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PBL Across Cultures

Introduction

Over the past decades Problem Based and Project Based Learning (PBL) has proved
to be a highly successful method for training professionals in higher education. After
first spreading in Canada, USA, Europe and Australia more recently also many
institutes in Asia, Africa and South America have been introducing this educational
method. As a consequence, the cultural dimension in PBL has gained in importance.
For instance, the group work is one of the hallmarks of PBL. Western countries like
Denmark and Holland score moderately low on the culture dimensions Power
Distance and Uncertainty Avoidance. Consequently it is common for students to
discuss among themselves topics and share their knowledge in collaborating on a
problem, or even to argue with a teacher. In other cultures with a higher Power
Distance or a more masculine competitive nature such behaviour is much less natural
or may even be unacceptable. Evidently, the PBL group process will develop
differently in different cultural environments. However, little is known about the
specific influence of cultural aspects on the PBL process.
This cultural dimension is the topic has been chosen as the central theme of the fourth
international PBL research symposium in Kuala Lumpur, Malaysia. The first of these
symposia was held at Aalborg University in June 2008 a year after the establishment
of the UNESCO Chair in Problem Based Learning, aiming to initiate a worldwide
community of researchers on PBL. UCPBL collaborated with host organizations in
different countries around the world to continue this initiative supporting the research
community. The second research symposium was held in Melbourne, hosted by
Victoria University in December 2009. At the time Victoria University was going
through a process of organisational change introducing PBL in her curricula. The
third International Research Symposium on Problem-Based Learning hosted by
Coventry University, 28-29 November 2011 focused on collecting best practices
across the disciplines. Coventry University was also in the middle of a change process
towards more PBL in her curricula.
In Asia several institutes have implanted PBL during the past decades. Universiti
Teknologi Malaysia (UTM) in Kuala Lumpur, one of the outstanding centres of
educational innovation and research hosts the 4th International Research Symposium
on PBL, July 2-3 2013. Once more the symposium aims to bring together researchers
studying all aspects of the learning process in problem based and project based
learning, and those involved in the implementation of these approaches across the
disciplines from all over the world. Under the umbrella of the over all theme PBL
ACROSS CULTURES, the symposium asked for contributions on the following sub-
themes:

— Approaches to PBL

— The learning process (cognitive studies)

— Evaluating practice — models and approaches

— Theorising practice

— Management of change

— Learning spaces

— Teacher roles in PBL

— Learning technologies for PBL

— Student engagement with PBL



— Virtual PBL

— Cross disciplinary PBL

— Gender and diversity

— Generating innovative and interdisciplinary knowledge and practices
— PBL for continuing professional development

— Curriculum design

— Assessment methods

— Case studies

Sharing (new) knowledge is the key aspect of every research symposium. Normally
that is achieved through a series of individual lecture like presentations. However, at a
symposium on PBL the participants may expect to be more actively involved. In order
to the necessary create variation the papers have been assigned to three different
presentation formats. Besides the traditional short paper presentation format there is a
panel presentation and a PBL presentation format. In all cases an essential part of the
information will be made available in this book of proceedings. Participants at the
conference are expected to prepare for the sessions by reading the contributions
beforehand. Therefore, the order of presenting the papers in this book follows as close
as possible the structure of the symposium programme.

We wish you all a good time preparing for the IRSPBL in Malaysia.
And remember: ‘Knowledge is something that grows in the process of sharing’

Khairiyah Mohd-Yusof, Mahyuddin bin Arsat, Mohamad Borhan, Erik de Graaff,
Annete Kolmos & Fatin Aliah Phang

Kuala Lumpur, Aalborg, June 2013
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Globalization of Problem-Driven Learning: Design of a System for
Transfer Across Cultures

Kinda Khalaf *, Wendy Newstetter °, Habiba Alsafar ®

Department of Biomedical Engineering, Khalifa University, Abu Dhabi, UAE
PDepartment of Biomedical Engineering, Georgia Institute of Technology Atlanta, USA

Abstract

In this paper, we report on an experiment in transnational exchange and cooperation between Georgia Tech in Atlanta, Georgia USA and
Khalifa University in Abu Dhabi around the design of an introductory course in biomedical engineering delivered using problem-driven
learning (PDL). Although the core of the PDL problems and scaffolding approach were adopted from GT, as well as the general course
structure, the open-ended, ill-structured problems were specifically designed to “custom—fit” the KU and the UAE culture. In the process, the
authors explored the design of an exportable system for PDL transfer across cultures. The main hypothesis lies in the successful globalization
of PDL, through the design of a system for cross-cultural transfer based on the development of generic core problems with cultural-specific
skins that address interdisciplinary skills unique to BME.

Keywords: Problem-Driven-Learning, engineering education , cross cultural transfer, 21st century skills;

1. Introduction

Engineering education stakeholders, from academic institutions, professors, and alumni to private sector industries,
governmental education agencies and accreditation bodies universally agree that current engineering graduates lack the critical
skills essential for the 21 century interconnected dynamic world that is rapidly being transformed by information explosion and
monumental scientific and technological advances. Today’s practicing engineer operates under multifaceted global, cultural, and
business constraints, and hence needs a set of tools, skills and competencies to cope and compete within the boundaries of such
unprecedented grand challenges. The National Academy of Science in the USA identifies five essential 21% century skills:
adaptability, complex communication/social skills, non-routine problem-solving, self-management/self-development and systems
thinking (National Academy of Sciences, 2010). These competencies are echoed in the UNESCO’s report “Learning: The
Treasure Within: Education for the Twenty First Century” (UNESCO’s Report, 1999) and in a recent European Community’s
report which identifies eight key competences essential in a knowledge-based society (European Communities, 2007). The EU
report emphasizes that these skills are not only critical in providing the flexibility in the labor force through allowing for quick
adaptation to dynamic changes, but also serve as foundation pillars for innovation, productivity and competitiveness;
proficiencies highly valued in a global world that has been encountering economic challenges in many of its countries (EU
Report, 2007).

Research shows that the inadequate preparation of engineers in key competencies in fact extends internationally. A recent
UNESCO report (Skills Gaps Throughout the World: an analysis for UNESCO Global Monitoring Report 2012) warns that skills
gaps are constraining companies’ ability to grow, innovate, deliver products and services on time, meet quality standards and
meet environmental and social requirements in countries where they operate. The report identifies the lack of available talent and
trained resources in the Middle East as the greatest threat for sustainable development of the region. Gulf leaders are among the
least satisfied with the supply of employable graduates including engineers, with only 37 percent citing their satisfaction
(Maktoum Foundation, 2012). Employability skills were classified into four categories (technical, cultural, interpersonal, and
intrapersonal) and included fifteen specific skills: independent task execution; appropriate approach to problem solving; ability
to monitor and evaluate own activities; ability to relate specific issues to wider contexts; ability to apply knowledge to new
situations; ability to devise ways to improve own actions; ability to deal with different cultural practices; openness and
flexibility; negotiation and mediation skills; self motivation and initiative; ability to network; creativity and innovation; ability to
relate to a wide range of people; team participation; and sense of identity and self confidence (UNESCO Report, 2012).
Misalignment between education and employers needs was cited as one of the main reasons behind the skills gap.

The current engineering curriculum, delivered by the vast majority of institutions worldwide including the Middle East,
continues to follow the traditional science model of engineering education in which the first two years are typically devoted to
basic sciences and mathematics, with minimal exposure to “real-world” engineering problems (Froyd and Ohland, 2005, Dym et
al., 2007, Sheppard et al., 2009, Khalaf et al., 2013). Furthermore, engineering curricula continue to be mostly delivered by
traditional passive lecture mode in which instructors start with theories and mathematical models, and then move to textbook

* Corresponding Author: Dr. Kinda Khalaf Tel.: +971-02-401-8107
E-mail address: kinda.khalaf@kustar.ac.ae



examples, which may or may not ultimately extend to real world applications (Prince and Felder, 2006). The combination of the
traditional model of engineering education, which clearly delays student exposure to engineering integrative thinking and
experience, with deductive passive course delivery leads to the current mismatch between the traditional structure of the
engineering disciplines and the emerging complexities of modern engineering systems (Litzinger et al., 2011). Research shows
that students will not develop the aforementioned competencies by following mostly theoretical, disconnected curricula while
sitting passively in lecture halls, taking notes and memorizing content (Newstetter et al., 2012). Even more interactive methods
such as Personal Response Systems or Student-centered Active Learning Environments for Undergraduate Programs (SCALE-
UP) (Beichner, Saul, Allain, Deardorff, & Abbott, 2000 ), both of which promote greater student interaction, are not specifically
designed to help students develop these competencies because the nature of the problems given students in traditional
engineering classes, while a first step in becoming a successful engineers, are not sufficiently complex to allow students to
practice essential 21st century skills (Newstetter et al., 2012). These challenges in developing countries, such as the United Arab
Emirates (UAE), have more severe implications, given that the industrial sector is in its infancy, and hence has an even higher
need for problem solvers, critical thinkers, and independent learners.

1.1. Biomedical Engineering: A Discipline Under Construction

The field of Biomedical Engineering (BME) lies at the intersection of engineering, medicine and the biosciences. As such, in
addition to the typical challenges mentioned above, biomedical engineering education entertains its own unique challenges.
Newstetter et al. (2010) summarize the challenges as ones encountered on two main fronts: the educator front and the student
front. From the perspective of educators, biomedical engineering education needs to bridge the gap between engineering and
medicine and hence must combine the design and problem solving skills of engineering with medical and biological sciences
knowledge and skills. And yet, to date, almost no textbooks specifically targeting BME exist at the undergraduate level. The
learning challenges on the student front are significant. Learners must master three traditionally distinct intellectual faculties: 1)
modeling and quantitative skills required for engineering; 2) qualitative systems analysis skills integral to the life sciences; 3)
clinical sensibilities inherent in medicine. It is therefore obvious that biomedical engineering educators need to foster in students
the cognitive flexibility inherent in true integrative thinking and system analysis in order to embrace the merging of these distinct
practices and historically-separated disciplines (Newstetter et al., 2010).

An additional set of challenges in the highly interdisciplinary biomedical engineering education stems from the dynamic
nature and fast pace of evolution of this young discipline. Educators and students alike operate in a discipline with continuously
shifting grounds and highly dynamic boundaries and constraints. The typical biomedical engineer of the 1970’s and 1980’s
whose main training was in electrical or mechanical engineering with a few “picked up as needed” courses in biology and
physiology did not need the skills crucial for today’s tissue engineer who works on designing entire organs from stem cells and
hence faces a whole range of engineering, biological, clinical, and ethical complexities. The 21-century set of skills and
competencies is not only critical here for innovation, productivity and competitiveness, but more importantly for maintenance
and enhancement of the ultimate machine- the human body.

1.2. Problem-Driven Learning (PDL)

In response to the need for fostering the critical skills for successful modern engineers mentioned above, various pedagogical
inductive learning models have started to make inroads into engineering education (Prince and Felder, 2006). These models
include a wide spectrum of pedagogies ranging from discovery learning, and case-based learning to problem and project-based
learning, active and cooperative learning and just in time lectures. The main feature shared by these models is the presentation of
a specific challenge or complex problem to the students as the initial point of leaning after which they are coached to self learn
upon recognizing the need for theories, facts, skills and concepts (Prince and Felder, 2006). Problem-based learning (PBL), as
defined by H.S. Barrows who was one of the pioneers who developed and implemented PBL in medical education over three
decades ago, is the learning method based on using problems as a starting point for the acquisition and integration of new
knowledge (Barrows, 1986). As a pedagogy centered around problem solving of complex, open-ended, ill-defined and ill-
constrained problems, PBL inherently aligns with engineering in which complex problem-solving is a main pillar, and offers
engineering educators innovative and effective means to successfully engage students deeply with content (Capon & Kuhn,
2004), to apprentice them to the practices of a particular community, to practice a specific skill set such as spoken and written
communication, and more importantly empowers them to assume responsibility to be self-directed and life long learners towards
developing the necessary analytical and complex problem solving skills needed to tackle the multifaceted challenging
engineering world of the twenty first century. (Johnson, 1999; Woods, 1996; Yadav, Subedi, Lundberg, & Bunting, April 2011).

For our purposes, we adopt a slightly different term—problem-driven learning (PDL). This term can be in essence
interchangeably used with problem-based learning or PBL in our context. The word “driven” in PDL is used to replace “based”
in PBL in order to emphasize the central role of complex problems in initiating and driving the learning process. In fact, we
adopt this term from the research we have been doing in trying to understand reasoning, problem solving and learning in
authentic sites of interdisciplinary practice---university research labs (Osbeck, Nersessian, Malone, & Newstetter, 2010). Over
the last ten years we have investigated a tissue-engineering lab, a neuroengineering lab and two integrated systems biology labs
using ethnographic research methods. We then sought to translate our findings on learning in those sites into new models for



engineering education (Newstetter et al. 2010). We found in these sites of authentic engineering activity that learning is powered
by the need to solve complex problems. Problem-driven learning fuels advances in knowledge and lab breakthroughs. However,
the laboratory problems look nothing like textbook problems. They are complex, ill structured and ill constrained. They require
the integration of knowledge and skills across the bioscience/engineering divide. Adapting to new and changing conditions both
in terms of personnel, problem types and the ever-present impasses encountered in frontier science is a fact of life. Researchers
need to navigate what, when and how they learn; they work collaboratively when the intractability of the problem demands a
collection of heads and hands. Our investigations of these laboratories illuminated why BME majors need to practice early and
often the skills of tackling, defining, constraining and working through complex, interdisciplinary problems to be able to
effectively participate as complex problem solvers in industry or research. Thus the mantra of an introductory course in
biomedical engineering needs to proclaim: Empower students to be agents of their own learning who are fearless in the face of a
complex problem.

In this paper, we report on an experiment in transnational exchange and cooperation between Georgia Tech in Atlanta,
Georgia USA and Khalifa University in Abu Dhabi around the design of such an introductory course in biomedical engineering.
It is a story that has many twists and turns. Inspired by the success of the introductory BME course model developed at Georgia
Tech. (GT) in Atlanta, a collaborative effort went into the design and development of a PBL introductory biomedical engineering
course at Khalifa University (KU) in Abu Dhabi, UAE. Although the core of the PBL problems and scaffolding approach were
adopted from GT, as well as the general course structure, the open-ended, ill-structured problems were specifically designed to
“custom—fit” the KU and the UAE culture (Newstetter et al, 2012, Khalaf et al., 2013). In the process, the authors explored the
design of an exportable system for PBL transfer across cultures. The main hypothesis lies in the successful globalization of PBL,
through the design of a system for cross-cultural transfer based on the development of generic core problems with cultural-
specific skins that address interdisciplinary skills unique to BME (Newstetter et al., 2012, Khalaf et al., 2013). This paper
introduces this system (see appendix for definition of terminology).

2. PDL model at GT- the development of “generic” cross-cultural core problems

The development of a problem-driven learning curriculum at Georgia Tech commenced in 2000 as the newly founded
Department of Biomedical Engineering was accepting its first PhD students. Faculty began by creating a first year graduate course
that used the white board scaffolding found in Medical PBL in the context of six problems representative of the varied branches of
biomedical engineering. Special PBL rooms were commissioned for the new BME building. In the following year, the first
undergraduate course titled Problems in Biomedical Engineering | was piloted. Over the next three years, a number of new
problems for this course were developed and run with student teams to determine their appropriateness and relevance for an
introductory course in biomedical engineering. In time, three problems emerged from an iterative process of prototyping, running,
analyzing and redesigning that we now consider as cores over which different skins can be affixed. To illustrate, the first problem
focuses on screening or treatment in the context of disease (See example problem in appendix). The problem brings together
probability statistics (sensitivity/specificity/positive predictive value) in health screening, issues of scale and systems in disease,
and the development of quantitative methods of analysis for evaluation/decision-making in the face of conflicting and changing
information. A significant intended learning outcome for the whole course generally but for this problem very specifically, is the
development of efficient/effective inquiry skills, which are very much needed when sifting through the peer-reviewed journal
articles. Each term, a new disease can be explored. Generally, skins would be one kind of disease or another (cancer,
endometriosis and sickle cell disease have been typical problem skins at GT).

The second problem has experimental design at its core and the third has mathematical modeling and computer simulation.
These core problems offer enough flexibility that each semester is very different for both students and faculty. For example,
through modeling and simulation, students were asked one semester to determine what steps the campus should take to prevent the
spread of HLN1 while the next semester they looked at the potential for experimental viral traps to halt the spread of HIV. This
potential to “re-skin” the core problem each term with a different story line, a story line that often comes from current health and
science news, keeps the course fresh and current for both faculty and students. Importantly, students really have the sense that
they are working along side other biomedical researchers on significant problems rather than just doing homework sets from
textbooks.

In conjunction with problem development, a rubric laying out the intended course learning outcomes and student behaviors
was developed for facilitators to use in observing student behaviors on the teams and for students to self and peer assess. Rubrics
for scoring each problem presentation and report as well writing guidelines for each problem were also developed. This collection
of materials scaffold student activities across the problem making it possible for freshman teams to take on significant authentic
problems. Finally, a strategy for a final exam was developed, piloted, evaluated and redesigned using the same “skin” concept as
the problems. Prior to collaboration with Khalifa, the Georgia Tech team had reached a steady state whereby more than one
hundred and fifty students were going through this experience every term facilitated by twelve or more faculty and post-docs a
term.



3. Cross Cultural Globalization- the development of “cultural-specific” skins

The PDL model adopted at the Biomedical Engineering Department at Khalifa University is based on the system designed by
GT in terms of “the core” problems described above. As previously mentioned, other attributes such as the scaffolding approach,
the three problems per semester structure, as well as the general course structure were also maintained. On the other hand, what
we refer to as “skins” or outer shells affixed to these open-ended, ill structured and poorly constrained core problems were
specifically designed to “custom—fit” the KU and the UAE culture. The role of the facilitator is also is very different from an
instructor. The facilitator is not an expert that provides information or directs the group towards a solution, but rather asks in
depth probing questions at the process level in a guidance or scaffolding support role. This initial support is slowly reduced as the
students develop greater proficiency and assume greater responsibility (Newstetter, 2006).

The following elements were incorporated in the process of the cross-cultural system transfer:

1. Problem Topics- Cultural Relevance: Motivation and Constraints

The topics were carefully selected based on cultural and societal relevance, emphasizing current health challenges in Abu
Dhabi and the UAE. For example, as mentioned above, a typical core problem used at GT for the first problem is the
identification of optimal methods for disease screening. In alignment with GT, this problem was selected due to the large amount
of inquiry involved towards the solution ranging from the disease mechanisms at the molecular level, to the physics behind
imaging technologies, to the protocols involved in a various screening, to the highly experimental research that has the potential
to create new screening paradigms (Newstetter et al., 2010).

At KU, fresh skins were affixed to the core such that a cultural relevance and benefits were clearly established. For example
the following two health challenges were selected at KU for problem one:

e Diabetes mellitus type 2: The United Arab Emirates has the second highest rate of type 2 diabetes prevalence in the world
(19.6%), projected to increase to 63% by the year 2030.

e Obesity: The UAE has one of the world’s highest rates in over weight and obesity (71% of men and women being either
over weight (34%) or obese (36%)).

On the other hand topics such as HIV, drug abuse, or life support were avoided due to cultural constraints.

The main objective of the second core problem, which is typically related to investigating the accuracy of a particular
(medical) device, lies in the design of an experiment meant to test a hypothesis. The team has to use the literature to develop a
testable hypothesis. Then they need to develop an experimental protocol for collecting data to either verify or disprove their
hypothesis. They must also design and set up an experiment so as to determine whether the results are statistically significant or
not. Further, they need to determine what an appropriate sample size will be to achieve significance. And finally every team
member has to individually become IRB certified and the group must get IRB approval beforehand (Newstetter et al., 2010).

An example of a skin affixed to such a problem at KU based on cultural relevance is The Design and testing of an Intelligent
Speed Control System. Relevance is immediately established when the text of the problem states that Abu Dhabi has one of the
highest rates of road deaths in the world amounting to an alarming 27.4 of 100,000 people, as compared to 15.2 in the US and
11.9 in the EU (HAAD health statistics, 2011).

2. Skill-based focus to promote metacognitive learning that is of particular importance yet nonstandard to culture

In addition to the skill deficiencies that engineering students suffer from on a global level (see introduction), students in a
particular culture may require promotion/validation of certain skills, equally important for the modern engineer, yet lacking in
that culture. One example is the empowerment of women in the UAE and the Arab world. Females in this part of the world
typically attend all girl schools and aside from their male relatives do not interact socially with men. The PBL course is one of
the first experiences in co-ed education and cross gender professional engagement, and hence provides an opportunity to promote
women empowerment and leadership, through research on achievements of other women as related to the core problems, as well
as particular focus on team and communication skills in a co-ed environment.

Another important skill that was particularly reinforced at KU is “learning to learn” or autonomous self-directed learning.
Inherent to PBL, this skill is critical yet non-standard to a culture that mostly adheres to passive learning didactic lecture models
and in which many students, particularly females, are the first generation in their family to attend college. Student teams were
empowered to assume initiative and responsibility for their learning and were engaged in the selection, management and
assessment of their learning activities. The main goal is to train life-long learners and independent thinkers equipped to
undertake a leading role in a future knowledge-based economy.

3. Cultural-specific assessment-what works best in line of cultural values and constraints

Assessment in the PBL classes at GT targets four specific areas: self- directed inquiry, knowledge building, collaboration
skills and problem solving strategies. Various alternative assessment methods are used cumulatively at GT towards assessing



these skills through the semester. These include inquiry updates, post-problem self and peer evaluations, concept maps, written
and oral presentations, and written assessment. While all of these are useful tools to monitor and assess the four target areas,
cultural constraints may again play a role in the success of these assessment tools. For example, the concepts for peer and self-
assessment at KU proved quite challenging, as specific cultural values resulted in systematic underestimation of the students of
their own performance and overestimation of that of their peers. The solution (affixed skin) was to share the assessment rubric
with the students and have them quantify each of the categories by developing “skill lines” as an instrument to gauge the
progress. The students were hence engaged in the skill assessment and quantification throughout the problem cycle for each of
the three problems in a quantitative manner that helped them overcome the cultural assessment constraint. This engagement
helped them learn to calibrate and objectively gauge skills (both self and team members).

