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ABSTRACT

The purpose of this study was to investigate whether student performance in
creative thinking could be enhanced through Problem Based Learning delivered
online (referred to as PBL online) and critical thinking. Students’ perceptions and
adoptions of PBL learning and online learning also were studied. The PBL online
model was adopted from the McMaster’s Model, and comprised three major steps:
(i) problem posing; (ii) information searching; and (iii) discussion and application
of knowledge in solving problems. PBL is operationally defined here as an
instructional strategy which focuses on problem solving. Students are faced with
real issues which they have to solve through information searching and group
discussion online. In this study, students were given physics problems to solve as
part of their Modern Physics course. The phases involved were (i) overview of the
topic of the lesson; (ii) problem encounter; (iii) problem definition; (iv)
exploration; (v) solution; and (vi) reflection. All of these phases were done
through the University’s Learning Management System (LMS), which thus acts as
the online delivery tool.

This study employed a quasi-experimental design based on mixed between-
within-subjects repeated measures. The independent variable was the instruction
method, either PBL online (experimental) or Traditional method online (control),
and the dependent variables were performance in creative and critical thinking.
The Torrance Test of Creative Thinking (TTCT) and the Watson Glaser Critical
Thinking (WGCT) were used to measure the respective dependent variables. In
the TTCT, there are four criteria used to evaluate creative thinking: (i) fluency; (ii)
flexibility; (iii) originality; and (v) elaboration. For the critical thinking, five
criteria were used: (i) making an inference; (ii) making an assumption; (iii)
deduction; (iv) making an interpretation; and also (v) evaluation argument.
Additionally, students’ perceptions and adoptions of PBL, as well as online
learning, were captured through this study. A total of 102 students from the
School of Science and Technology (SST) and the School of Education and Social
Development were the subjects of the study. The SST students were science
physics students (N = 61), and the SESD students were pre-service science
teachers (N = 41).



Results of the Mann-Whitney U test and also Independent Sample t-Test showed
that there was significant difference in creative thinking in overall for both SST
and SESD cohorts in favour of the PBL group. In addition, when the analysis was
focussed on the two cohorts (i.e., SST and SESD), there were statistically
significant differences observed for flexibility, originality and elaboration also in
favour of the PBL group. However, results from the same analyses showed there
was, in general, no significance difference for critical thinking for both cohorts.
Further analysis identified statistically significant differences for making an
inference (in favour of the PBL group) and assumption (in favour of the
Traditional group). For the SST students, there were statistically significant
differences in making an inference and evaluation argument criteria, in favour of
the PBL group. Nevertheless, there were statistically significant differences for
assumption, in favour of the Traditional group. No statistically significant

differences were noted in any criterion for the SESD group.

Students’ perceptions of PBL and willingness to adopt it were positive, even
though they reported feeling confused at the beginning of the learning process.
PBL was also reported as taking more time and requiring more effort.
Nevertheless, students reported managing to build their capacity for self-directed
learning and improving soft skills (i.e., communication, managing their learning
timetable, finding relevant and valuable knowledge online, etc.). In the case of
online learning, the students felt that they had learned how to get much more
information online, and how to critique such information. Students’ readiness to
use online learning was encouraging, and it provided at least basic experience on
courses delivered through online learning. However, the Internet access needs to
be adequate to ensure that online learning operates satisfactorily.

Important findings were derived from this study. First, the results from this study
suggest that PBL online enhances of Malaysian tertiary students’ creative thinking
for both science physics students and pre-service science teachers. Second, PBL
online also is capable of having a positive impact on students’ critical thinking for
certain criteria, but this would be fostered by a whole programme approach rather
than delivery via a single course. Third, students’ acceptance and perceptions of
PBL and online learning were positive and encouraging, this despite encountering

some issues technical during the intervention.
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CHAPTERL1 Introduction
CHAPTER 1: INTRODUCTION

1.0 CONTEXT AND ORIGINS OF THE STUDY

The origins of this study are found in a worrying trend of unemployment for
Malaysian science and physics graduates. Undergraduate science education in
Malaysia has been subject to much recent criticism, and the unemployment rate
for Malaysian science graduates is tenaciously high. The main criticism is that
Malaysian science graduates lack creativity, are weak in critical thinking, and in
problem-solving (Malaysian, 2008). Hence, one goal of this thesis is to seek an
approach to teaching and learning - specifically in the domain of undergraduate
physics - that might improve students’ creative and critical thinking. Given
Malaysia’s current emphasis on online learning, online learning provides the
vehicle for the intervention. In 1996, no fewer than five new Acts of Parliament
considered to either revise old educational rules or initiate new rules were
introduced (Puteh & Hussin, 2007). It is this latter set of initiatives that comprise
the most significant attempt to address the needs of tertiary education in Malaysia
- especially in online learning. The question, therefore, is what did these
legislative changes seek to accomplish? Is the main point to make online learning
more successful and helpful compared to the face-to-face approach? If online
learning can make the teaching and learning process easier and more effective,
does it also have the capacity to improve students’ other skills such as creative
thinking, especially at the tertiary level?

One reason why the Malaysian government seeks to drive the development of
learning via online learning in higher education is that international literature
suggests it may enhance students’ knowledge and academic performance (Beadle
& Santy, 2008). It is also considered to be effective in developing higher-order
thinking skills, including defining problems, judging information, solving
problems, and drawing appropriate conclusions and solutions (Rice & Wilson,
1999). Additionally, and arguably of equal importance, is that online learning
because it is networked, systematic, and easy to access, allows for the storage,
retrieval and sharing of information and learning material without boundaries
(Beadle & Santy, 2008; Rosernberg, 2001). Students can then access an almost

boundless amount of information, and potentially apply it in a variety of ways
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(Kauffman, 2004). Thus, online learning has the potential to provide for a more
sophisticated and flexible learning approach, one that allows greater access to
higher education, and this is a key driver in the Malaysian government’s thinking.
Therefore, this study seeks to identify the potential of learning via online learning
in improving undergraduate creative thinking. Besides creative thinking, there are
other important elements of learning that might be investigated by integrating a
particular pedagogy with online learning; for example, problem-solving skills,
science process skills, along with affective variables such as anxiety, attitude, and
self esteem. However, in the case of this work, the Malaysian government is also
keen to seek new ways to enhance critical thinking. Hence, this thesis also seeks
to understand the impact of this learning approach on students’ critical thinking

for undergraduate science and pre-service science teachers.

In Malaysia, the teaching of physics as a subject begins at the upper secondary
level of the school system (Year 10, known as Form 4 in Malaysia). Prior to that,
physics is taught as part of science as a general subject. The level of physics
taught at upper secondary level (i.e., Forms 4 & 5) is equivalent to that of the
British O-level. Throughout the mid-1970s, the medium of instruction in
Malaysia was English, and the textbooks used were those used in the British
Commonwealth such as Physics by Abbot. At the advanced level, the A-level, the
standard text was Physics by Nelkon and Parker. Before that, students explored
only science when in primary school, up until about 11 or 12 years of age. The
science curriculum continues when students enter secondary school at 13 to 15
years of age. After taking the Middle of Lower Certificate of Education (LCE) or
Lower Secondary Evaluation (Penilaian Menengah Rendah, PMR) at age 16
years, they split into three major groups; science, economics and art. In their
science classes, students learn and study three main science subjects separately,
physics, chemistry and biology. After finishing the Malaysian Certificate of
Education (MCE) (the MCE was based on the old British ‘School Certificate’
examination before it became General Certificate of Education O Levels
examination, which in turn became the General Certificate of Secondary
Education - GCSE) examination (Sijil Pelajaran Malaysia, SPM) at about 17
years of age, students either take the Matriculation Certificate, pursue the
Malaysian Higher School Certificate examination (its British equivalent is the

General Certificate of Education A Levels examination or internationally, the
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Higher School Certificate, Sijil Tinggi Persekolahan Malaysia, STPM), or go into
polytechnics and private colleges. The STPM is considered more difficult than the
GCE A levels, covering a broader and deeper scope in syllabus. Although it is
generally taken by those desiring to attend public universities in Malaysia, it is
internationally recognised and may also be used, though rarely required, to enter
private local universities for undergraduate courses. Additionally, all students may
apply for admission to matriculation, which is a one or two-year programme run
by the Ministry of Education. Previously, it was a one-year programme, but
beginning 2006, 30 percent of all matriculation students were offered two-year
programmes. After completing either Matriculation or STPM in Form 6 (Form 6
consists of two years of study which is known as Lower 6 - Tingkatan Enam
Rendah and Upper 6 - Tingkatan Enam Atas), only then do they continue to the
university undergraduate level, when they are around 19 - 20 years old. Tertiary
education in the public universities is heavily subsidised by the government.
Applicants to public universities must have completed the Malaysia matriculation
programme or have an STPM grade, or at least have the same recognized

qualification.

Malaysian universities offer physics courses in either pure or applied physics.
Work by Koh (1992) suggests that many students feel it is of little value to study
physics, and they cannot see the relevance of physics courses for real life
situations and applications compared with other courses such as medicine,
engineering, and architecture. Poor career prospects also are often cited as the
main reason for the dwindling number of physics majors in Malaysia (Koh, 1992).
It seems, then, that many students fail to realize the importance of physics for the
study of other disciplines such as those cited above. Such a situation is likely to
contribute to a lack of student interest, and may result in a lack of problem-
solving skills, creative and critical thinking which are seen as a core part of
effective physics learning (Bowers-Brown & Harvey, 2004). Thus, the researcher
also seeks to understand if problem-based learning (PBL) - a constructivist-based
educational instruction and learning strategy, may positively influence students’

interest in studying in physics.

In Universiti Malaysia Sabah there are two groups of undergraduate students who
undertake undergraduate physics study. The first group does the Physics with

Electronics Programme and is located in the School of Science and Technology
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(SST). The second group is the Science with Education Programme pre-service
teachers whose doing a major or minor in physics in the School of Education and
Social Development (SESD). This research involved both cohorts of students.

1.1 PROBLEM-BASED LEARNING

Problem-based learning (PBL) is a pedagogical approach to science education that
focuses on helping students develop self-directed learning skills (Barrows &
Tamblyn, 1980; Boud & Felleti, 1991). It was originally developed in a medical
school in 1969 at McMaster University (Rideout & Carpio, 2001), but has since
spread to other subjects. It derives from the idea that education, knowledge and
learning is a process in which the learner actively constructs new knowledge on
the basis of current knowledge. Unlike traditional teaching practices in higher
education, where the emphasis is on the transmission of factual knowledge, the
courses consist of a set of problems that are carefully sequenced to ensure the
students are taken through the curriculum. The students encounter these problem-
solving situations in small groups guided by a tutor who facilitates the learning
process by asking questions and monitoring the problem-solving process. The
ability to solve problems is more than just accumulating knowledge and rules; it is
the development of flexible, cognitive strategies that help analyse unanticipated,
ill-structured situations to produce meaningful solutions. Even though many of
today's complex issues are within the dominion of student understanding, the
skills needed to tackle these problems are often missing from our pedagogical

approaches.

Research at the School of Physics at the Dublin Institute of Technology in
September 2001 pointed to positive feedback from the students engaged in PBL.:
having fun learning, learning from each other; not falling behind as everyone is
constantly learning; more effective learning as it enables students to remember
better; students having to interact; and real-life problems seen as more interesting
and challenging. PBL is not just about problem solving, and it is important to
distinguish between PBL and learning via problem-solving learning. In physics,
the use of problem-solving learning is well established, and in this method the
students are first presented with the material, in the form of a lecture, and are then

given problems to solve. These problems are typically narrow in focus, test a
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restricted set of learning outcomes, and usually do not assess other key skills.
When learning in this way, students do not get the opportunity to evaluate their
knowledge or understanding, to explore different approaches, or to link their
learning with their own needs as learners. They have limited control over the pace
or style of learning and this method tends to promote surface learning (Woods,
1994). Surface learners concentrate on rote memorisation (Araz & Sungur, 2007);
this often arises from the use of didactic ‘spoon-feeding’, which does not
encourage students to adopt a deep approach learning (Kember, 2000; Kit Fong,
O'Toole, & Keppell, 2007). Deep learners, in contrast, use their own terminology
to attach meaning to new knowledge (Rideout & Carpio, 2001). In PBL, the
students determine their learning issues, and develop their own unique approach
to solving the problem. The members of the group learn to structure their efforts
and delegate tasks. Peer teaching and organisational skills are critical components
of the process. Students learn to analyse their own and their fellow group
members’ learning processes and, unlike problem-solving learning, must engage
with the complexity and ambiguities of real life problems. PBL is thus well suited
to the development of key skills, such as the ability to work in a group, problem-
solving, critiquing, improving personal learning, self-directed learning, and

communication.

There has been reluctance to introduce PBL into physics courses due to a view
that students require a sound body of knowledge and mathematical skills before
they are equipped to engage with this type of approach (McDermott & Redish,
1999). It has been revealed that first year students tend to rely more on lecture
notes than students in later years, and that first year students tend to be assessment
driven (Dublin Institute of Technology, 2005). However, it has been reported in
the School of Physics in Ireland that PBL can be introduced successfully into first
year, if it is facilitated correctly and the tutors are aware that the students are only
in the early stages of developing as self-directed learners (Dublin Institute of
Technology, 2005).

There are many features of learning in PBL and PBL appears, to at least in part,
address concerns about other educational methods noted in the literature, such as
how to enhance creative and critical thinking (Ward & Lee, 2002). According to
Meier, Hovde, and Meier (1996), students taught within a teacher-dominated,

lecture-based system typically are not able to solve problems that require them to
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make connections and use relationships between concepts and content. Only
emerging scientists who are trained and taught to think creatively and critically
are likely to be able to solve the real life problems. The literature thus suggests if
we want our future scientists to be capable of solving problems facing our society,
then we need to find ways to develop creativity and critical thinking skills. The
research reported in this thesis seeks to investigate the effectiveness of PBL in
enhancing students’ creativity skills in Malaysia, and at the same time the
researcher also is interested to see whether or not there is any positive impact on

students’ critical thinking.

