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Educators have indicated that creative teaching is the most important educational activity;
nevertheless, most existing education systems fail to engage students in effective creative
tasks. To address this issue, this study proposes a mind map based collaborative learning
approach for supporting creative learning activities and enhancing students' innovative
performance. An experiment has been conducted on a university management course to
evaluate the effectiveness of the proposed method. The experimental results show that the
proposed approach significantly enhanced the students' innovative performance in a
project-based learning task. Such a finding not only provides evidence of the cultivability
of innovative thinking, but also good references for those researchers who are interested in
conducting creative learning activities.

Introduction

Creativity is currently one of the key focuses of education reform around the world (Yeh & Wu, 2006).
Many advanced countries are paying more attention to inspiring students' creativity in a variety of
different ways. In Taiwan, the Ministry of Education (2003) issued the White Paper on Creative
Education in which creativity was integrated into the curriculum, declaring that Taiwan has entered a new
era of education for fostering creativity.

Sternberg and Lubart (1999) indicated that creativity is a complex and multifaceted concept, which refers
to a process, "a way of thinking, reacting, and working in an imaginative and idiosyncratic way which is
characterized by a high degree of innovation and originality, divergent thinking and risk taking." Isaksen
and Parnes (1985) asserted that creativity is often context dependent and subject specific; that is, an
engineer tends to characterize creativity differently from an artist, a lawyer or a planner. In business
management, creativity is seen as being vital for the development of new enterprises and innovation,
while in the sciences, creativity is regarded as a means of solving complex problems. It can be developed
using a systematic approach, such as through creative thinking instruction and creative problem solving
approaches. Creative thinking instruction creates a learning context for students to cultivate underlying
abilities such as originality, flexibility, fluency and elaboration, based on their imagination. Ayan and
Rick (1997) indicated that Mindtools allow learners to express and share their ideas with others using
images, lines and links, which facilitate understanding more easily than using characters and signs. Thus,
they also argue that Mindtools such as concept maps or mind maps can be used to stimulate cognition, by
enhancing satisfaction and feelings of self-efficacy, or by stimulating meta-cognition and creativity (Kao,
Lin, & Sun, 2008; Shaw, 2010).

Innovation refers to "make something new" (Tidd, Bessant, & Pavitt, 1997). Enhancing students'
innovative performance is related to engaging them in such learning tasks that aim to create something
different from what already exists (Baron, 2010). Therefore, creativity is a core component of innovative
activity. The occurrence of innovations depends on the accomplishment of creativity; and the value of
creativity relies on the presentation of innovation (Ministry of Education, 2003). Consequently,
innovation is seen as a critical competence required for business planning, and is more important than
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ever before in the workplace. With the rapid pace of change throughout this decade, enterprises need to
face the fact that many traditional thoughts or ways of doing things no longer work. This means that it is
essential to have employees in the organization come up with innovative and effective solutions of which
their competitors have not thought (LaBarre, 1996). Some empirical studies have indicated that more
competitive companies rely on a group of creative employees in a collaborative workplace (Carrier, 1998;
Dijk & Ende, 2002; Delgado-Téllez & Pérez Raposo, 2011). Accordingly, universities play an important
role in preparing students with creative abilities who are able to work in a collaborative environment
before entering the workplace. Previous studies have found that mind mapping can be successfully
applied to collaborative learning strategies, resulting in better cognitive structures and creative thinking
performance than conventional methods (Hwang, Shi, & Chu, 2011; Torrance, 1970). Skemp (1979)
found that students' innovation concepts can be inspired by social interactions as a result of team work,
while Davidson and O'Leary (1990) asserted that collaborative learning could develop students' divergent
thinking and learning motivation, which are both related to creativity.

According to a review of the research conducted by Alexander (2011), nearly half (48%) of college
students worldwide possess smart phones in which mind mapping tools can be embedded; moreover,
most of the students are inclined to use technologies for academic purposes. Despite this, few studies
have investigated the effect of mind mapping tools embedded in mobile devices. Thus, this study attempts
to investigate the effect of mobile-oriented mind mapping strategies on students' innovative performance
in a university undergraduate business planning course. Accordingly, the study proposes an approach
which integrates a collaborative mechanism and mind mapping techniques in a mobile learning
environment to foster university students' creativity. To assess the effectiveness of the proposed method, a
business planning course was conducted in the study to address the following issues:

1. Does the proposed approach improve students' innovative performance in the business planning

course?
2. Does the proposed approach improve students' achievement in the business planning course?
3. Do the students accept the adoption of the proposed approach in the mobile learning environment?

