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Engineering students’ perceptions of problem and project-based learning 
(PBL): comparing online and traditional face-to-face environments
Sean O’Connor a, Jason Power a, Nicolaas Blom a and David Tanner b

aSchool of Education, University of Limerick, Limerick, Ireland; bSchool of Engineering, University of Limerick, Limerick, Ireland

ABSTRACT
This paper investigates and compares students’ perceptions of a problem and project-based 
learning (PBL) module delivered through face-to-face and online environments in sequential 
years. The study employs a multi-method design, using multiple scales and semi-structured 
interviews. Data were collected after the completion of the same PBL project in a face-to-face 
(n = 89) and online (n = 94) environment. The qualitative findings uncover four themes and 
seven sub-themes affecting engineering students’ perceptions of PBL in a traditional face-to- 
face environment. Comparing these themes to those from the earlier study on the online 
environment reveals several unique themes specific to the online setting. The quantitative 
findings show that students’ overall level of teamwork satisfaction and collaborative attitude 
show no significant variation across environments. To conclude, the authors outlined three 
contributions. The first contribution centres on identifying predictive factors affecting students’ 
perceptions of face-to-face and online PBL environments. The second contribution centres on 
examining the difference in student teamwork satisfaction and collaborative attitude within 
the two different environments. The final contribution centres on the unique comparison of 
engineering PBL presented within this study. The findings underscore the necessity for edu
cators to consider modality-specific factors when designing and implementing PBL in engi
neering education.
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1. Introduction

1.1. Background

As technology advances and the needs of education 
shift, new and improved approaches to teaching and 
learning emerge (Kukulska-Hulme 2012; Loveless  
2011). In engineering education, there is currently 
a growing need for student-centred active learning 
strategies in online and blended learning environments 
(Graham 2018; Hadgraft and Kolmos 2020; Palvia et al.  
2018). This includes active learning strategies, such as 
problem and project-based learning (PBL).

Although PBL is one of the many active learning 
strategies, it is most widely used within engineering 
education (J. Chen, Kolmos, and Du 2021) and is 
considered a signature pedagogy. PBL in engineering 
education is well researched within the traditional 
face-to-face environment (J. Chen, Kolmos, and Du  
2021; Strobel and van Barneveld 2009; Sukackė et al.  
2022). However, this is not the case within the context 
of online PBL in engineering education, although 
there is a body of literature generated within neigh
bouring disciplines, such as medicine, law, and busi
ness (Demirel and Dağyar 2016; Erickson et al. 2021; 
Ng et al. 2014). It is important to note that PBL 
effectiveness and optimal curriculum design have 
been consistently linked to student context, 

highlighting the need for research examining PBL as 
it relates to online and blended engineering education 
in order to inform ongoing education development 
efforts (Almulla 2020; J. Chen, Kolmos, and Du  
2021; Du, Graaff, and Kolmos 2009). A concentrated 
effort in this specific context will contribute to the 
advancement of optimal teaching and learning prac
tices, which will, in turn, improve student learning 
outcomes in these digitalised PBL environments.

In recent years, the COVID-19 pandemic has 
exposed numerous shortcomings in our existing ped
agogical approaches to PBL in digital learning envir
onments (Beneroso and Robinson 2022; Khandakar 
et al. 2022; Supernak, Ramirez, and Supernak 2021). 
In addition to this, researchers within the engineering 
education research (EER) community have high
lighted the lack of research focusing on students’ per
spectives in PBL. Servant-Miklos and Kolmos (2022) 
state that ‘scant attention has been paid to the student 
experience, especially regarding student conceptions of 
PBL’ (Servant-Miklos and Kolmos 2022, 792). 
Furthermore, the advancement of effective pedagogi
cal strategies in PBL research has been impeded by 
a known publication bias in favouring positive find
ings over negative or null reports in PBL research 
(Beneroso and Robinson 2022; Kolmos and de Graaff  
2014).
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In order to address the need for emerging research 
on students’ perspectives in PBL, data related to stu
dents’ experiences in online and traditional face-to- 
face environments was analysed. The data from the 
traditional face-to-face environment is comparatively 
analysed with data relating to an analogous online 
environment (O’Connor et al. 2024; O’Connor, 
Power, Blom, Tanner, and De Brun 2023). By devel
oping a clearer understanding of the factors that affect 
student perceptions of PBL in both the traditional 
face-to-face environment and online environment, 
we aim to provide insight that will enhance pedagogi
cal strategy development for both online and blended 
environments.

1.2. Research questions

The following research questions were addressed:

(1) How do the factors that enhance and/or inhibit 
the success of PBL in traditional face-to-face 
environments differ from the factors in the 
online learning environment?

(2) How do students’ reports of teamwork satisfac
tion during a PBL project vary when conducted 
in the traditional face-to-face environment and 
online environment?

(3) How do students’ attitudes towards working 
collaboratively during a PBL project vary 
between a traditional face-to-face environment 
and an online environment?

2. Literature review

2.1. Challenges facing engineering education

In the last few years, a number of challenges facing 
engineering education have been highlighted (Beagon 
et al. 2023; Fomunyam 2019; Graham 2018; Hadgraft 
and Kolmos 2020; Lantada 2020). These challenges 
include the delivery of student-centred active learning 
to large student cohorts with limited institutional bud
gets (Graham 2018), an increased focus on sustain
ability and climate change, the associated fourth 
industrial revolution (Beagon et al. 2023; Fomunyam  
2019; Lantada 2020), and the employability of students 
leaving engineering education (Hadgraft and Kolmos  
2020).

To address these highlighted challenges, 
a consensus has emerged highlighting the need for 
more flexible, active, student-centred, evidence-based 
teaching and learning that deliver high-quality and 
tailored engineering education to diverse student 
cohorts (Graham 2018; Hadgraft and Kolmos 2020; 
Sukackė et al. 2022). These approaches would include 
strategies such as problem and project-based learning 
(PBL), which are conducted in a variety of teaching 

and learning environments, such as traditional face- 
to-face, online, or a blend of both.

2.2. Defining problem and project-based learning 
(PBL)

Central to evidence-based approaches in engineering 
education is the implementation of validated active 
teaching and learning strategies that are student- 
centred (Bubou, Offor, and Bappa 2017; Kolmos and 
de Graaff 2014). The most common active and student- 
centred strategies applied at tertiary-level engineering 
education are problem-based learning, project-based 
learning, and the amalgamation problem and project- 
based learning (J. Chen, Kolmos, and Du 2021). These 
approaches are commonly collectively referred to as 
PBL, which can add to the confusion around these 
teaching and learning strategies (Servant-Miklos and 
Kolmos 2022). Although these strategies are often 
used interchangeably, it is important to note that they 
are individual concepts and should be treated as such.

There are many competing definitions for problem 
and project-based learning (PBL) in engineering educa
tion as a strategy. However, the fundamental principle 
remains that the activity is designed to motivate students 
and encourage them to become owners of the learning 
process (J. Chen, Kolmos, and Du 2021; Edström and 
Kolmos 2014; Lehmann et al. 2008). Edström and 
Kolmos (2014) argue for a flexible conceptual-level defi
nition of PBL that allows for adaptation, noting that it is 
‘short-sighted to define PBL based on practice and that 
a useful description should be dynamic and based on both 
theories and practices’ (Edström and Kolmos 2014, 544). 
Kolmos and de Graaff (2014) also echo this position, 
providing the following definition: ‘PBL is a very com
prehensive system of organising the content in new ways 
and students’ collaborative learning, enabling them to 
achieve diverse sets of knowledge, skills, and competencies’ 
(Kolmos and de Graaff 2014, 147).

For the purposes of the current study, a definition 
developed by Servant-Miklos and Kolmos (2022) has 
been adopted. ‘PBL designates a method of learning 
whereby students work in groups on lengthy projects 
(between 1 month and 1 semester) under the guidance 
of one or two project supervisors (Kolmos 1996). In 
PBL, the projects are problem-based rather than task- 
based, as in project based learning (De Graaff and 
Kolmos 2003). This means that students examine 
real-life situations and formulate problems to work on 
by themselves instead of following instructions from 
a teacher’ (Servant-Miklos and Kolmos 2022, 794). 
This definition was chosen to provide conceptual 
clarity and to ensure a consistent understanding of 
PBL within the study, which is necessary for accurately 
assessing and comparing the effectiveness of these 
pedagogical strategies.
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2.3. Benefits of PBL

Research indicates that students in science, technol
ogy, engineering, and mathematics (STEM) disci
plines tend to experience greater feelings of 
achievement through active and student-centred 
learning strategies (Erdogan and Bozeman 2015; 
Kolb, Boyatzis, and Mainemelis 2001). Increased 
learning outcomes combined with opportunities to 
develop skills that are perceived as necessary in 
STEM professional roles have resulted in PBL becom
ing an increasingly popular strategy within engineer
ing programmes globally (Kolmos 2017; Servant- 
Miklos and Kolmos 2022). Many of these strategies 
have originated from more established disciplines. 
PBL is not new to tertiary education. Similar to evi
dence-based practice approaches that have become 
popular within education research, PBL started in 
medical education (Lou et al. 2011; Mills and 
Treagust 2003) and has since been adopted by 
a range of different disciplines both at secondary and 
tertiary levels of education (Doppelt 2003; Frank, 
Lavy, and Elata 2003; Lou et al. 2011; Lu et al. 2022).

