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Abstract

In Malaysia, there is a growing recognition for innovative teaching and learning methods, such as Problem Based
Learning (PBL), in engineering education in order to develop competence graduates. The development of
Information and Communication Technology (ICT) in education has given new impetus to the instructor to
improve the quality of education and to meet the current education of the 21st century. The use of e-learning in
teaching and learning (T & L) is seen an alternative to produce knowledge workers. The discussion of this paper
will look at the development of ideas, concepts and findings of past studies on the use of online PBL. The outcome
of this discussion will provide an overview of (i) the background of PBL, (ii) the development of PBL in
engineering field, (iii) the application of online PBL approaches for engineering courses and (iv) the model and the
characteristics of PBL. In conclusion, the outcome of the discussions found that e-content materials are required in
the engineering field due to the lack of theoretical framework and engineering pedagogy as well as the best method
of online PBL implementation in designing and developing e-content materials based on PBL.

Keywords: information and communication technology, problem-based learning, e-learning, e-content,
engineering courses

1. Introduction

The development of Information and Communication Technology (ICT) in education has given new impetus to the
instructor to improve the quality of education and to meet the current education of the 21st century. The
development of ICT is being more explored to make it appropriate for their strategies and educational goals. The
use of e-learning in teaching and learning process (T & L) is considered as an alternative in achieving the goals of
education and to produce first-class human capital. This is in line with the knowledge-based economic
development as important agenda that will have a huge impact on the country's education system, especially in
order to produce knowledge workers. To create an active learning environment in e-learning, PBL approach is
gradually gaining attention. This paper first describes the background of PBL and implementation of PBL in
Malaysian context. Then, this paper provides the summary of review from several development of PBL in
engineering field and the application of online PBL approaches for engineering courses and lastly the model and
the characteristics of PBL also describes in this paper. Several local PBL pilot studies that conducted in Malaysia
are also included.

2. Problem Based Learning

The problem based learning (PBL) is a teaching approach in which the concept of PBL involves learning through
the process of understanding or problem-solving (Barrows & Tamblyn, 1980; Hmelo-Silver, 2004; Tse & Chan,
2003; Tseng et al., 2008). This approach was originally developed in the field of medicine in 1969 at McMaster
University, Canada (Barrows & Tamblyn, 1980) and later developed in various other fields such as business, law,
engineering, and education. PBL approach actually resulted from concerns of many educators and researchers
regarding the deficiencies and problems that exist in conventional learning which emphasizes more on the contents
(Barrows, 1986, 1996; Barrows & Tamblyn, 1980; Hmelo-Silver & Barrows, 2006). According to Boud and Feletti
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(1998), the conventional approach is not only ineffective, but failed in developing the students who are able to
make wise judgments and adapt to various aspects particularly knowledge, thinking and skills.

The main goal of PBL is to help develop a flexible knowledge (Ferreira & Trudel, 2012; Hmelo-Silver, 2004;
Hoffmann & Ritchie, 1997), improve problem solving skills (Ferreira & Trudel, 2012; Hmelo-Silver, 2004;
Hoffmann & Ritchie, 1997) and self-directed learning (Hmelo-Silver, 2004), collaborative skills (Hmelo-Silver,
2004) and enhance intrinsic motivation (Hmelo-Silver, 2004). This approach is also able to develop higher-order
thinking skills such as creative thinking (Alias & Solomon, 2012; Awang & Ramly, 2008; Fauziah, 2011) and
critical thinking (Sendag & Ferhan Odabasi, 2009). The benefits of PBL approach in teaching and learning process
are that students are more focused on learning activities and thus able to form a more meaningful learning
(Hmelo-Silver, 2004; Murray & Savin-Baden, 2000; Savin-Baden, 2000). The PBL approach has great potential to
foster the learning of procedural knowledge to a higher level or students are deeply involved in the learning
process (Murray & Savin-Baden, 2000). In addition, the PBL approach can also help students to develop lifelong
learning skills (Hmelo-Silver, 2004, 2012). This is because the PBL approach requires students to integrate
knowledge and interdisciplinary skills to form opinions and build their own answers in the process of solving a
problem (Hmelo-Silver & Barrows, 2006; Hmelo-Silver & Eberbach, 2012).

