
AMISH, M. and JIHAN, S. 2023. Developing collaborative online project-based learning model to enhance learning in 
engineering. In Proceedings of the 4th Global conference on education and teaching 2023 (GlobalET 2023), 21-23 

April 2023, Athens, Greece. Vilnius: Diamond scientific publishing [online], pages 59-75. Available from: 
https://doi.org/10.33422/4th.globalet.2023.04.105  

 
 
 
 

This document was downloaded from 
https://openair.rgu.ac.uk 

Developing collaborative online project-based 
learning model to enhance learning in 

engineering. 

AMISH, M. and JIHAN, S. 

2023 

https://doi.org/10.33422/4th.globalet.2023.04.105


59

Developing collaborative online project-based
learning model to enhance learning in engineering

Mohamed Amish and Sha Jihan
School of Engineering, Robert Gordon University, Garthdee Road, Aberdeen, AB10 7GJ, UK

Corresponding author: m.amish@rgu.ac.uk

Abstract
It has been widely reported that knowledge and skills gained in formal Higher Education
Institute courses are different from those required at work. Students lack soft skills, according
to feedback from employers. Many universities have become proactive in improving their
curricula to address industry demands. Collaborative learning (CL) is the current trend
towards active learning, bridging both academia and industrial expectations. This paper
presents a collaborative online project-based learning (COPBL) approach using the ADDIE
(analysis, design, development, implementation, evaluation) model in order to improve the
quality of learning, teaching and practice collaboration. The COPBL framework is designed
to help students conduct projects independently or collaboratively in a safe and engaging
manner.
A set of data was obtained and analysed using a mixed-methods research design.
Questionnaires were used to collect quantitative data from 155 students, and interviews were
conducted with 25 of them to collect qualitative data. Analysis revealed that 90% of students
engaged in group discussion to reach a decision, and students collaborated and shared
information about the project with their peers. Students engaged in teamwork within their
learning community and participated in group problem solving as they worked through the
COPBL. They were active and motivated in group meetings and used workbooks to plan and
record activities. As a result, they were able to better understand the ideas, objectives, or
resources involved in the projects, as well as improve their ability to listen to and respect the
ideas of others. Students believed that when they communicated and participated in group
activities, they learned more. Students agreed that CL was more effective and better than
individual work, that they understood the subject better, used technology better, and learned
things of significant value. The findings indicated that COPBL gives students the opportunity
to apply their knowledge of the discipline in the given activities, learn more advanced
information from practical performance, and develop digital skills and a set of soft skills
(including communication, collaboration, critical thinking, problem-solving, time
management, and creative skills) that complement hard skills in the evolving job market.
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1. Rational of the collaborative learning experience
The trend toward active learning in education in the 21st century is collaborative learning
(CL). As a result of discovery, discussions, and expert guidance, students engage in
cooperative knowledge building, shifting from individual efforts and autonomy to teamwork
and community (Alozie, et al., 2010). It has been widely reported that knowledge and skills
gained in formal Higher Education Institute courses are different from those required at work.
Feedback from employers pointed out that students lack soft skills (White, 2013). Several
workplace assessments have shown that hard skills (technical skills) alone are not enough to
keep individuals employed, but soft skills are becoming more important because soft skills
complement hard skills. According to Arnold-Smeets (2015), it is important to have hard
skills if you want to get into an organisation, but soft skills keep you there. In order to
succeed, you need five soft skills: working together in a team, communicating verbally with
both internal and external organisations, resolving problems, making decisions, planning,
gathering, and processing information, as well as prioritising and organising tasks (Adams,
2014). Many universities have become proactive in improving their curricula to address
industry demands (Lin & Tsai, 2016). To enhance a university's reputation as a place that
produces "industry-ready" graduates, it's vital that graduates are marketable and competitive
in the job market. The curriculum must be revised to incorporate soft skills. Embedding soft
skills that have been identified requires a new approach from educators. In traditional
instruction, university courses have a more content-based approach focussed on educator-
centered learning. Due to this narrow focus, the courses were insufficient for preparing
students for the job market. Scholars would most likely agree that this type of learning
approach is limited in its effectiveness in terms of student comprehension, and that students
should engage in some activities to make the approach more engaging (Biggs & Tang, 2011).
Integrating CL Approaches into the teaching and learning process can help educators
overcome the shortcomings of this type of instruction (Yu-Hui & Yu-Chang, 2013).

