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ABSTRACT 
 

Despite the implementation of many teaching and learning approaches, engineering education in higher 
institution continues to pose challenges to educators. Engineers as a profession, requires both the technical 
knowledge as well as ‘hands-on’ experience. Therefore, experiential learning can be very useful to provide the 
foundation of teaching and learning of engineering.  A study has been conducted to explore experiential learning 
for the Electrical and Electronics Engineering undergraduates from the Faculty of Engineering and Built 
Environment. These students were participants in a national competition for robotic design competition held 
annually. Through this new learning approach, the researcher targets to further develop and enhance creativity 
among the students. This study investigated how construct-based creativity models reflect creative behaviour 
through experiential-based learning environment. The construct based model used is by Torrance and Safter by 
measuring students against a list of creativity attributes. This study involvesthree components which provide the 
framework of the research which are field observations, creativity test and student portfolio assessments.  
Findings suggest that students’ creativity dimensions have been developed and enhanced as a result of the 
problem solving process involved in the experiential learning activities. This study is beneficial as an indicator 
for the faculty administrators to plan what is the best and most effective method of delivery for engineering 
curriculum towards achieving innovation-led nation. 
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Introduction 
 

Conventional engineering teaching is deductive, beginning with the basic theories and continues to the 
applications of those theories.  This method of teaching has not been able to prepare engineers for challenges in 
real life.  According to the ‘Grinter Report’(National Research Council Panel on Engineering Graduate 1985), 
engineering education has to change to provide graduates with the skills, knowledge, and capability to lead 
technological revolution. Since this report was released, engineering education has undergone major 
improvements to become more career-oriented. Engineering workplace requires also non-technical abilities such 
as leadership capabilities, communication skills, teamwork and lifelong learning skills. Employers prefer 
engineering graduates with both technical and non-technical abilities. Engineers have to be able to look at the 
bigger picture of engineering involving systems perspectives, entrepreneural perspectives and global 
perspectives. 

One of the recent approaches that has been applied to engineering education is the experiential learning 
approach. Many institutions of higher education started to look into applying experiential learning in 
engineering education to integrate the non-technical aspects. Experiential learning can be described as ’the 
process whereby knowledge is created through the transformation of experience. Knowledge results from the 
combination of grasping and transforming experience’ (Kolb 1984). In other words, experiential learning is 
learning by doing. Experiential learning is a learning opportunity for both lecturers and students (Potter 2009).  
One way which this is implemented is by integrating multidiciplinary groups of students working on real-world 
projects (Conger et al. 2010). The program also combines entrepreneurship and international experiences. The 
engineering degree program is structured to be open-ended and has experiential activities.  A properly designed 
program integrates experiential activities in engineering teaching to enhance student learning.  
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Creativity in engineering was developed in the 1950’s (Ferguson 1992). In many engineering schools, 
techniques to encourage creativity were implemented to create inventions. Engineers work with psychologists to 
work out suitable programs to incorporate creativity in engineering teaching. If students were given the 
exposure such as through experiential activities, creativity and innovation skills can be developed (Charyton and 
Merrill 2009). And it follows that once the creativity skills have been developed, students will continues to 
demonstrate these skills compared to those who have not been exposed to such training. Therefore, creativity 
can be developed through supportive learning environment. Consequently, engineering education has to provide 
the opportunity for students to practice creativity design skills. Once this is in place, some tools of assessment 
has to be developed to measure the creativity traits in engineering design, which is a necessary skill for 
innovation. By a properly designed assessment method, lecturers can help develop students to be future 
innovative engineers. 

 
Methods: 

 
This study involves undergraduate students from the Department of Electrical, Electronics And Systems 

Engineering, Faculty of Engineering and Built Environment, UKM, who took part in the Malaysian ROBOCON 
2010.  ROBOCON is an annual robotic contest targeting undergraduate students of higher education institutions 
in the Asia-pacific region.  In this contest, participants design and build robots to compete with each other. All 
twenty five students from the second and third year of their study whotook part in ROBOCON 2010 were 
selected as study participants. Students wereboth males and females regardless of their academic performance 
and ethnicorigins.  

Data collection for this study is based on three approaches.  The first approach involved a field observation 
of students’ interaction amongthemselves and the instructors during the competition period. The second 
approach involved assessing student portfolio presented to their instructors aswritten technical reports of their 
robot design. The finalapproach involved assessing students creativity using a standard creativity test 
byTorrance. The framework for research data collection is shown in Figure 1. 

