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STREAM DEVELOPMENT VIA BLENDED LEARNING IN ENGINEERING 
AND TECHNOLOGY FOCUSED INSTITUTIONS OF HIGHER LEARNING

Nguyen Thi Thao Ho*1, Subarna Sivapalan1, Hiep Hung Pham2

1Centre for Excellence in Teaching and Learning, Universiti Teknologi PETRONAS, Malaysia
2Phu Xuan University, Thua Thien Hue, Vietnam
*nguyen_20000147@utp.edu.my

Introduction

Originally known as Science, Mathematics, 
Engineering and Technology (Sanders, 2008), 
STEM is an educational initiative developed by 
the National Science Foundation (NSF) to nurture 
students with critical thinking and problem-solving 
skills. STEM enables them to be more competitive 
in the increasingly challenging workforce. STEM 
education is considered to be an interdisciplinary 
approach to learning. The limitations of STEM 
were brought to the fore during the American 
Arts-National Policy Roundtable discussion in 
2007. The STEAM approach was agreed to be a 
more sustainable approach to nurturing students’ 
engagement and competencies in STEM-based 
professional fields (Allina, 2018). In responding 
to the rapid changes in the context of Industrial 
Revolution 4.0 (IR4.0), the “Three Rs” (Reading, 
wRiting, and aRithmetic) are no longer deemed 
sufficient for STEM learners (NEA, 2012).

Given the above scenarios, such as responding 
to the rapid changes of IR 4.0 and being ready 
for STEM-based professions in the 21st century, 
from its original STEM learning orientation, the 
scope of the curriculum of STEM-based academic 
programs such as engineering and technology 
education must thus be widened further to Science, 
Technology, Reading, Engineering, Arts, and 
Mathematics (STREAM) by adding the ‘Arts’ and 
‘Reading & wRiting’ components. A STREAM-
based curriculum will promote 21st-century skills, 
including “collaboration, communication, creativity, 
and critical thinking” (Debroy, 2017). This extended 
abstract makes a case for developing STREAM 
competencies for STEM learners via Blended 
Learning to address the limitations discussed above.

STREAM competence development for STEM 
learners

At the Bett Asia 2019 Summit, the Malaysian 
Minister of Education addressed the critical 
need for IHLs to shift from STEM to STREAM. 
With the transition from STEM to STREAM, the 
Malaysian education system would further build 
up on Malaysian students’ soft skills beyond 
“science” courses (Lim, 2019). Similarly, in 2017, 
Vietnam Prime Minister Nguyen Xuan Phuc issued 
a directive on STREAM education to build up the 
country’s ability to access the fourth industrial 
revolution (Cameron et al., 2018). 

The worsening Covid-19 situation has brought 
schools and universities worldwide to a standstill, 
impacting millions of higher education students. This 
pandemic has raised an issue on sustaining teaching 
and learning in emergencies as most universities 
are for ‘face-to-face interaction’. To respond to 
crises such as the present Covid-19, countries 
worldwide closed schools and implemented online 
learning. It was known that much research had 
been conducted to explore the pros and cons of 
online learning within higher education (Wang, 
2010). While some researchers suggest that online 
learning could empower learners to fully engage 
in 21st-century teaching and learning within the 
higher education context, others argue that online 
learning environments depict shortcomings such 
as the lack of face-to-face communication and 
inhibited socialization (Jensen et al., 2010). To 
address these drawbacks, researchers recommend 
combining traditional learning and online learning 
(Azizan, 2010). As a result, it has paved the way 
for blended learning (BL) to emerge. However, 
there is, unfortunately, limited understanding on 
developments within the Malaysian and Vietnamese 
higher education sector on the development of 
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STREAM competencies for STEM-based students 
using a blended learning approach.

The transition from STEM to STREAM via 
Blended Learning

Based on the previous section’s information, there 
have been four gaps concerning blended learning 
and STREAM competence development in STEM-
focused institutions of higher learning. Firstly, 
there is limited research on the extent to which BL 
implementation can promote STREAM competencies 
in engineering and technology programs. Secondly, 
few comparative studies focused on understanding 
BL implementation among lecturers, students, 
and BL experts simultaneously. Thirdly, there are 
limited comparative studies on opportunities and 
challenges resulting from BL implementation 
from students’ and experts’ perspectives within a 
STREAM competence development context for 
STEM-focused institutions. Lastly, there are also 
limited studies looking into strategies and the critical 
success factors for STREAM development via BL 
in engineering and technology programs. This calls 
for further investigation of how blended learning-
based curriculum development and pedagogy can 
promote STREAM development in engineering and 
technology-focused institutions of higher learning. 

The Malaysian Prime Minister expects STREAM 
education to educate and develop 21st-century 
young Malaysians’ skills to become global citizens 
in the Industrial Revolution 4.0 era. STREAM 
has gained popularity globally, given its ability to 
provide opportunities for learners to develop the 
21st-century skills and the 4Cs necessary to strive in 
the future workplace. The standard of engineering 
and technology education has to thus keep up 
with these changes so that students can become 
qualified to a level in which they can fill jobs and 
continue developing in their career paths. BL can 
develop the 4Cs necessary for this to take place. As 
BL has become the future for education, this study 
will be significant to higher education institutions 
in general and Malaysian and Vietnamese higher 
education institutions, especially post Covid-19. 
The contribution made by the present research in 
identifying the critical success factors for BL (in 
terms of curriculum design, pedagogy, lecturers’ 

professional development, and institutional 
policies) for STREAM development in engineering 
and technology programs is therefore timely and 
necessary. 

Conclusion 

To respond to challenges of IR4.0 for the STEM 
education and STEM professions as well as to deal 
with discontinuing face-to-face approaches for 
teaching and learning in engineering and technology 
programs due to Covid-19, it is vital for STEM-
focused institutions of higher learning (IHLs) to 
be proactive for innovative teaching and learning 
activities that sustain STREAM development. 
Blended learning is recommended as a possible 
solution to this predicament. 
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Abstract

The student facilitation such as lecturers’ support, 
guidance, and monitoring of the learning process 
can help them find the best possible solution to tasks 
quickly and efficiently. Among these facilitation 
steps, monitoring student learning and providing 
timely feedback are vital in evaluating the students’ 
learning. However, the class size is deemed a big 
hurdle for the facilitator to give timely feedback 
on student learning at each facilitation step. To 
ease the assessment and feedback process, there is 
a need to develop a continuous monitoring system 
through assessment and giving timely feedback to 
the students on their learning.

The student’s assessment’s timely feedback is one of 
the main requirements emphasised by the university 
management for the students to know about their 
learning. Currently, taking the assessment and 
giving feedback to the student is a time-consuming 
process, especially if the class size is big, with 
more than 40 students. This process may take a 
week or even more, which hinders the lecturer 
from implementing BL (Cooperative learning (CL) 
and Flipped Classroom (FCR)) if the class size 
is big. The problems of monitoring the learning 
process and giving timely feedback are solved by 
developing a system that assesses and evaluates the 
student learning using a Google-based assessment 
and feedback system. With this new assessment and 
feedback system, this process may be completed 
within a few hours, whereby the BL (CL & FCR) 
can still be implemented in case of big class size.

The new BL pedagogy is implemented to support 
student learning by assessing each step in the BL 
process and giving timely feedback to improve 
students’ learning process. I anticipate that this 
new BL pedagogy through assessment and 

feedback system would enhance student learning in 
engineering disciplines. 
Introduction

Blended learning (BL) is being implemented broadly 
in both academic and corporate sectors. The term 
blended learning is usually associated with online 
media’s induction into a course teaching plan while 
simultaneously holding other conventional teaching 
and learning methodologies (Graham, 2004). This 
type of media permits students to pick their learning 
style, which is also called asynchronous media. 
The blended learning approach is a student-focused 
methodology that utilises online strategies and 
encourages sharing the student learning outside to 
overcome time and location limitations (MC Combs 
& Vakili, 2005).

Young (2002) indicated that a blend between 
online tools and conventional teaching approaches 
is getting more attractive in the current higher 
education system. It implies that the instructors 
utilise online resources to upload lecture notes, class 
activities, assignments, and announcements while 
simultaneously conducting face-to-face lectures and 
tutorials. According to Harvey (2003), BL is a blend 
of conventional classroom and e-learning activities. 
Osguthorpe & Graham (2003) propose that the BL 
incorporate online and face-to-face activities to 
improve the student learning process. Dziuban et  al. 
(2004) contemplated the adequacy of BL in a group 
of university students and concluded that BL was 
compelling and prompted students’ higher learning. 
This is also confirmed and concluded in the research 
led by Hiltz & Turoff (2005). They firmly believe 
that the introduction of asynchronous learning 
systems will be a critical breakthrough in improving 
students’ learning.

However, Reasons, Valadares & Salavkin (2005) 
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researched the effectiveness of fully internet-based, 
BL, and face-to-face approaches. They concluded 
that the fully internet-based learning approach was 
the best compared to BL and face-to-face methods. 
Additionally, Vaughn & Garrison (2005) also did not 
get any evidence that BL could improve students’ 
cognitive presence, while exclusive asynchronous 
learning networks (ALN) approaches showed 
evidence of students’ learning improvements. Wu & 
Hiltz’s (2004) examined students learning in blended 
courses and concluded that the online discussion is 
effective and helpful. However, no clear proof was 
reviewed to justify the theory, which says that the 
blended approach is essentially superior to a fully 
web-based approach. 

One of the problems facing the field is whether BL 
is effective as a measure through grades, course 
completion, retention, and graduation rates. Others 
are skeptical about the superiority of BL as opposed 
to other modes of learning. Studies showed that 
fully online learning courses produced mixed 
results. Online courses were at least as effective as 
traditional classroom instruction (Russell, 2001; 
Zhao et al., 2005). Generally, previous studies 
measured the effectiveness of BL by comparing the 
conventional teaching and fully online course in 
conjunction with course completion rates. However, 
very few studies investigated the accessibility of 
students in ICT and BL tools’ effectiveness and 
efficiency in teaching and learning. 

The student facilitation such as lecturers’ support, 
guidance, and monitoring of the learning process 
can help them find the best possible solution to tasks 
quickly and efficiently. Among these facilitation 
steps, monitoring student learning and providing 
timely feedback are vital in evaluating the students’ 
learning. However, the class size is deemed a big 
hurdle for the facilitator to give timely feedback 
on student learning at each facilitation step. To 
ease the assessment and feedback process, there is 
a need to develop a continuous monitoring system 
through assessment and giving timely feedback to 
the students on their learning. 

The student’s assessment’s timely feedback is one of 
the main requirements emphasised by the university 
management for the students to know about their 

learning. Currently, taking the assessment and 
giving feedback to the student is a time-consuming 
process, especially if the class size is big, with 
more than 40 students. This process may take a 
week or even more, which hinders the lecturer 
from implementing BL (Cooperative learning (CL) 
and Flipped Classroom (FCR)) if the class size 
is big. The problems of monitoring the learning 
process and giving timely feedback are solved by 
developing a system that assesses and evaluates the 
student learning using a Google-based assessment 
and feedback system. With this new assessment and 
feedback system, this process may be completed 
within a few hours, whereby the BL (CL & FCR) 
can still be implemented in case of big class size. 

The new BL pedagogy is implemented to support 
student learning by assessing each step in the BL 
process and giving timely feedback to improve 
students’ learning process. This research can 
conclude that this new BL pedagogy through 
assessment and feedback system helps the students 
improve their learning. 

Course Description 

In this study, we focused on the PEB 2034 / PDB 
3033 Drilling Engineering-1 course taught at 
Universiti Teknologi PETRONAS, Malaysia, 
which is one of the core courses in the Petroleum 
Engineering program offered in the May and 
September 2019 semesters. The students registered 
in this course taking the first drilling engineering 
course. Therefore, they had little or no background 
in drilling engineering. There were 40 students 
registered in this course. According to the syllabus, 
this course teaches the necessary fundamentals 
of drilling engineering, analysing the drilling 
program’s drilling problems, design, and plan. This 
course has an assignment, group project, quizzes, 
tests, and lab as assessment components. 

To conduct the course activities, one group activity 
was designed for five students per group, and each 
student was assigned a different task to fulfill the 
activity requirement. A student was designated as an 
expert member on the task assigned, but the whole 
group is named the main group. 16 groups were 
formed for the same activity designed. The designed 



6 TILF 2020

group project was to propose a drilling program on 
the case study given to the students at the beginning 
of the semester. Students had to follow the modified 
BL pedagogy throughout the semester to ensure 
the best possible solution for the given case study’s 
optimum drilling program. 

Modified BL Pedagogy 

The new blended learning (BL) pedagogy was 
needed to blend cooperative learning (CL) 
and flipped classroom (FCR) to implement the 
assessment and feedback system (AFS) to evaluate 
students’ learning in the class, as shown in Figure 1 
in the appendix. This pedagogy was implemented to 
support student learning by assessing each step in the 
BL process and giving timely feedback to improve 
their learning strategy. The detailed description of 
the modified BL pedagogy is as follows. 

Step 1: Briefing on the BL activity. 
Step 2: Group formation. 

Step 3: Distribution of the BL task to the group 
members. 

Step 4: Each team member is supposed to read 
and understand the material and list 
down the questions or hazy concepts 
before the class. 

Step 5: A peer discussion outside the class in 
the main and expert group.

a. Meeting with the expert members 
from other groups who were 
assigned with the same BL task, 
make discussion and find the 
solution of the task assigned. 

b. Go back to the homegroup and 
explain to them the possible 
solutions to the problem to 
achieve the desired outcome. 

Step 6: Student learning in the class. 

Step 7: Before starting the discussion in 
the class, student self-learning was 
assessed by the online quiz.

Step 8: Then there was a discussion in the class. 

Step 9: Then, after discussion, the same online 
quiz was conducted in the class. 

Step 10: The quiz result is compiled by the 
newly developed Web-Excel-based 
Assessment and Feedback System 
(AFS), and then feedback was sent to 
them on their official email.

Step 11: The main and expert group peer 
discussion outside the class after 
discussion in the class.

a. Meet the members in the expert 
group and discuss the feedback 
given and make changes in the 
strategy of task completion. 

b. The experts go back to their 
homegroup and explain to the 
rest of the group members about 
the change in the strategy. 

Step 12: In the end, they submit the final report 
in a group and present their findings.

Step 13: Feedback was given to the individual 
member based on their findings in the 
report and presentation.

Figure 1 Modified BL pedagogy with AFS 
component
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AFS working procedure and procedural time 
analysis 

AFS working procedure

The AFS working procedure and procedural time 
analysis are shown in Figure 2. The AFS working 
principle is based on the conventional Microsoft 
online quizzes and Microsoft excel features. The 
online Microsoft online quizzes were conducted 
to evaluate students’ self-learning and learning 
with discussion in the class. One of the quizzes 
was conducted before the discussion to assess 
the students’ self-learning. The other quiz was 
conducted after discussion in the class to evaluate 
the students’ learning after discussion with the class 
instructor. The students’ responses are then imported 
to the AFS for assessing the students’ performance 
and generate the students’ learning curves with 
feedback email using Microsoft Outlook, as shown 
in Figure 3/2 in the appendix. The AFS has also 
incorporated a feature for analysing students’ 
performance based on the interview conducted 
with students about their performance. During 
the interview, the students were asked about their 
performance; why is their performance very good, 
good, average, bad, and very bad. Based on their 
responses, AFS was featured with the analysis of the 
students’ performance.

Figure 2 AFS working procedure and procedural 
time analysis

The details of the stepwise procedure given in 
Figure 2 are as follows. 

Step 1: Conducting quizzes before and after 
the class discussion with an instructor 
using Microsoft online quiz. The 
responses were recorded in excel 
format in Microsoft OneDrive.

Step 2: The students’ responses were copied 
from the excel file in Microsoft 
OneDrive.  

Step 3: The copied responses were pasted in 
the AFS system.

Step 4: The AFS generates the students’ scores.  

Step 5: Based on the students’ scores, the 
AFS generates the students’ learning 
curves, analyses the performance, and 
generates the feedback email. 

Step 6: The feedback email generated by the 
AFS is sent to the students’ personal 
email using Microsoft outlook. 

Step 7: It shows the feedback email sample 
generated by the AFS. 
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AFS procedural time analysis 

The student’s assessment’s timely feedback is one of 
the main requirements emphasised by the university 
management for the students to know about their 
learning. Currently, taking the assessment and 
giving feedback to the student is a time-consuming 
process, especially if the class size is big, with 
more than 40 students. This process may take a 
week or even more, which hinders the lecturer from 
implementing BL (Cooperative learning (CL) and 
Flipped Classroom (FCR)) if the class size is big. 
The AFS is an efficient assessment and feedback 
system for timely feedback on student performance, 
which can be completed in less than 30 minutes for 
a class of 40 students, which is very much faster 
than the conventional system.

The procedural time analysis in the AFS given in 
Figure 2 is discussed below.

Step 1: To conduct quizzes before and after the 
class discussion, precisely 10 minutes 
were given to the students to complete 
the quizzes. 

Step 2: To copy students’ responses from 
the excel file in Microsoft OneDrive, 
approximately 1 minute was taken. 

Step 3: To paste the copied responses in the 
AFS, approximately 1 minute was 
taken. 

Step 4: The AFS generates the students’ 
score in no time, but let’s count it for 
approximately 1 minute. 

Step 5: Based on the students’ score, the AFS 
generates the students’ learning curves, 
analyses the performance, and generates 
the feedback email in no time, but let’s 
count it for approximately 1 minute.  

Step 6: The feedback email generated by the 
AFS is sent to the students’ personal 
email using Microsoft outlook in 10 
seconds per student, which means 7 
minutes for 40 students. 

Step 7: The total time taken by the AFS is 
approximately 20 minutes.

Scope of AFS 

This newly developed assessment and feedback 
system are designed and equipped with the 
capability of the following scope.

1. Evaluation of students’ performance based on 
the assessment score. 

2. Analysis of the effectiveness of students’ self-
learning and learning after discussion with the 
instructor in the class. 

3. Analysis on the improvement of student 
learning. 

4. Feedback on the activities and processes that 
students adopted during learning in the class. 

5. AFS sends the feedback on the learning curve 
individually on their personal email. 

6. All these processes are done within 1 hour. 

Results and Discussion 

To exhibit the effectiveness of newly developed 
blended assessment techniques in this research, the 
blended assessment procedure was implemented 
and tested at the Universiti Teknologi PETRONAS, 
Malaysia, for the PDB 3033 Drilling engineering-1 
course in the May 2019 semester. Four different 
chapters were taught and evaluated by this newly 
developed assessment system with viva voce to 
analyse the students’ strategy. The feedback system 
was then designed based on the students’ feedback 
about the modified blended learning. The students’ 
improvement before implementing this modified 
BL pedagogy was about 53%, which is low. After 
implementing this modified BL pedagogy, the 
beginner level had improved to an intermediate and 
high level. The intermediate level had improved 
from 36% to 58%. In comparison, the High level had 
improved from 11% to 41%, which is a significant 
improvement in the students’ learning, which was 
done using a newly developed assessment-feedback 
system (AFS). 
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Conclusion and Recommendation 

This research article described the modified blended 
assessment method and AFS to evaluate students’ 
learning in the engineering module timely. The 
learning was assessed using the AFS system, and 
the students’ points of view on their learning were 
gathered using the Gibbs reflection cycle. This 
newly developed assessment feedback system can 
evaluate the students learning in less than 1 hour 
for 100 students, which could take more than a 
week using the conventional evaluation system by 
marking with hand. This system is recommended 
for implementation in all engineering disciplines, 
especially for those modules with many students in 
the class. 
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Introduction

Student learning depends on the activities that 
are involved in the class and during their self-
study. Engaging through learning activities will 
help improve their understanding. Cyclepad is an 
excellent option to address this issue. It will help 
students apply the knowledge learned in class into 
analysis, synthesis, and evaluation by designing the 
device or the cycle. Teaching ME Thermodynamics 
course is challenging as students feel overwhelmed 
by several cycle types, assumptions, constants, and 
parameters.

Moreover, solving the thermodynamics problem is 
time-consuming and tedious as property data should 
be taken from tables, and many times it involves 
interpolations. In this regard, Cyclepad, which is 
an articulate virtual laboratory, is useful to design 
and analyse thermodynamic cycles. This software 
will provide all the data required. Students only 
need to build the cycle by combining the different 
components and providing the assumptions with 
relevant parameter values. It will do the analysis 
and deliver the results, including parameter plots.
 
In literature, it has been reported in thermodynamics 
course learning and problem-solving skill can be 
developed by using instructional courseware (Liu, 
2009), blended learning (Bullen & Russell, 2007), 
Cyclepad (Forbus et al., 1999), virtual assembly 
(Chaturvedi et al. 2007), and online thermodynamics 
courseware (Ngo & Lai 2003). Employing electronic 
media to facilitate thermodynamic learning is 
common (Hall et al., 2011). In line with this, Stanly & 
DiGiusepee (2010) presented a web-based animation 
software for thermodynamics linked to homework 
problems in a textbook. Students considered the 
software to be valuable, especially in explaining the 
transient nature of some thermodynamics concepts. 

Kumpaty (2002) introduced the expert system 
for thermodynamics (TEST) software to enhance 
thermodynamics’ learning. Similarly, this research 
aims to introduce the Cyclepad virtual laboratory 
tool in the thermodynamics course and assess the 
students’ attitude towards the use of Cyclepad in 
learning thermodynamic cycle design and analysis. 

Methodology

As we all know, due to Covid-19 in the May 2020 
semester, there is no physical class and laboratory. 
Thus, the students have been given a demonstration 
on designing, analysing, and evaluating 
thermodynamic cycles in Cyclepad software. Figure 
1 shows an example of a simple heat pump model in 
Cyclepad software. After that, they have been tasked 
to use Cyclepad virtual laboratory software to analyse 
vapor power, refrigeration, and heat pump cycles to 
fulfill the physical laboratory requirements in the 
Mechanical engineering Thermodynamics II course. 
Once the students have completed and submitted 
their given tasks, their effectiveness was gauged. 
Questionnaires that are adopted from Richardson et 
al. (2015) were prepared. Then, the students were 
asked through online questionnaires to give their 
feedback on the use of Cyclepad to improve their 
understanding of learning thermodynamics cycles. 
The questionnaires were given to all 168 registered 
ME thermodynamics course students, and only 130 
responded.
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Figure 1 Simple heat pump model in Cyclepad 
software

Results and Discussion
 
The impact of Cyclepad on the enhancement 
of students’ cognitive level in the teaching and 
learning of thermodynamics cycles was gauged 
through questionnaires. The analysis of the data 
is presented as follows. Students were asked how 
much Cyclepad makes them want to read more 
about thermodynamic cycles, and their response is 
recorded in Figure 2. Most of them agreed that it 
motivated them to learn more about thermodynamics 
cycles, but 6% did not agree.

 

Figure 2  Response on Cyclepad makes me read 
more about thermodynamic cycles 

The second questionnaire was on how much using 
Cyclepad helped them think more deeply about 
thermodynamic cycles and their components. As 
shown in Figure 3, all agreed on it, but 10% did not 
agree. 
 

 

Figure 3 Response on using Cyclepad helped me 
think more deeply about thermodynamic cycles 

and their components. 

Another survey question was how much Cyclepad 
allows them to understand key concepts better. 
Figure 4 histogram distribution shows that 88% 
of the students agreed that it better helps them 
understand the key concepts. 
 

 

Figure 4 Response on Cyclepad allows me to 
better understand key concepts 

Similarly, they have been asked about how much 
Cyclepad helped them to understand the content. 
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Their response is shown in Figure 5. Except for 
13% of the students, the remaining have agreed 
that the Cyclepad has helped them understand 
thermodynamic cycles’ content. 
 

 

Figure 5 Response on Cyclepad helped me 
understand the content

Finally, they have been asked if they would 
recommend Cyclepad to be used for class learning 
of other similar courses. Their response is shown in 
Figure 6. Most of them, at 86%, have shown good 
agreement to use the software for learning other 
similar courses. 

 

Figure 6 Response on would you recommend 
Cyclepad to be used for class learning of other 

similar courses 

The survey data of each gauging parameter were 
also analysed in respect of mean and standard 

deviation. Table 1 shows the mean and the standard 
deviation of each gauging parameter. The mean and 
the standard deviation of each gauging parameter 
are almost the same. The smaller standard deviation 
shows that students have a similar opinion on 
each gauging parameter. Furthermore, most of the 
students have agreed that Cyclepad helps enhance 
the learning of thermodynamic cycles in ME 
Thermodynamics class. 
 
Table 1 Descriptive statical analysis of response on 

the use of Cyclepad

No. Gauging parameters Mean 
Standard 
deviation 

1
Cyclepad makes me 
read more about ther-
modynamic cycles. 

3.731 0.313 

2

Using Cyclepad helped 
me think more deeply 
about thermodynamic 
cycles and their 
components. 

3.638 0.301 

3
Cyclepad allows me 
to understand key 
concepts better. 

3.546 0.298 

4
Cyclepad helped me 
understand the content. 

3.577 0.301 

5

I would recommend 
Cyclepad to be used for 
class learning and other 
similar courses. 

3.546 0.298 

Conclusion

Nowadays, it is common practice to engage students 
in learning activities to make learning easy and draw 
students’ attention. As we all know, some students 
in classes or lectures are easily distracted when they 
get a text message, or they even watch videos and 
play games on their phones and fail to pay attention 
or listen to the lecture. Cyclepad can help minimise 
these problems. Moreover, this software does not 
need any extra device as almost all students have a 
computer, and the software is also available for free. 
Hence, there is no additional cost.

The students have recommended the software to be 
used in similar subjects as it helps them save their 
time which would have been spent searching for 
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data from property tables. However, they suggested 
that intense training should be given on using the 
software before using it to analyse cycle problems. 

Acknowledgment

We are thankful to the Center of Teaching 
and Learning (CETaL), Universiti Teknologi 
PETRONAS, for providing support to conduct this 
research through the SOTL grant (015LF0-028). 

References

Liu, Y. (2011). Development of instructional 
courseware in thermodynamics education. 
Computer Applications in Engineering Education, 
19(1), 115-124.

Bullen, P. & Russell, M. (2007). A blended 
learning approach to teaching first year engineering 
degree students. In International Conference on 
Engineering Education-ICEE.

Forbus, K. D., Whalley, P. B., Everett, J. O., Ureel, 
L., Brokowski, M., Baher, J. & Kuehne, S. E. 
(1999). CyclePad: An articulate virtual laboratory 
for engineering thermodynamics. Artificial 
Intelligence, 114(1-2), 297-347. 

Chaturvedi, S., Abdel-Salam, T. & Kasinadhuni, 
O.  (2007). Virtual Assembly - A web-based student 
learning tool for thermodynamics concepts related 
to multistaging in compressors and turbines. In 
Conference on Engineering Education-ICEE.

Ngo, C.C. & Lai, F.C. (2003). An online 
thermodynamics courseware. Computer 
Applications in Engineering Education. 11(2), 75-
82. 

Hall, S., Dancey, C., Amelink, C. T., & Conn, 
S. (2011, January). Our First Online Offering of 
Introduction to Thermal-Fluid Engineering. In 
ASME International Mechanical Engineering 
Congress and Exposition, 54914, 169-175. 

