially

regarding the application of problem-solving pro-

cesses. According to Mills and Treagust (2003),
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‘‘engineers must be able to apply concepts that they

learn during their education at university to solve

problems outside the experience they had in the

course since every problem they encounter in prac-

tice will usually be different from those they have

encountered at university’’ [23, p. 8–9]. In other
words, in terms of the learning experience, a pro-

blem in a classroom setting may be different in

nature from a workplace problem [12]. Mainly,

students in classroom settings work with well-

defined and relatively simplified problems as part

of the coursework, such as those found at the end of

textbook chapters [12]. These problems are often

situated in academic settings [21]; they are struc-
tured and not grounded in real-world contexts [32,

53]. As a result, students fail to understand the

complexities and ambiguities of workplace pro-

blems [21]. This is especially the case for PBL

practices that are integrated in an existing single

subject or course. In these contexts, the problems in

the projects are mostly formulated within the aca-

demic (technical) context [54]. While prior knowl-
edge on PBL is important because the application

of existing knowledge to new situations through

modelling and experimentation is a common engi-

neering practice [36], novice engineers may find

themselves unprepared to manage the complexity

of real-life projects based on their prior studies [40].

To tackle this challenge, higher education institu-

tions established collaborations with companies in
order to introduce a set of authentic problems and

engage students in real work problem-solving [55–

57]. This trend includes, among others, the provi-

sion of internship programmes that are offered by

companies as a means to enhance students’ under-

standing of the complex-problem situations they

will encounter in real work settings. However,

internships are not well-researched from the point
of view of learning outcomes [54, 58]. Another

challenge refers to the lack of knowledge and

skills to transfer from traditional learning methods

to PBL methods in higher education [45, 59].

Particularly, instructors should have a clear under-

standing of the ‘‘wider pedagogical and organiza-

tional implications’’ of PBL rather than seeing it as

‘‘a means of giving students skills’’ [38] or as a
‘‘methodology that consumes scarce resources of

the department’’ [26]. Additionally, students

should also be trained on how to approach learning

in a PBL context. For example, they should be able

to take responsibility for their own learning and be

prepared to follow problem-solving processes [60].

To conclude, more research is needed to shed light

on the successful implementation practices of PBL
at different levels [45], especially since the design of

a PBL programme should be adapted to different

settings, cultures, curricula, and circumstances [61].

It must be emphasised that the introduction of

PBL to undergraduate courses requires a great deal

of coordinated time and effort as ‘‘most universities

are not suitably structured for implementing an

integrated curriculum’’ [62]. For this purpose,

higher education institutions need to consider
which PBL models could be transferred into their

institutions. Additionally, comprehensive consid-

erations should be taken into account from curri-

culum designers regarding the pedagogical theories

and PBL knowledge that underpin the design of a

professional curriculum [45].

To address the challenges in PBL implementa-

tion outlined above, this paper reports on the
design, development, and implementation of

ENGINITE, a postgraduate Vocational Education

and Training (VET) programme. Drawing from the

Aalborg university’s experience in implementing

PBL in engineering education [22, 63], ENGINITE

emphasises Problem-Based Learning (PBL) peda-

gogy and industry-academia collaboration based

on a methodological framework which contextua-
lises PBL implementation to Mediterranean coun-

tries.

3. Methodology

3.1 Participants

The participants were recruited via an open call

which was disseminated to various social media

groups by a university which is based in Cyprus.

A total of 12 post-graduate young engineers were

recruited to participate in the ENGINITE pro-
gramme; 67% were females, and 34% were males

with a mean age of 25 years (SD = 2.11). Regarding

their level of studies, all of them were graduated

engineers with different specializations, e.g.,

Mineral Resources, Environmental, Mechanical,

Production & Management, Oil & Hydrocarbon,

Chemical, Electrical, Landscape&Geoinformatics,

and Civil. Regarding their prior studies, 41% had
either a Bachelor’s or a Master’s degree, and 18%

had a 5 year Diploma. The main reasons for

expressing interest in the programme, as reported

on participants’ application forms, were the follow-

ing: to expand their knowledge, develop new skills,

obtain practical experience in their field, receive

guidance from academics and industry experts,

and increase their employability.

3.2 Methodological Framework

3.2.1 PBL Training

In order to facilitate the design of the ENGINITE

training programme, a multidisciplinary team of

academics and industry professionals participated

in a co-design process to explore the application of
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PBL in their particular contexts. This process aimed

to equip them with problem-solving skills and

prepare them to effectively apply the PBL metho-

dology. The co-design process was carried out in

two phases, the reflective pre-work phase and the

training phase. Both phases were facilitated by PBL
experts from Aalborg University.