An abundance of studies on PBL highlights 
numerous benefits of its use in STEM education. 
For example, PBL research shows a notable 
improvement in student academic performance 
(Kolmos, Fink, and Krogh 2004), satisfaction (De 
Camargo Ribeiro 2008), and professional skill 
development, including communication and team
work (Crespí, García-Ramos, and Queiruga-Dios  
2022; Crosthwaite et al. 2006; Strobel and van 
Barneveld 2009). Developing professional skills 
and competencies linked to PBL is vital to transi
tioning from student to engineer (J. Chen, 
Kolmos, and Du 2021; B. Johnson and Ulseth  
2016). Research indicates that students report 
higher levels of motivation for learning during 
PBL when compared to traditional teaching and 
learning methods (Edström and Kolmos 2014; 
Kolmos and de Graaff 2014; Walker and Leary  
2009). Furthermore, PBL studies also highlight 
a link to lower student dropout rates (Mills and 
Treagust 2003). Moreover, another potential ben
efit of PBL is that it can serve as a basis for 
multidisciplinary approaches to STEM education. 
This can be seen in a variety of publications where 
two or more disciplines come together and utilise 
the PBL approach to address real-world problems 
(Kimmons and Spruiell 2005; MacLeod and van 
der Veen 2020; Prabhu et al. 2018).

2.4. Challenges in designing and implementing 
PBL in engineering education

A recent review of the PBL literature by J. Chen, 
Kolmos, and Du (2021) identified several challenges 

that impact students, teachers, and institution man
agers. These included inadequate facilitator training, 
lack of student differentiation in tasks, underdevelop
ment of transferable skills (such as teamwork, self- 
learning, and project management) by students prior 
to PBL, and insufficient institutional backing for PBL 
implementation. Nevertheless, these challenges are 
not insurmountable. However, they do serve to high
light future research and development required to 
improve supporting educational frameworks and 
implementation.

In addition to these practical challenges, Kolmos 
and de Graaff (2014) and J. Chen, Kolmos, and Du 
(2021) both outline concerns relating to publication 
bias within the PBL research. Specifically, they point 
out that instances where large-scale institutions revert 
from whole PBL approaches to semi-traditional learn
ing approaches are often not publicly documented or 
published. Publication bias, wherein positive or 
remarkable outcomes are far more likely to be pub
lished when compared to negative or null findings, are 
a serious issue across a range of disciplines (Banks 
et al. 2012). Failure to report these types of findings 
in PBL is a disservice to the community as a whole by 
effectively removing the opportunity to learn from 
a fully representative evidence base. This study aims 
to reduce the potential for bias through research trans
parency and accountability. This is achieved through 
the construction of a methodical methodology section 
and use of open science principles (Hardwicke et al.  
2020; Power 2021a). This includes providing open 
access to data (raw data, processed data, analysed 
data, and interpreted data), protocols, and supplemen
tary material enhancing overall understanding of the 
research project. An additional benefit of open access 
data is that it allows for independent secondary ana
lysis of data and thereby encourages objectiveness in 
the research process (Wicherts 2017).

Additionally, we lack sufficient research on stu
dents’ perspectives and experience of PBL (Servant- 
Miklos and Kolmos 2022). Servant-Miklos and 
Kolmos (2022) state that ‘scant attention’ has been 
paid to PBL research within the area of student per
ceptions and experience (Servant-Miklos and Kolmos  
2022, 792). As outlined by Servant-Miklos and Kolmos 
(2022), the student perspective can help educators 
develop an understanding of why PBL works for 
some engineering students and not for others. 
Additionally, it can support educators in proactively 
addressing common shortcomings of current PBL 
practices in order to develop a holistic teaching and 
learning environment for students. This paper seeks to 
address this gap in the research by examining student 
perceptions and experiences in both online and tradi
tional face-to-face PBL settings.

Addressing these highlighted gaps is crucial, as 
understanding students’ perspectives can inform the 
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refinement and optimisation of PBL approaches, 
ensuring they are effective and responsive to the 
needs of diverse student populations. Moreover, the 
increasing importance of online learning environ
ments post-COVID-19 highlights the necessity to 
explore how PBL can be adapted to digital settings, 
ensuring it remains effective regardless of the delivery 
mode. Thus, a study focused on students’ perspectives 
on teamwork satisfaction and collaboration in PBL is 
vital for enhancing the educational frameworks that 
support engineering education.

3. Research methodology

3.1. Approach and background information

This study was conducted at an Irish university over 
two academic semesters, with two separate cohorts of 
first-year engineering students. A multi-methods 
approach provided a more robust, nuanced, and 
insightful discussion on the factors that affect stu
dents’ perceptions of PBL in diverse educational set
tings (Alarcón and Anwar 2022; Anguera et al. 2018).

The module featured a capstone project that was 
PBL-based and aligned with a Conceive Design 
Implement Operate (CDIO) philosophy. The CDIO 
initiative is an educational framework with the pri
mary goal of equipping student engineers with the 
necessary skills for modern industry (O’Connor, 
Power, and Blom 2023). Both PBL and CDIO are 
closely linked and overlap significantly due to their 
emphasis on experiential, hands-on learning, with the 
goal of developing practical skills and knowledge to 
address real-world problems (Edström and Kolmos  
2014).

Over the course of the capstone project, students 
were tasked with designing and manufacturing 
a miniature battery-powered vehicle to fulfil a given 
design brief. The design brief presents various con
straints and challenges for students to address through 
the project. Based on the performance of an earlier 
individual design-based task within the same module, 
students are assigned team roles.

This PBL module aimed to improve student tech
nical knowledge and skills by simulating real-world 
scenarios in which engineers collaborate on complex 
problems. For additional information about the PBL 
project, refer to the OSF project page.

The module was delivered in an online environ
ment in 2021 and in a traditional face-to-face envir
onment in 2022. The module used a consistent outline 
and a similar PBL approach in both iterations. 
However, due to the differing learning environments, 
some variation in pedagogical approaches to teaching 
and learning was necessary.

The data were gathered in two consecutive rounds 
during each year of the study. Initially, a survey 

comprising two questionnaires and several open- 
ended questions was conducted, followed later by 
a semi-structured interview.

It should be noted that the module in the online 
environment overlapped with the COVID-19 pan
demic. However, the study was conducted a year 
after the start of the pandemic, and students had 
been living with COVID-19 restrictions in their 
broader lives for over 14 months at the time of data 
gathering. All students had completed two semesters 
of online learning prior to starting this module.

3.2. Research participants

3.2.1. Participants’ overview
The mean age of students enrolled in 1st year of their 
academic studies at the University of Limerick is 19 
(Higher Education Authority 2023). All educators and 
enrolled students in both modules were located in the 
same country as the university where the study was 
conducted, due to restrictive governmental and insti
tutional policies at that time. Therefore, time zones 
were not a limiting factor in this research. It should 
also be highlighted that participation is male domi
nated in both investigations due to the low number of 
enrolled female students. However, this gender divide 
in enrolment is commonly reported in engineering 
education and is not specific to this context (Madara 
and Cherotich 2016; Strachan et al. 2018).

3.2.2. Online environment
The online module had 170 students enrolled, 34 
females (20%), 135 males (79%), and one who preferred 
not to say (<1%). The questionnaire had a participation 
rate of 55% (n = 94), 19 females (20.2%), 74 males 
(78.7%), and one who preferred not to say (1.1%). 
The semi-structured interview had a participation rate 
of 4% (n = 7), 1 female (14%), and 6 males (86%).

3.2.3. Traditional face-to-face environment
The face-to-face module had 171 students enrolled, 41 
females (24%), and 130 males (76%). The question
naire had a participation rate of 51% (n = 89), 23 
females (26%) and 66 males (74%). The semi-struc
tured interview had a participant rate of 5.6% (n = 5), 2 
females (40%), and 3 males (60%).

3.3. The module

3.3.1. Teaching team and project
The module is entitled Introduction to Design for 
Manufacture and was led by two co-module leaders. 
The module team also includes teaching assistants 
(TAs) and laboratory technicians. The module leaders 
delivered the lectures, while all other elements of the 
module were delivered by TAs with the support of the 
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technicians. The project was designed, built and tested 
by students in teams over a 12-week semester.

3.3.2. Online and traditional face-to-face modules
The traditional face-to-face and online modules used 
a consistent structure and a similar PBL approach. 
However, some changes were necessary to adjust to 
the differing teaching and learning environments. An 
outline of these changes is presented in Table 1.

To cater to students participating in the online 
environment, substantial adjustments were made to 
how students interacted with module material. They 
were granted the flexibility to access and interact with 
module material as they saw fit, choosing between live 
and/or recorded sessions.

At the start of the online variation of the module, 
students were informed of methods of communication 
that could be used to support communication between 
their peers and teaching staff. Synchronous commu
nication methods used within the online environment 
included live sessions held on Microsoft Teams, which 
were used to hold full module, group and individual 
meetings. Asynchronous communication methods 
used within the online environment included emails, 
instant messenger group chats (used to facilitate team
work by students), and live document editing tools, 
such as on Microsoft Word. Although students were 
presented with strategies on how to communicate and 
share ideas within the module effectively, they were 
given the freedom to choose the modes and software 
they deemed appropriate. The module teaching team 
made all necessary preparations to ensure that relevant 
material, online resources and communication chan
nels were readily available to support students work
ing remotely.