Stanly, R. & DiGiusepee, G. (2010, June). An 
Efficient Way to Increase the Engineering Student’s 
Fundamental Understanding of Thermodynamics 

by Utilising Interactive Web Based Animation 
Software. In American Society for Engineering 
Education Annual Conference, Louisville, KY.

Kumpaty, S. K. (2002). Learning enhancement in 
Thermodynamics Classroom via use of TEST™ 
software in design projects and laboratory. Learning, 
2002, 201. 

Richardson, A.M., Dunn, P.K., McDonald, C., 
& Oprescu, F. (2015). CRiSP: An instrument 
for assessing student perceptions of classroom 
response systems. Journal of Science Education and 
Technology, 24(4), 432-447.



14 TILF 2020

COOPERATIVE LEARNING USING PROBLEM-BASED LEARNING FOR 
ENGINEERING STUDENTS: PLIANCY AND RESISTANCE

Wesam Salah Alaloul*, Abdul Hannan Qureshi
Department of Civil and Environmental Engineering, University Technology PETRONAS, Malaysia
*wesam.alaloul@utp.edu.my

Introduction

The problem-based learning (PBL) methodologies 
are considered adequate for core engineering courses 
(Beagon et al., 2019). The integration between 
cooperative learning and PBL methodologies 
establishes an encouraging environment for 
the students, which leads to positive impacts 
on the learning process. However, for effective 
implementation of PBL and cooperative problem-
based learning (CPBL) environment, close 
supervision of students’ experiences is vital, and 
deficient areas are to be improved, as PBL is a 
dynamic process (Yusof et al., 2012).

The Civil Engineering department from Universiti 
Teknologi PETRONAS Malaysia promotes the 
PBL approach, especially for the core courses. 
A first-year undergraduate engineering class was 
the first time taught under the PBL environment. 
The basic framework of PBL by Tan (2021) was 
modified for CPBL. The designed framework was 
based on constructive alignment (Biggs, 1996; 
Biggs & Tang, 2010), which provides scaffolding 
to manage students to follow CPBL. Under this 
scenario, an assessment of the overall PBL learning 
experience of the students was required. Therefore, 
the study’s need was devised to evaluate the taught 
PBL course by the preview of students and highlight 
weak domains for future improvements in the PBL 
methodology.

Study Methodology

This study was quasi-experimental, and the PBL-
Course Experience Questionnaire (CEQ) was 
designed for feedback by the end of the semester 
of Spring 2020. The CEQ model for this study 
was modified for the PBL environment under 
the guidelines provided by Ramsden (1991), 
Chakrabarty et al. (2016), and Asonitou et al. (2018) 

and 35 questions for the PBL-CEQ model were 
designed.

PBL-CEQ Design

The designed PBL-CEQ consisted of two parts; the 
first part is “Demographic Data Form,” and the latter 
is “CEQ Form”. In CEQ form, the questionnaire 
designed contains 35 items (questions) with 5 
points Likert response scale. In the PBL-CEQ 
questionnaire, the designed 35 items (questions) 
were arranged under seven groups. The detail for 
seven scales as follows, a) Good Teaching Scale, b) 
Clear Goals Scale, c) Appropriate Workload Scale, 
d) Appropriate Assessment Scale, e) Generic Skills 
Scale, f) Overall Satisfaction Scale, g) Workforce 
Relevance Scale.
 
The PBL-CEQ was designed to cover all aspects of 
the PBL environment experienced by the students. 
The first scale, ‘the Good Teaching Scale,’ targets 
teaching excellence, and it covers significant 
teaching quality parameters for evaluation. 
Likewise, the second scale, ‘the Clear Goal Scale,’ 
assesses students for their understanding of PBL 
and adopted strategies to achieve targeted goals 
under provided scaffolding. The third scale, ‘the 
Appropriate Workload Scale,’ helps the instructor 
monitor the sheer volume of work pressures on 
students and keep the workload under the threshold 
point for students to be psychologically healthy. The 
fourth scale, ‘the Appropriate Assessment Scale,’ 
helps the instructor measure students’ satisfaction 
with the criteria adopted for assessments. The fifth 
scale, ‘the Generic Skills Scale,’ is a self-evaluation 
of students for developing skills after following 
PBL and helps the instructor measure students’ 
confidence towards PBL. The sixth scale, the ‘the 
Overall Satisfaction Scale,’ measures students’ 
overall satisfaction towards PBL than lecture-
based learning. In contrast, the seventh scale, ‘the 
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Workforce Relevance Scale,’ targets students’ 
CPBL approaches towards learning activities.

Results and Findings

Collected data were analysed for its reliability by 
using Cronbach’s alpha, its descriptive statistics 
(percentage responses, means, and standard 
deviation (SD)), its significance difference with the 
expected outcomes by Pearson Chi-square test, and 
to analyse the varying response of students towards 
PBL with Students’ t-test. Each group of PBL-CEQ 
(07 scales) was evaluated for the assessment of 
students’ experience under the PBL environment. 
Table 1 shows the overall summary of all the analyses 
for their highlighted items with unsatisfactory 
outcomes and areas in which students felt difficulties 

under the PBL environment, in respect of the PBL-
CEQ, along with suggestions for their mitigation.
An interesting finding can be seen for the items 
highlighted by the first analysis and the second 
analysis are almost common in both analyses. 
Meanwhile, the third analysis was performed by 
considering special conditions; however, all these 
analyses highlighted the areas requiring attention 
from the instructor to implement the PBL system 
better. Based on highlighted deficient areas, 
mitigating actions have also been suggested. It can 
be seen that most of the issues could be resolved by 
a pre-semester in-detail briefing to students on the 
course PBL implementation plan covering scope, 
curriculum, goals, assessment criteria, and related 
areas. Also, effective PBL implementation requires 
the instructor’s close supervision to keep students 
motivated and engaged in targeted goals as a team. 

Table 1 Items with Unsatisfactory Outcomes from the Analyses

First
Analysis

Second 
Analysis

Third Analysis

Item
statement

Remarks/
MitigationsCronbach’s alpha

and Descriptive 
Statistics

Pearson
Chi-

Square
Students’ t-test

Q4 The educator of this course motivated me to self-directed 
learning through PBL implementation. 

Student counseling 

Q5
The educator was extremely good at explaining the concepts 
and systematic problem-solving techniques. 

Review lecture 
delivering 
methodology

Q8
The educator was familiar with the curriculum, available 
materials, and resources. 

Pre-semester briefing 
on curriculum and 
scope

Q15 Q15 The workload in PBL for courses becomes too heavy. Review workload 

Q16 Q16
There was a lot of pressure on me to do well in this course due 
to PBL implementation. 

Review workload and 
student counseling 

Q17 Q17
It seemed to me that for PBL implementation, educators tried to 
cover too many topics. 

Pre-semester 
presentation on 
curriculum and scope 

Q18
The educator provided opportunities for all students to 
participate in activities and discussions using PBL scaffolding. 

Review lecture 
delivering 
methodology/ 
Assigning group 
activities 

Q19 Q19
There was very little choice in the PBL course in the ways for 
students to be assessed 

Pre-semester briefing 
on the assessment 
criteria 

Q34(a)
PBL active learning system engages students in Problem 
Solving 

Student counseling/ 
Assigning group 
activities 
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Conclusion and Recommendations

The study was designed to investigate the students’ 
responses after their first experience in the PBL 
environment and highlighting obstacles for further 
improvement in the system. Taking students’ 
feedback is an effective tool for improving the PBL 
system and making education more practical. In 
light of this study, for the effective implementation 
of the PBL system, the following points are 
recommended,

1. The instructor should give the pre-semester 
briefing (before course execution) by 
covering topics related to students’ goals 
and students’ assessment criteria. 

2. The instructor should monitor the workload 
of students to keep them psychologically 
healthy.

3. Appropriate assignments and activities to 
be designed following the CPBL theme 
to enhance team working and leadership 
skills under the instructor’s supervision. 

4. Students’ feedback must be collected 
after each semester for modification and 
improvements in the PBL system. 
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Introduction

Due to novel coronavirus (COVID-19), higher 
learning institutions and schools have opted the 
online-based learning instead of face-to-face 
(F2F) for teaching and learning (T&L). Universiti 
Teknologi PETRONAS (UTP) also has no exception 
to this matter. In May 2020 semester, which began 
on 1 June 2020, all T&L are using BigBlueButton 
(BBB) and Microsoft Team (MS Team). BBB is 
running under the ULearn platform, while MS Team 
is running under the Microsoft team. 

This study discusses the students’ perception 
and awareness of online T&L using both BBB 
and MS Team. There are three courses, such as 
Computational Methods (CM) for the second year 
in semester one for FDM2043 and first-year third 
semester for FEM1073, and Ordinary Differential 
Equations FDM1023 for first-year first semester 
students. There are 118 students. In Karim and 
Azman (2018a, 2018b), the authors have studied 
the students’ performance on CM subject in UTP 
for May 2017 and September 2017 semesters. Our 
present study has a different approach than our 
previous works. 

Problems Statements

Online T&L can be considered as a new norm to 
students and lecturers. There are many concerns and 
issues related to T&L activities via online platforms. 
The main problem is the BBB or MS Team’s 
usefulness and capability in providing an excellent 
environment to achieve T&L objectives. 

Educational theories

In this study, the main educational theory is T&L 
through the online platform. This is achieved by 
integrating active learning (AL) and Cooperative 

STUDENTS’ PERCEPTION ON BBB AND MS TEAM FOR ONLINE 
TEACHING AND LEARNING IN UTP
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*samsul_ariffin@utp.edu.my

learning (CL) through pair work activities. These 
activities are identified as online cooperative 
learning (OCL).

There is not much innovation in this study. We 
want to study BBB and MS Team’s ability and 
capability as a tool for online T&L activities. This 
study is essential since, from the gathered data, we 
will know whether online T&L benefits the students 
or not. Research or evidence of the impact of the 
innovation towards teaching & learning are well 
described in the following paragraphs: 

Methodology 

The methodology of the study is divided into three 
stages. In the first stage, the data are collected. 
Then, we analyse the data by using simple 
techniques, including visualisation. Finally, some 
recommendations are made. Table 1 shows the data. 

Table 1 Total students

Courses Students 

FDM1023 44 

FDM2043 33 

FEM1073 41 
 

Data Collection
 
The data are collected using sets of questionnaires 
with Likert Scale 1 (Strongly Disagree) until 5 
(Strongly Agree). 106 students are participating in 
the online survey conducted via Microsoft Office 
form. The average time to complete the survey is 2 
minutes 15 seconds. 
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Ethical Issues
 
This study complies with the ethical protocols and 
issues at Universiti Teknologi PETRONAS (UTP) 
and the Ministry of Education, Malaysia. 

Results and Discussion 

From Microsoft Forms, we analyse the collected 
data based on all questionnaires with their respective 
Likert Scale. There are ten (10) questions. For 
instance, BBB is suitable for online T&L, and MS 
Team is good for online T&L, internet connection 
is an issue during online T&L, communication 
through WhatsApp group is helpful, etc. Figure 1 
shows the pie chart for the question BBB is suitable 
for online. There are 29 students (27.36%) who 
strongly disagree and disagree that BBB is ideal for 
online T&L. Meanwhile, about 53 students (50%) 
chosen neutral. Finally, only 24 students (22.64%) 
are agreed and strongly agree that BBB is good. 

Figure 1 BBB is good for online T&L
 
However, for the question of whether MS Team is 
good for online T&L, about 91 students (85.85%) 
agree and strongly agree. Only four students (3.77%) 
are strongly disagreed and disagree. Meanwhile, the 
remaining are neutral (10.38%).

 

 
 

Figure 2 Communication through WhatsApp 
group is helpful

 
For the question on whether communication 
through the WhatsApp group is helpful, 91 students 
(85.85%) are either agree or strongly agree. Only 
11 students (10.38%) chosen neutral. Meanwhile, 
four students (3.77%) disagree. Since internet 
connection is essential for online T&L. We found 
that 67 students (63.20%) agree and strongly agree. 
31 students (29.25%) chosen neutral, and eight 
students (7.55%) are strongly disagreed or agree. 
Based on this analysis, we can see that most students 
can adapt to online T&L. However, they more prefer 
lecturers using MS Team for teaching rather than 
BBB. This is understandable since BBB always 
hangs due to internet problems, and the recorded 
video took longer to appear in ULearn compared 
with MS Team. Communication through WhatsApp 
is also essential since there will be more interaction 
between lecturers and students. However, if the 
students are given a choice, they would prefer to 
have face-to-face (F2F) than online T&L. Future 
works will be focusing on the implementation of 
online cooperative learning to improve students’ 
understanding of the subject matter. 

Conclusion 

Based on the study, we found that the students prefer 
F2F as the primary medium of T&L. However, since 
we are still facing the COVID-19, the best we could 
do is the implementation of Hybrid T&L.
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Introduction

Engineering mechanics is the most fundamental 
engineering course for most engineering programs 
such as civil engineering, mechanical engineering, 
etc. Henceforth, mastering the course is essential.  
Goldfinch, Carew & McCarthy (2008) performed a 
critical literature study, where they have summarized 
various issues found for the course, for instance, 
students’ motivation, student time input, teaching 
methods, prior knowledge, estimation of students’ 
understanding, cognitive styles, etc. 

Echoing the issues identified, various initiatives 
have been proposed to improve or enhance the 
course’s teaching and learning experience. Johnson-
Glauch & Herman (2019) conducted a think-aloud 
interview while students worked out on the shear 
force and bending moment diagram. Subsequently, 
the interviews were analysed using the constant 
comparative method to examine the effect of 
representation on students’ problem-solving 
approaches. Meanwhile, Halupa & Caldwell (2015) 
compared traditional lecture-performance with 
the online supplemental video and lecture-based 
approach. The finding reflected that the additional 
online materials help the students.

Kim (2015) conducted an in-class demonstration 
of engineering mechanics. The effectiveness of the 
weekly assessment approach was reported. There 
are also some other activities undertaken to enhance 
the students learning experiences, e.g., Garcia, Perez 
& Ochoa (2018) proposed a procedural approach 
in teaching; Guerra & Holley (2017) proposed 
experiential learning activities, Litzinger et al. 
(2010) proposed a think-aloud session; Atadero, 
Rambo-Hernande & Balgopal (2015) adopted the 
social cognitive career theory; Persaud & Smith 
(2017) examined the effectiveness of build, test 
and calculated real-life design problems; and so on. 

IS HOMEWORK EFFECTIVE FOR ENGINEERING STUDENTS? 
A CASE STUDY FOR ENGINEERING MECHANICS

Cheng Yee Ng, Zahiraniza Mustaffa
Department of Civil and Environmental Engineering, Universiti Teknologi PETRONAS, Malaysia. 
*chengyee.ng@utp.edu.my

All these approaches showed a positive impact on 
the students’ learning or assessment performances. 
On the other hand, they also demonstrated that 
innovative approaches might not be suitable, 
for example, Foutz’s (2019) project to test using 
argumentation as a learning strategy to improve the 
students’ performance. 

In 2005, Irvine (2015) had listed out the study tips 
for success in engineering mechanics. On top of that, 
Irvine highlighted the importance of doing example 
problems. This has been supported by Paschal et al. 
(1984), where they found that homework that was 
graded or contained teachers’ comments produce 
a strong effect. Coulter (1979) also supported that 
homework achievement is seen as one of many 
schools’ achievement factors. 
Incorporating Kim’s evidence on the weekly 
assessment approach’s effectiveness has inspired 
the authors to investigate if including a weekly 
assessment in the form of homework will positively 
affect the students’ performance in engineering 
mechanics. 
 
Method 

Statistical analysis is planned herein to analyse the 
homework’s effectiveness as a weekly assessment, 
based on a 95% confidence level. Sampling was 
considered from September 2018 to May 2020. 
Considering the May 2020 semester is still ongoing, 
the following analysis will be based on only the 
interim assessment, test 1 performance. 

Data selection

As mentioned earlier, sampling ranging from 
September 2018 to May 2020 will be considered. 
The sampling detail is tabulated in Table 1. Based 
on Central Limit Theorem, only three are qualified 
statistically among these six sets of data, whereby a 
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min sample of 25 is required. Henceforth, only three 
data sets were selected, i.e., September 2018, May 
2019, and May 2020. 

Table 1 Sampling detail 
 

Semester Sample size

September 2018 39

January 2019 5

May 2019 35

Sept 2019 22

January 2020 9

May 2020 25
 
Data reliability test

To ensure the data fits the conditions, e.g., 
normality, stability, accuracy, and precision, before 
verifying and quantifying the improvement due to 
implementation of weekly homework assessments.
 
Random test by the run chart 

Figure 1 illustrated the run chart for all three 
samples. It is observed that the P-values for all 
the samples are more significant than 0.05. Hence, 
it can be concluded that the samples are stable or 
random and fit for further analysis. 

Normality test tools 

The next test performed herein is to ensure the 
data is in a normal distribution. Figure 2 showed 
the outcome from the probability plot. Based on 
the plots, normality was demonstrated in all the 
samples, whereby all P-values greater than 0.05. 

 

 

 

Figure 1 Data stability test results

Results 

Quantitative finding 

Table 2 tabulated the outcome of the standard 
deviations test for the three semesters, and the 
detailed analysis is illustrated in Figures 3 to 5. 
Based on the analysis, it was observed that the mean 
score for the course in the first test improved from 
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61.49 to 79.86, i.e., from grade C- to B+. On top 
of that, the standard deviation was also reduced 
from 27.59 to 13.10 for September 2019 and May 
2020, respectively. In other words, the students’ 
performance is more consistent and closer to the 
grade B+ after the implementation of the weekly 
homework assessments. 

Table 2 Standard deviation test results 

Sample Mean 
Standard 
deviations 

September 2018 61.49 27.59 

May 2019 74.31 19.16 

May 2020 79.86 13.09 
 

 

Figure 2 Data normality test results
 
Qualitative finding 

Based on the mid-term students’ self-reflection tool 
analysis, the following response from students was 
recorded. 
 
 
 

“It helps me to do my revision after every class and improve 
my understanding of the topic that I learned...” 

“When I do my homework assigned for every week, I can 
read and understand the notes given and then apply whatever 
I’ve learned to the homework. I like that the homework is 
consistent every week too, and the duration is given to submit 
it is just right.” 

“This helps me in my studies and help me to understand 
better.”

“Practice makes perfect.”

“It works as a recap of what we have learned from that 
week’s lecture.”

“It helps to understand the topic easier.”
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Figure 3 Summary report of Engineering 
Mechanics for September 2018

 
Figure 4 Summary report Engineering Mechanics 

for May 2019
 

Figure 5 Summary report Engineering Mechanics 
for May 2020

Correlation of students’ performance with the 
number of assessments

Figure 6 illustrated the regression analysis outcome 
that was performed to investigate the relationship 
between the mean score due to the number of 
assessments. It can be observed here that the increase 
in the number of assessments did bring a positive 
effect to the students’ performance. Based on the 
existing data, the mean score (y) for Engineering 
Mechanics can be correlated by the number of 
assessment (x) by the following equation, 
y = 57.08 + 1.313 x

Figure 6 Fitted line plot for the regression analysis
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Conclusion 

This study was conducted to investigate the 
effectiveness of weekly homework assessments for 
Engineering Mechanics, the fundamental course 
for most engineering programs. Statistical analysis 
was conducted to analyse the performances of the 
students. Even though the investigation was just 
kick-started and still in the interim phase, a positive 
effect was recorded. On top of that, students also 
agreed that homework does help them in learning 
the course. 
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Introduction

Program and course outcome attainment for courses 
outside a students’ core domain is often lower 
than their main domain. This is often attributed 
to poor fundamentals and perceived complexity. 
For example, Universiti Teknologi PETRONAS’s 
Mechanical Engineering program students must 
enroll in an Electrical Power and Machines (EPM) 
course. The EPM course laboratory component is 
perceived as a “black box” by students. They have 
limited access to laboratory machines, thus reducing 
opportunities to understand the machines’ assembly 
and working mechanisms. Besides, due to time 
constraints, opportunities for self-directed learning 
are severely hindered.

Furthermore, the recent disruption to education due 
to COVID-19 has prompted an urgent solution to 
facilitate distance learning involving practical work. 
The integration of technology has been shown to 
enhance the educational effect and facilitate distance 
learning (Potkonjak et al., 2016). In this work, 
the effectiveness of mobile-based technology in 
improving comprehension and facilitating distance 
learning is investigated. 

Methodology 

The mobile application development was performed 
retrospectively by modifying an existing application 
for EPM’s pre-laboratory (pre-lab) component. 
The mobile application, Interactive Laboratory, 
allows students to conduct their experiments in 
a non-immersive virtual environment. It features 
instructions and hints to perform the necessary 
laboratory activities. Also, it provides explanations 
on the experiment’s methodology, theoretical 
concepts and displays expected results. Due to 
development limitations, the mobile application 

was developed for the Android platform only. 
However, a contingency application was developed 
with Windows 10 compatibility for students without 
Android devices. Post utilization of the Interactive 
Laboratory, the students were presented with a 
survey adapted from Domingues et al. (2010). The 
survey contained 8 statements modified to suit 
this study, rated based on the 5-point Likert scale. 
In addition to the 8 statements, students were also 
requested to provide short subjective feedback 
regarding mobile applications.
 
Results and Discussion 

50% of the students found that the Interactive 
Laboratory led to a better understanding of 
the concepts necessary to execute the virtual 
experimental work. These students’ subjective 
feedback included more details in all aspects of 
the experiment and utilising realistic graphics to 
aid understanding. On the other hand, 18% of 
the students disagreed, citing physical laboratory 
sessions to understand concepts and laboratory 
equipment’s working mechanism. 66% and 67% of 
the students agreed that the Interactive Laboratory 
made the virtual experimental work and calculation 
procedure easier, respectively, with less than 10% of 
the students disagreeing. 52% of the students agreed 
that the Interactive Laboratory helped analyse and 
interpret the results, while 20% disagreed. Most of the 
students that disagreed with this statement were the 
ones that preferred physical laboratory sessions and 
reported difficulty in understanding the laboratory 
work. A relatively high number of students (76%) 
found the Interactive Laboratory easy to use, while 
only 6% disagreed. One of the students’ feedback 
that disagreed was that the application user interface 
needs to be more user-friendly. 67% of the students 
found that the Interactive Laboratory application 
was well organised, with a disagreement of less 
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than 10%. 56% of the students found the Interactive 
Laboratory complete, with 34% neutral. This is 
expected as the application was retrospectively 
modified to include tabulated results, contrary to how 
results are obtained in typical physical experimental 
work where the lab equipment produces readings. 
Finally, 55% agreed that the Interactive Laboratory 
was a great utility. However, 17% of the students 
disagreed. 

In terms of facilitating distance learning, most 
students could utilise the Interactive Laboratory 
applications without problems or difficulties. A 
couple of students raised the point that they could 
not utilise the application as they did not own any 
compatible devices (i.e., Android or Windows). A 
simple solution is to use a mobile emulator program 
that is available for Apple’s Mac devices. One of 
such programs is the freeware BlueStacks App 
Player. 

Recommendations 

The neutral responses must be addressed as, on 
average, it accounts for 25% of the students’ 
votes with regards to the survey. This significant 
percentage of neutral responses shows that some 
students are still ambivalent about the Interactive 
Laboratory application’s effectiveness. The 
reasons for these can be determined by analysing 
the subjective feedback. The students’ common 
concern is the lack of physical interaction with 
the laboratory equipment, thus losing the ability to 
understand concepts through physical manipulation 
and observations. This is an obvious downside of 
virtual and distance learning. A suggestion that 
appears to be a sound compromise is to complement 
the application with video demonstrations. 
Improvements can also be made using 3D models, 
which would increase virtual environment 
immersion and students’ spatial awareness (e.g., 
size, location, proximity) of laboratory components. 
Another common feedback is to include more 
explanations in conducting the laboratory work. The 
improvements to be made based on this feedback 
is through pedagogical evaluation of the current 
content. This is to prevent spoon-feeding that could 
result in the cessation of self-directed learning. 

Conclusion
 
In conclusion, approximately 50% of the students 
found the Interactive Laboratory application to 
enhance the laboratory work’s comprehension 
and facilitate distance learning. Future studies 
must consider the students’ subjective feedback 
significantly to improve understanding of laboratory 
work. 
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Introduction

In the 20th century, many people doubted the 
definition of the phrase Online learning. However, 
turning to the 21st century with the development 
of technology, Online learning has been changed 
so much and get many schools and universities’ 
growth implementation. The combination of the 
internet and education provides people with the 
opportunity to gain new skills. Especially during the 
COVID-19 pandemic, online learning has become 
more critical to the students’ learning process. The 
pandemic has forced schools, universities, and 
companies to work remotely, which booms online 
learning. (Ilker, 2020). Even though online learning 
and teaching are applied widely, it also causes many 
students and teachers’ challenges. The big question 
for teachers is how to make students involved in the 
lessons. It is so difficult to answer this question in 
the traditional class. And it is much harder for an 
online class. In Vietnam, it is unexceptional, FPT 
Polytechnic (FPT University) has also chosen this 
method to continue studying with many difficulties. 
This extended abstract aims to the changes from 
traditional teaching to online teaching then resolve 
the challenges of teachers how to support the 
students during the online teaching. 

Differences between Traditional Teaching and 
Online Teaching 

Many points of view demonstrate the differences 
between these two models that are coexisting at 
the moment. The traditional system is based on 
fixed schedules where students and teachers must 
coincide in a physical space (Barindra, 2018). In a 
traditional classroom, students can directly share 
their opinions and problems with the teacher. Then 
they are answered and solved immediately. This 
learning environment helps students and teachers 
contact closely and understand each other better. 

CHALLENGES AND WAYS TO SUPPORT STUDENTS DURING ONLINE 
TEACHING IN HIGHER EDUCATION
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This also allows teachers to know the strengths and 
weaknesses of their students quickly. Then they 
have a specific plan to support and encourage the 
students differently. 

However, online learning has become extremely 
popular nowadays when more and more schools 
and universities offer online courses. According to 
Challenges and Issues of Teaching Online, Teaching 
Online is defined that Delivery of instruction 
using different Web-based technologies, from 
the Internet or an intranet and other communication 
technologies, that enable students to participate 
in learning activities beyond the campus, from 
students’ homes to workplaces and other locations 
(Zhu, Payette & DeZure, 2003). The best thing 
about online learning is that each student can find 
a suitable place to study with an electronic device 
assessing the Internet. 
 
How to support students during Online Teaching 

Amid the coronavirus pandemic, much higher 
education teachers have been forced to teach online. 
In Vietnam, in April 2020, about 50% (110/240) of 
Vietnamese universities have implemented online 
training at different levels as a turning point in the 
Covid-19 pandemic to limit program disruption 
(Forbes, 2020). If teachers are requested to teach 
hundreds or thousands of students, this can give 
them new challenges, especially when they teach 
online for the first time. Firstly, what do they have 
to do with passive students? Most students would 
sit and listen to the teacher, do nothing, and have no 
activities with their classmates. In many situations, 
the teacher asks the students many questions. Those 
are not difficult questions. But very few raise their 
arms to make a significant impact on the learning 
atmosphere. It is undeniable that students might pass 
the exams, but they are not planning on using their 
new knowledge to make connections with previous 
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material or real life. Secondly, teachers have to stay 
connected with students. In an online classroom, 
many students feel that they are not involved in 
the lesson. Many outside things make them not 
concentrate on what is happening in their lectures. It 
can be challenging for teachers to teach online when 
they struggle to know how students can understand 
and get the knowledge and participate in learning 
experiences. Finally, the challenge of encouraging 
collaboration needs to be analysed. Interaction 
among students is one of the single most important 
and the most difficult elements of successful online 
education. Students who do not want to be confined 
to a strict classroom always need a push from their 
teachers and their partners’ help. Those who do not 
receive the same interaction with other students and 
teachers will face difficulties in regular classes. 