1.2 RESEARCH QUESTIONS

The context of this work is a desire for Malaysia to enhance creative and critical
thinking in science undergraduates and pre-service science teachers. Online
learning provides the vehicle for the intervention - integrated with a PBL

approach. Therefore, the research questions for this thesis are:

1. Does PBL online improve undergraduate physic students’ and pre-Service
science teachers’ creative thinking?

2. Does PBL online improve undergraduate physic students’ and pre-service
science teachers’ critical thinking?

3. What are Malaysian undergraduate science physics students’ and pre-service
science teachers’ perceptions about learning via PBL?

4. What are Malaysian undergraduate science physics students’ and pre-service

science teachers’ perceptions about online learning?

This thesis reports on research done at the Universiti Malaysia Sabah, where the
researcher taught several physics courses including, Mechanic Physics (SP1013),
Physics 111 (SP1043), Physics Electric and Magnet (SP2013) and Physics Method
for Experiment and Measurement (SP2083), from December 2004 until March
2008. For SP1013 and SP1043, three contact hours per week were involved,
consisting of lectures and tutorials. For SP2083 and SP 2013, the courses also
involved three contact hours per week, consisting of lectures, tutorials and

laboratory classes.
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1.3 RATIONALE OF THE STUDY

This study seeks to address concerns expressed about higher education in
Malaysia. In 2006, for example, almost 70 percent of Malaysian graduates were
unable to secure employment (Ram, 2006), and in the Budget speech by the Prime
Minister, the number of unemployed graduates in 2007 was reported to number
about 31,000 (Shakir, 2009). The latest report revealed about 32,000 graduate
students failed to get any job in any sector (Utusan Malaysia, 2010), something
attributed to a lack of creativity, critical thinking and problem-solving skills.
Hence, this study seeks to develop a teaching and learning approach based on
problem-based learning (PBL) to help Malaysian higher education teachers

develop creativity and critical skills in their students.

Consistent with the Tenth Malaysian Plan that will be implemented from 2011
until 2015, one of its major contents is revamping and implementing new
curriculum in education which includes the higher learning institutions needing to
significantly raise students’ outcomes and one of its features is to promote
creativity and innovation particularly in the Information Communciation and

Technology (ICT) millennia:

During the Plan period, to further reinforce this philosophy, emphasis will
be placed on the participation in sports and co-curricular activities in
schools to contribute towards character building of students. The education
system will reinforce the importance of values and ethics as these
represent critical building blocks on the journey to Vision 2020. The use
of information and communications technology (ICT) in schools will be
given greater emphasis to nurture creativity and innovation among
students, in order to equip them with new skills and capabilities to meet
the demands of a high-income economy. (Economic Planning Unit, 2010,
p. 196)

The findings of this study are intended to provide science educators generally, and
physics educators particularly, with fresh ideas for teaching and learning in
undergraduate science and pre-service teachers courses that might inform the
educational practice for physics graduates and go some way towards contributing
to future proofing the physics workforce in times of rapid movement in

technology and scientific knowledge.
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This study also may help educators and researcher in higher education to better
utilise online learning as an instructional tool. The intent here is not to generalise
to all online learning courses, but to examine this one case in depth in order to
understand the possibilities of integrating problem-based learning principles with
online learning. This study thus may contribute to existing literature on online

learning courses, and potentially impact on the practice of online learning.

1.4 JUSTIFICATION AND CONTEXT FOR THE STUDY

In selecting this particular field of research, the researcher also has been
influenced by her own learning and teaching experiences in Malaysia, as an
undergraduate student, and as a lecturer in physics at Universiti Sains Malaysia
and in the Universiti Malaysia Sabah. One issue noted in an academic audit of the
teaching and learning for science undergraduate courses in the University
Malaysia Sabah, was that particular focus needed to be placed on improving
creativity and critical thinking. As a result of these experiences, the researcher
came to hold the view that the teaching and learning of undergraduate science in
physics is not satisfactory across Malaysia. The science education research
literature indicates that teaching undergraduate physics is problematic all over the
world (see e.g., McDermott & Redish, 1999; Yerushalmi, Henderson, Heller,
Heller, & Kuo, 2007), and there is much debate about what are the best teaching
approaches (McDermott & Redish, 1999), and about the nature of the content or
level of content to be taught (Ishak, 2007). The science education literature
consistently suggests that students learn better when engaged in active learning,
rather than passive learning, but details of how to achieve effective active learning
in the classroom are open to debate (Tobin & Tippins, 1993). Thus there appears
to be a gap in the literature relating to the teaching of undergraduate physics, and
in particular the ability of physics graduates to adapt to the outside world upon

graduation in terms of their level of thinking and scientific process skills.

The context for this study is in the Malaysian higher education system. As noted
above, the government of Malaysia encourages the use of information and
communication technologies, in particular the Internet, to promote a learning
society (Bajunid, 2001). The Malaysian National Information Technology Council

(NITC) on Electronic Learning recommends that learning in Malaysia, in the new
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millennium, should make extensive use of the Web and Internet and other
information and communication technologies to create and maintain meaningful
learning. According to the government, the learning process should enable
Malaysians to become knowledge builders and not just consumers of knowledge
(Bajunid, 2001). There also is an emphasis on lifelong learning, a knowledge-
based society and the provision of flexible learning without the constraint of time

and space.

Debate over the quality of Malaysian higher education science graduates is
typified by criticism provided by influential local commentators. For example,
Historian Professor Emeritus Tan Sri Khoo Kay Khim said the exam-oriented
education system was the problem. He argued that lecturers and educators should
not be telling students what is coming out in examinations or how they should
answer questions; students themselves have to figure that out for themselves (New
Straits Times, 2008). Khoo asserts that even in universities, students ask lecturers
what topic to study, and then ask what are the possible questions, and how to
answer them: “The younger lecturers fall into this trap and tell students what they
want to know, partly in their attempt to be popular ... My students come up to me
as well, and | say I don’t know, just study everything.” He said that even in
school, there were teachers who refused to teach the whole syllabus so that
students would attend their tuition classes outside school, and at these extra

classes, they offer examination tips.

A review of the literature published in the year 2009 at five major universities in
Malaysia with established education faculties using Malaysian Thesis Online
(MYTO) databases (i.e., Universiti Sains Malaysia, Universiti Malaya, Universiti
Kebangsaan Malaysia, Universiti Putra Malaysia, and Universiti Teknologi
Malaysia), revealed not less than 30 PhD research outputs related to teaching and
learning using technology (e.g., Web; Internet; courseware; Multimedia;
Hypermedia; and computer assisted interactive/learning (CAI/CAL)) in various
higher learning courses (e.g., in Mathematics, Islamic studies, English, Chemistry
and Physics). However, these studies were based on criteria for its effective
design and development, and did not provide a specific pedagogical framework.
On the other hand, three doctoral dissertations and two master’s thesis reported on
investigation of the effectiveness of PBL in various ways. The doctoral

dissertations involving PBL include work by Mohammed (2002) who investigated
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matriculation students’ knowledge achievement, reasoning achievement and
dynamism in chemistry, and Juremi (2003) who studied secondary school
students’ critical thinking, creative thinking, science process and achievement in
biology. Finally, Ahmad (2008) investigated students’ attitude, values and
motivations for pre-service teachers of environmental education. An important
difference between these prior studies and the present work is that the former

studies all involved students learning via a face-to-face modality.

Hence, despite recommendations and enthusiasm of the Government of Malaysia,
claims about the benefits of integrating technology into teaching and learning in
Malaysia, appear to lack direction and a sound research evidence base. Any
research reported so far seems to be more concerned with the combination of
technology, especially the Internet, and lacks grounding in any learning theory. In
summary, Malaysian-based literature on using the
Web/Internet/LMS/CAI/Courseware as an educational strategy is scarce, and
more to do with application than theory (see e.g., Ahmad, 2005;
Balasubramaniam, 2008; Kong, 2006). Educators in Malaysia still tend to depend
on recommendations and results from international research in blending particular
instructional methods of educational processes with technology, and these fail to

take into account important contextual issues that exist in Malaysia.

1.5 DEFINITION OF TERMS

A number of terms are used throughout this thesis; they are used as defined

below.

Achievement:

Achievement is the “performance by a student in a course: quality and quantity of
a student’s work during a given period” (Gove, 1986, p. 16). In this study,
achievement refers to the students’ grades in a basic concept test of physics prior

to the intervention.
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Asynchronous Communication:

Online communication that is not dependent on time. That is, participants can read
responses and reply time-independent of others with whom they are in

communication.

Creative Thinking:

Creative thinking is a mental process or mental activity involving the generation
of new concepts or theories, or new associations between existing concepts or
theory. The product of creative ideas and opinion, from a scientific point of view
(sometimes referred to divergent thought) are usually considered to have both
originality and appropriateness (Cowley, 2005; Harris, 1998b). In this study,
creative thinking refers to the individual’s ability to give ideas, characterised by
fluency, flexibility, originality and to elaborate any ideas identified (Torrance,
1996).

Critical Thinking:

Critical thinking consists of thinking activities that are reasonable and reflective
and focussed on what to believe or do (Bullen, 1998). In this study, critical
thinking refers to the cognitive presence responses of the integration and
resolution phases (Garrison, Anderson, & Archer, 2000, 2001), and consists of
making inferences, recognising assumptions, making deductions, making

interpretations and evaluating arguments (Watson & Glaser, 1980).

Internet:

A worldwide network of computers linked together (a network of networks,

actually) over phone system, satellites, broadband, and some cable systems.

Learning Management System (LMS):

Learning management system (LMS) in this thesis is defined as a course
management system designed to help facilitators to create an online learning
management. This system is based on Moodle, open source software protected
under the GNU Public Licence. This system provides functions such as register

course online, course cataloguing, bulletin system, information searching, online
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quizzes, chat room, forum and so on. Users are able to upload or download course
materials (notes, assignment, projects, etc.); announce new coursework via
registered e-mail or announcement functions; engage in discussions in open chat
rooms with friends and facilitator/lecturers/peers; submit completed coursework,

and so on.

Online Learning:

In this thesis, online learning is defined as the delivery of training, education
activities, and learning by electronic means. Online learning involves the use of a
computer or electronic device (e.g., a mobile phone, camcorder, camera, etc.) in
some way to afford teaching, educational activity or learning material (Stockley,
2006). Online learning can engage a multiplicity of tools for online training or

education; as the name implies, ‘online’ involves using the Internet or an Intranet.

Students’ Perceptions of PBL:

Students’ perception of PBL and specifically of learning outcomes such as
knowledge, skills and the application of knowledge and skills, communication,
independent learning; students’ reflections on problem-based learning (PBL)

approach; and also their open feedback about the PBL approach.

Students’ Perceptions of Online Learning:

Students’ perceptions of online learning were based on students’ learning in a
Modern Physics course which happens to involve online learning; student’s
perceptions of satisfaction; student’s perception of interaction; students’
perceptions of individual features (content available on the web course; online
learning as a communication tool; assignment; and online student assessment),

and their open feedback on the direction of this online learning matter.

Problem-based learning (PBL):

Learning that results from the process of working towards the understanding or
resolution of a problem. The problem is encountered first in the learning process
and serves as the focus for application of problem-solving or reasoning skills, as

well as the search for or study of information or knowledge needed to understand
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the mechanism responsible for the problem and how it might be resolved
(Barrows, 1986).

Physics Basic Achievement:

In this thesis, physics basic achievement is defined as the students’ overall
performance on selected questions of basic physics concept test prior to the

intervention.

Web or the World Wide Web:

The Web, also referred to as the WWW, is an Internet-based network that uses
hypermedia technology. Users at their computers have ‘browsers’ (e.g., Netscape,
Internet Explorer), which are ‘graphical interfaces’ that make utilising the vast
information found in the network connected via the Internet much easier. The idea
is to make navigation easier for users, by having the browser include embedded
‘programming language’ in the various ‘tools’ on the browser page. This makes it
seamless for the user, as opposed to having a list of ‘commands’ in programming
language. Before 1994, this language was necessary to navigate, communicate,

and do research on the Internet.

1.6 THE STRUCTURE OF THE THESIS

This thesis is organized into eight chapters. Each chapter begins with a chapter
overview, in order to help readers understand the flow of ideas presented. A brief

outline of each chapter follows.

Chapter 1: Introduction to the Thesis. Presents the context and origins of the
study — setting out the reason why this study is currently the focus of the

researcher’s attention and interest.

Chapter 2: Literature Review. The literature review is contained in Chapter 2, and
consists of a review of relevant literature of theories of learning, PBL, problem-

solving, creative thinking and critical thinking.
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Chapter 3: Integrating PBL with Online Learning. This chapter presents a
literature review on the possibilities of blending the PBL with online learning.

Chapter 4: Theoretical Underpinning for the Thesis. This chapter presents the
learning dimension, which is students’ learning process in physics. The PBL
dimension - PBL models from previous research that were used in this thesis; the
thinking models; and also the conceptual frameworks are presented here. This
chapter also describes the developing of the particular PBL model used in the

thesis.

Chapter 5: Research Methodologies. Presents the methodologies used in the
inquiry including a description of the characteristics of educational research,
research design, and research activities. This chapter also describes the
development of all instruments (questionnaire, test questions, and interview) used
in this inquiry, followed by a description of the data collection strategies
employed. The data analysis procedures are presented along with a discussion of
the measures taken to maintain the trustworthiness of the inquiry. This chapter

concludes with consideration of the ethical issues relevant to the inquiry.

Chapter 6: Research Findings. Presents the results of the data collection based on

the questionnaires, tests, and interviews.

Chapter 7: Discussions. Presents a discussion and elaboration of the findings from

the previous chapter.