The reflective pre-work phase was implemented

during a 4-week period. During that time, the

participants formed action learning groups that

undertook a series of activities that allowed them

to experience problem-based learning in their

educational and professional settings. The facil-

itators provided clear processes and structural
scaffolding, but at the same time, they gave

learners the freedom to choose their challenges

and reflect on their own experiences. By doing

so, they aimed to promote a sense of personal

ownership. The pre-work phase prepared partici-

pants for the training phase, which took place in a

period of 3 days. The aim of the training phase

was to develop participants’ confidence in imple-
menting PBL in their contexts. The training was

delivered in five consecutive parts by the facilita-

tors. Each part focused on the familiarisation with

PBL concepts and processes and followed targeted

techniques in order to bring to the surface PBL

challenges. The ultimate goal was to facilitate

participants’ understanding of the PBL process

and how it could be utilised to design the ENGI-
NITE programme.

3.2.2 PBL Theory and Guiding Principles

In the context of the ENGINITE programme, the

core PBL idea is that the problem is a driver for the

learning process. In this context:

� ‘The problem’ is always owned by somebody –

PBL requires it to be owned by the learner.

� ‘The problem’ denotes a specific relation between

the learner and certain reality aspects (the pro-

blem field) that the learner sees as problematic –
in an academically or educationally interesting

way.

� Helping the learner to extract ‘the problem’ from

the problem field is one key competence for the

PBL supervisor.

In PBL, learning cannot get started unless learners

have identified the problem that shall serve as a

motor for their learning efforts. A problem can

derive from a theory, a person, or a situational

context. Specifically, a problem which derives
from theory can have a theoretical angle, based

on students’ reading and course participation.

Additionally, a problem which derives from situa-

tional contexts may be expressed through a need for

intervention or construction or for understanding

or theoretically reflected description. Lastly, a pro-

blem that derives from a person, e.g., a learner, can

be structured as a small-scale research activity with

the ultimate aim to drive personal learning pro-
cesses. Such processes may have a different focus,

such as the acquisition of general, scientifically

corroborated knowledge, skills acquisition, and

competence development. Fig. 1 shows the ‘Trian-

gle of learning domains’.

The training phase resulted in the establishment

of twelve PBL principles which aimed to guide

participants when designing their PBL training.
The principles are summarised as follows:

1. Students experiencing ownership to a problem-

within-a-context is a prerequisite for learning.

2. Be flexible in defining the learning outcomes.

3. Aim for exemplarity.
4. Let learners arrive at learning outcomes

through different routes.

5. Focus on learning through reflection.

6. Let the students be the guide to what they do

and don’t understand.

7. Be a facilitator, not a teacher.

8. Move facilitation style from ‘Follow me’ to

‘Joint Experimentation’.
9. Focus on learning through social processes.

10. Create the physical learning environment for

PBL.

11. Consider assessment.

12. Aim for enhancing learners’ skills and attitudes

for PBL.

The above guidelines were considered during the

design and development of the ENGINITE PBL

curriculum and Modules.

3.2.3 ENGINITE PBL Curriculum and Modules

ENGINITE is a postgraduate vocational training

programme which aims to graduate engineers with

a degree in biochemical, chemical, electrical, elec-
tronic, environmental, food, industrial, mechani-

cal, petroleum, safety engineering, chemists, food

technicians and/or graduates of a relevant field. The

aim of the programme is to support graduate

engineers who seek for a job and/or wish to follow

Vocational Training Programme to Enhance Engineering Graduates’ Problem-Solving Skills Through PBL 1261
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a postgraduate vocational training programme; or

junior engineers who are partly employed and/or

working in a different field and also wish to follow a

postgraduate vocational training programme.

The programme is underpinned by the PBL

pedagogy, and the guiding principles described
above. It is composed of two phases, a training

phase (including a set of employability enhance-

ment courses) and an internship phase (including

placements in the industry). It was designed at a

project level [45, 46] with the aim to promote work-

related learning that meets the needs of students,

employers, and educators. Specifically, a project-

led PBL is organised by universities and companies
and focuses on the development of technical knowl-

edge and skills which are clearly described by the

facilitator. However, the learning experience is led

by the participating students who utilise opportu-

nities, resources, and experiences encountered in

the workplace [46].

3.2.3.1 Training Phase

The PBL process was organised in a blended learn-

ing environment, and it lasted for 12 weeks. The

eight course topics were identified via a literature

review and a survey with fifty (50) companies and

two hundred (200) engineers, which took place
before the implementation of the programme to

explore the needs of both companies and graduate

engineers in terms of knowledge and skills. Based

on the results, the programme combined advanced

applied academic topics with practical, contempor-

ary hands-on aspects to endorse the employability

skills of graduate engineers. In particular, the

technical knowledge was mainly addressed in four
of the courses (engineering economics, supply

chain, applied process and product optimization,

product development) whereas direct development

of employability skills was explicitly addressed in

another four courses (project management, innova-

tion and entrepreneurial skills, health and safety

management, engineering systems thinking). Table

1 presents the ENGINITE training courses per time
period and training mode.