To overcome those challenges, teachers have to 
find ways to support students during their online 
teaching. First of all, is how to motivate students. 
Keeping the students engaged and motivated is not 
an easy task. Some students turn off the micro and 
camera because of boredom. At FPT Polytechnic, 
teachers of English prepare the lesson carefully. 
Some games are created on Kahoot, Quizizz to 
motivate students and what they are interested 
in. Teachers can use Flipgrid to ask students to 
record their voices. For writing skills, Padlet is the 
effective way. Next is how to keep in touch with 
students. If the teachers do not ask their students, 
they maybe forget that they are participating in the 
lesson. Here, the teachers have a Facebook group, 
Zalo group, Google classroom, Messenger, Email 
to support whenever and wherever they need. They 
frequently post all the information related to the 
class and ask how students are doing things. Lastly, 
teachers should follow how students interact with 
each other and work together. Teachers can warm up 
the classroom atmosphere and the interaction among 
students by giving a question every 2-3 minutes and 
allowing students to talk to each other. 
 
Conclusion 

In online teaching, lectures are entirely different than 
face-to-face learning environments. To overcome to 
challenges of online teaching and how to support the 
multiple numbers of students, teachers have to search 

for new tools and paths they haven’t faced before 
with Covid-19. “Get to know your students. Talk to 
them by name, meet with them all the time, tell them 
that you care, that they’re real people,” explained 
Robert Rivas, Executive Director of Innovation and 
Research, Odessa College, a community college 
in Texas (U.S.A). This is considered as one of the 
best advice and solutions to motivate students when 
applying online teaching. 
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Introduction 

The Health, Safety, and Environment (HSE) 
course is a common course offered to First Year 
Undergraduate engineering and technology 
programs at Universiti Teknologi PETRONAS. 
The course is under the purview of the Chemical 
Engineering Department, and every semester, 
the course is managed by 1-4 academics, led by a 
coordinator. The course is an introductory course 
that aims to provide basic awareness towards 
health, safety & environmental (HSE) aspects at 
work, covering HSE legislation, identifying risk and 
hazards, understanding workplace safety, and code 
of conduct for engineers and technologists.

Every semester, the number of students registering 
for the course ranges from 100 to up to 900 students 
at a time, making managing and delivering a 
challenging task. HSE course has then adopted 
an asynchronous online learning model to ensure 
the effectiveness of delivery. This online learning 
journey has started in the May 2017 semester, and 
continuous quality improvement is guaranteed to 
enhance the delivery and teaching.

With the recent COVID-19 pandemic, online 
learning is becoming the sole option to maintain 
teaching and learning continuity. Although online 
learning used to be looked at as less effective, 
many findings have shown that online learning 
allows more flexibility, autonomy and can enhance 
deeper understanding as the students have more 
time to learn and multitude availability of open 
sources (Leasure et al., 2002; Daphne, 2012). Pelz 
(2010) suggested three principles for effective 
asynchronous learning: it must be student-centered, 
it must promote interactions between other students, 
with the content, with the Internet, etc., and it 
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should allow for social presence. These have been 
considered in this course as the main principle to 
enhance and sustain the students’ interest.

To allow for effective delivery, Learning 
Management System is primordial. It should be able 
to provide all necessary tools to support teaching 
and learning. A Learning Management System is 
an online platform for instructors to manage and 
organise their courses and where the students can 
easily access all learning materials (Herrington & 
Olivier, 2000). There are many available Learning 
Management systems such as Moodle, Blackboard, 
Schoology, Openlearning, etc. At the beginning of 
the HSE online course launching, the Openlearning 
platform was used as the primary Learning 
Management System to provide all learning 
materials. It has been vastly used for Massive 
Open Online Course, and its practicality and 
interactive. However, the main disadvantage of this 
system for students is it not linked to the Learning 
Management System adopted by the University. 
As such, enrolling in the course is done manually, 
and if the students did not create the account in the 
system, they would not be able to access the learning 
materials. Tracking for the unregistered student 
was also tedious when the class size is large such 
as 800 students. The official Learning Management 
System used by the University is using ULearn by 
Moodle. Therefore, a shift to using this platform is 
imperative. This is to allow synchronization with 
the enrolment of students with the registration unit 
and the administration.

Therefore, the HSE course has been shifted since 
January 2020 to the university e-learning platform, 
the ULearn Moodle system. Adjustment and 
utilization of all the features available in the Moodle 
platform are then required. Therefore, this paper 
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aims to provide a practical guideline on developing 
an effective asynchronous e-learning course using 
Learning Management System. 

Methodology 

The course syllabus consists of 14 chapters divided 
into 6 modules, where each module consists of two 
or three lecture materials, activities, quiz or tests, 
and a group project. The course is structured with 
the learning components as depicted in Figure 1. 

 

Figure 1 Learning components

The learning components are consisting of lecture 
materials composed of videos and lecture notes. 
To support the lecture materials, learning activities 
are included consists of ungraded quizzes. The 
graded assessments consist of individual and group 
contributions, with a significant contribution by 
individual assessment. On top of that, students’ 
participation is included in the assessment by 
measuring the eLearning progress completion. 
All the learning materials such as videos, notes on 
learning activities need to be prepared beforehand. 
To ensure progress monitoring of the students, these 
are frameworks to assist the students in learning 
effectively, 

1. The modules are open sequentially. As the 
semester consists of 12 weeks, 2 weeks are 
given to cover one module. Students learn 
independently at their own time through 
videos, notes, and interactive activities.

2. Graded Quizzes are performed at the end of 
each module to ensure that the students grasp 
the subject matter and allow instructors to 
monitor and intervene when necessary.

3. At the end of the 2 modules, Tests are 
conducted to assess individual progress 
further.

4. One group project on a case study on HSE-
related issues is given to allow for collaborative 
learning with other students.

Results and Discussions 

To first equip the students with the necessary 
knowledge on the subject matter, relevant video 
and notes are provided. The videos are highly 
recommended to be concise and short, not exceeding 
15 minutes, to avoid loss of attention by the learner. 
Most of the videos provided are in 5 minutes. 
Several short videos are given, prepared, or taken 
from available open source such as YouTube in one 
module. To cater to visual and verbal learners, notes 
are included for further reference by the learners, 
as shown in Figure 2. Also, the learning activities 
are included to create a formative assessment for the 
students. The learning activities are in the form of 
multiple-choice questions, true/false, puzzles, etc., 
which tools are available on the platform under Quiz 
tools. To ensure students have gone through the 
learning materials before attempting the activities, a 
restriction condition is a set-up, as shown in Figure 
2.
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Figure 2 An example composition of a module: 
video lectures, notes, and learning activities with 

restriction mode

Throughout the online course, the instructor needs to 
provide (multiple) ways for the students to contact 
them. In this regard, students can communicate with 
the instructors using both online discussion boards 
and personal messages directly to the instructors. A 
discussion on a specific module can be created to 
allow students to post comments and questions on 
the subject matters. 

However, there is also another way to create 
interaction. As e-learning is a student-centered 
approach, the student must be able to interact with 
the learning material independently but at the same 
time have feedback on their progress of learning. 
This can be done via ungraded activities and graded 
evaluation. Self-tests with automated feedback are 
a practical and impactful way of using the available 
quiz-generating tools. The quiz-generating tools 
such as drag and drop, multiple-choice questions, 
true or false, fill in the blank, etc. are among 
available features provided by Moodle, as well 
as the possibility to include an external link for 
other activity such as crossword puzzle as shown 
in Figure 3 (Seitzinger, 2010). The instructors can 
choose immediate feedback, delayed feedback 
with several attempts, or only a single attempt. As 
shown in Figure 3, the correct answer for the given 
question allows students to do self-learning suitable 
as a formative assessment type. 

Figure 3 Examples of available learning activities: 
Multiple choice question, online crossword puzzle 
(link directed to another website), and drop-down 

feature
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Figure 4 Example of immediate feedback on a 
given question once attempted

For summative assessment, when using a multiple-
choice question, it is advisable to use the randomised 
questions feature available on the platform, as shown 
in Figure 5. To allow for an effective randomisation 
a rule of thumb of an addition of 50% more of the 
number of questions to be attempt needs to be added. 
For example, a test consists of 40 questions. At least 
60 questions are to be added to the question bank.

 
 

Figure 5 Example of Randomised Questions 
feature in Moodle

Statistics for the question positions in terms of 
facility index and discriminative efficiency are 
available in the Moodle system (Teacher quick 
guide, n.d). The facility index is described as the 
mean score of students on the question position. 
As shown in Figure 6, the facility index is between 
70-80%, which can be interpreted as fairly easy 
questions. The discrimination efficiency indicates 
how effective the question is at sorting out able 

students from those who are less able to show 
relatively low values, which can be interpreted as 
weak discrimination. This signifies that the students, 
on average, score relatively well, with an average 
score of 76.85%. 

 

 

Figure 6 Statistics of Test 3, with the average 
marks, facility index, and discriminative efficiency

Another important feature for monitoring students’ 
progress is to track the course completion (Miller, 
2012). A certain weightage is given as part of the 
graded assessment for the course completion. The 
course completion report is readily available in 
the system. To track the course’s completion, the 
instructors need to set how each activity can be 
registered as complete. At the end of the course, 
the percentage of completion is obtained by each 
student and served as part of their assessment mark. 
For the HSE course, a ULearn completion is given 
5% of the overall course mark. This helps to push 
the students to go through all learning materials and 
activities to ensure their learning. 
It can also be seen that the students are mostly 
more actively involved with the course content 
towards the end of the semester, as can be seen 
from Figure 6. The students are more passive and 
view the material and less posting discussions 
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on the platform. This is partly due to the lack of 
interactive participation between course instructors 
and learners for each module. The students adopt 
more self-paced learning and independent learning 
with minimal intervention by course instructors. 
 

 

Figure 7 Students logs captured by the ULearn 
system categorized as views and posts

When we look at the students’ overall performance, 
as shown in Figure 6, the grade distribution is 
skewed to the left with an average grade of B+. For 
Test 1, a bell curve distribution is obtained, which 
differs from Test 2 and Test 3. Test 1 was conducted 
face-to-face in the examination hall, while Test 2 
and Test 3 were conducted online using the ULearn 
platform. Based on the results and the facility 
index, the test is judged as fairly easy. Although the 
nature of the questions’ difficulties is the same, the 
significant difference between the tests is that Test 1 
was performed as a close examination with almost 
zero avenues for cheating. Hence, online tests have 
a certain disadvantage on the type of multiple-
choice question where students can copy each other 
and accessibility of reading material to be referred 
to during the tests. Therefore, addressing cheating 
in the online environment is essential to minimise 
this unethical misbehaviour (Golden & Kohlbeck, 
2020). More complex questions and an increase in 
more randomised questions are recommended. 
 

 

Figure 8 Analysis of grades distribution for Test 
1, Test 2, Test 3, and overall marks for the January 

2020 semester
 
The overall course grade obtained by the students is 
presented in Table 1, showing a good performance 
achieved by the students with the average grade 
obtained is A-. The students’ performance in 
January 2020 is comparable to the results obtained 
for HSE Jan 2018, as shown in Figure, which also 
had a large class size of about 800 students and a 
mix of face-to-face tests and online tests. In January 
2018, the learning management system used was the 
Openlearning platform. This shows that regardless 
of the Learning Management system used, the 
delivery’s effectiveness depends on the instructors’ 
organisation and management of the course. 
 

Table 1 Grade distribution of overall grades 
obtained by students in the January 2020 semester

 

Grade 
HSE JAN 2020 

Count % 

A 182 32.50% 

A- 170 30.36% 

B+ 102 18.21% 

B 83 14.82% 

C+ 16 2.86% 

C 4 0.71% 

D+ 2 0.36% 

F 1 0.18% 

Total 560 100.00% 
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Figure 9 Pie chart of student performance for 
January 2018 and January 2020 semester

Conclusion

This paper has provided some practical guidance 
on developing efficient asynchronous online 
learning. With good planning and organisation by 
instructors, a structured learning environment can 
be implemented. Many valuable and interesting 
tools are available in the platform and should be 
utilised to enhance students learning. The platform 
also provides statistics features and tracking, thus 
facilitate the monitoring for the instructors. Further 
recommendation for success in online learning 
implementation is to enhance the instructors-
students interaction and conduct surveys to gauge 
the learning environment’s effectiveness. 
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Introduction

To adapt to the student-oriented learning style 
and improve students’ understanding of related 
topics while gaining soft skills, an integrated 
project between two courses, CEB 2023 Chemical 
Engineering Thermodynamics II and CEB 2013 
Separation Process I was designed in the May 2020 
semester. This integrated project aims to reduce 
students’ burden from doing separate subjects, 
which will take more time to finish and provide the 
students the ability to relate between the subjects. 
The integrated project is designed for an open 
solution, and students are grouped. To provide 
the solution to problems introduced in the project, 
students need to seek and process the information, 
apply suitable equations, draw a process flow 
diagram, and utilise simple programming in Excel.
 
Integration project has been popular since OBE is 
adopted, and the learning experience shifts from 
traditional teaching to active learning (Ballesteros 
et al., 2019). The previous study by Caplliure & 
Montagud (2012) shows that integrated project 
helps student in acquiring transversal competencies 
and skills. Another study by Trisdiono et al. 
(2019) stated that integrated project improves 
students’ critical thinking and collaboration skills 
and emphasises the lecturer’s role as a facilitator. 
Students will be able to develop independence, as 
well as to have learning motivation. The integrated 
project for thermodynamics has been implemented 
to introduce thermodynamics by Krishnan & Nalim 
(2009) in designing heating and cooling systems 
for typical family residences based on volume 
analysis of the energy balance during summertime. 
The students’ number for this project is 27. The 
choices available for the heating-cooling equipment 
are dual-purpose heat pump/air conditioner system 
and gas furnace/ central air conditioner. The project 
inspires students and increases their self-confidence 
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to enroll in future professional careers, improving 
students’ performance and satisfaction. 

Based on previous studies’ successful results, 
the project’s implementation covers a higher 
number of students at 97 and for more advanced 
thermodynamic analysis in this project. The vapor/
liquid equilibria part is chosen for the project due 
to its nature in presenting the composition of liquid 
and vapor values that can be tuned in by changing 
the parameter of pressure or temperature. Hence, an 
open-end problem can be formulated. 

Methodology 

The integrated project covers several aspects,

1. The students are divided into groups, and each 
group consists of 4 students. 
 

2. The formulation of the industry-related 
problem. Methanol production is chosen as 
the model.

3. The market analysis, material balance of 
process, and process flow diagram are 
assigned to students. 

4. The project is focused on the distillation 
technique, where students need to solve 
problems related to separation and vapor-
liquid equilibrium. 

5. The chapters for Chemical Engineering 
Thermodynamics II subject covered in the 
integrated project are Vapor/Liquid Equilibria 
and Thermodynamic Properties of Fluids.
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6. Students need to utilise Excel files with simple 
programming to solve problems related to 
vapor-liquid equilibrium. 

7. The rubrics are prepared to assess the projects.

8. With limited information, students are 
expected to search for information to prepare 
the solution. 

9. Their peers assess the performance of each 
student in a team through peer-review. 

Each group submits a report containing detailed 
steps and assigned aspects at the end of the project. 
The innovation that is implemented in this project 
is to introduce simple software (Microsoft Visio) to 
draw the process and Excel tools to solve complex 
engineering problems through simple coding (such 
as Visual Basic) and operation technique (such as 
Solver or Goal-seek). The questionnaire consists of 
several questions (Table 1) that measure students’ 
preferability towards the integrated project. 

Table 1 Questionnaire of students’ response to 
integrated project 

Question Choice 

This project is beneficial for me 
in understanding the coursework 
materials. 

Yes 
No 

Do you feel the importance of 
teamwork and collaboration in 
this project? 

Yes 
No 

The project helps me to prepare 
for Test/Extended Assignment 

Yes 
No 

I would like to see this type of 
integrated project in more of my 
courses 

Yes 
No 

What kind of new skill that you 
learned from working on this 
project? 

Student to 
provide an 

answer 

The integrated project saves more 
of my time compared to separated 
projects 

Disagree 
Agree 

Strongly 
Agree 

Result and Discussion

The results of the questionnaires can be seen in the 
following figures. Overall, students show positive 
acceptance of the concept of integrated projects and 
feel the benefits of it. An integrated project allows 
the students to better understand the coursework 
materials (Figure 1), especially on the project 
chapters. Around 85% of students strongly support 
introducing an integrated project for courses that 
they are taking (Figure 2) because it is more time-
saving (Figure 3). Interestingly, students could gain 
new skills while doing the project such as excel 
programming, process flow diagram (PFD) drawing 
using designated software, even to less advanced 
ones such as searching for relevant information and 
utilise some functions in Microsoft Words (Figure 
4). 

This project is beneficial for me in understanding 
the coursework materials

 

Figure 1 Satisfaction of students shown on 
integrated project

 

 

Figure 2 Acceptance of students toward integrated 
project 
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Figure 3  Students’ agreement on the effectiveness 
of integrated project 

 

 

Figure 4 Skills learned by students 
 
This study showcases the benefits of project-based 
learning as follows, 

1. Allow students to build teamwork 

2. Students can learn and apply specific skills
3. Promotes active and lifelong learning

4. Creativity and critical thinking

This project also signifies the importance of 
engineering students’ mathematical skills and how 
to relate them to a chemical process. By working 
on this project, students are expected to explore the 
thermodynamics concept’s application and improve 
their understanding of the course. 

Although the integration was given using the online 
platform and students need to arrange a meeting 
using the online platform, the project was managed 

to be done and viewed positively by students. 
Elias et al. (2017) show that some courses can be 
introduced online, and Thermodynamics can be 
an appropriate course for online assignment with 
the support of source and correct online platforms 
(Elias et al., 2017). 

During the progress of project completion, students 
did not show any concern about the combination 
of Chemical Engineering Thermodynamics II and 
Separation process I, which means that the project 
can facilitate the achievement of course learning 
outcomes for both courses seamlessly. The bridging 
of two courses was previously done by Khadom et al. 
(2020) for Reaction Kinetics and Thermodynamics, 
especially for lab activities. It significantly affects 
the teaching outcomes (Khadom et al., 2020). 
 
Conclusion 

Students well receive the integrated project 
prepared for two courses. The project prepares 
them for assessment, especially Test 2 and extended 
assignment. Some integrated project aspects 
can be revised and improved, including more 
thermodynamics, equations, and advanced IT tools, 
such as HYSYS or iCON. 
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Introduction

This research explores the best possible ways to 
deliver classes for first-year engineering students 
at UTP that include two methods which are online 
delivery and traditional face-to-face delivery. The 
recent implementation of the movement control 
order (MCO) on 16 March by the Malaysian 
Government has resulted in the suspension of all 
face-to-face teaching and learning throughout the 
country. However, many learning institutions have 
bounced back by adopting the online platform 
for the teaching and learning process. Herein, we 
adhere to the requirement and take up the challenge 
of adopting complete online mode delivery for 
the whole semester. The full online mode delivery 
includes all lecture delivery, assessment, laboratory, 
and all other activities utilising the online platform 
optimizing available technology such as virtual 
learning, augmented reality, video lecture, etc. 
Online platform classroom allows students to move 
at their own space based on their level of thinking 
and adaptation in learning (Oliver, 1999).

Educationists facilitate, clarifies, and provides 
support, especially to those who need assistance. The 
privilege goes to both the students and educators as 
teaching and learning become flexible since physical 
barriers such as classroom, attendance, punctuality, 
etc., are totally out of the picture. The student can 
opt to attend the online classes or continue to watch 
the video afterward at their convenience (Kemp, N., 
& Grieve, R. 2014). Simultaneously, the lecturer can 
spend more time preparing for teaching and learning 
activities by eliminating classroom navigation, 
marking physical assessment, navigating to and 
in the laboratory, needs of graduate assistance, 
etc. On the contrary, the face-to-face approach’s 
traditional teaching mode is still widely used to 
deliver higher education institutions’ lectures. The 
traditional teaching method involves the lecturers’ 
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and students’ physical presence and the lecturers 
verbally communicating the information to the 
students and the students passively receiving and 
memorizing the information (Hackathorn et al., 
2011).

Thus, as a 21st-century educator, I strongly doubt 
the effectiveness of the traditional teaching mode 
and always opt to use the technology-based learning 
model in my T&L. Hence, emergency online 
teaching and learning during MCO has opened a 
new opportunity to sharpen my online teaching 
skills. This research aims to identify the students’ 
best learning mode and apply the most appropriate 
teaching and learning methods. This study’s specific 
objective is to examine the specified teaching 
mode’s effect based on the students’ coursework 
and final exam scores.

Methods

Qualitative

In our case, the content is a reflection written by 
a student from the beginning of the course, which 
improved weekly based on their knowledge and 
understanding. 

 

Figure 1 Online vs. traditional delivery student 
feedback form using Mentimeter platform 
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Quantitative

In this report, the course outcome’s qualitative 
results from the current semester (online delivery) 
and September 2019 semester (Face-to-face 
delivery) were compared.

Results and Discussion

Qualitative

 

Figure 2  Survey findings from students’ point of 
view 

Survey findings reveal that while there are many 
pros and cons in online mode, students still prefer 
traditional face-to-face. However, the survey 
findings from the lecturer show a mixed review for 
both online and conventional F2F mode. 

 

Figure 3 Survey findings from lecturer point of 
view 

Quantitative

Table 1 Overall performance of MEB1023 student 
for 3 semesters, May 2020, Jan 2020, and Sept 

2019

Cohort 
Total 
No. of 

Students 
Component Mean Grade Median Grade 

May 2020 
(VP 

&MSMS) 
105 

Coursework 73.11 B 74.91 B 

Extended 
Assignment 

65.8 B 68.00 B 

Jan 2020 
(MS) 

30 

Coursework 74.84 B 75.46 B+ 

Extended 
Assignment 

65.43 B 69.00 B 

Sept 2019 
(VP) 

173 
Coursework 70.72 B 72.20 B 

Final Exam 66.83 B 70.00 B 

Table 1 shows the results for 3 subsequent semesters 
from September 2019, which is in full traditional 
face-to-face delivery, the January 2020 semester 
with partial online delivery with a comprehensive 
exam, and the May 2020 semester fully online 
delivery mode. The results showed that the final 
grade and overall output remained the same with the 
evolving delivery mode. 

 

Figure 4 The course outcomes attainment for May 
2020 (Face to screen learning) vs. Sept 19 (Face-

to-face learning) 
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The Outcome-Based Education (OBE) study 
indicates that the course results remain the same 
without major adjustments. In short, a significant 
percentage shows that some students are still 
ambivalent about the effectiveness of the online 
delivery mode. A common concern is the lack 
of physical interaction, thus losing the ability to 
understand concepts through physical manipulation 
and observations. From the lecturer’s perspective, 
most of them are also still ambivalent on the 
online delivery mode’s effectiveness. However, 
the quantitative analysis of the course outcome 
shows similar results for both online and face-
to-face delivery. The findings also add to the 
previous evidence that simply changes of mode 
of delivery does not necessarily lead to significant 
improvements in grades (Davies & Graff, 2005), 

Conclusion 

The effectiveness of complete online delivery over 
traditional face-to-face is inconclusive as many 
students and lecturers are still ambivalent. Hence 
Blended learning is a viable option and possible 
neutral solution for the way forwards.
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Introduction 

In this modern era of science and technology, 
things are changing rapidly in every aspect of life, 
including education. There has been a tremendous 
increase in the influence of different media, 
particularly television and internet communication, 
that has changed education’s overall perception. 
Unlike the past 20-10 years ago, the students in 
our present times have varying opinions and goals 
about education. They prefer most visual education 
forms, either online or on engaging, interactive, 
and different television. Hence, there is a need for 
implementing innovative teaching and learning 
practices that will help improve the education 
system. 

The teaching method was previously limited to the 
teacher’s verbal presentation of content and the 
use of chalk to draw on the blackboard. So, it was 
difficult for the students to understand the topic 
well. However, innovative teaching and learning 
practices allow the students to interpret things in a 
better way. The importance of these activities to the 
teaching process is manifold, and their use makes 
the process more appealing, fascinating, new, and 
most significantly, it allows the teacher to plan 
and execute the process while allowing students to 
develop their intellectual and emotional capacities. 

Generally, any tools used to communicate and 
deliver approved educational schemes are known as 
teaching and learning resources. These may include 
photos, maps, photographs, illustrations, diagrams, 
videos, and written documents (published scientific 
works or news articles). Several multimedia 
platforms and textbooks are very interactive to 
illustrate about 40-50% of teaching materials to 
students in games, TV shows, and clips on the 
Internet. However, we must acknowledge that 
there are merits and demerits to using teaching and 
learning tools. It is necessary to understand how 
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these resources are used in the instructional process 
to manage the latter. 

Types of Teaching and Learning Resources 

The types of teaching and learning resources used 
vary depending on different characteristics and 
students’ senses in receiving different information. 
These resources prove to be very helpful in aiding 
the understanding of the students improving their 
thinking ability. Some of these resources include, 

1. Active Learning 

Active learning involves working on 
activities that help students to learn more 
practically. These tasks could include 
meetings, collaborating as a team on a project 
collaboratively, preparing a presentation to 
report results, or conducting an experiment.

2. Agentic Learning 

Agentic learning involves guiding and 
encouraging students to gain response and 
improve on their mistakes. It also helps 
students to be fully responsible for their 
learning attitude. It integrates students as part 
of the learning process, rather than just leaving 
them at the receiving end. 

3. Deep Learning 

Deeper learning involves applying the 
knowledge gained in one subject area or 
context to newly accounted situations in 
another. Students will see how everyday life 
contributes to their studying. Deep learning 
has a constant, meaningful, and constructive 
effect on the way students behave, perceive, 
or feel. 
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4. Authentic Learning 

Authentic learning guides students to deal 
with complex and though ‘real- life’ problems 
in any field by effectively collaborating or 
working with students. 

5. Problem & project-based learning 

In problem & project-based learning, the 
students learn to work overtime in dilemma & 
project-based learning to explore open-ended 
tasks and examine complex issues or concerns. 

6. Audio-visual 

Audio-visual learning involves teaching 
through a combination of image, sound, and 
text. This leads to a diverse and vibrant manner 
in which different depictions of activities, 
individuals, and cultures are incorporated into 
teaching. These include films and television 
shows. 

7. Visual resources 

Visual resources receive precedence in the 
teaching process due to their ease of application. 
Also, it is empirically demonstrated that visual 
data is stored in memory for much longer 
than orally transmitted information. These 
may be categorized into pictorial and written 
resources. Graphical training includes various 
pictorial and graphic representations like 
paintings, caricatures, graphic novels, photos, 
maps, sketches, timelines, diagrams, tables, 
and graphs. Such representations like painting 
or photograph may elicit various memories 
and feelings or inspire imagination in a 
person. Written resources include all written 
records, from scientific and technical texts 
to textbooks, manuals, curricula, documents, 
legal legislations, judicial acts, orders, poetry, 
and prose. 