 

 
Fig. 1: Approaches used for measuring creativity enhancement through Experiential Learning 

 
Data reduction and display were performed by evaluating the existence ofseventeen creativity traits based 

on the Torrance and Safter construct-based model(Torrance and Safter 1999). Table 1 includes a list of all 
creativity dimensionsthat will be referred to in this study. The table also give some definition to thetraits based 
on literature (Aboukinane 2007) so that the task of identifying thetraits through the five approaches described 
will be easier. 

 
Table 1: Seventeen creativity dimensions referred to in this study 

 Torrance creativity traits Definitions 
i Problem awareness Recognition of a problem and a commitment to deal with it 
ii Ability to produce and consider 

many alternatives 
Production of various alternatives to solve the problem 

iii Ability to elaborate Elaboration on the chosen alternatives to solve the problem, and 
development of implementation strategies 

iv Flexibility The production of ideas form perspectives that are different from the 
ones normally associated with a problem 

v Originality Production of original thought or ideas that are new to others 
vi Ability to highlight the essence Not losing sight of what is important 
vii Openness Taking time to listen to others while not making any judgments 
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viii Being aware of emotions Awareness of emotions while making suggestions 
ix Ability to put ideas into context Ability to view the bigger picture of a problem 
x Combination and Synthesis Demonstration of all aspects of idea generation, combination and 

synthesizing of the problem 
xi Ability to visualize richly and 

colorfully 
Demonstration of positive thinking and existing emotions 

xii Ability to enjoy work and use 
fantasy 

Demonstration of fantasy techniques in problem solutions 

xiii Kinesthetic responsiveness Demonstration of movements and action in problem solutions 
xiv Ability to look at things in 

different visual perspectives 
Ability to see problems in different ways 

xv Internal visualization Presentation of elements that go beyond the exteriors and pay more 
attention to the internals of e.g. people, machine and animals 

xvi Ability to break through the 
boundaries 

Demonstrate some special abilities to solve a problem 

xvii Ability to use humor Production of humorous remarks, stories and jokes 
 

Part 1: Field observations during the Competition: 
 
The data collection process for this stage was based on the researcher’s writtenobservations during the 

competition period of 6 days and discussions with theinstructors after the competition. The observations are 
based on several components.These included: (1) students interactions with team members, group leaders 
andinstructors, (2) students confidence level in generating ideas, (3) students risktaking in voicing opinions, (4) 
frequency of asking for assistance from the groupleader or instructor, (5) the way students shared information 
among themselves,and (6) the students discussions to reach an agreement on any decision.The researched then 
seek a list of traits that were emerging during theseobservations. 

 
Part 2: Student portfolio assessment: 

 
Student portfolios were collected and labeled according to the participant code.The data analysis of the 

portfolios was based on indications of the use of anyconstruct-based creativity traits while describing the robot 
design. 

 
Part 3: Creativity test: 

 
Torrance Test of Creative Thinking (TTCT) was administered to all respondentsto indentify the creativity 

traits present. The assessment of creativity traits arebased on the assessment guide for the test. The main 
instrument in this study is: Thinking Creatively with Pictures: Figural Form A (Torrance, 1966, 1990).  As the 
students were already familiar with the English language in teaching and learning, the test was conducted in its 
original language, English.     

 
Results: 

 
All data were interpreted based on Torrance construct-based creativity models for creative behavior.  

Results of the study were clustered into three sections depending on the approaches described in the 
methodology.   
 
Part 1: Field observations during the Competition: 

 
By conducting observation sessions, a few aspects can be determined.  The researcher managed to get a feel 

of how students generally interacted among themselves, how the students approached the given problem, and 
how they solved the challenge in their groups.  

The researcher compared notes from her own observations to the experience of the instructors on solving 
the robotic design challenge with the students. During this data collection, four main criteria were particularly 
observed: 
1. Students awareness of the robotic challenge presented 
2. Students interaction between them, and with the instructors 
3. The way students generate ideas on solving the problems 
4. The way students co-operate with each other 

 
All the activities involved throughout the robotic challenge created opportunities that allowed the researcher 

to observe students behavior, while sharing information and experience with the instructors.  The instructors 
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acted more like facilitators as they had more experience academically and some have worked on similar robotic 
projects before.  

Four constructs emerged during all these activities: 
(1) Problem awareness 
This construct is utilized while students and instructors were brainstorming and discussing about the challenge 
posed, and how they can work together to solve the problem. 
(2) Openness 
Students are open to critics and input from others while discussing the design among them. 
(3) Humor 
This trait is observed while students were having discussions, and while building the robots.  
(4) Flexibility 

This trait is observed while students were giving variety of ideas in solving the robotic challenge. 
 