The F2F meetings included eight intensive PBL

courses, each one with a duration of one week. Each

course was organised to resemble a real-world

engineering problem or situation as found in indus-

trial settings. That is, an ill-structured problem

which promoted hands-on learning in each indivi-
dual course. Learners had to work in mixed gender

and mixed-expertise groups to address those pro-

blems and present their solutions. Additionally,

each F2F meeting included group reflection ses-

sions which helped trainees assess their level of

understanding.

One week before the start of F2F courses, trai-

nees had to access an online training platform
which included lists of materials that could be

used as background reading and additional case

study material. Considering the fact that the trai-

nees needed a broad range of knowledge in order to

assimilate and apply the knowledge to solve a

problem the online material was organised and

developed to ensure that trainees would have a

clear understanding of the background concepts
prior to embarking on PBL [40]. The purpose was

to support trainers to describe the problem context

and help trainees familiarise themselves with this

area. Particularly, by presenting trainees with pos-

sibly problematic contexts and inviting them to

search for such problems as will match their learn-

ing needs it was expected that they would experi-

ence ownership to one or a set of problems.
Additionally, the online platform was a space

which allowed the facilitator to provide scaffolding

and support to students in order to progress as they

expected to within the course timeframe.

Finally, within two weeks from the completion of

all courses the trainees worked in groups on a

larger, complex, multi-dimensional and open-

ended problem. Specifically, drawing on knowledge
and skills gains during the eight weeks of the

training (i.e., a total of 10 weeks learning experi-

ence), the trainees had the opportunity to consoli-

date their knowledge and present their solutions.

The course facilitators and several invited speakers

from the industrial sector scaffolded the PBL pro-

Ourania Miliou et al.1262

Table 1. ENGINITE Training Courses

Time period Training mode Courses

Week 1 Online Employability Enhancement & Managerial Skills
1. Engineering Systems Thinking: Re-engineering by Simplifying
2. Project Management in Action
3. Innovation, Entrepreneurial and Intrapreneurial skills
4. Applied Efficient Quality and Health & Safety Management Systems

Weeks 2–5 F2F

Week 6 Online Technical Knowledge Enhancement
1. Engineering Logistics and Supply Chain Analysis in practice
2. Engineering Economics
3. Applied Process and Production Optimization
4. Product Development: From Concept to Market

Weeks 7–10 F2F

Weeks 11–12 Online Final projects



cess. Fig. 2 summarises the activities which took

place during the training phase.

3.2.3.2 Internship Phase

Following the training phase, a structured intern-

ship offered trainees the chance to apply their

problem-solving skills in a professional context

and balance engineering theory and practice [27].
In particular, trainees were placed in companies and

industrial units in the engineering sector for a 3-

month period. The internships were also used as a

means to compensate for the limited opportunities

that engineering students have for internship place-

ments in the local contexts.

During the internship, the engineering graduates

had the opportunity to become familiar with the
operations, equipment, and processes of the com-

pany (1st month), to work on small scale projects as

indicated by their company mentors (2nd month),

and lastly, to work on self-initiated projects (3rd
month). The projects included PBL activities

initiated and designed by the trainees. During

these activities, trainees had to conduct an empirical

investigation to solve a problem. Overall, the

internship phase aimed to offer real-time work

exposure, thereby bridging the gap between acade-

mia and industry. Fig. 3 shows the activities which

took place during the internship phase.
The internship was intended to be an opportunity

for participants to spend time in an organization,

identify problems that need to be solved and

propose solutions that could hopefully be of value

to the host company. The internship was, above all,

an opportunity for graduates to engage in real

Vocational Training Programme to Enhance Engineering Graduates’ Problem-Solving Skills Through PBL 1263
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engineering problem-solving. During the internship

phase, each trainee had the support of a mentor,

who guided him/her on the learning journey

towards problem-solving and how to spend crea-

tively but still professionally his/her time during this

interesting process in the organization. Addition-
ally, during weekly meetings, physically or online

(e.g., Skype), thementor helped the trainee to reflect

on his/her experiences that week. The mentoring

roles were undertaken by PBL trainers in order to

supervise the interns. For this reason, they were

provided with a guidebook that included instruc-

tions regarding the management of the internship

placement.

3.3 Data Collection and Analysis

The study adopted a mixed-methods research

design. Specifically, quantitative and qualitative

data were collected for triangulation and interpre-

tation [64, 65]. This process offers a more complete

understanding of the research questions [65]. The
quantitative data were collected via a self-

assessment questionnaire, the Problem-Solving

Inventory, which included close-ended responses

regarding problem-solving attributes, and the qua-

litative data were gathered through semi-structured

interviews which aimed to investigate participants’

perceptions about the PBL programme.

3.3.1 The Problem-Solving Inventory (PSI)

The problem-solving attitudes were measured using

the Problem-Solving Inventory (PSI; Heppner &

Petersen, 1982) [66]. The PSI consists of 32 items,

measured on a Likert scale (from 1 = Strongly

disagree to 6 = Strongly Agree) and organised in

three subscales as follows: (a) Problem-Solving

Confidence, (b) Approach-Avoidance Style, and
(c) Personal Control. Specifically, Problem-Solving

Confidence assesses the self-perceived confidence,

belief and self-assurance in effectively solving pro-

blems and it is composed of 11 items (e.g., ‘‘I trust

my ability to solve new and difficult problems.’’).