Purpose of Teaching and Learning Resources 

The use of teaching and learning resources helps the 
teachers with the presentation and transmission of 
educational content and educational objectives—
these result in aiding the students in acquiring 
knowledge and profiling different abilities and 
values. The students improve by developing 
creative thinking, reasoning and logical thinking, 
communication, and interaction, evoking prior 
knowledge. These contribute to developing different 
skills and the acquisition of students’ values, and 
the retention of desirable knowledge, skills, and 
attitudes. However, the purpose of these resources 
depends on the correct use of them within the 
educational system. For instance, the internet has 
all types of information that make it challenging to 
know its reliability. It is crucial to know the source 
of information as all information cannot be trusted, 
leading to false interpretation. The proper use of 
these resources is utterly essential for the overall 
development of the students. 

In summary, multiple modern teaching and learning 
tools do not establish a quality teaching process. 
Still, an instructor’s effectiveness in using the above 
resources helps students develop expertise and 
provided valuable skills for students to adopt and 
apply positive values and attitudes. To effectively 
accomplish the possible teaching and learning 
activities, the teacher must know how to assess 
the benefits and drawbacks of those resources and 
comply with their fair use laws. 
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Introduction 

Power Electronics is a compulsory course for 
Electrical & Electronics Engineering students of 
Universiti Teknologi PETRONAS (UTP) in the 
fifth semester and mainly covered the switch-mode 
power converters. In general, the Power Electronics 
result for every semester is not very alarming. 
However, there are still 5% - 15% failures every 
semester, and most students are getting an average 
result. From the feedback and evaluation of students 
on the subject, a student commented that there is too 
much formula for all chapters. They have difficulty 
looking beyond the mathematical operation. It 
is good to make the classroom atmosphere more 
engaging in improving Power Electronics’ teaching 
and learning. In this way, students will be more 
open to participating and understanding the class 
material. It was reported in previous literature that 
implementation of SRS or more popularly known as 
‘Clickers’ has a good impact in increasing students’ 
participation and engagement in the class. From the 
experience of many, ‘Clickers’ has gained credibility 
in encouraging students’ attention and participation 
in the class and promoting active learning. SRS is 
a system that uses wireless handheld transmitters 
(clickers) or smart devices to capture student votes 
or responses and transmit data wirelessly that can be 
viewed via the internet. It allows students to quickly 
and anonymously respond to questions posed in the 
class and the result can be immediately displayed and 
summarized. SRS is commonly applied in a medium 
to large class where it helps get all students involved 
instead of the minority that usually highly motivated 
in learning and overcome other limitations such as 
the physical structure of the classroom or inability 
to hear students’ response. The advantage of SRS 
also includes helping the instructor engage students 
during the class, gauge their understanding of the 
material and provide prompt feedback to students’ 
questions (Banks, 2006).  
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Problem and Challenges

Due to the current pandemic that struck the world, 
the nature of course delivery had to change from 
face-to-face teaching to fully online delivery. This 
adds to the current problem, and it is challenging 
for both teacher and student to adapt to a new 
norm. Among the challenges in running fully 
online courses is the internet connection or facility, 
limited interaction between teacher and student, 
no eye contact that limits the teacher’s ability to 
recognize students’ understanding and ensure the 
student is following the class throughout the period. 
The author has been using Socrative as the online 
platform for student response systems (SRS) in 
previous work. It had good feedback in engaging 
the student and revising the critical point of the class 
material. However, the drawback is that the process 
takes a long time due to the internet connection and 
smartphone facilities. Since the class is conducted 
online, it can help make the process smoother while 
having SRS’s advantage. Hence, this project aims to 
increase student engagement and understanding in 
an online learning environment using Socrative as 
SRS and evaluate its effectiveness. 

Socrative as SRS Platform 

Many platforms can be used to implement SRS, 
including Socrative, i>clicker, Reef Polling by 
I>clicker, Turning Point, Poll Everywhere, Kahoot!, 
and many more. Each of them has outstanding and 
standard features. In this project, Socrative was 
chosen since its primary feature is available for free 
and can accommodate up to 50 students per class. 
This evaluates the platform become handy. It is user-
friendly and very easy to navigate and understand the 
setting. There are three types of activities that can be 
done – quizzes, the space race, and exit tickets. The 
quizzes can be MCQ, short answers, and true/false. 
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An exciting feature of Socrative is that it allows the 
teacher to view the result online and be downloaded 
in excel and pdf format. The teacher can view the 
answer question by question with the student while 
discussing their answers. One of the key elements 
in implementing SRS is to have the right questions, 
direct the class to positive participation and 
understanding. This can be viewed as a formative 
assessment where questions are posted at each 
lecture/tutorial (either at the beginning or the end) 
for the topic covered (Levy, Yardley & Zeckhauser, 
2017). The question is designed in several forms: 
multiple-choice question, true/false question, 
conceptual question, an analytical question. Some 
questions can be answered individually, and some 
questions will require students to be in a small 
group (2-4 students). The question may also come 
from the students, which will make the class more 
interesting. In designing the question for each topic, 
it comprises of introductory type of question where 
it focuses the topic of the day on opening their 
minds and helping them ready to discover more on 
the topic, a recall type of question where it helps 
to check whether the students are on board and 
understand the lesson, a reinforced kind of question, 
to focus on the critical concept and reinforce the 
lesson and a probing type of question, where the 
question should be more of higher level – requires 
the student to think. 

Methodology 

Figure 1 Model of SRS Lecture Flow

Four major topics concentrate on switch-mode 
power converter in the Power Electronic course, 
namely the AC-to-DC converter (Rectifier), DC-to-
DC converter, DC-to-AC converter (inverter), and 
Power semiconductor protection devices. 6 hours are 
allocated for each topic with four hours of tutorial 
and laboratory. The lecture is once a week for a two-
hour duration. Within two hours, the lecture must 
cover the pre-planned lesson topic and include SR’s 
activities. Based on previous experience, the time 
taken for each SRS slot is about 15 to 20 minutes 
which provides login time, answering questions, 
and reviewing the answers. Hence, within two 
hours lecture, recommended maximum SRS slot is 
two only – at the start of the lecture and the end 
of the lecture. The question is planned carefully 
before the lecture. At the beginning of the lecture, 
an introductory type of question is given as an 
opening. It can also be a recall type of question 
based on a previous topic. The suggested number 
of questions is 3 to 5 questions depending on the 
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time allocated for students to answer each question. 
After the discussion, the class is followed by a 
one-hour lecture before another slot of SRS. For 
the second SRS, the process is the same, but the 
type of question may vary. Usually, the question 
is to check students’ understanding based on the 
lecture to avoid any confusion and strengthen 
their knowledge. Reflection question is also used 
to get their feedback on the topic. An example of 
the flow of the lecture is given in Figure 1. In the 
previous semester, Socrative has been implemented 
in 3 semesters with different group sizes. This paper 
focuses on the implementation of SRS during the 
May 2020 semester only. There are 42 students 
in the class, and the class is running fully online. 
One semester comprises 12 weeks only, and SRS is 
implemented from Week 2. 

Results and Finding 

A questionnaire is given to students to get their 
feedback on the implementation of SRS. The 
questions were designed to check their acceptance 
of SRS, their problem, and how much SRS helped 
them understand the lecture. An interview session 
with students is scheduled at the end of the semester. 
Another aspect of the result is based on the teacher 
observation itself. This is useful to others based on 
the experience in handling the process. 

Questionnaire 

The questionnaire comprises 11 questions inclusive 
of two written type answers which can be group 
into four categories. The four categories look at 
how SRS, 1) Improves student participation, 2) 
Improves student understanding, 3) Improves 
student attendance, and 4) Convenience to aid 
student learning. The result is shown in Figure 2 in 
percentage. 

 

 

Figure 2 Students’ feedback on the SRS 
implementation
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Most students find the SRS helpful in improving 
their participation and attendance. This is because 
they feel more obligated to answer the SRS question 
during the class, reflecting in their attendance. As 
they answer the question, they also feel involved 
in the class. Each of the questions was reviewed at 
the end of the session. They also find it convenient 
to use SRS since they are already connected to the 
internet. However, there is a slightly mixed opinion 
in the role of SRS in improving their understanding. 
This can be due to the style of the question asked. 
The discussion is critical to address students’ 
understanding of the lesson adequately. When asked 
about their preference of using SRS, 97.6% of the 
student voted for SRS implementation. Despite few 
problems, most of the students are very optimistic 
about using SRS for an online class. Two questions 
are asking for the problem they faced in using SRS 
and their concern/suggestion. Their answer was 
varied but mostly has a slow internet connection and 
not enough time to answer the question. 

 

Figure 3 Students’ feedback on the SRS preference
 

 

Figure 4 Students’ feedback on issues with SRS 
implementation 

Teacher Observation 

Based on the teacher observation, few points can be 
highlighted,

1. Running fully online courses is even more 
challenging in getting students to respond 
or participate in the class. Teachers are not 
able to see their faces or gestures that usually 
helpful in face-to-face lectures. Hence, using 
SRS helps to check student understanding 
of the topic discussed. Many times, some 
students answer incorrectly, which shows their 
confusion, and the teacher can correct them. 

2. Through the implementation of SRS, it 
encourages students to stay focused on the 
lecture. With a 2-hour lecture packed with 
mathematical analysis, It is not easy to stay 
focused. Using SRS, the teacher can keep 
track of their involvement in the class. 

3. The reflection type of question helps the 
teacher to improve on the course delivery. 

4. Time management in running the Socrative is 
very crucial. The teacher must pay attention to 
the execution of the delivery to ensure ample 
time for discussion. There is a student who is 
experiencing a login problem due to a slow/
limited internet connection. 
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Conclusion

From the finding, it can be concluded that the 
implementation of SRS in the online class is 
beneficial and encouraging. Students find it 
convenient, and more positive feedback was 
obtained compared to the previous implementation 
of SRS in face-to-face teaching. It also helps the 
teacher to check their understanding and scrutinise 
student activities during the class. However, it must 
be emphasised that SRS’s implementation needs to 
be carefully conducted to make it worthwhile. The 
question must be appropriate, the student must be 
allowed to discuss, and the data obtained must be 
analysed. 
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Introduction 

The recent COVID-19 phenomenon has impacted 
our education landscape and scenario. To contain 
the virus’s spreading, the Government has 
taken a preventive measure by implementing a 
movement control order (MCO) on 16 March 2020 
(Bunyan, 2020; New Straits Times, 2020). Under 
this movement control order, all activities and 
businesses have been suspended, including schools 
and universities. In the wake of this order, several 
universities have taken various mitigation strategies 
to eliminate distraction in their teaching and 
learning activities while keeping their community 
safe from virus infection (Hodges et al., 2020). The 
most widely adopted method is moving it to the 
online platform. 

Online teaching and learning have been introduced 
for more than one decade. Oliver (1999) explored 
and demonstrated various online teaching strategies 
and learning to enhance the student learning process. 
He highlighted the need for guidelines for teachers/
lecturers to prepare their online teaching and 
learning effectively. Kim &Bonk (2006) surveyed to 
comprehend online teaching and learning in higher 
education and corporate training settings. They 
suggested that blended learning, which combines 
online and face-to-face sessions, will grow faster 
than fully online learning. Tanis (2020) reported 
her findings on the seven principles of online 
learning. Based on the feedback given by faculty 
and alumni, she summarized seven principles in 
ensuring effective online teaching and learning, i.e., 
faculty-student communication and collaboration, 
student-student communication and collaboration, 
active learning techniques, prompt feedback, 
an appropriate time for tasks, high-performance 
expectations, and respect for diverse learning styles/
preferences. Singh & Hurley (2017) listed three 
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ranked three teaching online courses: efficacy of 
online teaching-learning, student empowerment, 
and academic integrity. They further elaborate on 
the basic concept of each principle. 

Several education practitioners/researchers 
indicated that we are currently engaged in emergency 
remote teaching during this pandemic rather than 
online distance learning (Bozkurt & Sharma, 2020; 
Ferdig et al., 2020; Hodges et al., 2020). They 
thoroughly discussed the difference between both 
teaching methods. In this paper, we will not focus 
on the difference between both methods. Moreover, 
despite the difference between both, most education 
practitioners/researchers agree that both methods 
are challenging and stressful for both educators and 
students and need careful preparation. Recalling 
this situation, it is of interest to investigate the effect 
of teaching and learning transition from a traditional 
face-to-face class to the online platform on the final-
year engineering students who have been exposed 
to various teaching pedagogy, including traditional 
face-to-face and blended learning. 

This study aims to comprehend the impact of online 
teaching and learning due to the recent MCO on the 
learning of final-year students in the Mechanical 
Engineering Department. A survey is conducted to 
harness student experience on their learning and 
study during the MCO, the challenges, and their 
views on the required improvements. These findings 
are expected to assist lecturers and universities in 
preparing their online learning better. 

Methodology 

In conducting this study, we take a similar approach 
as our previous study (Kurnia, 2019), where a 
questionnaire is carefully prepared to harness 
students’ experience. In total, 14 questions were 
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allocated to gain their perspective on online teaching 
and assessments. The survey was conducted for both 
FYP 1 and FYP 2 in the January 2020 semester. This 
survey was conducted through the online platform; 
Microsoft Form, where students can cast their 
respond once. Due to privacy issues, no personal 
data was collected from this survey. Since most data 
collected are qualitative, simple analysis will be 
presented following data presentation. 

Findings 

This study was conducted for one academic semester 
involving 61 participants (49.2%) out of 124 FYP 1 
student and 42 participants (39.3%) out of 107 FYP 
2 students. Before proceeding towards the students’ 
online learning experience, it is imperative to assess 
the effect of MCO on the students’ learning process. 

 

Figure 1 Effect of MCO on the student learning 
process 

As shown in Figure 1, most final-year students 
indicated that the recent MCO had affected their 
learning process. This issue was anticipated as 
MCO had taken place in the middle of the semester. 
Hence, students experienced drastic changes in 
their learning process from face-to-face to online. 
Interestingly, a small percentage of FYP 2 students 
suggested that MCO does not affect their learning 
process. This finding is most likely attributed to 
the fact that they are advanced students with good 
independent learning skills. Hence, disruption in 
teaching does not disturb their learning process.

Nevertheless, further investigation is required 
to confirm the real reason. Next, we would like 
to assess our final-year students’ learning style, 
whether auditory (more verbal explanation), visual 
(more reading material), or balance audio and 
visual learners. A similar trend was observed for 
all students. Most of them are balanced visual and 
auditory learners (82% for FYP 1 and 83 % for FYP 
2), small percentages are auditory learners (10% for 
both), and the rest are visual learners. This gives a 
firm indication that they prefer to study in the class 
where they do both auditory and visual learning 
rather than learning by reading and listening alone. 

For online teaching, we asked them whether they 
prefer synchronous teaching (real-time learning), 
asynchronous teaching (recorded video learning), 
or a combination of both (recorded video for self-
learning and real-time lecture). The majority prefer 
a combination of synchronous and asynchronous 
teaching (77% for FYP 1 and 74 % for FYP 2). 
As such, lecturers need to provide relevant videos 
before the class to better prepare students for 
synchronous online teaching. 

There is no consensus on the preferred synchronous 
online teaching method, whether a voice-over slide 
with no video of the lecturer or a voice-over slide 
with video of the lecturer or traditional chalk and 
talk through online broadcasting is better. Of all 
FYP students, 38% prefer the first method, while 
32% prefer the second method and the rest prefer 
the last method. This finding is slightly different 
from the finding by Wang & Antonenko (2017), 
who indicated that the students prefer the lecture’s 
presence in the video. Nevertheless, for FYP 2 
students, the biggest portion of the students (40%) 
prefer video with lecture presence. 

Similar to the finding in our previous study (Kurnia, 
2019), students prefer to have several short videos 
covering one topic rather than having a long video 
covering the whole topic. However, it was found 
that rather significant percentages (23% of FYP 1 
and 29% of FYP 2 students) prefer to have a long 
video. This is interesting since our previous study 
and other studies suggested that long video is not 
preferred. 
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With the migration of teaching from the classroom 
to the online platform, several classes have to be 
conducted in the evening after traditional working 
hours to minimise heavy load surges to the online 
learning infrastructure. We asked students their 
opinion on it. Most of them (93% for both FYP 1 
and FYP 2) prefer to have their online class in the 
morning (8 am to 12 noon) and afternoon session (1 
pm to 6 pm) than evening session (6 pm to 11 pm). 
This is quite interesting since, in our previous study, 
students prefer to watch lecture capture during the 
evening (8 pm to 12 midnight). 

Overall, student acceptance of online teaching is 
good (31%), while some of them (32%) still prefer 
traditional face-to-face teaching to online teaching. 
Some of them (37%) suggested that improvement 
is needed to make online teaching better. Several 
challenges that have been collected from the student 
are slow internet connection, long and boring lecture 
due to limited interaction, difficulty in understanding 
the material taught, missing lecture recording, noise 
due to others not turning off their microphones 
during the lecture, difficulty to concentrate and 
a lot of other distractions. Students suggested 
some improvement to help them overcome these 
challenges, such as the lecturer showing step by step 
guide when showing a solution to a problem rather 
than showing the whole calculation at a time, having 
a break during the lecture, more engagements, 
further elaboration beyond the slide, and to scribe 
the solution in the virtual whiteboard. 

We also raised a question on what online learning 
platform that they usually refer to. The most popular 
online learning platforms they prefer are Khan 
Academy, TedX, and some YouTube channels. 
Upon checking, most of these channels have an 
animation with a verbal explanation of the topic 
covered. Perhaps lecturers can go through these 
YouTube channels and learn how we can prepare 
the online lecture effectively. 

With MCO’s implementation, teaching has migrated 
to the online platform, and student assessments shall 
be conducted through the online platform. On this 
issue, we found that more than half of FYP students 
(54%) prefer to have face-to-face assessments 
rather than online assessments. When asked 

about the biggest challenges they faced in online 
assessment, the most common response is a slow 
internet connection, the insufficient time provided 
to finish given assessments, unclear instructions 
on the online assessments, and sudden jump-
in-question difficulties. They suggested several 
improvements for future online assessments. Some 
of these suggestions are to provide a grace period 
for the students to submit the assessments, not to 
have 24 hours assessment, provide a longer time for 
assessments, and clear instruction and expectation 
on the assessment. Nevertheless, most of them 
agree that online teaching and assessment are the 
most suitable learning methods with the current 
pandemic situation. 

Conclusion 

Recent MCO has brought considerable impact 
on the learning process of university students, 
including final-year students. Migration of teaching 
and learning to an online platform positively and 
negatively impacts the learning process. From 
the survey, it was found that although students 
generally confirm their acceptance of online 
teaching and learning, some improvements are 
needed to make it more effective, especially on 
the student-lecture interaction. Moreover, they still 
prefer to have traditional face-to-face lectures if 
possible. On the assessment, they expressed their 
concern about the insufficient time given to them to 
solve the assignments and unclear instruction and 
expectations of the given assignments. Despite all 
the challenges, online teaching and assessment have 
been a generally good experience for the students. 
They expressed satisfaction with the online teaching 
and appreciation for the lecturer struggling to 
prepare their online lecture. Finally, lecturers are 
suggested to improve the online teaching delivery 
and online assessment to help student learning 
better. They are recommended to learn from some 
mature learning websites and YouTube channels on 
online teaching. 
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Introduction 

Design of Coastal Structures (DCS) is one of the 
Coastal Engineering elective courses offered to the 
final-year Civil Engineering undergraduate students. 
The course learning outcomes (CLO) and the mapping 
to the program outcomes (PO) are presented in Table 
1. CLO1, 2, and 3 require the students to observe 
coastal problems, assess the design concepts, and 
create a feasible engineering solution. Without site 
investigations, site measurements, and real design 
experience, the students’ attainment on CLO1, 
2, and 3 was somehow low in the past semesters. 
Hence, structured problem-based learning (PBL) 
was introduced and implemented for the DCS of the 
Jan 2020 Semester to enhance the student learning 
experience and academic performance. 

Table 1 Mapping of course learning outcomes to 
program outcomes 

 

Problem-Based Learning 

Problem-based learning (PBL) is a student-centered, 
inquiry-based instructional model in which learners 
engage with an authentic problem that requires 
further research (Jonassen & Hung, 2015). PBL 
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requires learners to identify gaps in their knowledge, 
conduct research, apply their learning to develop 
solutions, and present their findings (Barrows, 1996). 
It focuses on the learner’s reflection and reasoning 
to construct their learning (Clough & Shorter, 2015). 
PBL helps learners develop skills necessary for their 
future practices as it enhances critical appraisal, 
literature retrieval and encourages ongoing learning 
within a team environment (Melzner et al., 2015). 
The PBL involves seven processes, i.e., clarifying 
terms, defining the problem(s), brainstorming, 
structuring and hypothesis, learning objectives, 
independent study, and synthesis (Schmidt et al., 
2011). These processes identify what they already 
know, what they need to know, and how and where 
to access new information that may resolve the 
problem. Despite PBL’s potential benefits, many 
instructors lack the confidence and knowledge to 
utilise it in their courses (Ertmer & Simon, 2006). It 
is hoped that through the PBL experience sharing in 
this paper, other instructors are motivated to design, 
implement and assess PBL in their courses. 

Authentic Engineering Problem 

Pangkor Island is a resort island in Manjung District, 
Perak. The 18 kilometres2 island has a population of 
approximately 25,000. Pangkor Island is known for 
its recreational beaches, e.g., Pantai Teluk Nipah. 
The major industries of the island are tourism and 
fishing. With the announcement of duty-free status 
for Pangkor Island effective from January 1, 2020, 
a positive socio-economic implication was expected 
to occur in the island and the Perak state. 

Pantai Teluk Nipah is the most attractive recreational 
beach on Pangkor Island. The 1500-m sandy beach 
is located on the west coast of the midland Pangkor 
Island  (Figure 1), approximately 5 kilometres from 
the Pangkor Island Jetty. The beach is bordered by 
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a pair of natural headlands and is partially sheltered 
by Pulau Mentago and Pulau Giam, as shown in 
Figure 2. Pantai Teluk Nipah is known for its mild 
sloping beach, fine white sand, and crystal-clear 
water. The existing beach width varies between 
10 and 70 metres. Intensive coastal development 
is found at the mid-section of Pantai Teluk Nipah, 
where the narrow beach is situated. The coastal road 
(Pangkor Inn Drive) is currently lined by various 
hawker and food stores, chalets, homestays, and 
residential areas at this stretch of the beach. 

Figure 1 Location of Teluk Nipah

 
Figure 2 Teluk Nipah and the vicinity 

Despite the natural beauty of Pantai Teluk Nipah, 
the beach has experienced gradual erosion in the 
past decades. The shoreline retreat has become 
more alarming ever since the occurrence of a series 
of storm events during the year-end of 2017. Since 
then, the coastal erosion problems at Pantai Teluk 
Nipah have started to trigger more attention from 
both local authorities [i.e., Majlis Perbandaran 
Manjung (MPM) and Jabatan Perairan & Saliran 
(JPS) Daerah Manjung] and the local community. 
MPM and JPS identified significant beach lowering 
at Pantai Teluk Nipah. They sought help from the 
coastal engineering expert team of UTP to conduct 
a site renaissance and develop an engineering 
approach to overcome coastal erosion problems at 
Pantai Teluk Nipah.

Taking advantage of this opportunity, a PBL project 
was created and implemented to the DSC of the 
January 2020 semester. The project required the 
students to conduct a site investigation at Pantai 
Teluk Nipah, analyse the coastal erosion problems 
and develop a solution. The details assigned to the 
students are,

1. Before the site investigation, it is important to 
identify coastal data types and the information 
needed to support the work. Propose a detailed 
plan for the acquisition of the coastal data for 
this project (CLO1).  

2. Evaluate the health (i.e., erosion/accretion) 
of Pantai Teluk Nipah and Coral Bay based 
on observation and interview with the 
stakeholders (CLO2). 

3. One of the key factors to the coastal erosion 
problem at Pantai Teluk Nipah is the beach’s 
severe wave actions. Propose a coastal 
engineering structure that would reduce 
the wave energy. Justify your proposal and 
enclose it with a detailed engineering drawing 
(CLO3).
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4. You have been assigned a specific data 
collection task (i.e., wave measurement, soil 
sampling, and alongshore sediment transport 
measurement) during the field trip. Provide the 
measurement procedures, analyse the collected 
data and present the results using appropriate 
tools (CLO1).

The PBL project is expected to enhance students’ 
understanding and retention of knowledge through 
site investigation, sample testing, and design 
proposal. Apart from technical competency, it 
was also aimed that this PBL activity also helped 
develop life-long learning skills among the students 
while simultaneously fostering communication, 
problem-solving, critical thinking, collaboration, 
and self-directed learning skills. 
 
Methodology 

The PBL approach proposed in this study was 
implemented for the January 2020 semester. Being 
the final-year elective course, the student class size 
for DCS was only 7, which was suitable for this PBL 
activity setting. Due to the small class size, only 3 
groups were created, comprising 2 to 3 students. 
Each group was required to execute the four tasks, 
as highlighted in the previous section, within 10 
weeks. The following is the workflow designed for 
this PBL project (Figure 3),

1. Preparation work for pre-site investigation

2. Site investigation 

3. Coastal data measurement & samplings 

4. Data analyses & laboratory tests 

5. Development of design concepts and needs 

6. Proposal of solutions 

7. Group presentation 

8. Group project report submission

 

Figure 3 Project workflow 

A site visit to the problematic site of Pantai Teluk 
Nipah was conducted on the 10th-11th of February 
2020. The selected period was in conjunction with 
the Springtide occurrences at the site. JPS Manjung 
supported the visit. JPS provided historical wave 
data, boat services, storage of the measuring 
equipment, and technical supports throughout the 
2-day site investigation. The UTP technologists and 
postgraduate students also assisted the visit. Before 
the visit, the respective groups had developed a 
detailed plan to acquire the coastal data for this 
project. Each group was given a budget to purchase 
the tools needed for the site renaissance survey. 

Figure 4 shows a series of site activities undertaken 
at Pantai Teluk Nipah during the visit. These include 
measurement of suspended loads, wave height, wave 
period, wave direction, water depth and currents, 
GPS positioning, land surveying, and soil sampling. 
The DCS students conducted these site activities 
with the assistance of the UTP technologists and 
postgraduate students. Three units of tailor-made 
sediment trappers were fabricated to collect the 
suspended loads at different depths within the water 
column. The sediment trappers were transported to 
Pantai Teluk Nipah by the JPS boat. Measurements 
of wave properties and the suspended loads using 
sediment trappers were conducted during ebbing 
and flooding for two days. The DCS students 
undertook four measurement cycles at three 
different locations along the shoreline. Apart from 
this, the students also walked about the shore of 
Teluk Nipah, determining the erosion and accretion 
problems, and interviewed the local stakeholders, 
i.e., beachboys, business operators, and local 
community, on the coastal issues encountered in 
Teluk Nipah. Figure 5 summarizes the students’ key 
observations at the northern and southern beaches 
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of Teluk Nipah during the site investigation. 
Although the site works’ nature was laborious, the 
DCS students had an enjoyable learning experience, 
as shown in Figure 6.