4. Conclusions

This paper reports on ongoing collaborative translational effort between Georgia Institute of Technology in Atlanta (GT) and
Khalifa University of Science, technology and Research (KUSTAR) in Abu Dhabi around the design, development and
implementation of an introductory course in Biomedical Engineering delivered using problem-driven learning (PDL). The main
contribution of this work lies in the conceptual design of an exportable pedagogical system for PDL transfer across cultures. The
system is based on the development of “generic core” problems that are specifically designed to promote the critical unique
skills needed for biomedical engineers through scaffolded metacognitive apprenticeship, while ensuring the smooth and effective
cross cultural transfer and relevance via affixing “cultural skins” to these problems. Future work includes the collection of
comparative data using the system and the development of authentic assessment strategies.
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APPENDIX

Carcinoma of the pancreas has markedly increased over the past several decades and ranks as the fourth leading cause of cancer
death in the United States. In 2011, of the estimated 44,030 new cases of pancreatic cancer, 37,660 will result in deaths
(National Cancer Institute, 2011). The overall survival rate at all stages is <1% at 5 years with most patients dying within 1 year.
At present there are no reliable screening tests for detecting pancreatic cancer in asymptomatic persons. The deep anatomic
location of the pancreas makes detection of small, localized tumors unlikely during the routine abdominal examination. Even in
patients with confirmed pancreatic cancer, an abdominal mass is palpable in only 15-25% of cases. Among healthy subjects,
CA19-9, a serologic marker potentially used for screening, has good specificity---85% (Safi, Schlosser et al. 1996) but
nevertheless generates a large proportion of false-positive results (positive predictive power 0.9%) due to the very low
prevalence of pancreatic cancer in the general population. The predictive value of a positive test could be improved if a
population at substantially higher risk could be identified.

Your team has been selected by the National Cancer Institute to investigate and evaluate current methods for pancreatic
cancer screening, including the effectiveness of the most commonly used methods. You are then expected to identify and make
recommendations regarding potential future screening strategies, which relative to current strategies enhance sensitivity without
sacrificing specificity.

Safi'F, Schlossew,W, Falkenreck, S and Beger, H.G (1996) Ca 19-9 serum course and prognosis of pancreatic cancer. International Journal of Gastrointestinal
Cancer. 20/3.

Terminology

Scaffolding: Providing sufficient support for students to operate at a higher level than otherwise possible. This typically includes
facilitators’ help (in the role of a coach or trademaster), score sheets, rubrics, and writing guidelines.

Skin: The storyline of the problem to frame it in a cultural/societal context as necessary.

Metacognetition: Learners' awareness of their own knowledge and their ability to understand, control, and manipulate their own
cognitive processes.
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Abstract

This paper revealed the framework of PBLMathGame prototype and discussed the effectiveness of using game as a tool in PBL environment.
The development of the PBLMathGame is based on the skills needed in problem solving in Related Rates topic. By understanding the
relationship between educational needs and game elements, the PBLMathGame is developed that include visualisation and problem solving
skills. The experiment was carried out for two weeks involving 28 students who enrolled into Engineering Mathematics 2 course. The
experimental group (EG) was exposed to PBL and Educational Game instruction whereas the control group (CG) was taught by PBL only.
There are two set of instruments used in this study namely PBLMathGame courseware, problem solving answer sheets and rubric sheets for
problem solving. The data were analyzed using independent t-test. The result showed that students improved their problem solving skills in
solving Related of Change problem when incorporating game in their learning. Thus, this study has shown some value added to the area of PBL
learning.

Keywords: Education game;Problem based learning;Mathematics; PBL tools

1. Introduction

Playing games is a common skill to our social and mental development. According to YanHong et. al. (2010) and Costu et.
al.(2009), with the advent of computer technologies and internet, games can be used for the development of education area.
Nevertheless, with the rapid technological innovation that influence competencies, knowledge and skills, there is a need for
pedagogical change in Malaysian education program Zakaria et.al.(2010).

Problem Based learning (PBL) is the integration of specific concepts and classroom contexts for enhancing students’ critical-
thinking skills and problem solving ability. Moreover, the challenge of globalisation today requires students to master problem
solving skills and positive attitude and values besides good conceptual knowledge of mathematics. PBL also serves as a powerful
tool in empowering learners to have a sense of control of their learning Tan and OS (2004).

In order to obtain the cognitive and affective benefits of educational games in the classroom, a well-designed educational
game needs to be grounded in the prototype. In this study of PBL, the game was used as one of the learning resources for
students to learn Related Rate topic. The game developed intended to develop and improve students’ skill in problem solving
especially in developing mathematics concept and procedural knowledge among students. The PBLMathGame was designed as
an in class activity to assess students understanding of Related Rate topic. In a research conducted by Martin (2000), the result
shows that while performing problem solving, students are proficient in performing algorithms, but lack of ability to connect
procedure with their conceptual knowledge. The inability to connect both knowledge was the thought of students’ difficulties in
higher level mathematics (Zahrah et. al. and Ismail, 2009; Tarmizah, 2005). Thus, an initiative of integrating game in PBL
environment has been taken to improve student’s quality in problem solving skill in mathematics.

In this paper, we will describe the prototype of PBLMathGame created to enhance students’ skills in mathematics problem
solving and to assess the impact of PBLMathGame in enhancing students’ skills in problem solving based on rubric scores. The
game consists of content that develop student’s knowledge in relating mathematics concept and procedural steps in solving
related rate problems. The game design, create a game environment that allowed players to learn Related Rate topic while having
fun with the game and interactive environment as game in education has shown improved motivation and students’ engagement
and improved participation and achievement (Ishikan et. al. and Yan Hong et.al., 2010, Papastergiou, 2009 and Alan et.al.,
2000).

2. PBLMathGame Prototype

The game was used as an in-class activity to assess students understanding of Related Rate topics. In the PBL environment,
the game was embedded in the learning resources, for the students to practice and learn problem solving in Related Rates word
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problem. The settings of the game started with questions on mathematics concept that covers diagram sketches and
understanding mathematics notation from word problem. Then, for the medium level student will be tested on understanding
conceptual and procedural steps in related rate problem and the higher level they will be asked to solve real life problem.
Throughout the game, students are going to solve each level’s question based on their understanding of the topic. The questions
developed emphasized on assessing students’ ability in problem solving. At the end of the game, the score will be posted to the
score board for assessing student level of knowledge in solving each problem. This game activity can be used as a class activity
or it can be played individually. Therefore, the student can freely try the game; find out their mistakes with discussing with peers,
facilitators or searching information from other sources provided in the courseware or by internet. By this way, the student can
learn from their mistakes to solve the problem. Figure 1 and 2 shows the interface of the game

@ Adobe Flash Player 9

= O [

File View Control Help

MO ©'®  score: 0

] ——

Welcome AMILIA, to PBLMathGame.There are 3 level of
game you have to complete. The questions varies from '

easy to hard.You will start the game at level 1, Good luck!
Press "OK" when ready...

0!’*3,&5-

O—O0—0O000 =i :

Figure 1. Introduction page for PBLMathGame

@ Adobe Flash Player 9

(o] 3 [wed)

File View Control Help

AMILIA, answer to question number 1, for 10 points. "A
cylinder of aquarium tank is filling with water at a rate of
72 m3/m. Which of the geometry shape relates to the
statement given"

o » © 8 S v

Figure 2. One of the questions for PBLMathGame
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3. Method

In order to meet the objective, a prototype courseware PBLMathGame has been developed. There are 28 students from Year
2 who participate in this research. The students were divided into two groups; experiment group (EG) and control group (CG).
They are equally in term of academic achievement. Both groups will undergo PBL learning method but for the EG, there is a
game use as one of their learning resources. Students’ skills in problem solving were tested by during problem solving session.
An answer sheet will be given to each student for the solution answer and a rubric scores for problem solving is used to evaluate
their scores. A t-test was conducted to analyze the mean scores between each group. Below is a list of research question and

research hypothesis in order to achieve the objective:

Q1: Is there any significant difference in term of problem solving skills between PBLGame group and non-PBLGame group?
Hq 1: There is no significant difference in term of problem solving skills between PBLGame group and non-PBLGame group.
In order to answer the research question, a testing model has been developed as shown in Figure 1.

The problem solving rubric was used to evaluate the students’ answer. The score of the students were evaluated based on 6
constructs on the ability of problem solving which is i) Diagram and Sketches, ii) Mathematical Terminology and Notation, iii)
Mathematical Concepts iv) Strategy/Procedures, v) Mathematical Reasoning and iv) Completion. The resulting are starting score

from 1(Beginning), 2(Developing), 3(Accomplished) and 4(Exemplary).

Q2

A 4

FELMathGame
(28 students)

group

v

v

Game Non-
(16) Game(12)
Problem Problem
solving scores solving scores

Compare
mean (t-test)

L

y

Measure the effectiveness of using zame in
term of students’ problem solving

Figure 1. Testing Model for using game in integrating problem solving skill

4. Result and Discussion

Enhancing Students’ Skills in Problem Solving: The purpose of study was to determine the effect of educational game
(PBLMathGame) in enhancing students’ skills in problem solving. There were 28 students participated in the study. They were
divided into two groups namely PBLMathGame group and non PBLMathGame group. During the problem solving sessions,
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both groups were evaluated by a rubric score. These scores were used to determine the impact of game use in the learning
session. The result of the study is shown in Table 1.

From the result, it shows that students in PBLGame are more competent in (i) identifying diagram and sketches (M=3.88,
SD=0.34) compared to PBL-nonGame (M=3.5, SD=0.52) conditions t(26)=2.30, p=0.30. The game content that challenge
students on identifying geometry shape is believed helps the student on identifying shapes as well as able to sketch it correctly.
The result also shows that there was a significant difference in the scores for item (ii) mathematical terminology and notation
between PBLGame (M=3.69, SD=0.47) and PBL-nonGame (M=3.17, SD=0.83) conditions t(26)=2.09, p=0.047. The game
content that provides students with sort of mathematics notation and terminology established student’s capability in knowing tu
use it correctly. Lastly on item (iii) mathematics concept, the result reveals that there is a significant difference PBLGame
(M=3.63, SD=0.50) and PBL-nonGame (M=3.08, SD=0.79) conditions t(26)=2.22, p=0.036.
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5. Conclusion

The result of this study shows the element of game in PBL can foster student in learning. With the element of critical thinking,
self-exploration and group discussion while playing the game in PBL environment helps them in the learning process. Thus,
supports that games can give impact in enhancing students’ problem solving skills in mathematics. As a conclusion, building a
creative learning environment such as leveraging PBL and game can foster students’ interest in learning and improves their
capability in learning. Hence it will help the education ministry in producing a knowledgeable and skill able engineers in future.
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Table 1. T-test result for problem solving skills

Independent Samples Test

t-test for Equality of Means

i df Sig. (2-tailed)
Diagrams and Sketches Equalvariances assumed 2297 26 030
Equalvariances not 2.164 17.844 044
assumed
Mathematical Terminology  Equalvariances assumed 2.087 26 047
and Motation Equal variances not 1.936 16.364 070
assumed
Mathematical Concepts Equalvariances assumed 2215 26 036
Equalvariances not 2077 17.404 053
assumed
Strategy/Procedures Equalvariances assumed 450 26 656
Equalvariances not 469 25983 643
assumed
Mathematical Reasoning Equalvariances assumed 156 26 877
Equalvariances not 158 24717 876
assumed
Completion Equalvariances assumed 1.138 26 265
Equalvariances not 1.130 23203 270

assumed
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Abstract

The first aim of the present study was to describe three different Problem Based Learning (PBL) applications utilized in 2004 to 2012 in the
Business Administration programme in the School of Business and Services Management at JAMK University of Applied Sciences, Jyvaskylé
Finland. These three PBL applications were: Transforming a Business Administration Programme into a Problem Based Learning Curriculum,
Finnish Products in Foreign Markets, and a publication process using the Freinet PBL method. The second aim was to discuss the learning
outcomes in the form of student experiences from using the PBL framework.

Keywords: PBL learning, PBL application, business learning competence

1. Introduction

The present study focuses on three kinds of PBL applications. The first application, transforming a BBA Programme in
Business Administration into A Problem Based Learning Curriculum was started in 2004. The students complete all of their
basic studies (60 ECTS) during the first academic year in a PBL context. The second PBL application, Finnish Products in
Foreign Markets, discusses teacher exchange in 2006 to 2012, in which the network of firms, teachers and students were utilizing
the PBL method. The third application describes how to use the Freinet PBL method in sales studies. The issue is approached by
using curriculum descriptions and written empirical material, individual reports, group presentations and the feedback given by
the students. The empirical material is mainly explored using a qualitative content analysis.

The pedagogical strategy of JAMK University of Applied Sciences accentuates the use of innovative pedagogical methods.
The School of Business and Services Management have applied the PBL method. The issue of this study is to describe three
different models of Problem Based Learning (PBL) applications that the BBA program in Business Administration in the School
of Business and Services Management at JAMK University of Applied Sciences, Finland was utilizing in 2004 to 2012 and
discuss the learning outcomes as student experiences using a relevant background of the PBL framework. The first application,
Transforming a BBA Programme in Business Administration into A Problem Based Learning Curriculum, was started in 2004.
The students completed all of their basic studies (60 ECTS) during the first academic year in a PBL context. The second PBL
Application, Finnish Products in the Foreign Markets, discusses teacher exchange in 2006 to 2012, in which the network of
firms, teachers and students were utilizing the PBL method. The PBL process used Finnish products as triggers. Finnish firms
wanted to find out how the PBL method can produce business ideas and promote the possibilities of the Finnish products in the
foreign markets. The third application describes how to use the new method of Freinet PBL in sales studies. The specific
objective was to acquire the central knowledge of sales both in theory and practice. The teacher's objective was to develop an
innovative way of learning by writing a publication.

2. Background theory

This study is based on the theoretical background provided by the pedagogical framework of Problem Based Learning.
Several schools and disciplines have for years been promoting BPL, mostly through applications in medical and nursing
education (Portimojarvi, 2006). Fagerholm and Heleld transformed a BBA Program in International Business into a PBL
curriculum. The PBL approach is based on solid academic research on learning and on the best practices that promote it.
Fagerholm and Heleld state that the PBL approach stimulates students to take responsibility for their own learning. “PBL is
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unique in that it fosters collaboration among students, stresses the development of problem-solving skills within the context of
business practice, promotes effective reasoning and self-directed learning, and is aimed at increasing motivation for lifelong
learning.”. (Fagerholm & Heleld, 2003.) PBL and the development of leadership skills have been discussed by Mierson and
Freiert (2004). Hansen shows how an accounting problem can be converted to a PBL problem. Wee and Kek (2004) rewrite
business education through PBL. PBL applications in disciplines of education such as nursing, social health care, law, business,
machine industry, architecture were described by Boud and Feletti (1999). The University of Maastricht developed its
undergraduate curriculum in marketing and management around PBL (Hansen 2006, 221). Theoretical evidence of the usefulness
of PBL in marketing and business management can also be found (see e.g. Hansen 2006, 22; Fagerholm & Heleld 2003; Wee &
Kek 2004).

Table 1.Average Retention Rate of Different Teaching and Learning Approaches (Learning Pyramid by National Training Laboratories)

Teaching and Learning

Approaches Percent
Lecture 5%
Reading 10 %

Audiovisual 20 %

Demonstration 30 %
Discussion Group 50 %
Practice by Doing 75 %
Teaching Others 80 %

The classic Learning Pyramid summarizes the results of the research conducted by National Training Laboratories in Bethel,
Maine in 1994. (Tablel). The retention rate varies enormously for different teaching and learning approaches. According to the
Learning Pyramid, the best teaching and learning approaches are practice by doing and teaching others. A PBL graduate is able
to apply what has been learned (Knowledge), reason and solve problems (Skills), conduct lifelong learning (Skills), work in
teams (Skills), communicate (Skills) and uphold the values, ethics and professionalism of his/her professional practice (Attitude).
The skills, knowledge and attitude comprise the profile of a PBL graduate (Figure 1).

Profile of a PBL Graduate

Figure 1. Profile of a PBL graduate

Prince, Van Eijs, Boshuizen, Van Der Vleuten & Schephier (2005) have reported graduates' opinions about how often they
use competencies in their work. The research group compared the opinions of junior doctors of problem-based learning (PBL)
and non-PBL schools and analyzed the responses to the questions in a questionnaire survey of 1159 graduates from 1 PBL school
and 4 non-PBL schools. The survey had been conducted 18 months after their graduation. The competencies were Expert
knowledge, Profession-specific skills, Computer skills, Communication skills, Teamwork skills, Planning and organization
skills, Leadership skills, Independence, Creativity, Initiative, Dealing with change and Accuracy. According to Prince et al.
(2005), a statistically significant higher usage by PBL graduates was found for expert knowledge, profession-specific skills and
communication skills. Compared with their non-PBL colleagues, the PBL graduates gave higher ratings for the connection
between school and work, their medical training and preparation for practice. More PBL graduates than non-PBL graduates
indicated that they had learned profession-specific methods, communication skills and teamwork at school. (Prince et. al 2005.)
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3. The first application: Transforming a Business Administration Programme into a Problem Based Learning
Curriculum

Transforming a BBA Programme in Business Administration into A Problem Based Learning Curriculum was started in 2004
and it ended in 2008. The Degree Programme in Business Administration followed the pedagogical strategy and took the
challenge of innovative learning methods. The students complete all of their basic studies (60 ECTS) during the first academic
year a PBL context. The annual intake is 102 students. The students also complete their basic studies (60 ECTS) during the first
academic year in a PBL context. The aim of the basic studies is to create a common ground for the elective professional studies
(90 ECTS Cr) (Table 2).

Table 2. Structure of the Studies in Degree of Programme in Business Administration

Structure ECTS Cr

Basic Studies 60

Professional Studies 90

Elective Studies 15

Practical Training 30

Bachelor’s Thesis 15
Total 210

In the first academic year, the students solve problems in the areas of entrepreneurship, business economics, business law,
marketing, marketing law, accounting, management, human resource management and international business (Table 3). The
problems presented in a PBL context are either real-life problems presented by enterprises and the students or selected and
designed by a group of teachers according to the specific learning outcomes to be achieved.

Table 3. Periods, Tutor teams and the Problems of the first Academic Year in a PBL context

Periods Period 1 Period 2 Period 3 Period 4
Disciplines Entrepreneurship Marketing Management
Business Economics Marketing Law Human Resource Management International
Business Law Accounting Accounting Business
Tutorial Teams 3 Tutors 3 Tutors 4 Tutors 3 Tutors
Problems 3-5 5-8 5 4

The weekly schedule was made up of lectures, tutorials, self-study, group work, group presentations and exams (Table 4).

Table 4. Weekly Schedule of the first Academic Year in a PBL context

Monday Tuesday Wednesday Thursday Friday
Lecture Project work Tutorials Lecture Group presentations
Self-study Self-study 6 tutorial groups Project work Exams

Workshop Self-study

The problems ( triggers) in the Basics of Marketing and Marketing Law were based on real business cases, normally written
by a group of tutors (Table 5). The goal was that all the disciplines of the on-going (or former) periods include a trigger.

Table 5. Problems in the Basics of Marketing and Marketing Law

Problems Subjects
Problem 1 Direct Marketing and
Marketing Law
Problem 2 Product Development
and Marketing Channels
Problem 3 Advertising
Sales Promotion
Public Relations and
Marketing Law
Problem 4 Personal Selling

Problem 5 Marketing Plan
and Programme
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3.1. The Main Experiences of the PBL Curriculum in the course Basics of Marketing and Marketing Law

Table 6 shows the students’ learning outcomes from the course Basics of Marketing and Marketing Law. At the beginning
and at the end of the course, the students were given one written question “What is marketing?” The research time was the 2nd
period in the autumn of 2005. The respondents were first year students ( n=87). The answers were reported using a qualitative
content analysis by classifying the marketing concepts based on the definition of marketing by Kotler & Keller 2009. Table 6
shows how many times a student has recognized each concept.

Table 6. The transformation of the marketing concept during the course Basics of Marketing and Marketing Law

Frequencies

Marketing concepts Before After Change
Product/Service 5 15 +10
Price 1 15 +14
Place 3 26 +23
Advertising 90 77 -13
Personal Selling 25 35 +10
Sales Promotion 9 23 +14
Public Relations 26 22 -4
Marketing mix; 6 88 82

Marketing plan; Relations to accounting and
human resource management

The main result of using the PBL Curriculum in the course Marketing and Marketing Law was related to how the concept of
marketing had changed. At the beginning, the students said that marketing was only about advertising and selling. At the end of
the course, the students seemed to have a deeper understanding of marketing and its relations to accounting and human resource
management (Table 6).

4. The Second PBL Application: Finnish Products in the Foreign Markets in 2006 to 2012

The goal of the second PBL application is to indicate how the network of firms, teachers and students is utilizing the
PBLmethod in teacher exchange. In 2006 to 2012, two teachers visited universities in Brazil, Turkey, Slovenia, Germany,
Croatia, Italy, Spain and France. The real business life triggers were given by the Finnish companies Panda, Harvia, Globe Hope,
Kalevala jewelry including several design factories and a shoe factory. The informants of the study were students of the partner
University of the JAMK University of Applied Sciences.