Literature review

Creativity Thinking Instruction

Mayer (1999) addressed the characteristics of creativity, including originality, innovation, usefulness and
appropriation. That is, the performance of creativity depends on the presentation of originality, innovation,
usefulness and appropriation. Creative teaching aims to empower teachers and learners to break through
fixed moulds and establish innovative cognitive structures in order to transform concepts and ideas into
actions (Ke, 2004). Sawyer (2006) further asserted that creative teaching is the most important
educational activity.

According to the structure of intelligence, thinking can be considered from two aspects, convergent
thinking and divergent thinking (Guilford, 1957). Convergent thinking means the ability to deduce a
single possible best solution to a problem, while divergent thinking indicates the ability to generate
multiple solutions to a problem. Divergent thinking is regarded as a major aspect of creativity for
predicting individual performance (McCrae, 1987).

Guilford (1957) asserts that there are many characteristics of creativity, including high sensitivity to
questions, fluency of concepts, curiosity about concepts, flexibility of thinking, ability of integration,
ability of analysis, complexity of concept structure, and ability of evaluation. He also believes that
creativity is a continuous statistical distribution, such that, one way or another, we all possess some
degree of creativity, and that these individual differences can be measured. Csikszentmihalyi (1997)
asserts that creativity must be defined in terms of the individual, the learning community and the symbol
system together in context. Amabile (1996) proposed a componential model of creativity from the view of
product, while from the perspective of individual creativity, the influential factors include domain-
relevant skills, creativity-relevant skills and task motivation. Amabile (1997a, 1997b) affirmed that
creativity consists of a combination of personal features, cognitive ability and social context. Thus,
personal performance in creativity can be evaluated based on the theory of creativity in context, including
expertise, creativity skills and task motivation. The more interaction there is among these contributing
components, the greater the individual's creativity is.
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As a whole, researchers have proposed a number of different definitions of creativity. In this study, we
consider creativity as a trained thinking ability based on the perspectives of a number of the educators
(e.g., Komarik & Brutenicova, 2003; Garaigordobil, 2006). That is, it is necessary to create a context
which continually encourages students in both divergent and convergent thinking.

Robinson (2011) indicated that everyone has great abilities but not everyone develops them. One of the
problems is that the existing education systems do not provide an effective learning environment to
enable students to develop their creative powers. Instead, most education systems promote uniformity and
standardization. As a consequence, people are drained of their creative possibilities (Fishkin & Johnson,
1998; Robinson, 2006). Therefore, how to promote students' potentials of creativity development through
creative thinking instruction is very important to students in the current education systems (Sternberg &
Lubart, 1999). Several researchers have pointed out that creativity is not innate, but can be cultivated
through proper training (Kurtzberg & Reale, 1999; Antonietti, 2000; Komarik & Brutenicova, 2003;
Garaigordobil, 2006).

Scholars have further indicated that creative thinking instruction can not only facilitate students'
motivation in learning, but can also develop their creative thinking ability (Antonietti, 2000; Komarik &
Brutenicova, 2003; Garaigordobil, 2006). David (1986) pointed out that creative thinking instruction
could foster students to become creative people by helping them understand the theme of creativity and
by involving them in creative activities and creative thinking processes. Via creative thinking instruction
and practice, students' creative characteristics and skills can be strengthened. For example, Clements
(1987) proposed a study to investigate the effects of Logo programming and CAI problem-solving
software on problem solving performance. The research findings showed that the Logo group had
significantly more improvement than the CAI and control groups. Moreover, Clements (1991)
investigated the effect of Logo programming on students' creativity in a programming environment, and
found that the Logo group significantly outperformed the control group on an assessment of verbal
creativity. These results support that Logo enhanced not just the students' figural knowledge, but also the
processes involved in creative thought.

Parnes (1967) further asserted that creativity could be trained via a series of learning activities; for
example, brainstorming is a group creativity technique that engages a group of people in finding creative
and possible solutions to a specific problem by gathering a list of ideas (Putman & Paulus, 2009; Gallupe
etal., 1992).