Upon completing the data measurements and soil 
samplings at Pantai Teluk Nipah, the DCS students 
performed sieve analysis at the Geotechnical 
Engineering Laboratory of UTP to determine the 
soil type and the particle sizes. All measured site 
data were analysed using computing software, and 
the yielded results were interpreted accordingly. 
Based on the findings, the design concept and 
parameters were established to use engineering 
solutions, which was the outcome of this PBL 
project. The proposed solutions of the respective 
groups were presented in the class, and the design 
concept and parameters were critically scrutinised 
and challenged by the course instructor and peers 
from other groups. The design limitations of each 
proposal were identified and improvised before final 
report submission. The report submission was part 
of the summative assessment for this course, and the 
course instructor graded the work quality for each 
group accordingly.

The participating students consumed 10 weeks 
(Week 3-12) to complete the full cycle of the PBL 
activity. In Week 14, an online PBL questionnaire 
request was sent to each student via email for their 
honest feedback and responses on the PBL exercise 
and their learning experience. This survey’s main 
intention was to gauge students’ understanding and 
their learning experience with the implementation 
of PBL in the course delivery. The questionnaire 
acquired the students’ perceptions on CLO 
attainment, project understanding, knowledge 
development, engineering skill development, 
soft skill development, technical support, T&L 
effectiveness, enthusiasm, and the overall PBL 
satisfaction. A total of 32 statements were created 
to measure latent constructs, i.e., unobservable 
individual characteristics such as feeling, attitudes, 
opinion, etc. In this case, a Likert-type scale would 
be appropriate. An example of the questionnaire is 
presented in Figure 7. 

Loading of measurement equipment and tools to 
the JPS boat.

Departure for Pangkor from Marina Jetty, Lumut 
using the JPS boat.
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Unloading of measurement equipment and tools at 
Pantai Teluk Nipah.

Deployment of sediment trapper at the nearshore of 
Teluk Nipah.

Deployment of sediment trapper at a steep shore

The sediment trappers are ready for the collection 
of the suspended loads

Measurement of underwater currents using a 
current meter

Safety of the site activities was closely monitored 
by the experienced JPS staff and the boatman
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Sediment trappers were retrieved for sample 
collection

Samples were collected by the DCS students

Sediment samples were properly labeled before 
storage

Cleaning of the sediment bags before reuse

Figure 4 Site activities at Pantai Teluk Nipah 
 

 
a. Northern beach

 
b. Southern beach 

 
Figure 5 Coastal problems found at Teluk Nipah
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Figure 6 The DCS students were exhausted 
but felt rewarded upon completion of the site 

measurements
 
The outputs from the students’ reflection will 
indicate the effectiveness of this PBL approach in 
creating the students’ interest in the course. More 
details of the questionnaire will be given in the 
following section. 

Results and Discussions

The online questionnaire gauges the students’ 
perception towards PBL and their learning 
satisfaction before and after the activity. For ease 
of reporting, the students’ satisfaction is expressed 
in percentage. From the survey, the understanding 
of the aims and goals of this PBL project among 
the participating students is 91%. It shows the DCS 
students were clear about the requirements of this 
PBL project. Figure 8 presents the students’ CLO 
attainment scores for CLO1, 2, and 3 before and 
after. 

 

 

 

Figure 7 Online questionnaire
 

 

Figure 8 Average CLO attainment scores for CLO 
1, 2 & 3 before and after the PBL activity 

 
The students’ competency in attaining CLO1, 2, 
and 3 before implementation of the PBL activity 
are 74.2%, 65.8%, and 71.4%, respectively. With 
PBL, the students’ perception of attaining CLO1, 
2, and 3 has raised to 88.6%, 85.8%, and 91.4%, 
respectively. The PBL implemented in this study has 
strengthened the students’ perceptions on attaining 
CLO1 by 19.4%, CLO2 by 30.4%, and CLO3 by 
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28.0%. Overall, the DCS students found themselves 
more confident and technical in executing CLO1, 2, 
and 3 after the PBL implementation. 
 
The DCS students found that they could apply the 
knowledge gained from this course in executing 
this PBL project, and they could relate this course 
with other coastal engineering courses (i.e., Ocean 
& Coastal Engineering and Coastal Planning 
& Management) that they had taken in the past 
semester (91%). The implementation of the PBL 
had improved the students’ understanding and 
knowledge in undertaking various stages of design 
works related to coastal protection measures (89%). 

Figure 8 represents the students’ perception of 
their technical skills upon completion of the PBL 
project. In terms of technical skill development, the 
DCS students believed that the PBL activity could 
enhance their abilities in critical thinking, literature 
retrieval, problem-solving skills, and engineering 
judgment skills (89%). They could collect and 
analyse the site data using the appropriate tools 
(89%) and develop realistic coastal engineering 
design concepts (85%). 

 

Figure 8 Technical skill development 

Apart from technical competency, the participating 
students perceived that this PBL activity helped to 
nurture the self-directed learning skill and life-long 
learning skill (89%) as well as the communication 
skill (83%) (see Figure 9). They also agreed that the 
PBL activity had successfully nurtured their positive 
sharing attitudes (i.e., sharing of knowledge and 
resources with the team members) (91%) and had 
actively encouraged their learning within a team 
environment (Collaborative learning) (91%). 

 

Figure 9 Soft skill development 

In terms of technical support given by the course 
instructor, the students were delighted with an overall 
score of 91%. The lecturer facilitated the learning 
process by supporting, guiding, and monitoring 
the learning process through this PBL project. The 
way the project was conducted created a conducive 
environment for student-lecturer interactions. The 
students could access various resources to execute 
this PBL project (83%), as shown in Figure 10.

 

Figure 10 Technical Support 

Table 2 represents the overall satisfaction scores for 
seven statements that reflect the students’ perceptions 
on the effectiveness of the PBL activity undertaken 
in this study. In general, the responses given by the 
participating students were very encouraging. The 
students enjoyed the PBL activity process and were 
particularly happy with the hands-on experience 
gained during the site investigation. They believed 
that the experience would consequently help to 
improve their academic performances. The students 
confirmed that this course’s PBL approach had 
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met its objectives up to 91%. They even strongly 
recommended the PBL activities to be implemented 
in the subsequent semester for this course. 
 

Table 2 Overall PBL satisfaction

Statements Score (%)

This PBL activity helped in 
enhancing my learning experience. 

86

I had substantial hands-on 
experience dealing with real 
engineering problems through this 
PBL project. 

91

This PBL activity helped to improve 
my overall academic performance 
for this course. 

86

I was excited about the PBL project 
– site investigation at Pantai Teluk 
Nipah, and I put significant effort 
into it. 

91

Overall, I have had an enjoyable 
experience with this PBL activity. 

91

I think the PBL approach developed 
for this course has met its objectives 
to a high degree. 

91

I will recommend similar problem-
based learning (PBL) activities to 
be implemented in the subsequent 
semester for this course. 

94

In Table 2, the DCS students expressed their 
confidence in enhancing their overall academic 
performance for this course after undertaking the 
PBL project. To explore if their perception is valid, 
the median grades of CLO1, CLO2, and CLO3 for 
September 2018, January 2019, and January 2020 
semesters are compared in Table 3. PBL was not 
implemented for the September 2018 batch, and the 
median grade for CLO1, CLO2, and CLO3 are B, 
C+, and B, respectively. With the implementation 
of PBL in the January 2019 and January 2020 
semesters, the median grade for each of the CLO 
improves by one grade. Hence, the students’ 
perception of improvement of their academic 
performances is justifiable. 
 

Table 3 CLO median grades for September 2018, 
January 2019 semester, and January 2020

 Median Grade 

CLO Sep-18* Jan-19 Jan-20 

1 B B+ B+ 

2 C+ B B 

3 B B+ B+ 

Sample Size 17 18 7 

*PBL activities were not implemented. 

Conclusion

In summary, through the existing PBL activity, 
the participating students had substantial hands-on 
experience with actual engineering problems and 
consequently mastered the relevant knowledge and 
skills adequately. The activity also successfully 
nurtured numerous positive personal traits, 
communication, and positive sharing attitudes 
among the DCS students. In short, the PBL approach 
developed for DCS has met its objective to a high 
degree. 

Acknowledgment

The author would like to thank Universiti Teknologi 
PETRONAS and the University of Bremen for 
funding this research using SOTL Grant (015LF0-
024) and Marine Coastal and Delta Sustainability 
for Southeast Asia (MARE) International Grant 
(015ME0-142), respectively. 

References 

Barrows, H.S. (1996). Problem-based learning 
in medicine and beyond: A brief overview. New 
directions for teaching and learning, 1996(68), 
3-12.

Clough, J. & Shorter, G.W. (2015). Evaluating 
the effectiveness of problem-based learning as a 
method of engaging year one law students. The Law 
Teacher. 49(3), 277–302. 

Ertmer, P. A., & Simons, K. D. (2006). Jumping 



64 TILF 2020

the PBL implementation hurdle: Supporting the 
efforts of K–12 teachers. Interdisciplinary Journal 
of Problem-based Learning, 1(1), 5. 

Jonassen, D. H., & Hung, W. (2015). All problems are 
not equal: Implications for problem-based learning. 
Essential readings in problem-based learning: 
Exploring and extending the legacy of Howard S. 
Barrows, 1741. Indiana: Purdue University Press.

Melzner, J., Merz, K., Holliger, C. & Bargstädt, H-J. 
(2015) Teaching construction project management 
within an International and Trans-disciplinary 
Learning Platform. ITC Digital Library. 

Schmidt, H.G., Rotgans, J.I. & Yew, E.H.J (2011). 
The process of problem-based learning: What works 
and why. Medical Education. 45(8), 792-806. 



TILF 2020 65

Introduction

Structural geology is a fundamental subject mainly 
dealing with the stresses and deformation acting 
upon a rocking body and the resultant secondary 
structures. The conventional way of understanding 
these structures requires the students to conduct 
detailed observations and correlations in the 
field, especially when dealing with regional-scale 
structures. This traditional method taught during 
undergraduate years has not always been successful 
in student engagement and sparking interest. Thus 
an alternative experience-based learning has been 
proposed (Deslauriers et al., 2011). Kolb (1984) 
described experiential learning as the gaining of 
knowledge through transformation via experience. 

Geological observation and interpretation skills are 
often tricky for beginner-level geology students to 
master, if not emphasised due to limited fieldwork 
resources as well as budget and time constraints 
for a given academic year. During the first year, the 
poorly acquired skills can set off a domino effect, 
resulting in students’ poor performance during the 
field data acquisition phase in fieldwork-related 
courses. 

A more favorable and economical solution that can 
deliver improved kinesthetic field experiences to 
a broader audience lies in integrating technology 
through mobile-device games, apps, and augmented 
reality (AR) field experiences (Bursztyn et al., 
2017). The AR will be focused on video-based 
explanations for observation and interpretation 
skills during fieldwork and designed together with 
exercises to enhance structural geology learning. 
After the initial implementation, the learning model 
can be criticised and revised using qualitative data 
from observations, student surveys, and assessments 
from experts. 

AUGMENTED REALITY (AR): A LEARNING TOOL FOR STRUCTURAL 
GEOLOGY-RELATED TOPICS

Choong Chee Meng 
Department of Geosciences, Universiti Teknologi PETRONAS, Malaysia
 choong.meng@utp.edu.my

Augmented Reality (AR) Modules for Structural 
Geology’s Topics

We focused on two structural geology topics: a) 
strike & dip and b) strike-slip faults. The augmented 
reality (AR) modules for both topics were developed 
using “Spark AR Studio” and later illustrated via the 
Instagram app on smartphones. 

Students were required to answer pre-and post-
module questionnaires while participating in the AR 
module to assess the level of understanding before 
and after completing the modules. 

Module 1: Strike and dip definition 

A 2-layer slope model was built in the AR module. 
An explanation of the terminology of strike and 
dip was included. Graphical indicators on the 
slope model marked the strike and dip positions. 
Geological compasses are placed on a slope 
model to show their actual measurement position     
(Figure 1). Due to the current online learning mode, 
students could not utilise a real geological compass. 
Thus, the usage of geological compass applications 
on smartphones was advised as an alternative. 
The students could practice taking strike & dip 
measurements using their smartphones on any 
inclined planes by themselves. 
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Figure 1 Augmented reality (AR) model of the 
strike and dip module

Module 2: Strike-slip Fault Types of Determination 

Two models were built, which were right-lateral 
and left-lateral strike-slip faults. The AR models 
facilitated learning to differentiate these two 
types of faults. Each fault type has two individual 
fault blocks with opposite movement. The fault 
planes were designed as a step-like morphology 
that resembles the common field condition and 
only allows the particular fault block to move in 
one direction (Figure 2) precisely. The additional 
explanation at the side can also help the student to 
determine the fault type.

 

Figure 2 Augmented reality (AR) model of the 
strike-slip fault module 

Preliminary Results on AR Modules 

The respondents in this survey were first-year 
students from the geoscience program. Due to the 
incompatibility of certain smartphones with the AR 
filter in Instagram, limited respondents (5 students) 
could fully complete the survey. It was noted that 
iPhone and VIVO models were able to access the 
AR modules. However, some of the respondents 
reported that they could not access the AR modules 
with the phone brands mentioned above. This may 
be due to incorrectly running the AR module or 
possessing the older version of the phone brands 
mentioned above. 

Since the respondent numbers were small, a reliable 
conclusion could not be reached for this current 
study. The conducted surveys will only collect 
general feedback and later be used to improve the 
AR modules’ future updates. 

The survey questions are listed in Table 1, while the 
results of the AR module survey are shown in Table 
2. 

Table 1 Survey questions for the AR modules 

Question Module 1: Strike and dip definition 

1a
I can describe the definition of strike 
and dip correctly. 

1b
I know how to position a compass/
smartphone correctly to measure the 
plane’s strike and dip. 

1c
On a scale of 1 to 5, my current confi-
dence level on correctly measure the 
strike and dip of a plane is: 

Question
Module 2: Strike-slip Fault Types 
Determination

2a

I can determine the type of strike-slip 
fault (left or right lateral) correctly 
based on the relative movement of 
blocks. 

2b
On a scale of 1 to 5, my current con-
fidence level on correctly determine 
the type of strike-slip fault is: 
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Table 2 The response (average values) before and 
after watching AR modules

 

Question 
Before survey 

(/5) 
After survey 

(/5) 

1a 3.4 4.4 

1b 3.2 4.4 

1c 3 4 

2a 3.4 4.2 

2b 3.6 4 
 
Based on the survey results (Table 2), the 
respondents have given higher marks after watching 
the AR module. This suggests improvement as the 
students can perform better on ‘defining the strike 
and dip’ and ‘determining the types of strike-slip 
fault.’ 

Conclusions and Recommendations 

The students have experienced the learning of 
structural geology-related topics, i.e., “Strike 
and dip definition” and “ Strike-slip Fault Types 
Determination” via AR modules. The preliminary 
results show that the students perform better and 
are more confident to identify the related structures 
after watching the AR modules. 

Future recommendations for this study include 1) 
increasing the number of respondents for analysis to 
provide a more reliable conclusion and 2) resolving 
the compatibility issue between the smartphone and 
the AR application to enable more people to access 
the AR modules and make it more user friendly. 
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Introduction

Over the years, numerous researches has been 
conducted to highlight the effectiveness of 
cooperative learning strategies. We have reached an 
era where some conventional teaching methods are 
no longer suitable for the younger generation. To 
adapt to their learning styles, cooperative learning 
strategies were applied. One of the methods in 
cooperative learning strategies is role-playing 
(Jackson & Walters, 2000). 

A short play or role-play can be defined as the activity 
of acting out or imitating by a small group of people 
consisting of fewer than 6 people (Bender, 1997; 
Chesler & Fox, 1966; Félix-Brasdefer, 2008). These 
people play their role by mimicking an exaggerated 
behavior pattern (Jackson & Walters, 2000). Role-
playing enables students to experience a whole 
new world in the learning process. They will have 
the opportunities to explore certain specific roles 
and allow them to compromise without alienation. 
Few studies have reported the effectiveness of role-
playing as a part of the teaching method. One of 
them was by Maciejowska et al. (2014), where they 
conducted a role-playing class into the analytical 
chemistry laboratory course. When comparing the 
opinions of students, graduates, doctoral students, 
professionals, and the authors of classes, it was 
found that the authors are most particular about 
judging the impact of their classes on the further 
vocational career of graduates. They have decided 
that the role-playing teaching approach is exciting 
for both students and lecturers (Maciejowska et al., 
2014). 

This case study involves 106 students in the 
third-year second semester under the Chemical 
Engineering Department of Universiti Teknologi 
PETRONAS for Analytical Chemistry. 

SHORT PLAY APPROACH FOR ANALYTICAL CHEMISTRY CLASS

Mohd Dzul Hakim Wirzal* & Nur Syakinah Abd Halim
Department of Chemical Engineering Universiti Teknologi PETRONAS, Malaysia
*mdzulhakim.wirzal@utp.edu.my

Course Assessment 

The course assessment is divided into two parts, 
50% coursework and 50% final examination. The 
short play is a part of coursework which consists of 
8% in the coursework. 

Course Outcome 

In this subject, overall, there is a four-course 
outcome named CO1, CO2, C03, and C04. This 
four-course outcome will be the guidance of the 
students’ performance throughout their studies in 
this subject. The course outcomes are as follows: 

CO1: Understand the principle of analytical 
chemistry, analytical methodology, and 
statistical method in data handling for 
reliability and significant derived results.

CO2: Apply and select the knowledge of 
materials in chemical processes. Describe 
the procedures and applications of 
analytical techniques within the area of 
gravimetric.  

CO3: Explain the basic principles and 
analyse the data generated using the 
spectrophotometric, spectroscopic, and 
chromatographic methods of analysis. 

CO4: Apply the knowledge of analytical and 
associated data handling and processing 
skills in laboratory experiments. 

Constructive Alignment

This study’s constructive alignment was based 
on three major connecting factors – lecturer 
extension, T&L activities, and assessment. For 
lecturer extension, our primary focus would be on 
CO1. Following this course outcome, students will 
conduct T&L activities, which is a short play where 
the script and the performance will be based on 
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analytical topics. Students will gain knowledge of 
analytical chemistry from Chapter 1 until Chapter 
8 and will undergo an assessment to test their 
knowledge on this subject. 

Methods 

Flow 

The flow of this short play project will be based on 
five main components: grouping, duration, theme, 
script, and performance. All 106 students will be 
divided into several groups consisting of 5 to 6 
students, and the selection will be based on their 
CGPA. As for the duration, the short play needs to 
be conducted within 7 to 10 minutes. Furthermore, 
the short play’s theme will be solely based on the 
analytical chemistry topic from Chapter 1 until 
Chapter 8. As for the scriptwriting, the contents 
should include information or facts about analytical 
chemistry related. Lastly, students may include 
set or props, makeup, costume, music, and any 
technical stuff to their live performance, besides 
having at least three of their members perform in 
the short play. 

Evaluation 

Two evaluation sets were prepared to assess the 
students’ performance. They were evaluated based 
on their scriptwriting and live performance. The 
script will be evaluated based on format, character, 
plot, dialog, content, and overall script. Meanwhile, 
the performance is based on physical performance, 
character, voice projection, dialogue, technical 
aspect, and overall performance. 

Results and Discussion 

After the students performed their short play, a survey 
was conducted to study the students’ reflection 
regarding the short play’s implementation for this 
subject. We found that all of the students strongly 
agreed (more than 90%) to give 4-5 for their rate on 
the short play approach in AChem Subject (Figure 
1). The rate was set from 1 – 5 (Lowest to Highest). 
As for their learning process, 80% of the students 
agreed that short play improves their understanding 
of the subject, as shown in Figure 1. 

 

Figure 1 Surveys of students on short play 
approach 

It was found that students’ scores in the final exam 
are higher than during the test based on Figure 2. 
The application of short play also helped reduce 
the number of students failing. This data shows the 
significant impact of short play as a learning tool 
in Analytical Chemistry and how it successfully 
developed students’ basic understanding of this 
particular subject, as reported by Jackson and 
Walter (2000) (Jackson & Walters, 2000). Metz 
(2005) and Smythe & Higgins (2007) also stated 
that role-play activity gives better authentic 
learning, develops several perspectives, and helps 
sharpen their presentation skills. The role-play 
activities conducted by the lecturer and students 
were illustrated in Figure 3. 

Figure 2 Students’ result
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Figure 3 a) Role-play activities

Figure 3 b) Role-play activities 

Issues and Challenges

To investigate the issues and challenges of the role 
play application in this subject, the students were 
asked to write reflections on their experience, 
success, failure, and improvement that they faced 
during the process. Based on the obtained data, 
many gave positive feedback. For them, role play 
is an exciting platform for learning and, at the 
same time, boosts their confidence, especially in 
front of the public. It was an engaging experience 
that gave them a sweet escape from other stressful 
projects. Nevertheless, few felt that this role play 
project is stressful as it is time-consuming due to 
many submissions, and it only contributes to the 

low percentage of the coursework. Apart from that, 
some of the groupmates did not cooperate during 
the process. Therefore, few suggested that the role-
play activity be conducted at the beginning of the 
semester. The topics may be given to each group 
beforehand based on a first come first serve basis. 

Value Added 

The short play approach has successfully implanted 
several added values towards students’ development. 
The fun learning concept can instill students’ 
confidence and creativity, develop philosophical 
and neutrophilic understanding, and students can 
explore specific roles and compromise without 
alienation. 

Commercialization Potential 

The short play approach has remarkable 
commercialization potential, such as its application 
for engineering courses and marketing strategies 
for universities. The freedom of expression through 
learning can be a selling point toward marketing 
strategies. 

Conclusion

In conclusion, the short play approach has 
successfully developed students’ basic understanding 
of Analytical Chemistry subject. Students’ score 
in the final exam is higher than during the test. 
Students can also boost their confidence, creativity, 
and philosophical and neutrophilic thinking with 
this fun learning concept activity.
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Introduction

In the second-year first semester, chemical 
engineering students from UTP were required to take 
three core courses, namely CDB2013 Separation 
Process I, CDB2023 Process Heat Transfer, and 
CDB2033 Chemical Engineering Thermodynamics. 
These courses are essential to serve as fundamental 
knowledge about chemical process design. The 
knowledge will be further applied in their coming 
semesters in transport phenomena, process plant 
design, and internships in the industry. 

Problem Statement
 
Chemical engineering students usually face 
difficulty in relating and integrating knowledge they 
have learned under the same semester (McCarthy 
& Parker, 2011; Kamsah & Talib, 2014). This is 
because the courses are designed based on their 
respective syllabus, in which the contents are not 
integrated with and others (May & Strong. 2006). 
However, in actual chemical industrial processes, 
especially in process flow and equipment design, 
chemical engineering’s fundamental knowledge is 
interrelated. The lack of knowledge integration by 
engineering students has been highlighted as one of 
the key challenges for them when entering the real 
industry as fresh graduate engineers. 
Hence, IDP is introduced as one of the potential 
methods to improve chemical engineering students’ 
understanding. They are required to integrate the 
knowledge of different courses to complete the 
tasks given in the project. The IDP is also intended 
to enhance peer learning between the students 
through knowledge sharing and discussions among 
the members. 

Methodologies

IDP was designed in the early of the semester, in 
which respective course coordinators discussed 
applicable problem statements that could meet each 
course’s intended learning outcome. Overall, the 
IDP was divided into several tasks as summarized 
below,

1. Development of process flow diagram of 
the selected product, including the market 
analysis of the product and plant capacity. 

2. From the process flow diagram that they were 
required to design one separation unit with 
several stages calculation (Separation Process 
I), evaluate the phase changes in another 
separation unit (Chemical Engineering 
Thermodynamics), and design one heat 
exchanger using the appropriate method 
(Process Heat Transfer). 

3. At the end of the semester, the students 
were requested to develop a 3D model of 
their process flow diagram and present their 
outcome. 

The IDP was distributed to the students in Week 5 
of the semester, and they were requested to submit 
a final report in Week 12 and conduct a presentation 
in Week 14. Progress checking was performed from 
time to time by meeting students in the group to 
discuss the problems they encountered and provide 
supervision to the students to complete the tasks. 
Besides, discussion on the process flow diagram and 
application of mass & energy balance (learned in the 
previous semester) were provided to the students 
during lecture time as a scaffolding to the project. 
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Each of the course coordinators evaluated 
the project based on the students’ reports and 
presentations. Each course could have a different 
portion of the marks allocated in their coursework 
mark assessments, such as Separation Process I 
allocated 15%, Process Heat Transfer allocated 
10%, and Chemical Engineering Thermodynamics 
allocated 5%. 

Results and Discussions

After a series of facilitation and discussion about 
the project during lecture and tutorial time, the IDP 
implementation was successfully conducted for the 
second-year chemical engineering students after a 
series of facilitation and discussion about the project. 
At the end of the semester, a survey was conducted 
on the students about their IDP perception. Figure 1 
shows the overall results of the survey. 

Figure 1 Survey results about IDP

From the survey, it was noticed that the students 
agreed that the IDP could enhance their understanding 
of the subject matters and integrate their previous 
learned knowledge (e.g., mass and energy balance) 
to complete this project. The students also agreed 
that the IDP could improve peer learning among 
their group members and save their time instead of 
doing three individual projects in the same semester. 
Below are some of the positive comments from the 
students,

1. This is good preparation for PDP and final-
year project. 

2. Thank you for the project! We learned a lot! 

3. Thank you for the project. It helps me visualise 
the actual chemical plant. It prepared me for 
PDP too. 

4. I have learned a lot throughout this semester 
during the integrated project. 

5. The integrated project helped me understand 
better separation, heat transfer, and 
thermodynamics subject. Also, this project 
increased my critical thinking. 

Nevertheless, there were also feedback from the 
students requesting the course coordinators to 
provide more resources to them in completing the 
project, such as process flow diagram and book 
references. On the other hand, it was also found 
that the students’ understanding of the technical 
knowledge in Separation Process I was improved 
after the IDP. This can be seen from their test results, 
in which the average marks for Test 1 were 60.1/100 
(before implementation of IDP) and increased to 
75.7/100 in Test 2 (after IDP report submission). 

Conclusion 

Based on the present study, IDP is indeed a plausible 
method to engage more cooperative learning from 
students to solve engineering-related problems. 
With the integration of problem statements from 
three different courses in the IDP, the students can 
visualise the industry’s actual technical issues that 
required integration of knowledge that they have 
learned in the current or last semester. This will help 
prepare them to further apply the knowledge during 
an internship in the industry and prepare them for 
Plant Design Project I and II in their final year of 
study. 
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Introduction

Educators must revise the teaching and learning 
(T & L) model to construct the most effective real-
time learning model. Active learning (AL) describes 
the time during which students actively work on 
problems or questions (Eddy et al., 2015) rather 
than passively listening to an instructor. Direct 
observations of classroom practices often employ 
formal rubrics and observation protocols to regularly 
measure teaching practice (Lund et al., 2015). Care 
is needed to ensure that parallel use of the various 
online tools does not confuse learners or overload 
teachers (Wang & Hsu, 2008). Effective teaching in 
web conferencing environments requires a skilled 
balance of planning and adaptation. Concerning 
face-to-face teaching, this has been described as 
‘disciplined improvisation’ (Sawyer, 2004). One of 
the aims of this study is to examine how geoscience 
students experienced various active learning 
methods during the good logging and fundamentals 
of geophysics classes. Applying T & L methods for 
a theoretical and applied course for fresh and senior 
students is expected to be different. Hence, the need 
to propose an appropriate delivery model for each 
course and other similar courses is targeted. 