Chapter 8: Implications, Suggestions and Conclusions. This chapter considers the
implications of the study for teaching and learning and makes some suggestions

for further study. The chapter ends with overall conclusions for the thesis.
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1.7 CHAPTER SUMMARY

This chapter presented an introduction, context and origins, rationale for the
thesis, and some justification for the study. In summary, the researcher proposes
that there is a need to consider a new approach of teaching and learning,
especially in physics. The particular instructional method that has been suggested
in this research is the problem-based learning (PBL) approach delivered via online
learning in an attempt to enhance students’ creative and critical thinking. The next
chapter presents a review of literature about of theories of learning, PBL,

problem-solving, creative and critical thinking.
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CHAPTER 2: LITERATURE REVIEW

2 CHAPTER OVERVIEW

This chapter is divided into eight main sections. It begins with a section that
describing the conduct of the literature review, followed by a description of
theories of learning. Next it discusses problem-based learning (PBL) in detail,
which includes literature about the successful implementation of PBL in practice.
The subsequent two sections provide a description of the literature on creativity
and creative thinking, and critical thinking. Afterward this, the chapter focuses on
a discussion of thinking skills, particularly in relation to creativity and critical
thinking. This section also presents literature on the relationship between thinking
skills and problem-solving. The last two sections provide a review of issues about

the learning process and problem solving, and end with the chapter summary.

2.1 CONDUCTING THE LITERATURE REVIEW

The literature review first examined key texts to obtain an overview of the
research topic for designing a problem-based learning environment and
integrating technology into this learning. Texts involved were Barrows (1986,
1996, 1997, 2002), Barrows and Tamblyn (1980), Savery and Duffy (1995;
1996), Hmelo-Silver (1998; 2004), Savery (2006), Gallagher (1997), Lee, Wong,
and Mok (2003), Colliver (1993), Finucane, Johnson, and Prideaux (1998),
Ahlfeldt, Mehta, and Sellnow (2005), and Engle (2005). Other texts by Boud and
Feletti (1991) and Wilkerson and Gisjelaers (1996) provided background on
implementing PBL across various disciplines in higher education. The online
American Journal Physics, provided relevant readings on the issues and problems
in physics education, and details about PBL online learning were found in
Candela et al. (2009), Savin-Baden (2000), Cheaney and Ingebritsen (2005), and
Savin-Baden and Wilkie (2006). Whilst Cowley (2005), Torrance (1966, 1996),
Bergstorm (1991), Boden (2004), and Cropley (2001) provided key texts on
creative thinking and Lipman (1988, 1995), McPeck (1981), Watson and Glaser
(1980), and Brookfield (1987; 1995) provided terms on critical thinking.
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A search of the libraries of five major universities in Malaysia conducted through
MYTO gave general ideas of the extent of research conducted on PBL and the use
of online learning for educational purposes in Malaysia, as noted in Chapter 1.
This search focused on unpublished doctoral dissertations and master’s thesis.
Recent articles from a number of online journals also were canvassed -
Technological Horizons in Education, Journal of Asynchronous Learning
Networks, Journal of Distance Education, Australian Journal of Educational
Technology, Educational Technology and Society, Journal of Technology and
Teacher Education, International Review of Research in Open and Distance
Learning, Journal of Computer Mediated Communication, Academic Medical
Journal, Medical Journal of Australia, Journal of Research on Technology in
Education (formerly the Journal of Research on Computing in Education), Higher
Education Research & Development, American Journal Physics and British
Journal of Education Technology. The researcher also looked through various
conference sites related to the use of the Web/online learning in education such as
Australian World Wide Web Conference, and the International World Wide Web

Conference Committee.

After finishing these readings, the research topic and research questions were
refined, and a list of key terms related to the research questions was compiled.
This step involved identifying the most important terms in the research questions
and locating other closely related terms. These terms were used in the search
criteria for searching library databases and the Internet. This was deemed
necessary since there are such a variety of terms used in the literature about the
issues investigated in this thesis. Some of the key terms were: online learning, e-
learning, Web-based learning, Web-based instruction. Other related terms
searched were: physics achievement, problem-based learning, creative thinking,
critical thinking, problem-solving skills, and students’ perceptions of PBL
learning and online learning. The search criteria were linked with logical Boolean

search combinations.

Databases available at the University of Waikato’s library covered fields such as
Arts and Humanities, Social Sciences, Computing and Mathematical Sciences,
Education, and Science and Engineering. The researcher also searched the
Informit database, Academic OneFile database, ScienceDirect database, ProQuest

database, EBSCO HOST database, and the ERIC database. Searches for digital
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dissertations were made through the Australian Digital Theses program and also

from the University of Waikato Research Commons.

Once the key readings and journal articles were located, additional readings were
obtained either by going back or forward in time. By reading the references in the
reference list of the key readings and journal articles, the researcher went back in
time, to better understand the background of the points raised in the key readings.
The researcher then went forward in time by using citation indexes. For example,
the researcher decided that the article by Barrows (1997) was an important paper
on PBL and so accessed the Web of Science citation indexes for this paper for
education and social sciences available online through the library. Conducting a
search using key words “Barrows HS” and “1997” produced a list of several
journal articles citing this article ranging from 1990 to 2010, some were relevant
to the present study and helped to fill in gaps about points raised by the Barrows
(1997) article. The researcher then went back in time by using the reference list

for other relevant articles.

2.2 THEORIES OF LEARNING

Remarkably there is sometimes a lack of attention paid to student learning
amongst educational policymakers and practitioners. As an example, in Britain
and Northern Ireland, theories of learning do not strongly figure in professional
education programs for teachers or those within related fields such as informal
education. It is almost as if learning is seen as essentially unproblematic, and this
leads one to postulate that the underlying view is that if the instructional
administration is right, then learning (as measured by tests and other assessment)
will naturally follow. Such a stance is consistent with traditional thinking about
learning, in which learning is seen as the acquisition of knowledge, skills and
values, something the literature nowadays suggests belies the complexity of
learning processes (Cepni & Keles, 2006; Nuy & Moust, 1990). Modern theories
of learning consider that learning happens through a variety of experiences and
produces relatively permanent changes in our understanding and ultimately, in our
actions and behaviours (Van Gyn & Grove-White, 2005). Whilst humans are
capable of learning on their own, learning theorists believe that learning can be
enhanced, accelerated, and purposefully directed by exploiting our understanding
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of learning processes, and by taking into account both the situation of learners and
the contexts in which learning takes place (Gurrie, 2003; Van Gyn & Grove-
White, 2005). Working with students to enhance their learning is the essence of
every modern educational system, but what theories are applied and how they
function is based on many circumstances such as social, cultural, economic, and
political factor in which the learning is situated (Van Gyn & Grove-White, 2005).
In the following sections, the researcher discusses theories of learning under two
main themes, which represent the key approaches or theoretical orientations to

learning.

2.2.1 Approaches to Learning

In the psychology and education literature, a learning theory is presented as an
attempt to describe how people (and animals) learn, thereby helping us understand
the inherently complex process of learning. In the 1960s and 1970s, learning was
seen in terms of a change in behaviour. In other words, learning was approached
as a result - the end product of some process that can be recognized or seen. This
approach or view of learning has the virtue of highlighting a crucial aspect of
learning, that is, it involves change. As an example, Merriam and Caffarella
(1991) ask questions such as; Does a person need to perform in order for learning
to have occurred? Are there other factors that may cause behaviour to change?
and, Can the change involved include the potential for change? However, not all
changes in behaviour resulting from experience involve, or are associated with,
learning. For example, conditioning may result in a change in behaviour, but the
change may not have involved drawing upon experience to generate new
knowledge or skills. If we are to say that learning has taken place, experience and
knowledge should have been used in some way (Smith, 1999b). Not surprisingly,
many theorists have been less concerned with noticeable behaviour, but with
changes in the ways in which people understand, experience, or conceptualize the
world around them (Ramsden, 1992). The focus is, then, on gaining knowledge,

skill or ability through the use of experience.

The nature of the learning changes for students is likely to be dissimilar. As an
example, adult students’ feedback on what they conceptualize as learning can be

categorized in five ways (Ramsden, 1992):
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i. Learning as a quantitative increase in knowledge - learning is acquiring
information or ‘knowing a lot’;
ii. Learning as memorizing - storing information that can be reproduced,
iii. Learning as acquiring facts, skills, and methods that can be retained and
used as necessary;
Iv. Learning as making sense or abstracting meaning - learning involves
relating parts of the subject matter to each other, and to the real world; and
v. Learning as interpreting and understanding reality in a different way —

learning involves comprehending the world by reinterpreting knowledge.

Ramsden (1992) observes that we can see immediately that conceptions (iv) and
(v) are qualitatively different from the first three. Statements (i) to (iii) suggest a
less complex view of learning. Learning here is seen as something ‘external’ or
independent of the learner. It might even be something that just occurs or is done
to you by teachers (as in statement (i)). In a way, gaining experience becomes a
bit like shopping. People go out and ‘buy’ knowledge - it becomes theirs. The last
two statements look to the ‘internal’ or personal aspect of learning. Gaining
knowledge here is seen as something that you do in order to understand the real
world. The difference here involves what Ryle (1949) has termed ‘knowing that’,
and ‘knowing how’. The first two categories mostly involve ‘knowing that’, and
as we move to the third we see that alongside ‘knowing that’ there is growing
emphasis on ‘knowing how’. This system of categories is in order - each higher
statement or conception involves all the rest underneath it. In other words,
learners who conceive of learning as understanding reality, are also be able to see

it as increasing their knowledge (Ramsden, 1992).

2.2.2 Learning and Theoretical Orientations

Merriam and Caffarella (1991) provide a framework of learning and theoretical
orientations and consider how we might classify learning theories (Table 1). This
section focuses on four different learning orientations in this framework: the
behaviourist orientation to learning; the cognitive/constructivist orientation to
learning; the humanistic orientation to learning; and the social or situational

orientation to learning.
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Framework for learning theories (after Merriam & Caffarella, 1991)

Aspect Behaviourist Cognitivist/Constructivist ~ Humanist  Social and Situational
Learning Thorndike,  Koffka, Kohler, Lewin, Maslow, Bandura, Lave and
theorists Pavlov, Piaget, Ausubel, Bruner, Rogers Wenger, Salomon

Watson, Gagne
Guthrie,
Hull,
Tolman,
Skinner
View of the Change in Internal mental process A personal Interaction
learning behaviour act to fulfil  /observation in social
process potential. contexts. Movement
from the periphery to
the centre of a
community of
practice
Locus of Stimuli in Internal cognitive Affective Learning is in
learning external structuring and relationship between
environment cognitive people and
needs environment
Produce Develop capacity and Become Full participation in
Purpose in behavioural skills to learn better self- communities of
education change in actualized, practice and
desired autonomous utilization of
direction resources
Arranges Structures content of Facilitates Works to establish
Educator's environment learning activity development communities of
role to elicit of the whole practice in which
desired person conversation and
response participation can
occur
Socialization
Manifestations Behavioural — Cognitive development  Andragogy  Social participation
in adult objectives Associationalism
learning Learning how to learn  Self-directed Conversation
learning
Skill

development

and training
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Behaviourist Learning

The behaviourist view of learning was introduced by theorists such as Thorndike,
Pavlov, Watson, Guthrie, and Hull. Behaviourism is a worldview that operates on
the principle of ‘stimulus-response’. All behaviour has its origins in external
stimuli, and all behaviour can be explained without the need to consider internal
mental states or consciousness. From this view of the learning process, educators
and teachers aim to change human behaviour. The locus of the learning is to
condition students to respond to stimuli from the external environment, so that
learners learn to adapt to any environment. The main purpose in this view is to
produce learners that can change their behaviour in desirable ways. The educator

must then manipulate the surrounding environment to elicit the desired response.

The learner, it is argued, will develop skills as a result of such training and gain in
competence, based on their education. Examples of educational practice based on
a behaviourist approach to learning are things such as rote-learning; direct
instruction (e.g., lectures); prescriptive feedback; competency-based education;
and design of learning outcomes. There are some keywords used in the literature
to label learning activities in this domain: classical conditioning (Pavlov, 1930);
operant conditioning (Skinner, 2002); stimulus-response (S-R); sensorimotor;
preoperational; concrete; formal; accommodation; assimilation (Gallagher &
Reid, 2002).

Cognitive/Constructivist Learning

A cognitivist approach to learning essentially argues that the ‘black box’ of the
mind should be opened and understood, with the learner viewed as an information
processor (like a computer). Koffka, Kohler, Lewin, Piaget, Ausebel, and Gagne
are the main proponents of this approach to learning. Other important
contributors include Merrill — with component display theory (CDT); Reigeluth —
with elaboration theory; Briggs, Wager, Bruner — with constructivism; Schank —
with scripts; and Scandura — with structural learning. Cognitivism sometimes
overlaps with constructivism in the literature, but constructivism assumes that
learning is an active process of mental construction in the learners’ mind, and that
the learner is an information constructor or creator (Wilson, 1995, 1996).
According to constructivism then, people actively construct or create their own
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subjective representations of objective reality. New information acquired is
linked to prior knowledge, thus mental representations are subjective and

personal.

In a cognitive/constructivist approach to learning, the learning process is viewed
as an internal mental process involving insight, information processing, memory,
perception. The locus of learning is internal cognitive structuring, which is
concentrated only on thinking. To develop capacity and skills to learn better in
the future is the main objective for this approach. The educator has to structure
content and the curriculum for each learning activity. The manifestation of
learning is to build cognitive development such as intelligence; learning and
memory as function of age, and ultimately for the learner to ‘learn” how to learn.
Key terms or ideas used to describe learning in this approach are schemata;
information processing; symbol manipulation; information mapping; and mental
models. Educational practices in this approach include problem-based learning;
inquiry-based learning; cooperative learning; collaborative learning; active
participatory learning; activity and dialogical process; anchored instruction;

cognitive apprenticeship (scaffolding); and inquiry and discovery learning.