1.1. Collaborative learning concept
Among the most effective learning methods of the 21st century is collaborative project-based
learning (Chanpet, et al., 2020). A CL approach is an instructional model that prioritises
student collaboration within small groups (two to five students) in order to maximise
individual and group learning. Together, students work on a structured activity, and each
student is individually responsible for the assigned work as a part of reaching a common goal
(Ormrod, 2008). As well as their own learning, the students are responsible for each other's.
In this way, the success of one learner makes it easier for other learners to succeed. In
addition to developing interpersonal skills, students may also learn how to resolve conflict
and evaluate themselves. Students gain a deeper understanding of the content they study by
participating in a variety of collaborative activities guided by clear objectives. There are
many models of CL such as Learning Together, Student Team-Achievement, Circles of
Learning, and Group Project-Based Investigations. CL has been proven in promoting
knowledge and soft skills development. CL has the following characteristics, identified by
Ning (2010):
 Learning authentically uses collaboration to align content with curriculum standards, so

students have a clear objective.
 Students can learn participatory skills through collaboration.
 Various forms of technology can be used effectively to present multiple modes of

instruction to learners.
 Collaborative project-based learning requires innovative assessment techniques, including

learners evaluating themselves and their peers, so evaluations are not limited to educators
alone.
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Students who participate in CL experience an increase in retention, academic performance,
improved soft skills (e.g., collaboration, communication, and problem-solving skills), and
higher satisfaction with their education (Zhu, 2012). Working together has proven to be the
most effective way for students to interact during the learning process. CL is most effective
when students are able to express their ideas and opinions, engage in a dialogue and
challenge one another to think critically, and work together on a given issue. The
performance of undergraduate students is significantly improved when they interact with
their peers (Chen, 2011). CL can improve soft skills among students when it is incorporated
into their courses (Ballantine & Larres, 2007).

1.2. Model and type of interaction
Interactions within a learning environment occur between learners and the content, between
students and educators, and between students and each other. Moore (1989) provided the first
systematic study of interaction in the learning environment. According to Moore, the subject
of a study is the content. Therefore, enhancing student understanding and perspectives on
learning through learning-content interaction is essential. To motivate students to engage with
content, it is important to develop a variety of engaging activities (Ali et al., 2011). The
educator should design content and assessment that can produce learning activities to increase
interaction (Zimmerman, 2012), which contributes to successful learning outcomes and
course completion (Shea & Bidjerano, 2014). Also, in learner-educator interactions, students
seek expert guidance from educators who are well experienced in the content, and instructors
act as facilitators who encourage and assist students. The interaction between educators and
students can reinforce students' understanding of course materials, which, combined with
timely and frequent feedback from students, contributes to the enhancement of learning
(Kyei-blankson et al., 2019). The term "learner-learner interaction" refers to any interaction
between two or more students, regardless of whether or not the educator is present, in order to
achieve an educational goal or to develop social relationships (Rossi et al., 2013). Learners
who interact with one another in online environments tend to broaden and deepen their
learning experiences, as well as increase their satisfaction (Sher, 2009) and academic
performance (Al-rahmi & Othman, 2015). This assists students with understanding learning
content and constructing new knowledge by integrating existing knowledge (Frisen & Kuskis,
2013). In turn, this improves productivity, satisfaction, problem-solving, and critical thinking
skills. Learner–learner interaction can be encouraged through collaborative learning structure
activities, and educators should provide guidelines that facilitate these interactions (Fear &
Erikson-Brown, 2014).
Over time, Garrison and Anderson (2003) added three new components to Moore's
interaction model (of student-content, student-educator, student-student). These were:
educator-content, content-content and educator-educator interaction. The purpose of
educator-educator interaction is to enhance student learning understanding by interacting
between educators to create better content and activities. A teacher uses technology to create
and use content. This type of interaction is known as "educator-content interaction."
Interaction between content and content is common in digital networks, where content itself
is used to create and update other content. In a meta-analysis of 74 previous studies by
Bernard et al. (2009), it was noted that at least one of three types of Moore's interaction has
been studied. Learner-learner, learner-educator, and learner-content interactions are often
discussed in the literature. According to the literature on online learning, either educator-
learner or student-student interaction is critical for increasing motivation and engagement
(Song et al., 2016). Some studies have exhibited a higher prevalence of learner–educator
interaction (Jaggars & Xu, 2016). In contrast to this, the Bernard et al. (2009) study found
that learner–learner interaction was dominant. Nonetheless, this study integrated the
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collaboration theory, where learners are responsible for their learning with the instructor's aid.
Thus, it is essential to emphasise learner-to-learner interaction as well as learner-to-instructor
interaction.

