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Developing sustainable development (SD) mindset and professional skills, such as problem solving, team working and
communication skills, are crucial for engineering graduates of the 21st Century. Cooperative Problem Based Learning
(CPBL), which is the infusion of Cooperative Learning (CL) principles into the Problem-Based Learning (PBL) cycle, had
been shown to enhance learning while developing the desired professional skills and positive behavior. This paper describes
amixed method study on the impact of an Introduction to Engineering course on first year students as they go through three
cycles of CPBL tosolve a sustainability related problem. In the first part of the research, an exploratory study was conducted
by analyzing reflective journals submitted by the students at the end of each CPBL cycle using thematic qualitative data
analysis technique to determine the major themes in skills developed. The analysis show strong emergence of professional
skills and SD. To determine the level of behavior change in SD for students who took the course, a quantitative study was
then conducted. Although the students initially faced difficulties in developing the skills, by the end of the third stage, the
students realized that they have managed to attain important skills and SD behavior essential as engineers of the future.
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1. Introduction

The challenges of the 21st century require engineer-
ing graduates who are not only well versed in
technical knowledge, but also in professional
skills, such as problem solving, team working and
communication skills. In addition, understanding
of sustainable development (SD), which has been
identified as one of the Grand Challenges of the
current millennium, is imperative for engineering
graduates since they are the innovators and problem
solvers of the future. The importance of these
requirements has been stated in various engineering
education reports from throughout the world [1-3].
It is, therefore, not surprising that the Washington
Accord made these professional skills and sustain-
ability to be among engineering program outcomes
required for accreditation.

For the member countries of the Washington
Accord, the accreditation requirements on profes-
sional skills and SD as outcomes force engineering
program owners to include them in the curricula.
Professional skills, such as problem solving, team
working, communication, time management and
leadership can be developed through effective teach-
ing and learning approaches [4, 5].

To develop SD, Fiedler and Deegan [6] indicate
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that the motivation to change starts from knowl-
edge which is essential for successful action to
facilitate behavior change. According to Kaiser
and Fuhrer [7], knowledge remains an important
and highly significant predictor of environmental
behavior. Therefore, incorporating environmental
and sustainability issues into the early stage of
education plays a key role in facilitating and foster-
ing environmentally responsible behavior, and pro-
vides a strong foundation for more sustainable
societies [8]. However, numerous studies found
that there are deficient knowledge and awareness
on sustainable development amongst students [9—
13]. The issue is not just a matter of awareness and
knowledge; it is about educating students so that SD
becomes a habit of the mind that forms the char-
acters of the students. This is crucial when educating
future engineers, because as innovators and pro-
blem solvers, they are the source of wealth of a
nation. Therefore, engineering educators have a
great responsibility to educate future engineers
from the first year to form these engineering habits
of mind, which include systems thinking, creativity,
optimism, collaborative, communication, and
attention to ethical considerations, as well as sus-
tainability [14].

In line with this current needs, educators have to
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make a paradigm shift through pedagogical
approach from passive to active learning to encou-
rage deep learning. Students can perform an accep-
table level of understanding when actively taught
via experiential learning [15]. Active learning tech-
niques, such as Cooperative Learning (CL) and
Problem Based Learning (PBL), have been shown
to enhance learning [16-18]. Both are instructional
methods which develop the ability for students to
“learn to learn” while working cooperatively in
teams. PBL prepares students to think critically
and analytically, and to find and use appropriate
learning resources while developing the much
needed professional skills [19, 20]. Additionally,
research shows that PBL has been proven to
engage students in deep learning, as well as change
attitudes and instill various professional skills [21-
26].

For this reason, Cooperative Problem Based
Learning (CPBL) was utilized to instill SD among
first year undergraduate engineering students while
at the same time attain professional skills outcomes
in the “Introduction to Engineering” (IE) course
taken by Chemical Engineering students in a uni-
versity in Malaysia. CPBL is the infusion of Coop-
erative Learning (CL) principles into the Problem-
Based Learning (PBL) cycle to provide crucial
support for students through the development of
team-based learning skills, which will enable them
to successfully undergo a PBL learning environ-
ment in a typical course setting [23]. CPBL has
been shown to enhance motivation in learning and
learning strategies, deep learning, as well as develop
team based problem solving skills [4, 22, 26, 27].

This paper reports the findings of a mixed-
method study on the impact of the “Introduction
to Engineering” (IE) course as first year students
undergo three cycles of CPBL to solve a sustain-
ability related problem. A qualitative exploratory
study was conducted to determine the impact on the
development of professional skills and sustainabil-
ity through a series of reflections written by students
throughout the semester on their learning process
and attainment of learning using thematic analysis.
In addition, since instilling SD is of utmost impor-
tance, a quantitative study was conducted to deter-
mine the level of behavior change in SD for students
who took the course.

2. Effective learning environment through
CPBL

Various engineering education reports [1-3] from
throughout the world emphasize on the need for
graduates who are not only able to apply their
technical knowledge, but also possess professional
skills that can help them function well at the work

place. These skills include problem solving, team
working, communication, time management, lea-
dership, etc. While there are possibilities of having
additional courses to teach students these skills, the
already overloaded engineering curricula leave little
space for stand-alone courses to address each pro-
fessional skill required. In addition, research shows
that skills like problem solving must be taught in the
context of the profession to be effective [28]. Thus, it
is essential for engineering courses to implement
effective learning environments that can help stu-
dents to learn the content, while at the same time
develop crucial professional skills.