Humanist Learning

Humanist learning was proposed by Maslow and Rogers (DeCarvalho, 1991;
Huitt, 2001), and here the learning process is seen as a personal act employed to
fulfil a learners’ potential. Humanism is a paradigm, philosophy, and pedagogical
method that believes learning is best viewed as a personal and particular act, to
fulfil one’s potential. The main objective, according to humanists, is to help the
learner to become self-actualized, autonomous and independent in everything they
have learned. The teacher facilitates learner improvement and development as a

whole person. This approach involves self-directed learning.

Social and Situational Learning

Bandura, Lave, Wenger and Salomon are the main proponents of social and
situational learning. Bandura’s social learning theory, for example, posits that

people learn from one another, via observation, imitation, and modelling. This
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theory has often been seen as a bridge between behaviourist and cognitive
learning theories, because it encompasses attention, memory, and motivation. The
learning process here is seen as interaction and observation in a particular social
context. The locus of learning is to engage the ‘relationship’ between people and
environment, and the purpose of learning is to help students engage in full
participation in particular ‘communities of practice’. The main task for educators
or teachers is then to work to establish communities of practice, in which
conversation and full participation can happen. Learning can be seen as the result
of socialization, social participation, association, and conversation with other

people.

As with any framework of this sort, the divisions are somewhat arbitrary, and
there are sub-divisions to the scheme and a number of ways in which the
orientations or approaches overlap and draw upon each other. However, as can be
seen from Table 1, these views involve contrasting ideas as to the purpose and
process of learning and education - and as a consequence the role that educators
may take.

The next section elaborates further on constructivist theory and practice. As noted
above, problem-based learning (PBL) is ‘located’ in the cognitive or constructivist
perspective of learning. The researcher thus now elaborates on how the literature

suggests we support learning, and the potential of PBL to enhance learning.

2.3 PROBLEM-BASED LEARNING

Jonassen (1991a) noted, there are many ways to implement a constructivist view
of learning: anchored instruction, situated cognition, flexibility theory, and
cognitive apprenticeship. For example, situated cognition, argues that instruction
should include genuine and related tasks that focus on everyday situation
cognition. Savery and Duffy (1996) and Gallagher (1997) mantain that problem-
based learning is one of the best examples of situated cognition, because it
promotes students’ understanding, integration, and retention of concepts, facts,
and skills. Boud and Felleti (1997) argue that PBL is the most significant
innovation in education for many years, and that it is based on a set of

assumptions about learning from experience (Boud & Felleti, 1991), and can be
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taught in three different modes (Saarinen-Rahiika & Binkley, 1998): a fully
integrated PBL curriculum (such as in many medical and health science
programmes); a translational curriculum which begins with a more traditional
(lecture-based) approach to the education and then a gradual introduction to PBL,
and; as isolated courses in a traditional curriculum. Oliver and Omari (2001) note
that PBL can be implemented in a variety of ways, including a Web-based course.
Jonassen (1991b, pp. 35-37) argues that “the most effective learning contexts are
those which are problem- or case-based and activity oriented, that immerse the
student in the situation requiring him or her to acquire skills or knowledge in
order to solve the problem or manipulate the solution.” Of note is that Lee et al.
(2003) insist that the PBL process does not aim to teach learners how to solve a
problem, rather it seeks to expose learners to methods and techniques of how to

solve problems across the learner’s lifetime.

PBL is then a student-centred instructional approach in which students
collaboratively solve problems, and reflect on their experience and practical
knowledge. It was pioneered and used extensively at McMaster University in
Canada. Characteristics of PBL are that learning is driven by challenging, open-
ended problems. Students work in small collaborative groups, and lecturers or
teachers take on the role as ‘facilitators’ of learning. Accordingly, students are
encouraged to take responsibility for their group and organize and direct the
learning process with support from a tutor or instructor (Albanese & Mitchell,
1993; Colliver, 1993; Finucane et al., 1998; Gallagher, 1997; Lim, 2005). PBL
approaches involve confronting situations where students are uncertain about
information and solutions, and mastering the art of the instinctive leap in the
process of resolving these situations (Boud & Felleti, 1991). Learning thus occurs
through the application of knowledge and skills to the solution of authentic
problems, often in the context of real practice (Bligh, 1995). PBL is a form of
situated learning, and learning occurs through goal-directed activity situated in
circumstances that are authentic in terms of intended application of the learnt
knowledge. Advocates of PBL claim it can be used to enhance content
knowledge and foster the development of communication, problem-solving, and
self-directed learning skills. It is also an instructional method of hands-on, active,

learning-centred education involving the investigation and resolution of messy, ill,
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loosely-structured problems, that one can find in real-world situations (Ahlfeldt et
al., 2005; Paget, 2004).

Shortly after its introduction, three medical schools — the University of Limburg
at Maastricht (Netherlands), the University of Newcastle (Australia), and the
University of New Mexico (United States) - adopted the McMaster model of PBL.
Various adaptations were made and the model soon found its way to various other
disciplines — business, dentistry, health sciences, law, engineering, education,

and so on.
There are some defining attributes of PBL:

i. Learning is guided by challenging, open-ended problems with no single
‘right’ answer;

ii. Problems/cases are context specific;

iii. Students work as self-directed, active investigators and problem-solvers in
small collaborative groups (typically of about five students);

iv. A key problem is identified and a solution is agreed upon and
implemented; and

V. Lecturers/teachers take the role as facilitators of learning, guiding the

learning process and promoting an environment of inquiry.

The PBL characteristics defined by Barrows (1997) are:

. Student-centred
The student is responsible for his/her standalone learning, and
teachers/lecturers only act as facilitators.

ii. Problem-based
The problems are ill-structured problems such as are found in real world
situations. Information given to students is only sufficient to stimulate
their thinking processes, and hence they generate a hypothesis involving
inductive and horizontal reasoning. Thus, educators must develop the

problems carefully so that they trigger inquiry learning among students.
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Problem-solving

The intention of the problems is to encourage student development, and
the skills of effective and efficient reasoning in students. In the early
stages, the teacher models problem-solving, and from here his/her role

decreases.

Self directed
Students are able to choose what they want to learn based on their efforts

about how to solve problems.

Reiterative

After students finish with standalone learning (in order to find information
and knowledge to solve problems), they step back from the problems, and
apply their new learning to the problems. In executing this activity, they
criticize early hypotheses, their understanding, and reasoning.

Collaborative

Students work collaboratively to solve problems and try to recognize
learning issues. Collaborative learning happens when students with
standalone learning experience form a group to study together and identify

learning issues.

Self reflecting

After solving problems, students execute self reflection on their learning.
Learning activities such as comparing new problems with old ones,
engaging in reflection based on their preparation and facing the same
problems in the future, identifying concepts or principles, drawing
concepts map to show the relationships between each element in the

problems and the logical relationships between these are engaged in.

Self monitoring
Students monitor their own achievement and evaluate their own progress.
This self achievement can come from combining feedback from the

teacher/lecturer, group members and others’ evaluations.
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viii.  Authentic
All of the behaviours embraced in PBL are steps acquired by students as

they evaluate real world problems in the future.

A synthesis of studies in the literature on PBL produced the following six

guidelines for the design of problem-based learning environments.

1. Students challenge their perceptions, principles, thoughts and accumulate
knowledge through collaborating with other team members, peers and the
facilitator. The fact is that, every individual has different perpectives on each
problem and the probability they will observe and examine the world in exactly
the similar way in the genuine world and have a single correct answer is very
rare. Conversation and debate with group members through collaborative
learning is vital in PBL (Koschmann, Myers, Feltovich, & Barrows, 1994). In
PBL, collaboration is fostered instead of competition with colleagues (Engle,
1997), the learning process involves social consultation and cooperation from
group members. Students are capable of challenging their thinking, beliefs,
perceptions and their own knowledge by cooperating with fellow members -
this can encourage them to expand their cognitive development (Boud &
Felleti, 1991; Camp, 1996; Savery & Duffy, 1995). Students should eloquently
present their newly obtained knowledge with team members, including both
content and process elements. This requires that they review, summarise and
present their findings in ways which foster understanding by their fellow
students (Engle, 1997). The outcomes of independent learning are shared in
order to expand their collective understanding. PBL is consistent with

constructivist principles (Savery & Duffy, 1995).

2. PBL problems must represent both the breadth (reflected in the range of
problems but within the context of living) and the depth (reflected in the
number of dissimilar and diverse issues which show the application of the same
knowledge) of actual situation. Knowledge can be developed and it is best
achieved through varied applications of the concept. Honebein, Duffy, and
Fishman (1993, p. 97) comment that “long standing prescription for instruction

that numerous examples of a concept should be provided for study and
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practice.” Koschmann et al. (1994) likewise argue that “aspects of richness in
concepts and cases will be missed with single representations, and the resultant

simplification may prove misleading” (p. 233).

. PBL engages students by placing them in important roles as they work with ill-
defined real-world problems (Ahlfeldt et al., 2005; Constantino, 2002; Paget,
2004). PBL is more than an isolated activity, PBL is both a curricular organizer
and an instructional method that develops students’ higher order thinking skills
(Constantino, 2002). Students are responsible for their own learning, and
should be active participants in PBL. Rather than being told what to do or how
to solve a problem, students within a PBL environment generate their own
learning issues (Corrent-Agostinho, Hedberg, & Lefoe, 1998). “Learning is an
active process requiring mental construction on the part of the student;
instruction should foster cognitive initiative and effort after meaning”
(Koschmann et al., 1994, p. 233). Savery and Duffy (1995), Boud and Felleti
(1991) and Camp (1996) state active and engaged learning processes where
anchored instruction and situated learning are two learning concepts behind
this principle. Learning is about active engagement with a task, whether
working individually or collaboratively with others. The emphasis is on

students posing their own questions, and seeking answers.

. Students’ prior learning experience plays an important role in the learning
process. In PBL, students construct their own knowledge (Savery & Duffy,
1996) by linking recent issues and experience with past learning, and creating
connections amongst ideas and concepts through contrasting individual
understanding of the knowledge with others’ in a collaborative atmosphere
(Camp, 1996). Engle (1997) emphasizes that in PBL, learning is cumulative,
and what is most important is to improve familiarity. Simulation of existing
knowledge facilitates anchoring of the new knowledge. Students function in a
metacognitive way with learning focused towards thinking skills. Students
generate their own problems, and seek to solve them strategically (Boud &
Felleti, 1991; Camp, 1996; Savery & Duffy, 1995).
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5. Support of reflection is provided in the PBL environment. Just having
knowledge does not necessarily mean that learning has taken place. The vital
aspect that can turn new knowledge into learning is the process of reflection.
Reflection on recent knowledge and experiences is an effective method of
learning (Engle, 1997). Critical and creative reflection helps students to
increase understanding of their own thinking and includes self-questioning
activities such as: How are we going to start with this problem?; What is the
learning issue in this situation?; How did we go about our independent
learning?; Are there other actions we should have taken? and Against what
standards or expectations did we measure our success? (Brookfield, 1987).
Skilled participators of these metacognitive functions are able to arrange
activities, evaluate the success or failure of their own performance, and adjust
behaviour in accordance with the activity (Roger, Cisero, & Carlo, 1993). The
facilitator assumes a crucial role in encouraging reflection, and in so doing is
provided with opportunities to monitor the quality of the students’
understanding of concepts and issues (Engle, 1997). Hence, the facilitator is
also a ‘guide’ or a ‘coach’, probing students’ thinking, monitoring their
thinking and keeping the process moving (Boud & Felleti, 1991; Camp, 1996;
Savery & Duffy, 1995). Continuous challenge, used in a encouraging way, of
the level of metacognitive awareness, combined with integrated application of
knowledge, skills and attitudes to professional situations, has the capacity to
support deep learning (Ramsden, 1992). The learning process involves social
interaction, and so PBL needs teamwork from group members. Students are
able to challenge each others’ thoughts, ideas, beliefs, perceptions, attitude and
their own knowledge by assisting group members, and this can encourage them

to develop their cognitive growth.

6. PBL is a group-based teaching technique. Groups or cooperative groups vary in
size and may consist of 5 to 8 members (Ahlfeldt et al., 2005); 8 to 10
members (Savin-Baden & Wilkie, 2006); or 10 to 12 members (Segers, Dochy,
& De Corte, 1999). Cooperative groups work through the problems together,
while using a trained facilitator to guide the learners without teaching them in a
traditional manner (Baker, 2000; Biley, 1999). Having someone act as

facilitator for the groups leads to a richer, more holistic level of learning
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(Dahlgren, 2000). Hitchcock (2000) suggests that skilled and experienced
facilitators and instructors are vital for PBL. Through the process of working
together, learning takes place. The group members interact to solve the
problem and this discourse eventually leads to a solution. The discourse within
the group consists of an active series of conversational interactions as group
members collaborate to extend alternative forms of an issue in resolving a

diagnostic dilemma (Frederiksen, 1999).

Barrows (1986) describes five categories or types of PBL: case-based lectures,

case method, modified case-based, problem-based, and closed-loop problem-

based. These are now described briefly in turn.

Case-based lectures involve students receiving background information on a

case to study prior to the lecture.

In the case method, students receive complete details on a case to study and
research before coming to class. The instructor, acting as a tutor, facilitates

class discussion in analyzing the case.

For modified case-based PBL, students receive partial details on a case and,
after class discussion, choose from a limited number of inquiry actions or
decisions. The list of inquiry actions and decisions may be generated by the
class or provided by the instructor. Students then receive additional

information on the case and further discussion ensues.

In problem-based cases, students are presented with say a simulated patient.
The students evaluate the patient’s signs and symptoms, generate hypotheses,
and decide what additional information is needed. The instructor facilitates the

class exploration of the problem.

Closed-loop problem-based cases involve students completing a problem-
based case and undertaking self-directed study. They return to the problem as
it was initially presented and evaluate their prior reasoning and knowledge and

the information sources used.
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Some of these methods are probably not practical for an isolated course, if it is not
part of a curriculum based entirely on PBL, because of the time needed for
research related to the cases and for self-directed learning. However, the case-
based lectures, case method, modified case-based, and problem-based methods all
could be modified and used in a traditional curriculum (Boyle, 1999; Knapp &
Miller, 1987). Moreover, PBL does not include methods that use problems
simply as an example of what has been learned, such as in the lecture-based cases
method (Barrows, 1996). In this approach, the facilitator lectures on a course of
action and then tries to make the action significant by applying it to the analysis of
an actual or artificial data set. The background information provided for these
cases are usually shortened, often no more than several points containing the
essential information needed to perform the tasks. In this case, students do not
practice using the experience the way they will have to use it in their research,
even though they are encouraged to some extent.