1.3. Collaborative learning challenges
There is also evidence to suggest that CL is not always adequately implemented in classroom
practice. Educators form heterogeneous and homogeneous groups of students based on ability
and gender, but those groups don't necessarily lead to effective collaborations (Baker & Clark,
2010). Research shows that students face a variety of obstacles when engaging in CL,
including unequal participation for each student in group tasks (Freeman & Greenacre, 2011)
and ineffective communication and collaboration. It can be challenging for educators to
design collaborative activities, including creating tasks for groups, composing groups, and
scheduling time for classes, as well as strengthening and monitoring collaborative activities
(Van Leeuwen, et al., 2013). Ha Le, et al. (2018) examined teachers' and students'
perspectives on obstacles and antecedents to its effectiveness. The authors identified four
main obstacles to CL effectiveness: a lack of collaboration skills, free riding, a low status of
competence, and friendship between participants. Researchers have shown that lack of
interpersonal and teamwork skills can hinder group interaction, as well as inhibit individual
and CL (Shimazoe & Aldrich, 2010). Students who are not skilled at collaborating can't fully
contribute to the project. Students indicated that, when working on group assignments, some
colleagues put in more effort than others, and some hardly put effort in at all. According to
the study, free-riding had a negative impact on students' learning behaviours, for instance,
high-contributing members did not devote time to helping others learn. Competence status is
found to suppress collective learning by constraining low-status students' participation and
overlooking their efforts, whereas high-status members have an increased potential to
contribute and are less likely to ignore low-status members' efforts (Bunderson and Reagans,
2011). Finally, friends tend to socialise more than be able to focus on group activities, which
may interfere with the function of friendship groups (Janssen, et al., 2009). It has become
clear that teaching group-learning requires very different methods, and has many advantages
compared to educator-centred one-to-one tutorials. It enables students to develop the
interpersonal, professional, and cognitive skills required to filter and synthesise relevant
information more efficiently. Introducing a more collaborative student-centred design forum
allows students to learn alongside peers rather than in a competitive or individualistic manner.
When the student-centred learning model is integrated throughout the teaching process, it can
be applied to project design. According to Brooks and Ammons (2010), students prefer
continuous assessment over evaluation made mainly by a single assessor. In addition, they
believe continuous assessment tasks, with timely feedback, promote critical thinking in the
evaluation of design solutions. Instead of educator-centered learning, student-centered
learning promotes deeper learning by motivating students, enabling them to reflect on
previous experiences and knowledge, encouraging active participation, and facilitating their
participation in class (Entwistle, 1992). However, the implementation of CL methods in
teaching and learning has resulted in many graduates still not having the soft skills employers
need. Cooperative groups tend to have difficulty establishing and maintaining success
because other members do not participate actively in their work (Chiong & Jovanovic, 2012).
Collaboration in a group does not occur naturally. It is not possible for educators to assume
that each member of a group contributes equally to the group work and, therefore, give all
members equal marks. Thus, educators should award marks based on individual contributions
to motivate students to actively participate in group projects (Swan, Shen, & Hiltz, 2006).
Educators in these studies will need online learning tools to record and monitor their
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discussions and to assess the contributions they make to their group tasks. This paper aims to
provide an online learning management system to facilitate CL.
1.4. Digital skills
Digital technologies, such as online collaboration platforms and mobile devices, are an
everyday part of many workplaces (Cascio & Montealegre, 2016). As a result of this digital
shift, the skills that are needed in the modern job market are changing. In today's global
economy, digital technologies are driving innovation, growth, and job creation. A framework
for digital competence, "Digital Competence 2.0", was published by the European
Commission. There are five key competence areas in which digital competence is classified:
Information and data literacy with a focus on communicating and collaborating, digital
content creation with a focus on security, information and problem solving. As of version 2.0
(Vuorikari et al., 2016), the proficiency framework has been revised to identify eight
proficiency levels rather than three. This revision provided a detailed description of each
level's characteristics (knowledge, skills, and attitudes). There are three main dimensions that
are distinguished, namely: (1) a technological dimension that emphasises both problem-
solving ability as well as the ability to provide flexible solutions in response to changing
technological environments; (2) a cognitive dimension that focuses on reading, selecting,
interpreting, evaluating, and presenting information; (3) in the use of technology, there is a
moral dimension based on accountability. CL is a widely used concept with potential value in
education. CL can promote and facilitate interaction through technology and instructional
activities. Educators can use technology to monitor the teaching process and assess student
activities in order to make sure learning occurs. Educators should provide an online platform
that facilitates collaborative learning that is easy to use, flexible, and accessible. The selection
of an online learning platform that fosters collaboration and communication is essential
(Abrami et al., 2012). Collaborative online project-based learning (COPBL) has been
proposed to be combined with a learning management system and a project-based approach,
in order to boost student interaction and soft skills. The paper will describe how the online
learning environment and learning design were developed and how they can be used to
increase student interaction. Soft and digital skills have become requirements in the labour
market in the 21st century, and it is imperative to implement the COPBL to provide them
with these skills.

