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Abstract The purpose of the study was to explore that using creative problem solving
can promote students’ performance of concept mapping (CMPING). Students were
encouraged to use creative problem solving (CPS) in constructing nanometer knowledge
structure, and then to promote the performance of CMPING. The knowledge structure was
visualized through CMPING which helps students to improve their performance. The
participants were 42 college juniors who selected the course “Nano-environmental Engi-
neering Technology”. Four instruments were used to classify student learning performance
(meaningful learning, rote learning and non-learning). This study included three main
issues: (1) Student learning quality was determined by the change in concept map con-
struction. (2) In-depth interviews were applied to understand student’s CPS process. (3)
Student interaction quality in a discussion board on a web-platform was evaluated. The
results showed that meaningful high-level learners successfully applied CPS in con-
structing concept maps and they presented better performance of CMPING. Rote learners’
results were in the second place, and non-learners achieved the worse outcomes. It is
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suggested that a future teaching study can use creative problem solving to promote stu-
dents’ performance of CMPING in other courses.

Keywords Concept mapping - Creative problem solving - e-Learning

Introduction

In science education, it is crucial to foster students’ problem solving ability in order to
solve real world problems. Independent thinking and problem solving abilities are thus
essential for students to develop their mapping potential. Concept mapping (CMPING) has
been proven to be an effective instructional tool for problem solving (Stoyanova and
Kommers 2008). Creative problem solving (CPS) is an effective strategy in solving real
problems and overcoming challenges by using creativity (Treffinger et al. 2005). CMPING
and CPS are two learning strategies which emphasis the thinking procedures of learners.
Through visualization, CMPING helps to understand the learners’ thinking procedures.
CPS encourages students to solve problems with good thinking abilities (including creative
thinking and critical thinking). The purpose of the study was to promote students’ per-
formance of CMPING. Students were encouraged to use CPS in constructing nanometer
knowledge structure through good thinking behavior. CMPING was adopted afterwards for
students to present their knowledge structure through visualization.

Literature review
Concept map and creativity

The term of creativity is a broad field and difficult to define. It can be seen as a product of
enlightenment for individual to solve unknown problems. This enlightenment provides
various alternations for problems, creating new ideas, and discovering relationships
between old concepts with new ideas (Riza 2002). In recent research, it has argued that
creativity is assessable for very individual definition (Sternberg and Lubart 1992) and with
great potential to be trained and taught (Ma 2006; Scott et al. 2004). The effectiveness of
creativity training has been concluded to result in significant consequences in learning
achievement (Russell and Meikamp 1994). In Cropley and Cropley’s (2000) study, they
attempted to foster engineering undergraduates’ creativity through creativity training, and
concluded a positive outcome due to the increase of innovative ideas. As a result, creativity
support tools are required (Selker 2005). Then Shneiderman (2007) mentioned that the
creativity support tool is available to “extend users’ capability to make discoveries or
inventions from gathering information, hypothesis generation, and initial production,
through the later stages of refinement, validation and dissemination” (p. 22), concept
mapping can be seen as a useful creativity support tool due to the fact that it can put these
functions into practice. The result reveals the existence of high-level interrelationship
between concept mapping and creativity (Novak and Cafas 2007).

According to Novak and Caifias (2007) (Fig. 1), high learning performance takes place
through learning in meaningful ways. While CMPING aimed to achieve meaningful
learning, the requirements of explicit knowledge structure and successful integration of
new and prior knowledge are essential. Thus, the competence of creative thinking and
knowledge creation were required to facilitate acquiring innovation knowledge (Torrance
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1993) and reinforce mapping performance. Additionally, creativity can be seen as a
“process” resulting in innovative and useful products (Burleson 2005). This makes the
concept mapping construction process to be seen as a creative thinking process. As a result,
CMPING is a creative process and a creativity support tool to stimulate creativity. In
addition, constructing concept maps in a creative way facilitates high-level meaningful
performance. Therefore, concept mapping in this study is a powerful creativity support tool
and creativity thinking process to enhance creativity outcomes.

Web-based collaborative concept mapping

Concept Mapping (CMPING) (Novak and Gowin 1984) is a graphic learning strategy and
visual representation presenting the change of individual knowledge structures. It also
helps learners to organize and integrate their understanding of prior knowledge and newly
learned knowledge and aims to result in a more meaningful learning outcome (Novak
1990). Novak and Gowin (1984) mentioned that various components were essential for
constructing successful concept maps. Firstly, concepts are the priority elements of concept
mapping. They are presented from general to specific and from macro to micro to form a
hierarchical structure. The linking labels form propositions to present the inter relation-
ships of the concepts. The appropriately use of linking labels helps learners to identify
good cross-links, another important element of concept mapping, which are powerful
connections to form a “web” (Heinze-Fry and Novak 1990, p. 463) within vary clusters.
The quality of the use of cross-links is essential due to it may be seen as a foundation for
evaluating learner understanding and misunderstanding of the concepts. According to
Novak and Cafias (2007), they argued that “cross-links often represent creative leaps on
the part of the knowledge producer” (p. 2). They also claimed the competence to create
new cross-links is one of the important features of concept mapping. We may thus further
presume that cross-links play an important role in the facilitation of the production of
meaningful learning. On the other hand, CMPING is used not only as an instruction tool,
but also an evaluation tool (Edmondson 2000). In recent research, Hay, Kinchin and their
colleagues (ex: Hay 2007; Hay and Kinchin 2008; Hay et al. 2007) evaluated student
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Fig. 1 Learning can vary from highly rote to highly meaningful. Creativity results from very high levels of
meaningful learning (Novak and Cafias 2007)
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learning quality through analyzing students’ concept maps. The present research adopted
concept mapping analysis to evaluate the change of students’ knowledge structure, and
further determine their learning quality.