The literature also reports a series of phases of learning activities involved in PBL
(e.g., Adelskold, Aleklett, Axelsson, & Blomgren, 1999; Albanese, 2000;
Albanese & Mitchell, 1993; Pastirik, 2006; Walton & Matthews, 1989; Wilkerson
& Gisjelaers, 1996). Normally there are five phases of learning in PBL: problem

analysing, information gathering, synthesising, abstracting and reflecting.

1. Phase of analysing the problem - Students, separated into groups (normally 4 -
8) with a facilitator, are presented with a complex problem without any
instruction being given. They generate knowledge about possible solutions to
the problem, based on their prior knowledge. Next, they identify the key
learning issues and plan actions to tackle the problem.

2. Phase of gathering information - A period of independent learning takes place.
Students are in charge of searching for significant and relevant information
individually. A number of sources may be available for tracking information.
Students in this phase are engaged in learning as they are searching for

information when their need to ‘know’ is greatest.

3. Phase of synthesising - Students reassemble after a particular period and re-
examine the problem-based on their newly acquired knowledge. They do not
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simply tell what they have learned. Rather, they use that learning to re-examine
the problem (Savery & Duffy, 1996). Therefore, students develop knowledge
by anchoring their new experience on their existing knowledge on their
existing knowledge base. The second and third phases may be repeated if new

learning issues are identified.

4. Phase of abstracting - Once the students feel that the problem task has been
successfully concluded, they examine the problem in relation to similar and

dissimilar problems in order to form generalizations.

5. Phase of reflecting - The students re-examine the problem-solving procedure.
Students experience self- and peer evaluation. This phase helps students’
metacognitive capability as they discuss the procedure and reflect on their

newly acquired knowledge.

Savery and Duffy (1996) stress that these phases can be applied in a different
ways and over various time-spans. Similarly, Boud and Felletti (1997) state:

PBL is an approach to structuring the curriculum which involves confronting
students with problems from practice which provide a stimulus for learning.
However, theare many possible forms that a curriculum and process for
teaching and learning might take and still be compatible with this definition.

(p. 15)

Ramsden (1992) says that PBL involves ‘deep learning’, where learning goes
away from memorization of facts, and instead is focused on a deeper
understanding of the situation under study. PBL engages students in the learning
process through using real problems. Thus, the way of presenting problem to

students also plays an important role in learning process.

2.3.1 Presenting Problems to Learners

As mentioned above, the literature suggests that PBL is normally organized in
small groups of students, along with guidance from a facilitator or instructor.

Throughout this process, a complete series of problems, usually such as are
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encountered in everyday life, are supplied to students with guidance provided
early in the PBL process. Guidance is reduced as learners gain in expertise and
confidence (Merill, 2002). Merrill suggests the learning begin with less difficult
or complex problems, and as the process of learning progresses, problems should
be changed by adding more complex components to make them more realistic,
exciting, and adventurous. Therefore, it is important to start with simplified
versions of real world problems, and to progressively add components. This
advancement stimulates and inspires learners as they slowly acquire expertise and

take ownership for their learning.

During PBL, students should debate and talk over their problems, define what
they know, generate some hypotheses, derive learning goals and organize extra
work. Results may later be presented to large groups, under guidance from an
instructor or facilitator. A PBL cycle should conclude with students reflecting on
the learning that has taken place. From a constructivist perspective, in PBL the
role of the instructor is then to guide and lead the learning process, rather than
provide knowledge (Hmelo-Silver & Barrows, 2006; Merill, 2002).

2.3.2 PBL and Cognitive Load

Researchers such Sweller and co-workers have studied PBL for many years, and
recommend teachers consider the cognitive load, and engage in what is described
as the guidance-fading effect (Sweller, 2006). Sweller, Van Merrienboer, and
Paas (1998), for example, conducted several classroom-based studies with
students studying algebra problems (Sweller, 1988). These studies suggest that
active problem-solving early in the learning process is a less effective
instructional design than studying worked examples (Cooper & Sweller, 1987;
Sweller & Cooper, 1985). Active problem-solving is more practical as students
become more competent, skilful, and better able to deal with their working
memory limitations. Even though in the early stages students find it difficult to
process a large amount of information and detail, once they gain expertise and

prowess, the scaffolding inherent in PBL helps students address these issues.

Sweller (1988) suggests that cognitive theory can explain how novices or

beginners react to problem-solving during the early phase of PBL. Sweller et al.
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(1998) say teachers should provide a worked example early on, and then provide a
gradual introduction of problems to be solved. Other options early in the learning
process include goal free problems, later replaced by complete problems, with an
eventual goal of students solving problems on their own. Tudoreanu and Kraemer
(2008) suggest that learning activities that involve effective animations also
improve learners cognitive load; whilst Rouet (2009) suggests that, at first, the
facilitator or instructor should manage three important elements in order to
manage cognitive load in students, reducing irrelevant sources while optimizing
useful sources of load. The elements are individual, task and also environment. In
PBL, many forms of scaffolding have been used to reduce the cognitive load of
students, but they share the notion of slowly transiting from studying examples to

solving problems more independently (Sweller et al., 1998).

2.3.3 Enhancement of Learning via PBL

The literature thus suggests that PBL can be an effective means of enhancing
student learning, and there has been a substantial amount of research that seeks to
provide evidence to support this. Hmelo-Silver, Duncan, and Chinn (2007), for
example, comment that PBL is a good way of using constructivist problem-based
learning and inquiry-learning methods. There is evidence that PBL sustains the
expansion of reasoning skills (e.g., Hmelo-Silver, 1998), problem-solving skills
(e.g., CTGV, 1992; Gallagher, Stepien, & Rosenthal, 1992), and self directed
learning skills (e.g., Hmelo-Silver & Lin, 2000). As an example Horwitz,
Neumann and Schwartz (1996) developed a project named GenScope, an inquiry-
based science software. Students using GenScope software showed significant

advances in sophisticated domain reasoning (effect-to-cause).

Knowledge in this millennium is increasingly characterized by creative
integration of information and learning from diverse disciplines. For these
disciplines, PBL is probably the most extensively used tool (Ward & Lee, 2002),
and many educational institutions worldwide have used PBL in educational
reform and curricular innovation (Tan, 2004). Various studies using PBL in many
disciplines, including in science, chemistry, biology, marine, and management,

suggest that PBL works especially well for complex, multi-disciplinary subjects
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like medicine. Koh, Khoo, Wong, and Koh (2008), for example, reported that
trainee doctors who learnt via PBL in a medical school showed enhanced social
and cognitive competencies, such as coping with uncertainty and enhanced
communication skills. Colliver (1993) likewise reports gains in clinical skills (see

also Blake, Hosakawa, & Riley, 2000, for more work on medical school).

A key feature of PBL is the way it can help students to take charge of what they
learn (Spronken-Smith, 2005). This involves students taking responsibility for
their own learning, learning to build their own prior knowledge, focusing on the
process of knowledge acquisition (rather than on the products of such processes),
movement towards self-and-peer assessment, and a focus on communication and
interpersonal skills (Boud, 1985). As an example, work by Sulaiman (2004)
indicated that undergraduate physics students enjoyed the PBL delivered online,
and it helped them to communicate their science ideas better (see also Duch,
1996).

Reasons have been proposed as to why PBL may enhance learning, and it seems
that increased success of students involved in PBL is based on the ability of PBL
to activate prior knowledge more effectively (Jones, 1996). It does this by virtue
of the fact that the increased elaboration of information promotes mental
processing, greater understanding, and recall, the latter supported by the notion
that learning occurs in a context that resembles real-world situations (Finucane et
al., 1998).

2.3.4 Students’ Perception of PBL

Research about PBL also has focused on how easily students adapt to what, to
many, is a very different learning approach. The results vary with some studies
suggesting PBL is acceptable to students, and others indicating that although a
PBL-based curriculum is initially perceived positively, there are limitations and
restrictions and ways that PBL can be improved. Studies that report positive
findings are presented first, followed by those that were positive about how well
PBL was received by students.

36



CHAPTER 2 Literature Review

The nature of students’ motivation in PBL may depend on their academic or
professional discipline of study (Dahlgren & Dahlgren, 2002). For example, PBL
students in medical school report being satisfied with their learning, and more
confident in their understanding than those taught traditionally (Albanese &
Mitchell, 1993; Vernon & Blake, 1993). PBL also is popular with younger
learners (see e.g., Albion & Gibson, 2000; Gordon, Rogers, & Comfort, 2001,
Stepien & Gallagher, 1993), because young students feel the PBL approach, with
its active learning and teamwork, makes learning relevant and enjoyable. In
addition, teachers report that younger students’ behaviour improved when PBL
was utilized (Albion & Gibson, 2000).

The literature suggests that PBL works well with complex abstract subjects like
physics. Kampen, Banahan, Kelly and McLoughlin (2003), for example, report
that students studying thermal physics found the topic significantly more
interesting and relevant. Such a positive perception of PBL may be because it
inspires greater motivation and provides satisfaction, because it provides
demonstrable and tangible outcomes (Earthman & Nieves, 2000; Gackowski,
2003; Sulaiman, 2004). Students also report PBL as an effective means of
learning their course material (Sulaiman, 2004). Typically, such students
emphasized the ‘realistic’, ‘hands-on’, and/or ‘big’ picture’ qualities PBL
provides. Moreover, students report they accrue teamwork skills, and becoming a
more resourceful learner. Positive comments also typically mention that PBL
improved students’ learning process, communication skills, and ability to solve

real-world problems (Gackowski, 2003).

At least some part of these positive perceptions of PBL may be due the
differences in assessment of learning in PBL approaches. Bowe (2005) reports
that, in PBL, the assessment strategy is seen by the students as supportive and
helpful in terms of their development as a member of learning group — in other
words, the formative nature of the assessment was appealing. Other factors are
the supportive nature of the PBL learning environment, with Sulaiman (2004)
reporting that students find their skills in the discussion room improve when they
can talk on any particular matter about their study without anxiety or being
rejected by their friends (see also Bowe, 2005). Motivating factors also come
from the realism that experiential learning brings into the process (Gackowski,
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2003). Such features of the learning environment enhance students’ affective,
attitudinal, ethical and behavioural dimensions of learning (Gackowski, 2003).
Students also report that PBL helps them to address real-life challenging problems
though engaging with their own learning processes, meaning they had to become
self-directed learners and to collaborate with and rely on peers as well as
confronting the challenges of group dynamics (Spronken-Smith, 2005).

Recent research suggests that students think greater engagement with real-life
problems/tasks created in PBL scenarios encourages them to think about the
diagnostic processes involved in problem-solving (Gossman, Stewart, Jaspers, &
Chapman, 2007). For example, PBL provides motivation and encourages
discussion about searching for information, and students say this makes them
more capable, and increases their ability to solve problems more appropriately in
physics (Kampen et al., 2003; Sulaiman, 2004). Students thus are generally
enthusiastic about PBL, and welcome the approach, finding it a refreshing and
enjoyable change from traditional teaching (Spronken-Smith, 2005). There also
appears to be evidence that students take more responsibility for their learning and
are able to apply the skills acquired in subsequent lectures and laboratories
(Kampen et al., 2003), with many students keen to see PBL used for other topics

and courses (Sulaiman, 2004).

Students’ perceptions of PBL fall into four main categories (Spronken-Smith,
2005): students’ understanding of PBL; initial struggles with PBL instruction; the
domination of PBL in study; and skills gained in PBL. Some students see PBL as
something of a burden because the format of the course is so unlike a traditional
class or lecture (William, Macdermid, & Wessel, 2003). Nevertheless, Spronken-
Smith (2005) says that whilst PBL is not favoured by all students, the majority
value PBL because although it is challenging, students feel empowered as
learners. This view resonates with the views of Harland (2002) and Silen (2004)
who report that PBL students developed a new awareness of learning and
metacognition — consistent with the beliefs of Biggs (2003) and Ramsden (2003)

that in a PBL course, students are more likely to take a deep approach to learning.

Hmelo-Silver (2004) claims that there is little research that bears directly on the

issue regarding students’ motivation, rather than their satisfaction and confidence.
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He insists that enhancing student motivation is purported to be a major advantage
of PBL, because learning issues arise from the problem (in response to students’
need to know), meaning that intrinsic motivation is enhanced. However, some
students resist changing their way of learning, and do not like working
collaboratively. Derry, Levin, Osana, Jones, and Peterson (2000) argue that such
views may be as a result of the amount of time taken up by PBL or that the topic
is not appropriate to PBL, since students need time to understand the nature of
PBL (see also, Kampen et al., 2003; Sulaiman, 2004). The literature suggests
there are a number of ‘worst case scenarios’ for implementing PBL: the problem
itself can create confusion and frustration among learners; the instructors’ role
may result in ineffective facilitation and superficial discussion; and the learner can
experience helplessness with little sense of learning, resulting in a failure to learn

either content or process skills (Tan, 2004).

2.3.5 Summary of Literature on PBL

In summary, the literature suggests that students in general are fairly positive
about PBL instruction, and that there are useful gains in terms of student learning
and skill development. Educators and curriculum developers, however, need to
ensure good preparation of students; design good problems; and carefully
construct dynamic PBL curricula. PBL effectiveness is a result of the successful

interplay of forces pertaining to the problem, the instructor and the learner.