To attain deep understanding of SD while devel-
oping professional skills among first year engineer-
ing students, the learning environment for the ITE
course is designed based on Constructive Alignment
(CA) [29] and the How People Learn Framework
(HPL) [30]. Based on constructivist principles, CA
asserts that both the teaching and learning activities
(TLAs) and the assessment tasks (ATs) should
support the development of the intended learning
outcomes (ILO) among students, i.e. students form
their knowledge, ability or attitude as they go
through the activities in a learning environment
that provide opportunities for constructing the
desired outcomes. The HPL framework consists of
four criteria that defines an effective learning envir-
onment that is conducive for learning: knowledge,
learner, assessment and community centered.
Knowledge centered means helping learners under-
stand and learn knowledge that is organized with
interconnections to the fundamentals of the disci-
pline, in the context of the application and practice
in the area. Learner centered means that learners’
background, pre-conceptions, existing knowledge
and skills, etc., are taken into account to create
meaning and motivate learners. Assessment cen-
tered means that learners receive feedback through
formative assessment and from peers to help them
gauge their current performance and improve.
Community centered means that the learning envir-
onment promotes a community among students
and faculty members, developing a sense of belong-
ing and bonding among them, which in turn creates
an environment that is safe to participate, ask
questions, venture into new things and make mis-
takes.

Keeping these principles in mind, selecting PBL
becomes a natural choice in attaining the desired
outcomes for the “Introduction to Engineering”
course, given its constructivist underpinnings and
its use of realistic (if not real) problems as the
starting point of learning. Problems selected serve
to connect and integrate the fundamental principles
that students learn into something that is mean-
ingful in the context of real world setting that
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motivates them to learn at a deep level. Thisisin line
with the knowledge and learner centered aspects of
the HPL framework. However, small group PBL
models (with up to ten students per group), such as
the medical school model or the project organized
model, can be expensive to implement because of the
intensive manpower, infrastructure and institu-
tional support requirements. Small groups are
essential because facilitators become the students’
cognitive coach to provide support in developing
cognitive skills and positive attitudes.

In an effort to support students to allow PBL
implementation in a typical medium sized engineer-
ing classroom, the principles of CL is integrated into
the PBL cycle, resulting in Cooperative Problem
Based Learning (CPBL). CPBL was proven to
develop team based problem solving skills, and
enhance motivation and learning strategies among
undergraduate engineering students [4, 21, 22, 26].
In a typical classroom, CPBL can be implemented
by dividing students into small groups in a medium
to large class; a single instructor, who functions as a
floating facilitator, can normally facilitate up to 30
to 60 students. While it is challenging for a floating
facilitator to monitor and support all groups clo-
sely, in a proper CL environment, part of the
monitoring, support and feedback can be attained
from peers, especially team members, instead of
solely relying on the facilitator. In fact, support
can be further enhanced by developing the whole
class into a learning community, which is also a
criteria of the HPL framework. As part of CL,
students form a learning community that support

them in learning, including in receiving feedback for
improving themselves, which maps to the commu-
nity and assessment centered criteria of the HPL
framework. Although PBL is naturally collabora-
tive in small group settings, implementation in a
typical classroom requires explicit structure to guide
students to develop into functional learning teams
as provided through activities inspired by CL prin-
ciples. The five CL principles (positive interdepen-
dence, individual accountability, face to face
interaction, appropriate use of interpersonal skills
and regular group function assessment), drive stu-
dents into functional learning teams which is an
important requirement in ensuring an effective and
supportive learning environment.

Figure 1 shows the CPBL framework to guide
students through the CPBL cycle as they go through
the learning process together. The CPBL frame-
work is a scaffolding that successfully provides a
step by step guide on how to go through each phase
of the process. Referring to Fig. 1, the typical CPBL
cycle consists of:

e Phase 1 : Problem restatement and identification

e Phase 2 : Peer teaching, synthesis of information,
and solution formulation

e Phase 3 : Presentation, closure and reflection

In each phase, the pattern of activities based on the
principles of CL is infused to encourage the forma-
tion of a functional learning team. Referring to Fig.
1, in Phase 1 and Phase 2, the individual activities
are designed to enhance learning and accountabil-
ity, followed by team-based activities and finally the
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Fig. 1. The Cooperative Problem-Based Learning (CPBL) Framework [31].
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overall class activities to form a learning commu-
nity. To ensure individual accountability, students
are required to submit each of the individual task in
the framework for assessment, for which they
receive feedback during the overall class discussion.
This is also part of the assessment centered criterion
of the HPL framework. More details about the
CPBL framework can be seen in [24, 31].

3. “Introduction to Engineering’’ course

“Introduction to Engineering” (IE) is a three-credit-
hour course taken by all first year chemical engi-
neering students in a university in Malaysia. The
purpose of the course is to bridge the gap between
learning in a school environment and learning to be
an engineer in the university. This is essential
because students in the school system in Malaysia
are used to a highly teacher-centered, examination-
oriented environment, where the ability, and thus
the available opportunities for students, are deter-
mined by the results of standardized examinations.
To help students during this transition, the IE
course is designed to have a supportive student-
centered learning environment that allowed stu-
dents to develop important skills to learn, as well
as understanding and developing abilities required
to be good engineers when they graduate [32].

The course is designed based on the How People
Learn Framework (HPL) and Constructive Align-
ment (CA). Therefore, the learning environment is
designed based on constructivist approach to fulfill
CA and the HPL framework in supporting students
to attain the course outcomes. Among the outcomes
of the course are for students to work in a team to
propose solutions for a SD related complex, open-
ended problem. The problem, which is designed to
integrate the three pillars of SD (environment,

Table 1. Constructively aligned learning environment

economy and social aspects), is set in a real world
setting with the involvement of stakeholders that
were involved in a certain type of SD problem, in
accordance with the knowledge and learner cen-
tered criteria of HPL. For example, one of the
problem given was on food waste, with the involve-
ment of a supermarket, wet market and several
cafeteria in the university campus, while another
problem given was on developing solutions for Low
Carbon Society in the Iskandar Region in Johor
Bahru, Malaysia, with the involvement of the
Iskandar Region Development Authority (IRDA).
To support students in team-based problem solving,
the problem was divided into three stages, with each
stage completed in one CPBL cycle. To provide a
complete view, the overall problem is given at the
beginning of Stage 1. Subsequently, problems given
in Stages 1 and 2 provide details about further
requirements, each with increasing expectation.
The problem is designed so that with each subse-
quent cycle and stage, students are supported to
develop and enhance their professional skills. Each
of the earlier stage of the problem is thus a scaffold-
ing for the subsequent problem. More details on the
design of problems for CPBL and for this course can
be seen in [25].