Approach-Avoidance Style assesses whether indi-

viduals tend to approach or avoid a problem and it

is composed of 16 items (e.g., ‘‘When a solution to a
problem was unsuccessful, I do not examine why it

didn’t work.’’). Lastly, Personal Control assesses

elements of self-control on emotions and behavior

and it is composed of 5 items (e.g., ‘‘When my first

efforts to solve a problem fail, I become uneasy

about my ability to handle the situation.’’). Hepp-

ner and Petersen (1982) reported reliability coeffi-

cient alpha as 0.85 for problem-solving confidence,
0.84 for approach-avoidance style, and 0.72 for

personal control. A test-retest reliability reported

0.85 for problem-solving confidence, 0.88 for

approach-avoidance style, and 0.83 for personal

control [66, p. 71]. The PSI has been used for self-

report measures to assess problem-solving attitudes

in engineering programmes [67–70] and was found

to have satisfactory psychometric properties in

different countries and contexts [71–73].

3.3.2 Interviews

When it comes to novel educational interventions,

courses, and training programs, the attempt to

define their value and impact through the curricular

experiences of the participants is important [24]. In

order to gather in-depth information about the

programme’s methodology and identify trends to

PBL based on students’ perceptions, the researchers
developed a semi-structured interview guide. The

guide was constructed so that the respondents’

answers were directly related to the PBL approach

followed during the programme. The interviews

were conducted after the completion of the pro-

gramme, and the average time was approximately

20 minutes. Before the interviews researchers

explained the study’s goals and informed consent
was obtained by the participants. During the inter-

views, the participants were initially asked to report

their general impressions for each phase, and then

they were probed to discuss specific aspects of PBL

in relation to each phase (e.g., learning process and

learning strategies followed per phase, perceived

challenges and opportunities, scaffolding and sup-

portive aspects, perceived learning gains). The
interview data were recorded and transcribed

before the analysis.

4. Results

4.1 The Impact of the PBL Approach on Problem-

Solving Attitudes

The PSI data were analysed using a Wilcoxon

signed-rank test to assess potential improvements

in participants’ problem-solving attitudes before

and after the programme. Wilcoxon is a non-

parametric test suitable for comparisons in small

sample sizes [74]. Statistical analyses were con-

ducted using SPSS 25.0. The scores for all the
problem-solving dimensions (Problem-Solving

Confidence, Approach-Avoidance Style, and Per-

sonal Control) were calculated as the sum of ratings

for their respective items. The analysis indicated a

statistically significant increase in problem-solving

attitudes from pre- to post-testing. Specifically, the

analysis showed statistically significant differences

between the ratings before and after the programme
for the Approach-Avoidance Style (z = –2.49, p =

0.01), the Personal Control (z = –2.17, p = 0.03),

and the Problem-Solving Confidence (z = –2.09, p =

0.04). In particular, engineering graduates rated

their skills higher after the programme.
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4.2 Perceptions and Evaluation of the Training Phase

The data from the individual interviews were coded

and analysed using a thematic analysis approach.
i.e., reporting patterns (themes) within data [75].

Data coding and analysis were cross–checked by

two researchers who reached an agreement of over

80%, therefore the coding scheme could be used for

reporting the research findings. What follows is a

brief presentation of the study’s themes.

Course content and delivery: The trainees were

satisfied with the course content, although they
were unfamiliar with some of the course topics

which referred to the Employability Enhancement

and Managerial Skills. However, they considered

the courses useful for them, and for this reason, they

were interested to learn more and expand their

background. For instance, one trainee said: ‘‘I was

not aware of project management before the program,

although it is essential for completing a project’’.
They also commended that the content in some

courses (e.g., supply chain or engineering econom-

ics) was demanding to grasp due to time constraints

vis-à-vis the complexity of the subject matter. Addi-

tional difficulties were reported for the problem-

solving process. Specifically, trainees commended

that in some courses it was very challenging to

deliver the result (a solution to the problem) con-
sidering the limited duration of each course (1-week

intensive course). According to one trainee: ‘‘It was

a tight programme to follow because we had to work

daily to the point where we got tired, and it was not

easy to assimilate [knowledge]. It would be ideal if

the programme was flexible, e.g., three times a week,

which would give us a little more time to understand.’’

Finally, the trainees positively perceived the pre-
sence of invited speakers from the industry during

their courses. However, they suggested that these

speakers could have been their future mentors/

representatives from their internship companies.

Such practice would have allowed them to achieve

a better connection between the training and the

internship phase before the day of their placement.