Students’ experiences point to a need to prepare mindsets and ensure good design
of problems and PBL curriculum. Schmidt (1993) proposes the structuring of
knowledge in PBL in the following way: initial analysis of the problem/s and
activation of prior knowledge through small-group discussion; elaboration on
prior knowledge and active processing of new information; restructuring of
knowledge, construction of a semantic network; social knowledge construction;
learning in context; and stimulation of curiosity related to presentation of a
relevant problem. The literature suggests that PBL is likely to be successful when
we develop students’ confidence in independent learning, and scaffold them
towards learning that is closer to the real world. Hence, for effective PBL

implementation, there is a requirement for staff to be competent in terms of
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process skills (i.e., handling group dynamics, energy, questioning skills,
facilitating meta-cognition, etc.), and to be able to identify, articulate and assess

these skills.

24 CREATIVITY AND CREATIVE THINKING

Creativity or creativeness is a mental process or mental activity involving the
generation of new concepts or theories, or new associations between existing
concepts or theory. The product of creativity, ideas and opinion, from a scientific
point of view (sometimes referred to divergent thought) is usually considered to
have both originality and appropriateness (Cowley, 2005; Harris, 1998b). An
alternative, more everyday conception of creativity is that it is simply the act of
creating something new, that was not there before (Awang & Ramly, 2008). A
full literature definition of creativity is explored later; first the importance of

creativity in the Malaysian context is discussed.

2.4.1 Creativity in the Malaysian Context

As noted in Chapter 1, the fact of almost 70 percent of the graduates from public
universities in Malaysia being unable to secure employment is a cause of
considerable anxiety, and local commentators consider that many Malaysian
university graduates remain unemployed because they lack creativity and soft
skills (Nain, 2010). The President of Malaysian Association of Creativity &
Innovation (MACRI), Datuk Ghazi Sheikh Ramli, claims that the creativity of
Malaysians is suppressed by the education system, and a perceived need to follow
societal norms. He adds that Malaysian society generally puts many barriers and
constraints on children’s learning, arguing that children need space to grow, and
when this space is not given, it slowly Kills their natural inborn creativity. Ghazi
claims that in more open societies, students are not subjected to such mental

blocks, and can freely challenge the opinions of their lecturers and elders.

In the formal Malaysian education system, education about thinking emphasizes
skills such as of analysis, teaching students how to understand claims, follow or

create a logical argument, figure out the answer, eliminate incorrect paths and
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focus on the correct answer. However, Harris (1998b) suggests there is another
kind of thinking we should foster, one that focuses on exploring ideas, generating
possibilities, looking for many right answers rather than just one. Both of these
kinds of thinking are vital to a successful working life, yet the latter tends to be

ignored until after college in Malaysia.

In Malaysia, efforts are being now made to encourage creativity through
curricular and co-curricular activities (Utusan Malaysia, 2008; Yong, 1986; Yong,
1993). As stressed by the Deputy Prime Minister of Malaysia recently, Tan Sri
Muhyiddina Yassin (who also acts as the Minister of Education) said that the
Malaysian education needs to be transformed urgently to enhance economic
development based on creativity and innovation (Zakaria, 2010). Thus, teachers
are encouraged to use pedagogies to promote creativity, and students are likewise
encouraged to be innovative and come up with new ideas. Students are
encouraged to participate in creative activities by allowing them to become
conscious of the ways in which they think and learn. The way of thinking will
also attempt to involve students in the teaching-learning process through
evaluations of what is taking place during learning, and can provide a window

into the student’s creativity.

2.4.2 Definitions of Creativity and Creative Thinking

As noted above, most people probably think of creativity in fairly simplistic
terms, but it is actually quite a complex notion. Creativity has been studied from
the point of view of behavioural psychology (e.g., Fink, Graif, Neubauer, 2009),
social psychology (e.g., Reckhenrich, Kupp, & Anderson, 2009), drama (e.g.,
Karakelle, 2009), psychometrics (e.g., Keri, 2009), cognitive science (e.g., Gale,
2009), architecture (e.g., Styhre & Gluch, 2009), engineering (e.g., Awang &
Ramly, 2008), instructional strategy (e.g., Hall, 2009), accounting (e.g.,
Omurgonulsen & Omurgonulsen, 2009), economics and management studies
(e.g., Bergstorm, 1991; Cunningham & Higgs, 2009) and many more. In addition,
there is variation in terminology used in the literature: creative, creative thinking

and creativity all are used interchangeably.
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In general terms, to be creative is viewed as the ability to create (e.g., to be
imaginative, innovative, or artistic). What is created is characterized as being
original and new or formed by a new process (Awang & Ramly, 2008; Bergstorm,
1991; Weisberg, 1986). Similarly, creative thinking is the specific thought
processes which improve the ability to be creative. It is also considered as a series
of mental actions which produce changes and development of thought, and the
process of exploring multiple avenues of action or thought. While creativity may
be defined as the ability to produce work that is both novel (e.g., original,
unexpected) and appropriate (e.g., useful, adaptive concerning task constraints)
(Lubart, 1994; Ochse, 1990; Sternberg, 1988b; Sternberg & Lubart, 1991; 1995;
1996), the ideas must be of high quality. Hence, a creative response to a problem

is new, good, and relevant (Kaufman & Sternberg, 2007).

Creativity has been credited to a variety of sources: to divine intervention,
cognitive processes, the social environment, personality traits, and chance events
such as ‘accident’ and ‘serendipity’. It has been linked with genius, mental illness
and also humour. Some also say it is a habit or characteristic we are born with;
others say it can be taught with the implementation of simple technigques such as
ordinary cognitive processes (Weisberg, 1999). Although well known and often
associated with art and literature, creativity is also an essential part of innovation,
invention and discoveries, and is important in careers such as business,
economics, architecture, industrial design, architecture, and engineering
(Facaoaru, 1985; McKinnon, 1983). In spite of, or perhaps because of, the
ambiguity and multi-dimensional nature of creativity, entire industries have been
spawned from the pursuit of creative ideas and the development of creativity
techniques. This mysterious occurrence, though undeniably important and
continuously perceptible, seems to lie tantalizingly beyond the grasp of scientific

study.

Gardner (1983, 1999) proposed a theory of multiple intelligences which he
applied to creativity, in which eight distinct intelligences function somewhat
independently, but interact to produce intelligent behaviour. Sternberg (2005), on
the other hand, suggests that there are at least three different forms of multiple
creativities: processes, domains, and styles. Multiple creativities occur if creativity

is not only multidimensional, but multiple in nature. Taylor (1988) argues that the
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root of the word in English and the most other European languages, comes from
the Latin creatus literally ‘to have grown’. He claims that creativity is displayed

in the production of creative work that is original and useful.

There are more than 60 different definitions of creativity reported in the literature
(Taylor, 1988) and it is beyond the scope of this literature review to list them all.
However, Harris (1998b) suggests there are three main words which can describe
creativity: an ability; an attitude; and also a process. These are described in turn.

I. An ability

A simple definition is that creativity is the ability to imagine or invent something
new. Creativity is not the ability to create out of nothing, but the ability to
generate new ideas by combining, changing, or reapplying existing ideas. Some
creative ideas are astonishing and brilliant, while others are just simple, good,
practical ideas that no one seems to have thought of yet. Harris believes that
everyone has substantial or considerable creative ability. Creativity, he argues, has
too often been concealed through education for adults, but it is still there and can
be reawakened. Often, all that is needed to be creative is to make a commitment to
creativity, and to take the time for it.

ii. An attitude

Creativity is also an attitude: the ability to accept change and newness; a
willingness to play with ideas and chances; a flexibility of outlook; the habit of
enjoying the good, while looking for ways to improve it. Learners are socialized
into accepting only a small number of permitted or normal things, like chocolate-
covered strawberries, for example. The creative person realizes that there are other
possibilities, like peanut butter and banana sandwiches, or chocolate-covered

prunes.

iii. A process

Creative people work hard and continually to improve ideas and solutions, by

making gradual alterations and refinements to their work. Hence, we can view
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creativity as a process of continual improvement. Contrary to common myths
surrounding creativity, very few works of creative excellence are produced by the
process of a single stroke of brilliance or in a frenzy of rapid activity. Much closer
to the real truth are, for example, stories of companies who had to take the
invention away from the inventor in order to market it because the inventor would
have kept on tweaking it and fiddling with it, always trying to make it a little
better. The creative person thus feels that there is always room for improvement.

Torrance (1967, p. 74) sees creativity as:

...the process of becoming sensitive to problems, deficiencies, gaps in
knowledge, missing elements, disharmonies, and so on; identifying the
difficulty; searching for solution, making guesses, or formulating
hypotheses about deficiencies; testing and retesting these hypotheses
and possibly modifying and retesting them; and finally communicating
the result.

Costa (1985) defines creativity as a process or action that will produce something

new and original and authentic.

2.4.3 Characteristics of Creativity

Claxton, Edwards, and Scale-Constantinou (2006) grouped the dispositions or
characteristics of creativity into six main themes. Taken together, they form the
acronym CREATE, as provided in Table 2. CREATE serves to make general
point that ‘being creative’ is more than being able ‘to do’ ‘mind maps’ and

indulge in brainstorming.
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Table 2
Disposition for characteristics of creativity (adopted and adapted from Claxton et
al., 2006)

Acronym Statement

Curiosity If something bothers a creative person, they will seem to have an appetite
for questioning that sometimes borders on the obsessive, more likely the
questioning dispositions manifests most strongly in their particular domain
of creative expertise.

Resilience Genuine creativity is demanding, complicated, not simple and easy and it is
certainly not the case that ‘anything goes’. Whether the sense of creative
satisfaction derives from meeting an external challenge or from inner need
to capture and express something through an artwork, creative people have a
accented feeling for what is ‘right” which often make them always doubt the
simple answer. The ‘quality’ that they sense, and the tolerance for effort and
frustration that the commitment to quality entails, is essential to creativity.
That capability to allow confusion and frustration, to relish a challenge, and
not to give up prematurely, has to be core attribute of creative people.

Experimenting  Creative people like disordering around with ideas, opinions, materials,
actions and possibilities. Though their projects are dear to them, they have a
playful approach to answer, and are always on the lookout for new angles
and views.

Attentiveness The discoveries of experimenting cannot be gathered and put to good use if
they are not noticed. A propensity for intense, effortless concentration, are
the kind of dispositions that creative people must have. They are able to let
themselves go into their experience (or into their imagined worlds) whole
heartedly, and become rapt, engrossed and absorbed.

Thoughtfulness ~ Their creativity powerfully acts upon how people make use of the private
rooms and resources of their own. The attribute such as ‘thoughtfulness’,
pondering over questions and chances, carefully reasoning and
methodically, being sensitive to that inner feelings of rightness is another;
allowing and enjoying the semi-autonomous play of images and metaphors
that happen in states of reverie; having a mental attitude of ‘respectful
skepticism’ towards hunches; knowing when to keep trying to figure
something out, and when to give up; and relax-being a skilful orchestrator of
their own states of mind and mental modes - is very much a help.

Environment- Creative people seem to know that their physical and social environment can
setting make a big difference. They need different kinds of settings, support (or
challenges) at different points. As far as possible, they are consistent with
their social world so that it supports the kind of reasoning that they need to
do. They also seem to surround themselves with people who are going to
support their creativity - whether emotionally, intellectually or practically.
They also seem to know how to use the rhythms of time to balance different
kinds of thinking. Their daily rhythm allows for both hard work and reverie;
they know the worth of breaks and holidays. They know the places and the
times of day that seem conducive to the muse.

Rhodes (1961) makes a useful distinction between the characteristics of the
creative person, the creative product, the creative process, and the creative ‘press’
or environment. Boden (2004), however, argues it is important to distinguish
between ideas which are psychologically creative (i.e., which are unusual to the
individual and particular mind which had the idea), and those which are
historically creative (i.e., which are unusual with respect to the whole of human

history.  Boden, drawing on ideas from artificial intelligence, defines
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psychological creative ideas as those which cannot be constructed by the same set
of generative thought as other, well known, ideas. Consistent with this, Koestler
(1964) suggests embedded in the notion of creativity is a concomitant presence of
motivation and inspiration, cognitive leaps, or intuitive insight as a part of creative

thought and action.

Wiesner (1967) observes that there is an important characteristic of creativity in
the contributions in science that is not significantly present in creative
contributions in many other fields, namely that these creative acts or outputs are
quantitatively definable with a logical relationship to pre-existing scientific
present knowledge. Thus, although the emotional and intuitive appeal of a new
idea or concept, or its artistic affluence, may make it creative in philosophic or
artistic feelings, in science it must also meet the standard of being logically
relatable, in quantitative terms to the body of science in order to be considered
scientifically ‘productive’. Wiesner (1967) agrees, adding that the new science
idea must clearly follow from what is already known, if it is to result in

enrichment of available scientific knowledge.

2.4.4 Process of Creativity

As noted above, creativity can be viewed as a process of being creative; in other
words, as a series of actions that take place, resulting in new ideas, thoughts, or
physical objects. Creativity is then the blending of ideas, theories and opinion,
which have not been merged before. This raises the question as to what kind of
process take places in order to classify the thought process as creative. One
creativity process is brainstorming, which works by merging ideas to create a new
idea; and the individual thus uses or builds on others’ ideas to stimulate new ideas
(Infinite Innovations, 2009). The creative thinking process provides the method
for deliberately combining ideas in ways one would not normally come across or
think about; the attitude to accept change; and the process to continue to improve
(Harris, 1998a).

Creativity can be used to develop a new idea by using special techniques (Awang
& Ramly, 2008). These techniques force the consolidation of a range of ideas to

trigger new thoughts and processes. Brainstorming activity is one special
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technique, but traditionally we start with unoriginal ideas, and if we use a
deliberate technique, evolution of products or ideas happens more rapidly than by
accidental techniques. People considered as creative are likely to use this
deliberate technique, but may not be aware they are doing so because they have
not been formally trained in such techniques. Thus, if someone can learn how to
use deliberate techniques, for example, when recognizing and defining problems,

he or she too may become more creative (Moore, McCann, & McCann, 1985).