Students were divided into teams of four to five
members. Each team was required to complete all
the stages, and finally compete with other teams for
the grand prize in a final poster competition cam-
paign day. Table 1 shows the stages, duration and
the constructively aligned learning environment of
the whole problem. In Table 1, S1, S2 and S3 given
in column 1 stands for Stage 1, 2 and 3 respectively.
The table shows how the teaching and learning
activities (TLA) and assessment tasks (AT) are
aligned to support students in attaining the out-
comes. In each stage, in addition to face to face

Stage Outcomes TLA AT

S1 Explain SD, discuss current world Go through CPBL cycle to find In-class facilitation during class

3 weeks scenario, analyze information from  information and learn about SD in  sessions, peer teaching notes, written
to benchmark efforts in Malaysia the local and global scenario, and report on Stage 1 and presentation,
compared to other nations around  present critical analysis of findings.  team and individual reflection.
the world.

S2 Data collection of students’ and their Go through CPBL cycle to plan and Facilitation during in-class individual

4 weeks, includes  families’ consumption or generation collect required data at residential
of assigned resource to estimate and  college and homes, perform data
analysis to determine pattern of
behaviour for benchmarking. Use
data to justify problems to be focused reflection.

1 week semester

break determine behaviour pattern,
benchmark with local and global
information to propose possible
solutions. on.

group and overall class sessions in
CPBL, peer teaching notes, written
report on Stage 2 and oral
presentation, team and individual

S3 Propose engineering solutions to a
4 weeks specific problem, get feedback on

stakeholders and focus on the best
solution.

Go through CPBL cycle to come up In-class individual group & overall
with solution, fieldwork to get
problem and possible solutions from feedback from stakeholders of the
problem, and refine solution based on stage 3 & overall meta-reflection.
practicality and cost.

class sessions facilitation, final report
and poster presentation, reflection on




Instilling Professional Skills and Sustainable Development through Problem-Based Learning 337

guidance during the class times, students were also
given the privilege to acquire expert consultation
from the lecturers and other experienced profes-
sionals working in the field via an online forum or
through a first year seminar course taken in the same
semester. Depending on the CPBL phase, the lec-
turers may facilitate students by organizing overall
class discussions, small group facilitation (as a
floating facilitator), or provide scaffolding activities
to support students in acquiring needed skills. At
the end of each stage, each team submits their
progress report and present their findings to get
the feedback on their overall performance in the
respective stage, in accordance with the Assessment
centered criterion of the HPL framework. In the
final stage, the proposed solutions are judged based
on creativity and practicality in design, environ-
mental-soundness, and acceptance by society, as
well as economic viability.

Referring to Table 1, the problem in each stage
became progressively more challenging and
demanding as students proceed from Stage 1 to
Stage 3. Stage 1 is the initial learning stage for the
students, most of whom are hearing about SD for
the first time. The students also searched for
information to learn what Malaysia and other
nations throughout the world are doing regarding
SD. The problem in Stage 2 is designed to get the
students to discover their own habits, as well as
their families’ lifestyle by auditing them. The
students also learned about data collection and
estimation in this stage. Finally, Stage 3 which is
the problem solving stage where the students have
to find an engineering solution that complies with
the three pillars of SD.

4. Research objectives

The initial objective of this research is to identify the
development of professional skills and the aware-
ness of sustainable development among the students
who went through the IE course using CPBL. The
data was collected from reflective journals written
by students. As the qualitative data analysis unfold,
it showed that there is a change in students’ behavior
towards sustainable development. To identify the
level of behavior change towards sustainable devel-
opment among the students, a questionnaire was
developed to measure the change.

5. Reflective journal as a tool for data
collection

According to the constructivist underpinning,
knowledge is a compilation of internalised human-
made constructions through their experience with
the external world [33]. To be able to collect the

internalised cognition, the data collection tool must
be able to elicit the cognitions of the learners. There
are several ways to ‘observe’ the cognitions of the
learners such as self-report, questionnaire, interview
and thinking-aloud protocol [34]. Interview and
thinking-aloud protocol on how students learn
can take a long time for data collection. While
both questionnaire and self-report (such as journal,
diary and log) are excellent in collecting data from a
large sample, questionnaire may not be able to
provide in-depth and qualitative data on the cogni-
tions of the students. Moreover, according to [35], it
places restriction on students’ thinking because of
the structuredness of the questionnaire. Therefore,
self-report is preferable in this study because it gives
the opportunity for the students to report what goes
on in their minds [36]. Furthermore, self-report in
the form of a reflective journal provides in-depth
information on the cognition of students in their
learning process.

As explained earlier, CPBL is rooted in the
constructivist approach where learning is about
actively constructing knowledge and understanding
upon the existing knowledge [37]. To achieve this,
reflection is a part of the learning process to ‘digest’
the new information and to integrate the new
information to the existing knowledge. Reflection
is an important process in learning [38, 39]; espe-
cially in professional education that links theories
into practice [40]. According to Savin-Baden [38],
reflection can be defined as “something that is
believed in, not on its own account, but through
something else which stands as evidence” (p.8). It is
through some evidence that, a learner believes he/
she has gained the benefits in a learning process.
Therefore, it is utterly convenient to understand the
cognitive process of what students have gained by
collecting their reflections using reflective journals
[36] or diaries [41].

