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Abstract 
 
Every one of us has the potential to tap our own inner creative abilities and to make 
original and valued choices in our lives. The growing interest and concern in tapping 
creativity has prompted many researches on creativity to be undertaken in a number of 
countries, particularly Malaysia. This paper explored the use of Information and 
Communication Technology (ICT) as an important tool for fostering and assessing the 
creative potentials of a person. The researcher implemented an integrated system on 97 
university undergraduates who would be potential teachers in the near future. Could 
computer be used to measure the creativity traits of a person? Could they improve their 
respective creative potentials? How did creativity improve? The research found that the 
assessment of creativity traits such as fluency, flexibility, elaboration and originality 
using computer was valid and possible using definitions and algorithms adapted from 
Torrance’s TTCT and Guilford’s Alternative Task (Torrance & Ball, 1984; Guilford, 1977).  
It was also found that 85 out of the 97 subjects managed to improve their respective 
fluency, flexibility, elaboration and originality scores in the posttest. The improvement of 
their creative potentials was pinpointed to the effective implementation of the 
Morphological Analysis Method in the brainstorming activities (pretest and posttest). 
The successful knowledge acquirement of the creativity technique by the subjects was 
due to the lively and effective delivery of multimedia training modules on the MA Method. 
It was recommended that the MA Method be adapted for repeated uses on any academic 
curriculums in schools or universities/colleges to improve the creative potentials of a 
person on long term basis. 
 
 
1.0 Introduction 
 
A lot of people tend to think that of a “creative person” as eccentric or may be “insane” 
(of the ways he handles things unusually). The communities perceive such people as 
creative due to the outcomes of their hard work; solving problems in a novel, yet 
appropriate way. These anomalies have prompted the author to be motivated to 
examine the causes of creativity and how creativity can be fostered, nurtured or 
improved by using the latest all important tool of productivity, multimedia. 
 
The crucial question is whether Information and Communication Technology (ICT) can 
help making the job of creativity assessment easier and faster and at the same time 
plays its role in fostering creativity? Conventional methods using manually drawn 
graphics are time-consuming process in term of assignment of scores to the tests (if it 
is not in objective format). 

 
This research was designed to investigate the possibility of training and assessing 
creativity using multimedia and a computer-based assessment system. The proposed 
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integrated system was carefully planned, designed, developed and tested on a group 
of university undergraduates for its effectiveness and reliability in evaluating creative 
potentials of a person. 
 
 
1.1 Research questions 
 
This research was designed to examine and answer the following questions: 
 
1. In what ways could ICT (multimedia) help to improve creativity? 
2. What components of creativity were used to indicate creativity improvement? 
3. How did the creative potentials of a person improve? 
 
 
2.0 Review of Literature 
 
2.1 The use of multimedia for training creativity 
 
Creativity is often known as a characteristic that a person possesses, a product or 
outcome that is regarded as original, and a process by which an unusual, novel or 
suitable outcome or solution is obtained. Creativity involves the exercise of 
imagination. Creativity can be examined in a form of: 
 

• product or behaviour (Besemer & Treffinger, 1981) 
• personality (Gardner, 1983) 
• thinking and learning styles (Sternberg, 1985) 
• environmental and social psychological settings such as motivation and work 

place (Amabile, 1982; 2006) and social-economic factors 
• creativity processes were such as thinking processes (cognition and meta-

cognition) 
• stages of creativity (Csikszentmihalyi, 1996; Loveless, 2002; Mansfield & 

Busse, 1981; Shneiderman, 2000; 2002a; 2002b) 
      For example: Shneiderman’s Model: Collect, Relate, Create, Donate 

 
Numerous researchers argued that creativity could be taught and increased (Cropley, 
2001; Davis, 1999; Houtz, 2003; Treffinger & Isaksen, 2001; Onda, 1994; Torrance & 
Safter, 1999). In this research, multimedia courseware that upholds the principles of 
multimedia of self-access, self-directed and self-paced was used in creativity training. 
According to Schwier and Misanchuk (1993), multimedia courseware must have 
interactive learning components and practices that come with responses and suitable 
feedbacks. Carefully designed multimedia courseware that are consistent with how 
people learn, can aid learner greatly (Liou, 1994; Mayer, 1997, 1999a, 1999b). 
 