2. Research goal
'Digital generation' students are becoming more computer literate, thus making traditional
learning environments more technologically integrated. The use of technology can also be
used for collaboration, communication, measurement of learning activities, sharing resources,
and creating high-quality instructional materials (Che Ku et al., 2015). The next generation of
engineers who possess employability skills and digital skills will be in high demand. To
prepare our engineering students for the challenges of globalisation and to stay current with
industry requirements, we need to prepare them to be digitally literate now more than ever.
Students can use COPBL to develop digital and employability soft skills like collaboration,
critical thinking, innovation, teamwork, communication, problem-solving, and creativity,
which are highly valued in today's evolving job market. The need to convert traditional
design projects into a virtual collaborative form is urgent and timely. This study proposes to
establish best teaching and learning practices, design, and develop a COPBL framework, thus
enhancing the university's reputation as a place that produces "industry-ready" graduates.

2.1. Research methodology/materials
This research begins with the rational and concept of the CL and then describes the benefits
of learning this strategy. A review of literature from previous studies, including reports,
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conference proceedings, and journals, identifies key CL challenges. The research objectives
and conceptual framework served as the foundation for the research design. In this study, the
variables were supervisors' readiness and students' soft and digital skills. This research
study's population included students, academic supervisors, and school expertise (i.e., during
the design phase). The first population consisted of final-year students who had completed
the group project module in engineering. The second population consisted of supervisors of
the group project module. The sample size selection was based on the criteria established by
Krejcie and Morgan (1970). A sample size of 155 respondents would represent a population
of 260, according to Krejcie and Morgan. Twenty-three supervisors agreed to take part in the
study. The current study was viewed as an opportunity to solicit feedback from project
students and supervisors on the effectiveness of COPBL However, the purpose of this
research was to implement COBPL framework strategy to develop an engineering teaching
procedure that will improve engineering instruction. The COPBL platform provides a virtual
learning environment based on the ADDIE (analysis, design, development, implementation,
evaluation) model that allows students to communicate and collaborate safely while working
together on real world engineering projects. Using the learning management system,
educators can create groups, monitor, and record discussions, as well as assess students'
performances. A mixed-methods research design was used to collect and analyse the data.
This study's instrument was a pre-designed questionnaire. To collect quantitative data from
students, questionnaires were used, and interviews were conducted with a sample of them to
collect qualitative data. The variety of questionnaire responses was used to select the
interview sample. A number of school staff with expertise in curriculum and instruction
learning design were given the questionnaire in its initial form so they could express their
observations and suggestions regarding the tool's suitability for achieving the goal it was
intended to achieve, the validity of the content, the sufficiency of the content, the integrity
and accuracy of the phrases, and their clarity. To create the final version of the questionnaire,
changes were made after considering the referees' feedback. As a result, construct validity
was used to validate the instrument's validity. The questionnaires were distributed during the
design and implementation of the COPBL, and students were given ample time to complete
them. The questionnaire used a five-point Likert scale (Strongly Agree, Agree, Cannot decide,
Disagree, Strongly Disagree). It was designed to measure various dimensions, and the mean
scores of each variable were interpreted in accordance with the range of scales. The
questionnaire was created to gather responses from students and supervisors regarding
supervisor readiness and students' soft and digital skills during COPBL implementation and
evaluation in order to support a proposal framework for the school strategy. The interview
consists of a series of preliminary questions designed to identify the students' data, teaching
methods, and questions focusing on the participants' knowledge of COPBL and the
differences between COPBL and traditional project styles. Finally, questions were posed to
identify the role of students and educators while using COPBL, the most important benefits
of the COPBL strategy, and the most significant challenges to learning application within that
strategy. These interview questions were presented to a group of curriculum and instruction
experts. The wording was changed based on the opinions of the referees.