The terms used for this tool to collect students’
reflections may include journals, diaries and logs
[42]. In the context of this study, reflective journals
is defined as a record or log of learning experiences
and events [36, 40, 43, 44]. Osterman described
reflective journals as notebooks in which students
write to their teachers about learning experiences
and in which the teachers respond [45]. Reflective
journals have been used to assess learning experi-
ence among students [36, 40]. They can provide
insight into the learning experience of the students
which is very difficult to collect through other
research instruments [44]. The students are given
ample time to reflect and look back into their
learning experience and events before providing
reports of what they have gained through the
learning process [40]. Thus, reflective journals
used in this study as a tool for data collection are
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able to capture the acquisition of professional skills
and understanding of SD.

6. Research methodology

A sequential mixed method research design was
employed in this study to achieve the research
objectives. Qualitative data was collected in the
first phase to explore the professional skills and
sustainable development awareness using reflective
journals. In the second phase, quantitative data was
collected using a set of questionnaire to measure the
level of behavior change towards sustainable devel-
opment among students. This study was conducted
on 65 first year chemical engineering students in the
Introduction to Engineering course during the 2011/
12-1 session.

6.1 Exploratory qualitative study

Reflective journals are compulsory as a form of
closure in every phase of problem solving frame-
work. The students need to filter, construct, orga-
nize, gather, process, and feel the experiences that
they have undergone in form of writing. Initially,
prompting questions are provided as scaffolding for
students to do a good reflection. In submitting
individual reflections, students are guided to inter-
nalize what they have learned and develop meta-
cognitive skills. Thus, at the end of each CPBL cycle,
students were asked to produce reflective journals to
think about what they learned and their learning
process.

The first reflective journal (RJ1) was written at
Week 6 after the first cycle of CPBL. They were
briefed the format of a reflective journal for the
purpose of reflecting their learning through CPBL.
The next reflective journal (RJ2) was collected on
Week 10 after the second cycle of CPBL and then
in Week 13 (RJ3). At the end of the course, the
students were asked to write an overall meta-
reflection, to analyze their learning experience
from their earlier reflections throughout the
whole semester.

The reflective journals were collected through the

Table 2. Items of Pro-environmental behavior

Moodle e-learning system, an online learning man-
agement system which the students have individual
access to their own account. Students submitted
their reflective journals through e-learning where
lecturers can access to the submitted documents.
For each submission, lecturers went through the
reflective journals to discover students’ reflection on
the learning process, the significance of content or
activities that they went through, as well as pro-
blems and issues faced, which was helpful in
improving the learning environment. However, in
this paper, the use of reflective journals as a tool for
teaching and learning will not be discussed. The
focus of the paper is to explain what the students
gained in CPBL through the analysis of their
reflective journals.

To analyze the reflective journal at the end of the
semester, a significant amount of time was spent
reading and developing coding to assist in the
analysis process.

6.2 Quantitative study

Only 63 (46% male and 54% female) out of 65
students participated in the quantitative part of
the study. A questionnaire was adapted from sev-
eral environmental attitude inventories such as
Behavior-based Environmental Attitude [46] and
Environmental Attitude Inventory [47] and it has
been modified to suit with the Malaysian students’
background. The questionnaire was administrated
at two different periods, which were at the beginning
and the end of the course. The instrument consists of
three parts; demographic data, self and social devel-
opment which has been tested for goodness fit of
model through the analysis of structural equation
model using AMOS. Results from AMOS indicated
that only ten items are most significant to measure
students’ self and social development towards prac-
ticing pro-environmental behavior. Table 2 shows
the items in the instrument.

Precaution Adoption Process Model (PAPM) of
changing individual behavior proposed by Wein-
stein and Sandman [48], which consists of seven
stages, was adopted in the instrument. These stages

Scale Subscales Code Items

Pro- Self BSf5

I separate domestic waste for recycling

environmental ~ Development BSf9 I recycle paper to conserve natural resources
behavior BSf10 I pick up litter when I see it in public area
BSf15 I do not let running water of a faucet when it is not necessary
BSf16 I collect and sell recycle items such as papers, bottles and glasses
Social BSc2 I discuss with friends about sustainable issues
Development BSc8 T invite friends to take part in sustainable programme
BScl13 I discuss with friends what we can do to reduce pollution
BScl4 I encouraged my parents not to buy products made from non-renewable resources

BScl7 T actively participate in sustainable programme
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were used as the level of agreement in instrument to
assess students’ behavior in practicing sustainabil-
ity. The model asserts that people usually pass
through this sequence in order. By implementing
this model, students’ behavioral changes can be
classified into three levels: low, moderate and high,
which are aligned to behaviorism perspective that
acting, thinking and feeling can be regarded as levels
of behavior. ‘Low level’ is identified as a person who
is unaware and aware, but does not engage in
sustainable lifestyle, categorized as stages 1 and 2.
‘Moderate level’ is identified as a person who has an
interest to engage in sustainable lifestyles but not to
contribute, categorized as stages 3, 4 and 5. And
‘high level’ is identified as a person who contributes
and practices sustainable lifestyle, categorized as
stages 6 and 7. Likert type scales were developed
from stages of PAPM and converted into 5 scales as
shown in Table 3. Three levels of behavioral changes
were also determined.

7. Results

The results are presented in two parts. The first part
consists of the qualitative data analysis, followed by
the second part, which consists of the quantitative
data analysis.

7.1 Qualitative data analysis

Thematic analysis technique [49, 50] was employed
on all the reflection journals written by students at

Table 3. Stages and levels of Individual Behavior Change [48]

the end of each CPBL cycle to identify the skills
attained by the students. There are six phases in
thematic analysis [49] as shown in Table 4. The 260
reflective journals of all 65 students were read at
least three times each for the researchers to get
familiarized with the data before the initial coding.
The codes were sorted into themes. Table 5 shows
the sample data with codes under the theme of
“team working” which are collaboration, tolerance,
trust, leadership, unity, motivation, success and
attitude. The students mentioned that they learned
how to work together as a team (Students B, C, D),
tolerating (Student A, D) and motivating each other
(Student L), especially at the beginning of the
semester when the teams were formed. Table 6
contains the codes for all themes found during the
analysis, which are: team working, communication,
problem solving, time management and sustainable
development.