As mentioned previously, creative thinking ability can be enhanced via a systematic program in which
students' high-order thinking skills and intelligence structure are developed (Chiu, 2009; Wright & Fesler,
1990). During the learning process, educators should apply any possible instruction strategy to inspire
students' creative thinking ability (de Jesus, de Souza, Teixeira-Dias, & Watts, 2005).

Creativity and collaborative learning

The term '"collaborative learning" refers to an instruction method in which students at various
performance levels work together in small groups toward a common goal (Thousand, Villa, & Nevin,
2002; Chiu, 2008; Mitnik, Recabarren, Nussbaum, & Soto, 2009). The students are responsible for one
another's learning as well as their own. Thus, the success of one student helps others to be successful.
Fostering creativity is increasingly seen as a key direction and focus for pedagogic approaches from
nursery education through the compulsory years to higher education and work-based environments
(Cheng, 2009; Glor, 1998). Amabile (1996) indicated that individual creativity is able to be mediated by
the group and to be supported by the social environment and management. Collaborative support can
foster students' creative thinking and problem solving through the process of intensive interaction,
reflection and the collaboration of participants (Delgado-Téllez & Pérez Raposo, 2011; Yang & Cheng,
2010; Baloche, 1994; Peters & Torrance, 1972; Torrance, 1970, 1971).

Delgado-Téllez and Pérez Raposo (2011) proposed a collaborative learning scenario for university
students to solve architectural problems. Their research findings showed that in such a learning scenario,
students are able to learn innovative solutions through collective brainstorming processes. Baloche (1994)
conducted an elementary music education program designed to encourage creativity and cooperative
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learning among students. The results indicated that the elementary music teachers involved were able to
adapt cooperative-learning models which influenced the students' creativity and attitudes toward
cooperation.

Several studies have indicated that creativity has significant correlation with collaboration (Delgado-
Téllez & Pérez Raposo, 2011; Yang & Cheng, 2010; Turnbull, Littlejohn, & Allan, 2010; Cheng, 2009);
for example, Carroll, Latulipe, Fung, and Terry (2009) proposed a standardized survey metric, the
Creativity Support Index (CSI), to help researchers and designers evaluate students' creativity levels.
They reported that collaboration could be a strong component in creativity factor evaluation. Thus, in this
study, we propose a collaborative learning approach using Mindtools in the learning context.

Parker and Chao (2007) conducted a collaborative learning activity in which Wiki was used as a web
communication and collaboration environment to engage students in innovative thinking tasks. Klein and
Letaief (2005) found that collaboration is an important element to facilitate innovative thinking of
elementary school students in a creative Art course. They indicated that the collaborative platform needs
to facilitate asynchronous systematic conceptions and sharing of intra- and cross-organizational
information such that students are situated in a synergistic, creative and innovative learning environment.

Mindtools

Mindtools are computer applications that necessarily engage learners in thinking about the content they
are studying when they are used to represent what the learners know (Jonassen, 1996). In past decades,
graphical Mindtools have been widely employed in educational settings. Most graphical Mindtools, such
as Inspiration, are commercial products. In this study, the mind mapping tool that was adopted for
conducting the creative learning tasks was selected for several reasons. First, it is shareware, which is
important for schools and students who cannot afford to purchase commercial products. Second, it
provides user interfaces in several languages, including Chinese. Third, it provides a facility to rearrange
the layout of the nodes and corresponding links created by the learners, which is very helpful to students
in presenting their ideas during the creative and innovative thinking process since they do not need to
worry about the appearance of the mind maps. In addition, these mind mapping tools have been adopted
by researchers for making business plans of enterprises via the brainstorming process (Lanchwathanakorn,
2011; Liu, Lin, Jian, & Liou, 2012). Therefore, we aimed to propose a mind map-based collaborative
learning approach to facilitate the students' creative and innovative thinking in a project-based learning
task.

Mind mapping or mind maps were proposed by Tony Buzan in the early 1970s, and are by definition a
graphical method of taking notes. Their visual basis helps one to distinguish words or ideas, often with
colours and symbols. They generally take a hierarchical or tree branch format, with ideas branching into
their subsections. Mind maps allow for greater creativity when recording ideas and information, as well as
allowing the note-taker to associate words with visual representations, such as colours, pictures, codes,
lines and keywords (Buzan, 2000; Kurtzberg & Reale, 1999). Sketching a mind map entails the following
six steps: (1) Begin in the middle of the blank web page, composing or drawing the idea you want to
produce; (2) Develop the actual related subtopics for this central subject, connecting all of them to the
centre with a line; (3) Repeat the same process for the subtopics, generating lower-level subtopics as you
see a match, connecting each one to the corresponding subtopic; (4) Make copious use of colour, sketches
and symbols; (5) Keep the topic labels as short as possible, keeping all of them to an individual term, or
to merely an image; (6) Alter the text dimensions, colours and alignment as required.