Methodology
 
Different reflection data are integrated to synthesise 
the new online T & L model for the targeted courses. 
64 third-year students (will be called seniors) and 
19 first-year students (will be called juniors) were 
involved in this study. The data is collected through 
the online survey using Google Form and analysed 
qualitatively and quantitatively using different 
descriptive statistics. Questions were concerning 
students’ experiences of using various active 
learning methods, namely Book-end and Problem-
based methods. The course material and activity 
plan for lessons were mostly being uploaded in the 
ULearn system from the beginning of the semester. 

Results 

Junior students liked the AL intermittent discussions 
compared to senior ones since more than 32% of 
the latter were not reading the uploaded material,   
Table 1. 

Table 1 Comparative data for different learning 
activities 

 

94% of the participants agreed that activities during 
class were relevant to the lesson outcomes and were 
diverse. 89% of juniors considered the activities as 
easy and straightforward, while 20% disagreed with 
that. Timely returning of the coursework material 
and feedback were the key factors for this practice’s 
success. More than 90% of junior students preferred 
the bookend method to normal class teaching, 
while only 60% of seniors preferred problem-
based learning compared to passively listening to 
the lecturer. The remaining 40 % may find some 
difficulty in restatement and solve the problem, as 
shown in Figure 1. 
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Figure 1 Problem-based learning and teamwork 
data 

Nearly 90% of all students preferred the two 
methods, which may be due to their lack of practice 
of other AL methods. Teamwork effectiveness 
and team member collaboration were excellent to 
perform different activities. 
In conclusion, AL’s junior student practice is easier 
than senior students who need more scaffolding 
during practicing PBL. 
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Introduction

Engineering education is progressively centered 
on developing competencies and creating 
meaningful learning experiences by professional 
accreditation bodies’ requirements (Gereffi et al., 
2008). For chemical engineers, the required core 
competencies include design, construction, and 
sustainable operation of industrial processing plants 
that deal with various chemicals, petrochemicals, 
pharmaceuticals, food, or semiconductors. In most 
instances, chemical engineers are expected to 
design complex engineering solutions for chemical 
processes with appropriate safety, health, cultural, 
societal, and environmental considerations. This can 
only be achieved by possessing a solid foundation in 
core subjects such as Thermodynamics, Separation 
Processes, Reaction Engineering, Health, Safety, 
and Environment, etc. In this regard, Process 
Plant Design deals with the interdisciplinary 
integration of all the aforementioned fundamental 
core subjects for designing a complete chemical 
process. Traditionally, this subject is taught based 
on the lecturer’s figure, with students acting as 
passive agents. However, in recent years, it has 
been established that successful learning should 
involve students in deep learning (Ergül & Kargin, 
2014). Project-based learning (PBL) is an adequate 
response to this current demand (Morgan, 1984). 
Since PBL is based on interdisciplinary integration, 
this systematic and standardized approach may 
be adopted as an active methodology for Process 
Plant Design course delivery. Thus far, approaches 
based on competency development through PBL 
have been applied in numerous institutions in 
Europe (Kolmos et al., 2009). Nevertheless, the 
results are often ambiguous and inconsistent due 
to the varying conceptualisation dimensions and 
deep learning measurement (Requires et al., 2018). 
Besides, the observations were based on a wide 
range of fields of knowledge. Furthermore, the 
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behavioral and learning patterns between European 
and Asian students may be vastly different (Sakurai 
et al., 2014). Hence, this work aims to assess the 
development and adaptation of PBL implemented 
on the Process Plant Design course within the 
bachelor’s degree in the Department of Chemical 
Engineering at Universiti Teknologi PETRONAS, 
Malaysia. The structure, process, and outcome 
related to the approach are evaluated. 

Methodology
 
The students were divided into small heterogeneous 
groups of four or five to carry out the project 
activities. To successfully achieve the corresponding 
course learning outcomes, different activities were 
formulated. The group activities were implemented 
to cultivate cooperative learning elements such 
as positive interdependence, accountability, 
interpersonal skills, face-to-face promotive 
interaction, and group function assessment (Figure 
1). 

 

Figure 1 Elements of Cooperative Learning 
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Firstly, a driving design question was provided 
to the students, followed by a more detailed and 
realistic scenario as described in Excerpt 1. 

Excerpt 1: Design a plant for the production of 
phenol from cumene 

Phenols are widely used in household products 
such as disinfectants for cleaners or mouthwash 
and as intermediates for industrial synthesis. 
You are a group of consultants hired by the 
Synol Plant. Your team’s responsibility is to 
conduct a feasibility study and select a suitable 
plant location to set up the phenol production 
plant based on reasonable arguments and 
judgment. This information is crucial for the 
Board of Directors to decide where the plant 
should be constructed in Malaysia. You are also 
required to provide a detailed design report for 
phenol production from cumene by developing 
the conceptual process design using manual 
calculations and simulation tools. Based on 
the design capacity, a detailed market survey 
and economic analyses should be conducted. 
The plant must be safe to operate, and energy 
consumption should be minimised. Recovery 
and recycling of the reactants and intermediates 
should be maximised by giving top priority to 
environmental concerns. It is anticipated that 
your team will recommend the best conceptual 
process design, which will convince the 
investors to invest in this plant. To ensure that 
this goal is met, your team will be required to 
show your progress through a detailed report to 
the Board of Directors and expert committee. 

For process plant design, PBL constitutes 20% of the 
total marks. The students were evaluated according 
to different deliverables via formative or summative 
assessments. These include brainstorming via 
Mentimeter, process flow diagram and layout of 
the proposed plant, mass and energy balances for 
the proposed process route, jigsaw cooperative 
learning, problem-solving in groups, final report, 
peer evaluation, and student reflection. 

Students were required to utilise the university’s 
subscribed database and resources to look up all 
required information. Aspen Hysys simulation 

software was available in the computer labs within 
the university. In report submission, Moodle ULearn 
online platform customised by Universiti Teknologi 
PETRONAS was used.

Results and Discussion
 
Through this PBL activity, students covered different 
topics like mass and energy balances, reaction 
engineering, separation processes, thermodynamics, 
process safety, loss prevention, etc. A systematic 
set of activities was carried out over twelve weeks 
to achieve the learning outcomes. For example, 
brainstorming was conducted via Mentimeter in 
the initial phase to generate ideas within a short 
duration (Figure 2).

 

Figure 2 Brainstorming via Mentimeter 

The rules were to acknowledge every possible 
idea without judgment to generate as many ideas 
as possible. This activity was employed after the 
driving design question was postulated. This was 
followed by participation in Jigsaw cooperative 
learning activity. Each team member assumes one 
aspect of the problem, formation of expert groups 
among students responsible for the same aspect, 
and information sharing with other team members 
(Figure 3) (Costouros, 2020). 
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Figure 3 Jigsaw cooperative learning activity

Problem-solving in groups was also employed to 
assist students in moving forward more efficiently 
in their learning process. In solving the design 
question, a chemical process simulator such as 
Aspen Hysys was used to calculate the required 
thermodynamic properties and simulate the mass 
or energy balances. Figure 4 shows a sample of the 
simulated process flowsheet using Aspen Hysys.
 

 

Figure 4  Simulated process flowsheet using Aspen 
Hysys 

To ensure individual and group accountability, 
confidential peer evaluations (Figure 5) were 
conducted periodically throughout the learning 
duration. From the results obtained, the majority of 
the students were satisfied with their team members’ 
contribution towards the completion of the project. 

 

Figure 5 Peer evaluation form 

From the PBL implementation, students managed to 
achieve the course learning outcomes. The overall 
academic results were evaluated and analysed 
(Figure 6). It was found that the students managed 
to obtain improved grades between A and C without 
any failure. Besides that, all students achieved the 
intended POs for this course.

 

Figure 6 Students’ academic results 

Also, the students were required to fill in an 
anonymous questionnaire to analyse their learning 
process during the course. This includes obtaining 
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constructive feedback regarding the students’ 
motivation and opinions. This information is 
crucial to assist course lecturers in improving the 
PBL activities and delivery, aiming to enhance 
their learning process. Besides that, the correlation 
between students’ motivation due to PBL 
implementation and academic results were assessed. 
 

 

Figure 7 Feedback from students 

It was observed from Figure 7, that most of the 
students were satisfied with their PBL experience 
and found that working in groups enhanced their 
learning experience. In contrast, 1% of the students 
were dissatisfied due to the need to spend more time 

completing the project. Overall, PBL increased the 
students’ learning motivation which may contribute 
towards improved academic achievement. 
Conclusion 
In summary, the results of this study reveal that 
implementing project-based learning positively 
affects student grades. Therefore, it is a suitable 
learning method that engages students in the learning 
process and keeps them motivated throughout the 
course. Nevertheless, this study’s limitation is more 
data is required to conclude whether PBL is more 
effective than other learning methods for process 
plant design courses. Besides that, further research 
is required to assess the direct correlation between 
student motivation and academic achievement. 
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Introduction 

Geophysics is an interdisciplinary field that 
applies geology and physical imaging methods 
and interprets the earth’s subsurface information. 
It includes analysing, predicting, and managing 
risk and uncertainties in the hydrocarbon resources 
and the near-surface features. Several geophysics 
programs in higher education institutions became 
alarmed at the rapid reduction in the number of 
students enrolling in the program. Moreover, many 
students who joined the program are lacking in 
mathematics and physics problem solving ability. 
We have identified two main issues and challenges 
that affected the student performance: (i) failure to 
grasp theoretical mathematics and physics concepts, 
(ii) bad student learning experience. Therefore, 
we introduce problem-based learning (PBL) as an 
alternative to the traditional didactic, classroom-
based model of teaching (Haworth, 1998; Borrego, 
2000). Problem-based learning approaches students 
analyse that relates which encourage students to 
explore, inquire, explain, analyse, exchange, debate, 
and manage information using relevant content 
that related scenarios as triggers for learning in a 
small group environment (Savery & Duffy, 1995). 
There are several major advantages of PBL over 
traditional teaching and learning activities whereby 
the students develop independent learning and 
creative thinking. 

Theoretical Concept
 
Problem-based learning (PBL) is based on the 
assumption that learning is not a process of 
reception but, instead, of construction to develop 
students of new knowledge (Barrows & Kelson, 
1995). In the PBL process, students are required 
to take up more responsibility for their learning, 
which increases their motivation and feelings of 
accomplishment, establishing a pattern to enable 
them to become successful life-long learners (Torp 
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& Sage, 1998). The problem becomes the prompt 
for learning and a vehicle for developing problem 
solving and other process skills (Chen, 2009). 
Collaboration is beneficial when students seek to 
understand a complex problem, and the different 
contributions of different students in terms of 
expertise and experience lead to integration and 
value. PBL approach during science lesson students 
develops scientific knowledge and epistemological 
understanding about geophysics and relevant PBL 
skill, such as identifying the problem, formulating 
research question, and arguing in favour of 
hypotheses and explanations. Theoretically, 
problem-based learning (PBL) becomes an 
excellent teaching approach for information-
technology-digital savvy students. Despite that, 
there are still criticisms on PBL. Usually, students 
cannot differentiate between the important thing 
for them to learn while a teacher adopting a PBL 
approach may not cover the material required in the 
curriculum as a conventional lectured-based course. 

Methodology

In this study, the PBL activities were structured 
throughout a semester (12 weeks’ curriculum) by 
incorporating two geophysics courses conducted 
back-to-back, Seismic Data Processing and Seismic 
Wave Imaging. The students who underwent 
these courses conducted an industry-scale field 
geophysical study. This is followed by standard 
proposal evaluation (tendering) and open-ended 
data processing, imaging, and interpretation. 
Before this industry-scale field trip, students were 
prepared for the project through a geophysical study 
background. The process in PBL assessment sessions 
was divided into 3 main parts which are problem 
formulation (Project proposal, Project costing), 
solution formulation (Final report, Pitching and 
project recommendation, Peer review), and solution 
implementation (Weekly meeting, Weekly technical 
summary, Progress chart). This allowed them to be 
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creative and as a key instructional strategy in this 
project. The students can discuss the information, 
make possible applicable interpretations, and 
develop a plan structure for future results or action. 
At the end of the semester, the students were asked 
to fill out a questionnaire distributed to them to 
evaluate their perceptions of the PBL method with 
several methods such as Flipped classrooms and 
traditional methods. 

Results

To gauge students’ perceptions towards problem-
based learning, students were surveyed twice. 
The first survey was distributed to help refine the 
expectation method lecture. The survey asked 
questions like: Have you experienced active/ 
cooperative/ problem-based learning before this 
semester? Which of the following learning activities 
do you expect from this course? Which of the 
learning assessment do you expect from this course? 

The second survey consisted of the outcomes of 
PBL learning till the end of the semester. The 
basic gathering demographic survey questions 
and nine inventory questions survey using student 
responded by stating that they strongly agree, agree, 
neither agree, disagree, or strongly disagree to each 
question. A total of 16 students responded to the 
survey. The question survey was designed to collect 
a response to several categories. 

Overall, the PBL implementation in lecture/class 
was well received by students. In response to the 
first question, 50% of students responded to prefer 
a combination of active and traditional learning 
(Figure 1). These findings suggest that the problem-
based learning student has been exposed to new 
formative assessment with unique lesson deliverable 
through actual data acquisition, project evaluation 
as per industry practice. Based on the PBL style of 
teaching geophysics courses, students do stimulate 
the students’ interest in learning geophysics courses, 
thus exploring their future grasp for their future 
practice. 

 

Figure 1 Preferred learning styles 
Conclusion 

The implementation of Problem-based learning 
(PBL) can improve students’ skills in thinking, 
analysing, and resolving the problem. It is 
suggested that the PBL method be incorporate in 
all geophysics-related courses as it can increase 
students’ comprehension of the subject matter 
and reform the class learning experience for both 
students and the facilitator. 
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Introduction

The decreasing interest in science, technology, 
engineering, and mathematics (STEM) courses is a 
global problem with serious repercussions for the 
future (U.S. Department of Education, 2017). The 
effects of this are already felt in universities across 
the world as student enrolment and achievements 
drop. UTP has also not been spared from the impact 
of this global issue. In Electrical and Electronics 
Engineering, Network Analysis or Advanced Circuit 
Theory is one of the most fundamental courses 
students should master. However, based on the 
analysis of previous results, students’ performance 
in this course is below expectation. 

Based on the analysis, students’ average grade for 
the course is consistently at ‘C+’ or below. Although 
the median grade has shown some improvement 
over the years, there is still room for further 
improvements. Furthermore, the percentage of 
students scoring “C+” and below is still significant 
and should be further reduced. It can be observed 
that students’ interest and motivation are lacking, 
especially for the students that performed poorly 
in the cohort. Some are naturally interested, while 
others struggle to develop the required motivation 
to succeed in the course. 

Technology-Enabled Active Learning (TEAL) is 
an innovative teaching approach that combines 
traditional lectures with simulations, hands-on 
desktop experiments, and collaborative learning. 
It has been implemented by many top universities 
globally, including Yale, Melbourne University, 
and the University of New South Wales, with 
much success. Many studies have shown the 
effectiveness and benefits of TEAL in improving 
students’ achievements and interests across different 

technology-based courses across varying levels of 
study (Shroff, 2019). 

Therefore, this study aims to implement TEAL 
in the network analysis course and determine its 
effectiveness in increasing students’ motivation. 

Technology-Enabled Active Learning (TEAL) 

Technology-Enabled Active Learning (TEAL), a 
relatively new innovative teaching approach that 
combines the traditional lectures with simulations, 
hands-on desktop experiments, and collaborative 
learning, was first introduced by MIT in 2003 
(OECD, 2010). It is now adopted by other top 
universities worldwide, including Yale, Melbourne 
University, University of New South Wales, and 
many others. 

The first implementation of TEAL at MIT showed a 
significantly increased understanding of the subject 
matter and decreased failure rates (Dori, 2005). The 
study on the TEAL implementation impact in a high 
school in Taiwan for the Physics subject showed that 
students obtained higher scores, developed a higher 
interest, and became more actively involved and 
enthusiastic in the course (Shieh, 2012). Another 
study showed a significant increase in students’ 
motivation when computer simulations, a key 
component of TEAL, are incorporated alongside 
traditional teaching (Rutten, 2012). A large-scale 
TEAL implementation, known as the SCALE-
UP project, by North Carolina State University in 
collaboration with more than twenty schools has 
shown increased conceptual understanding and 
higher success rates (Beichner et al., 2007). 

One of the latest inexpensive, small, low-cost, 
and portable labs that can provide hands-on 
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experiments is the ADALM1000 Active Learning 
Module (Connor, 2017). A credit card’s size is a 
powerful test and measurement platform that allows 
students to experiment with both simple and more 
complex experimentations. It also comes with 
measurement, visualisation, and analysis software 
that students can use to build and test their circuits 
(Element14, 2020). It is an easy-to-use and fun tool 
for students to explore and learn the fundamentals 
of electronics. 

These and other studies have shown that the 
adoption of TEAL is beneficial to students’ learning 
and motivation in technology-based courses. The 
traditional lectures are now complemented with 
simulations, hands-on experiments, and working 
together with other students. With TEAL, they 
can actively participate in the learning process and 
become more motivated when they can see the 
theory learned practically and tangibly.

Methodology 

The trial will be carried out based on one chapter, 
which is the one-course outcome (CO), in the course. 
The development of the manual and getting students 
to use the ADALM1000 Active Learning Module 
will be carried out. The ADALM1000 Active 
Learning Module provides a personal portable lab 
with hands-on experience for students relating the 
theory they learn in the network analysis course. 

The TEAL activity will be linked to the tutorial. 
Pre, mid, and post surveys will be undertaken 
and their results compared. The assessments from 
the tutorial, test, and FE questions on the same 
CO will be observed for correlation and student 
attainment. Also, student interviews, reflections, 
and observations will be undertaken. The data 
collected were a mix of quantitative and qualitative. 
This will be followed by the analysis of the obtained 
data followed by discussion and conclusion. 

The project assessments include,

1. Pre-survey/mid-survey/post-survey 

2. Student interviews 

3. Student reflections 

4. Observations

It is expected that the results from this study will 
show increased motivation levels of students when 
adopting the TEAL ADALM1000 Active Learning 
Module. The insights and experience gained 
through this study will be compiled and shared with 
the practitioners’ community so that other courses 
can similarly adopt them. 

Currently, this study is still in the preliminary 
phase. The requisition for the ADALM1000 Active 
Learning Module and related equipment has been 
completed. The pre-survey has also been completed 
based on four domains; attention, relevance, 
confidence, and satisfaction. The development of 
the manual and other surveys is also ongoing. 

Conclusion 

The low level of students’ motivation is one of 
the main challenges around the world and in 
UTP, as seen in the degradation of the weaker 
students’ performance. This study aims to show 
that the implementation of TEAL can improve the 
motivation of students when they can actively see 
the theory come to life through hands-on experience. 
The results and lessons learned from this project are 
expected to spur the use of TEAL in other relevant 
courses in the future. 
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Introduction 

Chemical Engineering Laboratory I focus on 
applying mathematics, science, and engineering 
fundamentals through laboratory activities. This 
course is a core course in the chemical engineering 
department and is offered in the second-year of 
undergraduate study. It also involves literature 
review, engineering principles, and analysing 
complex chemical engineering problems to derive 
a conclusion based on science. Upon completing 
this course, the student should investigate complex 
or straightforward chemical engineering problems 
using research-based knowledge and research 
methodologies that match several levels of learning 
objectives based on Bloom and SOLO taxonomy. 

The lab activities usually started in the third week 
of the semester and finished by Week 13. Students 
have normally grouped into small groups consisting 
of five people and must perform eight experiments 
(one per week). At the beginning of each lab 
session, the graduate assistant (GA) will provide a 
short explanation about the experiment. Students 
had to figure it out based on the experiment module 
provided. Besides, each group also had to develop 
their method for one lab session based on minimal 
information. 

Based on the feedback from GA, previous 
coordinator, and students, few issues had arisen 
during the course. They, including poor scientific 
report writing skills of the students, complain 
that some GA were not capable enough to handle 
the lab session, lack of feedback from the GA or 
lab coordinator for student report, and lack of 
understanding about the lab module. 

In this proposal, a few intervention activities/
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methods are suggested to tackle the issues. Proper 
classes about scientific report writing can be 
conducted in the first or second week of the course 
to provide enough guidance. The lab coordinator 
and technician can also pre-record the video 
training module for GA to standardise the module’s 
content and give a clear picture of lab activities that 
will be conducted. The document camera can also 
be used during the module’s explanation before lab 
activities. A standard feedback form can be created 
for the GA or coordinator to provide their feedback 
to the student. 

Contents of the Extended Abstract Traditional 
lab situation and Current Ways of enhancing lab 
experience 

The Chemical Engineering Laboratory I is one of 
the four laboratory courses provided for chemical 
engineering students from the second-year to the 
final-year of their study. The course participant 
was varying from time to time from as low as 20 
participants up to over 200 participants. The lab I 
usually conducted from Week 3 to Week 13 and 
one lab session duration was carried on for about 
four hours. In the second week, the coordinator 
gathered all the participants and received a general 
explanation about the lab activities, some general 
rules about attendance, marking scheme, and contact 
information of GA and coordinator. The lab module 
was distributed in Week 2, one week ahead of the lab 
session and the student will need to do self-learning 
for their preparation. GA was usually trained in the 
first week by the technician and will carry on the lab 
session, including guiding the student. 

From observation during the lab session, students 
have some difficulties experimenting. Students 
spend a lot of time finding out about how the 
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equipment works, and as a result, some students 
did not take the correct data or did it in the wrong 
way. When a student was asked about this issue, 
the student replied that the provided module is not 
clear enough, and they also stated that the GA was 
not helpful or did not understand the experiment 
very well. Another issue is regarding the report 
feedback. In many cases, all the submitted reports 
were marked by GA or coordinator but never got 
returned to the student for feedback. From the GA 
and the coordinator’s perspectives, students still lack 
scientific report writing skills. The figure caption, 
table, or graph presented in the report is often in the 
wrong format. In terms of a lab module, students 
find it hard to follow or to understand it completely. 
Detailed information about the experiment or 
supporting information can be added to improve the 
module. 

In this study, few training activities will be 
conducted using hands-on class as well as video-
based learning. The activities that will be conducted 
are listed below,

1. Training of Graduate Assistants (GA) 

2. Enhancing the lab module/manual and 
creating short video/animation 
 

3. Training session for technical report 
writing 

4. Feedback form & pre-talk/coaching  

Laboratory course is one of the most important 
subjects of undergraduate level engineering 
education. In laboratory courses, students can 
explore the world surrounding them by applying 
many principles of science and engineering that 
they have learned in the other course. The other 
advantages are that the students also will experience 
some activities that will hone their ability to identify, 
formulate and perform research literature on a simple 
and complex problem that already design for the lab 
activities (Feisel & Rosa, 2005, Peterson & Feisel, 
20020). As published in the Journal of Engineering 
Education, Feisel and Rosa (2005) describe thirteen 
fundamental objectives of engineering laboratory 

subject as follows,

1. Instrumentation: Students will learn how 
to apply instrumentation, sensors, etc., to 
make measurements. 

2. Models: Students will learn how to 
critically assess how theoretical models 
can be used to predict real-world data. 

3. Experimentation: Students will learn 
to design, execute, and interpret 
experimental procedures.  

4. Data analysis: Students will demonstrate 
the ability to collect, analyse, interpret, 
and draw conclusions based on 
experimental data. 

5. Design: Students will build, test, and 
troubleshoot a part, device, or process 
based on specific requirements.

6. Learn from Failure: Students will 
diagnose the causes of unsuccessful 
outcomes and provide a successful 
solution. 

7. Creativity: Students will show 
appropriate levels of independent thought 
and demonstrate the capability to solve 
real-world problems.

8. Psychomotor: Students will be competent 
in their selection and implementation of 
appropriate engineering tools.

9. Safety: Students will identify and work 
to minimise potential health, safety, and 
environmental hazards. 

10. Communication: Students will 
communicate the results of their 
experiments both in writing and orally.
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11. Teamwork: Students will work effectively 
in teams, assigning roles and monitoring 
progress to meet specific deadlines.

12. Ethics in the Laboratory: Students will 
report information objectively and act 
with integrity.

13. Sensory Awareness: Students will gather 
information from the laboratory to make 
sound judgments and conclusions.

In recent years, few studies have been conducted 
in analysing the technical and personal abilities 
required for engineers by today’s industry and 
indicate some key concerns (Heitmann, 1996; Teo 
& Ho, 1998). Besides technical skills, engineering 
graduates are expected to have soft skills, including 
solid communication in oral and writing, teamwork 
skills, social, environmental, and economic 
awareness. However, the studies indicate that 
current engineering graduates lack those criteria. 
Moreover, students rarely can relate the knowledge 
of fundamental engineering science and computer 
literacy with engineering practice (Barron, 1998). 
Engineering programs are now required by 
engineering accreditation entity (started with AIChE 
in the United States and later ABET) to demonstrate 
that their graduates are achieving a set of specified 
learning outcomes, and the means of confirming this 
is left to each university to decide and implement 
(Reynolds, 1983; Felder, 2003). There are also some 
country requirements for increased management 
education, design education, and industry relevance 
of programs. 

Another challenge comes from the student. From 
time to time, the attitude of an undergraduate student 
is changing. Some labelled the new generation of 
students (starting from a decade ago) as generation 
next or millennials. The millennials’ few typical 
attitudes include high adaptability, multitasking, 
striving for a new challenge, yet cynical and prone to 
instant gratification (Taylor, 2006; Oblinger, 2003). 
Generally, the millennials’ learning approach is 
interactive and uses multimedia components such as 
video, animation, and hands-on projects. They like 

to do trial-and-error methodology and very result-
oriented. Due to this attitude, the new generation 
of students may not feel motivated to participate in 
conventional taught classes actively (sit and listen) 
unless they contain an interactive session, engaging 
and fun (Mina & Gerdes, 2006). 

Therefore, it is crucial to prepare the laboratory 
session so that the millennials generation will 
actively participate throughout the semester. The use 
of technology can fill the gap between generations 
in the teaching and learning process, and it will take 
motivated, innovative, and informed educators to 
bridge it. 

Students’ Feedback 

To measure the effectiveness of the peer-video 
module, a survey after the fourth lab experiment 
was conducted. This was to measure the student 
experience during the first two lab experiments (no 
peer-video was introduced) and the experience after 
the peer-video module was introduced. In the survey, 
the students were asked about their confidence level, 
whether the peer-video was helpful, the comparison 
between the peer-video module and the written 
module, and any comment on the process itself. 
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Figure 1 Survey results after the fourth lab 
experiment to measure the student experience 

during the first two lab experiments 

Based on these student responses, it is proposed to 
have self-made video tutorials for lab modules to a) 
prepare the students for their experiments, b) force 

the students to understand their experiment via 
explaining it with the self-made videos. Therefore, 
it is crucial to prepare the laboratory session so that 
the millennials generation will actively participate 
throughout the semester. The use of technology 
can fill the gap between generations in the teaching 
and learning process, and it will take motivated, 
innovative, and informed educators to bridge it. 
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Introduction

There are various types of cooperative 
learning model that is being used in education.  
This paper aims to explain how the M.U.R.D.E.R. 
technique can improve students’ skills in 
apprehending video case studies. 