Part 2: Student portfolio assessment: 

 
Assessment of the student portfolio found eight creativity traits.  All portfolios contain a full description of 

the students design and some description of their feelings of the whole ROBOCON experience.   
Each report included an introduction with a thorough description of the robotic challenge requirements.  

This section demonstrated that the students truly understood and recognized the problems posed.  This concept 
is defined as problem awareness in this study.   

All reports also included sections on the various criteria and design alternatives to solving the problem.  
Students also provided justifications and elaborated on their design including pictorial descriptions.  Throughout 
the process of solving the problem, students managed to keep in sight of the big picture and not losing the sight 
of what is important in their design.  Finally, the students produced workable designs to be implemented. The 
creativity traits involved here are ability to produce and consider many alternatives, ability to elaborate, ability 
to highlight the essence, ability to put ideas into context and combination and synthesis. 

In their reports, students concluded that their experience has exposed them to many things not obtained in 
lectures alone.  Also, the experience has strengthened the relationship between the students, giving them the 
opportunity to work together towards a common goal.  Students demonstrated positive thinking although the 
teams did not gain any prize.  The creativity trait involved here is the ability to visualize richly and colorfully. 
 
Part 3: Creativity test: 

 
By using Torrance Test for Creative Thinking (TTCT) test, creativity achievements can be predicted by 

mental abilities. The scales in TTCT act as indicators of creative potential that can be translated as creative 
behavior. However, high scores in TTCT do not actually guarantee creative accomplishment. The test conducted 
used the normalized values provided by TTCT, which are obtained from the American population.  Normalised 
values obtained from Malaysian sample, if available, should have been more appropriate to increase the validity 
of the tests conducted here. 

Overall indicator of creativity potential is found by means of an index.  The index is calculated by pooling 
all creative strength ratings and the average standard score from the profile.   

The following diagram (Table 2) is an example of a profile for Student No. 3.  In the diagram, the percentile 
ranks associated with such standard scores in a normal distribution are given as a guideline.  

 
Table 2: Profile for Student No. 3 

Student No. 3  AGE BASED  
Creativity Dimension  Raw    

Score 
National 

percentile age 
Standar

d score age 
Standard score scale for age 
60      80      100     120     140 

Fluency 21 46 98  
Originality 15 39 94  
Elaboration 12 98 141  
Abstractness of Titles 19 93 130  
Resistance to Premature 

Closure 
10 22 84  

Average   109.4  
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From the profile shown in Table 2, the average standard score for the 5 creativity traits listed in Table 2 for 
Student No. 3 is 109.4. This is slightly above average based on TTCT guide. It was also found from the study 
that the student scored above average for elaboration and abstractness of titles.  Student No. 3 scored 14 points 
for showing evidence of creative strengths which are the other traits not listed in Table 2.  This is not indicated 
in the profile, but noted on a separate checklist. 

An index value, which serves as an overall indicator of creative potential is then found through pooling the 
average standard score for age and the creative strengths ratings from the profile.  Table 3 shows the individual 
student’s average standard score and creativity index values for the whole sample. 

From Table 3, a total of 12 students obtain an average standard score above 100.  Therefore, these students 
can be concluded to have an above average creative ability. The highest creativity index is with Student No. 12 
at 79, and the lowest creativity index is with Student No. 1 at 5. 

 
Table 3: Students’ average standard score and creativity index values 

 
Conclusion and Discussion: 

 
This study used students taking part in a certain design challenge to analyze how creativity was enhanced as 

a result of exposing students to an experiential learning environment.   
From the observations during the competition, four traits were observed.  The assessment of the portfolios 

indicated seven creativity traits. Overall, 11 creativity traits were observed which are problem awareness, ability 
to produce and consider many alternatives, ability to elaborate, flexibility, ability to highlight the essence, 
openness, ability to put ideas into context, combination and synthesis, ability to visualize richly and colorfully, 
ability to break boundaries and ability to use humor. And the third approach, which is the standard creativity test 
gave a measurement of the creativity index which act as an overall indicator of the student creative potential, as 
well as provide the data triangulation for this study. 

The results of this study give positive indications on the emerging creativity traits as a result of student 
participation in experiential learning activities. Student creativity dimensions have been nurtured and enhanced 
as a result of the problem solving process involved in the experiential learning activities.  Creative approaches to 
solving problems will in turn result in innovative solutions. 
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