Mind mapping has many applications in personal, family, educational, and business situations, including
note taking, brainstorming (wherein ideas are inserted into the map radially around the centre node,
without the implicit prioritization that comes from hierarchical or sequential arrangements, and wherein
grouping and organizing is reserved for later stages), summarizing, as a mnemonic technique, or to sort
out a complicated idea. Mind maps are also promoted as a way of collaborating in colour pen creativity
sessions. Mind maps can be employed for problem solving, framework design, individual expression of
creativity, team building or synergy creating activities (Wycoff & Richardson, 1995). Mind mapping is
thus one kind of divergent thinking tool which could be applied in brainstorming and association as in
Buzan's (2000) experiment of brainstorming about the concept of "Happiness," as shown in Figure 1.
Such a method is called "Brain Flow." The result revealed that those involved in the process came up with
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different terms related to happiness, implying that they all had different associations with that specific
theme. Moreover, the same results were achieved for different themes, indicating that few people have the
same connections with the same term. Thus, mind maps could help people to promote their intellectual
brainstorming and association skills (Buzan & Buzan, 2006).

Creativity experts Ayan and Rick (1997) indicated that mind mapping can stimulate visual intelligence
because many people have a greater sense of visual information if they can express their ideas with
images. Through such a process, they can easily understand the relationship among the concepts such that
they can naturally extend their thinking scope and spatial concepts (Buzan & Buzan, 2006).

[LavshTee [sunsHine|
[runig) warur|
[swivminG || HAPPINESS —{crocoLae|
[RELAXING | (exencise |
[sRoTHeR | swiLG|

Figure 1. Nllustrative example of a mind map of "Happiness".

Research method

Participants

In this study, three classes constituting a total of 137 students taking an undergraduate Business Planning
course at a university in northern Taiwan were assigned to three groups. Experimental group one included
44 students who adopted a mobile-based Mindtools application embedded in mobile devices with a
collaborative learning approach; experimental group two included 47 students who adopted computer-
based Mindtools with a collaborative learning approach but did not use mobile devices; the control group
included 46 students who adopted a conventional collaborative learning approach with neither the use of
Mindtools nor mobile technology. To avoid the Hawthorne Effect, the students in the three groups were
not aware of their roles in the experiment. Moreover, when choosing the participating classes, the
physical locations of the classes were taken into account; that is, non-adjacent classes were chosen to
avoid the students from different classes influencing each other.

Experimental procedure

The experimental procedure of the study is shown in Figure 2. The subject of the study was a unit called
"Business Planning and Proposal Practice," in which the students needed to work collaboratively to
develop a business plan. Experimental group one conducted their planning with mobile-based Mindtools
using a collaborative mind mapping approach, experimental group two was assigned to conduct their
planning process using computer-based Mindtools with collaborative mind mapping, while the control
group adopted the conventional computer-supported collaborative learning approach. In the first week of
learning activities, experimental group one was taught to use the mobile Mindtool-based software and
was taught about creative thinking, experimental group two was taught the computer Mindtool-based
software and creative thinking, and the control group was taught about creative thinking. Afterwards the
three groups worked on six themes of creative thinking learning activities over a period of six weeks,
including such themes as food and 3C products. This six week intervention trained the students' creative
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ability and business planning skills, as well as allowing the two experimental groups to become familiar
with operating the Mindtools software.

In the last week, the students in each of the three groups were required to complete a final business plan
and proposal project as a posttest. The final project topic was entitled 'Laptop Products,' and was related
to an exhibition of computers and information technology.