Collaborative learning facilitates learners to assess into a more flexible cognitive pattern
and stimulates critical thinking (Stoyanova and Kommers 2002). It also enables learners to
share and negotiate personal ideas and inspires knowledge exchange through group brain-
storming and discussion. Michinow and Primois (2005) argued that creativity measured the
quantity of ideas generated by participants at least during the asynchronous electronic
brainstorming. It is indicated that the group brainstorming activity inspires new ideas. Also,
through group discussion during collaborative learning, learners are able to generate mem-
bers’ ideas, and increase members’ interaction and positive contributions (Sizmur and
Osborne 1997). Communication and interaction among participants thus occurs in a col-
laborative learning context and leads to knowledge construction and deep understanding
(Komisetal.2002). As aresult, collaborative learning provides an appropriate atmosphere for
CMPING learning, because it stimulates different kinds of knowledge growth (Fu et al. 2009).

Furthermore, according to Webb (1982), student interaction and achievement are clo-
sely related to each other. In distance education or web-based learning environment, in
particular, interaction between individual involved in learning may decrease the negative
influences on communication (Thorpe 2008). Due to this reason, asynchronous and syn-
chronous communication seem to be influential communication tools to engage in critical
thinking (Jamaludin and Lang 2006; Klisc et al. 2009), and to enhance group interaction
(Cheong and Cheung 2008; Yukselturk and Yildirim 2008). In the research of Stoyanova
and Kommers (2002), they reported better learning effectiveness and group creativity
through intensive learner interaction in collaborative concept mapping. Additionally, the
use of a web-based instrument yields meaningful learning due to the fact that it offers
larger knowledge acquisition potential (Hron and Friedrich 2003), and allows learners to
assess information seeking, analyzing and synthesizing strategies (MacGregor and Lou
2006). In the study by Jong et al. (2005), the web-based collaborative concept mapping was
adopted. They indicated a close relationship between collaborative learning and concept
mapping outcomes, and concluded that there was a better learning outcome with intense
interaction. As a result, web-based collaborative concept mapping, as a communication
tool, may encourage group interaction and further improve learning achievement. This
research proposes that collaborative learning increases interaction and creativity.

Creative problem solving and concept map

CMPING has long been developed for students’ learning. However, most studies
emphasized the influence of concept mapping on problem solving performance (ex: Lee
and Nelson 2005; Hollenbeck et al. 2006; Stoyanova and Kommers 2008). Few have
investigated the interrelationship between creative problem solving (CPS) and CMPING.
CPS is an effective strategy for solving real problems and overcoming challenges by using
creativity (Treffinger et al. 2008). The CPS framework was originally developed by Alex
Osborn, and has been modified by Treffinger, Isaksen with their team to version 6.1.
According to Isaksen and Treffinger (2004), the CPS version 6.1 included four elements:
understanding the challenge, generating ideas, preparing for action and planning your
approach; and eight stages: constructing opportunities, exploring data, framing problems,
generating ideas, developing solutions, building acceptance, designing processes and
appraising tasks. The major purpose of the process is to clarify leaner understanding of
problems, generating ideas, and planning for action (Treffinger 1995) through creative
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ways. Brophy (1998) mentioned that the complete application of the CPS process is not
essential. It can be seen as a standard for solving a particular problem, and can allow the
problem solver to determine and choose required scopes. The CPS process thus provides a
great range of flexibility for problem solvers.

In the CPS process, continuous thinking is crucial for every problem solver. While solving
problems with creativity is the major goal of the CPS process, it requires learners to think
creatively of innovative ideas. More important, it requires learners to think critically to reflect
on problem solutions. The development of critical thinking skills is essential because students
with critical thinking skills can analyze and compare obtained knowledge, and revise
knowledge from various perspectives (MacKnight 2000). Besides, critical thinking is a
reflective tool to reflect and evaluate important information and classify possible solutions
(Dabbagh 2001). Additionally, Wang et al. (2009) claimed that there is a close interrela-
tionship between critical thinking and knowledge construction. CMPING, as a knowledge
changing tool (Stoyanova and Kommers 2008), thus requires critical thinking skills to reflect
on mapping solutions and knowledge examinations. Consequently, it can be claimed that the
CPS process is an influential feature in concept mapping performance. It may further facilitate
the classification of learners’ knowledge structure in regard to continuous high-order
thinking. In addition, the increase of a reflective ability may also be revealed in a concept map
outcome which was appropriately adopted through the CPS process.

As a result, through appropriate use of CPS, a better mapping performance can be
achieved. Also, solving mapping problems in creative and critical way may result in a
high-level learning performance. In conclusion, we believe that the combination of CPS
and concept mapping is beneficial for students to learn creatively. This is why this study
adopted CPS to support concept mapping in the Nanotechnology course that requires
extensive information and greater cognitive workload.

Social comparison and self-assessment

Social Comparison Theory assumes that all human beings have the ability to evaluate their
own opinions (Festinger 1954). Various studies have found that social comparison process
stimulates self-improvement (Michinov and Primois 2005; Helgeson and Mickelson 1995;
Wood 1989). In the research of Fry and Lupart (1987), they adopted social comparison to
measure self-monitoring and comprehension ability that can be revealed by the difference
between self-assessment and expert-assessment. In more recent research, Kao et al. (2008)
utilized social comparison (student self-assessment and expert-assessment) to improve the
student self-awareness. They indicated that the creativity potential can be stimulated
through the comparison process. Further, the study of Michinov and Primois (2005) also
found a positive influence of social comparison process on productivity.