2.2. COPBL development
Educators can improve teaching and learning processes by using active learning (Lima et al.,
2017) and project-based learning (Mills and Treagust, 2003). CL is a method of learning that
leads to Vygotsky's theory of constructivism (Vygotsky, 1978) and is widely used today
(Ashton Hay, 2006). Technology is recognised as a key enabler of student learning outcomes.
However, flexible instructional design practices are essential to getting the greatest benefit
from technology. The ADDIE model is typically used by instructional designers (Morrison,
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2010). It facilitates the development of interactive learning and training activities by creating
a flexible support tool for the educational designers. It stands for the five stages of the
teaching process: analysis, design, development, implementation, and evaluation. As an
alternative to traditional curriculum development, Branson, (1978) employed ADDIE to
create instructional systems across the U.S. military branches. As well as being helpful and
practical, the ADDIE model has been adapted and applied to teaching design (Tzu-Chuan,
2014). The rapid prototyping has been one improvement made to this model (Ahmad, 2013).
During the process of creating materials, it provides constructive feedback and continuous
assessment. The ADDIE model was designed and developed in the framework of COPBL as
shown in Figure 1.

Figure 1 COPBL development model framework (modified after Morrison, 2010)

As part of the design process, ADDIE requires continuous revisions and reviews.
Incorporating feedback continuously into instruction is made possible by this structure. The
first phase of the ADDIE model is the analysis phase, during which the learning theory is
defined. This study employed two theoretical approaches, constructivism, and online CL. The
analysis phase is the phase of teaching design that involves analysing objectives, contents,
requirements, resources, and tools. By analysing teaching materials, we can develop project-
based activities based on the contents of the teaching design, align with industry practice,
students’ needs and ultimately, produce excellent results, integrated collaborative tasks and
assignments. They learn to solve problems and work with others in a collaborative manner
(collaborative assignments) by listening to their peers' insights. The structure of the teaching
project module facilitates the interaction and organisation of the project's various stages
based on the study of the content, the teaching methods, processes, and the schedule. In this
phase, the factors and elements that determine effective online CL have also been determined.
These factors include learning environment and technology, learning design, and learning
interaction. As a result, learning outcomes, resources, and learning assessment need to be
made in line with the module curriculum. The continuous feedback that students received
during project development, both from their peers and from their educators (Olivo, 2012),
was essential in developing thoughtful communicators. The feedback points should help
students reflect upon what they might face in their real work while providing an opportunity
for revision (Hall, 2014). Using these best practices, students can become more motivated
and engaged in project work, interact with each other, and learn from their educators. In
Table 1, the phases of project proposal and execution are shown. Students face several issues
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during group project work (Alden, 2011), and educators are crucial in developing fair
assessment mechanisms that accurately measure students' performance in group situations.
Educators helped groups establish norms and establish expectations by clarifying the roles
and expectations of project assignments (Oliveira, et al., 2011). The educators developed
trusting relationships with their students, they provided individual opportunities to engage
and motivate their students; (Beffa-Negrini, et al., 2002), and they created a sense of
community in the online environment. CL project work offered educators diverse ways to
increase student engagement. A central focus of the collaborative project learning was the
role of educators. Students are divided into cooperative groups and the project specification is
prepared. A time plan for implementation is also created. Sample projects should be provided
to illustrate the scope of expectations, virtual drop-in sessions should be facilitated, and
personal and group communication should be promoted. The project specification should be
detailed, and a project guide handbook should be provided. A survey should also be given to
students in which they can reflect on their experience and address any
concerns that may be raised. The development phase involves developing training modules
and activities using modern information and training platforms in order to promote project
results.