Incorporation of video sequences and animations into multimedia courseware help 
teachers to tackle many misconceptions that students have and which are difficult to 
address within the limitations of chalk, textbook and overhead projector. The 
development of quality computer graphics is also essential to presenting visual ideas 
clearly to explain concepts. Voice, which is narrated audio, and music are types of 
audio that can aid learning in multimedia courseware (Mayer, 2003). 
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Animation is also a highly effective tool for illustrating a concept (Roblyer, 2003). The 
purposely-created motion can also illustrate processes and real-life or virtual 
environment. Animations are processed in the visual or pictorial channel (Mayer, 
2003). But, unfortunately, learners can only able to mentally activate for about ten 
seconds of the animation at any one time. 
 
 
 
2.2 The training and assessment of creativity 
 
This research used brainstorming and the Morphological Analysis (MA) Method in 
fostering creativity. Brainstorming was an activity that encouraged lateral thinking and a 
great contributor to creativity and innovations because it gathered all ideas (without 
pre-judging any of them) into a solution-bank for the next stages of the creativity 
process (Muttagi, 1981; Rawlinson, 2004; Vidal et al., 2004). The running of 
brainstorming is usually based the principles of: 

• Criticism was ruled out 
• Freewheeling was welcomed 
• Quantity was wanted 
• Combination and improvement were sought 

 
The creation of a relaxed and judgement-free atmosphere would encourage the flow of 
ideas which would be severely impeded if participants were allowed to convey their 
judgement on each idea (Majaro, 1988). To ensure all ideas were accepted, the power 
of imagination was highly encouraged. In other words, the brainstorming session might 
produce any idea that could solve the problem, be it wild, insane, practical or even 
impractical idea. 
 
With the growth of online services, brainstorming activities had gone online with a new 
term known as brainlining (combines the words ‘brainstorming’ and ‘online’) (Proctor, 
1999). In this research, an ‘asynchronous’ (offline) type of brainstorming was created 
(Binder & Binder, 2007) to be used together with the MA Method. The morphological 
box or morphological matrix was created by Dr Fritz Zwicky, a Swiss astrophysicist 
based at the California Institute of Technology (Michalko, 1991) and it could generate a 
very large number of solution concepts for a problem under investigation (Roy, 2004). 
 
It worked through the processes of breakdown and association (Roy, 2004). For 
example, if there is a problem called “Future transportation”. It would be broken down 
into two variables; type and power. The “type” variable has “ground, air, space” 
components while the “power” variable has “petrol, electric, solar, battery” components. 
The association of “ground” and “solar” sub-variables could result in the new idea of 
“solar-powered robot transport machine”. Theoretically, this MA matrix is capable of 
producing 3 x 4 or 12 ideas (two-dimensional analysis). However, multi-dimensional 
MA would result unlimited ideas, possibly millions of ideas of which Aleinikov (2002) 
termed as the “mega-creativity” stage. 
 
Presently, there were over 200 techniques used for the fostering of the creative 
potentials of a person (Rawlinson, 2004). Some of these techniques were attribute 
listing, mind-mapping, check lists, forced relationships, 5 W’s and H, lateral thinking 
and PO, metaphorical thinking and etc. The MA Method was chosen because it 
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encouraged the breakdown of a problem into easily approachable components and 
thereby increased the possibilities of getting more solutions and hence increased the 
fluency of ideas production (Aleinikov, 2002; Rawlinson, 2004). 
 
The focus of this research was to measure the creativity traits of the subjects in term of 
fluency, elaboration, flexibility and originality. The criterion for the assessment of the 
creative potentials of a person used in this research was based on Table 1. 
 
 
 
 
Table 1 Scoring criteria for creativity constructs and creativity index 
 

Creativity 
components 

Scoring criteria Score awarded 

Fluency (F) The number of different ideas 
that one can produce 

1 point for each idea 

Elaboration (E) Richness of detail in the ideas 
that one produces 

1 point for each creative 
elaboration 

Flexibility (FX) The number of categories of 
ideas that one produces 

1 point for each category 

Originality (O) The uniqueness of the ideas 
that one produces as 
compared to the whole 
sample 

Between 1% and 5% = 1 
point 
If 1% = 2 points 

(adapted and adopted for use in this research from Torrance & Ball, 1984; 
Guilford, 1977) 

 
 