Self-assessment can be seen as a reflective tool (Mok et al. 2006) that develops learner’s
self-reflection ability. Self-reflection skill is cssrucial in knowledge learning, due to the fact
that it improves conceptual understanding (May and Etkina 2002), and allows individuals
to consider and judge self prior experience (Kong et al. 2009). Further, Burleson (2005)
suggests that creativity can be inspired through the development of meta-cognitive ability
with reflective tools. This implies that learners with better self-reflection ability have a
potential to produce mapping performance. Consequently, this research argues that self-
assessment is a powerful reflective tool that improves learners’ self-reflection ability
through the use of social comparison (self-assessment and expert-assessment). A complete
concept map usually requires continuous revision, which provides learners with an
opportunity to reflect on their previous work. We believe that using the social comparison
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process in concept mapping education encourages learners to review conceptual knowl-
edge, and reflect on problem solving solutions.

Methodology
How to examine students’ performance of CMPING?

In this study, we used the followings to examine students’ performance of CMPING: (1).
thinking abilities, (2). self-assessment and social comparison, (3). self-reflection, (4). group
interaction, (5). link quality (6). creativity. Furthermore, thinking abilities included crea-
tive thinking and critical thinking. And the standard of creativity used was revised from the
work of Novak and Cafias (2007) who mentioned related theories. This study further
developed three assessment criteria to measure the creativity performance of concept
maps: (1) conceptual richness or the effective integration of new with existing knowledge,
(2) the quality and quantity of meaningful cross-links or evidence of understanding, (3) a
well organized hierarchical structure.

Sample

All of undergraduate samples are major in the department of chemical engineering and
material engineering in a national university in Taiwan. They were enrolled in the “Nano-
environmental Engineering Technology”. Most of them obtained knowledge of chemistry
and material characteristics related subjects, due to they had taken related coursework such
as chemistry, physics, chemical and physical sciences, engineering mathematics, ther-
modynamics, and mechanics of materials as essential courses.

Forty-two-third year undergraduates participated (33 males and 9 females) in this study,
Eleven groups were divided depending on year performance (year record) of the required
course “chemical and physical sciences,” which is prior knowledge of the course” Nano-
environmental Engineering Technology”, in the last academic year. In other words, there is
heterogeneity of year record within each group and homogeneity of year record among
different groups.

In addition, the other three groups of the sample in this study: meaningful, rote learning,
and non-learning, would be discussed at the last paragraph in the part of “Procedure.”

Course contents

The course was mainly taught via multi-media and facilitated by concept maps of each
unit. This was aimed to help students to be more familiar with concept mapping from this
concept mapping learning context. During the course, the teacher firstly introduced the
basic characteristics of the course theme, “Nano Photocatalyst”. The principle and prac-
tical examples and issues were then illustrated for students to further gain a deep under-
standing of the topic.

Procedure

In this course, a 15-week (3 h per week) experiment was designed and conducted to
practice the concept mapping technique. During the experiment, since the procedures or
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workflow for both individual and group students were all the same, we proposed the
procedure as below: (1) the students in each group were provided an interactive web-
platform for extracurricular, learning group interaction and group discussions. The website
contained teaching videos of CMPING, a CPS learning area, a course introduction, hy-
perlinks to Nanometer-related websites, discussion boards and an assignment zone. (2) An
online teaching assistant (TA) was assigned to each group. The TA’s role was to guide
students to plan CPS procedures and utilize mapping skills. (3) The CPS procedures play
an important role in this activity as it facilitates group students to extend unknown concepts
through continuous searching, analyzing and generating information of the theme in order
to develop feasibility mapping plan. (4) Group students may be able to create creative
concepts, examples and successful cross-links through brainstorming and continuous
reflective thinking during the process. Before the activity formally began, the students were
taught the rules and techniques of concept mapping. In addition, they were instructed how
to use CPS in planning the mapping procedure. (5) Each group was required to construct
two concept maps (pre-test and post test) on the theme of “Nano Photocatalyst”. An
example map (post test) chosen from eleven groups of maps was shown in Fig. 2. The
quality of the students’ mapping performance was evaluated by three experts. (6) To
encourage group students’ reflection, the students were also required to evaluate their own
concept maps and their assessment was compared with the experts’. (7) To classify three
groups of the sample: meaningful, rote learning, and non-learning, which will be discussed
in detail in the next paragraph. (8) In-depth interviews were adopted to understand how
group students’ creative thinking was employed through using CPS to learn concept
mapping of Nanometer knowledge. (9) To send feedback of analysis of the collected data
and the results to the teacher and group students.

Three groups of the sample: meaningful, rote learning, and non-learning, were selected
by three experts who examined the students’ maps to determine their learning quality. In
other words, three experts used the following criteria of students’ learning quality to
classify three groups mentioned above. We adapted Hay et al. (2007)’s works and pro-
posed: (1) Meaningful learning involved a great amount of conceptual knowledge change,
and a deeply significant understanding of the theme topic revealed by the integration of
prior and new knowledge as well as superior outcomes in regard to self-assessment
competence and social comparison in constructing concept maps. (2) Rote learning was
indicated by an increase in new knowledge. However, the integration of prior and new
knowledge was insufficient in constructing concept maps led to the ineffective use of
partial creative problem solving. (3) Non-learning is illustrated by a concept structure that
was simply formed by prior knowledge, and by a lack of knowledge increase in the second
concept map showing the relationships among concepts. Moreover, the integration of prior
and a great amount of new knowledge were not successful in constructing concept maps.