Table 1. COBPL strategy: project proposal phase and execution phase framework

In recent decades, it has become common place for educational institutions to use learning
management systems, such as Moodle and Aula, to organise their teaching materials and
instructional activities within a single environment (Carlos et al., 2013; Coates et al., 2005).
Taking into consideration student and educator preferences, Campus Moodle learning data
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was gathered. An assessment was conducted with subject-matter experts as a formative
evaluation to ensure that analysis data and module curriculum are aligned. In fact, university
Campus Moodle provides both educators and students with tools and resources that facilitate
the process of managing both their teaching and learning. A campus Moodle feature, such as
discussion forums, helps facilitate communication and collaboration among students and
allows them to use external applications in addition to those that are built into the system. In
this context, the COPBL instructional design (during the design phase) supported the CL
subject approach. Based on Ellis and Hafner (2009), the educational design was modified to
support the analysis phase's data. Feedback was gathered once more from subject-matter
experts and online system designers (if needed) in formative evaluations and redesigns (if
required) to ensure that data validity was in conformity with researchers'
interpretations. Students were able to engage and interact with each other and with the
educators as they worked with the project content by using the designed system. Following
the completion of the design phase, a draft COPBL architecture was developed and integrated
into the university Campus Moodle. COPBL implementation, its support, the teaching team's
collaboration, hardware facilities, and the environment for teaching were addressed in this
phase. After the prototype had been completed and implemented, staff and students were
provided with a formative evaluation form so final revisions could be made to the COPBL
management system supported by user feedback. After designing and developing a prototype,
it was implemented and evaluated. As part of the evaluation stage, formative evaluation is
conducted in order to make improvements to the COPBL management system, and summary
evaluation documents learning satisfaction and outcomes. COPBL is improved through
evaluation and insufficient content is revised through evaluation. Also, it involves the
standardisation and value assessment of teaching modules. Teaching designers use the
ADDIE teaching model as a systematic tool for ensuring the quality of results from teaching
design projects. Through the ADDIE model, learning activities have been effectively
constructed, while at the same time, it has provided a consistent flexible structure for the
design of teaching in higher education (Fang et al., 2011).