As the data analysis unfold, a trend of self-
improvement is observed among the individual
students for each of the professional skills. Refer-
ring to Table 7, for team working skills, Student D
reflected on team work among his team members in
RJ1 as sharing works. Later, in RJ2, Student D
mentioned on how to tolerate and help each other.
Finally, in RJ3, Student D said that willingness to
sacrifice is what he learned through CPBL. Other
examples of the development of professional skills
can be seen in Table 7.

The analyses of the reflection journals show that

Stages of PAPM Indicators of Likert Type Scales Levels of Behavioral Change
1. Unaware of the sustainable issues 1. Unaware on issues Low

2. Aware but not personally engaged 2. Aware on issues but not to engaged

3. Engaged and trying to decide what to do 3. Have an interest to engage but not sure to contribute =~ Moderate

4. Decided not to act 4. Decide to contribute but still not to practice

5. Decided to act but not yet having acted

6. Acting S. Practicing as a part of lifestyles High

7. Maintenance

Table 4. Six phases of thematic analysis in analyzing the reflective journals

No Steps Actions

1 Get familiarized with the data All the reflective journals were downloaded from the course e-learning site into printed texts.
The reflection journals were read at least three times each to analyze the data.

2 Generate initial codes The coding was based on the purpose of the research, to identify what professional skills and
sustainable development awareness the students gained. Initial codes were generated and
later, all the codes were gathered together with the original texts in the reflective journals and
arranged in a table (see Table 5 for an example).

3 Search for themes All the codes were gathered together with the quotations to identify potential themes for all
the codes (see Table 6).

4 Review the themes The themes were reviewed by checking through the data and double checked by two other
researchers in the team.

5 Define and name the themes Names were given to the themes (see Table 6).

6 Produce the report. A report was produced at the end of the analysis.
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Table 5. Example of quotations in the reflective journals that contains code of “‘team working skills”

Team working is indeed very important in our future job as an engineer. Engineers need to work
in a team to solve for the problems of the machine or the process. Working in a team is not an
easy task also. Everyone has their own weakness and strength. Hence, in the group, all of us need

It was fun doing the projects with my group members even though we did not get along so well at
first, but by the end the projects, we work well together, everyone know their own roles and their

The happiness that is generated at the end of the results is invaluable. Apart from team working,
I have learnt how to tolerate and help each other like a family to complete a task given on time.
As a successful engineer, one should know on how to interact with the people in the surrounding

In a team, one needs to acknowledge and understand each other’s strength and weaknesses. To
utilize those attributes and to improve setbacks is the key to success for a team consisting with
members of different personalities and character. Teamwork requires a mutual understanding
between each other and this makes things to be done easier and faster.

I learnt how to work with others, working with someone I don’t familiar with different races.
Working in the group teaches me to give and accept others’ ideas without condemning it. We will
not always have brilliant ideas, so hearing others’ opinion can help make us open to different
thought and perspective. Other than that, working in a group helps us to be more tolerate with

Working as a team is a good way to share the ideas, to create team work among a group of people
and to enhance the quality of the work. [ am very sure that my leadership skill has been increased
alot as learned to divide the works among the team members, arrange meetings and talk in front
of many audience who may have different ideas on a particular subject.

Our groupisactuallyisa 1 Malaysia group. Why? It is because there are multi races in our group.
However this does not avoid us from coming out with good co-operation in within the group
mates. We always mange to make discussion by gathering all the group members and we did not

I still remember the moment when one of my team mates talked to me in a suddenly serious way,
telling me not to stress up myself as [ had taken up too much things at once. He offered to help me
if Ineeded any help. I was surprised by his words and was so touched. Sometimes, we might have
alittle conflicts but I am really happy and grateful to have them as my team mates and hope that I

We did every part of it with full of focus and concentration. We managed to complete the report
successfully. I learned on how to tolerate and help each other like a family to complete the task

Besides that, what I learnt most is team work and willingness to sacrifice. I had never known that
all my group mates will help to do their parts in a very perfect manner which led us to complete

Code Student Example of quotation
Collaboration Student C
to be tolerance and accept everyone’s weakness.
Tolerance Student A
our responsibilities.
Student D
so that the work can be completed smoothly enough.
Trust Student K
Student R
each other.
Leadership Student B
Unity Student Y
discriminate anyone in the group.
Motivation Student L
can still work with them as a team in the future.
Success Student D
given on time.
Attitude Student D
the task given on time.
Student D

What I proud of the most was all my members are so hardworking as even some of them had to
do a big part in the report like benchmarking part, but they had completed it and shared with us
on that Wednesday night. I was very glad enough with their working progress and their interest
on doing the report.

Table 6. Themes and codes

Theme Codes

Team working skills
Communication skills
Problem solving

Time management
Sustainability development

Collaboration, tolerance, trust, leadership, unity, motivation, success, attitude

Connection, affection, convey messages, listen, ask questions, presenting, giving & accepting critics
Identifying, gather information, generate hypothesis, analyze facts, craft creative solution
Planning & organizing, prioritize, set goals, be flexible, conquer procrastination

Awareness, responsibility, future direction, future generations, global environment

CPBL is an effective and efficient means for learning
and developing professional skills. CPBL not only
offer the opportunity to learn knowledge contents,
butitalso creates leadership, inspires teamwork and
promote problem solving skill. However, the stu-
dents also expressed the concern that CPBL
increased the workload and was more time consum-

ing than conventional approaches, but the workload
forced them to develop time management skills, as
seen in Table 7, even though they initially had
difficulties. Despite initial negative reactions, the
majority of the students stated that the CPBL
favored the acquisition of the knowledge on SD.
Moreover, the students regarded CPBL as an
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Table 7. Example of quotations for skills found at the end of each stage