Regarding the training delivery, the trainees found
that the online platform was a very useful tool

during the PBL process. They perceived its user-

friendliness positively, and the easy access to mate-

rials. They also mentioned that the reference in

tutorials that guided their online research offered a

great place to seek guidance and support through-

out the courses. Additionally, they stated that access

to resources was of paramount significance during
the examination of their proposed solutions. As one

trainee stated: ‘‘The courses helpedme a lot to expand

my knowledge. I was asked to do some things that I

would not know how to do if I didn’t have the knowl-

edge I gained from the programme. I expanded my

way of thinking and problem-solving ability’’. Lastly,

concerning the internship, trainees highlighted that

the prior knowledge and the skills gained during the

training phase were highly important for their

internship experience. They explained, for instance,

that because they already had an idea of working
within multidisciplinary groups and under specific

time frames to solve complex and ill-defined pro-

blems, prior knowledge was a great advantage,

which scaffolded and accelerated their learning in

their companies. Additionally, they stated that

induction was a valuable part of the internship

programme because it offered them the opportunity

to familiarise themselves with the company equip-
ment and infrastructures, as well as with company

staff. For instance, one trainee said: ‘‘At the begin-

ning, during the first days, I met the people, I learned

about the company, what it does and why, with whom

it cooperates, the parts of the factory and the use of

the machines.’’ Furthermore, they highlighted that

during the induction period they were accustomed

to the processes and operation of the companies
where they were placed.

PBL Approach: The participants perceived the

underpinning PBL approach positively. They high-

lighted that they enjoyed the authentic and real-

world problems they were asked to investigate

within their projects. They also commended that

being responsible for their learning either individu-

ally or as members of a team was a very positive
aspect of the PBL approach because it allowed them

to pursue the depth and width of their learning. For

example, one trainee said: ‘‘I was assigned various

projects and I had to work with other colleagues, we

shared roles to see how to solve the problem. We

communicated with external partners from abroad.

To prepare the final project, we had to look at the

architects’ work and then I had to continue my own

work, so I saw designs that I did not always have the

opportunity to see at the university’’. Additionally,

they referred positively to the various stages of the

PBL process, such as the problem analysis, the

exchange and synthesis of ideas, the proposal of

various solutions, the investigation of the proposed

solutions and their reflection about the pros and

cons of each solution. As one trainee said: ‘‘Initially
I had to see what information I needed for the solution

of the project. . . I had to do a lot of research on the

Internet, find articles, look for regulations. I also

needed to learn some software, what assumptions

they make. I worked with colleagues, with architects,

engineers’’. Furthermore, some trainees were posi-

tively surprised by their proposed solutions to a

problem in terms of creativity and feasibility. How-
ever, some of them also admitted that the limited

duration of each course in some cases affected the

quality of their final solutions, explaining that if they
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had more time at their disposal, they would have

achieved much more elaborated solutions. Specifi-

cally, one trainee said: ‘‘You apply your theoretical

background and you are obligated to work in real-

time. You are not given an extension even in cases that

you need it’’. Another aspect of the PBL that trainees
highlighted as positive was the collaboration within

multidisciplinary groups. Specifically, they

explained that the diversity of their engineering

backgrounds enabled the distribution of different

roles and tasks during the investigation of each

problem based on expertise. They also commended

that they felt a sense of complementaritywithin their

groups, which was also beneficial when they pro-
vided peer feedback. Reflecting on their internship

experience, the trainees reported that, after the

induction period, they had the opportunity to

work on small-scale projects, as indicated by their

company supervisors and subsequently to work on

self-initiated projects. According to one trainee:

‘‘After I discussed with the workers and managers,

they told me some ideas for developing their company

so to choose a project to do for them. . . and I

developed [the project] through a programme to

enable its construction in the near future’’. Another

positive aspect that was reported by the trainees

refers to the management of their projects. As they

explained, they were excited as they had the oppor-

tunity to work with real-world problems charac-

terised by high complexity and deliver their work
within specific time constraints. They also men-

tioned that they enjoyed the collaboration with

industrial experts. Finally, they positively perceived

the problem-solving process, which allowed them to

reach creative final solutions and draft reports to

successfully accomplish their projects. Generally,

the trainees stated that there was an underlying

learning process during the induction and the pro-
ject management stages. According to them, the

most beneficial aspects of the learning process

were the field observations and the demonstrations

by other more experienced people. For instance, one

trainee stated: ‘‘I learned to work with people who are

different, older, with different knowledge’’.

The facilitator’s/mentor’s role: Trainees high-

lighted the significant role of facilitators in the
PBL approach. They commended that the facilita-

tors’ guidance and support were crucial for them

before moving autonomously to the problem-sol-

ving process. As they explained, the facilitators

often prompted them to consider the complexity

and the multiple perspectives of the problems they

were investigating. In addition, trainees commented

that facilitators provided constructive feedback
rather than explicit and definitive answers at crucial

points during the investigation of possible solu-

tions. This practice allowed them to reflect on

their work and revise their action plans as needed.

According to one trainee: ‘‘The facilitator provided

feedback on what I needed to know and what I did

right, what I did wrong and what I needed to

improve.’’ Additionally, trainees were very satisfied

with the support and guidance they received during
their internships from their mentors (who were also

the facilitators during the training phase), explain-

ing that they were sources of valuable feedback, and

they supported their professional development.