Instrument and data analysis

The analysis of concept mapping

This study required each group to construct one concept map before and after learning,
in order to determine the change in their concept map structure. Afterwards, three

experts examined the students’ maps to determine their learning quality or mapping
performance.
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Fig. 2 An example map (post-test)

In-depth interview

The in-depth interview was conducted to further explore how the students solved problems
with creative thinking during concept map construction. It also aimed to understand how
students’ interact with their peers and TAs through the web platform. In regard to the
interviewees, six groups were selected according to their CM performance. Six intervie-
wees were randomly chosen from each of the six groups. In other words, we selected two
interviewees randomly from high level of CM performance groups, two randomly from
middle level of CM performance groups and two randomly from low level of CM per-
formance groups. A semi-structured interview technique was used and both open-ended
and closed questions were asked. Sixteen questions were devised according to the research
purpose, such as “How do you feel about the concept mapping process from the first time
to the second?”, “After the first concept mapping, do you think that collaborative learning
is helpful and is able to inspire mapping creativity for the second concept mapping?”, and
“Can you mark your second concept map, and provide some comments? Furthermore, the
questions were confirmed by five experts in the area in order to establish content validity.

The data analysis adopted grounded theory to analysis interview content through line by
line analysis. Then, category and semi-category were divided for Axial coding and
Selective coding. The standard for coding were “the attitude of students toward concept
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mapping”, “the nine stages of CPS”, “the opinions and interaction of students toward the
web platform”, and “students’ self-assessment of concept mapping”. The reliability
analysis of interview texts was completed by two coders. The coding reliability was built
up with an analyst triangulation method which was to ask two coders to analyze interview
texts independently and then to compare the similarities and differences between them. At
last, Holsti’s formula (1969) produced a reliability coefficient of 0.891 across all categories
between two coders.

Self-reflective rating method

In the study of Kao et al. (2008) conceptual self-awareness rating method was adopted to
determine the differences of student self-assessment and expert-assessment from the pre-
test to post-test. The self-awareness and social comparison process was mainly applied to
improve student potential. Accordingly, this study utilized the paired-samples ¢ test to
compare the cognitive variation between student self-assessment and expert-assessment.
The variation represents the students’ self-reflection ability. That is, a lower difference
represents better self-reflection of the student. The difference between first and second
student/expert-assessment indicates the change of student self-reflection. When the gap of
the second student/expert score is smaller than the gap of the first student/expert score, it
indicates students have gained an improvement in self-reflection ability.

The measurements of students’ and experts’ pre-test and post-test were “student self-
assessment questionnaire” and “expert-assessment questionnaire”. The purpose of the
self-assessment questionnaire was for students to reflect on their concept maps. Three
experts rated students’ concept maps with the expert-assessment questionnaire. The three
experts were devoted to the field of Nanotechnology and Microsystems Engineering,
Research of Material equipment of Nanometer powder, and Knowledge Transfer respec-
tively. It assesses concept maps in 20 questions from four dimensions: conceptual richness
(ex: I (student) have integrate my prior knowledge and new-learned knowledge in
meaningful way), link quality (ex: The linking words that I used can clearly explain the
relationships between concepts), evidence of understanding (ex: The cross-links that I used
can prove my further understanding of the concept knowledge), and hierarchy and structure
(I have re-organized the conceptual construction) (Hay et al. 2007). With minor revisions,
under each dimension, there are 4 to 6 items in five-point Likert scale modes (from
strongly agree to strongly disagree).

The revision was made in accordance to the comments of five experts in order to
establish content validity. The entire reliability of the scale is 0.864. The reliability of each
of the dimensions is: 0.789 for conceptual richness, 0.713 for link quality, 0.801 for
evidence of understanding, and 0.604 for hierarchy and structure. In addition, Kendall’s
Coefficient of Concordance (W) was used to assess rater reliability. The result reveals a
good inter-rater reliability because both x> (28.797) and W (0.959) have reached a sig-
nificance level.

Evaluation of student interaction and creativity in a web-platform discussion board

The study categorized the effective interaction (number of logs) and creativity (originality
of ideas) from the log files of each group in the web-platform discussion board. The
measurement of interaction was obtained by calculating the number of effective log files of
a student in the discussion board (meaningless log files were deleted from the calculation).
As mentioned by Michinow and Primos (2005), creativity can be measured by the quality
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of ideas generated by participants during asynchronous electronic brainstorming.
Accordingly, the measurement of creativity performance in this study was to calculate the
number of stimulated creative ideas during group interactive discussion from the effective
log files. Two coders analyzed and classified the content of interactive conversation. The
coding reliability of 0.953 indicates a sound reliability. Finally, the variation of the
effective interaction and the creativity of students among the three learning quality groups
was analyzed with ANOVA.

Results

After students evaluated their own performance of concept maps, their assessment was
compared with three experts, and students’ learning quality was based on the rules of Hay
et al. (2007)’s dividing into three groups of learning, which included meaningful learning,
rote learning, and non-learner. And since the results for both of individual and group students
are all the same, so we proposed the same results as below. As well, all the individuals in each
group discussed how to construct CPS and CMPING and solved problems till the map
finished so that all the individuals had much contribution or influence on completing the map.