M.U.R.D.E.R. technique consists of six steps such 
as: 

“Mood” contributes to establishing an 
appropriate mood to study by setting up goals 
during a study session. 
“Understand” technique lead students to 
remove the pressure to understand the material 
studied in detail. 
“Recall” helps the students rehearse the 
material to clarify the main idea for every part 
that can transform. 
“Detect” aspect instigates the students 
to reconsider the information that is not 
understandable. 
“Review” is to go through the strategies that 
have contributed to understanding or retaining 
the information to apply those for the upcoming 
materials. 

Problem Statements

1. Lack of insight for students in grasping the 
contents of case studies 

2. The lower level of engagement of students 
during lectures 

3. Lack of interest in learning case studies

Objectives

1. To understand the contents of the case study 
in-depth

2. To increase the participation of students 
actively

3. To promote the M.U.R.D.E.R technique for 
further utilisation

Literature Review

What is Cooperative Experiential Learning?

According to Servetter in 1999, CEL is a theory that 
Kolb devised in 1984. The four steps are depicted in 
Figure 1 below. 
 

 
 

Figure 1 Kolb Theory

How can M.U.R.D.E.R Technique improve critical 
thinking skills? 

M.U.R.D.E.R technique is an efficient technique 
that Ariani (2015) has suggested to manage their 
learning process more efficiently. They have 
described techniques accordingly to guide students 
in understanding material. 
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Learning process via Case Study Materials 

According to Herreid & Schiller (2012), case study 
materials are being included in lessons to praise the 
ability to develop critical thinking skills. However, 
they have added that there will be a more significant 
tendency to prepare. 
 
Methodology 
 
I – Qualitative methodology - Ethnography method 

This method is all about immersing self into the 
environment of target participants to understand the 
goals, challenges, cultures, motivations, and themes 
that come into view. 

 II – Qualitative methodology - Case study method 

“Case studies are used in focusing on a single person, 
incident, or phenomenon to examine a theoretical 
issue in-depth, offering a holistic analysis which 
may employ diverse methods in data collection and 
analysis,” said Thomas in 2011. 

III – Quantitative methodology - Data Collection 

Questionnaires have been prepared in an online 
form using Google Form for students to answer 
them once the M.U.R.D.E.R technique has been 
applied in the classroom by delivering relevant 
video case studies. 

 IV – Quantitative methodology - Data Analysis 

The data collected from the survey shows students’ 
perspectives on handling video case studies by 
using the M.U.R.D.E.R technique. 

Results and Discussion 
 
Discussion Session with Case Studies 

The first video case study is on Data-driven Audit 
Management with Macsteel. This case study is about 
Audit Command Language (ACL) essentials in 
speeding up the continuous ERP monitoring without 
tapping the internal resources. The questions were 
on the strategies of ACL software that contributed 

to the organisation. 

The following video case study is about the 
solutions that Pukka herbs have been providing on 
ERP implementation. The questions were on IFS 
software strategies during the transformation of the 
Excel spreadsheet to the one-stop solution. 
 
Questionnaires 
 

 
       
Figure 2 Feedback on developing critical thinking 

via M.U.R.D.E.R. technique

According to Figure 2, about 62% of them have 
agreed that they can develop their critical thinking 
and represent their thoughts better through the 
M.U.R.D.E.R technique. 
 

 
     

Figure 3  Feedback on the effectiveness of video 
case studies 

Based on Figure 3, about 67.5% of students have 
agreed that learning via video case studies are more 
efficient when it is compared to written case studies. 
 
Conclusion and Recommendations

Conclusively, CEL is the current adaptive approach 
taken up by teachers or lecturers towards their 
students. Furthermore, the M.U.R.D.E.R technique’s 
efficiency is a proper strategy where students can 
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adapt to the learning process better where they can 
develop their creative and critical thinking along 
with it. 

Limitations

1. There will be higher uncertainty on finding 
out ways to evaluate the teamwork skills as 
students will be divided into few numbers of 
groups respectively. 

2. The researcher’s interpretation will be 
portrayed right from the first scene of the 
video case study. There will be many scopes 
for bias perspectives to lie within the video. 

Recommendations

1. By integrating the learning process with 
Interpersonal Intelligence Inventory (III) 
will be effective in contributing the proper 
evaluation for the team members, respectively. 

2. One primary model that can contribute a 
better instruction is Collaboration-Integration 
Theory (CIT) that can help educators 
determine the students’ capabilities. 

Future Directions 

This learning process’s primary focus is towards 
ensuring the track of gaining knowledge is more 
from discussions and analysis being done among 
peers instead of listening to the lecturers or teachers 
on the materials. 
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Introduction

In the current university situation, lecturers are 
often required to teach large classes, particularly 
for common engineering mathematics subjects. 
Generally, the traditional teaching method, i.e., 
lecture-based teaching (also known as passive 
learning (PL)), is commonly used in all teaching 
levels. However, nowadays, higher education 
goals have moved beyond knowledge acquisition 
to promoting student engagement and higher-order 
cognitive functions such as problem-solving and 
critical thinking. The higher education goals cannot 
be achieved if PL is still in practice. Nowadays, a 
more modern view of learning is constructivism, 
i.e., students are expected to be active in the 
learning process by participating in discussion and 
collaborative activities. 

Consequently, the implementation of active 
learning (AL) techniques into the class will lead 
to a robust teaching model because AL promotes 
material application while it is still being presented. 
Implementation of AL techniques benefits students 
by allowing them to practice skills and ask questions 
and benefits lecturers by enabling them to assess the 
students’ understanding of the topic. AL strategies 
engage students in their learning, encourage doing 
with understanding, provide the students with 
opportunities to revise and improve their thinking 
(formative assessment), and help them connect the 
classroom information to practice in the outside 
world. 

Methodology 

In this study, AL based on cooperative learning (CL) 
strategies were implemented, and its effectiveness 
on large classes was investigated. Two different 
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techniques, i.e., Think-Pair-Share and Three-
Minutes Review were considered in this study. 
This study was focused on Chemical Engineering 
(CE) students that enrolled for the Engineering 
Mathematics II (EM II) subject in the January 2019 
and September 2019 semesters. 

In this study, quasi-experimental pre-test and post-
test control group designs were implemented to 
identify the effects of CL. The quasi-experimental 
design compared a control group using the 
traditional teaching method (i.e., PL) with an 
experimental group using CL. In this study, one of 
the semesters (i.e., January 2019) acts as a control 
group, while the other semester (i.e., September 
2019) was an experimental group. The measurement 
based on class assessments was used to capture the 
quantitative data. Statistical analysis based on a 
t-test was conducted to explore the differences in 
the students’ mean scores between the January 2019 
and September 2019 semesters.

Null Hypothesis No difference of mean 
scores between the January 
2019 and September 2019 
semesters 

Alternative
Hypothesis

The mean scores of the 
September 2019 semester 
are greater than January 2019 
semester

At the same time, the involvement of the students 
during the learning process was observed. 
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Results and Conclusion

 

Figure 1  Involvement of students during the 
implementation of CL techniques 

From the statistical analysis, the null hypothesis is 
rejected since the p-value is less than 0.05. Thus, the 
implementation of CL techniques has significantly 
increased the understanding of students during 
EM II lectures. Also, it can be observed that CL 
techniques’ performance engaged the students more 
deeply during learning and fostered the development 
of self-directed learning. 
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Introduction

The problem-based learning (PBL) method is a 
student-centered contextualised learning approach 
in which students are exposed to real-world 
problems instead of only describing conventional 
concepts(Joshi, Desai & Tewari, 2020). It consists 
of two components; a problem and the students 
responsible for their knowledge and decision 
(Rideout, 2001). The main difference between the 
conventional teaching method and PBL is that in 
traditional teaching, teachers or textbooks decide 
what students should know, while in PBL, only a 
facilitator and students have to learn whatever they 
want from the problem. It is an organised way of 
learning which has been used successfully for more 
than three decades with increasing recognition in 
different fields. 

PBL empowers learners to conduct research, 
integrate theory and practice, and apply knowledge 
and skills to develop a viable solution to a defined 
problem. Project-based learning and problem-
based learning are similar in a way that learning 
activities are organised around achieving a shared 
goal or project. PBL improves critical thinking 
ability, cognitive skills, problem solving skills, and 
overall performance compared to the conventional 
teaching method. Several literature studies have 
shown positive effects of PBL on students learning 
performance (Allen, Duch & Groh, 1996; Biggs & 
Tang, 2007). Most of the time, the PBL exercise is 
spent on identifying what you need to know, finding 
out, teaching each other, and implanting new 
knowledge. This approach’s primary goal is just 
to learn without any project completion (Woods, 
1994). The applications of PBL in chemical 
engineering have already been reported. It can be 

used in different forms such as research, guided 
design, case studies, engineering design projects, 
and small self-directed learning groups. 

Hazard Identification, Risk Assessment, and Risk 
Control (HIRARC) are fundamental to the practice 
of planning, management, and the operation of 
a business as a basic of risk management. The 
organisations that have carried out risk assessments 
at the workplace have noticed numerous changes 
in their working practise. Those who have already 
carried out a risk assessment have reported positive 
changes in their working practise. They recognize 
the substandard act and working conditions as 
they develop and take necessary corrective action. 
Legislation requires that this process should be 
systematic and be recorded so that the results are 
reliable and the analysis is complete. It has been 
observed that the students cannot produce effective 
HIRARC documents since they have no practical 
plant experience. However, HIRARC is important 
as they will head to an 8-month internship within 6 
months after the workplace safety (WS) course. The 
typical face-to-face teaching method on HIRARC 
offers limited understanding to the students due to 
the document’s complexity. 

This paper reports the effect of implementing PBL 
teaching on HIRARC by conducting a mini project 
in each lecture. The PBL on the HIRARC project 
was conducted on two teams of students with and 
without plant experience. The effect of PBL on two 
teams was analysed through marks obtained by the 
students in groups. 
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Methodology 

The PBL method’s effect on students learning was 
analysed through marks obtained by the students of 
two teams in groups. The lecturer has broken the 
HIRARC chapter into few mini projects across few 
weeks. The students worked in groups to develop 
the learning material for the specific weekly task 
and lead a project presentation at every end of the 
lecture session. The HIRARC module was taught 
for two semesters of May 2018 (without PBL) and 
January 2019 (with PBL) for comparison study. 
The students’ overall marks on HIRARC from the 
two semesters were averaged and divided into high, 
medium, and low groups. 

Results and discussion
 

Figure 1 Summary of students’ HIRARC marks 
without PBL (May 2018) and with PBL (Jan 2019) 

The results of the PBL implementation effect 
on HIRARC marks are shown in Figure 1. The 
results show that the PBL implementation reduced 
the students’ average marks in high and medium 
marks groups but increased the low marks group’s 
average marks. It shows that the good students 
were unaffected by the PBL implementation, but it 
helped more of the students from the lower mark 
category as evidenced by higher marks. The narrow 
error bars indicate the slight difference between 
the marks distribution of each group of students, 
suggesting high reliability of the data set. 

This study can be further researched by replicating 
the new batch of students to validate the results. 
The assessment on knowledge sustainability on 
HIRARC amongst students with and without PBL 
at the workplace after the internship period should 
also be conducted. This survey can evaluate the 

effectiveness of PBL teaching for its long-life 
learning impact. 

Conclusion 

The PBL implementation on the HIRARC project 
on two teams of students without field experience 
showed a mixed impact on students’ overall marks. 
Top students were unaffected by the PBL, but 
students in the low marks group improved their 
learning as evidenced by higher overall marks. The 
results show that PBL could enhance the learning of 
students as compared to the conventional method. 
The study needs further verification for replicability 
on the new batch of students and knowledge 
retainment on the previous students with PBL 
lessons that have completed industrial training. 
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Introduction 
Education is an excellent instrument for social 
change, and the best way to improve the standard of 
our education system is by practicing an innovative 
teaching approach (Uskov et al., 2018). The 
challenge facing society is fundamentally the issue 
of educational institutions needed for innovative 
teaching practise as they gain new skills and create 
new ideas and solutions in solving the country’s 
challenges. Education is a powerful medium 
for social progress, development, and analytical 
thinking and is the best way to improve society’s 
challenges (Paniagua & Istance, 2018). The act of 
education can be described as four elements: learning 
outcomes, learning materials, teaching and learning 
practises, assessments, and evaluation (Paskevicius, 
2017). Innovation inside the classroom was the 
standard path to an IT student-oriented curriculum 
with no focus on whether this adds up to teaching 
and learning and, most critically, assessment 
(McCann, 2017). 

The innovative teaching linked to the students’ 
behaviors, methods, solutions, and tactics include 
numerous ideas and implementations (Gillett-
Swan, 2017). The abilities of teachers are a 
central element in creative higher learning. Such 
capabilities include technical education, thinking 
knowledge, affective and emotional attributes, 
teaching and learning material expertise, and 
pedagogical strategy (Blömeke & Delaney, 2012). 
We concentrate on Constructive Alignment (CA) in 
Information Technology (IT) education as a modern 
paradigm, including big data in this paper. The data 
analytics implementation may integrate several 
facets relevant to large data generation to promote 
and improve innovative teaching and research. 
Those are the benefits of improving their learning 
environments and building an appreciation for 
student success, achievement, and accomplishment 
throughout the learning phase. 

INNOVATIVE TEACHING FOR HANDS-ON LEARNING: BIG DATA 
ANALYTICS COURSE FOR UTP UNDERGRADUATES

Norshakirah Ab Aziz, Emelia Patah Akhir, Nur Faiza Ali
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norshakirah.aziz@utp.edu.my

 

Figure 1 Consideration within the constructive 
alignment for big data analytics studies 

Figure 1 shows the consideration within the CA 
approach for the BDA subject. The CA learning 
results must be taken into account in two respects, 
1) are related to the subject of BDA, or 2) are 
other technologically syllabic results in which 
BDA is chosen to serve as the medium for their 
achievement. This innovative teaching mechanism 
creates engagement and contemplation levels, 
which promote deeper learning through regular 
formal and informal input. 

Constructive Alignment in Innovative Teaching 
Approach for Higher Education 

Constructive alignment (Fitzallen et al., 2017) is 
now established internationally as an educational 
approach that combines strategic planning and 
corporate policy with discipline, training, and 
learning practice (Ruge, Tokede & Tivendale, 2019). 
It will be aligned with the assessment activity as the 
learning results within an instructional program or 
curriculum. 

John Biggs (2007) invented constructive alignment 
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derived from a performance assessment that would 
challenge students to demonstrate whether they 
accomplished or obtained the students’ learning 
outcomes (Biggs, 2016). The term “constructive” 
applies to the learner’s style and results aligned with 
what the teacher does (Kennedy, 2006). 
The constructive alignment process involves three 
basic tasks. This involves the consistent description 
of learning outcomes, creating evaluation criteria to 
show students ‘ satisfaction, and improving teaching 
and learning strategies to ensure the learning 
outcome is accomplished by meeting evaluation 
criteria (Kennedy, 2006), as pictured in Figure 2.

 

Figure 2 Constructive Alignment overview (Biggs, 
2003) 

The students’ ability to develop their analytical 
thinking and decision-making skills depends on how 
they accomplished their assessment. As explained 
in Table I below, there are three well-known student 
assessment methods used to evaluate students’ 
performance. 

Table 1 Type of Assessment 

Assessment 
Type

Analytical Thinking Skills 

Summative 
Assessment (SA) 

SA (Iannone & Simpson, 
2017) evaluation is generally 
carried out at the end of 
the learning process. For 
example, it demonstrates an 
examination writing report 
used to competence. This 
usually contributes to the final 
grade in a course. i  

Continuous 
Assessment (CA)

CA (González Castañeda & 
Mesa, 2018) usually involves 
a series of tasks, individually 
assessed that takes place 
during learning. This 
evaluation is used to reduce 
the burden of summative 
assessment if several different 
results must be achieved at 
various stages of a module.

Formative 
Assessment (FA)

FA (Chen et al., 2020) is 
used to enhance the learning 
process. It gives suggestions 
and guidance on how to 
strengthen or improve through 
learning. This usually does 
not represent a summative 
classification or mark. It also 
helps students to evaluate 
their performance and 
development individually. 
This assessment is used to 
determine whether students 
have acquired a good 
knowledge of a specific topic 
or course before learning.

This study focuses on the continuous assessment 
that helps develop the students’ analytical thinking 
skills and helps them in problem-solving. Not only 
that, but the students can also produce high-quality 
decision-making. 

Course Model Approach 

Big Data Analytics (BDA) 

BDA history is inextricably related to data science. 
Michael Cox and David Ellsworth used the term 
“big data” for the first time in 1997 to address data 
analysis and computer systems problems at an IEEE 
conference  (Ruge, Tokede & Tivendale, 2019). 
Table 2 is prepared to serve the definition of Big 
Data Analytics in teaching and learning culture. 
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Table 2 Definition of Big Data in Teaching and 
Learning

Author Definition

Huda, Maseleno, 
Atmotiyoso, et 

al., 2018

Big Data in teaching and 
learning is the way the 
application transmits the data, 
meaning enhance the learning 
experience is enhanced  

Chaurasia & 
Rosin, 2017 

Big Data for higher education 
to contribute to the launch 
of big data research pilot 
projects by defining suitable 
steps, suitable categories of 
data, helping to understand 
the data, and placing it in an 
evaluation framework 

Huda, Haron, 
Ripin, Hehsan & 

Yaaco, 2017

Big Data for teaching and 
learning strengthens the 
learning atmosphere of 
students to use mobile devices 
to reach online services 

Huda et al., 2018

Big Data for teaching and 
learning enhances learning 
efficiency by combining 
Big Data with different data 
sources to promote online 
learning of higher education.

BDA course requires the student to analyse and 
transform raw data into meaningful format (report, 
dashboard) and making sense of the raw dataset 
provided. 

Course Syllabus 

Table 3 below shows the content description for 
the BDA teaching and learning breakdown for this 
research. Total student learning time is 120 hours 
for 10 hands-on lab sessions. 
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Introduction
 
Most engineering courses need skill practises in 
their fields. The same goes for the Civil Engineering 
field. On the other hand, students found it difficult 
to relate the fundamental of the studies they learned 
in the classroom with practical applications in the 
actual industry world. Hence, the transformation 
of teaching pedagogy is required to fulfill the 
students’ and industry’s needs. The new pedagogy 
is expected to improve their technical and soft skills 
when dealing with communities and industries. 
By having this aspiration, service-based learning 
(SBL) approach was introduced as part of course 
assessment involving a class of hydraulics (second-
year students with 33 students), urban water system 
design (third-year students with 24 students), ocean 
and coastal engineering (fourth-year students with 7 
students). With collaboration with the Department 
of Irrigation and Drainage (DID) of Manjung 
District and the community partners such as 
Manjung Municipal Council (MPM), SK Seri Bayu, 
district head, the village head, and community 
partners around Taman Desa, Manjung. The aim 
was to mitigate problems of streams at Taman 
Desa, Manjung, Perak from the view engineering 
perspective. The results analyses of the project were 
looking into below main factors,

1. Application of knowledge: Mathematics, 
natural science, engineering fundamentals, 
and an engineering specialisation as specified 
in WK1 to WK4 respectively to the solution 
of complex engineering problems. 

2. Identification, formulation, literature study, 
and analyses of complex engineering 
problems. 

THE IMPACT OF SERVICE-BASED LEARNING APPROACH ON 
STUDENT PERFORMANCE IN WATER ENGINEERING COURSES

Siti Habibah Shafiai *, Husna Takaijudin, Fatin Nabilah Sabri
1Department of Civil & Environmental Engineering, Universiti Teknologi PETRONAS, Malaysia
*sitihabibah.shafiai@utp.edu.my

3. Design solutions for complex engineering 
problems that meet specified needs with 
appropriate consideration for public health and 
safety, cultural, societal, and environmental 
considerations. 

4. Growth of student potential and leadership 
skills, problem-solving, decision making, 
creativity, etc.

5. Positive community benefits.
6. Diversity in social cohesion.

This project consisted of several meetings between 
the students and the community partners. Students 
are given a specific task to be conducted and 
completed within the time frame in each meeting. At 
the final meeting of this project, a mini celebration 
event named “ATE RIVER KOME” was conducted 
in appreciating the commitment given by the 
students and community partners. 

The celebration event included a trip to Taman 
Desa, Manjung, delivery of the students’ project, 
certificates of accomplishment to each student, 
food and beverages, and fun activities with the 
community. This project utilised civil engineering 
knowledge as a platform to engage students in real 
regional experiences to cultivate action skills. 
 
Methodology 

The project’s main framework is summarised in 
Figure 1, which involved problem identification, 
planning, execution, and celebration. Several 
activities have been designed for each component. 

Figure 1. The framework of the service-based 
learning project 

Learning on services is primarily involved in the 
arrangement and organisation of the students. In 
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this project, 64 students were allocated into groups 
of 4-5 members and were provided with contact 
information of the community partners (DID, MPM, 
district head, village head) of Manjung Perak. 

Consequently, students organised meetings and 
discussions with all the community partners to 
understand the watercourse knowledge’s needs. 
Table 1 is the summary of the delivered tasks. 

Table 1 Meeting tasks and planning

Meeting Tasks

1 (at DID office 
and site location)  

Students met DID officer 
and community partners. In 
this first meeting, students 
have been briefed on the site 
situations and problems. The 
students determined project 
scopes based on the capability 
to do the community partners’ 
tasks. They also visited the 
site and assessed the site 
condition.  

2 (at site location 
& UTP) 

Students performed 
background research on the 
assigned project scope, data 
collection methods, and 
procedures before their first 
visit.  

3 (at UTP) Students developed initial 
designs based on the collected 
data and discussions with 
community partners.  

4 (at site location) Students presented design 
ideas to lecturers and DID 
officer during the second 
meeting 

5 (at UTP) Students finalised the design 
based on feedback received 
from the lecturer and DID 
officer 

6 (at site location) Students delivered the design 
ideas on sites during the 
actual event

 

Problem identification 

At first, an engagement meeting between students 
and DID Manjung is done. It is for identifying 
the problem in the streams and nearby areas and 
understanding the solutions that DID Manjung 
had previously applied to overcome the problems. 
Students have also visited the site and assessed the 
site condition.

 

Figure 2 Engagement meeting between students 
and DID Manjung 

 

 

Figure 3 Students visited the site 
 
Plan solutions for the streams 

Project areas consist of the river and coastal 
features. Also, the students are enrolled in several 
water engineering courses. Hence, in finding 
solutions for the stream problems, students were 
divided into several research scopes. Table 2 shows 
the mapping of the course syllabus and the SBL 
activities that have been conducted. Students are 
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grouped into SBL activities as described in the table 
below. Students are exposed to learning and growth 
opportunities throughout the SBL project. The 
process of identifying, planning, and carrying out 
SBL activities has provided students with authentic 
learning. 

Table 2 Mapping of the course syllabus and SBL 
activities

Topic Syllabus 
in the course 

Service-learning activities 

Open channel 
flow/Stormwater 
drainage design   

Streamflow measurement 
(Upstream-river and 
drainage)

Airy wave theory  Flow Measurement at the 
downstream, i.e., coastal area  

Urban stormwater 
management  

Water quality monitoring  

Urban stormwater 
management  

Solid waste, i.e., rubbish 
management

At this stage, students had performed background 
research based on the project scope, data collection 
methods, and procedures before their discussions 
with the community partners.

 

Figure 4 Site measurement activities at upstream 
area 

 

 

Figure 5 Site measurement activity at downstream 
area 

Students had also developed their initial design 
solutions based on the collected data and discussions 
with community partners, presented to the 
community partners and course lecturers for further 
improvement. The students had received feedback 
from the community partners (DID, MPM, and 
NGOs) on their proposed solution.

 

Figure 6 Students presented design solutions to the 
community partners 

Both technical and soft skills assessments 
were carried out for all students based on their 
presentation and background studies of the research 
scopes before performing their proposed design and 
data analysis. The technical assessment consists of 
proposal presentation and poster presentation with a 
total weightage of 55%. Technical assessment and 
their rubric consist of below criteria,
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1. Background study and site description 
(20%) 

2. Analyses of problems and design 
methods (20%) 

3. Proposal of solution methods (50%)  

4. Report format (10%)  

The soft skills assessment covers peer assessment, 
self-evaluation, and student reflection with a total 
weightage of 45%. The weightage distribution 
details are listed in Table 3. This project carried 
about 20-25% of the total course assessment. 

Table 3 Assessment of SBL project

Type of Assessment The weightage (%) 

Proposal (Technical 
Solution)    

30

Poster presentation  25 

Peer assessment  10  

Self-evaluation  10

SBL Reflection 25
 
Execute and celebrate

In the final part of the project, a mini celebration 
event named “ATE RIVER KOME” was conducted 
in appreciating the commitment given by the 
students and community partners. The ideas and 
solution demonstration from the students were then 
publicly presented at the event. ATE RIVER KOME 
consisted of river cleaning, Zumba exercise, poster 
presentation, and lucky draw. 

ATE RIVER KOME had received impulsive 
participation from the Department of Irrigation and 
Drainage Perak, Manjung Municipal Council, SK 
Sri Bayu students, teachers, and volunteers from 
around Malaysia. 

 

Figure 7 Zumba exercise activity led by students 

 

Figure 8 River rehabilitation activity with school 
students

 

Figure 9 Stream cleaning 
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Figure 10 Stream cleaning
 

 

Figure 11 Poster presentation activity by students

Outcomes 

This project has successfully achieved 3 
Programme Outcomes (PO), where students were 
able to demonstrate course knowledge to fulfil 
PO3 Complex engineering problem-solving. 
They have grown their soft skills corresponding 
to PO9 Leadership skills and PO10 Effective 
communication. 

In reflection assessments, several important keys 
were assessed for each student based on three main 
factors comprising technicality of the solutions, 
soft skills, and teamwork. Figure 12 shows the 
students’ performance based on the assessment type 
for all courses in Water Engineering. The students 
performed excellently in their technical solutions, 
where their scores are above 20% out of 25%. 
Meanwhile, the fourth-year students achieved a 

higher score in the reflections compared to others. 
The higher year students show more maturity and 
responsibilities as they are moving towards the end 
of their studies in university.

Figure 12 Student performance according to the 
assessment type 

Figure 13 illustrates the students’ grades for this 
project for each subject. On average, students score 
B+ and above. It shows that by having SBL, they 
have a better understanding of the subject matter. 

 

Figure 13 Student performance according to the 
grade

Figure 14 describes the student performance in this 
project which addresses PO3. It was found that the 
students performed well by scoring more than 95% 
for PO3. 
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Figure 14 PO3 scores

Upon completing the ATE RIVER KOME event, 
a feedback survey was conducted to measure 
the effectiveness of this service-based learning 
approach towards developing students’ soft skills, 
which corresponds to PO9 and PO10. The pie chart 
below illustrates the most valuable thing that the 
students learned from this service-based learning 
project.

 

Figure 15 Questionnaire survey that portrays PO9 
and PO10

This shows the feedback survey results in which the 
students were asked about the most valuable things 
that they learned and gained from the execution of 
this project. The feedback is categorised into three 
main components where the first one is teamwork 
which addresses PO9, effective communication 
(PO10), and others category which consists of new 
knowledge gained and positive impact on students’ 
life. 

From the results, it is clear that most of the students 
agreed that apart from gaining new knowledge, this 
project also has a positive impact on their lives. 