Cowley (2005) argues that creativity is a process that involves taking imaginative
and innovative approaches to whatever we do — seeing pretty much anything and
everything as a chance to shape something that did not exist before, with the
aspiration of advancing the sum total of human existence. Cowley goes on to say
we can enhance the creativity process via two phases. The first phase is to find
and work with an initial idea or impulse, playing around with the thoughts that we
produce and sometimes searching for other material to develop our thinking. The
second phase is the process of putting order onto those initial ideas, with the hope
and intention of producing some kind of end product, although, this will not
necessarily be achieved. These two phases overlap, and vary according to the task
at hand and the person or people undertaking it. Weisberg (1986, 1988; 1993;
1999) claims that creativity involves essentially ‘ordinary’ cognitive processes
yielding extraordinary products. Weisberg (1999) reports that insight depends on
subjects using conventional cognitive processes (such as analogical transfer)

applied to knowledge already stored in memory.

Torrance and Hall (1980) believe that creativity includes special aspects of the
processes outlined by Cropley (2003). Specifically, Torrance and Hall stress
processes such as uniting divergent ideas by putting them into a familiar context;
being able to imagine, at least as a theoretical possibility, almost anything;
enriching one’s own thinking through the application of fantasy; adding spice to
one’s thinking through the use of humour. Necka (1986) proposes a similar triad
framework for creativity that goes beyond purely cognitive or thinking processes,
to encompass motives and skills, although thinking is still very significant in his
method. The aspects he stresses include forming associations, recognizing
similarities, constructing metaphors, carrying out transformations, selectively

directing the focus of attention, and seeing the abstract aspects of the concrete. It
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is important to realize that creativity processes may show a number of
dimensions. According to Johnson (1972) these are sensitivity to problems and
difficulties by the creative ‘agent’; originality, ingenuity, unusualness, usefulness;
appropriateness in connection to the creative outcome; and intellectual leadership

on the part of the creative agent.

In science, creativity as a process may include a component or element of chance.
Pauling suggests that when one creates scientific theories and hypothesis, one
must endeavour to come up with many ideas, and then discard unimportant ideas
(as cited in Wapedia, 2007). He describes creativity as ‘assumptions breaking
processes.” Creative ideas may then be generated when somebody ‘tosses out’
preconceived conjectures, and decides on a new procedure or method that seems

unimaginable to others.

Cropley (2003) suggests that when new information is considered novel it is
common to speak of ‘creativity’, whereas what in fact has happened involves
processes of using existing information to construct new or advanced information.
These processes include selecting from among the masses of information
available at any moment (i.e., perception is not simply a passive acceptance of
everything that impinges on the senses or is already stored in mind); relating new
information to what is already known; combining elements of new and old
information; evaluating newly emerging combinations; selectively retaining
successful combinations (i.e., which may then function as new information,
returning the process to the phase of relating elements of information); and then
communicating the results to others. However, according to Sternberg (2005)
creativity should not necessarily be considered as a process, or even multiple
processes. Instead, Sternberg (1988) provides a three-facet model of creativity,
and differentiates between three components: intellectual, personal and style. He
places most emphasis on creativity style, which he claims arises from special
cognitive processes, such as adapting successfully to special circumstances,
recognizing opportunities, finding order in chaos and building broad categories.
Creative people, according to Sternberg, can tackle new problems, recognize
possibilities, cross boundaries, or find order in apparent chaos. Sternberg says a
creative person also brings forth more ideas more quickly, and expresses them in a

more understandable way to others. Mehlhorn and Mehlhorn (1985) agree, and
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say that highly creative people resemble each in such traits, and less creative

people posses fewer such traits.

2.4.5 Importance of Creativity

If creativity is something that is inherent, then should we bother to study creativity
or try to enhance creativity? Creativity, some authors argue, is significant for
society since it is important for individuals who are more fulfilled when creative,
and who do not need to be the next Einstein to manifest creativity (Bergstorm,
1991). Consistent with this, the literature on creativity focuses on the ordinary,
rather than the extraordinary. The assumption here then, is that an ordinary
person also can be creative (Craft, 2001a, 2001b; National Advisory Committee
on Creative and Cultural Education [NACCCE], 1999; Seltzer & Bentley, 1999),
and that this is something educational institutions at all levels should seek to
enhance. Why is creativity important in education, and especially in higher
education? The argument here is that we are constantly dealing with a changing
world. From a purely economic viewpoint, globalization and competition have
produced new challenges for business. Some corporations have ‘discovered’
creativity, and according to Munroe (1995) 70 percent of the cost of a product is
determined by its design, so that creative design can lead to substantial savings in
production. As a result, creativity training for employees is now widespread
(Clapman, 1997; Thakray, 1995). Cowley (2005), however, urges caution, saying
when an aspect of education becomes trendy - be it learning styles, thinking skills,
or creativity - it is all too easy to get pulled into doing it because others say that it
is crucial. If our target is to enhance creativity in our students, our schools, and
also in society, then we really need to have a clear understanding about why it is
really important to do this. We need to believe that it is worthwhile and there are
many reasons why it might be important to take a creative approach to what we
do. Cowley (2005) provides several reasons as to why creative thinking is

important.

The first reason is it’s enjoyable. Being creative can be fun and enjoyable: putting

some music on and letting one’s body bend and stretch to the beat; getting some

paint out and making a mess as one tries to paint a picture; singing at the top of

one’s Vvoice in the shower, and so on. In school, letting students have fun is one
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way we can seek to avoid children’s disaffection, and lack of engagement in
learning. The second reason is advancing humanity. Creativity can develop in all
domains of human existence, from the important scientific discoveries, to the
aesthetically pleasing paintings of great artists, and absorbing opera. The students
we teach might not yet be working at the level of the creative genius, but there are
likely to be children sitting in classrooms who will advance humanity during their
lifetimes. The third reason is creative thinking can impact on our world. In a
world that seems to be ever more complex and diverse, we can be left feeling
adrift from our community. The ability to be creative gives us at least some
feeling that we can impact on, make sense of, or better, the world in which we live
- than we can, in some small way, make a contribution. Another reason that we
should pay attention is where creativity is a culture of expression. Creativity is
very much an aspect of an individual’s own cultural practical knowledge. People
need to reveal themselves in a way that has its origins in the culture from which
they come and in doing so they become part of an ongoing tradition. They can
also fortify their friendships and connections with the society in which they live,
by expressing their own creative spontaneity. In a multicultural society, lifestyles
need to be mixed and intermingled, and creativity may enhance positive
connections between different cultures in society (Cowley, 2005). A sense of
unity is another reason why creativity is significant - when learners do produce
something in conjunction with others, this promotes a unique bond between them,
and some creative endeavours are only made possible through teamwork that
occurs during such collaboration. Creativity also has the capacity to enrich our
lives. Creativity is a crucial part of us as human beings, and it is, for example,
hard to conceive of a world without music, art, and books. Our lives would be
less rich without the artistic and personal pleasure that the creative impulse can
provide. Creativity can give us a sense of personal fulfilment with the end
product, such as a beautiful watercolour, or by being involved with the creative
process. Such a sense of creative fulfilment contrasts with the destructive
impulses that can arise when an individual has a low sense of dignity or
fulfilment. The notion of success for our society is an important aspect of
creativity, because a society where expertise is highly valued can result in benefits
for society, for example, excellence in the manufacturing of new and exciting

products. Change and adaptations are of importance since our world keeps
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changing, meaning we need the ability to adjust to rapidly changing situations -
learning to use and adapt new technologies, or adapting to different careers.
Creativity helps learners to find ways of adapting, adjusting and reorganizing in
changing situations. Creating something beautiful or worthwhile can give people
improved self-esteem as a result of their accomplishment - the ‘I did that!” feeling.
The ninth reason is discovering our own strengths. Achievement or
accomplishment is not just about academic ability; it also is about harnessing an
individual’s creativity, giving them the chance to discover their own strengths and
abilities. For those who find the more academic subjects difficult, discovering an
innate sense of creativity can make a real difference in maintaining engagement at
school. The final reason why creative thinking is important is problem-solving.
Creativity is a valuable aspect of problem-solving. With a creative frame of mind,
an individual can discover different ways of resolving problems they already face;

and searching for those problems which have not yet become apparent.

2.4.6 Creativity in Higher Education

William (1977) argues that higher education is the ‘dominant force’ in education,
and that students in higher education merit special investigation. What a
university teaches, plays a major role in the advancement of society as a whole.
The Western democracies were shocked by the so-called Sputnik issue and many
authors claimed, post-Sputnik, that higher education is indifferent or even hostile
to creativity (see e.g., Farquhar, 2010). As an example, a survey by the Australian
government in 1999 reported that universities were not providing necessary
training in creativity. According to employers in the survey, only three-quarters
of all new graduates in Australia, regardless of discipline, were ‘suitable’ for
employment because of ‘skill deficiencies’ in creativity, problem-solving, and

independent and critical thinking (Cropley, 2001).

In order to address such criticism, the connection between change and education

has received considerable attention in the literature recently. Neice and Murray

(as cited in Cropley, 2003) call for a ‘pedagogical ethic,” familiarized to coping

with change. The critical concern, they argue, is that people need to be able to

adjust to change that is both rapid and sweeping. They need to do this, both for

their own well-being, and to foster flexibility, the skill to produce novelty, and the
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ability to tolerate uncertainty. Mezirow (1990), one of the most prominent writers
in recent discussion of post-school education, endorses an earlier call by Botkin,
Elmandjra, and Malitza (1979) for higher education that can bring change,
renewal and restructuring. The teaching of creativity is, it is argued, necessary for
modern students in higher education; the world of tomorrow belongs to the
problem finders and solvers of today. Educators thus need to help students
become masters of the present, and creators of the future. The notion here is that
if one wanted to select the best novelist, artist, entrepreneur, or even chief

executive officer, one would most likely want someone who is creative.

However, it is not clear from the literature how we might foster creativity in
higher education. Claxton et al. (2006) say there is good evidence for the
development of the disposition to make use of imagination in the course of routine
learning, but in a critique of this work, Persaud (2007) claims that there is little
evidence that children develop a deeper insight into what judgement external
critics might pass on the products of their imagination. Claxton et al. claim that,
in so far as education has acknowledged creativity at all, it has commonly focused
on ‘allowing’ rather than ‘developing’ creativity, on arts-based ‘expression’ rather
than broader or deeper kinds of creativity; and on the role of techniques rather
than dispositions. Claxton et al. also suggest that there are more generic habits
and dispositions of mind that seem to be supportive of creativity. It is then, they
argue, necessary to use such terms - rather than the more common ‘skills’- to
emphasize that creativity relies not just only the ability to think, attend or reflect

in certain ways, but on the inclination to do so, and to take pleasure in doing so.

2.4.7 Teaching Approaches Reported to Enhance Creativity

There are a number of teaching approaches reported to improve creativity and
creative thinking in students. These include online courses (Mintu-Wimsatt,
Sadler, & Ingram, 2007); a collaborative approach to teaching and learning (Liu,
2006); and open-ended problems (Kwon, Park, & Park, 2006). There is also
interest in the role information and communication technologies (ICT) generally
can play as cognitive tools, and it seems that creative thinking can be stimulated
through the use of ICT integrated into curricular activities (Allegra, Chifari, &
Ottaviano, 2001). Awang and Ramly (2008) report that once creative ideas are
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generated through the PBL approach, there are useful techniques to develop these

‘tender’ ideas so that they may grow into a productive concept or solution.

Juremi (2003) reports that creativity can be developed through the PBL approach
from blended learning activities such as generating ideas, small group discussion,
reasoning, finding information individually in individual own ways, selecting
appropriate knowledge for problems, and experimenting. The result of her work
suggests that students who have been taught through PBL showed significant
improvement in flexibility and originality elements of creative thinking compared
to their control-group counterparts. Research by Tan (2000) suggests that
students’ creativity can be enhanced through cognitive functions such as
associative thinking, analogy, imagery, taking multiple perspectives, release from
unwarranted constraints, flexibility, fluency, originality, desisting from premature
conclusions and elaboration. These aspects are vital to building up skills
associated to learning to learn and problem-solving. In addition, Dewett and
Gruys (2007) claim that creativity type activities implemented in a classroom
situation, improve students’ creativity when they join organizations. This is
because students will be more cooperative, tolerant and understanding of each
other when working in an organization. Awang and Ramly (2008) say that by
blending learning activities in PBL such as brainstorming to identify problems,
generating and implementing plans for finding solutions, creating a product on a
small scale to become the solution, then coming together to communicate their
findings, solutions and conclusions does really improve students’ creativity in all
three main elements (fluency, flexibility, and originality). Allegra et al. (2001)
suggest that creative thinking can be improved and aroused by using ICT as
learning tools, for content delivery medium and, integrated with the curricular
activities such as scaffolding, guides students to boost their diverging thinking
throughout increasingly complex activities of creative writing, utilization of
multimedia systems and online resources, and eventually the design and
development of a hypertext. Kwon et al. (2006) report successfully implementing
an open-ended approach in teaching students to become more divergent (one
important element in creative thinking). By giving open-ended problems to
students, they can either identify their own approach and clarify the rationale for
their choice, or they can also use high-dimensional thinking skills and employ

divergent thinking in the search of their own solutions. These activities encourage
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diverse thoughts, since an open-ended problem contributes towards boosting
divergent thinking. In the course of searching for diverse solutions and various
approaches, students can put forward many ideas freely (fluency), and formulate
other efforts to create new strategies to engage in the problem where others do not
succeed (flexibility), and think up very knowledgeable and unexpected ideas

(originality).