The development of PBL approach is not only popular among academics and researchers in institutions abroad;
Malaysia has also experienced the effects of this approach. The PBL approach is carried out in various fields such
as law studies in the International Islamic University (IIA), the field of medicine and health sciences in the
University of Malaysia Sarawak (UNIMAS), the field of medicine in the National University of Malaysia (NUM),
the field of nursing and health sciences in International Medical University, physics studies in University of
Science Malaysia (USM), computer science and information technology in University of Malaya and the field of
interactive multimedia in the Multimedia University. In the engineering field, this approach was conducted in the
chemistry studies at the University of Technology Malaysia (Yusof et al., 2005), for engineering courses in
University of Tun Hussein Onn Malaysia (Salleh et al., 2007) and for electrical and electronic engineering courses
in Polytechnic Port Dickson (Krishnan & Ruhizan, 2009). The engineering courses have also used PBL
extensively in the T & L to cultivate students' problem-solving process.

3. PBL Approach in Engineering Courses

The PBL approach actually started in the field medicine (Barrows & Tamblyn, 1980). However, now the PBL
approach is not limited to the medical field alone, but has spread to various areas (Yusuf et al., 2005). The
engineering field is seen as a field that is abstract, challenging, requires scientific skills, critical and creative
thinking skills and problem-solving skills (Hassan et al., 2004; Yusof et al., 2005). In accordance with the goals of
PBL approach, which focuses on learning through problem solving, this research was conducted by choosing the
field of engineering as the application domain of this study. The PBL approach was implemented in a variety of
engineering fields such as mechanical engineering program at Imperial College in the United Kingdom,
biomedical engineering program at the Technische University of the Netherlands and the aerospace engineering
program at the Massachusetts Institute of Technology in the USA (Brodeur et al., 2002; Perrenet et al., 2000).
There are many studies about the successful use of PBL approaches in engineering. For example, a study by
Reeves and Laffey (1999) found that the PBL approach in engineering courses at the U.S. Air Force Academy has
increased students’ achievement and problem solving skills.

In the Malaysian context, there are a number of pilot projects carried out at such as the one at the University of
Malaya, Said et al. (2005) has integrated the PBL approach in engineering courses. He has proposed that 20% of
the course should use a PBL approach in the first year and increased to 90% in the final year of study. The
conventional approach is maintained. The facilitators are responsible for bringing the students to the concept of
"learning by doing". Facilitators should also be able to raise challenging questions, encourage and create a
conducive learning environment. While Joseph et al. (2005) has integrated the PBL approach in the classroom
environment at the University of Technology Malaysia using active learning techniques in the Process Control and
Dynamic Course and was successful in increasing students’ achievement and motivation. Ahmad and Jabbar
(2007), however, have conducted a pilot study in the use of PBL approach for the computer engineering program at
the University of Tun Hussein Onn Malaysia (UTHM) and this study has produced a rubric for the assessment of
teaching and learning.

The PBL approach has already been used in many polytechnics and executed abroad (Tseng et al., 2011; Tseng et
al., 2008). The study by O'Grady et al. (2012) using the PBL approach in the Singapore Polytechnic where the
concept of "one-day, one-problem" was introduced to the students to develop innovative human capital, possess
problem-solving skills and create a lifelong learning attitude. Huijser and Hasan (2012), reviewed the effectiveness
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of PBL in Bahrain polytechnic to enhance the graduates’ employability and innovation skills. In the Malaysian
context, a PBL model has been developed at the polytechnic in electrical engineering courses to enhance critical
thinking and intrinsic motivation of students (Alias & Sulaiman, 2012; Alias et al., 2011). On the other hand,
Awang and Ramly (2008) used the PBL procedure to enhance the creative thinking of the polytechnic students in
Structural Mechanics courses. Both of these studies are carried out face to face.