The results of quantitative data

Meaningful and rote learning students have significantly better self-reflection
competence and improvement

In Table 1, the student/expert scores in the “first map” column indicates the level of self-
reflection before learning concept mapping, and the student/expert scores in the “second

Table 1 The difference between

. Assessment First ma Second ma t Significance
ot s wep mep
Overall
Student 3.68 (0.24) 3.84 (0.24)
Expert 1.79 (0.47) 3.13 (0.68)
Student/expert 1.89 (0.57) 0.71 (0.78) 6.59 0.000
Meaningful
learner
Student 3.57 (0.31) 3.79 (0.10)
Expert 2.05 (0.69) 3.84 (0.56)
Student/expert 1.52 (0.96) —0.05 (0.65) 6.69 0.022
Rote learner
Student 3.72 (0.18) 3.78 (0.16)
Expert 1.84 (0.38) 3.31 (0.17)
Student/expert 1.88 (0.47) 0.47 (0.10) 6.54 0.007
Non-learner
Student 3.71 (0.29) 3.93 (0.38)
Expert 1.53 (0.33) 2.41 (0.24)
Student/expert 2.18 (0.11) 1.52 (0.47) 2.45 0.092

@ Springer



Using creative problem solving to promote students

map” column suggest the level of self-reflection after learning concept mapping. The
paired-samples ¢ test was used to examine the difference of two scores. The results indi-
cated a significant improvement in self-reflection of all the students (t = 6.59, p < 0.001).
Deeper examination explored the change of student self-reflection in different groups with
three different learning qualities. The results revealed that there was no major improve-
ment in the self-reflection ability of students with non-learning (t = 2.45, p > 0.05). The
results are caused of the overestimate of students’ first self-assessment. At the first self-
assessment, students were unfamiliar with topic knowledge, and presented an overestimate
of their competence compare with the first expert-assessment. At the second self-assess-
ment, students obtained better understanding of the topic knowledge and applied CPS
process as a reflective tool for learning. They thus estimated their ability more carefully. In
contrast, both rote learning and meaningful learning students obtained a significant
improvement in self-reflection ability (t = 6.54, p <0.01, and t= 6.69, p < 0.05
respectively). The implied conclusion is that meaningful learning and rote learning stu-
dents were more able to successfully evaluate their concept maps. Also, better self-
reflection ability was revealed from these students due to the inexistence of exaggeration in
the quality of their concept mapping.

Higher frequency of interaction helped students to create creative ideas with better quality,
and it reinforced Meaningful learning to produce high quality concept maps

This study used one-way analysis of variance to compare the variation of the number of
effective interaction and creative ideas in the web-platform discussion board of students
with different learning quality. The Scheffe’s method was conducted to make a post hoc
comparison. The results (Table 2) illustrated that meaningful learning students had the
greatest frequency of effective interaction. Rote learning students had the next and non-
learning students had the fewest. Moreover, meaningful learning students also produced
the most creative ideas with higher quality than rote learning students and non-learning
students. In the study of Chiu et al. (2000), they found that a higher frequency of group
online interaction was associated with better concept mapping performance. Stoyanova and
Kommers (2002) argued that collaborative learning reinforces interaction and further
enhances creative thinking and critical thinking. Accordingly, the study suggests that
meaningful learning students achieved better critical thinking and creative thinking due to
their better group interaction and brainstorming during the online collaboration process.
The consequence resulted in more creative ideas, and led to high-level concept mapping
performance. In regard to rote learning and non-learning students, their inferior concept

Table 2 ANOVA of interaction and creativity among three learning quality groups

Learning effect MLYN =11) RL°N=16) NL‘N=15) F Scheffe
Mean (SD) Mean (SD) Mean (SD)

Interaction (number of logs) 60.33 (10.41)  21.00 (12.02) 15.25 (7.59) 19.20%* ML > NL
ML > RL
RL > NL
Creativity (originality of ideas) 39 (9.85) 13.25 (9.22) 7.25 (4.11) 15.02#%* ML > NL
ML > RL
RL > NL

* p < .05, %% p < 01, *** p < 001; * Meaningful learning; ® Rote learning; ¢ Non learning
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mapping performance resulted from a lower frequency of interaction, which has negative
influence on creative production.

The results of qualitative data

The groups that obtained meaningful learning used CPS effectively to facilitate concept
mapping and to enhance learning quality

Three groups achieved meaningful learning, and their maps displayed high creativity.
These groups’ concept maps presented complete integration of new and prior concept
knowledge and excluded incorrect and irrelevant concepts. Obviously, these students
applied CPS to develop knowledge, and re-organized the concepts through critical
thinking. Moreover, their maps demonstrated meaningful cross links, which is an indica-
tion of innovation, comprehension, reorganization and deliberation of concept-map
structure.

According to the interview data, students in these groups are active learners. They fully
adopted creative thinking and critical thinking to solve mapping problems. They learn
through meaningful ways, and effectively applied CPS to facilitate concept mapping
construction. They work hard and have positive learning attitudes. They “actively search
new knowledge related to concept mapping, and appropriately use the newly acquired
knowledge (D026)”. They “utilized group brainstorming to inspire new ideas for con-
structing concept maps, and used group discussions to select suitable concepts (D188,
H205)”. During the mapping process, “problems such as cross links and linking words
were effectively solved (D192, 279, H361)” through “more extensive search of infor-
mation, group discussions, and consultation of teachers and online TAs (D, H)”.

The study proved that students who learn through meaningful ways produce knowledge
creation in their final concept maps. Meaningful learners fully adopted creative thinking
and critical thinking to construct concept maps. They actively discover and solve problems
during the mapping process. Also, they inspired new ideas through group discussions and
continuous reflection in order to complete the final maps. Their maps show that they
effectively integrate their prior knowledge and new learned knowledge, and thus worked
creatively. Russell and Meikamp (1994) indicated that creativity can be recognized in
learning performance. Moreover, Novak and Caifias (2007) also mentioned that creative
thinking and knowledge creation can be found in the ultimate learning outcome of
meaningful learners.

Rote learning students utilized critical thinking unsuccessfully

The maps of four rote learning groups showed the integration of prior knowledge and new
knowledge. The incorrect concepts were deleted and modified, and the cross links were
increased. However, the maps’ quality was not as good as those of the meaningful learning
groups. Generally speaking, only part of their concept maps were re-organized even though
the evidence of creativity was shown.