Figure 2 shows the steps and the weekly schedule of the PBL Application in teacher exchange. The used pbl steps were
brainstorming, classification of ideas, defining the problem and the learning task, individual processing, collaborative problem
solving and presentation. The study week starts on a Monday with a short lecture on International Marketing. After the week.
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After study week:

Business Ideas of the Finnish
Products on the foreign
Markets

7. Feedback to the

Monday

Lecture: International
Marketing

1. Brain storming,

6. Presentation of the

5.Solving the problem in
your tutor group, based on
the individual reports

group report and Assesment

assesment by students by tutors
by students

Thursday Wednesday

companies mind maps and
Ideas.
Thursday Monday

2. Classification of the
ideas

4. Individual processing of
the problem by using new
knowledge and new
theories. Return the
individual report of one
page on Wednesday

Monday

3. Choosing and designing
the problem areas and
defining the learning
task(s) Tutoring available
on

Figure 2. The PBL Application Finnish Products on the foreign Markets

4.1. Results of the PBL Application

In Genoa, the students’ task is to find out the business ideas of the Finnish products Harvia sauna and Panda licorice in the
Italian markets. The triggers were sauna oven brochures and Pepe licorice. After the classification of the ideas, the groups
formulated their learning tasks as shown below. The students recognized the international marketing concepts of the of product
adaptation, tools of marketing communication, the selection of the customer segment and the nature of customer behavior

(Albaum & Duerr 2008). The learning tasks in Italy were:

¢ how to make “Panda” very popular among kids,

e how to reintroduce licorice culture in Italy,

In Sevilla, the PBL trigger was Finnish shoe factory. The table 7 shows the results of the brainstorming. The ideas were

how to make sauna an everyday activity for everybody in Italy.

classified into the groups of marketing communication, product attributes and product collection and price.

Table 7. The Classification of the brain storming ideas for marketing Finnish shoes

Ideas Classification criteria
The commercial name is difficult for Spanish pronounciation marketing communication
worldwide ad

logo and sentences

to sell the shoes it is necessary to show on tv and social networks by
celebrities by internet

symbols for the brand more beautiful

For introducing in Spain:Program (tv), Fana, Big Brother, Famous
Persons, Networks

water-proof?

product for all sizes

not only do shoes and bags

Problem: Irregular weather in Spain

These shoes are red and it’s made of ecologic material

This product is for cold country because you have to keep your feet
warm- maybe these shoes can be used in north of Spain

it’s great for stay at home because these shoes are comfortable

An innovative collection combining traditional, different and very
original

ideal for the childrens

Fashion in Spain? it is an original product

in Spain you won’t find another similar

product attributes and collection
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Itchy

low prices price
Value for money
Standard price (Rival products)

The students gave proposals to Finnish companies in Germany. In their report, the students summarize the results of
positioning the brand KALEVALA-Jewelry. “The main instrument for branding KALEVALA is advertising, opera, musicals or
theatre events and product placement.” The students suggested a brand slogan “bold, timeless and genuine” and define the target
group as middle class women. “We are all convinced that advertising KALEVALA effectively needs mass media, like TV spots,
radio spots or magazines.” The students in Germany gave proposals to Globe Hope. Globe Hope is an innovative Finnish design
company that makes ecological design products from recycled materials. Target group and price: “The products of the Globe
Hope have to be sold to ecologically minded people, who are interested in ecological and environmental issues. These people
have to be rich or at least wealthy because the products are placed in a high price segment. We think these people should be older
than 25 and younger than 40 years old because they are more interested in such products.” Distribution channels: “The product
of globe Hope has to be sold in small so called third world shops or via the Internet. Communication strategy: “Globe Hope has
to be identified as a world saving company and globe Hope has to communicate these strategies to the customers. The supported
projects in particular have to be communicated in a better way.” Competitors: “Before Globe Hope start to penetrate the German
market, they have to know more about the potential competitors.”

4.2. Student feedback

All the students gave strongly positive feedback about the new way of PBL learning. They like to find solutions for problems
and they also liked group work and the real business cases.

”This experience was really interesting and satisfying and intercultural. IS has been a great time opportunity to revive my
English and be in touch with the Finnish teaching method. Thank you for this great opportunity.” “Let’s have a sauna bath with
the Panda licorice”

“First of all thank, you for this possibility. This experience has been very useful and satisfying. | got familiar with a new way
of learning found it interesting, and I think | improved my knowledge of on the subject and my English, too.”

“It was a different session, which I enjoyed a lot because I had the opportunity to compare my ideas with other students.
Thank you for the opportunity you offered to us.”

“I liked this kind of experience because for me is so useful to work in group with other students and explain the work done by
a presentation.”

“It is a useful method to learn, a new method to work making experience of group work. It’s fun to try to seek solutions for
problems.”

5. The third PBL application: a publication process using the Freinet PBL method in sales studies

The sales study module was carried out using a new method. The special objective was to learn the basics of selling both in
theory practice. The teacher's objective was to develop an innovative and interesting way to learn. A publication was created as
the final result. The Freinet pedagogy and problem based learning were utilized. The publication consisted of articles consisting
of clear-cut theory and research parts.

The method of learning can be named Freinet Pbl Method”. Freinet developed his own method of learning in the beginning
of the 1900's. In 1923 Freinet purchased a printing press. Originally the aim was to assist him in teaching. The students would
write their own works on the press. In this method, the learner has the responsibility for the learning. The students gather
information, discuss and edit them as a group before presenting and printing them as a team effort. The Freinet pedagogy is
based on the principle of the students learning best through their own experiences by doing, observing and writing. The learning
takes place through motivating and sensible tasks.

Constructivist pedagogy is another foundation of this new learning method. At the initial stage, we utilized a problem based
learning approach. Every group of 4-5 persons was given a problematic sentence, a so-called trigger which is related to selling.
On the basis of the trigger, every group (nine groups in all) developed a learning task for themselves. Table 8 illustrates the
examples of triggers, learning objectives and final names of the articles provided by two groups.

Table 8. Two examples of different triggers, learning objectives and final names of articles

Trigger Learning objective Final name of article
Salesteam success depend on co-operation What is role of teamspirit and Individual salesman have a great impact to
individualized work to team’s success? team’s success
Salesman can affect a lot of customer What kind of salesprocess do we need to Quality Salesprocess
decision. influence customer decision?
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Every student had about seven weeks for writing a theoretical article. In the next meeting, a synthesis was made of the
contents of these articles. In this meeting, students also made a decision which company and what kinds of methods they would
use to gather practical information on the problem and theory. The students got instructions but they were also responsible for
their own decisions and solutions. For this, they were given four weeks.

Figure 3 shows the process of the*Freinet PBL” learning circle. The learning circle includes five stages: 1) introducing a
problem, 2) a group discussion, 3) resource development, 4) a group reflection and 5) the solution and presentation. The learning
process will generate a memo, individual report, group report and presentation. The main goal is to edit the group report and
write an article for a mutual publication.

Analysis
individual

New
Problems

Introducing a

OUTCOME Problem
LEARNINV \ l PROBLEM
)
.
Reflection in \ Problem Analysis
Class f (recognition)
Solution/ P It i i
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Group Individual
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Field Insights Seeking a
% Solution_ from
Practise
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Synthesis

—

Seeking a
RESOURCES Solution from

Presentation of
Personal Work
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Figure 3. The process of the “Freinet-PBL” learning circle

5.1. Results of the PBL Application

As a final result, the publication “Interaction in the selling” was created. The articles consist of diverse subjects, for example
stages of a successful sales process, a productive way in solution sales and the significance of feelings in sales. Everyone
presented the central results of their own article. The students experienced a new, very different way to learn. The majority of
them were extremely positive. In their opinion, the study method was a motivating and responsible way to learn. There were also
those who experienced this new way a really laborious way to learn. The new method of learning requires a tolerance for
uncertainty during the process of both student and teacher. At the end of the study module, every student got their own

publication.

e 6

ERR®
BRARE
b BN

Figure 4. The new publication: “Interaction in Selling — keys to selling, 2011~
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6. Conclusions

We are presenting the following as a summary of the PBL applications. The main result of using the PBL curriculum in the
course Marketing and Marketing Law was the diversification of the concept of marketing. At the end of the course, the students
seemed to have a deeper understanding of marketing and its relations to other disciplines, for example accounting and human
resource management.

The study of the Finnish Products on the Foreign Markets shows that the PBL application works in business learning and in
the internationalization process of firms. Finnish firms have got new information of the foreign markets. In most of the
universities visited, the PBL method was unknown. Even group work was a new thing in learning. As for the mplications,
contribution or relevance of the study: This study brings out practical results based on native information of the foreign markets
and gives a contribution to business education and international marketing.

The new way to learn selling using the “Freinet PBL method” was, mainly, an extremely positive learning experience to the
students and the teacher. The students wrote high-quality theoretical articles based on their observations and the research material
from the firms studied. The students learned from each other, and the teacher's role was to be a trainer and the controller of the
learning. The students' role was extremely independent and responsible. The Freinet PBL method fulfilled the promise of the
University of Applied Sciences to combine theory and practice. Next goal could be to explore this method using a new technical
device (I Pad) and write an online book.

This article shows the innovativeness of the applications of the teaching methods in the School of Business and Service
Management. Future research is needed to find out the broader impacts of the PBL applications. The PBLmethod makes it
possible to strengthen the network between firms, students and universities. The parties can interact with and influence each
other. Perhaps the parties will be co-creating business developing programs in the future. (see Vargo & Lusch 2004.)
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Abstract

This paper described a model for the mechanical system design instruction that was adapted from the IDC Robocon events. Students attended
short lectures and then divided into groups for the design, built and test of a drill-powered bicycle retrofit in a 3-weeks project. The process
involved problem specification, conceptual designs and cardboard/wood real-scale prototypes before building the working products for testing.
All process were peer discussed in class and a facebook page. The model was very successful for both the outcome and student's satisfaction.
All groups were exposed to the first full-design circle and could achieve the objectives with increased creative thinking.

Keywords: Problem-based learning, mechanical design, IDC Robocon

1. Introduction

In a Thai University, a main problem during a mechanical engineering curriculum revision was to ensure the design-related
and associate soft-skills outcomes. Being restricted by the demands of the professional authority in Thailand, the Council of
Engineers, on course contents and Ministry of Education regulations on all curricula (Pimpin & Maneeratana, 2010), most of the
possibly related and spared credits were channeled into the so-called design and experiment streams of connecting courses. Even
with the new design stream, it was apparent that the changes were not enough; new instructional and learning approaches were
sorely needed to cope with students who lacked the real-life, hand-on experiences and needed repeated exposure to design
process from conception, design, manufacturing, operation, redesign and, if possible, creativity as well as entrepreneurship.

The descriptions of two related courses, 2103313 Mechanical System Design | and 2103314 Mechanical System Design |1
were ‘Theories of Failure; fatigue design; design of machine elements: gear, shaft, screw, fastener, rolling element bearing,
journal bearing, clutch and brake, belt, and chain.” and ‘Introduction to design process: the specification development/planning
phase; the conceptual design phase; concept generation, concept evaluation; product design phases, product generation,
evaluation of function and performance, evaluation of cost, ease of assembly; finalizing the product design; design projects,
covering assumption, calculation and design evaluation and presentation and with a complete report’. These courses were quite
cumbersome and uninspiring even though they satisfied the requirement from the Council of Engineers.

During the transition from the old 2002 curriculum to the new one in 2011, it was decided that some old courses would be
used as the pilot courses before the full implementation in the revised curriculum. Specifically, a design-centered course in the
sixth semester of the program, 2103314 Mechanical System Design Il, was selected. With 2-year leading time, the new
instructional model could be deployed, accessed and refined twice. The key was not to change the overall contents but the
instructions and learning had to be changed so that both contents and outcomes were satisfied.

The new instruction model was inspired by the International Design Contest, popularly known as the IDC Robocon. The first
event was organized in 1990 by the Massachusetts Institute of Technology (MIT) and Tokyo Institute of Technology in Japan
(‘Yamakita, 2009). The concept of the event was to bring engineering students from different countries together. Competing
teams for specific objectives with limiting resources were formed by mixing students from various backgrounds so that the
teamwork was emphasized (Getschko, 2009). Thailand joined the event in 2007 by hosting the event in Bangkok (Pipatpongsa et
al., 2008). To select students for this international event, the national event Robot Design Contests (RDC) had been jointly
hosted by the National Metal and Materials Technology Center (MTEC) and the Faculty of Engineering, Chulalongkorn
University (Rungfapaisarn, 2012). The first rounds of activity were organized at regional locations — Chiang Mai University in
the northern, Prince of Songkla University in the southern, Suranaree University of Technology in the north-eastern. The national
rounds were held at Chulalongkorn University with the final competition at a popular department store. The 4-week activities
started with some theoretical and practical training before commencing with the specified tasks of robot design, building and
testing.

The activities were so successful with very positive feedbacks from students and lecturers alike. At the Department of
Mechanical Engineering, Chulalongkorn University, there were huge demands from students for the limit number of seats in the
event. Hence, it was logical that the gained expertise would be incorporated into a design course for all students. For the
implementation during the transition from the old to the new curriculum, the adapted instructional model was first piloted in the
Academic Year 2010 with supporting expertise from a lecturer and a Ph.D. student of the Faculty of Education (Seechaliao et al.,
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2011, 2012a & 2012b). The model was further refined for the course in 2011 before the formal implementation in a second year
course in the academic year 2012.

It was the model and experience in 2011 that was described in this paper. As the previous articles focused on the development
and validation of the generalized instruction model and assessing instruments, the course management was left out. In addition,
the emphasis was on the working prototypes in 2010; in 2011, the instructional model was also further refined to add the
construction and operation of the final prototypes. Hence, the objective of this paper was to describe in details the revised
instructional model as well as how the course was actually conducted as a realistic example. In the following sections, the
instructional model, course descriptions and selected case study as well as the actual conduction were described.

2. Instructional Model

This design course was a part of the educational research and development of the instructional design and development for
engineering creative thinking (IDECT) model (Seechaliao et al., 2012a) which was implemented and evaluated across three
engineering disciplines. This IDECT model of instructional strategy was a systematic step-by-step activity that could improve the
instructional design skills of instructors in a more efficient manner (Seechaliao et al., 2012b). Six experts agreed that the
instructional model was appropriate in good and excellent levels as the instructional models specifically included several features
that promote creative thinking and product designs, including mind-mapping, brain-based learning process and constructivist via
electronic portfolio, etc. In the evaluation of students’ skills in the Academic Year 2010, post-test score for creative thinking was
significantly higher than the pre-test score at the 0.05 significant levels. The post-test score for creative product was at fairly
good level (Seechaliao et al., 2011).

The design instructional approach required repeated sets of ‘think’ and ‘do’ as shown. When compared to the previous year
(Seechaliao et al., 2011), the cycle contained the third ‘think’ and ‘do’ sets for the final prototypes (Figure 1) in addition to the
first sets for the conceptual design and second sets for the quick prototypes. By adapting the instruction model based on
engineering creative principles for developing creative thinking skills (Seechaliao et al., 2011) by adding the last set, the revised
instructional process was shown in Figure 2.
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Figure 1. Design approach model



2103314 Behavioral
Learning Objectives

To develop creative thinking
skills and design engineering
creative products

1. Define and state
engineering utilization
objectives of mechanical
elements

2. Gaterpertinent information
on mechanical elements

3. Write the problem
solutions for design or state the
selection methods of
mechanical elements

4. Select and analyze each
potential engineering problem
according to the selected
method

5. Evaluate the engineering
design solutions under the
condition sets.

6. Build prototypes to test the
engineering problem solution
under the condition sets

7. Evaluate prototypes

8. Modify and develope the
prototypes under controlling
errors

9. Implement and operate the
prototype

10. Write and present the
design process and selection of
mechanical elements and
engineering problem solutions

Instructional Process

Time duration of 6 weeks of lecture and 3 weeks of project,
each week represent 3 hours of class time

Based on engineering creative problem solving
principles

1. Establish and present engineering problem
situations

2. define the engineering problems
3. Gather pertinent information

4. Relate engineering problem and pertinent
information to plan engineering problem solutions

5. Define goals of engineering problem solutions
6. Write engineering problem solution

7. Analyze each potential engineering problem
solution

8. Evaluate each potential engineering problem
solution against the criterion set

9. Make quick prototypes to test the engineering
problem solutions under the condition set

10. Evaluate quick prototypes
11. Modify quick prototypes under controlling errors
12. Develop the final prototype
13. Implement the final prototype
14. Operate the final prototype
15. Present the operating final prototype

16. Write a report and present the problem solutions
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1. In class

- Case study

- Quiz

- Inventive thinking
- Mind mapping

- Brain storming

2. Web-based

- Electric mail

- Instant messaging
- Chat room

- Web conferencing
- Blog

- Wiki

- Facebook

Figure 2. Part of the instructional model based on engineering creative problem solving principles, modified from Seechaliao et al. (2011)

3. Course and Case Study

During the transition to the new curriculum, the course conduction was split into two parts (Table 1). The first part involved
traditional lectures and quizzes. Then, the class of 75 students was split into 3 groups which would attempt 3 three-week projects
in parallel. One of these projects was chosen for the new instructional model.

Table 1. Course Structure

Activity
Week Group | Group Il Group Il
1-6 Theory (Lectures and Quiz)
7-9 Project a Project ¢ Project b
10-12 Project b Project a Project ¢
13-15 Project ¢ Project b Project a

The design cycle was imparted to students in a step-by-step approach (Table 2) in only 3 weeks. The students were cycled
through the cooperative learning process for problem defining, product requirement, product specification, conceptual design,
simple prototypes, revised conceptual design, quick cardboard and wood prototype, final design, final prototypes and testing such
that each groups had to present their works and progress to others for discussion and approval.

Table 2. Step-by-Step Activity and Qutputs

Process
Problem statement

Activity Output

Design requirement
Review of information

Conceptual design
Revised conceptual design
Quick prototype

Final design

Working prototype

Presentation

Group work/brainstorming
Group work/brainstorming
Information research

Group work/brainstorming
Group work
Cardboard/wood building

Group work/engineering
sizing, component selections
Manufacturing, purchasing,
assembling & tinkering
Testing rounds

Defining problem

Design Requirements

Existing products, patents, related standards, user interfaces, ergonomics, and
other information needed in the design calculation for products and users

Poster and presentation to other groups for discussion, vote and approval
Specification for quick prototype

Real-scale model with the bicycles/sketchboards and presentation to other groups
for discussion, vote and approval

Detailed design with analyzed load and detailed specification and calculation for
components and parts

Final products for testing

A4 brochure and reports (with CD for reports, references and activity VDO)
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Different new case studies that increased the students’ awareness on the societal and environmental impact and responsibility
were selected each semester. For the first run in 2010, the soda can crushers were designed (Seechaliao et al., 2011). For the
second time in the academic year 2011, the drill-powered bicycle/handle skateboards retrofits were used as the case study. The
origin of this project topic came from the BOSCH Thailand Cordless Racing 2011, the national qualifying round for the Power
Tools Asia Cordless Race 2011, in which the company invited vocational and engineering students to participate in the
competition to celebrate the 125th Anniversary (Bosch Thailand, 2011). The company presented teams that passed the first round
with 4 cordless BOSCH GSB-18-1-li drills. A team of second-year students from the Department of Mechanical Engineering
participated in the competition and came back wondering that they ought to be able to perform better. They, thus, consulted
lecturers and suggested the project topic which led to the drill-powered bicycle retrofit by converting a regular bicycle or
skateboard to electric bicycle. However, the problem was of a smaller scale with only one drill as the power source with strong
emphasis on the learning experiences.

4. Couse Conduction

As described in Figure 1 and Table 2, students started working in assigned groups with brainstorming on the problem
statement and design requirement, followed by information search and gathering on the existing products and related information
for needs, requirements and inspiration. They, then, produced conceptual designs (Figure 3) to fit their selection platforms,
bicycles or handle skateboards which were presented to other groups for peer discussions and voting for the best options in class
under the lecturer’s observation and supervision. The works and the amount of efforts required to complete the projects required
the approval from other groups in the mutual agreements. Then, the conceptual designs were revised and presented to the class
for discussion again. Some quick ‘dirty’ real-scale prototypes, made from cardboards, wood, ropes and similarly simple
components, were used to demonstrate the working of the system.
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Figure 4. Presentation of quick, real-scale prototypes

For the final designs, students had to provide the full analyses, components and other details before embarking on building of
the working prototypes. The additional resources and cost were minimal. Old bicycles and handle skateboards that belonged to
students were used. Standard components, be new or second-hand, were searched for and procured from local shops by students
themselves. The average spending per group was only 1,000 Bahts (roughly 33 USD) with the maximum of 1,500 Bahts (about
50 USD). For non-standard parts, students manufactured them themselves in the Departmental machine shops of which the
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upkeep and safety training was a standing cost in the Department. These activities were crucial to students with few or non-
existent hand-on experiences in engineering tools.

All the time, students reported the progress and discussed the experiences and results with lecturers and peers in class, face-
to-face and, more frequently, facebook. Figure 5 was an example of the second update on a working prototype. Students aligned
the driven wheel to the bicycle rear wheel and secure the driven wheel frame to the bicycle frame. The lecturer posted comments
on the compressive force and related friction as well as recommending some testing for which students posted the testing VDO
clips with descriptions of encountered problems, correcting actions, good points and proposed further improvements. This
communication was not only a part of the recorded portfolio, it also provided cooperative learning atmosphere and peer pressure
on the other groups.
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Figure 5. Online discussions on a prototype

Even though the schedule was very tight, students usually finished the working prototypes quite ahead of the deadlines and
had much fun riding the final products and posting the VDO clips in facebook. Some groups had enough time to improvise
additional improvements. The formal testing rounds, prototype presentation and actual runs, were held during lunch breaks at the
main Faculty-wide students’ activity space adjacent the canteen and in full view of all faculty and students who were invited to
observe and comment on the prototypes (Figure 6). Obviously, students were very proud of their works and showed increased
confidence in the ability to be creative and succeed. Some students even expressed further interested in similar works or
competitions.