Professional skills Reflective journal Example of quotations from the reflective journals
Team working RJ1 What I proud of the most was all my members are so hardworking as even some of them
skills (Student D) had to do a big part in the report like benchmarking part, but they had completed it and
shared with us on that Wednesday night. I was very glad enough with their working
progress and their interest on doing the report.
RJ2 We did every part of it with full of focus and concentration. We managed to complete the
(Student D) report successfully. I learned on how to tolerate and help each other like a family to
complete the task given on time.
RJ3 Besides that, what I learnt most is team work and willingness to sacrifice. I had never
(Student D) known that all my group mates will help to do their parts in a very perfect manner which
led us to complete the task given on time.
Communication RJ1 Unexpectedly, I am bravely volunteer myself to explain about food waste. I am shocked
skills (Student E) with my improvement on my soft skills. Before this, I will make sure that I will be the one
that can escape from explaining section. I had improved my leadership skills. I am proud
with my new attitude and I will make sure that I will not change to my old self.
RJ2 I feel really satisfied with my presentation performance. My friend told me that I was
(Student E) courage to talk in front of others and good enough to explain my point. I did not expect
that impression but I feel really grateful with the entire compliment.
RJ3 During my presentation, I become more confident and excited on presenting my part. I
(Student E) succeed to attract the attention of the people by my body language, loudness of voice plus
the picture of ticklish larvae. I am proud by myself but I am still need to improve my skills.
Problem solving RJ1 I started to prepare myself with my group members for the next level which is overall class
skills (Student B) discussion by making sticky notes. I find making sticky notes is one of the good method of
transferring data and information because the points are easily understood. I also think
that way because sticky note is colorful and attract people to read it.
RJ2 I started to feel exhausted and disappointed because of no progress on my task. I used
(Student B) different method which is by thinking logically about my task. I learned that I should not
only depend on Internet but should try to think by using logical thinking to solve a
problem.
RJ3 I faced difficulty in interpreting and list down these information because I found the
(Student B) question of stage 3 as a complicated task. However, I managed to write it within the
allocated time after think sharply for few minutes and after read the instructions few
times. I highlighted the important points in the instruction sheet in order to make me
understand the problem very well.
Time management RJ1 It was quite challenging on finishing the report because it’s holiday, other people enjoy
skills (Student J) their holiday but we have to complete our assignment. So it’s quite hard to balance
between fun and work.
RJ2 I don’t have much time to attend group discussion or even calling my mom. Even its only
(Student J) for a week, I think I'm still lack in time management. I can’t really balance between studies
and other activities.
RJ3 That’s a lot of thing to do at once. It’s quite hectic for all of us. From there, we learn on
(Student J) how to manage our time well and not to procrastinate our work.
Sustainable RJ1 The whole process was a new experience and it was worth the time and effort we put into it.
Development (Student H) I learned that food waste was a problem to human being in term of environmental hazard
and economic cost. Before this, I never even care about the leftovers and did not know
much on it, but now I know that it can even be turn into a sellable products.
RJ2 I can see what is going on with food waste in Malaysia and other countries. Malaysia does
(Student H) not have proper food waste management and it could be problematic if no solution that
need to be taken seriously. So from here, I learned that if  not start to life in sustainability
from now, it could affect country because the country only can be changed with the
citizens’ behaviors.
RJ3 Before this assignment, I never realised that the amount of food waste that us as
(Student H) humankind produced is in so enormous amount about 670 million tonnes of food wasted

annually. This shows that we didn’t really appreciate the value of food and the importance
of food. The current food waste generation habits that include over-buying and don’t use
up the leftovers mainly contribute to this problem worldwide.

effective way to learn about sustainability and
appreciated the opportunity to work on a real
sustainability problem. In turn, the project provides
students with both fundamental knowledge about
sustainability, and experience with implementing
sustainability. Thus, CPBL helps students develop

professional skills, such as team working, commu-
nication, problem solving and time management.
Experiential learning of CPBL would provide the
community with successful, well-equipped students
that competent in the skills, knowledge, and
wisdom.
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7.2 Quantitative data analysis

The quantitative study was carried out to investi-
gate the impact of CPBL on students’ pro-environ-
mental behavior associated to self and social
development. Table 8 shows the content validity
calculated, where the Cronbach’s Alpha is 0.714.
Therefore, these five items are acceptable to mea-
sure students’ pro-environmental behavior asso-
ciated to self- development.

Table 9 displays the overall descriptive statistics
on the pre-tests and post-tests results of self devel-
opment. In all cases, skewness was within accepta-
ble limits ranging from -0.589 to 0.425. An
independent samples t-test was used to compare
self-development on students’ pro-environmental
behavior before and after CPBL. The effect sizes
for BSF9 (I recycle paper to conserve natural
resources), BSF15 (I do not let water run from a
faucet when it is not necessary) and BSF16 (I collect
and sell recycle items such as papers, bottles and
glasses) are greater than 0.8. According to Cohen
[51], an effect size that is greater than 0.8 shows that
the difference between before and after undergoing
CPBL is highly significant. However, the effect sizes
for BSF5 (I separate domestic waste for recycle) and

Table 8. Content Validity of Self Development Construct

BSF10 (I pick up litter when I see it in the park) are
lower than 0.2. These items have small effect in
students’ self development after CPBL. Comparing
all the items, BSF15 was found to be the highest
increments after CPBL, increasing from scale 3
(have an interest to engage but not sure to con-
tribute) to scale 4 (decide to contribute but still not
to practice), which is at the ‘moderate’ level of
behavioral change.

Table 10 shows the content validity of each item
that converged to construct of social development,
where the value of Cronbach’s Alphais 0.789. These
results showed that the sub-construct of social
development has a strong internal consistency and
accurately represents this construct [52].