3.0 Methodology, Sampling and Procedure 
 
This research used the quasi-experiment design utilizing the one-group pretest-
posttest design by Campbell and Stanley, (1963) (in Levine and Parkinson, 1994; 
Bernard, 2000). The population of this research was all final year undergraduates (N = 
172) of the education faculty of a public university in the state of Sabah, Malaysia. 
Based on the sampling size table provided by Bartlett et al., (2001), the minimum 
sample size required by this research was estimated to be 94 subjects (n = 94). To 
solve problem of absentees, the names of 110 subjects were ticked randomly from the 
name list supplied by the faculty. Finally, only 97 subjects from two academic 
disciplines (TESL and Science) managed to participate in the experiment. The 
procedure of research was based on the following: 

• Briefing by lab facilitator (10 minutes) 
• Pretest (5 minutes) 
• The treatment (MA Method): multimedia modules (30 to  40 minutes) 
• Posttest (5 minutes) 
• Post-experiment Survey 

 
 
3.1 Instrument 
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The instrument used for the assessment of creativity was the Creativity Assessment 
System embedded in the integrated system. The chosen topic for the pretest and 
posttest was “Future Transportation in Malaysia”. The principle of creativity 
measurement purely lied with divergent thinking and hence ‘the number of ideas 
produced’ contributed to the fluency component. For example, 10 ideas contributed 
brought 10 creativity scores for a person’s creativity indicator (fluency). There was no 
right or wrong answers for the topic. The principle of creativity stated that there was no 
such thing as ‘wrong idea’ because all ideas were accepted. 

 
In this research, content validity for the “question” was solved with the verification by a 
local creativity researcher from another public university. It was only the difficulty level 
of the question that might bring problems because difficult brainstorming topic would 
not bring many ideas. In this research, the topic chosen utilized general knowledge and 
therefore a lot of ideas were expected. 
 
In term of reliability of the Creativity Assessment System, it was found to be reliable 
because the calculations for the four creativity components (fluency, flexibility, 
elaboration and originality) were done via the implemented algorithms programmed 
strictly based on the criteria defined in Table 1. In addition, the pilot run of the 
integrated system showed that the anticipated results tallied 100% correctly with 
manually calculated results. 
 
Another instrument was the post experiment survey to find out more about difficulties 
faced in the experiment, views and perceptions. Their answers helped to explain 
certain behavioural characteristics or phenomena that were detected after analysing 
the quantitative data. The post experiment survey had 6 questions.  
 
 
4.0 Findings and Discussion 
 
4.1 Improving creative potentials via multimedia 
 
The training modules used in this research contained all the five multimedia 
components. They were text, graphics, audio, video and animation. The multimedia 
modules used in this research were complete with definitions, explanations, examples 
(in multimedia format especially animations) related to the creativity techniques 
employed. Besides that, practices with guided solutions were also included in the 
system. This was to enforce scaffolding or knowledge enhancement that acted as 
support and guidance to problem solving that could be beyond the possession of the 
current knowledge (the MA Method) (Rogoff, 1990). 

 
Why were the training instructions designed and presented in a form of video? This 
was because video was accepted as a highly effective tool for illustrating concepts 
(Roblyer, 2003; Brooks et al., 2001). This view was also supported by William and 
Abraham (1995) (in Brooks et al., 2001). Although video was considered effective in 
delivering instruction but unfortunately, learners could only able to mentally activate for 
about ten seconds of the animation only at any one time (Mayer, 2003). To tackle this 
problem, option for replaying video was made available and was activated at all time so 
that slower learner could replay it at any time without any limit or condition. The 
research findings showed that 85 out of 97 subjects (87.6%) managed to improve their 
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respective creativity scores in the posttest after going through the training modules 
which indicated that to a certain extent, the training was successful. 
 
 
4.2 Had the creative potentials of the subjects improved? 
 
Many researchers believed and to a certain extent proved that the creative potentials of 
a person could improve (Cropley, 2001; Davis, 1999; Houtz, 2003; Treffinger & 
Isaksen, 2001; Onda, 1994; Torrance & Safter, 1999). In this research, did the 97 
subjects improve their respective creative potentials? The research findings on the 
creativity achievement for the subjects was summarised in Table 2. 
 
From Table 2, we could see that there was an increase in means in every creativity 
component. The differences in the means were all tested with t-test and the result also 
indicated significance for all the components at 95% confidence level. This proved that 
the subjects had improved their creativity scores in the posttest. How did they manage 
to increase their creativity scores in the posttest? This could be traced back to the 
increased number of ideas the subjects posted to the system. There was an increase 
of 252 ideas in the posttest’s ideas bank from 375 ideas (pretest) to 627 ideas 
(posttest). 
 