The whole process, discussions and results were also recorded and shared to other students in the same class as they studied
the other parallel projects. Thus the first loop in the 3-week design cycles (Figure 1) was completed. The first set of students
went on to other projects but still kept in touch with the progress via personal contact and facebook. The second set of students
(Table 1), who just completed another project, started the design cycle again. However, they had the choice of either doing the
whole new design or taking over the first retrofits and refining the old design. Due to the short period involved, they inevitably
chose the refining path. It was noted that the required works for refining involved no less effort than the first design as students
had to modify and add extra mechanism that boosted the performances, users’ safety, comfort and maintenance, etc., under a
higher level of constraints.
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Figure 6. Some of the testing rounds

5. Conclusions

This instructional model was based on repeated ‘think’ and ‘do’ process for the conceptual design, quick real-scale prototype,
and final working prototypes in the cooperative learning setting. Throughout, the ideas and works in each group were shared,
discussed and approved by peers while the lecturer provided technical advices and expertise. Even the percentage of the awarded
scores for the project were quite low as it was just a small part of the course, students were very enthusiastic and eagerly
embarked on the challenge.

This problem-based learning strategy for a mechanical system design course was found to be very successful and cost
effective, both in terms of learning efficiency and resources as well as much increased motivation, enthusiasm and satisfaction of
students who expressed much appreciation, confidence and pride in their works. In the 2011 revised curriculum, this model was
pushed forward to the third semester of the study. This was the earliest possible time that the Department took full responsibility
of the students after they selected the discipline at the end of the first year.

In many ways, this course addressed many issues that in many engineering schools implements for new students during the
first year (Ambrose & Amon, 1997). This push forwards was expected to relieve the major problems of few full-circled design
and manufacturing experiences. This situation exerted some limitation on the scope for the senior projects due to the need to
ensure that students were repeatedly exposed to complete design cycles (Sripakagorn & Maneeratana). Preliminary results for the
first semester of the academic year 2012 were even better, judging from the products and reflective journals. The medium term
strategy included the refinement of the model as the first spearhead into the adoption of the CDIO concept (Crawley et al., 2007).
The cooperation and integration with other courses, particularly the related one in the same semester for parallel and integral
experiences would reduce the total workloads of students and demonstrate the importance and real-life application of the basic
engineering theory (Maneeratana et al., 2012).
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Abstract

This paper draws upon the findings of a three year study which tracks an institutions journey of CDIO. In focusing on the student perspective
the findings discuss students’ prior learning experiences and their expectations of university. The study considers students’ early perceptions of
CDIO; emergent findings suggest that whilst CDIO is not really what students expect when they first arrive at university, most prefer it to
‘traditional lectures’. Indeed the majority indicate that they believe the approach enhances their employability and provides a more engaging
learning experience. The conclusion argues that with its focus on problem-based learning and team-working, CDIO has changed the face of the
1% year experience for mechanical engineering and designed students within the university and that in doing so it has enhanced transition and
ultimately promoted student success.

Keywords: Problem Based Learning, CDIO, Active Learning, Employability.

1. Introduction

This aim of this paper is to provide a brief introduction into the emergent findings of a longitudinal engineering education
research project the purpose of which is to map, critique and evaluate the introduction and subsequent development of a problem-
based learning approach in a UK School of Engineering and Applied Science. Focusing specifically on CDIO the study has
followed the introduction of CDIO in the School right from the onset, looking closely at student expectations and experiences.
Bringing together three years’ data this paper discusses students’ perspectives of their first term in university, whereupon they
suddenly find themselves immersed in a completely ‘alien’ learning approach — that of CDIO. Perhaps the most important
finding of the study is that from the students’ perspectives, one of the main benefits of problem-based learning is that it is built
upon an ethos of ‘real-life’ learning. By being given the opportunity to work on ‘real’ problems CDIO quickly engenders a sense
of identity, enabling first year students to begin to ‘feel like engineers’ right from the onset. In doing so it promotes a sense of
loyalty and pride in the discipline across the cohort.

2. Background & Context

The requirement for undergraduate engineering education to provide industry with ‘work-ready’ engineering graduates able to
‘hit the ground running’, in possession of the necessary high level practical skills and theoretical knowledge required by an
exceptionally diverse sector (Lucena et al, 2008), means that engineering programmes find themselves facing unprecedented
pedagogical challenges. Contextualised by the wider economic situation in which higher education finds itself having to ‘cut-
back’ financially, such challenges mean that engineering schools need to provide a curriculum that balances academic and
theoretical rigour with the practical training demanded by industry. The question of how to do this within a limited budget is one
that many engineering schools are facing, and one that is further complicated by widely held stereotypical beliefs that as a
profession engineering is dominated by inequalities in gender, social class, and ethnicity (Gill et al, 2008; RAEng, 2010). The
image and reputation of ‘degree-level’ engineering as being suitable for white, middleclass, males only is reflected difficulties
experienced by many engineering schools in attracting suitably qualified young people onto undergraduate engineering
programmes; an issue which in itself is further compounded by problems with student attrition as many students enroll onto
engineering programmes only to ‘drop-out’ during the first year (DIUS, 2008; RAEng 2008).

Whilst many engineering schools struggle to attract, and then keep, young people onto undergraduate programmes, warnings
that unless quickly matters improve then the UK will face unprecedented shortages of engineers in the near future (Spinks et. el,
2006) means that something needs to be done urgently. Indeed, without action there is the danger that, in the UK at least,
engineering education may soon find itself struggling to survive. This makes the need to both look at the curriculum and at how
engineering programmes can ‘make employable graduates’ of vital importance.

Set against this background, in 2010, colleagues at Aston University took the decision to dramatically alter the undergraduate
syllabus in Mechanical Engineering and Product Design by introducing problem-based learning in the form of CDIO across the
first year curriculum (for further details see CDIO, 2013; Crawley, 2002). The main reasons for introducing such a major change
reflected a desire by academic colleagues and managers alike to provide an academically relevant and industrially attractive
curriculum that would provide students with high level work-ready skills whilst making sure they continued to learn the relevant
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empirical underpinning of the discipline. Concurrently with the introduction of CDIO, engineering education researchers were
employed to track and record the experiences of both staff and students as the changes were put into place and ‘rolled out’.

3. Methodological Approach

Starting with the research question "How effective is CDIO as a learning and teaching approach in Mechanical Engineering
and Design Education?" an Action Research Design based upon a mixed methodological approach was put into place to enable
the researchers to follow the programme development and delivery right from the onset. Whilst the researchers have utilised a
number of different tools in the course of the study including semi-structured interviews, overt non-participatory observations,
focus groups and surveys, this paper draws upon the quantitative part of the study only.

In drawing upon three years survey findings, the paper considers the issues around students’ transition into university. Using
5-point Likert (Agreement) scales to collate and analyse data regarding students’ previous learning experiences, their
expectations of study at university, and their perceptions of CDIO at the end of the first term in their first year of study the paper
provides a unique insight into some of the issues impacting students’ experiences.

The response rate over the three year period varied from 42% in year one, to 51% in year two and 43% in year 3. The gender
split of the three year period was 18% females and 82% males. Around 60% of each cohort was from a BME (Black and
Minority Ethnic) background. On average 15% of each cohort were international students (non-EU).

4. Findings

The first part of the survey examined students’ previous experiences using different learning approaches. This was
particularly important as in redeveloping the curriculum colleagues had identified a need to gain some understanding of students'
ontological and epistemological 'starting points'. Put simply, the differences in learning approaches and styles between high
school and university means that it is important for academic colleagues understand where students are "coming from" when
developing the new problem-based curriculum. This enabled the curriculum to be adapted in such a way so as to maximise
student learning.

Looking at the collated data, the most frequently experienced approach was ‘problem solving’ with ‘project work’ and
‘making things’ also proving popular. The approach to which the least amount of students had been exposed was ‘worksheets’.
Figure 1 below shows the percentage of students in each cohort who indicated that they had experienced the different types of

approaches.
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Figure 1: Percentage of students in each cohort who agreed they enjoyed
each learning approach (Per Cohort)

In addition to looking at the students’ experiences with regards to learning approaches, the survey also considered the
students’ previous learning environments. Across all three years the most commonly identified learning environment was that of
working in groups with 80% of the students indicating they had some experience of group-work. The least experienced learning
environment comprised classes of 20+ which was experienced by 26% of the overall sample. Figure 2 below shows the
aggregated data relating to the students’ exposure to different learning environments.
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Figure 2: Students’ previous exposure to different learning environments
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The next set of questions focused on students’ expectations of how they would learn in university. Figure 3 below shows that
the majority of the sample expected to be working in teams and to be involved in ‘experiments’ and ‘model making’. Whilst just
under two-thirds expected to find themselves required to ‘read’ as part of learning at university; additionally, less than a third
expected to be involved in role-play and only a quarter thought they would be required to write essays.
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Figure 3: Students’ expectations of how they would learn at university

The next part of the survey examined the students’ perceptions of their first term at university learning using the CDIO
approach. This data is displayed disaggregated across the three years to give some indication of the students’ changing
perceptions year-by-year as the concept of CDIO developed and changed within the university.

In addition to considering students affective perceptions of CDIO the survey also sought to gain some insight into how they
perceived CDIO would equip them with transferable skills and in doing so promote their employability. Again this data has been
disaggregated to give some indication of the students changing perceptions year-by-year.

5. Discussion

The data presented in this paper effectively ‘tracks’ the first three years of CDIO at Aston University. The first two charts
examine students’ previous learning experiences. The demographic nature of the student body at Aston is such that there are high
numbers of non-traditional students with the majority being of a BME background (57%) and from a working-class background.
The majority of first year students are 18-20 years old and have studied A levels or BTEC prior to university — although in
engineering a significant minority are accepted following successful completion of a Foundation Year. Around half of the
students are ‘local’, living at home whilst studying. Figure 1 reveals that a significant majority of all three cohorts had
participated in problem-solving, project working and making things in the two years before attending university; with the use of
worksheets being the least experienced. The emphasis on ‘practical hands-on’ learning is perhaps not surprising given that the
sample comprised engineering and design students all of whom had studied the prerequisite subjects for each discipline. When
considering the data in Figure 1 alongside Figure 3, that the students least expected to find themselves writing essays is perhaps
not entirely unexpected and again reflects the practical approach of the courses the students had previously studied and were
indeed studying at university. Conversely, although the majority of students had experienced working in groups before university
(Figure 2) and had enjoyed participating in practical learning approaches (Figure 1), the data suggests that they did not
necessarily believe that CDIO represented an ‘ideal learning approach’. Indeed, data in Figure 4 reveals that in 2011 and 2012
less than half of the students indicated that it was their preferred learning approach.

In considering why this might be the case, and in looking at why the students’ perceptions of CDIO altered year on year (as
shown in Figures 4 and 5) it is important to take into account the wider context. CDIO at Aston was introduced in 2010 with a
very limited budget. However, what the programme lacked in financial backing was more than made up for by the enthusiasm
and motivation of the teaching team — all of whom were, and still are, dedicated to the approach and determined to make it work.
In the first year, the materials and problems were locally sourced, with the emphasis not only being on problem-solving but also
encapsulating innovative thinking and resourcefulness. The cohort in this year could not help but be caught up in the
‘excitement’ of being part of something new. In year two the teaching team changed slightly, with the previous first year teachers
moving onto facilitate learning at level five and the first year being taken by a senior researcher and less experienced newly
qualified colleague. Concurrently there was a slight dip in students’ affective perceptions of CDIO in terms of engagement and
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enjoyment, as well as how they perceived it to promote different aspects of employability. In 2012 the students’ perceptions
changed again with a significant majority indicating that they found CDIO an engaging and more enjoyable learning approach
than lectures. Likewise the percentage of students indicating that they believed that CDIO promotes the various aspects of
employability also rose in 2012 with improved problem-solving skills, team-working and linking theory to practice being
identified as part of CDIO by over 80% of the cohort. This upturn in students’ perceptions corresponds with another change in
the teaching team, with the original team from 2010 having much more input.

The influence of the teaching team on students’ perceptions is not entirely unexpected — as is the fact that the majority of
students selecting to come to Aston indicated that during their A levels or previous studies they had enjoyed problem-solving,
working on projects and making things. Additionally as CDIO has developed in the university more resources have been
dedicated to it — with materials now purchased in kit form” to give a more professional grounding.

6. Conclusion

The data given in this paper represents the first three years of what is anticipated will be a longitudinal study. CDIO was
launched in 2010 with the intention of providing an approach that both enhanced the student experience and provided industry
with work-ready graduates able to ‘hit the ground running’. The first cohort of students to have experienced CDIO from the first
year of their studies as yet to graduate yet early indications are that this cohort are not only more prepared for work but actually
want to enter the discipline when they graduate.

This study is unique in that it has tracked the introduction of CDIO right from the onset. The slight ‘dip’ in students’
perceptions in the second year of the approach is indicative of the expected ‘teething problems’. Despite financial restrictions and
some cynicism from colleagues, the CDIO teaching team continue to work hard to make a success of the programme. There can
be little argument that three years on that this determination is beginning to pay dividends for the students who anecdotally state
that CDIO enables them to ‘feel’ like engineers right from the time they start university. With its focus on problem-based
learning and team-working, CDIO has changed the face of the 1% year experience for mechanical engineering and designed
students in doing so it has enhanced transition and ultimately promoted student success.

In conclusion, this study is beginning to show that one of the main benefits of problem-based learning in general and CDIO in
particular is that in based upon a ‘real-life’ approach to pedagogy it engenders a sense of identity amongst the students. This
sense of identity quickly manifests itself in students who begin to ‘feel like engineers’ right from the beginning of their university
careers. At this stage it is difficult to envisage what the long term outcome of this may be, however, in observing the students a
sense of ‘pride’ in their achievements is evident.
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Abstract

Recent education system has posed a big challenge to all educators in fostering intellectual development which primarily focuses on the
resources available to students and lecturers using a more student centered learning approach. In an attempt to improve teaching and learning of
a program, Faculty of Civil Engineering, Universiti Teknologi MARA has moved to a new paradigm with utmost enthusiasm and commitment.
The implementation of Outcome-Based Education (OBE) system was proposed by the Malaysian Quality Assurance Department, Ministry of
Higher Education to all Malaysian Universities since 2005. The Board of Engineers Malaysia, has shifted teaching and learning methodologies
in the faculty to a more motivated and reformed education system in empirically assessing student’s outcome. Since the end of 2007, the
implementation OBE towards learning system in the faculty has created new dimensions in monitoring the students’ development through the
Program Outcome achievement. One of the difficulties found in its implementation is the measurement of the Program Outcome related to
student’s lifelong learning (affective domain). One of the courses of Diploma in Civil Engineering program, Structural Steelwork & Timber
Design (ECS 328) for part 06 student has taken up this challenge to measure student’s lifelong learning. Therefore, through a Mini project
assessment students are given a PBL task with the implementation of FILA form to capture their lifelong learning skills.

Keywords: Problem Based Learning, lifelong learning, FILA form, Outcome Based Education.

1. Introduction

Today, engineering profession often deals with uncertainty and conflicting demands from clients, governments, environmental
groups and the public. Technical competencies are very much needed by the newly graduated engineers, as well as skills in
human relations so that they will be well accepted among the professionals. In addition, they must encounter the ambiguity of the
real world that continuously changing, commercialization interest and legal issues which might be raised as consequences of
every action taken.

With expansion of internet age, the engineering students require lifelong learning to be able to surmount their problems and
direct their learning in accordance with the new problems faced in their daily life. They must also comprehend the nature of the
workplace problem solving to be better prepared. Hence, a problem-based learning (PBL) approach is the capstone to capture all
the needs of graduates for the workplace. PBL encircle around learning at philosophical model and practical level. The
systematic philosophy makes PBL a suitable choice for a life- long learning process, because it provides a platform for learning
through problem solving [8].

Problem-based learning emphasizes learning by doing, which provides a motivating context for learning. Students are given a
real-world problem similar to those they would face as professionals. They grant ownership of the problem, and undertake the
problem solving process. Meanwhile, instructors will take the role as their cognitive coach. A pedagogical goal of PBL is to help
students develop their own problem-solving skills, rather than telling them how to solve the problem [1].

This approach creates a fundamental shift from a focus on teaching to a focus on learning and from convergent to divergent
way of thinking. Students are given opportunity to enjoy the process of learning genuinely. The challenging part is to make
changes that intrigue the students in making them motivated to learn with a need to understand and solve real managerial
problems. At the same time, they will be independently, rationally and continuously learning to solve the problems.

2. Literature Review
Over 30 years, PBL approach has been used in multidiscipline. [6] defined PBL as an instructional and curricular learner-
centered approach that empowers learners to conduct research, integrate theory and practice, and apply knowledge and skills to

develop a viable solution to a defined problem. He also suggested that current and future generations of students are vitally
important to experience a problem-based learning approach and engage in constructive solution-seeking activities.

* Rugayyah Ismail. Tel.: +6-04-382-3218
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PBL mainly highlights its concepts to the students by means of challenges in the form of problems relevant to their future
practice [3]. Instead of using a rigid lesson plan that directs a learner down a specific path of learning outcomes or objectives,
project-based learning allows in-depth investigation of a topic worth learning more about. In addition, learners typically have
more autonomy over what they learn, able to maintain interest and are motivated to take more responsibility for their learning
[91.

In engineering programs, PBL approach has been reported by several authors, although the practice is still far from
widespread. Georgia Institute of Technology has introduced ‘Sustainable Urban Development’ course, in which the students
developed projects to make their campus and community more sustainable. In the process, students learn how to analyze
sustainability, work with decision makers, and put classroom knowledge into practice. Further, through this course’s emphasis
was on problem-based learning within the curricula of civil and environmental engineering. This relates to a more general
educational concern that the classroom often focuses on what information should students be told, rather than on how students can
effectively learn and apply information [1].

While at McMaster University, the chemical engineers took the initiative to implement PBL in their program in the early
1980’s. The program incorporates several student-centered teaching strategies and curriculum developments were integrated
across its program, of which problem based learning is one of its components [2]. The same goes to Monash University, where
the implementation of PBL into civil engineering program has allowed the groups of students to be able to identify their learning
needs and find their learning resources [11].

3. Methodology

In this study, a course from Diploma in Civil Engineering program at the Faculty of Civil Engineering, Structural Steelwork
and Timber Design (ECS328) was selected. Out of 7 Program Outcomes from this program, only 2 Program Outcomes measured
through this course which are PO3: Ability to identify, formulate and solve engineering problems (Cognitive-C4) and POT:
Having the lifelong learning skills to search for information independently (Affective-A3). Through Mini Project assessment that
is embedded in this course, Problem Based Education (PBL) assessment was designed and assigned to student with the
implementation of FILA form. FILA form is form where F for Fact, | for Idea, L for Learning Issues and A for Action. This
Mini Project is a one semester continuous task where students will complete it during their tutorial session every week and will
be supervised closely by the lecturers. A complete design report with completed FILA form from every task is expected to be
compiled at the end of the semester. Marks that students get from their filled FILA form will contribute directly to PO7 marks
which will reflect their lifelong learning achievement.

A survey has been conducted to get students’ feedback on the implementation of PBL in this course especially the
significant use of FILA form and the lifelong learning skills measured through it.

4. Results and Discussion

There were 63 out of 84 students who took part in this survey and they were given only 4 questions that they have to rate
either 1 (Not Agree), 2 (Partially Agree) and 3 (Agree). The survey also has given the students an opportunity to comment on the
implementation of PBL in the course. From all comments received, it can be concluded that some students are unable to see the
benefits of PBL and these students also perceived the implementation of FILA form as troublesome. The faculty has taken all
these comments in and considers them for the continuous quality improvement of the course especially in designing more
effective PBL task for students. Results obtained from the survey are as in the Figure 1, 2, 3and 4 below.

The Implementation of Problem Based
Learning Through Mini Project Gives More
Understanding to the Subject Taught
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Figure 1. The implementation of problem based learning through mini project gives more understanding to the subject
taught.

Problem Based Learning Implemented in Mini
Project Helps Students to be more
Independent and Enhancing Student's Life
Long Learning Skills in Solving Problems.
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Figure 2. Problem based learning implemented in mini project helps students to be more independent and enhancing student's life
long learning skills in solving problems.
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The Use of FILA Form for the Mini Project
Gives Student an Opportunity to Think and
Express Their Opinion in Solving Problems

Given

70.0% 54.0%

50.0% 34.9%

30.0% 11.1%

Not Agree Partially Agree Agree

Figure 3. The use of FILA form for the mini project gives student an opportunity to think and express their opinion in solving
problems given.

The Mini Project for ECS328 for This Semester
Gives A Lot of Advantages to Students in
Preparing Them to Become A Good Engineer
inthe Future.
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Figure 4. The mini project for ECS328 for this semester gives a lot of advantages to students in preparing them to become a
good engineer in the future.

From the feedbacks obtained in Figure 1, there were about 47.6% students who agree that the implementation of problem
based learning through mini project gives more understanding on the subject taught. Even though the number of students who
partially agree was about 42.9%, the students are actually convinced that the method should be continued with some
improvement. After all only a small percentage of 9.5% disagree on the implementation of PBL in the course.

Figure 2 shows a convincing feedback whereby 52.4% students agree that problem based learning implemented in mini
project helps students to be more independent and enhancing student's lifelong learning skills in solving problems. This good
feedback provides some evidences that student lifelong skills can be enhanced through PBL approach. Significantly, the
feedback from students as referred to in Figure 3 where about 54% of the students agree on the given opportunity to think and

express their opinion in solving problems through the use of FILA form for their mini project. This agreement has also convinced
the faculty to continue its implement in the course.
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5. Conclusion

1. PBL method with FILA form approach is proven to be a direct measurement which is practical to be conducted to
measure student’s lifelong learning.

2. The PO7 (lifelong learning) results can be used to continuously improve the assessment approach in assessing student’s
lifelong learning.

3. One of the weaknesses that can be discovered from this study is the lifelong learning assessment is measured
collectively as group performance. To make the assessment’s values more empirically genuine, individual measurement
of student’s lifelong learning should be conducted.

4. Students’ feedback from the survey can be concluded as the following:

a. Some students’ partial preference on the use of the proposed method reflects their unwillingness to work on
problem solving independently.

b. Students find it a hassle to complete the FILA form because they are not used to the approach.