In all cases skewness was within acceptable limits
ranging from —0.106 to 0.707. The effect sizes of all
items are higher than 0.8. Comparing all the items,
BSC2 (I discuss with friends about sustainability
issues) was found to be the highest increments after
CPBL with 85% of improvement and followed by
BSC14 (I encourage my parents not to buy product
made from non-renewable resources) with 50%
improvement. It shows that students’ behavior
increase from scale 1 (unaware on issues) to scale 3

No. Item Mean Std. Deviation Cronbach’s Alpha
BSf5 I separate domestic waste for recycling 2.87 1.207 0.714
BS9 I recycle paper to conserve natural resources 3.25 1.195
BSf10 I pick up litter when I see it in public area 3.39 1.107
BSf15 I do not let water run from a faucet when it is not necessary 4.08 1.068
BSf16 I collect and sell recycle items such as papers, bottles and glasses 3.23 1.251
Table 9. Descriptive Statistic on Self Development
Std. % of
Test_level N Mean Deviation improvement t Effect Size Skewness
BSF5 Pre-test 63 2.35 0.953 6 -0.730 0.060 0.425
Post-test 59 2.49 1.180
BSF9 Pre-test 63 2.84 1.110 17 -2.330 2.065 0.049
Post-test 59 331 1.087
BSF10 Pre-test 63 3.06 0.998 -12 1.745 -1.703 0.100
Post-test 59 2.69 1.303
BSF15 Pre-test 63 3.19 1.216 31 -5.214 4.018 —0.589
Post-test 59 4.17 0.834
BSF16 Pre-test 63 2.81 1.189 23 -3.262 2.830 -0.435
Post-test 59 3.46 0.988
Table 10. Content Validity of Social Development Construct
Std. Cronbach’s
No. Item Mean Deviation  Alpha
BSC2 I discuss with friends about sustainability issues 2.13 0.935 0.789
BSC8 I invite friends to take part in sustainable programme 1.98 0.911
BSC13 I discuss with friends what we can do to reduce pollution 2.83 1.028
BSC14 I encouraged my parents not to buy products made from non-renewable resources 2.40 1.066
BSC17 I actively participate in sustainable programme 2.09 0.964
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Table 11. Descriptive Statistical on Social Development

% of Std.

Test_level N Mean improvement Deviation t Effect Size Skewness

BSC2 Pre-test 63 1.87 85 0.793 -9.697 5.721 0.059
Post-test 59 3.46 1.006

BSC8 Pre-test 63 2.03 19 0.842 -2.260 1.479 0.434
Post-test 59 2.42 1.054

BSC13 Pre-test 63 2.54 36 0.930 -5.488 3.397 -0.106
Post-test 59 3.46 0.916

BSCl14 Pre-test 63 2.13 50 1.008 -5.942 4.582 0.054
Post-test 59 3.24 1.056

BSC17 Pre-test 63 1.97 17 0.933 -1.797 1.405 0.707
Post-test 59 2.31 1.133

(have an interest to engage but not sure to con-
tribute), resulting in the level of behavioral change
from ‘low’ to ‘moderate’.

The results from both analyses showed that after
undergoing CPBL, students’ pro-environmental
behaviour change on social development is higher
than self development. CPBL is effective in enhan-
cing students’ behavior in all aspects of social
development construct. This shows that the activ-
ities in the CPBL cycle developed students’ commu-
nication and team working skills. Nevertheless, in
self development, CPBL shows positive outcomes in
enhancing students’ behavior to conserve natural
resources, prevent wastage of water and effort to
recycle. However undergoing CPBL did not
enhance students’ behavior to separate waste and
action towards cleanliness of environment. This is
because, from an interview conducted, students
reported that the change of living environment
from home to dormitory changes their way to
manage waste.

8. Discussion

From the first part of this research, the exploratory
qualitative study, five themes emerged after analyz-
ing the data from the reflection journals. Four of
them are professional skills (team working, com-
munication, problem solving and time management
skills), while the fifth theme is sustainable develop-
ment (SD). The themes that emerged actually fits the
design of the course through the problem given and
the CPBL cycles that the students went through to
solve the three stages of the problem. The main
thrust of the problem is on SD, and thus having the
theme emerged in the students’ reflections shows
that they were indeed immersed in the problem, and
learning and solving it instilled the concept of SD in
them. The main thrust of the skills developed
through CPBL cycles are the four themes that
emerged on the professional skills, and thus shows
that the students were indeed developing the skills

which were purposefully intended through the
design of the CPBL model.

The four professional skills developed through
CPBL by the first year students, which are team
working, communication, problem solving and time
management skills, are similar to the findings of
earlier studies conducted on third year students who
had undergone CPBL for one semester [21, 22, 24—
27]. The skills developed are also consistent with
other studies on students who had undergone PBL
(for developing problem solving skills) and CL (for
developing team working skills) [20, 21, 53, 54, 55].
From the reflective journals that have been analyzed
(see Table 7), it can be observed that the students
showed efforts on how they tried to rationalize their
situations to cope with new learning style and to
make proper planning in solving the problem. The
students also showed strong commitment to be
effective team members, developed leadership char-
acteristics and the behavioral aspects of effective
team working.

Nevertheless, the development of these skills and
inculcation of SD did not occur instantaneously.
Initial gradual development was initiated in Stage 1
of the problem and facing the CPBL cycle for the
first time. This is understandable, considering that
the students had gone through a highly “spoon-fed”’
examination oriented culture throughout their
school years, and were suddenly faced with a
highly student-centered, constructivist learning
environment. What the students felt at the end of
Stage 1 of the problem, after undergoing the first
CPBL cycle is also expected because as explained by
Woods [20], students who are new to PBL undergo
an emotional cycle that is similar to those facing
trauma. In the initial stage of the “trauma cycle”,
most students would be shocked and faced difficul-
ties in trying to cope with a new learning method
that required them to use skills that they did not
have. Nevertheless, as they try to cope and accept
that what they have to do is a necessity, they begin to
develop the necessary skills as they improve them-
selves when they go through the CPBL cycle in Stage
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2. Thisis reflected in the more positive outlook in the
second reflective journal, as shown in the remarks in
Table 7. At this stage, although they were still
struggling, the students could see the fruits of their
labor and began to appreciate the skills that they are
developing through the learning process. Finally,
similar to Woods’ description for the end of the
“trauma cycle”, students reached a higher level of
performance when they were able to integrate the
new skills that they have developed or enhanced.
Referring to Table 7, this pattern can be discerned in
all the 5 themes identified from the qualitative
analysis.