[ 137 college students assigned to three groups ]

[ The pretest for business management midterm exam score ]

a N[ N I
Experimental group 1 Experimental group 2 Control group
14 subgroups 16 subgroups 16 subgroups

i, dubigsinie alsisgisieh Zuising

( Y ( Instruction of Mobile ) [ Instruction of C omputer Instruction of Creative
One week Mindtool software and Mindtools software and - Thinkin ' '

L ) U Creative Thinking  J | Creative Thinking  J{_ )

~ N N - N - ~

] . Computer Mindtool- Conventional computer-
Six weeks Mobile Mindtool-based based collaborative <upported collaborative
collaborative learmng
L y learning learning
[ One week ] [ Posttest project of business plan and proposal. ]

[ One day ] [ Posttest-completing a project and presenting the result (evaluated by three raters) ]

A 4

[ 30 Minutes ] [ Questionnaire for acceptance of Mindtools application ]

Analysis of learning performance and questionnaire ]

[ Interview after the experiment ]

Figure 2. Experimental procedure of the study.

After the learning activities, the students were required to develop a business plan and proposal as the
posttest. During the learning process, the students in experimental group one employed mobile phones to
execute the Mindtool, as shown in Figure 3. On the other hand, Experimental group two used the
"XMind" computer-based Mindtools, as shown in Figure 4.
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Figure 4. Interface of computer-based Mindtool "XMind".

During the learning activity, the students could come up with any idea divergently based on a theme via
the mind mapping tool. Through convergent thinking processes, the students could find possible solutions
related to the theme. Moreover, the mind maps allowed individual students to think creatively with simple
graphics and a brief text description so that their peers were able to grasp their ideas. Thus, members of
each sub-group were able to complete their mind maps collaboratively. An example of a finalized mind
map for a business plan is given in Figure 5, which was developed via a collaborative learning group
using Mindtools.
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Figure 5. Screenshot of one sub-group's finalized mind map.

Measuring tools

The assessment of the business plans was carried out by three experts with over five years' experience of
teaching the business course. The criteria of the assessment related to how the students developed their
business plans based on three dimensions, creativity, completeness and oral presentation. Before
conducting the assessment, one non-experimental group with 14 students participated in the pretest to
evaluate the validity of the assessment. Meanwhile, the rating rules were defined according to open-ended
questions about the business plans. The score of the business plans was based on three aspects: (1)
innovation, which refers to the number of innovations in the plan, with a score ranging from 0 to 60; (2)
completeness, which was evaluated based on the structure of the plan, with a score ranging from 0 to 20,
and (3) oral presentation skills, which was evaluated based on the students' presentation of their plans,
with a score ranging from 0 to 20 (Miner & Miner, 2008; Ward, 2011) .

The three experts were invited to evaluate the business project, and their average scores represented the
score for each student. The pretest result was analyzed with Pearson correlation analysis. The correlation
coefficient of the three raters was between 0.77 and 0.890, implying that there was high inter-rater
reliability in the evaluation of the students' proposal planning performance (Cohen, 1988; Bryman &
Cramer, 1997), as shown in Table 1.

Table 1
Pearson correlation analysis for the three raters (N=14)
Rater 1 Rater 2 Rater 3
Rater 1 1
Rater 2 0.805%** 1
Rater 3 0.770%* 0.890%*** 1

Note. ¥*p < .01, ***p <.001
In addition, to measure the students' acceptance of the mind mapping strategy, an acceptance

questionnaire originating from the questionnaire developed by Chu, Hwang, Tsai, and Tseng (2010) was
administered. It was constructed and validated by the researchers and two experts and consists of 20
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items with a five-point Likert rating scheme, including 10 items for "Perceived usefulness," numbered 1-
10, and 10 items for "Perceived ease of use," numbered 11-20. This questionnaire was administered to the
two experimental groups during the posttest phase after the groups had completed the experiment. The
Cronbach's alphas of the two dimensions are 0.807 and 0.801, respectively, and the Cronbach's alpha of
the entire acceptance questionnaire reaches 0.859, which shows high internal consistency and reliability
of the scale (Cohen, 1988; Bryman & Cramer, 1997).

In addition to the quantitative analysis, a qualitative method was employed after the experiment. Several
interview questions were used to obtain the students' perceptions of using the mind mapping tool in the
learning context, such as "Do you encounter any difficulties when using the mind mapping tool during the
learning process?", "Is the mind mapping tool helpful to you in terms of group discussions during the
learning activity?" and "Can the mind mapping tool improve your performance in completing the
business plan?"