The interview of the students from these groups revealed that they felt positively about
concept mapping, and have good learning attitudes. However, they mentioned that the
quality of their concept maps was impaired “due to the misunderstanding of concepts
(FO06), and not incorporating important concepts from the class (K084)”. Only a medium
level of mapping performance was achieved because the students were “unfamiliar with
the rules of cross links, which reduced the quality of cross links (K142, FO37).” They also
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indicated that during constructing concept maps “linking words (K104, K108) and cross
links are the most difficult parts (K296, FO41)”. Despite several opportunities for modi-
fication, problems were only partially solved in the final maps and therefore negatively
influenced the learning performance.

Rote learning students continually learned with traditional methods. As mentioned
above, although they altered linking words and increased cross links, the quality of the
maps was not good enough. In addition, the structure of their concept maps was impaired
because of the misunderstanding of concepts. This indicates that the lack of effective use of
critical thinking in problem solving is the crucial reason for inadequate performance. This
also suggests that students’ insufficient creative thinking led to their failure of critical
thinking. As Dabbagh (2001) argued that critical thinking can be used to identify and
verify the quality of concept map, critical thinking assists learners to improve their maps.
As a result, rote learning students failed to use critical thinking to examine their own
thinking, which negatively influenced their mapping performance.

Non-learning students displayed no indication of creativity in their concept maps

The concept maps of four non-learning groups failed to integrate prior knowledge and new
knowledge, to illustrate the assigned theme topic adequately, and to delete the incorrect
concepts indicating no concept convergence. This led to inappropriate cross links and
interrelationships between concepts. Therefore, the concept structures were not reorga-
nized and had low creativity. In conclusion, the non-learning students failed to utilize
creative thinking and critical thinking to construct concept maps and presented low level of
mapping performance.

In the interview, non-learning students displayed a bad learning attitude. All of them
“were rushed into map construction when the deadline approached (A028, E129)”and did
not “put enough effort in learning concept mapping (A112, E309)”. In regard to inno-
vation, problems that occurred during mapping failed to be solved due to “little peer
interaction (A031, E130), rarely logging into the platform, and little interaction with TA
(A167, E271).” Furthermore, they mentioned that “the appropriate use of cross links and
linking words are the greatest difficulty in the whole process (A213, 1264, and E242)”, but
this problem was not at all solved. The major reasons were “inappropriate time man-
agement in construction of maps which led them to give up revision (A104, E222)”, and
“being unfamiliar with the rules of cross links and linking words (A213, E253)”. These
problems obstructed the development of innovation in concept maps, and have a significant
negative impact on the quality of concept maps.

Non-learning students were unable to use critical thinking and creative thinking. In
addition, they had poor peer interaction and low self-monitoring competence; they didn’t
know how to use cross links and linking words in their concept maps: and they achieved
poor learning quality in concept mapping.

Discussion and conclusion

CM is an effective tool for creating new knowledge (Novak and Caiias 2007). CMPING is
an effective tool for organizing concepts, and for developing both individual and group
creativity (Stoyanova and Kommers 2002). According to Scott et al. (2004), individual
creativity potential is accessible to be trained and taught, and has a positive influence in
enhancing innovation ideas. In the study of Cropley and Cropley (2000), they found that
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positive outcomes can be obtained by increasing innovative ideas through conducting
creativity training to foster students’ creativity. Accordingly, this study adopted CPS in a
concept mapping learning activity in order to train students to create better concept maps.
Also, two learning methods were applied to facilitate mapping performance. First, the
social comparison process was used to increase student self-reflection ability. Moreover,
the use of group brainstorming helped students to create innovative ideas. We believe that
the utilization of these two methods during concept mapping process provides students
with better opportunities to create concept maps with high quality.

This study applied the CPS strategy into the concept mapping learning activity to train
and foster students’ mapping performance. Through group discussion in a collaborative
learning environment, brainstorming was used to inspire new ideas followed by the use of
critical thinking to generate ideas. The major purposes of self-assessment are to self-
examine through critical thinking, and to facilitate students to improve thinking awareness
and comprehension. Social comparison (students/experts) was utilized to help students to
be aware of self-cognition, and obtained further improvement in learning in order to
stimulate mapping potential.

In this study, meaningful learners are active learners who are highly positive in learning
with CMPING. They effectively applied CPS and used creative thinking and critical
thinking to facilitate map construction. They also gained superior outcomes in regard to
group interaction, creativity, self-assessment competence and social comparison, which led
to high-level concept mapping performance by meaningful learners. Russell and Meikamp
(1994) mentioned that learner creativity can be revealed from students’ learning perfor-
mance. The same arguments are also mentioned by Novak and Cafias (2007) who suggests
creative production can be obtained through very high-level meaningful learning. The
argument was consistent with the results of this study. It further proved that the meaningful
learning students achieved very high-level concept mapping performance due to the
existence of creativity productions in their concept maps.

Rote learning students made great effort and significant improvement of self-reflection
ability. However, they were passive in acquiring new knowledge, which led to a negative
influence on learning quality and creativity. They failed to solve problems in terms of
linking words and cross-linking. The development of their creativity was thus limited.
Novak and Caiias (2004) argued that students usually mentioned that cross-linking is the
most difficult part in concept mapping due to the fact that they poorly understand the
meaning and relationships among the concepts. This also suggests that the rote learning
students in this study had only achieved surface understanding of the relationships among
the concepts. On the other hand, Novak and Cafias (2007) further argued rote learning is
often unsuccessful at achieving creative thinking or novel problem solving, because of the
limited advantage that it brings to enriching a knowledge structure. The argument implied
that the rote-learning students in this study were lacking deep critical thinking that could
add to the enrichment of new knowledge in order to construct their concept maps. Also, the
insufficiency of knowledge led to the ineffective use of critical thinking and partial
problem solving.