3. Results and Findings
An evaluation was conducted to ensure that the prototype functioned as planned and that the
expectations of users aligned with the curriculum (Sefton-Green et al., 2009). This feedback
was needed to ensure that a real study can be conducted with the prototype. Analysis revealed
that 90% of students engaged in group discussion to reach a decision, and 85% of students
shared information about the topic with their peers. Students engaged in teamwork within
their learning community as they worked through the collaborative online project-based
content. They were active and motivated in group meetings and used workbooks to plan and
record activities. As a result, they were able to better understand the ideas, objectives, or
resources involved in the projects, as well as improve their ability to listen to and respect the
ideas of others. Students believed that when they communicated and participated in group
activities, they learned more. According to the findings, 85% of students contributed ideas
and participated in group problem solving, 95% of students stated that they used technology,
specifically the internet, to complete their group task, 90% of students agreed that
collaborative learning was more effective and better than individual work, and that they
understood the subject better and learned things of significant value. Additionally,
encouraging social contact through discussion forums, emails, and meetings, give students
more chances to interact with colleagues while working on project tasks. Students were only
graded on their own work based on the best practices for collaborative work. Each team
member completed a component of the task and submitted it to the group for review. Each
group member commented on the pieces of work done by the other members, or the members
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combined their efforts to complete the assignment. To develop the content for their final
project assignments, students attended peer feedback workshops. The students were matched
up with randomly chosen peers with whom they exchanged constructive feedback on a draft
of a part of the final project. Students were asked to discuss the project content from a variety
of perspectives, solve problems in different ways, and develop their own views on key
module ideas through this collaborative task. Educators then provided comments on a draft of
the students' final project, and the students reflected on their learning experiences.
Throughout the project module, educators utilised formative and summative assessments.
Formative, or in-process assessments were used to measure learners' engagement with project
concepts and ensure that learning objectives were met. For instance, educators assigned
students to small groups, and they found after the first objective that some of the concepts
that were to be integrated into subsequent tasks were not yet understood by the students. A
workshop was conducted by educators to clarify the knowledge gap following the review of
all performance data and the identification of points of confusion. During the project wrap-up,
the objectives focused on the specific concepts that students had difficulty with, and the
objectives were integrated into subsequent project goals. Educators engaged in regular
communication with students as a form of formative evaluation as well. In order to gain
insight into how the project was progressing, they sent personal emails to all students,
regardless of performance. By engaging students in this manner, educators could identify
areas where they could better meet learners' needs. The educators created and distributed a
mid-project evaluation questionnaire to measure student engagement within the group project.
In the reflection exercise, students were asked to reflect on what helped them learn, as well as
what topics, concepts, or module structures hindered them. Participants of the group project
task seemed to feel more connected, and students commented on how well the group task was
received. A final project assignment was used for summative evaluation. Educators gained
insight into students' engagement with the project concepts as they reviewed their final
projects. Feedback from students and supervisors also led to smaller instructional changes
during the development process. In the methodology, the Likert scale is used to create a
questionnaire that can produce comprehensive and clear results. This can be helpful to
students when they are completing a self-assessment (Table 2). The questions were grouped
according to their connection to the soft skills dimensions and how they relate to the
Framework for Digital Competence, which are related to the specifics of the COPBL used.
The management learning system allows educators to create groups, communicate, facilitate,
monitor, and evaluate students’ progress, as well as assess their performance. The findings
showed that the COPBL strategy improved learning efficiency, student academic
comprehension and achievement, as well as increased self-growth (for instance, confidence,
self-esteem, and responsibility), increased participation in learning, and students'
development of empathy for others. This outcome is due to the fact that this strategy
combines the benefits of both traditional and e-learning (digital technology). As we are all
aware, technology has evolved into the new language of the age, making it easier for learners
to access the information they require. As a result, students enjoy using educational
technologies in the university's modern learning environments and feel proud in
communicating and interacting with others through a variety of media, including university e-
mail, a simulators database, discussion forums, written interaction, and others. Additionally,
the face-to-face instruction in the lectures encourages interaction between students and
educators. Moreover, COPBL places a high priority on user feedback and social interaction.
The students acknowledged that through the COBPL process, they were able to apply their
academic knowledge to the project-related tasks, learn more advanced material through
practical performance, and improve soft skills.
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Table 2. Students' and project supervisors' interpretations of the supervisor's readiness