. The clarity in lecturer’s instruction and the rubric of PBL’s assessment need to be improved.
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Abstract

The Aalborg PBL Model encourages project-management as a way for students to achieve efficiency and effectiveness in their study-projects.
This paper looks into how the development of conversation skills relates to project-management as well as other factors. Through analysis of
interviews focusing on the discussions which groups undertake in their pursuit of problem-solutions fulfilling assessed real-world needs as well
as meeting the requirements of the educational program, it is concluded that discussions serve as a media for achieving learning and as a tool
for developing skills essential for professional engineering practice.
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1. Introduction

We know that the Aalborg Model of PBL works — yet we don’t know exactly why and how it works. Students go through up
to 10 projects over 5 years, then they (usually) graduate and most are immediately employed in industry and being valued for
their knowledge, skills and competences — not least skills and competences in handling collaborative projects. However, before
acquiring an appropriate level of project-management competences, student-groups struggle with inadequate process efficiency
and inadequate project effectiveness. Some of the causes of this (as perceived by students) can be detected through reading the
process-analyses that groups report in connection with project reports for first and second semester. Apart from a general lack of
similar project-collaboration experience (tools are provided through a course on PBL, Mosgaard & Spliid (2011)) the groups
confess to inadequate management and unfinished or undecided discussions — by many students (although not all) labelled “idle
time”.

In extension to previous research into students’ logic behind their project management (Spliid 2011), the objective of this
research is twofold (1) find ways of facilitating students’ handling of discussions in early semesters, and (2) find ways of
motivating students for approaching discussions as a professional skill used by professional engineers. Henriksen (2011) reports
how professional engineers (production-management and -design) engage in “coordination” activities during the implementation
process — a process of “negotiating” with the implementing staff. As this management process was estimated by the engineers to
constitute app. 50% of their time spend clearly there is a need for engineering students to prepare and qualify for this type of
professional performance.

Students most often use the term discussion, however in this paper the term “conversation” will be used as a more neutral
synonym when there is no direct reference to students’ statements. Merriam-Webster (2013) describes conversation as
originating from Latin with the meanings “to associate with” or “to turn around”, while discuss means “to discourse about in
order to reach conclusions or to convince”, and “implies a sifting of possibilities especially by presenting considerations pro and
con.” Clearly there are other intentions embedded in students’ use of discussion as any project group has many conversations
concerning simple clarifications and verifications without attempting to discuss neither preconditions nor implications.

An illustration of the diagnostic potential embedded in group conversations can be made through a simple communication
exercise called “Murder at the Black Horse”: 28 pieces of information (relevant + irrelevant) distributed among 15-25 students;
at least 2 observers; 5 simple questions — and the scene is set for an often predictable and sometimes dramatic conversation
before the group (often reluctantly) offers its first guess attempting to answer the 5 questions (Who done it? When? Where?
How? Why?). After an average of 45 minutes simulating the communication that dominates a semester long project a long list of
“pitfalls and dangers” can be produced (see Table 1), and unfortunately only few examples of “best performance” can be
extracted. Students’ attempts to structure and manage the conversation systematically are hampered by personal issues (role
preferences; emotions; lack of trust, competitiveness etc.) as well as lack of professional competences — thus unveiling the
“monster” threatening students and groups which do not handle conversations with the necessary rigor.

* Corresponding: Claus Monrad Spliid. Tel.: +45-9940-2564
E-mail address: clauss@plan.aau.dk
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Table 1. Group conversations: “Pitfalls and dangers” and “Best performance”

Pitfalls and dangers Best performance
Hair-splitting/Quarrels Organizing the process
Parallel conversations Formulating helpful questions
Repeated conversations Focusing on evidence/facts
Perfection/Fear of failure Involving participants
Complexity/Ambiguity Structuring information
Lacking insight/expertise Summing up information
Speculation/Opinions Evaluating process
Implicit assumptions
Uncertainty/Doubt

Uncritical/Overly critical
Anarchy/Fragmentation
Muistrust/Opposition
Indecisiveness
Ignoring evaluative info from observers

The scope of this paper is to explore further into the groups’ process of acquiring and constructing the knowledge, skills and
competences required for handling complex projects — specifically regarding the groups’ handling of conversations aimed at
securing a sound progression with the process as well as the project. The aim is to gain a deeper understanding of the groups’
own perceptions of handling the conversations paving the road to project success. The initial research-question was:

“Which factors do the groups identify as significant for their discussions? ”

Answering this question should provide evidence of groups’ own perception of significant factors — factors which influence
outcomes related to intra-group relations, factual learning, competence achievement and resource management. These outcomes
are perceived by supervisors to play an important role in achieving success whether it is success for the students or success for
the Aalborg Model of PBL.

2. Conceptual framework

In order to create an overview of students’ perceptions of the circumstances surrounding their discussions an analytical tool
was needed to distinguish among the approaches applied by the students, and for understanding the reasoning behind students’
efforts. The analytical tool should assist in providing a clearer picture of factors underpinning best performance as well as poor
performance.

Spliid (2011) bases his categorization on the project-management logic emerging during the text analysis and he sets up a
two-dimensional matrix. The managerial categories (vertical dimension) “goals”, “activities”, “tools” and “personal issues” seem
valid and useful also for this analysis as they correspond with students’ writings and therefore correspond with their reasoning.
The assumed group project-goals (horizontal dimension) “structure”, “efficiency”, “learning” and “familiarity” are however
found less precise and less useful for this analysis as they originally emerged during a search for factors significant for an
efficient and effective project overall. Therefore, in order to perform an in-depth analysis of the data generated from students’
statements, a second dimension must be added allowing a possibly unequivocal distinction between learning-related factors and
management-related factors.

Barrett & Moore (2011) presents three interdependent principles derived from research into PBL-tutoring of study-groups
(being part of a Diploma in Teaching and Learning in Higher Education), principles proposed as facilitators of the dialogic
knowing which essentially is central for any PBL- and project-group:

e democratic social relations;
e co-constructing knowledge through co-elaboration;
e shared control.

Barrett & Moore (2011) thus relates their categorization to the learning process to be secured by the tutor in collaboration with
the group — a situation distinctively different from the Aalborg Model.

Dixon (1999) has added the organizational dimension to Kolb’s learning-cycle which allows for an analysis based on a
theoretical framework of cognitive abilities within the student-groups. The associated competences focus on “knowledge
acquisition”, “knowledge integration”, “knowledge interpretation” and “knowledge implementation” — all of which are well
known challenges for first-year engineering students. However, the management perspective does not appear explicitly out of
this model.
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While the “coordination” and ‘“negotiations” carried out by the professional engineers (Henriksen, 2011) were rooted in
knowledge implementation alone, student-groups’ conversations are assumed to cover the full learning-circle — although further
analysis may bring evidence of any predominance. An assumption is that students do not distinguish among Dixon’s cognitive
abilities, but rather focus on usefulness and usability in pursuit of completing the project (e.g. solving the problem — the typical
focus of an engineer).

In light of the present focus on the communicative processes only, and assuming the principles proposed by Barrett & Moore
(2011) will not provide a completely adequate picture of engineering students’ attempted accomplishments, a complimentary set
of concepts for the horizontal dimension is therefore sought, leading to the following research question:

“What are purposes and contents of the group-discussions?”

Answering this question should provide evidence of groups’ own perception of the nature of the discussions taking place in
the groups within the scope of the project. Extracting such “nature” should reveal insight into attitudes and circumstances
essentially underpinning academic success for an engineering project-group within the Aalborg Model of PBL.

3. Methodology

The initial research was based on reading process-analyses from 1% and 2™ semester groups. The 2™ semester groups (Global
Business Engineering spring 2011, 7 groups) had reported group as well as individual reflections, while the 1% semester groups
(Energy Technology fall 2012, 10 groups) solely reported group reflections. Although the paramount intention for engineering
students is producing a solution (practical or procedural) to a project-problem, the discussions in focus appear at any stage of the
process, and in the process-analyses they are issues dealt with as part of project-management, group-collaboration as well as
learning process — meaning that these discussions have a life of their own as project-constituents with a major impact on process
and product.

To answer this question, semi-structured interviews of app. one hour were performed with two 4™ semester groups, one 6™
semester group and one 8™ semester group (all studying Global Business Engineering). Developing these interviews as an open
conversation (initiated by the questions “What do you do when you discuss?” and “Can you give me an example of a recent
discussion you had?”) while simultaneously documenting students’ statements in writing on the black-boards in the group-room,
the conceptual frameworks of Barrett & Moore (2011) and Dixon (1999) were presented in relation to issues emerging as the
interview progressed. Also Henriksen’s (2011) findings from industry were presented as a reference to the professional practice
the students are aiming for. At the end of the interviews the blackboards were photographed as documentation and support for
the following analysis. Immediately after each interview an analysis was performed in order to maintain the evidence collected.

The interviews were employed as a means to clarify and verify the data obtained through the process-analyses as well as a
means to identify skills and competences acquired during the extended project-experience. As the author has acted as lecturer
and/or project-facilitator to all groups (during their first two semesters) it was possible to refer to the intended learning outcomes
of these semesters — learning outcomes specifically dealing with process-competences related to project-management, group-
collaboration as well as learning process.

During the interview students addressed just as much one another as the interviewer, and in-between they questioned the
interviewer about the terminology used as well as the context, the background and the practical implications — exemplifying the
acquired process-skills and —competences.

4. Analysis
4.1 Analysis of process-analyses

Making use of the principles proposed by Barrett & Moore (2011) provides an overview of the factors identified — see table 2.
Despite the intention to perform an unequivocal distinction between learning-related factors and management-related factors, the
interdependency shines through and indicates that group discussions are vital for developing the knowledge, skills and
competences aimed for — as two groups formulate it in their process-analysis: “share the talking — share the thinking”.

Table 2. Factors significant for group discussions

Goals Activities Tools Personal issues
Democratic social Participation Share Moderator Emotions
relations Influence Listen Agenda Trust
Ownership Initiate Breaks

Procedures and
rules for group
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collaboration

Co-constructing Understanding Preparation Coordinator Positioning
knowledge through co- Documentation Presentation Board
elaboration Variety of Argue Google docs
viewpoints Question Agreements on
Critique terminology
Think-talk-share Facts
Shared control Procedures Feedback Production Self-critical
Content Decisions schedule Trust
Main thread Estimation Top-Tail
Disposition Evaluation Agreements on
Consensus Sparring as content, grammar
Follow-up verification and layout

Table 3. Factors in focus during group discussions

Goals Focus
Clarification and Terminology; concepts; theories;
learning models;
Shared Project-objectives and —goals;
understanding problem and problem-formulation;
methodology;
Implementation Functionality; procedures;
solution;
Project planning Scheduling; sequencing; resource
allocation;

Based in the context of the factors identified in the process-analyses a new set of horizontal dimensions is proposed to be
“project structuring and planning”, “shared understanding”, “learning and clarification” and “implementation” as these represent
and reflect the interviewed project-groups’ understanding of their process. The original intention of applying the same vertical
categories as in Table 2 is found to add no significant information not already available in Table 2. Table 3 is therefore reflecting

loyally the focus as expressed by students in process-analyses as well as interviews.
4.2 Analysis of interviews

According to the groups, discussions that repeat themselves are more frequent in the early semesters due to lacking
establishment of shared understanding of goals and due to lacking communication skills making group-members unable to
handle (manage) the uncertainties of ill-defined projects. But most of all due to a more individualized approach and lack of
adequate knowledge:

“Having read the textbook doesn’t provide adequate understanding of a concept nor terminology.” [D]

Someone opens a conversation and others join (sometimes just to position themselves) and an unfocused, unstructured
discussion develops — until someone (who has capacity to observe the conversation) calls for a summary in order to secure
consistency, or until someone (who may see no point in continuing the discussion or may be outright upset and exhausted) calls
for a vote, or until someone (who may have other pressing activities scheduled) calls for a suspension of the group-meeting as
such. Groups may also differentiate between “open modus” and “closed modus™: open modus defined as a divergent process
predominantly characterized by a variety of viewpoints, while closed modus is defined as a convergent process predominantly
characterized by aligning positions, verifying information and making decisions. In order to differentiate the group must call for
a pause between the modes and thus enabling a focus on the aims and needs.

Exemplifying this group [A] explained how some discussions were allowed to continue as the outcome would be learning,
whereas other discussions would be closed earlier in order to make a management related decision. Although fewer discussions
were reported in this group — purportedly due to the fact that the group-members were quite familiar with each other after having
collaborated through 2-3 projects — focusing the conversation still needed attention. Being more familiar with each other actually
meant that group-members trusted each other to perform more thorough preparation and perform in-depth research leading to
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more precise and correct formulations — as opposed to a more extensive need for interpretation in groups with less common
collaborative experience.

The conversations aimed at reaching (or creating or co-constructing) a shared understanding, are more prone to develop into
the unfinished or undecided type of discussions — which may recur several times until the group has reached a sufficient level of
comprehension to be able to settle the uncertainty. The needed comprehension may deal with academia, methodology or
structure. Two other factors influencing the closing of discussions are time and patience; deadlines can be quite conducive to
urge group-members to make a choice, and those with more patience (and words) are more likely to have an impact.

In group [B] a typical discussion (within the early project phase) may begin with a request/suggestion for a plan (schedule;
overview) for the work to enable the project-progression. A suggested activity may spur a clarification of the activity and a
related theoretical model which again leads the conversation towards the problem formulation — followed by comparison of
theories/tools — then a detour around the initial problem-statement evaluating its validity before ending up with the requested
plan expressing shared project-goals based on the shared understanding achieved through the conversation.

The group characterized this unplanned and unstructured conversation as a necessary “test of agreement” — “something you
have to go through at some stage” for achieving shared understanding — as group-members otherwise “assume we agree”. Some
group-members had experienced having this type of conversation during the final 1-3 weeks of their earlier semester-projects
explaining the late occurrence being due to insufficient familiarity with other group-members’ thinking and a reluctance to open
up issues which may disturb the assumed agreement and thus disturb work, progression and emotions.

In group [A] a typical discussion may originate in a desire to organize and handle data-collection properly or with an
intention to align perceptions of the report-structure. The following comparisons of different approaches may not result in an
actual plan or structure, but rather a clarification of “how should we plan” or “why should we structure the report a certain way”.

Students’ responses to Barrett & Moore’s (2011) principles were initially reluctant and marked by uncertainty of the meaning
behind the principles, however they quickly defined “co-constructing knowledge through elaboration” as similar to their learning
efforts. The “democratic social relations” is seen as a continuum where the focus relates to the development of trusting and
helping each other, and similarly the “shared control” comprises issues of responsibility, interest and contribution. Students
stressed that an extra principle “shared goal/product” seemingly is missing. Engineering students’ are deeply engaged in
systematizing, analyzing, planning and measuring in their efforts to solve the project-problem:

“We are applying theoretical knowledge to a practical problem.” [C]

As groups become more conscious of the project-process and attains a more holistic perception of performing a study-project
it also becomes obvious that discussions serve as a means to produce output that ultimately becomes input to another part of the
project. And while students during early semesters perceive ownership as the right and plight to defend their personal writings
and react hotheadedly possessive, students at later semesters will perceive ownership as a group achievement that cuts away any
individualistic and possessive claim regarding insignificant project-issues.

5. Findings and discussion
5.1 Origin of group-discussions
Based on the interviews with student-groups it appears that discussions originate in a:
lacking transparency or consensus;
disagreement or a wish to define/clarify/rectify;
deliberate intention to attain deeper knowledge;

deliberate intention to manage the process and/or to structure the project/report;
deliberate intention to reframe, rethink, restructure and/or innovate.

The reasons listed are apparently all based in a striving to achieve results which in students’ words mean doing “what’s
making us engineers”.

5.2 Discussion as media

Like in the communication exercise mentioned in the Introduction, the communication among the participants serves as a
means to achieving results — solving the mystery or in engineering terms: solve the problem with a procedural or functional
construct. Solutions do not appear out of the blue, only based on solid and verifiable knowledge which (in learning terminology)
serves as ingredients in the students’ co-constructing through co-elaboration — which in project-management terminology is
equivalent to a coordinating process.

Citing Willert (2011) who in his terms specify “learning mediated through languageing” where students “adopt new language
patterns or codes, thereby, hopefully, helping them to gain a richer understanding of the world or to become more adept at
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handling it in action.” Discussions thus serve as media for coordination of meaning (Pearce, 2007) — the discussion results (goals,
plans, procedures, activities or tools) being expressed as coordinated management of meaning.

As reported from the interviews unstructured approaches are most common, however it appears that approaches become more
and more systematized and professionalized as experience accumulates and skills and competences emerge — ultimately securing
conversations from the “pitfalls and dangers” listed in table 1.

5.3 Discussion as engineering tool

For Henriksen (2011) the coordination or negotiation process is clearly a co-construction of a new meaning or a new
understanding which as a shared effort dissolves the conflicts that otherwise impede project progression. Awareness and
professional competences enables quality conversations — a serious recommendation to students of early semesters that
homework actually does pay off immediately and in the long run. However, a significant learning that emerged from the
communication exercise mentioned in the Introduction is that posing crucial and critical questions can at times serve as the most
effective and efficient approach in problem-solving (learning).

When taking into account the cognitive abilities in Dixon’s (1999) organizational learning cycle students confirm that their
discussions affects all aspects of the learning cycle. Furthermore, the students appreciated the fact being involved in the full
learning cycle and the full project-cycle, although they still find project complexity to be a unifying as well as a separating factor
between management and “real engineering performance”.

5.4 Discussion as diagnostic tool

Barrett & Moore (2011) propose their three principles as facilitators of the dialogic knowing central for groups engaged with
PBL-tutorials. The principles coupled with a project-management view provide a useable and useful diagnostic tool for:

e assessing strengths and weaknesses in the group’s approach;
e suggesting changes in the group’s approach;
e making supervisory interventions.

6. Conclusion

In conclusion, this paper has sought to (1) find ways of facilitating students’ handling of discussions in early semesters, and
(2) find ways of motivating students for approaching discussions as a professional skill used by professional engineers. As
regards (1) the overviews provided in tables 2 and 3 are proposed as diagnostic tools to assess strengths and weaknesses in the
project-groups’ approach. How this diagnostic tool may be applied is yet to be explored, but the evidence behind this way of
thinking points towards formulating more durable explanations for what is making the Aalborg Model of PBL work.

As regards (2) the evidence provided proposes a stronger focus in the supervision and in the PBL-course raising the awareness
of the potential in and the value of conversation competences. Communication exercises (like the “Murder at the Black Horse™)
and subsequent thorough analyses and follow-ups seem necessary in providing early-semester students essential eye-openers
regarding best performance versus pitfalls and dangers.
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Abstract

This research seeks to explore how problem-based learning (PBL) supported learning and the acquisition of generic skills in pre-
university college students. Eighty participants from a local private institution participated in this study. The topic of study was
the inheritance of Huttington’s disease, under the subject of Genetics. Students were trained in two PBL learning sessions on
another topic before the actual intervention. Feedback on the implementation of PBL were gathered through written responses at
the end of the three-week PBL session. Analyses of the written responses showed the strength of PBL in supporting learning and
the acquisition of generic skill. Students reported positively in terms of acquiring various skills such as problem solving, critical
and analytical thinking, communication, team work, life-long learning and self-directed learning. This research further support
the value of implementing PBL as an approach towards teaching and learning.

Keywords: Problem-based learning, thingking skills, communication skills, team work skills;

1. Introduction

In the quest of developing a scientific and progressive society, the Malaysian Government has taken measures to enhance the
potential of Malaysian education in moving the nation towards a knowledge society. In a scientific society, the entity of an
individual is as important as the society shift. This paradigm shift is important to the nation’s growth and calls for intellectuals
and academicians in the education world to be forward looking, versatile and multi-disciplinary. The significance of this shift is
to reshape the education system and draw global attention towards the country’s educational potential. A comprehensive and
constructive education system has the potential to develop students who are critical thinkers and innovators who will be able to
contribute to the development of the nation.

Learning in the 21% century entails personal meaning making and construction of knowledge. This process is encouraged
through student-teacher active interaction and social negotiation among peers. However this approach demands new teaching
methods and strategies as well as greater empowerment of learning onto learners. The process of teaching and learning for the
21% century advocates lesser teacher centeredness and greater student centeredness to support the development of not only
meaningful acquisition of concepts but skills in thinking and reasoning. An effective teaching and learning approach must not
only develop students intellectually but also affectively. In attaining the holistic individual as aspired by the National Philosophy
of Education, the learning process must progressively develop students with the necessary generic skills, which are crucial to
effectively function and compete locally and abroad.

2. Background of Research

The current teaching and learning experience in schools and colleges in Malaysia is still very much didactic. Most teaching
practices a one-way pedagogical model where the students are passive recipients of knowledge, the teacher as the provider of
knowledge and learning is more rote than meaningful. As a consequence there exist minimal interactiveness to support
productive learning least developing thinking or generic skills. It has also been shown by numerous research that passive learning
settings does little to promote deep conceptual understanding of fundamentals concepts.

What does it take to teach Biology to be relevant and practical to human life? Problem Based Learning (PBL) could be the
answer to this. It is an excellent strategy where learning begins with a problem naturally occurring in everyday life that bears
relevance and meaning to the students. The problem posed triggers students’ past experiences and prior knowledge. These serves
as the foundation to anchor new concepts acquired through the PBL process. Since PBL involves collaborative learning, students
gain more confidence while working through and addressing the problem posed. PBL is a teaching and learning process that
integrates non-traditional in-class instruction that is constructivist in nature and empowers student centred learning. When
learning through PBL, students acquire multifaceted skills cognitively and affectively.
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According to Savin-Baden (2000), PBL is an approach to learning that is characterised by flexibility and diversity in the
sense that it can be implemented in a variety of ways in different subjects and disciplines and in diverse contexts. PBL have the
functional entity in allowing the development of higher order thinking among students and thus promotes an analytical mind. In
PBL, students also experience materializing scientific information where there is “pursuit of meaningful knowledge through the
use of procedures that are thoughtfully generated and evaluated by those who are asking questions” which is part and parcel of a
scientific inquiry (Palinscar et. al. 1993).