The module includes 10 learning outcomes, as 
shown in Table 2. These learning outcomes were 
developed in line with the principles of PBL, empha
sising student-centred, collaborative, and self-directed 
learning with real-world applications and practical 
problem-solving. The learning outcomes are linked 
to the development of professional skills and compe
tencies, such as problem-solving, verbal and written 
communication, teamwork, interpersonal skills, 
adaptability, design skills, health and safety, and man
ufacturing skills.

Additional information about the module is hosted 
on the OSF page. This includes details on the rationale 
and purpose of the module, the syllabus, and the 
detailed PBL brief presented to students.

3.4. Instruments

The OSF is used to host supplementary material, 
including a copy of all data-gathering instruments. 
[ h t t p s : / / o s f . i o / h r 3 8 j / ? v i e w _ o n l y =  
08c787365894413b968b7c082e327af8v.]

3.4.1. Teamwork satisfaction scale
The Teamwork Satisfaction Scale, developed and 
validated by Tseng et al. (2009), consists of 10 
items. Participants use a five-point Likert scale ran
ging from 1 (Strongly disagree) to 5 (Strongly agree) 
to score each item. The scale includes one single 
factor entitled ‘F1 Teamwork Satisfaction’. The pur
pose of the scale was to assess students’ level of 
teamwork satisfaction after participating in a team- 
based project in an online environment. The authors 
lightly modified one item for use in the traditional 
face-to-face setting. These changes are clearly 

Table 1. Learning environments.
Traditional Face-to-Face (Cohort) Online (Cohort)

On-campus lectures Online and recorded lectures.
On-campus labs/tutorials Online and recorded tutorials. Additionally, explanatory videos were prerecorded by technical staff and then 

assessed through online quizzes.
In-person team meetings Team communication through group chats (such as WhatsApp, Snapchat, and Facebook Messenger) and live 

team meetings (such as Microsoft Teams and Zoom).
Access to on-campus facilities (Library, 

Workshop, etc.)
No access to on-campus facilities (Library, Workshop, etc.).

Table 2. The module learning outcomes.
No. Learning Intention

1 On successful completion of this module, students will have developed knowledge and experience of the methods employed in the processing 
and fabrication of common engineering materials.

2 On successful completion of this module, students will have demonstrated an understanding of Process Capability, Quality, and Accuracy.
3 On successful completion of this module, students will have demonstrated an understanding of the fundamentals of measurement and 

inspection upon which the successful application of these concepts relies.
4 On successful completion of this module, students will have displayed communication, visualisation, and draughting capabilities.
5 On successful completion of this module, students will have demonstrated correct attitudes towards safety procedures when working with 

machines and tools in the workshop.
6 On successful completion of this module, students will have displayed correct attitudes, values, and procedures to report writing.
7 On successful completion of this module, students will have developed collaborative skills required for successful group interaction.
8 On successful completion of this module, students will identify the fundamental principles underpinning modern manufacturing.
9 On successful completion of this module, students will apply the fundamental concepts and practices of assembly drawings.
10 On successful completion of this module, students will use modern engineering practices to design solutions in a range of functions.
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outlined on the OSF project page under supplemen
tary materials. The Cronbach’s alpha reliability for 
the scale was reported at α = 0.95 by Ku, Tseng, and 
Akarasriworn (2013).

3.4.2. Collaborative attitude scale
The Collaborative Attitude Scale, developed and vali
dated by Tseng et al. (2009), consists of 20 items. 
Participants use a five-point Likert scale ranging 
from 1 (Strongly disagree) to 5 (Strongly agree) to 
score each item. The Collaborative Attitude Scale 
includes three factors: F1 Team Dynamics, F2 Team 
Acquaintance, and F3 Instructor Support. It should be 
noted that instructors include lectures, teaching assis
tants, and laboratory technicians. As outlined by Ku, 
Tseng, and Akarasriworn (2013), the factor entitled 
‘F1 Team Dynamics’ relates to the team’s patterns of 
participating in team projects, communicating with 
other members, and establishing team cohesion. The 
factor entitled ‘F2 Team Acquaintance’ related to 
teams’ familiarity with members’ learning styles, per
sonal beliefs, and professional backgrounds. The fac
tor entitled ‘F3 Instructor Support’ pertains to the 
guidance provided by the instructor that aids students 
in achieving desired learning objectives and fosters 
peer interaction. The Cronbach’s alpha reliability for 
the scale was reported at α = 0.95 by Ku, Tseng, and 
Akarasriworn (2013).

3.4.3. Open-ended questions
The survey also included four open-ended questions, 
as shown in Table 3. The initial three open-ended 
questions were formulated by Ku, Tseng, and 
Akarasriworn (2013), with the remaining question 
being developed by the authors for the purpose of 
this paper. All open-ended questions are available 
within supplementary materials hosted on the OSF.

3.4.4. Semi-structured interviews
The survey data informed the semi-structured inter
view questions. Participant interviews were con
ducted individually. All interviews were audio 
recorded and subsequently transcribed. The inter
views lasted approximately 30 min. NVivo 12 soft
ware was used to conduct a thematic analysis. All 
relevant raw data and NVivo files are available on 
the OSF project page.

3.5. Data collection

The questionnaires, along with the open-ended ques
tions, were assembled into an online Microsoft Forms 
survey. The survey was sent out via email to all the 
students of the module upon completion of the cap
stone project. Students were also invited to participate 
at the end of a weekly lecture using a QR code link to 
the online survey. Microsoft Forms recorded all parti
cipant responses. Student participation in the semi- 
structured interviews was voluntary. All survey parti
cipants were asked to either opt in or out of participat
ing in a follow-up interview by choosing one of the 
two options: ‘Yes, I’m willing’ or ‘No, I’m not willing’.

3.6. Power analysis

A priori power analysis was conducted using G* Power 
software version 3.1.9.7 (Faul et al. 2007) to determine 
the minimum sample size requirement to ‘minimise 
statistical error and detect effects that exist in reality’ 
(Buckley 2024, 81). To observe a medium effect size of 
0.5 at a significance level of α = 0.05 and power = 80%, 
a sample size group of n = 64 is required. Thus, the 
sample sizes achieved by the two groups in this study 
are adequate, given the stated assumptions.

Table 3. Open-ended questions.
No. Open-Ended Questions

1 Did you like or dislike working collaboratively as a group on-campus? Please explain your answer.
2 Do you think you would have learned more in this class if you had done your project alone? Please explain your answer.
3 In your opinion, what elements should be embedded in a successful on-campus collaborative setting?
4 Do you think you would have learned more and engaged in better teamwork if you had been off-campus working online? Please explain your 

answer.

Table 4. The six phases of the inductive thematic analysis.
No. Phases:

1 Phase one required the authors to become familiar with the data by actively reading the semi-structured interview transcripts and participant 
responses to the open-ended questions.

2 During phase two, the authors start making initial codes from the dataset. This process was carried out physically, once with pen and paper and 
twice digitally on NVivo. This helps reduce omissions from early reviews of the data.

3 In phase three, the authors develop the initial themes by grouping codes. Braun and Clarke describe this stage as ‘identifying shared patterned 
meaning across the dataset’ (Braun and Clarke 2022, 35).

4 In phase four, the authors review and refine the initial themes. This involves reviewing the themes linked codes and participant data.
5 In phase five, the authors define and finalise the names of the themes and sub-themes.
6 Phase six was to write up the themes.

Please note that these phases are derived from the six phases outlined by Braun and Clarke (2022).
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3.7. Data analysis

3.7.1. Quantitative data
SPSS version 28.0 (IBM Corp., Armonk, NY) 
28.0.1.1(14) was used to analyse the quantitative 
data. The quantitative data presented in this paper 
is non-parametric. Due to this, the authors provide 
medians and interquartile ranges as they are better 
suited to non-parametric data (Cohen, Manion, 
and Morrison 2018, p. 727). However, prior 
research utilising the Teamwork Satisfaction Scale 
and Collaborative Attitude Scale reports participant 
means and standard deviations, typically associated 
with parametric data. Consequently, the authors of 
this paper present all aforementioned statistics for 
the sake of comparison.

The Cronbach’s Alpha reliability is presented in 
the results as a statistical measure to assess the 
internal constancy of the items to their assigned 
constructs. However, please note that the ordinal 
data had to be interpreted as interval data so that 
the metric could be calculated.

A Mann–Whitney U test is used to compare the 
differences between the male and female participants 
in the traditional face-to-face environment. The 
Mann–Whitney U test was also used to compare the 
results from the traditional face-to-face with the 
online environment.

The Spearman’s correlation coefficient (rho) is 
utilised to determine the strength and direction of 
association between the scales and underlying 
factors.

Please note that all items presented in Tables 6 
and 7 have been sequenced in the order in which 
they were presented to participants in the online 
questionnaire.

3.7.2. Qualitative data
In this study, the authors use NVivo 12 to conduct 
a six-phase inductive thematic analysis (Braun and 
Clarke 2022). The six-phases are outlined in Table 4. 
The thematic analysis was used to identify factors that 
affect students’ perceptions of PBL in the online 
environment.