 
Table 2   Summary of creativity achievement: Comparisons of means 
 
Creativity 
Components 

Pretest 
(SD) 

Posttest 
(SD) 

Difference T-test Result at 95% 
confidence level 

Fluency 3.87 (1.68) 6.46 (2.71) 2.59 Significant (t = -10.94, p 
< .05) 

Elaboration 3.82 (1.70) 6.42 (2.68) 2.60 Significant (t = -10.90, p 
< .05) 

Flexibility 3.22 (1.42) 4.49 (1.28) 1.27 Significant (t = -8.61, p < 
.05) 

Originality 7.00 (3.27) 12.03 
(5.23) 

5.03 Significant (t = -10.30, p 
< .05) 

 
 

The MA Method succeeded in improving the skills of the subjects to enhance ideas 
generations in the posttest. As creativity experts put it, the more ideas a person could 
generate meant that the more innovations would be able to be accomplished as 
suggested by the divergent thinking process as explained in the Structure of 
Intelligence Model (Guilford, 1967; 1977). This view was also supported by DeBono 
(1990) who reiterated that lateral thinking (divergent thinking) was an effective method 
for enhancing creativity and problem solving.  
 
The MA technique was successful because the brainstorming topic “Future 
Transportation in Malaysia” was broken into 2 variables namely; “type of transport” (y-
axis) and “source of power for transport” (x-axis). This created a 6 by 6 Morphological 
Matrix that could generate up to 36 ideas for each subject. The matrix made the 
subjects more organised when they brainstormed for ideas.  
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The post-experiment survey which was administered after the completion of the 
posttest also showed the following results: 

• Can MA Method help you to contribute more ideas? (97.9% subjects said ‘Yes’) 
• Morphology Analysis organised my thoughts on ideas (74.2% subjects said 

‘Yes’) 
• Morphology Analysis is systematic and easy to use (63.9% subjects said ‘Yes’) 
• The MA's matrix item intersections kept me in focus on ideas (75.3% subjects 

said ‘Yes’) 
 
In examining the opinions of the subjects on whether the MA Method helped them in 
contributing more ideas, 95 subjects or 97.9% agreed so. Why was this so? As 
explained earlier, the MA Method was a matrix bordered by the x-axis and y-axis. The 
intersection of two sub-variables of the matrix helped the subjects to think of the ideas. 
 
For example, the intersection between “ground’ sub-variable on the y-axis and “soul” 
sub-variable on the x-axis resulted with the idea; “bed transport” (refer Figure 1). This 
idea sounded crazy, mad and illogical but in the ‘suspend judgement’ principle 
practised in brainstorming technique, it was allowed and accepted by the system. Who 
might know that in the future, some geniuses might take this idea seriously and go on 
to design and invent it, so that when we wake up from our sleep we had reached our 
desired destination. Sounds crazy, huh? But, this was just creativity! 
 

 
  Figure 1   Screen shot of the morphology matrix in the posttest 
 
The interfaces shown on Figure 1 also demonstrated that they were easy to use 
(63.9% or 62 subjects agreed to this view). When a subject needed to contribute idea 
for a particular selected intersection, he just clicked on that particular idea button. 
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75.3% or 73 subjects also of the opinion that MA was not only easy to use but also 
helped the user to keep focus on only thinking of the required type of idea only. When 
the subjects were focus in thoughts, thinking was quite systematic and organised. This 
opinion was again supported by 74.2% of them (72 subjects). In other words, when 
thoughts were not organized (as in the pretest) they were forced to search for ideas 
randomly at all possible places mentally and the MA Method did a great favour by 
helping them to keep focused and concentrated via the respective intersections of the 
matrix. 
 
 
5.0 Recommendation 
 
As the MA Method utilizing the matrix in creative problem solving was proved effective 
in this research, it was therefore recommended that this method could be adapted to 
suit academic activities (in schools or universities/colleges) that require brainstorming 
for ideas. The repeated uses of this technique would be able to improve the creative 
potentials of a person in the long term. 
 