Although the PBL approach showed many advantages compared to conventional learning approach, but there are
still some constraints that caused this approach to be less practiced such as; too many students in a class, the
number teachers who are not skilled in using PBL approaches, a short period of T & L, problems in providing
appropriate set of problems fitting the topics of learning, lack of resources and high operating costs (Farnsworth,
1994; Jamaluddin, 2004) and an educator should act as a facilitator and this is difficult to be done in the specified
learning environment (Albion & Gibson, 1998). In addition, the use of PBL problem scenarios is limited to text
and oral formats (Hoffmann & Ritchie, 1997), the difficulty in understanding PBL problems using traditional
media (Albion & Gibson, 1998; Zydney, 2005), lack of resources or materials and guidance for educators (Simons
& Klein, 2007), problems of group work (Farnsworth, 1994; Rice & Wilson, 1999) as well as problems in the
formation of the group (Van Berkel & Dolmans, 2006). Ferreira and Trudel (2012) argue that technological
developments can be more easily integrated with PBL approach. The combination of PBL and ICT approach is
capable of replacing conventional PBL approach in the classes (Alias & Solomon, 2012; Hsu et al., 2012; Park &

Park, 2012; Selvi et al., 2012; Watson & Fang, 2012). Albion (2010) also proposed the use of interactive
multimedia for presenting and displaying models to be used in the T & L process, including in the field of
engineering.

4. The Online PBL Approach

The widespread use of computers and the internet, gave a positive impact on the implementation of the PBL
approach. This development got the attention of online learning materials development (Donnelly & Fitzmaurice,
2005; McAlpine & Allen, 2007). This was demonstrated in previous studies that supported the use of ICT in
implementing PBL to facilitate access to data and information resources by developing collaborative learning
laboratory for medical courses (Koschmann et al., 1996). The internet networking technology and websites are
used to support the PBL collaboratively in bio-technology and physiotherapy courses (Donnelly & Fitzmaurice,
2005; Poikela et al., 2007). Meanwhile, Albion (2000) developed interactive multimedia software titled
Integrating Information Technology into Teaching of Information Technology subjects using a PBL approach.
Lowther and Morrison (2003), developed the Integrating Technology for Inquiry (Nteq) software for Computer
Science subjects using PBL. Hmelo-Silver et al. (2006) have developed the eSTEP system for trainee teachers to
learn the concepts of science using videos in PBL. Savin-Baden and Gibbon (2006) developed the SONIC
(Students Online in Nursing Integrated Curriculum) for nursing students using the PBL interactively to promote
independent learning and investigation.

In the Malaysian context, Jamaluddin (2004) has developed a web-based learning system that uses a PBL
approach to the topic of Multimedia Technology for 44 students in the third year of undergraduate studies, which
managed to improve their performances in the test, increased their confidence and cognitive level. Meanwhile
Faaizah (2008) examined the use of multimedia packages using PBL approach in the science subject of form two,
in the topic of nutrition, to enhance students’ achievement. On the other hand, Faridah (2009) examined the use
of interactive multimedia software using a PBL approach for the mathematics topics set for form four students to
raise their achievement and problem-solving skills. The study by Fauziah (2011) examined the use of Learning
Management System by PBL approach to enhance critical and creative thinking of students in physics courses at
university level.

In the engineering context, the study by Tseng et al. (2008) examined the use of online learning based on the PBL
approach in vocational high schools in digital logic courses. His research found that students showed a positive
attitude towards online learning. Meanwhile, Tseng et al. (2011), conducted a study for 8 weeks on high school
students for the digital logic courses in Taiwan using the PBL web collaboratively to solve problems, found that the
use of online PBL can improve students' attitudes and, the web usability aspects of the system showed the
existence of a collaborative environment, interactive and comfortable.