An important feature of the PBL process is making reflections at the end of the PBL process. This happens in the last stage
of the PBL process. Reflections can be defined as a complex process of thinking in which students can reflect and comment
critically about their strengths and weaknesses highlighting areas for development (Lin, 2009). Students’ reflections will also
enhance their passion and pursuit for seeking explanations and solutions to scientific phenomena surrounding their everyday life.
This research aims to understand how PBL contributed towards strengthening learning and developing generic skills crucial to
the development of holistic individuals.

2. Problem Statement

Biology in Malaysia is taught with a specified curriculum and syllabus. To many students the depth and breath of the biology
content is overwhelming and detered them from embracing the subject with ease and confidence. This is compounded by the
complexities and intricacies of structures and functions, terms and terminologies, and mechanisms and processes involved in
learning the subject. To a naive student this may prove too laborious and irrelevant. If the teaching and learning of Biology
remained teacher-centred, exam oriented and painstaking memorization of facts and concepts, students will choose to learn
subject that offer more authentic and practical applications of knowledge. This aspect could be one of the contributing factors to
the dwindling enrolment in the sciences at the higher education level.

Genetics and Inheritance has been reported as topics that are difficult and abstract. Misunderstandings and misconceptions
has always prevailed in the teaching and learning of genetics. Past research have identified several problematic areas in studying
genetics. Students have difficulty understanding the very basic units of genetics such as chromosomes, genes or allelles (Collin
and Steward, 1989; Albaladejo and Lucas, 1988); they cannot adequately interpret concepts such as homozygous or heterozygous
(Slack and Steward, 1990); they have alternative views of the mieosis and mitosis process (Kindfield, 1994; Brown, 1990;
Stewart et al., 1990); and they could not fully understand the meanings of probability in relations to genotype and phenotype
frequencies (Browning and Lehman, 1988; Cho et al., 1985). However bearing in mind that the study of genetics has important
impact in various aspects of life such as medicine, food production, health and lifestyle, new approaches and methods must come
into place to teach and learn genetics more effectively and meaningfully. On that note, the researchers believe that the PBL
approach to teach the topic of genetics and inheritance could offer a more constructive and meaningful learning experience for
the students.

Students graduating from higher institution in Malaysia are often faced with criticisms from employers, especially from the
private sectors, pertaining to their lack of communication, team work, problem solving and analytical skills. These skills are the
generic skills or more commonly known as the soft skills that students need to acquire before leaving the institution. Acting upon
the poor evaluation by the private sectors, the Ministry of Higher Education has announced that public universities in Malaysia
must introduce soft skill elements and incorporate them in the undergraduate syllabus. Given this situation the researchers feel
that PBL can offer an excellent platform for the development of generic skills.

4. Research Objective
This research aims to answer the following questions:

1. How does PBL help learning?
2. What are the generic skills developed during the PBL approach?

5. Literature Review

Problem-based learning (PBL) is an inquiry-based instructional approach in which students work in small groups to solve ill-
structured problems. An ill-structured problem is defined as a problem with no clear solution or solution path (Hung,2003). PBL
is used in medical schools and is now used in many educational settings (Barrows & Tamblyn, 1980; Gallagher, Stepien, &
Rosenthal, 1992; & Torp & Sage, 1998). In PBL, students (a) collaboratively determine what they know and need to know, (b)
research content and/or conduct scientific tests, (c) communicate research results among themselves, (d) collectively determine a
solution to their problem, and (e) present their solutions to classmates (Hmelo-Silver, 2007).

According to Hmelo-Silver (2004) PBL is well suited in helping students become active learners because it situates learning
in real-world problems and make students responsible for their learning. Educators are interested in PBL because of its emphasis
on active, transferable learning and its potential for motivating students. Agran, Blanchard, Wehmeyer, and Hughes (2003)
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argued that students must develop their problem-solving skills in order to succeed in life. Given that PBL can increase the
problem-solving skills of university, gifted, and average students (Barrows & Tamblyn, 1976), mainstreamed students may
benefit from PBL in similar ways.

Students must also be given the opportunity to develop self-directed learning (SDL) skills in order to succeed academically
and personally (Wehmeyer et al., 2000). SDL skills refer to students’ abilities to initiate appropriate actions to gain knowledge or
skill (Gibbons, 2002). PBL has been shown to increase the SDL skills of advanced students (Evensen, Salisbury-Glennon, &
Glenn, 2001). The PBL approach improves students’ ability to analyse, synthesise and evaluate situations thus cultivating the
habits of using the higher order thinking and reasoning skills.

In the PBL process students are required to give feedback and make reflections on their learning. Making reflections is a
metacognitive skill which play a key role in the metacognitive process of self-directed learning (Ertmer, 1996). Making
reflections help students to become aware of their mental structures, subject them to a critical analyses and if necessary,
restructure them accordingly (Korthagen, 2001). Reflection is also intended to enable students to assess their own growth and
changes in their thinking over a period of time.

Salomon (1989) mentioned that reflecting on the relationship between problem solving and learning is a critical
component of PBL and is needed to support the construction of extensive and flexible knowledge. Reflection helps students (a)
relate their new knowledge to their prior understanding, (b) mindfully abstract knowledge, and (c) understand how their learning
and problem-solving strategies might be reapplied. Hmelo-Silver (2004) claims that student reflections refer to specific behaviors
exhibited through both positive and negative comments from students. These comments provide others in their group with
information they can use to improve their effectiveness as collaborators and their self-directed learning ability.

Moving on to the acquisition of generic skills, the institution of higher learning in Malaysia faces a huge challenge in
producing students who are not only excellent in knowledge but excel in terms of skills in the workplace. Currently both local
and global workplaces are demanding workers with high employability skills such as basic skills, thinking skills, and
interpersonal competencies. A survey done by Richens and McClain (2000), claimed that most employers require that entry-level
workers possess good employability skills rather than technology competencies. According to Wilhelm (2002), employers assert
that too many high school and college graduates do not possess the skills necessary to contribute productively in their jobs. To
address these problems the Malaysian Ministry of Higher Education has taken steps to identify the major soft skills deemed
necessary to improve marketability and employability of students leaving the higher institution. Seven major elements of the
generic skills were identified, of which communication, problem solving and critical thinking, teamwork, lifelong learning and
information management was explored in this study.

6. Methodology

This research is an exploratory study on the ability of PBL to promote learning and skill acquisition during teaching and
learning. This intervention explored the ability of PBL to promote the much needed generic skills in students. These generic
skills include communication, critical and problem solving, team work and life-long learning skills. Apart from this, the research
explored how PBL help students learn through their group discussions and interactions. Sampling of the students was done
through a non-probability purposive sampling that uses intact groups of students These were students enrolled in a Pre-
University programme of a private college. Four different classes were taken as samples for the study. The total no of students
were 80. These students went through a PBL session studying the topic of Genetics and Inheritance with a special focus on
Huntington’s Disease.

Students were grouped randomly as heterogeneous sample with 5 students to a group. A total of 16 groups were formed.
Students were briefed on the PBL approach with two examples of a PBL scenario before starting with the actual intervention.
This step was taken to familiarize the students with the different stages of PBL. The study was conducted for 3 weeks with a 4
hours face-to-face contact with the facilitator each week. The PBL scenario was introduced during the second stage of the PBL
process followed by generation of learning issues individually and as a group. After the seventh stage of the PBL process, written
reflections on learning through the PBL approach were collected from the students.

7. Data Analysis
Students in this study responded to two main reflective questions given by the researcher. These questions were:

1. How PBL helped you in your learning?
2. What are the skills you acquired in the process of learning through PBL approach?

These reflections were manually analysed and coded into more general themes. The steps for this process were: (1) selecting
relevant ideas (2) discovering repeating ideas (3) organizing repeating ideas into themes and (4) creating narratives to describe
the research concern.
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8. Results

Written responses were analysed and identified for the purposes of answering the two research questions formulated. These
responses were discussed in two main sections that is ‘How PBL helped learning and skills acquired during learning through
PBL’.
8.1. How PBL helped students learn

Some of the major contributions of PBL in the learning process include achieving a higher level in the learning outcome,
acquiring specific science process skills, inculcating the scientific mind, meaningful learning, increased knowledge acquisition
and motivation.
8.1.1. Improved learning

One student’s response to this aspect was:

“PBL instil higher order thinking within me as the approach requires me to be aware of mental blocks that can lock me into
a fixed way of doing a particular thing in a specific manner.” (PM 13 080)

Further students’ reflections supported this view:

... I also can learn how to elaborate points better and take suitable action to solve a (PM 5 015)
problem
“... I have realised that PBL will give much momentum for me to study, analyse, and (PM 5 019)

make probable assumption and variables..

“I have to use the biological way of thinking and apply the knowledge of biology in my (PM 13 052)

thinking.”

«.. ability to define problems, gather and evaluate information (PM 5 013)
“I learnt how to research a problem and analyze the key factors of a case scenario. (PM 5014)
as | learn to compare and decide on correct information regarding the scenario” (PM1001)

all the information that is needed and the unnecessary ones

8.1.2. Acquire scientific skills and inculcating the scientific mind

The various ways PBL supported learning in terms of acquiring scientific skills was clearly manifested in this study. Written
responses that supports this notion include:

“collecting and filtering information and points are essential. We also learnt how to (PM 13 042)
relate questions in order to rethink and pose a hew questions which requires someone to
elaborate more”

Analytical skills can be acquired too, as it requires thinking for the FILA chart where we (PM 8 018)
need to sort out.

“PBL has helped me to find the accurate and best solution by following the whole (PM 5 022)
procedure which will lead to the solution in end, ... to look things with different angle. ”

... L also learnt to be more observant...” (PM1 004)
and it raised my curiosity about many things....” (PM6 040)
“PBL made me more inquisitive and helped me in researching further on the topic (PM 6 030)
PBIBIinspired a need for critical thinking and logical investigation when considering a (PM 5014)
problem”.

8.1.3. Meaningful learning
The ability to understand and adapt to novel situations were evident in these responses:

“l learned that understanding is more important than memorizing facts and will help me (PM 5 025)
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to learn new things through PBL approach.”

with PBL's hands-on approach - a two-way process that directly links knowledge and (PM 5014)
application that just doesn't happen in traditional learning methods.”

PBL is self- learning, involves discussion among friends and also individual which steer (PM 13 043)
self-directed learning instead of being fed with knowledge by the teacher.”

“I have learnt to rephrase my sentences correctly and improve my grammar and (PM 13 050)
vocabulary.”

8.1.4. Increased knowledge

Analyses of the students’ responses revealed that the PBL sessions helped students increase their knowledge acquisition.
Some of these responses are:

I have broaden my horizon and learnt in depth of the topic. It was also more interesting. (PM 6 030)

“it has helped me to broaden my knowledge of the problem given” (PM1 006)

“«

.. We get to pay particular attention to one subtopic only, hence we could acquire  (PM 13 049)
more knowledge...

“ ..learning the new information from researches done by team members involves (PM 1 005)
sharing of information between members will broaden the insights of content.

“it has helped me to broaden my knowledge of the problem given” (PM1 006)
“PBL helped to make learning easier. The base concepts were easier to grasp. It (PM5 014)

motivated me to learn more, to probe deeper.

This was also supported by another response which quotes:
8.1.5. Motivation
There was also evidence that students developed the use of non-verbal skill such as writing skill.

“PBL had me more interested about the topic discussed... (PM 6 040)

“It is teamwork that we can learn through PBL. We work together as a team and (PM 5018)
somehow managed to get the FILA chart done. This feeling actually motivates us and

helps us to be passionate learners.”

The base concepts were easier to grasp. It motivated me to learn more, to probe deeper. (PM5 014)
Furthermore, retention of the things learnt was so much easier

8.2. Acquisition of skills during the process of PBL

The data from open-ended responses were carefully studied and repeating themes and ideas were categorized. There are
mainly four skills that students frequently wrote about: (i) communication skill, (ii) critical thinking and problem solving (iii)
teamwork and (iv) lifelong learning and information management skill.
8.2.1. Communication skill (CS)

Majority of the students mentioned about the improvement of their communication skills throughout the PBL learning. The
essence of PBL was communication between the members in the group. The students also agreed and believed that they had

greatly benefited from it, especially those few who were introverts. The responses below described this view:

“| learnt some communication skills and developed some analytical skills” (PM1004)

“l have learned to be more socialise and can communicate better with my friends (PM5 015)
through PBL . This is because we need to communicate with others and discuss among

ourself to get the FILA chart done.

.. speaking skills are more developed as well when presenting our findings” (PM 6 038)

Some of the responses were sub-skills for communication such as ability to communicate ideas clearly and confidently during
presentations.
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“I am able to present to my friends with more confidently and address the queries with (PM 13 074)

relevant information. | feel so happy about this”.
“..before this I am quiet and sometimes don’t talk publicly especially to present. Now [ (PM13 077)

think 1 have improved and able to do presentations without fear. ”

8.2.2. Critical Thinking and Problem Solving

Several responses from students for the various critical thinking and problem solving are listed below. The summary of the
skills are categorised into three skills namely; ability to identify and analyse ill structured and complex problems and make
justified evaluation, ability to develop and improve thinking, and thinking out of box/creative thinking. Students are able to meet
the problem when they first encountered it. Transforming information is also important key to problem solving in PBL. Some

students’ responses supporting this notion include:

...develop solutions, team skills ... and also the ability to use all skills to address (PM 5 013)
problems in a complex real- worid setting.”
Brainstorming the issues present in the problem given taught me how to view facts (PM 5014)

objectively, from all sides. The idea of guestioning a fact thoroughly was something |
came across over and over again when working with the PBL group.

Students viewpoint in thinking out of the box were evident through these responses:

“ I developed the ability to think out of box”

“| learned_to think differently and creatively to solve the scenario as it requires to think (PM 1 008)
really hard to learn through the approach of PBL.”

8.2.3 Team Work Skill

In terms of skills attained working in teams, findings from this research suggest that students foster a healthy relationship,
engage in group discussion and negotiation, and work together effectively to achieve a consensus on problem solutions. Most
responses from the students mentioned that compatibility among other peers gradually increased as they go through the PBL

process.
One particular evidence of this is:

“Moreover I'd learnt to be more active in group and discussed with team mates.” (PM 13 069)

The value of working as a collaborative team was expressed in the following statement:

“Be more active and required me to more engaged in learning n stimulates critical and (PM 13 065)
creative thinking, compare and share learning strategies and self learning, the team
work in summary | most enjoy in PBL.”

When confronted with differing ideas and behaviours, students developed the ability to recognize and respect behaviours and
beliefs of others:

“I have acquired the skill of working together and discovered is more fun and tend to (PM 5 016)
solve problem faster. | also respect and am open to others opinion. ”

The students also developed the ability to contribute in planning and monitoring of group output. Some students seemed to be
very objective and goal orientated and inspired others in team. Some written responses say:

“Skills such understanding among members also important, especially when there isa (PM 5022)
situation among members, we need to understand the situation and think the best
solution in order to prevent any misunderstandings.”

Some students also mentioned about gathering a new horizon and being responsible for group decisions:

“I polish through my attitude; | am more responsible to my group and its meeting.” (PM 13 077)

Students also develop the ability to practice active listening skills and giving feedback:

“...tolerating and accepting ideas and viewpoint from different members are openly (PM 5 024)
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practiced”.

“I have learnt the skills of collaborating with teammates in achieving a common goal. (PM 6 029)
Negotiation skills are important when putting forth an idea that can be accepted by the
whole team. It is important to consider my teammates ideas.

8.2.4. Life Long Skills and Information Management

As the nature of the PBL assignment is ill-structured and open ended, students need to develop knowledge and skills to
search and manage information. They discover their ability to find and manage relevant information from various sources. Some
students responses concerning this include:

“I have learned to use the library resources. ” (PM1011)
“The process of learning through PBL is selecting information and finding out main (PM 5 026)

problem

In addition to that, it helps us to improve our skills in compiling the materials and sort it (PM 6 039)
properly.”
“I have also learnt how to obtain journal online using reliable sources to quote from. (PM 6 028)

I have also learnt how to cite journal and prepare a full bibliography. ”

9. Discussion

The PBL process advocates the notion of ‘learning how to learn’. At each stage of the PBL process students are needed to
think of ways to solve a given problem, and make decisions to apply relevant concepts to justify the proposed problem solutions.
As observed in this study, during the PBL sessions students learn through ‘elaborating points’, ‘analysing, comparing,
synthesising, and evaluating information’ concerning phenomena presented in the problem scenario. It was evident that during
the PBL process students displayed learning outcomes at the higher level of the Bloom’s taxonomy thus reinforcing that PBL
help improve students’ learning. Learning becomes more substantial through group discussions and facilitation where students
communicate, negotiate, and consolidate their ideas to achieve the learning goal. Students learn through exchanging and
brainstorming of ideas within the group, reaffirming facts presented by members and validating information obtained from
various sources. These findings supports most past research advocating PBL as an approach that supports learning.

Findings from this research supported the view that PBL plays a crucial role in developing scientific skills and inculcating the
scientific mind. In this study students collected and filtered information, observed situations, ran investigations and researched
relevant ideas to support proposed solutions. Much of the learning in PBL require students to develop learning issues to address
the given problem. Learning issues are usually phrased in the form of questions to the ideas generated during group discussions.
As learning progressed students showed an increased ability to ask higher order thinking questions, focussing more on the ‘why’
and ‘how’ of the phenomenon studied. Instances of students developing, rephrasing and asking higher order thinking questions
were evident in the reflective journal transcripts. Students became curious as intriguing questions emerged through analysis of
the problem scenario, thus further deepened students’ interest to learn more about the phenomena studied.

A lot of efforts have been made to move away from didactic teaching in pursuit of making learning more meaningful.
Students’ responses in this study suggests that PBL had this potential. Students reported that the PBL sessions made them
realised that ‘understanding is more important than memorising facts’ and ‘links knowledge and application’ of concepts. The
PBL process also ‘encouraged self-directed learning instead of being fed with knowledge by the teacher’. These responses
strongly suggests that PBL could play a big role in promoting meaningful learning. In terms of knowledge acquisition PBL
helped students ‘learnt in depth’, broaden knowledge’ and promoted deep learning. On at the affective side, PBL motivated
students to be passionate towards the subject matter.

Analyses of the critical thinking and problem solving have been very closely related to the ability of identifying and
analyzing ill structured and complex problems and developing a justified assessment. Response from the students indicated that
PBL could be an effective approach to develop critical and problem solving skills. Their critical thinking is very closely related
to the cognitive functions such as configuring, relearning, rethinking, recognizing and making patterns, connecting, imaging, and
playing with ideas. As shown through the students’ responses, this possibility is integrated in the PBL process where teaching
and learning kick starts with a problem. The student also developed the ability of thinking out of the box which may lead to
creative problem solutions. Creative thinking moved students from their comfort zone in an effort to try different perspectives
using different points of entry. Students can use various methods including provocations to solve the problems.

It was also observed that students’ ability to understand and adapt to novel situations was stimulated by the nature of a
scenario that was unfamiliar to them. Students brought strategies and beliefs about learning to a new situation and adapt their
personal strategies to the situational demands. In this study students often had difficulty initially adapting to the PBL approach
but progressively improve their skills in dealing with ill-structured problems.

The PBL approach imparts beneficial characteristics to learner’s needful development holistically. The term “holistic” has
entered the educational arena to promote a view that an attention to wholeness is more important than attention to the separate
and contributory part. Some of the skills that was evident from this study were communication, critical thinking and problem
solving, team work and lifelong learning and information management skill.
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PBL offered the potential to help students become reflective and flexible thinkers who used knowledge to take action and
eventually became effective communicator. This study showed students developed communication skills through engagement in
group dialogue, sharing of ideas during the PBL facilitation and presenting and communicating problems solutions. This
promising result showed students were actually promoted to active learners as warranted by the constructivist paradigm of
teaching and learning.

Good problem-solving skills was translated into the ability to define the problem when given an ill-structured situation. This
ability calls for skilful analysis and accurate problem identification. Findings from this study showed that communicating and
negotiating with team members helped students analyse and understand difficult situations and collectively decide on problem
identification and finally resolving it. Through these processes student were able to grasp difficult concepts of Genetics and
apply these concepts to more novel situations. This findings was mirrored in a research done by Norman et al. (1998) who found
that students in PBL curricula transferred the hypothesis-driven reasoning strategy to unrelated problems and generated more
coherent explanations than students without PBL experience suggesting that they have developed better problem solving
strategy.

The support for team work skills is clearly evident in the students’ responses. This finding is supported by research done by
Schmidt and Moust (2000) which indicated that group function is the most important aspect of PBL because it affects learning
outcomes and intrinsic motivation (Schmidt and Moust, 2000). In this study students enjoyed working in groups and were able to
accept new ideas from team members and cooperatively work towards achieving a common goal in the learning process. Another
support was through the research done by Nora Abdul Hak (2004) who found that students in her class believed that PBL had
developed their ability to manage group dynamics, helped them in building their confidence working in a team and provided
better cooperation between male and female students. Students also perceived that teamwork is better than individual work by
motivating them to face the challenges of their study.

The students also developed lifelong learning skill and information management during the PBL process. One of the benefits
of PBL is its claim to prepare lifelong learners because of its emphasis on self-directed learning (SDL). Responses showed that
students on average agreed that they enjoyed learning independently and learning to make collective decisions in group work.
Some of the lifelong learning skills observed in this study were students’ activities in using the library to search for information,
selecting and sorting relevant information, citing and preparing a full bibliography of information. These findings support the
work of Hmelo-Silver (2004) who suggested that, because the problems used are complex, students work in groups, pool their
expertise and experiences, and together grapple with the complexities of the issues presented. This finding is also supported by
Blumberg (2000) who mentioned that if self-directed learners can define their own learning needs, assess salient information
independently, and evaluate effectively the adequacy of their learning, then they should be able to function as lifelong learners.
Acquisition of a strong knowledge base and superior soft skills will ultimately increase their chances of job opportunities in the
market.