3.8. Ethical considerations

Participation in the study was based on informed 
consent. It was made explicit to student participants 
that partaking in the study was voluntary and that they 
could opt in or out at any point with no repercussions. 
All data were collected, organised, and stored accord
ing to the host university’s data handling policy, which 
is General Data Protection Regulation (GDPR) com
pliant. All student identifiers were removed to protect 
anonymity. Ethical approval was provided by the host 

university (University of Limerick, ethics approval 
number: 2020_12_20_EHS).

3.9. Authors’ positionality statement

The positionality statement is meant to encapsu
late how the researcher is positioned in relation to 
the study context (Hampton, Reeping, and Ozkan  
2021; J. P. Martin, Desing, and Borrego 2022). By 
providing a positionality statement, the authors 
seek to enhance the transparency of the study 
(Buckley et al. 2024). The first author comes 
from a social science background rooted in engi
neering and technology education. He is currently 
engaged in research relating to PBL in engineering 
education. The second author also comes from 
a social science background rooted in engineering 
and technology education. He is currently focused 
on affective and cognitive factors that are asso
ciated with student performance in STEM educa
tion environments. The third author comes from 
a social science background rooted in technology 
education. His research primarily focuses on edu
cational leadership and technology education. The 
fourth author comes from a professional engineer
ing background with numerous years of experi
ence in both industry and senior academic roles. 
All authors of this study are proponents of active 
learning strategies in engineering education. All 
authors actively implement forms of active learn
ing within their respective departments at their 
institution.

4. Results

4.1. Qualitative data

4.1.1. Thematic analysis (traditional face-to-face 
environment)
The data collected during the open-ended ques
tions and semi-structured interview were analysed 
using a thematic analysis. The analysis highlighted 
a number of factors (themes) that impact students’ 
perceptions of PBL in the traditional face-to-face 
environment. In total, the data analysis outlined 
four themes and seven sub-themes, as shown in 
Figure 1. These themes include The teaching and 
learning environment, The team, Student relation
ships with peers, and Communication. The theme 
entitled ‘The team’ includes sub-themes: Team 
members sharing experiences, skills, and perspec
tives, Team member commitment, Distribution of 
workload, and Increased motivation in teams. The 
theme entitled ‘Communication’ includes sub- 
themes: Frequent communication, Ease of com
munication, and Clear communication. Table 5 
provides example quotes that inform the 
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development of each theme and sub-theme. Each 
of these themes and sub-themes was initially 
introduced and discussed individually in an earlier 
conference publication by O’Connor, Power, 
Blom, Tanner, and Mulvihill (2023). However, in 
the current study, we are specifically examining 
potential differences between the themes and 
sub-themes identified in the traditional face-to- 

face environment when compared to the online 
environment.

4.1.2. Comparing the online environment to the 
traditional face-to-face environment
The themes and sub-themes from the online environ
ment were first presented and discussed by O’Connor 
et al. (2024). Figure 2 provides a visual representation of 

Figure 1. Thematic analysis flow diagram (traditional face-to-face environment).

Table 5. Themes and sub-themes associated quotes (traditional face-to-face environment).
Theme/s Sub-Theme/s Example Participant Quote/s

The teaching and 
learning 
environment

n/a (P. 27) ‘I always enjoy working as a group on campus, it is a lot more interactive and it’s also 
such a nice way to create friendships’.

(P. 19) ‘Meeting rooms, I would say. It’s a very odd thing, I think, but it’s difficult to get 
a space that is very easy to work in because going to the library, you have to fight for an 
appointment. And if you don’t have an appointment, you go to the working areas which 
are really, really filled. And that takes too much time to try to organise. Having 
somewhere that you can just go into with your group to get things done, I think would be 
really, really helpful with group projects’.

The team Team members sharing 
experience, skills, and 
perspectives

(P. 4) ‘my teammates helped me understand more about this project’.
(P. 21) ‘I learned a lot more by working with teammates as we shared our knowledge on 

different topics’.
Team member commitment (P.76) ‘I enjoyed working as a group. Mainly because I was lucky to be placed in a very 

competent team with a very strong team leader’.
(P. 58) ‘There was also a huge difference in how much each member cared. I cared very 

much about the project and wanted to make it as good as possible, some just wanted 
something that moved to get the 6 marks. I found trying to get these people to do just 
about anything to a decent level very frustrating’.

Distribution of workload (P. 30) ‘Unless I was given far more time in the manufacturing stage, I would not have been 
able to complete it alone, and I feel it wouldn’t have been as high quality’.

(P. 26) ‘We could share the workload’.
Increased motivation in teams (P. 29) ‘I liked working as a group as it increased my motivation, and I learnt from others’ 

knowledge’.
(P. 47) ’working as a group helped to motivate each other to reach goals and due dates’.

Student relationships 
with peers

n/a (P. 84) ’the ability to meet new people and interact with them on a regular basis was 
extremely helpful’.

(P. 20) ‘I enjoy working as a group as it is a good opportunity to meet new people and learn 
from each other’.

Communication Frequent communication (P. 39) ‘Yes. I enjoyed working with the group as I felt it really helped with the project. 
Meeting regularly on campus was very good for our collaboration’.

(P.52) ‘I liked it because we organised set weekly meeting in a cafe on-campus and shared 
our progress and tasks for the week’.

Ease of communication (P. 63) ‘i found it easier to analyse and solve any problems that arose when we could speak 
(. . .) bouncing ideas off each other until a solution was found, rather than waiting on 
texts or arranging video calls’.

(P. 8) ‘I preferred on campus because in pers. comm. is easier than team/zoom calls’.
Clear communication (P. 39) ‘I enjoyed working with the group as I felt it really helped with the project. Meeting 

regularly on campus was very good for our collaboration. It meant we could all explain 
ourselves clearly and coherently, and no one struggled with connectivity problems or 
other tech issues. We could do up little sketches and paper models as we designed and 
show them to each other and collaborate on them in real time’.

(P. 70) ‘being able to talk in person about the project feels more effective than talking 
online’.
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the links observed between the traditional face-to-face 
and online environments’ themes and sub-themes.

Figure 3 highlights all themes and sub-themes 
unique to the online environment. An additional fig
ure was not needed to outline unique themes and sub- 
themes to the traditional face-to-face environment as 
all themes were linked to ones presented in the oppos
ing environment.

4.2. Quantitative data

4.2.1. Teamwork satisfaction scale and 
collaborative attitude scale (traditional face-to-face 
environment)

Table 6 shows the mean, standard deviation, median, 
and interquartile range for each item on the Teamwork 
Satisfaction Scale. Table 8 shows the overall scores of 

Figure 2. A flow diagram comparing the themes and sub-themes outlined in the traditional face-to-face environment and the 
online environment – originally presented by O’Connor, Power, and Blom (2023).

Figure 3. A flow diagram showing all unique factor to the online environment when compared against the traditional face-to-face 
environment.
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the Teamwork Satisfaction Scale for males, females, 
and all participants. Please note that the Teamwork 
Satisfaction Scale is comprised one standalone factor 
entitled Teamwork Satisfaction. The Cronbach’s alpha 
reliability for the Teamwork Satisfaction Scale was 
calculated at α = 0.911.

Table 7 shows the mean, standard deviation, median, 
and interquartile range for each item on the 
Collaborative Attitude Scale. Table 7 shows the overall 
scores of the Collaborative Attitude Scale for males, 
females, and all participants. The Cronbach’s alpha relia
bility for the Collaborative Attitude Scale and factors are 
as follows: Collaborative Attitude Scale α = 0.891, (F1) 
Team Dynamics α = 0.888, (F2) Team Acquaintance 
α = 0.706, and (F3) Instructor Support α = 0.731.

A visual representation of data is shown in Figure 4 
in the form of a clustered box and whisker plot. The 
clustered box and whisker plot present the minimum, 
first quartile, median, third quartile, and maximum 
values for each factor and scale for males, females, and 
all participants.

4.2.2. Independent sample Mann–Whitney U test 
(traditional face-to-face environment)
The Mann–Whitney U test, shown in Table 9 and 
Figure 5, reveals no significant difference across male 
and female scores.

4.2.3. Correlation matrix (traditional face-to-face 
environment)
Table 10 shows the correlation between the scales and 
factors.

4.2.4. Comparing the traditional face-to-face 
environment to the online environment
The clustered box and whisker plot, shown in Figure 6, 
presents the minimum, first quartile, median, third 
quartile, and maximum values for each factor and 
scale for both cohorts. The attached table includes 
overall participant medians.

To compare the results from the cohort in the 
traditional face-to-face environment and the online 
environment, a Mann–Whitney U test was utilised, 
as shown in Table 11 and Figure 7. The only scale 
or factor showing a significant difference between 
the traditional face-to-face and online environment 
was the factor entitled (F1) Team Dynamics (p  
= .018). The effect size for (F1) Team Dynamics 
was calculated at .176.

5. Discussion

5.1. Research question 1

The authors’ first research question asks, ‘How do the 
factors that enhance and/or inhibit the success of PBL in 
traditional face-to-face environments differ from the 
factors in the online learning environment?’ To address 
this question, we first identified the individual factors 
outlined within the traditional face-to-face environ
ment. This will then be followed by comparing these 
factors to those outlined in the online environment 
(O’Connor et al. 2024). Upon completion of the com
parison, we outlined and discussed the most prominent 
similarities and differences between the environments.

Table 6. Comparison of teamwork satisfaction scale items: means, standard deviation, median, and interquartile range across 
gender.