 
6.0 Conclusion 
 
The conclusion for this research was that the creativity technique, MA Method was able 
to stimulate brainstorming and proven to be able to produce more ideas than before. 
However, it must be noted that this achievement was only able to succeed if judgement 
of ideas was delayed or suspended as recommended by brainstorming experts 
(DeBono, 1990; Rawlinson, 2004). The multimedia training was also successful in 
departing precise and useful information on the correct use of the MA Method. I would 
conclude that the improvement of creativity of the subjects was due to the 
combinations of right learning attitude of the subjects towards learning the MA Method, 
the effective roles of the MA matrix and the successful completion of both pretest and 
posttest by the sample subjects. 
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	The tools and the implementation of the study 
	3.0 Conclusion 
	This trial study shows that the CiC can facilitate the face-to-face collaborative learning in a CSCL setting. For that matter, ESL pre-service teachers could benefit from LAN infrastructure and software tools that should be integrated in CiC.  Looking back at this study that  parallel to the nature of CSCL, all activities and events are being implemented via technology. Sanako Lab 300 was used to control the pairing and grouping of participants as desired. By activating the pairing or grouping programme in Lab 300, Sanako media assistant communication software automatically helps ESL pre- service teachers to communicate with one another verbally without any difficulty which could encourage rapid feedback as well as media richness. At the same time, the Lab 300 allows researcher to dedicate similar screen for every subjects to view and access helpful resources or references for more ideas and contents.   In fact, with CiC system participants could  record, save, retrieve and listen to their interaction, the researcher can easily access the data instantly for analysis purposes. Apart from verbal output, this system allows chat programme as well as forum application to function as an effective mediator to the synchronous text-based peer communication. With the uploaded materials available in the digital media resource library or Study 300, participants are more resourceful in their interaction and knowledge construction.  Participants’ selections track of computer activities can also be monitored automatically by Study 300. In short, based on the trial sessions conducted, these tools are discovered to be suitably appropriate in facilitating the study of CSCL in various interaction modes including computer support for face-to-face collaborative learning (COSOFL). 
	 References 
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	2.0 Evaluation of Coding Criteria for Cognitive and Collaborative Activity 
	 
	In short, based on the researcher’s experience experimenting the tool, using Transana is an easy and useful way to assist the researcher in transcribing and analyzing  audio/video data. Certainly with more exposure to the feature of Transana and at the same time participating in a very responsive Transana community on the website, the researcher should be able to ensure that this tool could positively affect analysis process of the actual study.  
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	Appendix 2 
	FOREIGN (SECOND) LANGUAGE CLASSROOM ANXIETY SCALE 
	3.3 Structured workplace learning 

	3.0  Statement  of the  Problem 
	 
	Self-efficacy beliefs are believed to be able to predict future behavior ( Hoy,2004). In other words, if a teacher believes that he or she is capable of managing his or her classroom and conducting meaningful lessons, he or she will more likely to do just that. In light of this, schools of education in general and teacher preparation programs in particular need to be aware of the factors associated with increased levels of self-efficacy in order to produce the most capable, innovative, and dedicated teachers possible. The development of teachers’ efficacy beliefs among prospective teachers has generated a great deal of research interest (Eslami, 2008; Hoy, 2000; Rideout & Morton, 2007; Ritchie, 2006) and the time to effect change in a teacher’s self-efficacy should be early in the process of training and induction.  This is because once efficacy beliefs are established; they appear to be somewhat resistant to change (Bandura, 1997).  There is some evidence that coursework and practical have different impacts on personal and general teaching efficacy. General teaching efficacy appears to increase during college coursework, then decline during student teaching (Hoy & Woolfolk, 1990) suggesting that the optimism of young teachers may be somewhat tarnished when confronted with the realities and complexities of the teaching task. In Malaysia, research into teacher preparation programs and more specifically into pre–service teachers, is tentatively at an early stage. Studies specifically on field experience and self–efficacy is almost non–existent in Malaysia even though field experience is a compulsory task for pre-service teachers to undergo. With the increasing number of students enrolled in teacher training institutions to become teachers, research can help to determine if these institutions can potentially increase the self–efficacy of the pre-service teachers and the quality education on the whole.  It is this concern of teacher quality that forms the basis for this particular study. Hence, the purpose of this study is (a) to determine the level of efficacy beliefs of the pre-service teachers in the Institut Perguruan Temenggong Ibrahim, Johor Bahru, before and after field experience (practicum) and (b) to predict their future effectiveness in class.      
	 
	 
	4.0  Research  Questions 
	1. Are there differences in the pre–service teachers’ sense of efficacy beliefs between the two groups compared in terms of selected demographic characteristics (age, gender, ethnicity and education background) in relation to field experience? 
	2. Are there any differences in the pre–service teachers’ sense of efficacy beliefs between the two groups before and after their field experiences?  
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