After discovering that CPBL is capable of enhan-
cing sustainable development among the first year
students, further study using quantitative study
reveals that there is also a significant behavior
change towards sustainability after undergoing
activities to solve the problem given. The quantita-
tive study shows that the combination of CPBL as
an instructional approach and a problem related to
sustainable issue could promote students’ engage-
ment in behavior change on sustainable develop-
ment and development of professional skills. The
CPBL learning environment has positively filled in
the gap between ‘knowledge’ and ‘action’. The
finding reveals that the students gained deep learn-
ing from CPBL activities and increased their aware-
ness on self and social development towards
sustainable development. The study found that the
students developed their social development beha-
vior higher than self-development behavior. This
means that the systematic cycles in CPBL activities;
individual construction, construction and interac-
tion with team member and overall class interaction
have effectively developed social development beha-
vior amongst the students. The social development
shows that the cooperative learning elements in
CPBL were able to function as it was intended in
the design of CPBL. This learning environment
becomes a platform to enhance students’ social
skills such as communication, team working and
leadership. For instance, students improved their
skill in social network (e.g. ‘I discuss with friends
about sustainable issues’). Students are more likely
to engage if they in turn are supported by teaching
staff who engage with students, with the course, and
with the teaching process [56]. Nevertheless, it was
also identified that the only activity that decreased
between pre and post-test was ‘I pick up litter when I
see it in public area’. The result indicated that the
students’ behavior changed from ‘have an interest
to engage’ to ‘aware but not to engage’. Upon closer
scrutiny, this made sense because of the cleanliness
in the campus. Thus, it is difficult to find litter to be
picked up. This finding is aligned with the argu-
ments of [8] and [57] that students act according to

the rules, norms and conditions of the society or
community where they live.

This study proposes that educators are the key
players in delivering the concept of SD through
effective teaching and learning approach and to
ensure that the needs of present and future genera-
tions are better understood and addressed. Educa-
tors can make effective interventions and support
students in adopting sustainable behavior. Using
effective problems related to sustainability issues in
CPBL as an instructional approach can promote
students’ engagement in pro-environmental beha-
vior change. This study provides insight into the
benefits and gives suggestions that could be placed
into the classrooms.

The findings of this research shows that the first
year students who went through the CPBL cycles in
their IE course gained both professional skills
development as well as self and social development
enhancement in sustainability. The students went
through several cycles of constructively aligned
CPBL learning environment to attain the desired
level of learning outcomes. Therefore, it is possible
to prepare the attributes of engineers needed to face
the Grand Challenges in Engineering of the 21st
Century through CPBL.

The use of mixed-method design in this research
provides some insights on what motivated the
individual behavioral change on sustainable devel-
opment among students. Item BSC2 (‘I discuss with
friends about sustainable issues’) gained the highest
increment between the pre- and post-tests could also
be explained using the qualitative data. Referring to
Table 7, Student H mentioned how she gained new
experiences through the learning process in RJ1.
With this learning experience comes the awareness
and sense of responsibility to make a change in
behavior in self and all citizen as mentioned in
RJ2. Finally, in RJ3, she reflected on the global
environmental issues that needs to be tackled to
create a more sustainable future. All these were
captured in the qualitative data analysis and are
the codes for Sustainable Development theme in
Table 6.

The need to discuss with friends about sustain-
able issues are an important step after the develop-
ment of awareness and sense of responsibility. This
is as mentioned by Student H in her reflective
journal that there is a need to change the behavior
of the citizens. By communicating on environmental
issues and thus creating awareness among friends, a
wider scale of behavioral change can be obtained
and SD can be achieved. Therefore, the use of
mixed-method design in this study can offer
deeper understanding on the behavioral change.
However, to be able to explain in detail the devel-
opment of the behavioral change, in depth qualita-
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tive data need to be collected using other research
methods such as interview or focused group discus-
sion.

9. Conclusion

This study shows that first year engineering students
who went through CPBL in the “Introduction to
Engineering” course were able to develop problem
solving, team working, communication and time
management skills as well as behavior change in
sustainable development. This is in accordance with
previous studies [55] which also showed that there
was enhancement of professional skills after going
through CPBL. This study also showed that there
was a gradual development of the skills as the
students go through three cycles of CPBL, which
started off with difficulties in facing a new learning
environment and negative perception before finally
gaining acceptance and attaining success.

Reflective journals have been used as an integral
part of assessment to measure the students’ ability
to demonstrate an increasing awareness of their
own learning towards a sustainable development
concept. The quantitative results show that the
students are able to demonstrate their own learning
ability toward a sustainability concept at a deeper
and more complex level using CPBL. This is because
the students are forced to think critically and crea-
tively when exploring new ideas on sustainable
development and integrating them with existing
knowledge. The results also show that CPBL can
be used to embed sustainable development system-
atically in engineering curricula. Thus, the CPBL
approach in this introductory course would also
serve to elicit greater levels of self-awareness and
motivation with respect to sustainability among
future graduates and also provide opportunities
for deeper reflection of the roles and responsibilities
of engineers. Another aspect that surfaces out
through the reflective journal is on professional
skills. The results show that CPBL was able to
meet specific goals for student learning and measure
their achievement that demonstrates how well these
professional skills were developed. Thus, the
approach provides an opportunity to increase
understanding of social and global issues, to apply
engineering skills and to appreciate ethical and
professional issues which are attributes future engi-
neers need to be successful in a competitive, challen-
ging and global marketplace.
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