Perceived Learning Gains: The trainees high-

lighted that the training phase contributed to the

development of general skills (i.e. project manage-

ment, health and safety management, innovation
skills) and the development of engineering knowl-

edge. In particular, they explained that during their

internships they were able to gain professional

knowledge through a series of activities, such as

demonstrations, participation in training seminars/

workshops within the companies, interactions with

industrial experts, supervision and feedback, recog-

nition, and rewards by the company representa-
tives. They also emphasised how the PBL process

helped them develop additional skills. They

reported, for instance, that during problem-solving,

the teamwork activities and the distribution of

several tasks and roles enhanced their skills in

working with others or taking up the role of the

‘‘group leader’’. They also explained that they

enhanced their critical thinking skills by working
in groups where they were called to exchange and

negotiate multiple ideas. Additionally, referring to

the internship phase, they explained that teamwork

unfolded within multidisciplinary groups and con-

tributed to the enhancement of their communica-

tion skills while their interactions with their

supervisors and other colleagues contributed to

the development of professional skills. For
instance, one trainee said: ‘‘We gained knowledge

in specific fields in the university, however, the

engineering profession is broader, and you need to

know whom you work with and be open to other

perspectives’’. Furthermore, the trainees high-

lighted that their internship enhanced their engi-

neering knowledge and problem-solving skills.

They also referred to the process of investigating
different solutions as a valuable experience that

made them think ‘‘out-of-the-box’’. Also, they

stated that they gained work-based experience,

they familiarised themselves with the industry cul-

ture, and they expanded their professional network.

Finally, the trainees mentioned that the whole

internship experience enhanced their professional

confidence and employability potential. As one
trainee said: ‘‘If I did not do the internship, I would

not have seen and learned. Another positive aspect

was the potential to be employed by the company’’.
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Challenges: Regarding the training phase, trai-

nees stated that it was challenging to close the

projects with a desirable result due to the limited

duration of the courses and the complexity of the

subject matter. Furthermore, the participants

reported on challenges concerning their internship
period. Initially, they referred to the relatively short

duration of the internship phase and their adapta-

tion period, which covered a significant part of their

internship. For example, one trainee said: ‘‘Time

management was challenging, i.e. within three

months, it was impossible to develop various strate-

gies and fully implement them’’. Another confound-

ing challenge was the lack of prior working
experience in the field. Regarding the social aspect

of the PBL process, the trainees reported two

relevant challenges they had to overcome. Firstly,

they mentioned that the collaboration with the

technical staff was often complicated, as the tech-

nicians were using a different mode and code of

communication. Specifically, according to one trai-

nee: ‘‘Collaboration with technicians at the factory in
the production was challenging. The university does

not prepare you about the ways of communicating,

how to use a common language. In general, future

engineers will experience problems with technicians

as soon as they enter the industry or with their

supervisors or their colleagues’’. Second, some of

the female trainees stated that, in some cases, the

working environment consisted mostly of males,

making them feel uncomfortable. The results of the
interviews are summarised in Table 2.

5. Discussion

5.1 Key Findings of the Study

Based on the study’s findings we can conclude that
the ENGINITE programme contributed to the

development of the trainees’ problem-solving

skills. Specifically, the significantly higher ratings

of the trainees’ problem-solving skills after the

programme indicate that the underpinning PBL

pedagogy was a crucial factor in their professional

development. Particularly, after the completion of

the training phase, the problem-solving confidence,
the personal control, and the tendency to approach

complex and open-ended problems were signifi-

cantly improved for the trainees. This finding is

very encouraging given that engineering practice is

all about dealing with complex, multi-dimensional,
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Table 2. Students’ Perceptions of their Experience within the PBL Programme

PBL Programme Benefits/Learning Gains Difficulties/Challenges

Training Phase Gaining access to a user-friendly platform that
includes tutorials and resources.
Attending new courses and topics (e.g., Employability
Enhancement & Managerial skills).
Gaining knowledge and skills which prepared them
for their internship experience.
Connecting with invited speakers from the industry.
Working on authentic and real-world problems.
Taking responsibility for learning.
Engaging in deeper learning.
Gaining an understanding of the various phases of
problem-solving.
Working in multidisciplinary groups.
Receiving peer feedback.
Receiving coaching, support, and constructive
feedback from the facilitator.
Enhancing engineering knowledge.
Developing non-technical skills (e.g., teamwork skills,
critical thinking, creativity).

Assimilating new knowledge due to the complexity of
the subject matter and the short duration of the
courses.
Managing the problem-solving process on a tight
schedule.

Internship Phase Familiarising themselves with the company people,
equipment, and processes during the induction
period.
Working in multidisciplinary groups.
Working on self-initiated projects.
Working on real problems.
Developing management skills.
Collaborating with industrial experts.
Learning from observations and from experienced
people.
Receiving mentor’s feedback for professional
development.
Enhancing engineering knowledge.
Developing non-technical skills (e.g., communication
skills, professional skills).
Thinking outside of the box.
Enhancing employability potential.
Developing professional networks.