2.4.8 Creativity and Critical Thinking

It is widely reported that the development of creativity and critical thinking can be
beneficial for both the individual student and society (Sternberg & Lubart, 1995),
moreover Moore, et al., (1985) suggest that “the methods of modern science are
both creative and critical thinking” (p. 6). The meaning of creativity is frequently
intertwined with critical thinking, and a number of authors have written about
these different terms at the same time. Creativity, as noted above, is considered to
be involved with the creation or generation of new ideas, processes, experiences,
or objects. However, critical thinking is concerned with people’s ability to engage
in evaluation (Klenz, 1987). Can creativity be related to critical thinking? Some
authors suggest that creativity and critical thinking are in fact opposed to each
other (see e.g., Marrapodi, 2003), but others see them as functioning
complementarily (Bleedorn, 1993; Menssen, 1993). It also is argued that it is
difficult to distinguish two separate kinds of thinking, and it is suggested that our
focus should be on good thinking in the context of the rules, methods and criteria
of specific domains (Bailin, 1993). For example, a number of researchers say that
critical thinking involves not only logical, but also creative (intuitive) aspects
(Brookfield, 1987; Garrison, 1991; Meyers, 1986; Paul, 1993).

The Malaysian government has expressed a desire to foster both creativity and
critical thinking in students, as has been stressed by the former Prime Minister,
Tun Abdullah Ahmad Badawi in responding to the blueprint for education
development (2006-2010), “We want the development of modal insan [model
citizen], students who can think critically and creatively, who are able to solve
problems and have the ability to adapt themselves to an ever-changing global
environment” (Badawi, [speech] January 16, 2007). Therefore, based on this
matter, it is important to investigate the relationship between creativity and critical
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thinking in this thesis. Thus literature on critical thinking is detailed in the next

section.

2.5 CRITICAL THINKING

As noted above, the Malaysian government wishes students to become better
critical thinkers, but this represents a big challenge to educators and curriculum
developers. Careers such as an architect, businessman, scientist, engineer, medical
doctor need individuals to think ‘outside the box’, and to critically evaluate their
ideas. Based on research in cognitive psychology, some authors believe that
schools should focus more on teaching their students critical thinking skills,
intellectual standards, and cultivating intellectual traits (such as intellectual
humility, intellectual empathy, intellectual integrity, and fair-mindedness), rather
than on memorizing facts by rote learning. Bauslaugh (2004), for example, states
that the curriculum in colleges and universities is much too focused on academic
specialization, and is little concerned with equipping students to lead the lives
they would actually lead - as workers, as citizens and as responsible individuals.
He adds that more students should acquire some knowledge of the intellectual
traditions of the society they live in, they should learn to interact with others in a
civil way, they should learn how to critically evaluate evidence and draw
reasonable conclusions. In other words, they need to learn become critical
thinkers. There are a number of ways critical thinking has been conceptualized in
the literature, so the next section considers definitions of critical thinking, along
with the characteristics of critical thinking, the process of critical thinking, the
role of cognitive development in critical thinking, and the role and value of

critical thinking.

2.5.1 Definitions of Critical Thinking

Over the past decade, interpretations of critical thinking have constantly changed
(Huitt, 1998). Nevertheless, in summary, the definition of critical thinking
basically can be considered and characterized by skilful and responsible thinking
in which one studies a problem from all angles and perspective, and engages in

investigation to eventually come up with the best judgment, assessment, or
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opinion, using perspicacity to draw conclusions (Sies, 1998). Schafersman (1991)
comments that critical thinking means thinking that is reasonable, reflective,
responsible, and skilful - that is focused on deciding what to believe or do. There
is overlap between views of critical thinking and creativity, with Persaud (2007)
observing that creativity also can be defined as the cognitive operation by which
creative products are critically evaluated, selected, altered or dismissed by the
creator. A key feature of critical thinking embedded in such definitions is that of
higher ordering thinking skills, with critical thinking seen as disciplined self-
directed thinking, which is an example of the ideal of thinking advantageous to a
particular mode or domain of thinking (Paul, 1990). Lipman (1995, p. 146)
suggests that critical thinking must be related to judgement, saying, “critical
thinking is skillful, responsible thinking that facilitates good judgments because it:
(i) relies upon criteria, (ii) is self-correcting, and (iii) is sensitive to context.”
Lipman combines the concept of standards (criteria to measure achievement),
skills (especially cognitive) and personal judgment (making wise choices). In
other words, critical thinking consists of mental processes of discernment,
analysis and evaluation. The process of reflecting in order to form a solid
judgment that reconciles scientific evidence with common ideas is the essence of
critical thinking skills. But in current usage, ‘critical’ has a certain negative
connotation. Some authors argue that the term ‘analytical thinking’ conveys the
idea more accurately, since critical thinking involves synthesis, evaluation, and
reconstruction of thinking (Chance, 1986; Hickey, 1990; Huitt, 1998). McPeck
(1981) claims that the propensity and expertise to engage in an activity with
reflective skepticism is an important part of critical thinking. One can then regard
critical thinking as involving two aspects: (i) a set of cognitive skills, intellectual
standards, and traits of mind; and (ii) the disposition or intellectual commitment to

use those structures to improve thinking and guide behaviour.

Rusbult (2006) says critical thinking thus does not include simply the acquisition
and retention of information, or the possession of a skill-set which one does not
use regularly. Nor does critical thinking merely exercise skills without acceptance
of the results. The essence of critical thinking is, according to Rusbult, logic and
logical evaluation — by using reality checks and quality checks — something he

sees as a core aspect of scientific method. In support of this view, Watson and
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Glaser (1980) see critical thinking as a combination of cognitive and affective
dimensions, saying critical thinking is based on affiliation of attitude, knowledge
and skills. Based on the views of Dressel and Mayhew (1954), Watson and Glaser

propose four skills related to critical thinking:

i. Capability of defining problems;
1. Capability of choosing relevant information for problem-solving;
iii. Capability to develop and choose between relevant hypotheses; and

iv. Capability to make a legitimate conclusion and evaluate inferences.

To think critically then, an individual must learn general skills in problem-
solving, and be able to use knowledge in new settings. The general skills which
form critical thinking skills in relation to problem-solving form the Watson-Glaser

Critical Thinking Appraisal:

I. Making an inference;

Ii. Recognition of assumption;
iii. Deduction;

iv. Interpretation; and

v. Evaluation of argument.

In this research, the researcher will take into account critical thinking as defined
by Watson-Glaser (1980).

2.5.2 Characteristics of Critical Thinking

Definitions of critical thinking point to aspects or characteristics of a critical
thinker, leading some authors to conceptualize critical thinking in terms of the
characteristics of the thinking engaged in. Wade (1995), for example, says there
are eight characteristics of critical thinking: asking questions, defining a problem,
examining evidence, analyzing assumptions and biases, avoiding emotion,
reasoning, avoiding oversimplification and considering other interpretations, and
tolerating ambiguity. Stronm and Baukus (1995, p. 56) comment further on
dealing with ambiguity, something they see as an essential characteristic of
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critical thinking: “Ambiguity and doubt serve a critical-thinking function and are

a necessary and even a productive part of the process.”

Beyer (1995) elaborates on what he sees as the core characteristics of critical
thinking (Figure 1). Each of these characteristics, as conceptualized by Beyer, is

then discussed in turn.

Figure 1
Core characteristics as defined by Beyer (1995)

Core
Aspects of
Critical

Thinking

Procedures
Dispositions Criteria Argument Reasoning Point for Applying
of View Criteria

Dispositions
Critical thinkers are sceptical, open-minded, value fair-mindedness, respect

evidence and reasoning, respect clarity and precision, look at different points of

view, and will change positions when reason leads them to do so.

Criteria

Criteria must be used when we think critically, so we have conditions that must be
met for something to be judged as believable. Even though the argument can be
made that each issue or area has different criteria and requirements, some
standards are relevant to all subjects. A statement of evaluation and resolution has
to be based on significant, precise information; based on convincing sources;
clear-cut; unprejudiced; free from logical misleading notions; logically reliable;

and strongly reasoned (Beyer, 1995).
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Argument

Logical evidence must be presented to support a statement or proposition. Critical

thinking includes identifying, evaluating, and constructing arguments.

Reasoning

One must have the ability to infer a conclusion from one or multiple premises.

Relationships among statements or data require logical examination.

Point of View

The way one views the world, shapes one’s construction of meaning and
significance. Critical thinkers are required to view phenomena from various points

of view, in searching for understanding,

Procedures for Applying Criteria

Other types of thinking use a general procedure to analyze thinking. Critical
thinking, in contrast, makes use of many procedures such as asking questions,

identifying assumptions, and making judgments.

In thinking critically, we use our command of the elements of thinking to adapt
our thinking to be logical. As we come to think critically routinely, we develop
special features of the mind: intellectual humility; intellectual courage; intellectual
perseverance; intellectual integrity; and confidence in our reasoning (Paul, 1990).

These views of critical thinking and the characteristics of critical thinking, paint a
picture of an active learner. Critical thinking requires learners to be proactive,
resolute in working through complex problems and open-minded in looking into
other ideas and solutions (Murchu & Muirhead, 2005). Critical thinking is thus an
‘energetic’ learning approach that can be aroused by a variation of formal and
informal activities. Critical thinking also is an emotional process, and emotions
are always involved when making resolutions or conclusions (Brookfield, 1987).
The critical thinking process thus has an inherent emotional element, because
people are often occupied in assessing the need to change their values and

principles. This characteristic of critical thinking can arouse anxiousness and even
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opposition to applying changes that might appear threatening to an individual.
Those who cast aside entrenched assumptions may then experience feelings of

lack of self-confidence.

2.5.3 Process of Critical Thinking

The literature thus suggests we can conceptualize critical thinking as comprising a
series of characterises that define our thinking (Paul, 1992). From the perspective
of critical thinking as a process, critical thinking embraces the whole process of
identifying and challenging assumptions, and searching other ways of thinking
and acting (Brookfield, 1987). Gathering information uses all our senses, verbal
and/or written expressions, reflection, observation, experience and reasoning to
come up with solutions or products. However, Kurfiss (1988) says that the
cognitive process of critical thinking can be divided into five main phases: i.
stimulate students’ interest by using problems as the organising principle for
lessons; ii. facilitate students into when and how to utilize what they are learning
(i.e., use coaching, practice, modelling and feedback to teach reasoning skills
relevant to the subject of study); iii. demonstrate metacognition and construct
metacognitive prompts class exercises and assessments; iv. bring out and discuss
beliefs about the nature of what is to be learned and provide experiences to
overcome students’ naive conceptions and prior knowledge about any related
matter; and v. use social and cognitive approaches to improve purpose and

motivation to learn.

Brookfield (1987) suggests it is hard to standardize all the process of critical
thinking. Nonetheless, it still can be applied to the context the learning takes
place. What is clear is that encouraging critical thinking is an activity as difficult
as the process of critical thinking itself (Brookfield, 1987). It entails teachers,
trainers, counsellors, and helpers who possess an unusual combination of
qualities. Students need to be skilled in a number of systematic instructional
methods, but sceptical enough of the value of these to be able to abandon them
when it seems appropriate. They need to have a general aim in mind, and a partly

developed notion of how this is to be achieved, yet they also need to be open to
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changing both aim and methods according to participant’s personalities, abilities

and past experience.

2.5.4 Role of Cognitive Development in Critical Thinking

The role of cognitive development in definitions of critical thinking ranges from
simple statements about an individual’s ability to create logical conclusions based
on reasoning, to more complex definitions which take into consideration a
person’s emotions, personal feelings, and cultural biases. According to Erwin
(2000a), critical thinking is a wider expression describing reasoning as open-
ended practice, having no limit in range of solutions. Critical thinking demands
learners improve the quality of their thinking by skilfully and masterfully taking
charge of its very structures and by imposing intellectual standards upon them
(Brookfield, 1987; Paul, 1990; Shurter & Pierce, 1966).

Cognitive development plays a significant role in a person’s ability to think
critically. Piaget proposed that cognitive development consists of the development
of logical competence, and that this development consists of four major stages
(Piaget, 1979, 1983, 1981; University of Alberta, 2008), culminating at around
age 11 or 12, when a person enters the formal operational stage, and becomes
capable of advanced logical thought about abstract concepts. This is the ultimate
stage of human cognitive development according to Piaget (1979, 1983, 1981),
but other theorists argue that Piaget’s theories are faulty. Vygotsky, for example,
says that an individual’s higher mental functions develop more through social
interaction, and that humans learn from their interaction and communications with
others (Daniels, 1996; Newman & Holzman, 1993). Vygotsky thus assumes
intellectual development is continual without an end point (as cited in Erwin,
2000Db). Likewise, Riegel (1976) proposes a fifth phase to Piaget’s four phases of
cognitive development, dialectical reasoning, saying that dialectical reasoning is
when a person’s mental processes move freely back and forth among all the
Piagetian stages. According to Erwin (2000a), biological and cultural
developments are interrelated, and do not develop in isolation, cognitive skills like
evaluation and development are complicated, and are affected by social and

cultural contexts.
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Critical thinking involves higher order thinking, and Bloom, Englehart, Furst,
Hill, and Krathwohl (1956) have produced one of the most often cited documents
in establishing educational outcomes based on higher order thinking: the so-called
Taxonomy of the Cognitive Domain. According to this model, erudition and
knowledge is composed of six successive levels arranged in a hierarchy:
remembering, understanding, applying, analyzing, evaluating and creating (Figure
2).

Figure 2
Bloom’s Taxonomy (adapted from New South Wales Department of Education
and Training, 2005)

Analysing

Applying

Remembering

Research over the past 40 years or so suggests that the first four levels are indeed
a true hierarchy; that is, knowing at the knowledge level is easier than, and
subsumed under, the level of comprehension and so forth up to the level of
analysis. However, there is some debate as to the relationship of synthesis and
evaluation with the other levels; it is possible that these are not set at an
appropriate level in the original taxonomy, or they represent two separate, though
equally difficult, activities (Seddon, 1978).

Bloom’s taxonomy has been presented in a number of different ways after its
original proposition, such as the verb-based wheel (Figure 3). Here the inner
wheel represents the domain and this consists of knowledge (draw, identify,
locate, select, label, outline, write, record, repeat, etc.); comprehension (confirm,
convert, match, explain, etc.); application (apply, modify, build, construct, solve,
report, sketch and produce); analysis (analyse, sort, categorized, investigate,

compare, debate, differ