Results and Discussions

Analysis of learning achievement

After the business plans were completed, the three raters were required to evaluate each group's plan, and
the total score for each group was the sum of the three raters' scores. A homogeneity of variance test was
conducted first before the ANOVA test, and revealed that the three groups' test scores did not reach
significance level (F=0.528, p=0.594 > 0.05), implying that the abilities of the students in the three groups
were equivalent prior to the intervention, which meets the basic assumptions of ANOVA. Then, ANOVA
was conducted to analyse the students' business plan achievements in terms of the dimensions of
"innovation," "completeness," "oral presentation skills" and "total score," as shown in Table 2. The test
results in Table 2 show that the scores of the two experimental groups are significantly superior to those
of the control group (F=5.50, p < .01), implying that the mind mapping mechanism embedded in the
learning activity was definitely beneficial to the experimental group students. Further investigation of the
influence of the different dimensions found that for the dimension of innovation, the two experimental
groups had significantly better scores than the control group (F=4.69, p < .01), implying that the mind
mapping mechanism was helpful to the experimental group students in terms of their creative thinking
ability. That is, the mind mapping tool allowed the students to experience divergent creative thinking by
drawing, and also allowed them to come up with convergent ideas via the use of graphic representations.
Such a thinking process could help the experimental group students' ideas converge into a single direction
for their business plans. Moreover, creativity could be the determinant when developing the success of a
business plan (Miner & Miner, 2008). Thus, the result shows that the intervention of the mind mapping
mechanism was helpful to the students in developing their plans.

Table 2
ANOVA of the post-test for the three groups
Group N Mean S.D. F Post hoc
. (1) Experimental Group 1 14 4814 520 4697  (1)>(3)
Eggoo/v)a“"“ (2) Experimental Group 2 16 4594 495 2)>(3)
° (3) Control Group 16 4175 595
(1) Experimental Group 1 14 16.79 1.63 1.54
é‘(’)%lete“ess (2) Experimental Group 2 16 1656  1.03
(3) Control Group 16 15.81 1.11
i (1) Experimental Group 1 14 15.43 1.50 0.60
S(ri‘i‘llsp(rzegf/‘:)ta“o“ (2) Experimental Group 2 16 1569 120
(3) Control Group 16 15.70 1.12
(1) Experimental Group 1 14 80.43 6.90 5507 (1)>(3)
Total score (2) Experimental Group 2 16 78.13 5.61 2)>3)
(3) Control Group 16 73.75 5.85

Note. **p < .01
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In contrast, the students in the control group adopted a text-based thinking approach, which easily led to
misconceptions, and made it difficult to grasp the theme and the ideas of creative thinking. Accordingly,
they were unable to effectively develop creative thinking ability (Wycoff & Richardson, 1995; Amabile,
1996). Through interviews with some of the students from the two experimental groups, the students of
experimental group one expressed that they could easily discuss and draw mind maps with each other via
their mobile phones in their spare time, while the students in experimental group two thought they could
not discuss or draw mind maps with each other unless the computer classroom was available for use
during their spare time.

Analysis of acceptance of mind mapping

In order to investigate the acceptance of the mind mapping mechanism by the two experimental groups, a
questionnaire of acceptance of mind mapping in business planning was conducted after the learning
activity.

The first dimension of the questionnaire is the perceived usefulness of the mind mapping mechanism,
which attempts to investigate the students' perceived usefulness level of adopting the mind mapping
mechanism in learning business planning. We found that the mean scores of perceived usefulness of the
two experimental groups were 4.11 and 4.07, respectively. This indicates that the students in both
experimental groups believed that the mind mapping mechanism embedded in the learning activity was
useful for their learning performance. A further investigation revealed that the students in the two
experimental groups also agreed that mind mapping embedded in business planning could help them
concentrate on the topic and reorganize their shared knowledge; moreover, it helped them promote their
creative thinking ability and come up with more ideas when making a business plan. This finding is
consistent with that of a previous study reported by Miner and Miner (2008) that creative thinking ability
is an important determinant for students to make a successful business planning case. Furthermore, the
students of both experimental groups indicated that the mind mapping mechanism could help them
increase their interaction with their group members, and share ideas with each other easily when making a
business plan together. Such a learning context could effectively improve students' discussion content via
the use of visual graphics. The students further suggested that mind mapping tools could be used in more
disciplines relating to memory, creativity and logistics (Gentner, Anggoro, & Klibanoff, 2011; Liu, Chen,
& Chang, 2010; Ismail, Ngah, & Umar, 2010).

The second dimension of the questionnaire is perceived ease of use of mind mapping in business planning.
The higher the score, the easier the students perceive the use of the mechanism to be. The mean scores of
perceived ease of use of the two groups are 3.44 and 3.68, indicating that most of the students tend to
agree that the mind mapping mechanism was easy to use in the learning activity.