No. Survey items
Male 
Mean

Female 
Mean

OA 
Mean

Male 
SD

Female 
SD

OA 
SD

Male 
Median

Female 
Median

OA 
Median

Male 
IQR

Female 
IQR

OA 
IQR

1 I like working in a collaborative group with 
my teammates.

3.96 4.39 4.07 1.03 0.58 0.95 4 4 4 1 1 1

2 I like solving problems with my teammates 
in group projects.

4.02 4.22 4.07 0.98 0.60 0.90 4 4 4 1 1 1

3 Interacting with the other members can 
increase my motivation to learn.

3.99 4.13 4.02 1.03 0.69 0.95 4 4 4 1 1 1

4 I have benefited from interacting with my 
teammates.

4.06 4.39 4.15 0.80 0.66 0.78 4 4 4 1 1 1

5 I have benefited from my teammates’ 
feedback.

4.03 4.13 4.06 0.72 0.69 0.71 4 4 4 0 1 0

6 I enjoy the experience of collaborative 
learning with my teammates.

3.99 4.13 4.02 0.94 0.55 0.85 4 4 4 1 0 1

7 Online teamwork promotes creativity. 4.12 4.13 4.12 0.67 0.63 0.65 4 4 4 1 1 1
8 Working with my team helps me produce 

better project quality than working 
individually.

3.89 4.00 3.92 0.95 0.91 0.93 4 4 4 2 1 2

9 My team members are sharing knowledge 
during the teamwork processes.

4.02 4.13 4.05 0.81 0.55 0.75 4 4 4 0 0 0

10 I gain online collaboration skills from the 
teamwork processes.

3.62 3.91 3.70 0.86 0.85 0.86 4 4 4 1 0 1

Responses range from 1 (Strongly disagree) to 5 (Strongly agree). OA = Overall, SD = Standard deviation, and IQR = Interquartile range. The questionnaire 
had a participation rate of 51% (n = 89), 23 females (26%), and 66 males (74%).
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Table 7. Comparison of collaborative attitude scale items: means, standard deviation, median, and interquartile across gender.

No. Factor Survey items
Male 
mean

Female 
mean

OA 
mean

Male 
SD

Female 
SD

OA 
SD

Male 
median

Female 
median

OA 
median

Male 
IQR

Female 
IQR

OA 
IQR

1 F3 My team is receiving guidance for 
the group project from the 
instructor(s).

3.82 4.00 3.87 0.76 0.74 0.76 4 4 4 0 2 0

2 F3 The instructor(s) acts as a referee 
when our members cannot 
seem to resolve differences.

3.02 3.04 3.02 0.87 0.83 0.85 3 3 3 1 1 1

3 F3 The support from the instructor(s) 
helps my team to reduce 
anxiety among team members.

3.41 3.96 3.55 0.82 0.88 0.87 3 4 4 1 1 1

4 F1 My team is receiving feedback 
from each other.

4.09 4.09 4.09 0.80 0.73 0.78 4 4 4 1 1 1

5 F2 My team members share cultural 
information to know each other 
better.

2.94 3.17 3.00 1.11 1.03 1.09 3 3 3 2 2 2

6 F2 My team members share personal 
information to know each other 
better.

3.39 3.70 3.47 1.14 0.82 1.07 4 4 4 1 1 1

7 F2 My team members share their 
professional expertise.

3.92 3.87 3.91 0.88 0.69 0.83 4 4 4 0 1 0

8 F2 Getting to know one another in 
my team allows me to interact 
with teammates more 
efficiently.

4.24 4.48 4.30 0.73 0.59 0.70 4 5 4 1 1 1

9 F1 My team members communicate 
with each other frequently.

3.70 4.04 3.79 0.98 0.71 0.92 4 4 4 1 0 0

10 F1 My team members communicate 
in a courteous tone.

4.18 3.91 4.11 0.82 0.95 0.86 4 4 4 1 2 1

11 F1 Communicating with team 
members regularly helps me to 
understand the team project 
better.

4.21 4.35 4.25 0.73 0.57 0.70 4 4 4 1 1 1

12 F1 My team members encourage 
open communication with each 
other.

4.00 4.00 4.00 0.68 0.67 0.67 4 4 4 0 0 0

13 F1 My team members learn how 
other members wish to be 
treated and then act 
accordingly.

3.85 3.83 3.84 0.77 0.78 0.77 4 4 4 1 1 1

14 F1 My team members reply all 
responses in a timely manner.

3.50 3.35 3.46 1.17 1.11 1.15 4 4 4 1 2 1

15 F1 I trust each team member can 
complete his/her work on time.

3.92 3.78 3.89 1.00 0.95 0.98 4 4 4 1 1 1

16 F1 My team trusts each other and 
works toward the same goal.

4.21 4.04 4.17 0.67 0.56 0.64 4 4 4 1 0 1

17 F1 My team develops clear 
collaborative practices to 
increase team learning 
efficiency.

3.76 3.78 3.76 0.81 0.67 0.77 4 4 4 1 1 1

18 F1 My team sets clear goals and 
establishes working norms.

3.99 4.22 4.05 0.73 0.52 0.69 4 4 4 0 1 0

19 F1 My team has an efficient way to 
track the edition of documents.

3.62 4.09 3.74 0.86 0.79 0.86 4 4 4 1 2 1

20 F1 My team members clearly know 
their roles during the 
collaboration.

4.18 4.13 4.17 0.96 0.76 0.91 4 4 4 1 1 1

Responses range from 1 (Strongly disagree) to 5 (Strongly agree). OA = Overall, SD = Standard deviation, and IQR = Interquartile range. 
F1 = Team Dynamics, F2 = Team Acquaintance, and F3 = Instructor Support. The questionnaire had a participation rate of 51% (n = 89), 23 females (26%), 

and 66 males (74%).

Table 8. Comparison of scales and factors means, standard deviation, median, and interquartile across gender (traditional face-to- 
face environment).

Factors
Male 
mean

Female 
mean

OA 
mean

Male 
SD

Female 
SD

OA 
SD

Male 
median

Female 
median

OA 
median

Male 
IQR

Female 
IQR

OA 
IQR

F1: Team Dynamics 3.94 3.97 3.95 0.58 0.45 0.55 3.92 4.00 3.92 0.62 0.38 0.58
F2: Team Acquaintance 3.63 3.80 3.67 0.74 0.48 0.68 3.75 3.75 3.75 0.81 0.50 0.75
F3: Instructor Support 3.41 3.67 3.48 0.66 0.67 0.67 3.33 3.67 3.67 1.00 0.67 1.00
Collaborative Attitude 

Scale
3.80 3.89 3.82 0.52 0.39 0.49 3.83 3.85 3.85 0.56 0.45 0.52

Teamwork  
Satisfaction Scale

3.97 4.16 4.02 0.67 0.46 0.63 4.05 4.00 4.00 0.63 0.50 0.60

Responses range from 1 (Strongly disagree) to 5 (Strongly agree). OA = Overall, SD = Standard deviation, and IQR = Interquartile range. The questionnaire 
had a participation rate of 51% (n = 89), 23 females (26%), and 66 males (74%).
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5.1.1. Factors that affect students’ perceptions of 
PBL
This study identified several factors that enhance and/ 
or inhibit the success of PBL in traditional face-to-face 
learning environments. These factors can be sum
marised using the four themes and seven sub-themes 
shown in Figure 1. The overarching four themes are 
Communication, Student relationships with peers, 
The team, and The teaching and learning environ
ment. All of these outlined factors can also be linked 
to the factors that enhance and/or inhibit the success 
of PBL in the online learning environment, as shown 
in Figure 2. Furthermore, some of these factors are 
also commonly reported and discussed within the 
broader STEM education research literature.

The importance of communication is often high
lighted by students when participating in teams, both 
online (Belanger, Bartels, and She 2021) and in tradi
tional face-to-face environments (Boelt, Kolmos, and 
Holgaard 2023; Matilainen, Nuora, and Valto 2021). 
Developing effective communication skills remains 

a key learning objective for students participating in 
PBL (Crespí, García-Ramos, and Queiruga-Dios  
2022). PBL provides students with opportunities to 
practice and develop effective communication strate
gies while working collaboratively.

Student relationships are also a factor reported to 
affect students’ perceptions while participating in 
team-orientated activities within both the online 
(Stenman 2007) and traditional face-to-face environ
ments (Amerstorfer and Freiin von Münster-Kistner  
2021). Amerstorfer and Freiin von Münster-Kistner 
(2021) state that positive interpersonal relationships 
increase students’ interest in learning, which, in turn, 
benefits sustainable learning success and student self- 
confidence.

However, the online learning environment shows 
several unique factors that affect students’ perceptions. 
These factors are shown in Figure 3 and can be sum
marised under the themes and sub-themes entitled 
Flexibility of the environment, Limitations of the 

Figure 4. Clustered box and whisker plot of scores by scales and factors (traditional face-to-face environment).

Table 9. Comparing scores across gender to determine significance (traditional face-to- 
face environment).

Scales & Factors Cohort n U p

(F1) Team Dynamics Male 66 722 0.728
Female 23

(F2) Team Acquaintance Male 66 660 0.349
Female 23

(F3) Instructor Support Male 66 554.5 0.052
Female 23

Collaborative Attitude Scale Male 66 677.5 0.444
Female 23

Teamwork Satisfaction Scale Male 66 670.5 0.405
Female 23

n = Population Size, U = Mann–Whitney U test, and p = Two-Tailed P-Value. The significance level is .05.