Below are some of the responses extracted from 
the survey that mentioned how this service-based 
learning project impacted their lives.

 “…it is our responsibility as an individual or a 
community to take care of our environment…”  
“…we need to have the attitude to take care of our 
river and ensure that we have a mutual relationship 
with our rivers...” 
“…this project serves as a reminder that we 
should be aware that rubbish must be disposed of 
properly…” 
“…despite coming out with various technological 
concepts, the change needs to start from us…” 
“… self-awareness on importance of having a clean 
river is necessary to every human…” 

Nearly one-third of students agreed that the most 
valuable thing they learned is about teamwork 
and leadership skills through this project. From 
the survey conducted, this service-based learning 
approach has successfully achieved PO9. Some 
of the responses shared by the students regarding 
teamwork are:

“… I can see that a work that is done without a 
leader is haphazardly done…” 
“… a leader should be able to detect and combine 
all the skills of their group members...” 
“… this project allows me to grow myself in various 
ways, especially in my leadership skills…” 
“… the most valuable thing is teamwork as it is the 
main cause of success…” 
“… the most valuable thing during the project is I 
learn about teamwork and how to play our role as 
a team…” 

Meanwhile, 18% of the survey admitted this 
project achieved PO10 – where the students can 
communicate effectively on engineering activities 
with the engineering community. Below are 
students’ points of view on things that they acquired 
from this service-based learning approach.

“… enhanced my soft skill and taught me to 
cooperate with community…” 
“… learned that communication is the key for 
understanding…” 
“… it made us think more critically, enhanced our 
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communication skills and soft skills…” 
“… discussing the solution for the stream problem 
because we get to brainstorm and discuss how to 
solve the problem…” 
“… from interviews with the residents nearby and 
MPM, we were able to get a better insight on the 
problems…” 
 
Conclusions 

Through the service-based learning approach, 
students have grown their potential in problem-
solving skills, skills in decision-making, and 
creativity in meeting the community partner’s needs.  
Students have also achieved the technical learning 
skills provided in the classroom and the actual 
practise skills outside of the university. On top of 
that, soft skills like communication, leadership, and 
social cohesion with the community are embraced. 
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Introduction

Laboratory experience plays a vital role in 
undergraduate education in science and engineering. 
The reason underlying the importance has been 
attributed to enabling students to apply knowledge 
and theories acquired from lectures to a practical 
solution. Another core objective is to allow students 
to grasp the theories’ limitations when analysing 
deviations between expected and collected data 
stemming from the assumptions involved. In other 
words, the laboratory is a practical workplace for 
students to demonstrate the elegance of scientific 
theories in meeting messy everyday life reality 
(Cortere et al, 2011). 

“Industrie 4.0” has been coined by Germany’s 
government to promote computerisation and 
automation in industrial applications to enable 
product specification that complies with 
environmental and safety regulations while 
requiring minimal human intervention. Industrial 
Revolution (IR) 4.0 is now given significant focus 
in Malaysia’s higher education system. This is 
to ensure future workers are highly trained in the 
emerging technologies and, as importantly, in the 
values associated with using those technologies 
(Benešová & Tupa, 2017). 

Incorporating Industrial 4.0 in the hands-on 
laboratory curriculum is especially important 
for process control courses, which involve many 
automation and computational technologies in 
actual application. In this context, an effective 
process control simulator offers alluring training 
to prepare students with the significant hands-
on practice critical to acquiring the knowledge 
(Zhang et al., 2013). The simulation tool is also 
necessary since industrial practitioners often require 
simulation of the control system before altering 
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setpoints or change-out plans to ensure efficient, 
safe, and economical operation. Besides, it is 
common in the industry that any process controls 
are associated with simulation and automation with 
real-time data to regulate the process variables at 
designated operating conditions. 

Nonetheless, the process control laboratory has 
mostly been confined to hands-on experience using 
laboratory equipment and process instrumentations 
in most universities in Malaysia. The mere hands-on 
curriculum is not sufficient to prepare graduates for 
future life and work achieved by IR 4.0 in the era of 
digitalization and simulation. Hence, an innovative 
teaching curriculum that redesigns conventional 
physical laboratory activities to accommodate in-
line computer simulation work should be given 
utmost priority. 

Another problem is that the process control 
laboratory’s primary core discipline and 
learning objectives are tentatively challenging to 
comprehend. This is because it requires higher-level 
Bloom’s Taxonomy to apply acquired knowledge 
from earlier courses to analyse connections between 
the theories and practical working solutions and 
evaluate the limitation of the learned knowledge in 
addressing actual problems. This is associated with 
the students’ poor performance in their laboratory 
test at the end of the semester, which evaluates the 
level of knowledge acquired from all experiments 
in the course. 

However, the issue that persists in integrating 
computer simulation within the practical laboratory 
is students’ perception of the IR 4.0 oriented learning 
environment. Some students remain resistant to this 
kind of learning environment because it is innate 
in certain students’ psychological thinking that 
computational simulation is complex and abstract. 
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This negative perception has been well-documented 
in the literature, in which when students are made 
to undergo the cognitive learning via simulation, 
they tend to demonstrate more inadequate 
learning at the initial phase due to adaptation to 
the new culture (Deslauriers et al., 2019). This 
disconnection may be detrimental to students’ 
motivation and interest, which subsequently impair 
their engagement and capacity to self-regulate their 
learning as the course progresses. This emphasises 
a careful implementation of IR 4.0 oriented design 
in traditional practical laboratory courses to ensure 
positive acceptance by students. 

Methodology

CDB3062 Chemical Engineering Lab III has been 
conventionally designed to enable students to apply 
appropriate sensors, instrumentation, and/or digital 
tools to measure physical quantities. Nonetheless, 
it lacks the process simulation and computational 
aspect required for students to acquire the skills in IR 
4.0 working environment. Therefore, the innovative 
coupling of computational simulation and practical 
hands-on experience has been implemented in 
CDB3062 that involves 180 students. 

Activities during pre-implementation for proper 
design of the simulation and hands-on-based 
laboratory curriculum have been provided in   
Figure 1. 

 

Figure 1 Pre-implementation activities for the 
design of simulation and practical based CDB3062

In general, during the pre-implementation, all the 
available laboratory manuals are reviewed to select 
appropriate and workable experimental setups that 
can be correlated with the curriculum of process 
simulation. Also, the functionality and suitability 
of available process simulators are compared 
and contrasted. iCON has been selected as the 
computational tool to be employed in this course. 
The reason has been attributed to its widespread 
usage throughout varying PETRONAS operating 
units which is at par with many commercial process 
simulators (e.g., HYSYS, UNISIM, etc.). A literature 
review has also been conducted to determine related 
studies and analyse challenges in implementing IR 
4.0 education in practical-based laboratories. Some 
pre-recorded videos related to the importance of 
process control using simulation tools and workable 
examples are also prepared for the students at 
the beginning of the semester to prepare them 
psychologically about the new experience. 

During implementation, the process control 
laboratory curriculum consists of both the 
computation simulation and conventional 
laboratory, which is provided in Figure 2. 

Conventional practical laboratory

 
Analysis of simulation data and comparison with 

hands-on values
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Process control simulation iCON

 
 Collection and analyse of hands-on data

Figure 2 Curriculum of CDB3062 consists of 
both the computation simulation and conventional 

laboratory

This involves having simulation laboratories to 
teach students how to simulate control systems using 
an iCON process simulator on top of conventional 
practical experiences. After that, the students are 
required to simulate the practical laboratories after 
conducting the conventional hands-on experiments 
as part of their summative assessment. They are 
also required to report the findings from both the 
simulation and practical laboratories. This exercise 
trains the students to acquire critical thinking skills 
to analyse, evaluate, relate and discuss the collected 
real-time data from experimental observation 
and simulation work. They are also required to 
simulate an open-ended project, which involves a 
daily encountered control system so that students 
understand its importance, find its reliability and 
perceive simulation as a fun and exciting task. 

Finally, the innovation’s effectiveness has been 
verified via post-implementation survey, feedback, 
and quantification of students’ performance in 
summative assessment. Questions related to process 
control simulation have also been included in the 
laboratory test to gauge the implementation’s 
effectiveness. 

Significance of Innovation 

The students’ overall performance in laboratory 
tests has been improved via the implementation of 
the IR 4.0 oriented laboratory design, as shown in 
Figure 3. 

 

 

 
 

 

Figure 3 Cumulative frequency distribution of 
CDB3062 laboratory test 

The students’ performance in laboratory tests has 
been compared to previous semesters from 2016. 
It is seen that students’ performance in 2020 after 
implementation of the IR 4.0 oriented syllabus 
that incorporates both simulation and practical 
laboratory experience has been improved by 
demonstrating better grades (e.g., a higher number 
of A and median) and exhibiting the least number of 
failures. This shows the effectiveness of enhancing 
students’ learning experience via incorporating 
process simulation elements that are relatable to the 
practical laboratory. Exercises from both process 
simulation and hands-on experience can help the 
students understand the theory of process control 
more vividly, given the deep learning thinking skills 
required to set up the simulation. 

The students’ perception of the new CDB3062 
implementation has been collected via survey and 
feedback forms in SSRT, as depicted in Figure 4.

It was a wonderful learning experience. 

The project given is very beneficial to the students 
I applied my knowledge in this lab well. 

Icon is hard 
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Icon simulation is challenging, but the coordinator 
is nice 

I love lab III, but please reduce the number of 
icon lab 

 

 

Figure 4 Feedback from students regarding 
innovation 

In short, most of the students found that 
incorporatinghelpsis helpful toincorporating process 
simulation in CDB3062 helps apply their knowledge 
in the process control laboratory. Nonetheless, some 
of the students still find veryemphasisesemphasizesof 
preparingtoso that they canvery challenging, which 
emphasises the importance of psychologically 
preparing the students in the coming offerings to 
perceive this innovation positively and be fully 
engaged in the learning process. Early exposure 
to process simulation tools will be handy to 
minimise students’of studentsstudents’ resistance in 
adaptation to IR 4.0 based curriculum. 
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Introduction
 
With influences of IR.4 evolution in automatisation, 
information technologies and computer technologies 
can monitor and control an industrial process by 
virtual equipment with remote access. Therefore, 
the new tendency in technologies and sciences 
must be mirrored in education too. The need for 
an entrepreneurial mindset, skills, and creativity 
in the IR.4 work-life will require the renewal of 
pedagogical methods. Studio-based learning is one 
of the promising pedagogical methods enabling 
this change. An approach bridging between virtual 
laboratory with remote control and measurement 
with the learning process can be obtained the 
powerful tool in IR.4 educational process. 

According to this paradigm, a fundamental study 
based on the principle of combining lectures, 
laboratories, and projects, a combination collectively 
known as Studio-Based Learning Integrating 
Remote Laboratories (SBL+RL) for engineering 
courses such as Control System and Mechatronics. A 
self-regulated learning environment allows students 
to conduct experiments, run simulations, solve 
traditional problems, watch video lectures, and read 
online background materials during lectures. The 
proposed combination of lecture and laboratory 
space will establish classrooms where knowledge 
and application are intertwined seamlessly. 
Expecting students would get more hands-on 
applications-oriented learning than currently offer 
in a separate classroom and laboratory experience. 
SBL+RL offers actual experiments from the lecture 
hall with real existing equipment, natural material 
specimens, accurate data acquisition, and real 
trouble-shooting in case of unexpected or unrealistic 
experimentation results. This is much more than 
a simulation could ever provide. With the remote 
equipment, no additional facilitator is needed in the 

lab. Instead, the professor himself can perform the 
experimentation process and link it to the lecture’s 
content. However, hypothetically, two levels of 
planning may involve herein to develop SBL+RL, 
technical and pedagogical. Addressing how lab 
equipment is communicated remotely through the 
Internet, and what are the learning designs behind 
the experiments to utilise the equipment?

Challenges 

Integrating online remote laboratories is still a 
challenge in engineering education research since 
two enablers related to Industry 4.0 have been largely 
overlooked by the literature, namely, Studio Based 
pedagogy and Remote Laboratories. However, it is 
still a challenge to design the said Studio Classroom 
to be fun and interesting to students who really had 
no desire to be in the class for its content but were 
there simply because it was required. This goal is not 
as altruistic as it sounds: recruiting technical majors 
is challenging, but attracting first-year students is 
much easier if the students can enjoy the material. In 
what educational setting, live experimentation will 
conduct, e.g., in the face-to-face lecture, so that the 
lecturer can run actual experiments from the lecture 
hall with actual equipment, real material specimens, 
accurate data acquisition, and real trouble-shooting 
in case of unexpected or unrealistic experimentation 
results. This is much more than a simulation could 
ever provide. No additional facilitator in the lab is 
needed to run and show and experiment with the 
remote equipment. Instead, the professor himself 
can perform the experimentation process and link 
it very closely to the lecture’s content. Suppose we 
design the proper size for such Studio Classroom 
to accommodate 60-70 students. In that case, the 
students will get more hands-on applications-
oriented learning than we could offer in a separate 
classroom and laboratory experience. By what 
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means does the remote lab approach provide an 
opportunity to do lab projects at a distance? With 
the virtual laboratory, is it possible for students 
to acquire new knowledge from anywhere? Is it 
possible for students to repeat their understanding 
and reduplicate measurements on actual equipment? 
How to restructure the engineering theories presented 
via lectures to be covered through laboratories and 
projects? Besides that, a lab-based project can be 
exploited to integrate lectures and laboratories 
through an experiential learning paradigm known as 
“Remote Laboratories”.

Consequently, addressing this hypothesis will help 
us establish Studio-Based Learning Integrating 
Remote Laboratories (SBL+RL) and produce a 
comprehensively highly skilled, educated workforce 
of engineers, technicians, and skilled graduates 
capable of leading companies with seamless 
transitions to modern technologies and Industry 
4.0. The evaluation does not solely focus on the 
technology and its functionality to improve the 
laboratory equipment and the related educational 
setting.

Additionally, a particular focus should be put 
on the educational context and the student-
computer interaction. Therefore, a holistic model 
for evaluating the system and its usage has been 
developed. In our case, this model is divided into 
three different perspectives:

1. The individual-perspective (focusing 
the user’s learning process in a studio 
environment), 

2. The system perspective (focusing the technical 
equipment implementing remote Lab.), and

3. The course perspective (focusing on the 
remote lab’s integration into the studio 
course context simulating the Industry 4.0 
environment).  

With these three perspectives, it is possible to 
have a closer look at the students’ development 
while using the equipment. Simultaneously, it is 
possible to pay special attention to the laboratory 

and its pedagogical integration into the course 
context. However, for each of the perspectives, 
different evaluation approaches were needed. It was 
serving as a fitting evaluation process for an explicit 
context and remote laboratory contexts. Hence, the 
developed evaluation concept should mainly help 
for formative purposes. 

However, two different challenges are encountered 
here: One is developing high-quality remote 
laboratories (in our case for MDB3013 Control 
System and MDB4022 Mechatronics courses to fit 
the area of manufacturing technology of Industry 
4.0). Another challenge is the improvement of 
networking approaches for education. As the 
“Internet of Things” has a substantial impact on 
today’s and future working contexts, it will become 
more important to train students for working in 
virtual working environments. 

The development of respective competencies must 
be started at the undergraduate level. With our 
application, the remote lab used in transnational 
online classes, we displayed an approach to 
combining education regarding the theoretical basics 
of manufacturing technology and transnational 
building groups working jointly together. 
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Introduction

Speaking is highlighted as one of the most superior 
language learning skills, including in English 
(Boonkit, 2010). As Harmer (2007) stated, speaking 
is categorised as a productive skill; hence, the 
output of learning a language is to communicate 
in the targeted language. In English speaking 
lessons, however, many students, especially at the 
beginning level, still encounter some difficulties. In 
particular, they feel a surge of anxiety to speak in 
front of the class on account of low confidence, poor 
pronunciation, mother-tongue use, or vocabulary 
deficiency (Ur, 1996). At FPT Polytechnic, the 
students are primarily at elementary English levels.

Notwithstanding the need for employability, a 
relatively large number of students do not attach 
special importance to English speaking except 
academic exams. Besides, the traditional method 
might not work in activating students to participate 
in the English-speaking class. As an alternative, 
mind mapping is the technique employed to 
teach students speaking skills to address the issue 
mentioned above. 

Literature Review 

Speaking is defined as a form of communication 
(Jones, 1989). Hornby & Cowie (1995) explained 
speaking as a process of making a speech to express 
ideas, thoughts, feelings orally.express ideas, 
thoughts, feelings and needs orally. In pedagogy, 
English language teaching aims to enhance the 
English language mastery of the learners, namely, 
they can communicate effectively and accurately 
(Davies & Pearse, 2000). However, it seems 
challenging because they might not be sufficiently 
accessible to the proper strategies. Richards & 
Rodgers (2014) indicated that the traditional 
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methods emphasised reading and writing skills, 
whereas speaking skills were not important in the 
class. Moreover, speaking is not an effortless skill 
because it combines many components, including 
comprehension, pronunciation, grammar, fluency, 
and vocabulary (Syakur, 1987). 

As a cooperative learning technique, mind mapping 
is explained to facilitate learners’ speaking abilities. 
Specifically, Murley (2007) characterised that mind 
maps organise ideas graphically in a relational 
context, with the central topic and its sub-topics 
presented as branches. The sub-sub topics are 
comparably in radial around the sub-topics, which 
are close to the main topic. In other words, it is a 
method to simplify the written descriptions by 
remembering neither phrases nor sentences; it is a 
diagram with keywords. Additionally, Buzan (2005) 
emphasised that mind mapping is seen as a route 
map for the memory that helps learners remember 
and recall information easier than traditional note-
taking techniques. Accordingly, systematically 
organised ideas and thoughts could enhance 
students’ speaking ability in front of the class and 
overcome language learning barriers. Pramono 
(2013) also stated that students could improve their 
speaking ability using mind mapping strategy using 
mind mapping strategy in terms of vocabulary, 
natural speech, pronunciation, task achievement, 
and confidence in communication. 

Some studies have investigated the use of mind 
mapping in improving English speaking skills. 
As illustrated, Mirza (2017) carried out quasi-
experimental research that took place in MAS 
Darul Ihsan. It is found that mind mapping is one 
strategy that could improve the students’ speaking 
competency. The students recognised that the mind 
mapping strategy encourages them to develop their 
ideas and generate thoughts and ideas, and with 
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the use of pictures, their speaking will be more 
systematic. Another study investigates the students’ 
improvement in speaking ability after using mind 
mapping and guided questions conducted in the 
English program at the University of Indragiri 
Tembilahan (Mustajib, 2017). The sample of the 
research was the 41 students from the two classes 
in the fourth semester. In the experimental study, 
he found that mind mapping in teaching speaking 
can affect students’ speaking ability. It is found that 
students who were taught to use mind mapping have 
better speaking ability than those taught guided 
questions. In Vietnam, Huong (2019) conducted 
a study on mind mapping to enhance students’ 
speaking ability at the Vietnam University of 
Commerce. The participants were from two classes 
of second-year English-majored students. The data 
was collected from quasi-experimental research and 
interview. The study implied that mind mapping 
could be used as a supportive tool in speaking class. 
 
The implementation of mind mapping in English 
classes at FPT Polytechnic
 
Three classes were sampled at FPT Polytechnic 
in Summer Semester 2020. They are elementary 
students who mostly have low speaking ability and 
share the same opinions about their challenges in 
expressing their ideas and thoughts in speaking 
class despite the given suggested questions. It is 
also a common issue among English beginners. 
They find it difficult to apply what they have learned 
into practise, and they believe not to be equipped 
enough with the essential knowledge to convey their 
thoughts. To help the learners improve their speaking 
skills, it is necessary to put the teaching style into 
variation to facilitate their speaking performance. 
The study was derived from the class observation 
to see how the learners performed before and after 
applying mind mapping during speaking lessons. 

Students’ prominent issue at FPT Polytechnic is 
insufficient vocabulary or topical knowledge to 
express their ideas and put in limited time preparation 
leading to their low or unwilling participation in the 
class. Using their mother tongue is another problem 
that most students encounter if they could not think 
of anything in English. Therefore, mind mapping is 
introduced to help learners improving their speaking 

performance and encouraging their insight into the 
topics they are assigned. More specifically, it is 
described as an outline of the topic that is conveyed 
to others systematically. In each semester at FPT 
Polytechnic, five different topics are assigned, 
requiring the students to present in front of the class. 
To learn by heart more easily and present more 
confidently, mind mapping is introduced as a tool 
to support them. As illustrated, one of the topics is 
talking about a friend with a length of about 120-
150 words. Therefore, students are guided to use 
mind mapping in their work. 

Students at FPT Polytechnic are recommended to 
use it either on a computer or on blank paper with a 
pen. More strikingly, it is worth mentioning the use 
of multiple colours to symbolise different ideas. The 
main theme is placed in the center then extended 
with other supporting ideas by using branches, lines 
to remain consistent between the ideas. Mind is an 
application that could facilitate students to create 
mind mapping more effectively.
 

 

Figure 1 Mind mapping in the class at FPT 
Polytechnic 

 
Based on the observation and students’ performance 
assessment during the teaching and learning 
process, mind mapping could improve students’ 
speaking ability. Simultaneously, students perceived 
positively toward the use of mind mapping. In 
particular, in terms of fluency, after brainstorming 
in time allowance, they could organise their ideas 
better and follow these diagram ideas to present the 
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flow of ideas without long pauses. With the central 
topic and the supporting ideas revolving around 
it, they could be more aware of what to talk about 
and explain it logically. In terms of vocabulary, 
selecting appropriate words associated with the 
ideas the learners aim to convey is also positively 
reinforced. Pronunciation is another aspect that 
should be taken into consideration in speaking 
class. Using mind mapping, they focus on the 
keywords and have more chances to deliver their 
speech, so their pronunciation could be progressed 
gradually. Thanks to mind mapping, students can 
also construct longer sentences, although they still 
make some tenses mistakes. Therefore, it is mostly-
helped by mind mapping in the small-scale English 
language learning context, FPT Polytechnic. 

From the collated studies and the implementation 
of the mind mapping strategy at FPT Polytechnics, 
it can be implied that the use of mind mapping 
in teaching speaking has a positive effect on the 
learners’ speaking ability. 
 
Conclusion 

Generally, most students have positive attitudes 
towards the implementation of mind mapping, 
which could help them generate ideas and express 
their thoughts continuously through a hierarchy of 
relational concepts. Based on the observation, mind 
mapping might be used as a supportive source of 
reference to improve language learners’ speaking 
ability in similar contexts. Also, further study on 
the use of mind mapping could be investigated on 
a larger scale to find out the proper strategy for 
speaking skills and the three remaining skills in 
language learning, including writing, listening, and 
reading. 
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Introduction

Fossils is one of the subjects taught in paleontology 
core courses to the first-year undergraduate students 
in the Department of Geosciences, Universiti 
Teknologi PETRONAS. The laboratory teaching 
fossils include a physical collection of fossils and 
a supporting lesson plan that allows lecturers and 
students hands-on experience in Paleontology. 
However, with the recent pandemic of Covid-19, the 
accessibility to the physical lab is limited, which has 
impacted the activities of teaching and learning of 
this course. The process of 3D digitalization usually 
takes time and need costly equipment, such as a 3D 
laser scanner and purchasing of established software 
(Sutton et al., 2014), which at the moment, we have 
limited budget and time to use such techniques 
in providing immediate support to the practical 
activities of paleontology course as it is offered 
every semester. Here, we presented simple and 
cost-effective computer-aided 3D reconstruction of 
fossils, including the detailed techniques in fossil 
digitalization to provide a concept and prototype of 
the Augmented Reality (AR) app Ufossil for mobile 
devices. With Ufossil, it is possible to view fossils 
as 3D objects, access to the fossil taxonomy info, 
animations, or links to the database E-fossil library. 
The creation of the 3D fossil model emphasises the 
value of virtual reality for science communication, 
which enables the students to experience digital 
media as an overlay for physical samples in the lab. 

Creating the Resource 

In this pilot project, ten fossil samples were 
selected from the laboratory collection and used 
to teach and learn for the paleontology course. 
The first step was to identify suitable fossils for 
inclusion in the resource. These fossils have their 
complete taxonomy from several different phyla of 
invertebrate fossils, including mollusks (bivalves, 
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gastropod, and cephalopods), arthropods (trilobite), 
brachiopod (rhynchonella), echinoderm (sea 
urchins), and cnidarians (Anthozoa; coral). The 
workflow for creating the resource is shown in 
Figure 1. 

Each sample’s photographic activities were carried 
out using proper devices, including a DSLR camera 
and tripod with a certain specified angle and 
customised rotation pad (Figure 2). The images 
were then processed in meshroom software as part 
of the photogrammetry process. All the photos were 
aligned to generate a dense cloud that produces the 
geometry of the 3D model before the textured 3D 
model was created (Figure 3). The 3D model was 
exported as obj format and further processed in 
another software named Unity, animation software. 
The 2D images were saved for other processes, 
mainly to be used as target images in the mobile 
application or part of the package in the virtual and 
augmented reality that will be developed later.
 

  

Figure 1 The workflow for creating the resource of 
3-D fossils 
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Figure 2 Photograph process and dense cloud 
image development 

 

 

Figure 3 Photogrammetry technique to create 3D 
geometry (above) and texture (below) of the fossil 

The process of the 3D model was further animated 
using the Vuforia plug-in to Unity software to 
produce an augmented reality effect. These processes 
involved coding and writing a script to enable the 
image to be displayed on the mobile smartphone 
using an android installer called Android Package 
Kit (APK). The interface of the APK was also 
designed with a few buttons or controllers where 
the user can rotate, use the zoom function, and get 
additional information such as the taxonomy of 
each fossil (Figure 4). The augmented reality can 
be used by installing the APK application on the 
mobile smartphone. For instance, this application is 

only available for android users. The image targets 
are provided either in the digital or printed version.
 

 

Figure 4 Target image using the 2D image of the 
fossil sample (sample: gastropod) displayed in the 
lab (top) and the screenshot of augmented reality 

display in the mobile phone (below).

Discussion 

The research and development of digital enrich 
material usually takes a very long time and can 
take over ten years by the established research 
center (Ohlei et al., 2018). In this project, we have 
taken three months to provide the prototype of 
augmented reality in instant support to the teaching 
and learning of paleontology course. However, 
studies on the use of augmented reality in school 
as formal class teaching and museum as informal 
learning environments showed that AR, in short 
term memory knowledge, is an effective tool for 
acquisition and retention of knowledge contents but 
long term memory is not necessarily more effective 
than traditional non-digital learning materials 
(Sommerauer et al.,2018). In this approach of using 
AR to support the practical laboratory activities, it 
is vital to use the image target related to the sample 
displayed in the lab to ensure the continuation of 
knowledge acquired as students can still access the 
non-digital material when the time permitted. 
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 Conclusion and Future Works
 
We presented the prototype of augmented reality 
on virtual fossils to be used as 3D digital content 
for the laboratory paleontology course. This virtual 
paleontology is possible and valuable in support of 
teaching and learning, especially with augmented 
reality. Students can access the digital content 
material at any time and at their convenience. The 
inherent interactivity provides engagement between 
students and the non-digital material. It will help 
Movement Control Order (MCO) or limited access 
to the physical lab where the whole or semi online 
learning was implemented. Future work was planned 
to continue this project on usability and acceptance 
of augmented reality among students and the public. 
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