A Likert scale was presented to students in order to allow them to choose their preference in
the questions constructed according to the information provided as shown in Tables 3 and 4.
Among the top soft skills, improving critical and creative thinking received the highest mean
score, followed by verbal communication improvement, time management improvement,
interpersonal communication improvement, learning to give and receive constructive
criticism, skill development in listening, ability to think creatively and effectively
communicate in a visual format, improvement in decision-making and analytical skills, and
development of responsibility and accountability, developing multi-tasking skills;
understanding problem-solving process; developing ethical values (e.g., integrity, honesty,
responsibility, self-discipline), and increasing adaptability to new technologies and
terminologies. As students work towards common learning goals in a COPBL environment,
knowledge is shared or transmitted between them, such as an understanding of a subject as a
whole or a solution to a problem. During their process of knowledge acquisition, students are
not passive receptacles, but active participants, searching for information and exchanging
ideas with their peers. Due to their mutual dependence on each other for knowledge
construction, the learning process produces a bond between and among learners.
Consequently, CL provides students with an effective way to develop higher-level thinking
skills as well as retrieve deeper levels of understanding through shared exploration, goals,
and a shared process of meaning-making. COPBL outcomes are typically measured by
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student achievement. This is demonstrated by four measures, including student grades and
graduate results, student satisfaction, and knowledge and skill gains measured by student
design projects. The students' work in COPBL clearly creates a positive CL environment
because it is measurable, adds value, and is positive. A formal and online Likert scale
questionnaire was developed to collect input from users to further improve the designed
system. One of the drawbacks was the absence of real-life case studies for students.
Implementing industry projects-based and interactive industry practice videos has enabled us
to overcome this challenge. It allows students to experience a real-world task which is
incredibly realistic while still maintaining all the advantages of a COPBL. A number of
workshops have been conducted to address the concern over case study practice (Wang and
Guo, 2015). Educators and students respond positively to the questions with comments
related to the inclusion of resources related to industry practice. A COPBL template has been
designed to include these features. According to student feedback, COPBL offers flexible
access and multiple feedback from peers and educators, which creates positive interactive
learning experiences, builds trusting relationships, builds critical thinking, and helps students
perform better as well as develop necessary skills for higher education. Additionally, the
engineering simulators application is not accessible through the Campus Moodle learning
platform. Thus, the platform has been designed to enable users who have never used MyApps
before to access the instructions page by integrating it into the platform. Students'
engagement in the process of engineering is enhanced by a standard interface that displays
icons that convey key information and engage them in the process of engineering. It includes
theories, resources, risk assessment, simulations, assignments, animated demonstrations, and
self-assessment. They found COPBL to be an interactive, collaborative environment that
prevents students from becoming passive listeners. In its place, it encourages students to
engage in group activities and participate in CL experiences so they can develop skills that
make them active participants in the learning process. Individually and collectively, students
perform group project tasks, collect, and analyse data, and respond to questions to assess their
understanding and knowledge.

Table 3. COPBL soft skills – Self Assessment
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The students found the work in the COPBL stimulating, they were exposed to different
digital technologies and able to apply personal knowledge to complete tasks. The students
said they would benefit from COPBL ability to provide different communication tools and
exchange experience to help them to better solve problems in a digital environment. COPBL
is an effective, flexible, and user-friendly learning environment that supports the course
material. A summary of the survey and the relation between specific tasks in the virtual
project-based and the enhancement of digital skills is detailed in Table 4.

Table 4. COPBL digital skills

4. Conclusions
In order to meet industry requirements and be competitive in the face of the problems brought
on by globalisation, engineers must possess both soft and digital abilities workplaces (Cascio
& Montealegre, 2016). The COBPL virtual learning management solution was designed and
developed by the authors using the ADDIE instructional design approach in this case study.
The goal of this design approach was to create an engaging, flexible learning environment
where students could interact creatively with the project's subject matter, other students, and
educators (Fang et al., 2011). Additionally, the COBPL approach enables educators to
organise groups, encourage communication among them, monitor their development, and
evaluate students' performance (Zimmerman, 2012). A mixed-methods study methodology
was used to collect and analyse the data. Quantitative analysis supported qualitative analysis,
as qualitative analysis revealed a number of positive aspects of the COPBL strategy,
including fostering positive interactions between students, improving student understanding
of the project tasks, and increasing a student's ability to plan activities and develop electronic
activities, which aid in the production of digital teaching aids in evaluation, as well as aiding
in the development of electronic classrooms in engineering. This result implies that students
learned more real values and contributed to the teaching strategy by using COBPL to better
comprehend the subject. The collaborative learning strategy demonstrates the need for both
student and educator creativity in the information transmission process. In addition to raising
academic accomplishment, it also cultivates and enhances students' market skills. The
strategic finding from the present study is that COPBL gives students the opportunity to
apply their knowledge of the subject matter to the provided activities, which upgrades their
experience and improves their knowledge (Frisen & Kuskis, 2013). It was found that by using
COBPL, students performed significantly better (Al-rahmi & Othman, 2015) and developed
digital skills and a set of soft skills (including communication, collaboration, critical thinking,



72

problem-solving, time management, and creative skills) that complement hard skills in the
evolving job market (Arnold-Smeets, 2015) and increase students' chances of finding
employment. The results also imply that it will be beneficial for the engineering school at
Robert Gordon University to adopt a more student-centered approach to teaching and
learning, including project-based learning, emphasising group work, and technological
advancement embedded in projects.
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