Table 3 shows the independent sample t-test of two questionnaire items to which the two experimental
groups showed significantly different responses. We found that the mind mapping mechanism embedded
in the computer-based learning activity was easier to use than that embedded in the mobile-based learning
activity; however, using mobile devices was more helpful to the students in terms of completing the
business plan.

An interview was further conducted to investigate the reasons for this finding. According to the feedback
of the experimental group one students, it is difficult to revise the contents of the mind maps using the
small screen of the mobile devices. Moreover, it is also unfriendly for them to input text via handwriting
or the onscreen keyboard functions. On the other hand, the students in experimental group two indicated
that using personal computers to develop business plans made them difficult to discuss, showing that the
need for face-to-face discussions was met by using the mobile devices. Accordingly, it would be
worthwhile for educational institutes to consider adopting mobile devices with larger screen sizes, such as
e-books, in the future.
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Table 3
Independent sample t-test of acceptance of the mind mapping mechanism for the two experimental groups

Question Group N Mean SD. t

s

It is easy to complete the mind map with Exp. Group 1 44 3.98 0.82 -2.89
this learning approach. Exp. Group 2 47 3.53 1.00

Exp. Group 1 44 3.14 0.96 2117

I think it is easy to revise the mind map.
Exp. Group 2 47 3.55 0.93

Note. *p < .05, **p <.01

Conclusions and suggestions

In this study, a collaborative mind mapping approach for supporting creative learning activities is
proposed; moreover, an experiment on a management course of a university has been conducted to
evaluate the effectiveness of the proposed approach on different computer platforms. The experimental
results show that both groups of students who learned with the collaborative mind mapping mechanism
via mobile devices and desktop computers had significantly better performance than those who learned
with the conventional instruction, implying that the use of Mindtools in collaborative learning activities
was able to improve the creativity of the students, no matter which kind of computer platform was used.

This result is consistent with previous findings (Ismail, Ngah, & Umar, 2010; Buzan & Buzan, 2006;
Ayan & Rick, 1997). However, the two experimental groups had no significant difference in the posttest
of learning achievement, although the mean score (48.14) of experimental group one was greater than that
(45.94) of experimental group two. Interviews were conducted to further investigate the reasons, and it
was found that some students of experimental group one found that the mobile-based Mindtools were able
to help them discuss their plans and draw their mind maps anytime and anywhere. Comparatively, the
students of experimental group two were able to manipulate the computer-based Mindtools and discuss
their mind maps only in the computer classroom at specific times. Thus, this result is consistent with
previous research findings concerning the advantages of mobile learning (Hwang & Chang, 2011; Hwang,
Wu, & Ke, 2011; Looi et al., 2010; Uzunboylu, Cavus, & Ercag, 2009) and Bandura's social cognitive
theory (Bandura, 1976), indicating that an individual's knowledge can be directly constructed by
observing others within the context of social interaction.

In addition, from the questionnaire of acceptance of the mind mapping mechanism, we found that most of
the students in the two experimental groups tended to agree that the mind mapping mechanism was
beneficial in the development of their business plans in terms of the dimension of "perceived usefulness."
However, for the dimension of "perceived ease of use," the students in experimental group two reported
significantly higher scores than those in experimental group one in terms of the learning system interface.
Although the mobile-based Mindtool approach benefited the students in this application, the small screen
size of the mobile devices restricted the display and editing of the mind maps; consequently, it is
suggested that instructors need to take the number of nodes in the mind maps into consideration when
designing a learning task. Moreover, the use of more contemporary mobile devices with bigger screens
and easy-to-use interfaces, such as Apple's iPad or Tablet PCs, could be a solution to address this problem.
Furthermore, it might extend the possibilities of conducting online real-time forums and knowledge-
sharing platforms in the current project, which would engage students in a more interactive and
meaningful manner.

In the future, several extended studies can be considered; for example, the investigation of the effects of
individual differences (e.g., gender or achievement level) on students' creative performance in a
technology-enhanced learning environment with Mindtools. In particular, several researchers have
emphasized the importance of investigating gender differences in e-learning studies in recent years (Hung,
Hwang, Lee, & Su, 2012; Lowrie & Jorgensen, 2011; Tomte & Hatlevik, 2011; Yang & Chen, 2010).
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