Managing time due to the short internship duration.
Investing a significant amount of internship time into
the induction period.
Having no prior experience working in the field.
Communicating and collaborating with the technical
staff.
Working in environments with gender imbalance.



and ill-structured problems [12, 15]. Similar results

were also reported in previous studies which indi-

cated that instructional approaches such as PBL

favour the development of problem-solving skills

[51, 52, 68], especially when combined with real-life

applications [55]. Specifically, within their intern-
ship, the trainees had the opportunity to accelerate

their hands-on experiences and consolidated their

problem-solving skills. The above finding was con-

firmed during their interviews as some trainees

clearly emphasised the usefulness of their internship

placement to the consolidation of the learning

benefits derived from the training phase and to

their professional development. This finding
agrees with previous research which emphasised

the value and significance of engineering learning

in workplace settings [27]. Also, according to the

trainees, additional learning elements that contrib-

uted to a positive PBL experience are described as

follows. At first, the online platform and the avail-

able resources that aimed to prepare trainees for the

PBL journey played a significant role in their active
engagement in the learning process. In particular,

the flexible access to online material, the opportu-

nity to pursue learning aligned to their schedule and

the provision of scaffolding from the facilitators

contributed to the development of prior theoretical

understanding of the subject matter and how the

problem-solving process is applied in a particular

field. These findings are consistent with prior stu-
dies which highlighted the importance of under-

standing the background concepts prior to

embarking on PBL [40, 42]. Another positive ele-

ment refers to the scaffolding of the problem-

solving process by invited speakers-experts in the

field. This practice is a modelling technique for

realistic expert problem-solving that depicts the

way practitioners work in their field [61] and was
found to be of value to students, especially for their

preparation for industry settings. Prior studies have

linkedmodelling expert problem-solving to positive

outcomes regarding the development of problem-

solving skills [36, 40]. Some trainees perceived

positively the implementation of problem-solving

activities withinmultidisciplinary teams. Theymen-

tioned that working inmultidisciplinary groups was
a beneficial learning experience for the development

of both technical and professional skills. Regarding

the latter, special reference was made to the devel-

opment of additional skills related to collaboration

and teamwork, such as leadership and communica-

tion skills, critical thinking, and creativity. This

finding is not surprising, given that studies have

revealed that PBL projects which include open-
ended and ill-structured problems benefit the devel-

opment of non-technical skills even when such skills

are not directly taught [25, 24, 60, 62]. Additionally,

multidisciplinary collaboration is an important

aspect of the Industry 4.0 and should be encouraged

across disciplines in higher education [54]. Equally

important is also self-directed learning which can be

developed through the implementation of PBL

approaches [52]. Positive results were reported
regarding self-directed learning in this study. Spe-

cifically, during the programme, trainees had to

manage their projects and be responsible for their

own learning. As they explained, such processes

enhanced their understanding of the subject matter.

Overall, the trainees reported that they gained

work-based experience and familiarised themselves

with the ‘‘industry culture’’, they developed a
professional network and enhanced their profes-

sional confidence. Another positive aspect of the

PBL that emerged from the trainees’ responses

relates to the facilitation of the PBL process. It

appears that the facilitators’ training prior to the

implementation of the programme prepared them

to provide timely and relevant feedback and sup-

port. Based on the trainees’ commentaries, the
facilitators provided effective guidance and support

during the learning process and prompted them to

gradually move to autonomous learning. The

results of previous studies demonstrated that the

training of facilitators is of great importance in the

implementation of PBL approaches, and it is even

more critical when the objective is to guide students

to solve complex and open-ended problems [45, 49].
Specifically, the provision of timely feedback and

the availability to follow up on inquiries and ques-

tions were among the facilitators’ qualities that

trainees appreciated. Additionally, trainees stated

that the support and feedback they received from

their mentors were important for the smooth transi-

tion from the training phase to the internship phase.

This finding is supported by previous research
which showed that mentors can support students

to bridge the theory-practice gap [55].

An additional interesting finding of the present

study relates to the contents of the PBL pro-

gramme. Specifically, the trainees commended

that some of the training courses were completely

new to them, especially regarding the Employabil-

ity Enhancement and Managerial Skills. This find-
ing is aligned with prior research supporting that,

while higher education institutions provide a solid

theoretical and technical background, they do not

adequately address graduates’ non-technical skills

required by the industry [27]. Based on this finding

we can argue that the needs analysis process that

took place by the PBL facilitators prior to the

development of the ENGINITE programme
played a crucial role in the selection of the course

content according to the needs derived from the

local context.
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Apart from the positive results reported pre-

viously, there were a few challenges that emerged

during the implementation of the programme.