Non-learning students were passive learners, whose learning attitude was negative.
Although they completed every task in the concept mapping activity, the non-learning
quality was presented. From the in-depth interview, rote learning students were subjective
learners and preferred to continue previous learning pattern. They had not yet accepted the
new learning model nor had they adapted to the newly established learning environment.
The interview data also suggest that non-learning students had low participation, and kept
an attitude as observers in the activity. Moreover, they failed to integrate a great amount of
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new knowledge in constructing concept maps because they had not yet accepted the new
learning method. Their concept maps showed a poor learning quality.

The contribution of this study is to integrate the merits of CPS and CMPING in order to
inspire performance in students’ learning outcomes. Through adopting the learning strat-
egies which are offered by this study, learners are able to train their self-reflection com-
petence with reinforcement. We concluded that the CPS is a student-centered learning
method and teacher is just a learning facilitator.

In this research, we put emphasis not only on applying CPS and CPMING, but also
included the design of the materials, the assistance of teaching assistant (TA), and the
expertise provided from experts. Therefore, we integrated all external resources as possible
to enhance the effectiveness of teaching and learning. In addition, although student-cen-
tered learning was administrated to fit students’ needs, not all the students presented their
good performance. From this fact, we infer that some of the students had not yet accepted
the new learning method, or the learning motivation had not yet been completely stimu-
lated. According to Novak and Caias (2007), it is difficult to change the learning behavior
of individuals within a short period of time. It implied that students continue to use their
old learning model in the CMPING learning activity, which could not have a good impact
in their learning outcome.

The limitations of this study are provided as below. First, in this condition, such as: special
nanotechnology courses, limited students attending this study and limited groups chosen for
interview with related chemical and physical prior knowledge, we applied special teaching
methods and tools to strengthen the capacity to do the conceptual breakthrough. Therefore,
there are limited inferences and conclusion and the results of this study can not be generalized
to the general teaching subjects. So we need more student samples or groups and experimental
teaching data to validate this study in order to be generalized to more undergraduate student
population and general teaching courses. Second, in this study we have ignored some issues,
such as: the composition of the group members with no equal numbers of the male and female
student because of limited female students and with no equal level of educational background,
and no equal support or guidance for each group provided from teachers or TA. These factors
might have some hidden effects on teaching and learning. Therefore, these issues or rela-
tionships are worthy of being explored in the further study. Third, the quality of communi-
cation and interaction among group members, and how the members within each group
interacted with each other were not investigated in this study so that we will explore these
worthwhile works in the following study.

Acknowledgments The authors greatly appreciate the financial support provided by Taiwan’s National
Science Council, the Republic of China under contract No. NSC-95-2516-S-276-008-MY3, and also the
kind assistance of Dr. Cheng-Hsien Tsai, Miss Chao-Yi Chu, Miss Hui-Chuan Sun, Dr. Yue Tan, etc., who
made this paper possible.

References

Brophy, D. R. (1998). Understanding, measuring, and enhancing individual creative problem-solving
effects. Creativity Research Journal, 11(2), 123-150.

Burleson, W. (2005). Developing creativity, motivation, and self-actualization with learning systems.
International Journal of Human-Computer Studies, 63(4-5), 436-451.

Cheong, C. M., & Cheung, W. S. (2008). Online discussion and critical thinking skills: A case study in a
Singapore secondary school. Australasian Journal of Educational Technology, 24(5), 556-573.
http://www.ascilite.org.au/ajet/ajet24/cheong.html [viewed 02 Sep 2009].

@ Springer


http://www.ascilite.org.au/ajet/ajet24/cheong.html

K.-H. Tseng et al.

Chiu, C. H., Huang, C. C., & Chang, W. T. (2000). The evaluation and influence of interaction in network
supported collaborative concept mapping. Computer & Education, 34(1), 17-25.

Cropley, D. H., & Cropley, A. J. (2000). Fostering creativity in engineering undergraduates. High Ability
Studies, 11(2), 207-219.

Dabbagh, N. (2001). Concept mapping as a mindtool for critical thinking. Journal of Computing in Teacher
Education, 17(2), 16-24.

Edmondson, K. (2000). Assessing science understanding through concept maps. In J. Mintzes, J. Wandersee,
& J. Novak (Eds.), Assessing science understanding (pp. 19-40). San Diego: Academic Press.

Festinger, L. (1954). A theory of social comparison process. Human Relations, 7, 117-140.

Fry, P. S., & Lupart, J. L. (1987). Cognitive processes in children’s learning. Springfield, MA: Charles C.
Thomas.

Fu, F. L., Wu, Y. L., & Ho, H. C. (2009). An investigation of coopetitive pedagogic design for knowledge
creation in Web-based learning. Computers & Education, 53(3), 550-562.

Hay, D. B. (2007). Using concept maps to measure deep, surface and non-learning outcomes. Studies in
Higher Education, 32(1), 39-57.

Hay, D. B., Kehoe, C., Miquel, M. E., Hatzipanagos, S., Kinchin, I. M., Keevil, S. F., et al. (2007).
Measuring the quality of e-learning. British Journal of Educational Technology, 39(6), 1037-1056.

Hay, D. B., & Kinchin, I. (2008). Using concept mapping to measure learning quality. Educa-
tion 4+ Training, 50(2), 167-182.

Heinze-Fry, J. A., & Novak, J. D. (1990). Concept mapping brings long-term movement toward meaningful
learning. Science Education, 74(4), 461-472.

Helgeson, V. S., & Mickelson, K. D. (1995). Motives for social comparison. Personality and Social
Psychology Bulletin, 21(11), 1200-1209.

Hollenbeck, K., Twyman, T., & Tindal, G. (2006). Determining the exchangeability of concept map and
problem-solving essay scores. Assessment for Effective Intervention, 31(2), 51-68.