10. Conclusion

Reflections from the students established the notion that PBL allowed students to improve their learning and develop their
generic skills through active participation during the PBL process. This approach allowed them to handle authentic problems and
work in teams to come up with effective problem solutions. They also developed a common goal in formulating strategies to
handle different aspects of their learning. In summary, students’ reflections in this research demonstrated improvement in various
facets of learning. Their written responses suggest the acquisition of deep learning and crucial generic skills to better prepare
them for future real world experiences and challenges. It is apparent that learning through PBL improved students generic skill
which could contribute to the development of their employability skills and increase their marketability locally and abroad.
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Abstract

PBL has been instantiated in different ways in each university. Authors like Savin-Baden, Kolmos and Andersen propose models and principles
that help to understand the key aspects of PBL in general and of our PBL instantiations in particular. The goal of this study is to understand our
PBL instantiations and establish a framework to help our faculty members to design PBL. As an experience, we have used this framework to
promote students’ engagement. This has been done tuning participant or student direction principle. We have made two experiences with the
same students in two consecutive semesters of the 2nd year of Computer Science degree and Telecommunication degree of Mondragon
University. In the first experience, the problem has been defined by teachers and in the second one by students. In order to measure the
consequences in terms students’ engagement, we carried out a questionnaire. Additionally, we have also measured deep learning using students
approach to learning with Dolmans’ PBL-R-SPQ questionnaire. In those experiences, we have observed that the students’ engagement and the
classroom climate improved significantly. We have also observed that the students approach to learning didn’t change.

Keywords: PBL, Learning approach, PBL principles, Students’ engagement;

1. Introduction

The engineering faculty of Mondragon University has established a common educational model for all the diplomas. It is a
mixed model, where there are activities related to courses, at the beginning of the semester, and an interdisciplinary PBL at the
end of the semester. The PBL can take 30-50% of all the ECTS (European Credit Transfer System) on each semester. Each
students group can have a slightly different context where a series of technologies needs to be used in order to solve a problem.
All the students need to achieve the predefined learning outcomes (Arana-Arexolaleiba 2011). At the end of the PBL, the
students group build complex technological artefacts.

In the last 10 years, we have implemented different type of PBL. In some cases, the solution was known in advance by
teachers. In other cases, teachers have only an idea of the solution and the students have freedom to propose his/her solution
respecting some constraints (Learning Outcomes, material availability, deadlines,...). We have observed that the students’
engagement is different in each type of project.

We have also observed that during those PBL the students focus a great amount of energy in artefacts building, but they tend
to use trial and error strategy. We consider that this type of strategy is not suitable for understanding of theoretical concepts. In
fact, they show difficulties to support their work from a theoretical point of view. We think that they have not learnt in depth. But
what is deep learning? And, what are the main variables that affect deep learning in a PBL framework?

In conclusion, with this study, we aim to understand our PBL instantiation(s). The concept of PBL instantiation was firstly
used by Savin-Baden (Savin-Baden 2012), as the process of implementing a PBL with specific characteristics. We would also
like to establish a framework to help our faculty members to design PBL. As an experience, in this study, we are going to use this
framework to promote students’ engagement in a PBL and measure the consequences in terms ofr student’s engagement and
student approach to learning.

* N. Arana-Arexolaleiba. Tel.: ++34-943-253-398
E-mail address: narana@mondragon.edu
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2. Review of the literature

The fundamental thesis of Illeris (llleris 2007) is that all learning involves three dimensions: content, incentive and
interaction. Those dimensions must always be considered in an understanding of any learning situation.

As Ausubel stresses, “the most important single factor influencing learning is what the learner already knows” (Ausubel
1978). llleris lists 4 types of learning (llleris 2007): Cumulative, assimilative, accommodative and transformative. The
cumulative learning happens when we learn by heart. The assimilative learning happens when the impressions from surroundings
are incorporated and linked with the previous knowledge. The accommodative learning happens when there is partial or full
restructuring of mental schemes. And the transformative learning is like a catharsis, bigger than the previous accommodative
learning.

Biggs (Biggs 2007) classifies students approach to learning in two types: deep and surface:

1. Surface learning approach: the motivation is just to carry out the task. The student tries to identify important items to pass
the exam and just memorizes them.

2. Deep learning approach: is driven by internal motivation (or intrinsic motivation) and curiosity. There is a personal
commitment to learning. New mental structures are built. If a student has success in a given task, his intrinsic motivation
increases.

Biggs propose R-SPQ-2F (Revised Two Factor Study Process Questionnaire) (Biggs 2001) to measure students approach to
learning. Dolmans (Dolmans 2010) has adapted this questionnaire to PBL context (PBL-R-SPQ questionnaire). In this study we
have used Dolmans’ questionnaire.

Biggs (Biggs 2007) also proposes SOLO taxonomy (Structural Observable Learning Outcomes). It has 5 levels. Each level
represents a different rearrangement of mental schemes. Whenever more mental schemes are restructured, more relations are
made among the concepts, and in consequence, deeper learning is achieved. We can say that students achieve deep learning if
they achieve levels 4 & 5 (qualitative phase) of SOLO taxonomy. Unfortunately, during this study we were not allowed to adapt
our PBL learning outcomes to SOLO taxonomy.

Some authors (Kolmos 2009) (Andersen 2002) claim that PBL has learning principles. On the one hand, Kolmos (Kolmos
2009) proposes 9 principles that can be captured in three approaches: Contents (Interdisciplinary, exemplary, theory and practice
including research methodologies), cognitive learning (Problem, project, experience and context) and collaborative learning
(Teams and participant directed). On the other hand, Andersen (Andersen 2002) suggests that PBL has four principles: Problem
orientation, student direction, exemplarity and inter or trans-disciplinarity. As we can observe, both models share some of the
principles.

Kolmos® model adds the “approach” layer. This layer helps us to find similarities with Illeris triangle. Content approach
(interdisciplinary, exemplarity and theory-practice) is linked with the content dimension of llleris (knowledge, skills and
attitude). In addition, Kolmos’ collaborative learning approach is about teamwork and participant direction, this approach is
linked with Illeris’s interaction dimension. Finally, cognitive learning approach is a specificity of PBL comparing with other
teaching learning activities.

In our case, some of those PBL principles were difficult to change or we were not allowed (i.e. learning outcomes). In this
study, we have focused our energy in participant or student direction principle. Reinforcing student direction involving them in
problem definition, we expect to increase students’ engagement. As it is quoted in (Bigge 2004), “Once a person has chosen a
goal, the person will behave in a manner intended to achieve that goal”. Bigge & Shermis stress that (Bigge 2004) “For a
‘problem’ to be a problem a person not only needs to feel a tension in a situation but also needs to have some idea of the nature
and cause of the tension.” We would also like to obsever if there is any change in student approach to learning.

As we can see in figure 1 there are two PBL processes. The process shown in figure 1 (a) is teacher or system directed and the
figure 1 (b) student directed process. In the figure 1 (a), students are only responsible of the analysis and development of PBL. In
the figure 1 (b), students are responsible of the problem definition and can also be co-responsible of the evaluation.

System/Teacher System/Teacher

Summarisin
g, firstly, in
order to

increase
students’
engagement,
we are going
to instantiate a
more student
Student Student directed PBL.

Problem Analysis and development Evaluation

Figure 1. (a) Teacher directed process Figure 2. (b) Student directed process



allowing them to define the problem they are going to deal with. Secondly, we are going to measure students’ engagement with a
PBL. And finally, in order to measure student approach to learning (deep/surface) we are going to use Dolmans’ PBL-R-SPQ
questionnaire.

3. Methodology and implementation

This experience was made in the 3rd and 4th semesters PBL of Computer Science degree and Telecommunication degree
(See figure 2). In both semesters, there is a 6 weeks long PBL. In the 3rd semester the problem was defined by the teacher team.
Student groups were allowed to select among the predefined problems in a first come first serve basis. In the 4th semester, the
problem was defined by the students themselves.

2"d Year (Computer Science Telecommunication)

Semester 3 Semester 4
Courses PBL3 Courses PBLA
(6 weeks) (6 weeks)
—

Teacher assisted
student defined problem

Questionnaires Questionnaires

Teacher defined problem

Figure 2. 3rd and 4th semesters implementation structure

At the beginning of the 4th semester (see figure 3), we had explained to students that they were allowed to define their
problem, based on established learning outcomes. Students started thinking about the problem and sharing their ideas with the
supervisors. At the end of the 9th week, student groups had submitted their proposals. Those proposals were validated by the
supervisors.

Semester 4
Courses PBL4
wi| w2 |ws|ws|ws|we w7| ws [ wo|wio]|wit|wiz|wi3|wia|wis
Project subject Subject c
Explain methodology identification submission Project analysis and ',*93
Give leaning outcomes Share with Supervisor implementation ,—E
supervisor acknowledge -

Figure 3. 4th semester problem definition and project implementation planning

During the 14th week of each semester (3rd and 4th) students were asked to fill out an “ad-hoc” questionnaire and Dolmans’
PBL-R-SPQ questionnaire (Dolmans 2010). In the first questionnaire the items are rated also on a 1-5 scale (1=yes, | am agree
with the statement, 5 not, | am not agree with the statement). Those questions were developed among three teachers from three
different universities. In the PBL-R-SPQ questionnaire the items are rated on a 1-5 scale (1 = never or rarely, 2 = sometimes, 3 =
half of the time, 4 = frequently and 5= always or almost always). The outcome of 17-items allows the researcher to determine
student approach to learning: there is 8-item for deep learning approach and 9-item for surface learning approach.

In total 19 students (3rd semester — PBL3) and 18 students (4th semester —PBL4) filled out the questionnaire, giving a
response rate of 67.8% in PBL3 and 64.2% in PBL4. The average age of students when entering the programme was about 19
years and most (about 71.4%) of the students were male. The study was conducted using a web tools and respecting the
anonymity of students’ responses.

4. Results and discussion

There were 7 student groups, each one with 4-5 students. 6 student groups (out of 7) proposed their own project subject and
one team proposed 7 project subjects.

As we can see in the next table students items related with students” engagement were already positive in the PBL3. Most of
the items are lower than 2.5. But all those items have significantly improved in the PBL4. The results agree teacher opinion.

Table 1. Students’ engagement

PBL3(19/28) PBL4 (18/28) Std mean Dif
Mean SD Mean SD Cohen’s d
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| have participated in a lot of discussions 294 066 225 1.00 0.85

I have felt very confident in the decisions/conclusions throughout the course 235 1.00 200 0.97 0.37
We really liked the problem we were assigned 200 094 138 0.62 0.81
We have always believed the problem was affordable for us and we were going to succeed 1.88 099 163 0.96 0.27

In this study, we have also measured other items (see table 2) linked with the classroom atmosphere. As we can see in the
table 3, both items has changed improved significantly (Cohen’s d 2.68 and 2.04). Those results also agree teacher opinion.

Table 2. Classroom atmosphere

PBL3 (19/28) PBL4 (18/28) Std mean Dif
Mean SD Mean SD Cohen’s d

The atmosphere of the classroom has given me the freedom to use my own judgment 382 101 163 0.62 2.68
| have been able to make my own decisions 3.06 103 144 051 2.04

Finally, we have measured students approach to learning using Dolmans’ questionnaire. As we can see in the next table in
both PBLs students reported deep learning approach PBL3 (M=3.161, SD=1.16) and PBL4 (M=3.14, SD=1.17). On the other
hand, the absolute value of standardized mean difference (Cohen’s d) between both PBLs is lower than 0.049 (see Table 1); this
means that statistically we cannot consider as a significant change.

The standard deviation in both approaches was quite high, if we compare with other references like (Dolmans 2010). There
could be several reasons: different learning experience in the semester, different pedagogical background of the supervisors,
different type and level of the learning outcomes or different assessment experiences among others.

Table 3. Computer Science and Telecommunication degree

PBL3 (19/28)  PBL4 (18/28)  Std mean Dif

Mean SD Mean SD (Cohen’s d)
Deep learning approach 3.161 116 3145 117 0.014
Surface learning approach 2.254 1.1 2308 113 -0.049

5. Conclusion and future studies

This study has helped us to have a better understanding of the key aspects of PBL in general. PBL principle models have been
helpful to have a wider view of PBL “world”. These models also give us principles that can be tuned in order to adapt PBL
methodology and create a particular instantiation. In this study, we have used to increase students’ engagement tuning participant
direction principle. This model has also been useful to share among staff members (old and newcomer) participating in those
PBLs our particular instantiation characteristics.

From a practical point of view, with those models we have increased significantly students’ engagement and the classroom
atmosphere. The students were not only active but they also acquired the project ownership. They had a freedom to design their
own solution. The numerical results and the teacher opinion agree. Anyway, a more reliable questionnaire needs to be developed
in order to have statistically significant results.

We think that the students’ engagement can be increased. If we see the figure 1 in this study we have only involved students
in the problem definition, but we can also involve them in the evaluation process. For example, we can involve them in the
definition of the evaluation criteria and self-evaluation and/or co-evaluation process of some of the learning outcomes.

The students, in both PBLs, have adopted deep approach to learning. Only reinforcing students’ direction has not push student
to adopt deeper approach. There is no significant change among both PBLs. As Gibbs (Gibbs, 2003) suggests, assessment can
support the learning process. As Dolmans stresses, the “Perceptions of inappropriate assessment may move students towards a
surface approach” (Dolmans 2010). The lack of deep learning outcomes and misalignment (Biggs 2007) between learning
outcomes, assessment and PBL could be one of the reasons why in both PBL instantiations the student approach to learning is
similar.

Finally deep learning can also be reinforced avoiding trial and error methodology. This method, naturaly used by the students,
can be enriched by reflection and conceptualization phases of Kolb cycle. This process need to be facilitated by supervisors.
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Abstract

Graduates are expected to be well-rounded individuals with the right attitude, knowledge and skills. The traditional teacher-centred approach
may not be effective in ensuring the achievement of well-rounded graduates as expected by employers. A more flexible and constructive
student-centred approach such as Project Oriented Problem Based Learning (POPBL) can be an alternative. POPBL has been claimed to have
numerous benefits ranging from a more motivated self-directed learner to the acquisition of lifelong learning skills in problems solving and the
process that go with it. However, there are challenges and issues facing those who are implementing POPBL. Hence, this study is aimed at
examining the practices of POPBL employed by lecturers in Malaysia HEIls and to identify factors that affect its implementation.

Keywords: Lecturers perception, Project Oriented Problem Based Learning

1. Introduction

Nowadays, Higher Education Institutions (HEIs) worldwide are facing the demand and challenges to produce competitive
graduates who are flexible and able to adapt, apply and transfer their knowledge in the increasingly complex working
environment. HEIs in Malaysia are no exception to produce competent graduates as expected by the potential employers .
Malaysian government has taken an initiative by having a special plan called National Higher Education Action Plan (2007 —
2010) launched in August 2007 which aims for holistic human capital development. It is to ensure that Malaysian graduates are
well-rounded individuals with appreciation for humanistic pursuits. They should have the appropriate skills needed which are
critical and crucial in today’s globalized and competitive world. Hence, all programmes offered by HEIs must be reviewed and
should be in compliance with Malaysian Qualification Framework (MQF) based on the following principles:

e Current contents offered must be benchmarked against nationally agreed criteria and standards in line with international
best practices; and

e Incorporation of domains as stipulated in the MQF that include soft skills, such as positive work ethics, communications,
teamwork, and decision making and leadership skills.

The traditional teacher-centred approach may not be effective to ensure that the graduates will acquire the soft skills as listed
above. Project Oriented Problem Based Learning (POPBL) which is claimed to have numerous benefits ranging from a more
motivated self-directed learner to the acquisition of lifelong learning skills in problems solving and the process that go with it can
be an alternative. However, there are challenges and issues facing those who implemented POPBL. Hence, this exploratory

study is aimed at examining the extent of POPBL implementation among lecturers in Malaysia’s HEIs and to identify factors that
affect its implementation.

2. Research Objectives
The objectives of this research are:
» To find out the current implementation of POPBL among lecturers in HEIs
» Toidentify issues and concerns which had arisen in implementing POPBL in Malaysian HEIs
» To identify the current needs for the effective implementation of POPBL

3. Literature Review

POPBL has been proven and agreed by many as a right learning method to improve learning and making the students to be
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more innovative and creative. Aalborg University, Denmark has been successfully implementing it for more than 30 years.
Huang adopted project-based learning method to promote strong collaboration among students. Nielsen et al examined how
engineering students had developed process skills in an 1CT-based, intercultural and interdisciplinary Project Based Learning
environment through a student satellite project. With the students’ involvement in innovative projects, the author claimed that
students will be able to create a new knowledge. Tongsakul et al conducted a study in Thailand to examine instructors’
perceptions on factors that empower students in Project Based Learning. The order of importance as perceived by instructors’
were thinking skills, intelligent awareness, sharing ideas, motivation to learn and scientific process.

Despite the advantages of POPBL as discussed above, Borch et al claimed that many institutions did not adopt the method
due to the following three reasons: Firstly, reluctance of the staff to change to a new method to replace the existing method.
Secondly, concern among staff to lose influence, control and respect. Finally, the organizations’ and staffs’ concern on students
competence measurement. Borch et al also found that it would remain a challenge for students with different educational
backgrounds, practical experience and ethnic backgrounds to coordinate their knowledge, thinking and activities. Other
challenges identified by other researchers include lack of institutional support, students teamwork and communication skills, and
finally, assessment issues and quality control mechanism. Tongsakul et al reported that challenges faced by the instructors were
creating the appropriate classroom conditions and atmosphere necessary for project-based learning activities.

Based on these considerations, Moesby suggested a process change model for curriculum development with equal emphasis
on personal skills and abilities and technical competencies. It involved incorporating these transferable skills and life-long
learning abilities into the curriculum in the earlier semesters of the program.

4. Methodology

This study used quantitative methods to examine the current practice of implementing POPBL among HEI’s academicians
The academicians are categorized into four groups namely government HEIls, private HEIs, Community Colleges and
Polytechnics. 122 academicians are given the questionnaire. It consists of three parts. Part A is related to the demography of
the respondents and also questions related to their understanding of POPBL and their current implementation of POPBL.
Questions in Part B are about lecturers’ perception of POPBL while Part C questions asked on the skills that are required or to be
enhanced for effective implementation of POPBL.

4.1. Background Information

The demographic data collected included types of institutions, gender, teaching experience, highest academic qualifications
and field of specializations. The highest respondents comes from the college community (43%), followed by Government HEI
(30%), Polytechnic (14%) and Private HEI (13%). A total of 48 females and 74 males participated in this survey. The
participants comes from various fields of specialization with the majority are in the engineering, manufacturing, and construction
field. Out of 122 correspondents, 35 are in this group with the least in the agriculture and veterinary sector (1 correspondent).

5. Findings

The key findings of this study pertaining to lecturers understanding of POPBL characteristics, the issues and current
implementation of POPBL among lecturers, lecturers perception of POPBL and skills which they think are needed to be
enhanced in order for successful implementation of POPBL. Each of these areas will be discussed in the following sections.
5.1. Lecturers understanding of POPBL

A list of POPBL characteristics are being given where the respondents are asked to tick which of the listed items they think

are POPBL characteristics. Figure 1 shows the number of responds to each of the listed items. None of the items given, are ticked
by all of the respondents. Hence, it can be inferred that, the respondents do not really know the characteristics of POPBL.
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Figure 1. Lecturers understanding of POPBL

5.2 Issues and current implementation of POPBL

The statistic from the survey shows, only 12 had a formal training, out of 122 respondents. The formal training attended by 9
out of the 12 respondent is at their own respective institution while the other three respondents had the training at other local
institutions. However, it is interesting to note that, 71 respondents implemented POPBL as their teaching method. This is seen as
a good indicator as the lecturers are willing to try new methods. Proactively, they experiment by implementing POPBL although
they never had any formal training. However, according to Moesby that in order to successfully implement POPBL, lecturers
need to be well equipped with the necessary trainings and motivation. He also suggested that the training should be executed by
having training sessions continuously rather than having a major training workshop before the academicians start implementing
any new educational model.

Lecturers were also being asked to tick any of the eight listed problems they faced when implementing POPBL.  The
breakdown of the possible problems to implement POPBL is as depicted in Table 1. It shows that the main challenge the
lecturers have is dealing with students’ attitude where 66 academicians responded that the students were too independent, 55
respondents said that the students were not proactive while 46 respondents ticked students with no motivation. It is
recommended by Moesby that for POPBL to have the curriculum designed in such a way the soft skills are obtained at the early
stages of their studies. If these are not overcome, the objectives of the POPBL could fail.

Table 1. Possible problems in implementing POPBL

Number of respondents

Students who are dependent on the lecturer 66
Students are not proactive 52
Demotivated students 46
Students who are not creative and innovative 42
Lack of mentors 39
It is difficult to change the paradigm of lecturers to the more

innovative of Learning and Teaching 31
Lack of space for small group activities 18

Respondents who did not conduct POPBL in their courses were also being asked to tick a given list of reasons of not

implementing POPBL. Table 1 shows the responses to each of the questions asked.

Table 2: Factors POPBL is not implemented
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Why POPBL is not implmented Total

I'm not sure how POPBL can be implemented in my courses 32
No emphasis on the use of POPBL at my institution 22
No Knowledge 20
Difficulties in implementing POPBL in my courses 15
Not suitable for my course 15
Other 2

From Table 2 above, it shows that 32 respondents out of 51 did not know how exactly to implement POPBL and 20 had
no knowledge of POPBL. These results emphasize that training is necessary to facilitate the lecturers in implementing POPBL.