Specifically, trainees reported that the period of

implementation was relatively short for both the

training and the internship phases. In some cases,
especially concerning the technical courses, the

short timeframes for delivery of project work

along with the complexity of the subject matter

seemed to have a negative effect on the accomplish-

ment of the project. Similar findings were found in

other studies regarding the application of short

cycle problem analysis and problem solving which

is not representative of the professional work of
engineers [36]. Additionally, participants’ lack of

previous learning experiences within PBL

approaches may increase their difficulties to deliver

project work [42]. Another challenge refers to

trainees’ perceived difficulties communicating with

the technical staff in the workplace environment.

Prior research indicated that the communication

skills of the engineering graduates are weak and
engineering students are less prepared in this area

[27] despite the fact that industry professionals

highlight the importance of communication skills

in workplace settings [5, 34]. Lastly, another addi-

tional challenge refers to the gender representation

of engineering staff in workplace settings. Such

finding is not surprising given that, female numbers

are low in job families such as Manufacturing and
Production or Construction and Extraction [3].

5.2 Limitations and Future Directions

The main limitation of this study is the relatively

small sample size. While this sample is representa-

tive, given the nature of this study, future research

should aim for larger samples to allow the general-

izability of the results. Second, the findings were
reported from the point of view of the participants.

It would be interesting for future research to exam-

ine the perceptions of the industry experts or the

facilitators/mentors to gain a more holistic view of

the PBL processes during internship placements.

Third, the results are mainly relevant to the specific

VET programme, which included a training phase

underpinned by PBL, followed by an internship
phase. However, this is only one approach for

supporting the professional development of gradu-

ates in the engineering sector. Future studies could

focus on different approaches to VET programmes

that would consider their duration and ensure that

there is a good balance between the theoretical and

practical aspects of the PBL training. This practice

would ensure that the problem-solving processes

would be understood and successfully implemented.

Additionally, future training could focus on com-

munication skills, investigating their impact on the

professional development of graduate participants.

6. Conclusion

Nowadays, in the era of Industry 4.0, engineering

education requires powerful pedagogical models

that can equip engineers with problem-solving

skills. This paper makes the case that the success

of PBL programmes in engineering education

depends on several factors: support from the

experts on how to approach PBL, training of

educators in terms of pedagogy, prior analysis for
the identification of context-specific needs, and a

balance between the theoretical and practical appli-

cations of problem-solving through industry-aca-

demia collaboration. Our findings indicate that the

implementation of a postgraduate Vocational Edu-

cation and Training (VET) programme consisting

of a training and an internship phase enabled

participants to develop problem-solving skills.
The authors highlighted several additional benefits

which emerged from both phases. Examples include

gaining a deeper understanding of the problem-

solving process, developing professional knowl-

edge, and enhancing employability potential. How-

ever, various challenges emerged during the

programme, raising questions about the quality of

the PBL implementation that needs to be further
investigated. Such challenges refer to the time

allocation for the assimilation of new knowledge

and the application of problem-solving, along with

challenges in the workplace context, such as com-

munication with the technical staff. We hope that

this work can open a platform for discussion

regarding the engineering curricula and the use of

problem-oriented pedagogies toward improving
employability and professional skills through

industry-academia collaboration.
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24. Ú. Beagon, D. Niall and E. Nı́ Fhloinn, Problem-based learning: student perceptions of its value in developing professional skills for

engineering practice, European Journal of Engineering Education, 44(6), pp. 850–865, 2019.

25. C.A. Sanchez-Gomez, Implementing a joint learningmethod (PBLandEBL) to innovate the development ofmechanical engineering

technical and non-technical skills, International Journal of Mechanical Engineering Education, pp. 1–21, 2020.

26. A. C. Alves, R.M. Sousa, S. Fernandes, E. Cardoso,M.A. Carvalho, J. Figueiredo andR.M. Pereira, Teacher’s experiences in PBL:

implications for practice, European Journal of Engineering Education, 41(2), pp. 123–141, 2016.

27. J. Trevelyan, Transitioning to engineering practice, European Journal of Engineering Education, 44(6), pp. 821–837, 2019.

28. C. Reidsema, R. Hadgraft, I. Cameron and R. King, Change strategies for educational transformation, Australasian Journal of

Engineering Education, 19(2), pp. 101–108, 2013.

29. B. Motyl, G. Baronio, S. Uberti, D. Speranza and S. Filippi, How will change the future engineers’ skills in the Industry 4.0

framework? A questionnaire survey, Procedia Manufacturing, 11, pp. 1501–1509, 2017.

30. D. McGunagle and L. Zizka, Employability skills for 21st-century STEM students: the employers’ perspective, Higher Education,

Skills and Work-Based Learning, 10(3), pp. 591–606, 2020.

31. I. Cameron, C. Reidsema andR. Hadgraft, Australian engineering academe: a snapshot of demographics and attitudes, 22nd Annual

Conference for the Australasian Association for Engineering Education. Developing Engineers for Social Justice: Community

Involvement, Ethics & Sustainability, Fremantle, Western Australia, 5–7 December 2011, pp. 107–113, 2011.
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