12 S. O’CONNOR ET AL.



environment, Module planning, Student relationships, 
and Team roles.

5.1.2. Commonalities across the face-to-face and 
online environment
The most prominent commonality across both envir
onments falls under the themes of Communication 
and The team. The theme of Communication and 
linked sub-themes Clear communication, Ease of 
communication, and Frequent communication are 
clearly highlighted by participants as factors affecting 
students’ perceptions of PBL in online and traditional 
face-to-face environments.

The development of students’ transferable skills, 
such as communication, collaboration, critical think
ing, problem-solving, and self-directed learning, is 
a core learning objective for PBL in engineering edu
cation (J. Chen, Kolmos, and Du 2021; Edström and 
Kolmos 2014; Li and Zhu 2023; Sukackė et al. 2022). 
The emphasis participants in this study placed on 
effective communication as a key factor impacting 

team performance is encouraging. This highlights 
that students comprehend the significant role effective 
communication plays within collaborative settings. 
Engineering practitioners orchestrating these student 
interactions should be aware of the challenges and 
successes students encounter. Possessing this aware
ness can guide practitioners towards the development 
of effective pedagogical approaches to assist students 
in developing transferable skills, such as effective 
communication.

The theme, entitled The team, and linked sub- 
themes Distribution of workload, Increased motiva
tion in teams, Team member commitment, and Team 
members sharing experience, skills, and perspectives 
were factors that participants in the online and tradi
tional face-to-face environments commonly shared. 
Just as developing communication skills is a key objec
tive for PBL in engineering education, so too is the 
development of teamwork and collaboration skills (Li 
and Zhu 2023; Sukackė et al. 2022). By its very nature, 
PBL is a team-orientated, active, and student-centred 

Figure 5. Mann–Whitney U test (traditional face-to-face environment).

Table 10. Correlation matrix.
No. Scales and Factors 1 2 3 4 5

1 (F1) Team Dynamics 1
2 (F2) Team Acquaintance .547** 1
3 (F3) Instructor Support .300** .186 1
4 Collaborative Attitude Scale .940** .711** .470** 1
5 Teamwork Satisfaction Scale .724** .499** .331** .705** 1

**p <.001 (two-tailed). All correlation coefficients reported are Spearman’s rho.
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learning and teaching strategy (Kolmos and de Graaff  
2014). Hence, it is understandable that factors relating 
to the team are a common point of discussion shared 
by participants in both environments. Chowdhury and 
Murzi (2019) systematic literature review presents 11 
attributes that contribute to effective teamwork in 
engineering education. These attributes include 
Shared Goal and Value, Commitment to Team 
Success, Motivation, Interpersonal Skills, Open/ 
Effective Communication, Constructive Feedback, 
Ideal Team Composition, Leadership, Accountability, 
Interdependence, Adherence to Team Process and 
Performance. Engineering practitioners can aim to 
instil these attributes in student teams to enhance 
learning outcomes in team-orientated activities.

Another common factor shared between the online 
and traditional face-to-face environments was the lim
ited access to facilities. Students in the online 

environment expressed concerns about the lack of 
access to on-campus facilities, such as workshops, 
libraries, and collaborative workspaces, due to work
ing remotely from home. Meanwhile, students in the 
traditional face-to-face environment expressed con
cerns about the limited availability of on-campus facil
ities, such as library meeting rooms for conducting 
group meetings. Although the specifics of the con
cerns relating to facilities were different, these findings 
highlight that students desire access to what they con
sider necessary services to complete their work 
successfully.

Little supporting or opposing literature can be 
found in similar engineering online PBL contexts. 
However, the broader online engineering education 
literature takes note of the lack of facilities for students 
working remotely in online environments (Baltà- 
Salvador et al. 2021; Kinney, Liu, and Thornton  

Figure 6. Clustered Box and whisker plot comparing overall participant scale and factor scores in a traditional face-to-face 
environment and online environment.

Table 11. Comparing scores across environments to determine significance.
Scales and Factors Cohort n U P

(F1) Team Dynamics Face-to-Face 89 3334 0.018
Online 94

(F2) Team Acquaintance Face-to-Face 89 4017.5 0.641
Online 94

(F3) Instructor Support Face-to-Face 89 3753 0.227
Online 94

Collaborative Attitude Scale Face-to-Face 89 3756.5 0.233
Online 94

Teamwork Satisfaction Scale Face-to-Face 89 3920 0.461
Online 94

n = Population Size, U = Mann–Whitney U test, and p = Two-Tailed P-Value. The significance level is .05
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2012). A blended learning approach could potentially 
mitigate issues relating to access to facilities in fully 
online settings while still maintaining many of the 
advantages of online settings, such as increased levels 
of flexibility and the ability to cater to large and diverse 
student cohorts (Bouilheres et al. 2020). A blended 
approach combines both digital and face-to-face con
tent delivery methods (Graham 2006). Blended learn
ing has been outlined as a format that integrates the 
strengths of both digital and face-to-face content 
delivery methods (Garrison and Kanuka 2004). This 
should be considered a strong alternative to fully 
online learning for engineering educators looking to 
implement more flexible learning approaches.

In both the online and traditional face-to-face envir
onment, educators need to be ready to provide clear and 
efficient lines of communication for students to raise 
concerns, such as those regarding access to facilities. By 
opening these lines of communication, educators can 
respond quickly with supporting information and offer 
students alternative approaches to address such needs. 
For example, the students in the traditional face-to-face 
environment could have moved their meetings to 
a digital format, such as Microsoft Teams or Zoom, as 
an alternative to the unavailable library meeting rooms. 
This could have been further supported by information 
and assistance from the education team on how to 
effectively use this software to share ideas and collabo
rate on live online documents. It is possible that this 
factor would not have arisen in the traditional face-to- 

face environment if these needs had been better 
addressed by the educational team.

It is also worth noting that common factors out
lined in the traditional face-to-face and online learn
ing environment, for the most part, are discussed in 
a positive manner by participants, as discussed by 
O’Connor et al. (2024), O’Connor, Power, Blom, 
Tanner, and Mulvihill (2023) and shown in Table 5. 
Furthermore, these findings are presented alongside 
the overall participants’ favourable agreement with the 
teamwork satisfaction and collaborative attitude ques
tionnaires within both environments (as shown in 
Table 11). Further highlighting participants’ overall 
positive stance towards PBL in the traditional face- 
to-face and online environment.

5.1.3. Differences across the face-to-face and 
online environment
Interestingly, some factors become less or, in some 
cases, non-significant to the participants depending 
on their learning environment. Figure 3 shows that 
all unique themes were exclusively observed within the 
online environment.

One of the factors unique to the online environ
ment relates to increased flexibility in time and loca
tion experienced by students. Students generally 
perceive that online learning allows for more effective 
use of time when compared to traditional on-campus 
courses (Anderson 2008; Bir and Ahn 2017; Kokoç  

Figure 7. Mann–Whitney U test (traditional face-to-face and online cohort).
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2019; Müller and Mildenberger 2021). Müller and 
Mildenberger (2021), in a systematic review, seek to 
examine whether traditional classroom time can be 
reduced and replaced with an online learning envir
onment to enhance flexibility without compromising 
learning outcomes. Their findings indicated that while 
traditional classroom time can be reduced by 30% to 
79%, while supplemented with online learning, they 
can still maintain equivalent achievement of learning 
outcomes and provide increased levels of flexibility 
when compared to conventional classroom instruc
tion. In the context of this study, students felt that 
the flexibility of both time and location was 
a significant benefit to the online learning environ
ment. However, as outlined earlier, engineering prac
titioners who still require face-to-face elements could 
use a blended learning approach, which retains 
increased flexibility while providing opportunities for 
traditional on-campus activities.

Students also felt that the online environment had 
clear limitations regarding accessing reliable internet. 
Many of the reported concerns were related to the 
speed of their or their teammates’ internet connection 
and its ability to maintain live video feeds during face- 
to-face meetings. This is interesting as Ireland is con
sidered to have excellent internet coverage and reason
able internet speeds. In 2021, it was reported that 93% 
Irish households had internet access, and that only one 
in 10 of the remaining 7% did not have internet avail
able in their area (Central Statistics Office 2021). 
Despite being more recent than the time of the 
study, it was reported in Ireland that in 2023, average 
regional download speeds ranged from 53 Mbps to 
282 Mbps, and upload speeds ranged from 15.1 
Mbps to 51.1 Mbps, with the most significant disparity 
occurring between rural and urban areas (Doherty  
2023). While many areas at this time were well below 
European targets (European Commission 2024), these 
average speeds are more than sufficient for video con
ferencing software. Suggesting that this factor should 
not be a recurring issue in future investigations of 
online learning in Ireland.

The authors failed to find academic literature that 
could help confirm or dispute the generalisability of 
this factor within the context of online PBL in engi
neering education. However, it is worth mentioning 
that concerns regarding reliable internet access are 
shared by many other students working in online 
and blended learning environments, as noted in the 
broader higher education literature (Gamage and 
Perera 2021; Missildine et al. 2013; Roby and 
Hampikian 2002). Although this issue has been high
lighted as a significant factor impacting performance 
in digital environments, it is frequently linked to 
socioeconomic status and challenges faced by students 
in developing countries rather than developed ones 
(Gamage and Perera 2021; Sezgin and Fırat 2024). 