5.2. Lecturers’ perception on POPBL

Part B of the questionnaire is to get the lecturers’ perceptions on POPBL Table 3 below shows the lecturers’ perceptions
means and standard deviation for the survey questions. The lecturers’ responses on the question as (1) Strongly not agree and (5)
Strongly agree. The mean for each statement is more than 4 with standard deviation less than 1.  The respondents agreed most
strongly (M=4.51) that through POPBL, students work in team. The lowest mean as indicated by the respondents is on the item
POPBL enable students to learn about research ethics (M=4.03). Hence, we can conclude that the respondents agree that POPBL
will be able to train students to be leaders, working in a team, and capable of problems solving, critically and creatively.

Table 3. Lecturers perception on POPBL

Mean SD
POPBL train students to become leaders 4.19 0.75
POPBL enable students to enhance their ability to interact 4.44 0.6
Through POPBL, students work in team 451 0.61
POPBL train students to solve problems critically and creatively 4.45 0.6
POPBL enable students to learn about research ethics 4.03 0.70
Students are able to understand more content of the course through 4.05 0.79
POPBL
| believe POPBL can be applied in my field 4.17 0.83

5.4 Skills which are required to be enhanced

Part C of the survey asked the respondents to rate the skills that they think that are required to be enhanced for effective
implementation of POPBL. The responses on the question as (1) Strongly not needed and (5) Strongly needed. Table 4 below
shows the mean and standard deviation of the skills that respondents think that need to be enhanced. The highest mean (M=4.19)
indicated by the respondents is on Monitoring and Evaluation of Learning Outcomes while monitoring of large group has the
lowest mean (M=3.78). Since the mean for each of the items is more than 3, it can be concluded that respondents think that all
the skills listed are needed to be enhanced.

Table 4. Skills that are required or to be enhanced

Mean SD
Problem formation 4.10 0.74
Monitoring of large groups 3.78 0.83
Project supervision 4.13 0.59
Motivating Students 4.18 0.72
Monitoring and Evaluation of Learning Outcomes 4.19 0.62
Integration of ICT in the POPBL implementation 4.02 0.8

Analyzing the findings of this study, skills that are required or to be enhanced are identified by the order of importance are as
follows: 1) monitoring and evaluation of learning Outcomes 2) Motivating students, 3) Project supervision 4) problem
formulation 5) Integrating of ICT in the POPBL implementation and finally monitoring of large group.
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6. Conclusions

This paper presents the findings of a survey conducted among 122 lecturers from Higher Educational Institutions (HEI) in
Malaysia, The objectives of the survey are to (1) find out the current implementation of POPBL (2) identify issues and concerns
which had arisen in implementing POPBL and (3) identify the current needs for the effective implementation of POPBL.

The results show that 58% of the respondents implement POPBL as one of their teaching methods. However, only 12
respondents had a formal training on implementation of POPBL. The main challenge the lecturers have is dealing with students’
attitude where 66 academicians responded that the students were too independent. As for the need for effective implementation
of POPBL, the respondents identify monitoring and evaluation of learning outcomes as the most required skill to enhance.

In conclusion, lecturers realized the importance of implementing POPBL for the students to enquire the soft skills on top of
getting the technical knowledge. Additionally, this study shows most lecturers think that they need training for the necessary
skills for effective implementation of POPBL such as problem formation, assessment, and also supervision. The lecturers are
also having difficulty in dealing with students attitudes when implementing POPBL.

Our findings also suggest that lecturers are willing to experiment new method of teaching although they did not undergo any
formal training.

7. Limitations of the study

Due to the limited time and financial resources available, the survey is of limited scale and scope. Only 122 respondents are
being asked to answer the survey questions. Hence, the results may not be fully representative of the views of the Malaysia HEIs’
lecturers. However, the study is adequately useful in gaining understanding of the issues and current implementation of POPBL
and lecturers perception of POPBL. This survey will be repeated where on-line questionnaires will be sent to more respondents
in the near future.
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Abstract

Problem-based learning is a teaching strategy which emphasizes active learning. This study aims to identify the strategies and the effect of PBL
in teaching and learning in higher education institutions. In addition, the study also aims to identify the level of students’ satisfaction towards
the use of PBL in their learning. This study combines quantitative and qualitative methods with descriptive design. The instrument consists of a
set of questionnaires and semi-structured interviews. The questionnaire was administered to 226 undergraduates in an institution of higher
education who were chosen randomly. Interview sessions were carried out on eight selected respondents. Quantitative data were analyzed using
descriptive statistics while content analysis was adopted to analyse qualitative data. The results show that students were able to solve the
problems presented using lecture approach, group activities, lecturer guidance and independent learning. The findings also show PBM could
enhance soft skills particularly on students’ motivation, communication skills, collaboration and independent learning. Students also found to
have positive perceptions towards the implementation of PBL in their learning process. In conclusion, PBL is a teaching strategy that needs to
be applied in the process of learning in higher institutions towards the development of students who are brilliant and skilled.

Keywords: Problem Based Learning. Higher Education, Teaching and Learning, Teaching Strategies;

1. Introduction

Problem Based Learning (PBL) was first introduced in the world of education in the 1960's by Professor Dr. Howard Barrows
at McMaster University, Canada in the medical field (Hung, et al, 2009; Norhaslini, 2011). It was then expanded to other medical
schools around the world, such as Michigan State University in the United States, Maastricht University in the Netherlands, and
Newcastle University in Australia (Barrows (1996) in Hung, et al, (2009). Consequently, PBL is then expanded in other fields
such as engineering, economics, science, language, history and education. Currently, problem-based learning approach and the
use of real cases or PBL has been one of the very popular curriculum innovations in education. It is because this approach
encourages students to be transparent, flexible, having diversified ways of thinking and is considered as a paradigm of
multidisciplinary studies. It also integrates learning content with real-life applications through the context of a particular problem
or. Accordingly, PBL has become a major focus of education researchers in the development of civilization in the 21st century.

Problem Based Learning (PBL) is a learning method which uses 'real problem' as a trigger in problem solving. Through PBL,
students actively identify learning needs with the help of facilitators. Barrows and Tamblyn (1980) defines PBL as a direct result
of the learning process to understand or solve a problem. Problem discovery is the first step in the PBL learning process. This
problem serves as a boost and by focusing on the use of problem-solving skills and reasoning, students are encouraged to find
new information and organize existing knowledge. Consequently, the problem is finally resolved.

Tan (2003) states that PBL design focuses on first solving problems presented to students. The second aspect is seen in terms
of the role, expertise and guidance of a facilitator. Moreover, if viewed in terms of the students' role, the main focus is the
involvement of students which shift from being passive to actively solve a given problem. According to Graaff and Kolmos
(2003), PBL education strategy can solve problems during learning process. Goodman (2010) also supported the idea by stating
that (2010) through the use of problems in PBL, students are motivated to learn concepts and ideas. Usually the problems
starting from the day-to-day issues and customized based on the objectives and criteria of education. The process of learning
using problems can be summarized as Figure 1.
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Figure 1. Problem Based Learning Process

Based on Figure 1, PBL process starts by submitting critical reading and identifying problem and then followed by a group
discussion. In groups, students conduct research; formulate ideas in groups until reaching proposed settlement. Through process
improvement, outcome is presented in class and discussed. Assessment is carried out in the class, followed by group learning and
discussion of the proposed conclusion. Finally assessments are done either through implementation of successful problem solving
goals. In other words, PBL is an inductive learning methods, namely the learning of specific things that lead to more general
(Goodman, 2010). Now, PBL is ranked as one of the alternative strategies in teaching either at school or higher education
institutions.

1.1 Problem Based Learning in Higher Education Institutions

Perspectives on learning in higher education (HE) involve the implementation of a curriculum that is abstract and requires
high level thinking skills. Knowledge in HE needs to be delivered until the facts can be applied to a related situation (Wood,
1997). Thus, the activity of critical and creative thinking should be found in every university course in order to ensure the
application of knowledge. However, a study showed that the application of higher-order thinking is very limited as most of
teaching and learning methods in HE using lectures (Lyle et al (2001).

Lectures are based on the theory of deductive approach that considers learning as a process of knowledge transfer from a
lecturer to students. Students will gain only the validity and accuracy of information presented without the need to think more
about it. In fact, learning is defined as permanent changes in human behaviour due to interaction with the environment. Learning
is a change in an individual as a result of experience. People began to learn since they were born, and learning is related to
experience (Slavin, 2005). These changes occur in cognitive structure established by the process of assimilation and
accommodation as a result of the interaction between a person and the environment (Hill, 2002).

Class activities which require students to listen passively and recall information will not promote critical thinking (King and
Kichener, 1994). As a result, institutions of higher learning cannot produce graduates who possess high level of thinking and fail
to meet the criteria set by their potential employers. Courses in higher education should employ appropriate teaching and learning
approach. The approach should utilize the basics of high-level thinking and enable students to manipulate information and ideas.
Consequently, it can encourage students to find meaning and implications when they attempt to connect between facts and ideas.

In order to achieve this purpose, PBL is considered as one of the strategic ways to improve higher-order thinking. The
implementation of PBL involves teaching through problem solving in groups on real life situations which require students to
think critically to solve given problems. PBL nature of the research process is able to guide students to learn the concepts or
content effectively. PBL conclusion is needed to ensure future graduates have life-long learning skills. In addition, PBL produces
graduates who have the skills to solve problems and also possess analytical and critical thinking. In addition, PBL graduates will
be able to integrate knowledge and skills in various disciplines, acquire soft skills and able to work in teams.

1.2 Importance of PBL to Improve Soft Skills Among Students

Communication Skills
Students had indicated in a study that good communication and interaction between groups of friends is the most important factor
that can promote their learning in PBL. Interaction with a group of friends is important in PBL because students have to turn and
share information while they try to solve a given problem. So indirectly PBM can implement and enhance good communication
skills among students. This is supported by Barrows and Tamblyn (1980) which states one of the main objectives in PBL is that
students will be able to enhance their communication skills.

Cooperation Group

According to Wee (2004), to be a student and a skilled workforce, a person needs to have strong communication skills and
decision-making skills are also necessary in order to be a competent workforce. What is certain every student should have an
outstanding achievement in whatever endeavor. The study also found that atmosphere in PBL group discussion which encourages
collaboration can also influence students interest in PBL. Furthermore, findings in a study showed 79% of students agreed that
activities which promote discussion enhance their interest in PBL (Drawn Norbaizura, 2009; Gibbon and Wall, 2000). A study by
A. Nafis (1999) highlighted that students agreed that the atmosphere in group discussion and the act of collaboration influenced
their academic performance. Consequently, the students earned grade point average from 3.50 until 4.00.

Similarly, in a study that was conducted by Mpofu et al (1998), 27 students preferred to work in groups since it can affect
their learning. According to Wee (2004), excellent individuals can improve and overcome any weaknesses. Influence on
individual and group is certainly one of the elements found in PBL process. If students work in teams, it will be easier to solve
problems than working individually. Thus, the students will be more brilliant and mature as compared to those who go through
traditional mode of learning.

Self Learning Skills
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Norbaizura (2006), found that respondents agreed that one of the advantages of PBL is that it can promote self-learning skills
in them. This was supported by A. Nafis (1999) who obtained a similar result. According to Wee (2004), the objectives and
advantages of PBL are promoting independent learning skills. Through management of a given problem, students are responsible
for their own learning. Linking existing knowledge as the first step to manage the problem, students will know their limits and
what is needed for learning. They will learn to find, evaluate and synthesize new learning from a variety of credible sources,
including books, journals, magazines, internet, qualified advisors, facilitators and experts in related fields.

Independent learning is relevant to be adopted by students because it will yield effective results. Students will be able to
update their learning and skills effectively and efficiently. As a result, students are able to cope with new challenges that lie
ahead, especially in the future working environment. In addition, other advantages of PBL is that they can learn something new
through past mistakes as PBL is not a linear process (Wee, 2004). Existing processes in PBL allow students to obtain relevant
information and relate the information obtained with the existing information. They also will discuss and debate the information.
In addition, they will also identify whether the knowledge gained is adequate or not to solve a given problem. Students are also
encouraged to reflect and always ready to solve new problems.

Perception refers to the views of students on several aspects of Problem Based Learning (PBL). Siti Norbaizura (2006)
conducted a study to examine students’ perception on PBL. Majority of students felt that PBL encouraged them to learn
independently. A study conducted by Gibbon and Wall (2000) found that 75% of students agreed that PBL increased their
motivation to learn. This is because, self-study creates independent students. Students are able to pursue knowledge
independently especially in terms of acquiring information technology skills which can assist them in understanding topics of
study.

According to Rogers (1994) in Mok (2003) self-study is equal to the change and growth of a person since naturally all people
have the desire to learn. During self-study, lecturers can only act as facilitators, who perform tasks such as building positive
learning environment and explain the purpose of learning, compile and build the source of information. In addition, facilitators
also serve to balance between intelligence and emotional components as well as share their feelings and the views of students.
Besides this, students felt that PBL encouraged them to learn continuously. This notion was found in a study by A. Nafis (1999).
This effort is vital to the government's mission to promote lifelong learning culture among its citizens.

Critical and Creative Thinking Skills

In addition to the above points, the study conducted by Siti Norbaizura (2006) showed that students felt that they needed to
apply their Critical and Creative Thinking Skills (CCTS) in order to solve the problems in PBL. According to Mok (2003),
critical thinking is defined as the use of operational thinking which forms the basis for analysing. The operational use of thought
is interpreted as the basis to analyze, interpret and evaluate an argument. Poh (2000) stated that critical thinking skills can be
divided into two smaller components namely; analyse ideas and analyse arguments. Analysing and comparing ideas include the
ability to distinguish, classify, and examine the relationship between overall ideas or sequence. Analysing arguments include
finding causes and conclusions or make assumptions. Assessing skills are also divided into two sub-components namely;
evaluating information and assessing the reliability of information. Making analogies and conditional reasoning also includes
assessing element inference. It is clear that all the components of thinking skills can be generated through the use of PBL in
teaching and learning. This is because all of the components of such skills are needed during a given solution.

PBL has the potential to enhance the effectiveness of teaching and learning, particularly in developing higher-order thinking
skills and promoting soft skills among students. However, the question lies in the strategy of PBL implementation and the impact
of the implementation in the process of teaching and learning in higher education institutions. What about the level of student
satisfaction towards teaching and learning using PBL approach? Therefore, a study was carried out in higher education
institutions to:

1. Identify the implementation of Problem Based Learning in the process of teaching and learning in UTM.
2. Describe the effect of the implementation of Problem Based Learning in teaching and learning in UTM.
3. Identify the level of students’ satisfaction towards teaching and learning using Problem-based learning approach.

2. Research Methodology

This study uses quantitative and qualitative methods with descriptive design. Descriptive explanations explain the
phenomenon while the quantitative method was supported by interviews to strengthen the findings. The study population
consisted of 226 students from an institution of higher education who were chosen randomly. Data were obtained using
questionnaires and interview questions. A set of questionnaire with 31 items examined strategy, impact and level of students’
satisfaction towards the teaching and learning process using problem-based learning approach. Five-point Likert scale was used
for the collection of information. Data were analysed using Statistical Package for Social Science (SPSS 17.0) to obtain mean
value. Interviews were conducted on 15 selected undergraduates. Pre-recorded interview data were transcribed and analyzed
using content analysis techniques.

3. Results and Discussion of Study

3.1 Problem Based Learning Implementation Strategy
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Table 1. Strategy implementation of PBL in higher education institutions

No. Some of your subjects will be taught using problem-based learning 1 2 3 4 5 MEAN
(PBL) approach. At this stage, how often do you think you will be
doing the following activities in the PBL subjects?

1 Attend lectures using PBL 0 9 17 130 70 4.15
2 Work in a PBL group led by a teacher 0 0 9 130 87 4.35
3 Work in unsupervised PBL groups 0 43 52 87 43 3.58
4 Find resources on-line/library to solve problems in PBL 0 17 26 122 61 4.00
5 Write PBL individual reports 0 17 87 122 0 3.46
6 Write PBL group reports 0 0 26 148 52 412
7 Work in a PBL laboratory/workshop 0 0 26 130 70 4.19
8 Sit exams and tests in PBL courses 0 17 52 122 35 3.77
9 Give presentations in PBL class 0 0 9 174 43 4.15

(1=never, 2 =rare, 3= sometimes, 4=often, 5=always)

Collaboration lectures and group activities based on problem

The results showed that the PBL sessions were dominated by lecture sessions (mean = 4.15) as well as group work (mean =
4.35). Regular lecture activities were implemented as university lecturers and students were expected to accomplish the credits
based on the courses taken. Lecture activities were also implemented to provide a brief guide of the problem presented and the
concepts to be learned by students. However, lectures were no longer dominated by a strategy of chalk-and-talk only. Instead
lecture activities became the medium for lecturers and students to submit problems to be solved in group activities. This is further
described by the following interview transcript:

Students: We present the lecture session ... lecturer will explain the problems we need to solve ... lecturers also guide us in
group discussions on strategies to solve the problem, such as what the important issues that should be known and the
information should be sought ...

Active learning
The results also show that students were given active roles in problem-based learning such as learning in groups (mean =
4.35):

Researcher: Describe the activities undertaken during the implementation of PBL.
Students: We were divided into small groups ... | have a group of 4 and 5 ... then we were asked to discuss ... appointed as
leaders, loggers, and search information ... during the discussion, faculty members will come and ask for the issue and the
information we have obtained

The transcript indicates PBL implementation based on active learning in groups. This is in line with Zaleha and Daliyanie,
(2011) who suggest that PBL is a method implemented in collaborative learning, where students will not be given content. Thus
students are encouraged to play an active role during the learning process in order to obtain information and knowledge to solve
problems. Zaleha and Daliyanie (2011) also add that students often find their own information related to the problem presented in
Problem Based Learning.

Guidance to students
The findings also indicated that there existed process guidance to students and monitoring processes particularly in group
activities. The majority of students stated that they sometimes were asked to work without a guided group (3:58).

Researcher: Did lecturers provide guidance?

Student: There is ... time in the group, particularly, the lecturer asked us to list the issues that have been known, not known
and need to know...

Researcher: What happened in large lecture?

Student: Lecturer gives a lot of motivation and strategy to solve the problem in an orderly fashion..

Researcher: Did you need coaching from lecturers?

Student: Yes ... We do not know if there a way to start ... do not know the right way to solve the problem...

This shows that students still need help and guidance from lecturers when accomplishing group assignments. Lecturers play
important role in the success of group discussions. Zaleha and Daliyanie (2011) support the issue when they said that students
still need guidance and attention while conducting PBL. Teachers are important in promoting and guiding students’ participation
in PBL activity.

3.2 The Effect of Applying The Problem Based Learning Among UTM Students

This study focused on the effect of the implementation of problem-based learning discussion on motivation, self-learning,
collaborative and communication skills. The data are shown as Table 2.

69



Table 2. Effect of PBL among students

No. Motivation in PBL Class 1 2 3 4 5 Mean
1 I am studying with full of interest during PBL class. 0 9 35 104 78 4.12
2 I enjoy learning chemistry because of the use of PBL approach. 0 9 52 113 43 3.88
3 University learning environment raise my interest and motivation in 4.12
learning in PBL. 0 0 26 148 52
Self Directed Learning (SDL in PBL Class 1 2 3 4 5 Mean
1 I learn a lot by reading books in PBL class. 0 35 35 139 17 3.62
2 | am finding information in the library during PBL. 0 35 70 122 0 3.38
3 I am finding information on the internet during PBL. 0 0 17 139 70 4.23
4 | manage my time effectively during PBL. 0 9 87 122 9 3.58
5 I can identify my learning goals without depending on my supervisor 331
during PBL. 0 52 52 122 0
6 | take responsibility for my own learning during PBL. 0 17 43 122 43 3.85
Collaborative skills in PBL Class 1 2 3 4 5 Mean
1 I am working well in a PBL team with other people. 0 9 26 104 87 4.19
2 Working as a PBL team helped me in learning academic content 0 0 26 104 96 431
Communication skills in PBL Class 1 2 3 4 5 Mean
1 | am good at writing reports/ essays in PBL class. 0 0 113 113 0 3.50
2 I speak well in front of a group in PBL class. 0 0 35 156 35 4.00

(1=totally not agree, 2 =not agree, 3= neutral, 4=agree, 5=strongly agree)

Increase student motivation

The survey indicated that majority of students were motivated to learn chemistry using PBL. It also helped to increase
intrinsic motivation, and built skills for higher knowledge. Majority of students (mean = 4.12) believed that learning environment
was the primary influence in increasing students’ interest and motivation to learn through problem-based learning (PBL).

Researcher: Is PBL increase motivation?
Student A: Yes ... cause we are more prepared ... its fun when we can solve a problem...

The findings support previous results which show PBL gave positive results in students’ motivation or attitude towards
science courses (Diggs, 1997, Ram, 1999; Senocak, Taskesenligil & Sozbilir, 2007; Tarhan & Acar, 2007; Rajab, 2007; Serin,
2009; Kelly & Finlayson, 2009). However some respondents denied that they were motivated to learn because of PBL.

Researcher: Does PBL increase your motivation?
Student B: | do not know ... I think PBL is more difficult ... there are so many things to do ... we have to find our own
information ... we have so many assignment ...

The transcript shows that most students were burdened with PBL implementation that somehow reduced their motivation.
Similarly, a number of previous studies indicate that PBL does not affect motivation (Kocakoglu, 2008). It was also
acknowledged by Sungur (2004) that PBL does not have a positive impact on students’ exam anxiety, self-efficacy and belief
learning.

Increase self-study

Results of this study also show that PBL can improve independent learning skills. Majority of students can search online
reference and information individually without supervision in an effort to solve the problems presented. This self-paced learning
is actually able to build inquiry skills and curiosity among students thus creating a level of confidence and believe in them.
Furthermore, most students agreed that PBL able to cultivate the skills to find information in the library, create efficient time
management, set a goal to learn on their own and be responsible for learning (mean = 3.38). The results also show students are
more likely to get information from internet sources than search for information in the library (mean = 4.23). Internet acc