In the context of polytechnics of Malaysia, Krishnan and Ruhizan (2009) have developed a website using a PBL
approach for project courses for electrical engineering students to improve the quality of their products. In
addition, Rahman et al. (2011) developed an e-Library and Learning Object System for project development
courses for Mechanical courses at polytechnics. ICT development has also attracted the interest of many
researchers to apply the PBL approach in web-based learning, particularly to support collaborative learning
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(Atan et al., 2005; Poikela et al., 2007). Donnelly and Fitzmaurice (2005) outlined a number of branches of the
use of ICT to support learning in PBL such as presentation, problem discussion, reflection, collaboration, sharing
of ideas, evaluation and administration of the whole learning. However, studies on the development of online
learning materials and contents using a PBL approach in general and specifically for engineering students of
polytechnic students still not well explored in Malaysia to enhance their knowledge and skills. Finally, it cannot
be denied that the use of ICT in implementing PBL is important in acting as a catalyst for teaching and learning.

5. The Models and Features of Online PBL

There are various PBL models that have been developed by researchers and educators to achieve a specific
objective. According to Faaizah (2008), the main purpose is to change students from being the passive recipients of
information to active information processors. Indirectly, teaching methods also changed from teaching-oriented to
learning-oriented. According to Wee (2004), the students have to go through seven levels of learning in PBL which
begins with the formation of groups, understanding the problem, hypothesis construction, construction of learning
issues, self-learning, presentation of problems and reflection. Meanwhile, Barrows (1986) indicated that students
need to ask questions about the three things, namely: “what is interesting here? What is puzzling and what is
important to find out?” to solve the given problem. Massa (2008) proposed the needed four levels in the PBL,
which are: problem analysis, self-learning, developing ideas and testing the solution.

According to Faaizah (2008), the PBL approach begins with the presentation of a genuine problem and students in
a small group will determine the next steps to find the solutions and present the problem’s alternative solutions to
the instructor for evaluation. There are various models or features in the context of PBL in Malaysia that was
already adapted for online learning. Jamaluddin (2004) has combined the features of PBL (Bridges 1992; Caroline
1998) in designing the web-based learning materials for the students of teacher training college. Fauziah (2011)
modified three PBL models, which are, the McMaster University model (Barrows & Tamblyn 1980), Torp and
Sage model (Torp & Sage, 1998) and Pastirik model (2006) in designing the online learning materials for physics
courses at university level. Atan et al. (2005) have adopted the Harper-Marinick PBL model (2001) in the design of
online learning materials for the Physics courses. Faridah (2009) used the features of PBL such as authentic
problem scenarios, inquiry process, the formation of the group and PBL techniques in the production of interactive
multimedia courseware for the topics of form four students. Faaizah (2008) used the features of constructivism, the
characteristics of PBL, collaboration features and contextual features in designing a multimedia package for the
science (nutrition) subject of form two students.

6. Conclusion

However, the study on the development of online learning materials based on the PBL approach specifically for
engineering students are still less explored in Malaysia in enhancing their knowledge and skills. This statement is
supported by Brodie (2009) who stated that online PBL approach is poorly documented, especially in the
engineering field. Furthermore, the study by Fauziah (2011) reported that there is a lack of online learning
materials based on PBL approach in Malaysia and made several recommendations regarding the future
development of online learning materials based on PBL approach (i) conduct researches in various levels and
courses, (ii) develop the learning materials with more vivid and interesting PBL elements, (iii) design specific
teaching methods to implement the elements of PBL in the process of teaching and learning in a more motivating
and beneficial way for the students and facilitators. This statement is supported by Kim and Kee (2012), who stated
that there is a lack of needed theoretical framework and engineering pedagogy and as well as the best method of
online PBL implementation in designing and developing e-content materials based on PBL.
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