Therefore, this factor should be considered specific 
to the participants of this study, as we currently lack 
broader evidence to draw wider conclusions in this 
specific context.

Module planning was also of greater concern to 
students in the online environment than in the tradi
tional face-to-face environment. Students emphasised 
the need for more tailored support and engagement 
from the teaching team, as well as the need for well- 
developed and well-organised instruction. A literature 
review by Kebritchi, Lipschuetz, and Santiague (2017), 
conducted on the issues and challenges for teaching 
successful online courses in higher education, has out
lined ‘content development’ as one of the three major 
categories of issues and challenges experienced within 
the online environment (Kebritchi, Lipschuetz, and 
Santiague 2017). This underscores the importance of 
module planning for the successful implementation of 
PBL within online environments.

Students outlined the desire to develop relation
ships with teaching staff online. While the authors 
did not find similar findings in this specific context, 
they noted reports of students experiencing significant 
transactional distance with their instructors during 
online courses in the broader higher education litera
ture (Bergman et al. 2024; Stenman 2007). Both 
Bergman et al. (2024) and Stenman (2007) reported 
that their participants perceived learning online as 
a generally negative experience. Bergman et al. 
(2024) highlight that students missed social contact 
and, in some cases, felt lonely and isolated. Stenman 
(2007) noted that online students view others as 
a number on a list rather than individuals, and this 
issue can influence whether a student will stay in or 
drop out of a course. Furthermore, several researchers 
outline the correlation between student interaction 
with instructors and student satisfaction (Amelink 
and Creamer 2010; Bjorklund, Parente, and 
Sathianathan 2004; H. L. Chen, Lattuca, and 
Hamilton 2008). These findings stress the need to 
promote meaningful interactions between students, 
peers, and educators when working in online environ
ments to enhance student satisfaction and maintain 
student enrolment.

Even though the online environment appears to 
host several additional areas of concern for its students 
over the traditional face-to-face environment, the sur
vey data notes that students’ teamwork satisfaction 
and collaborative attitude remain much the same, as 
shown in Figures 6, 7 and Table 11. This suggests that 
while these factors concern students, they may be 
avoided with effective module planning by facilitators 
of the online environment. This could explain the 
additional concerns shared by students in the online 
environment while maintaining a similar level of 
favourable agreement with the surveys in both 
environments.
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5.1.4. Relevance of the factors
These findings indicate that the online environment 
provides students with many of the same benefits 
experienced within the traditional face-to-face envir
onment, along with the additional advantage of 
increased flexibility around time and location. 
However, these findings also indicated several poten
tial concerns within the online environment. Many of 
these concerns, such as receiving well-developed and 
well-organised instruction, limiting transactional dis
tance, and accounting for poor internet connectivity, 
could be rectified or at least mitigated by employing 
careful instructional design and planning. 
Additionally, providing continuous professional 
development opportunities for educators can help 
address these concerns (Khoza 2022; Sato et al. 2023).

Furthermore, these findings align with the 
Community of Inquiry (CoI) framework for online 
learning environments, initially developed by 
Garrison, Anderson, and Archer (1999) and further 
expanded by Shea, Richardson, and Swan (2022). This 
framework assumes that learning occurs within 
a community through the interaction of four elements: 
social presence, cognitive presence, teaching presence, 
and learning presence. This framework supports the 
design and development of online and blended learn
ing approaches to active learning (Picciano 2017). 
Many of the factors outlined in the online environ
ment reinforce the need to develop these core ‘pre
sences’ when planning and implementing PBL in 
online settings. Engineering practitioners could poten
tially leverage the CoI framework to enhance their 
teaching practices for online PBL.

5.2. Research questions 2 and 3

In research question 2, the authors investigated ‘How 
do students’ reports of teamwork satisfaction during 
a PBL project vary when conducted in the traditional 
face-to-face environment and online environment?’. 
Similarly, for question 3, the authors asked, ‘How do 
students’ attitudes towards working collaboratively 
during a PBL project vary between a traditional face- 
to-face environment and an online environment?’.

5.2.1. Teamwork satisfaction (traditional face-to- 
face environment)
The data suggest that participants are satisfied with 
their teamwork during the PBL project in the tradi
tional face-to-face environment (M = 4.02, SD = 0.63, 
Med = 4, and IQR = 0.6), as shown in Table 8 and 
Figure 4. This is a welcome finding, as satisfaction 
within education is often used to measure the quality 
and effectiveness of teaching and learning (Wu, 
Tennyson, and Hsia 2010). The same teamwork satis
faction questionnaire was used previously by Oncu 
and Ozdilek (2013) in a traditional face-to-face 

environment during an instructional design course. 
Oncu and Ozdilek (2013) participants were also satis
fied with their collaboration in the traditional face-to- 
face environment (M = 3.81, SD =.93). Interestingly, 
Oncu and Ozdilek (2013) study also outlines several 
themes that were linked to satisfaction, some of which 
including performing responsibilities, socialisation, 
and cohesion. All of these share close links with the 
previously stated factors that affect students’ percep
tions of PBL in the traditional face-to-face environ
ment within this study. However, the most notable 
link shared between these studies was what Oncu 
and Ozdilek (2013) called cohesion. Oncu and 
Ozdilek (2013) stated that ‘responses that talked 
about team spirit, communication skills, acting in har
mony, and motivation as a result of group dynamics 
were considered within the cohesion theme’ (Oncu and 
Ozdilek 2013, 1257). This theme shared close links 
with the themes entitled The team, Student relation
ships with peers, and Communication outlined within 
this study. These findings further highlight the impor
tance of such themes for participants’ satisfaction 
levels while engaging in PBL in traditional face-to- 
face environments.

Moreover, the authors observed a positive correla
tion between the Teamwork Satisfaction Scale and all 
other scales and factors, as shown in Table 10. This 
shows that the sub-factors within each scale measure 
a consistent underlying construct. It also shows that 
the two scales are positively correlated, noting that as 
scores increase in one scale, they also tend to increase 
in the other.

Furthermore, the findings outlined no significant 
difference between gender responses for teamwork 
satisfaction, as shown in Table 9 and Figure 5. This 
contrasts with Jeon, Jarrett, and Ghim (2014), who 
outlined a noticeable difference between gender satis
faction levels while participating in an engineering 
PBL-oriented module. However, Jeon, Jarrett, and 
Ghim (2014) groups were gender specific, while 
groups from this study were mixed. Additionally, 
this study focused on collaborative satisfaction, while 
Jeon, Jarrett, and Ghim (2014) focused on general 
student satisfaction, which includes various additional 
elements. These are potential factors accounting for 
differences in findings.

Nevertheless, this study provides a unique insight 
into engineering students’ collaborative satisfaction 
levels while participating in PBL. These findings 
could be used in the future to compare against other 
replication studies using the same Teamwork 
Satisfaction Scale in traditional face-to-face environ
ments, potentially providing additional insight into 
gender differences in collaborative satisfaction. By 
identifying discrepancies between males and females, 
we can create opportunities to inform module, course, 
and institutional changes that encourage gender 
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equality in engineering education (Baker et al. 2007; 
Jeon, Jarrett, and Ghim 2014).

5.2.2. Collaborative attitude (traditional face-to- 
face environment)
The data also suggest that participants experienced 
a positive teamwork collaborative attitude during the 
PBL project in the traditional face-to-face environ
ment (M = 3.82, SD = 0.49, Med = 3.85, and IQR =  
0.52), as shown in Table 8 and Figure 4. This is pre
sented as an important finding as students’ attitudes 
are closely linked with their perceptions of engineer
ing, motivation to learn, self-confidence, level of com
petency, performance, and retention in an engineering 
programme (Besterfield-Sacre, Atman, and Shuman  
1998; Lathem, Neumann, and Hayden 2011).

The majority of studies that have implemented this 
same collaborative attitude scale have reported data 
gathered from an online environment (Chao et al.  
2022; Kaur and Chowdhury 2022; Ku, Tseng, and 
Akarasriworn 2013; Tseng et al. 2009). However, one 
of these studies implemented the scale in an online 
and traditional face-to-face environment with a group 
of medical students participating in a collaborative 
setting (Chao et al. 2022). Nonetheless, this compar
ison relies on the notion that these are comparable 
contexts. PBL, as stated earlier, effectiveness and opti
mal design have been consistently linked to context 
(Almulla 2020; J. Chen, Kolmos, and Du 2021; Du, 
Graaff, and Kolmos 2009). Due to this, we cannot 
compare a PBL module conducted in a medical envir
onment and engineering environment and draw reli
able conclusions.

Future research could focus on conducting replica
tion studies in engineering education that use the 
same Collaborative Attitude Scale in traditional face- 
to-face environments. This would allow for some 
interesting comparisons to be made with existing 
research conducted in the online environment.

5.2.3. Comparing across environments
This study shows that students’ teamwork satisfaction 
and attitudes towards working collaboratively during 
PBL show little to no median variation between both 
the traditional face-to-face and online environments, 
as shown in Figure 6. This suggests that students 
maintain similar levels of teamwork satisfaction and 
collaborative attitude in the presented approach to 
PBL across both environments.

However, its noteworthy that the Independent 
Sample Mann–Whitney U test, as presented in 
Table 11 and Figure 7, revealed a significant difference 
between the traditional face-to-face and online envir
onment in one of the underlying factors of the 
Collaborative Attitude Scale. A significant difference 
was observed in the factor (F1) Team Dynamics (p  
= .018). Although the effect size was calculated at .176, 

it would be considered a small effect size (Cohen  
1988). This means that although the difference is sig
nificant, it has limited practical impact.

That said, the Independent Sample Mann–Whitney 
U test failed to highlight any substantial statistical 
evidence of differences between the traditional face- 
to-face and online environment when reviewing the 
overall scales.

In the past, research conducted in STEM education 
has contradicted this finding. Many STEM researchers 
outline a notable variation between students’ level of 
satisfaction (S. D. Johnson et al. 2000; Martínez-Caro 
and Campuzano-Bolarín 2011; Whitman et al. 2005) 
and attitude (Konak, Kulturel-Konak, and Cheung  
2019; Vance, Kulturel-Konak, and Konak 2015) 
while participating in these alternate collaborative set
tings. These results are particularly interesting given 
this contrast.

This study may have presented contrasting results 
to other studies due to its approach to online PBL in 
engineering education. The teaching team specifically 
designed this module to optimise the online learning 
experience. This optimisation was informed by online 
higher education literature and by previous semester 
of online learning. The teaching team optimised the 
online environment by ensuring direct lines of com
munication between students, peers, and instructors, 
providing various optimised synchronous and asyn
chronous forms of communication, and clearly setting 
expectations for working collaboratively with others. 
These efforts could have made the experience more 
enjoyable for students by reducing the likelihood of 
team-based issues compared to other reported 
approaches.

6. Conclusion and implications for teaching 
and learning

This study was designed to compare teamwork satis
faction and collaborative attitude in a traditional face- 
to-face environment and online environment while 
also developing a stronger understanding of the fac
tors that affect student perceptions of PBL in both 
environments. This study makes a meaningful and 
unique contribution to the engineering educational 
literature in three key areas.

The first contribution of this study centres on iden
tifying and outlining the key factors affecting student 
perceptions of PBL. This study identifies 4 themes, 
with 7 sub-themes, linked to student perceptions in 
the traditional face-to-face environment and 6 themes, 
with 18 sub-themes affecting student perceptions in 
the online environment. However, the most notable 
finding by the authors was the five themes and nine 
sub-themes unique to the online environment that 
affect student perceptions of PBL when compared to 
its traditional face-to-face counterpart. These themes 
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and sub-themes included (1) Flexibility of the envir
onment (Sub-themes: Flexibility of time and 
Flexibility of location), (2) Limitations of the environ
ment (Sub-theme: Internet connection), (3) Module 
planning (Sub-themes: Instructor support and engage
ment, Planning for psychological issues, and Well- 
defined and well-organised instruction), (4) Student 
relationships (Sub-theme: Relationship with teaching 
staff), and (5) The team (Sub-themes: Clear goals and 
objectives, and Team roles). As we progress towards 
engineering education that offers more flexible learn
ing environments, such as online and blended, and 
employ student-centred active learning strategies, 
such as problem and project-based learning (Graham  
2018; Hadgraft and Kolmos 2020), we can use such 
factors to enhance the teaching and learning process. 
These factors can provide engineering educators with 
the foresight to pre-emptively implement strategies to 
solve issues before they occur. At the same time, selec
tively choosing and combining elements that work 
better in either traditional face-to-face learning or 
online learning to create an ideal teaching and learn
ing experience (Alkhatib 2018).

The second contribution of this study centres on 
the consistency of student perceptions of teamwork 
satisfaction and collaborative attitudes across the tra
ditional face-to-face and online environments. 
Specifically, the study found comparable overall med
ians (Shown in Figure 6) and no significant difference 
in participant responses in both the Teamwork 
Satisfaction Scale and Collaborative Attitude Scale 
(Shown in Table 11 and Figure 7) between the tradi
tional face-to-face and online environments. This 
finding is particularly interesting as it contrasts with 
previous studies in STEM education (S. D. Johnson 
et al. 2000; Konak, Kulturel-Konak, and Cheung 2019; 
Martínez-Caro and Campuzano-Bolarín 2011; Vance, 
Kulturel-Konak, and Konak 2015; Whitman et al.  
2005). This contrast with existing research is poten
tially due to delivery systems that were specifically 
designed to optimise the online learning experience. 
For example, these systems include assigned team 
roles, direct lines of communication between students, 
peers, and instructors, various optimised synchronous 
and asynchronous forms of communication, and 
clearly set expectations for working collaboratively 
with others (Kokotsaki, Menzies, and Wiggins 2016; 
F. Martin and Bolliger 2018; Sukackė et al. 2022; Watts  
2016). It is possible that the instructional team’s selec
tion and implementation of strategies and delivery 
mechanisms successfully mitigated some frequently 
reported shortcomings of online PBL in STEM.

Finally, the third contribution of this paper is to 
the EER literature base. It achieves this by conduct
ing a unique comparison of PBL in an online and 
traditional face-to-face environment, using 
a consistent module outline and a similar PBL 

approach, with a specific focus on the student per
spective. Although online educational research has 
significantly grown, current research on online col
laborative working environments is limited (Kittur 
et al. 2024; Vance, Kulturel-Konak, and Konak  
2015). Much of the recent literature during the 
COVID-19 pandemic refers to the emergency 
remote teaching approach rather than true online 
learning (Barbour et al. 2020; Hodges et al. 2020). 
Additionally, researchers within the EER commu
nity have also highlighted the lack of research 
focusing on the students’ perspectives in PBL 
(Servant-Miklos and Kolmos 2022). Furthermore, 
the development of effective pedagogical strategies 
in PBL is hindered due to a known publication bias 
in reporting positive findings over negative or null 
in PBL research (Kolmos and de Graaff 2014). This 
study supports the process of bridging these iden
tified gaps in the EER literature and provides evi
dence-based recommendations for optimisation of 
future practice.

6.1. Limitations

This study has some theoretical, methodological, and 
practical limitations.

6.1.1. Theoretical limitations
The theoretical limitations of this research relate its 
scope, as it was conducted in one instance of engineer
ing PBL in both an online environment and 
a traditional face-to-face environment. The findings 
presented would benefit significantly from being 
informed by additional instances in a variety of socio
cultural settings. This would enhance the generalisa
bility of the findings. Examining engineering PBL in 
diverse sociocultural settings can potentially identify 
patterns and variations that may not be evident in 
a single instance, as presented in this study. The 
issue can also be tackled through the integration of 
Open Science principles (Power 2021a), such as open 
data used in this study, to support future comparative 
studies and potential meta-analyses (Power 2021b).

6.1.2. Methodological limitations
An argument could be made for gathering longitudi
nal data when investigating students’ level of team
work satisfaction and collaborative attitude. This 
study carried out all data-gathering processes 
a number of days after the completion of the PBL 
project. This approach can be enhanced in future 
studies by capturing the students’ level of teamwork 
satisfaction and collaborative attitude during the col
laborative project itself.

Two other methodological limitations are the small 
sample sizes for the semi-structured interviews and 
the overall low number of female participants in the 
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study. Both of these issues can affect the reliability and 
generalisability of the findings. Future replication stu
dies would benefit from a larger sample size, ensuring 
a better distribution of male and female participants. 
However, the latter could be challenging due to the 
gender divide in engineering education enrolment 
(Madara and Cherotich 2016; Strachan et al. 2018).

Furthermore, demographic characteristics (for 
example, age, gender, geographic location, socioeco
nomic status, eligibility for educational grants) could 
also provide additional insights into some findings 
presented within this study. Future work could con
sider collecting, analysing, and reporting these char
acteristics in conjunction with current study 
instruments.

Moreover, it should be noted that the fourth author 
serves a dual role as both an author and a co-leader of 
the module in which this study was conducted. Such 
a dual role could contribute to a more positive analysis 
and interpretation of research findings, potentially 
unknowingly introducing bias. However, as the authors 
were aware of these issues in other PBL research 
(Beneroso and Robinson 2022; Kolmos and de Graaff  
2014), they have strived to reduce the potential for bias 
through several avenues. Firstly, they highlighted this 
conflict of interest in the manuscript. Secondly, the 
fourth author was not involved in the data analysis 
phase, to reduce potential for bias in the forming of 
codes, themes, and sub-themes. Thirdly, they have 
provided open access to all participant data (raw and 
analysis data files) for secondary reanalysis if so desired 
by a third party. This includes Microsoft Excel, SPSS, 
and NVivo files. The NVivo files include all participant 
responses and clearly show links to each individual 
theme and sub-theme. Fourthly, when reporting parti
cipant responses, the authors have used full, unedited 
quotes (including spelling and grammar) to ensure that 
the meaning is not lost or presented out of context.

6.1.3. Practical limitations
YHEN_A_2476796The practical limitation of this 
research study was the period during which the online 
data were gathered in 2021. In 2020, governmental 
restrictions during the COVID-19 pandemic caused 
many educational institutions worldwide to transition 
to digital learning environments. By the time of data 
gathering in 2021, students had been living with 
COVID-19 restrictions in their broader lives for 14  
months and had completed two semesters using the 
online approach. These changes to everyday life dur
ing this period could have influenced student 
responses in this study.
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