Holsti, O. R. (1969). Content analysis for the social sciences and humanities. Reading, MA: Addison-
Wesley.

Hron, A., & Friedrich, H. F. (2003). A review of web-based collaborative learning: factors beyond tech-
nology. Journal of Computer Assisted Learninssg, 19(1), 70-79.

Isaksen, S. G., & Treffinger, D. J. (2004). Celebrating 50 years of reflective practice: Versions of creative
problem solving. Journal of Creative Behavior, 38(2), 75-101.

Jamaludin, A., & Lang, Q. C. (2006). Using asynchronous online discussions in primary school project
work. Australasian Journal of Educational Technology, 22(1), 64-87. http://www.ascilite.org.au/ajet/
ajet22/jamaludin.html [viewed 23 Oct 2009].

Jong, B. S., Chan, T. Y., & Wu, Y. L. (2005). Students’ learning status evolved from dynamic grouping
learning. In Proceedings of the 2005 IEEE frontiers in education conference (FIE 2005) (pp. F2C26—
F2C31). Indianapolis, USA.

Kao, Y. M., Lin, S. J., & Sun, C. T. (2008). Breaking concept boundaries to enhance creative potential:
Using integrated concept maps for conceptual self-awareness. Computer & Education, 51(4),
1718-1728.

Klisc, C., McGill, T. & Hobbs, V. (2009). The effect of assessment on the outcomes of asynchronous online
discussion as perceived by instructors, 25(5), 666—682. http://www.ascilite.org.au/ajet/ajet25/klisc.
html [viewed 16 Nov 2009].

Komis, V., Avouris, N., & Fidas, C. (2002). Computer-supported collaborative concept mapping: study of
synchronous peer interaction. Education and Information Technologies, 7(2), 169—188.

Kong, S. C., Shroff, R. H., & Hung, H. H. (2009). A web enabled video system for self reflection by student
teachers using a guiding framework. Australasian Journal of Educational Technology, 25(4), 544-558.
http://www.ascilite.org.au/ajet/ajet25/kong.html [viewed 06 Jan 2010].

Lee, Y., & Nelson, D. W. (2005). Viewing or visualizing—which concept map strategy works best on
problem-solving performance? British Journal of Educational Psychology, 36(2), 193-203.

Ma, H. H. (2006). A synthetic analysis of the effectiveness of single components and packages in creativity
training programs. Creativity Research Journal, 18(4), 435-446.

MacGregor, S. M., & Lou, Y. P. (2006). Web-based learning: How task scaffolding and web site design
support knowledge acquisition. Journal of Research on Technology in Education, 37(2), 161-171.

MacKanight, C. B. (2000). Teaching critical thinking through online discussions. Educause Quarterly, 23(4), 38—41.

May, D. B., & Etkina, E. (2002). College physics students’ epistemological self-reflection and its rela-
tionship to conceptual learning. American Journal of Physics, 70(12), 1249-1258.

Michinov, N., & Primois, C. (2005). Improving productivity and creativity in online groups through social
comparison process: New evidence for asynchronous electronic brainstorming. Computers in Human
Behavior, 21(1), 11-28.

@ Springer


http://www.ascilite.org.au/ajet/ajet22/jamaludin.html
http://www.ascilite.org.au/ajet/ajet22/jamaludin.html
http://www.ascilite.org.au/ajet/ajet25/klisc.html
http://www.ascilite.org.au/ajet/ajet25/klisc.html
http://www.ascilite.org.au/ajet/ajet25/kong.html

Using creative problem solving to promote students

Mok, M. C., Lung, C. L., Cheng, P. W, Cheung, H. P., & Ng, M. L. (2006). Self-assessment in higher
education: Experience in using a metacognitive approach in five case studies. Assessment & Evaluation
in Higher Education, 31(4), 415-433.

Novak, J. D. (1990). Concept mapping: A useful tool for science education. Journal of Research in Science
Teaching, 27(10), 937-950.

Novak, J. D., & Caiias, A. J. (2004). Building on constructivist ideas and CmapTools to create a new model
for education. In A. J. Caiias, J. D. Novak, & F. M. Gonzalez (Eds.), Concept maps: Theory, meth-
odology, technology, proceedings of the 1st international conference on concept mapping. Pamplona,
Spain: Universidad Publica de Navarra.

Novak, J.D., & Canas, A.J. (2007). The theory underlying concept maps and how to construct and use them,
Technical Report IMMC CmapTools, Florida Institute for Human and Machine Cognition, http://
cmap.ihmc.us/Publications/ResearchPapers/TheoryUnderlyingConceptMaps.pdf [viewed June 2008].

Novak, J. D., & Gowin, D. B. (1984). Learning how to learn. New York, NY: Cambridge University Press.

Riza, E. T. (2002). Creativity: A new era in educational technology. The Turkish Online Journal of Edu-
cational Technology, 1(1), 8-20. http://www.tojet.net/volumes/v1il.pdf [viewed 12 Jan 2010].

Russell, R. S., & Meikamp, J. (1994). Creativity training-a practical teaching strategy. In proceedings of the
Annual National Conference of the American Council on Rural Special Education (ACRES) (14th,
Austin, Texas, March 23-26, 1994).

Scott, G., Leritz, L. E., & Mumford, M. D. (2004). The effectiveness of creativity training: A quantitative
review. Creativity Research Journal, 16(4), 361-388.

Selker, T. (2005). Fostering motivation and creativity for computer users. International Journal of Human-
Computer Studies, 63(4-5), 410-421.

Shneiderman, B. (2007). Creativity support tools. Communications of the ACM, 50(12), 21-32.

Sizmur, S., & Osborne, J. (1997). Learning processes and collaborative concept mapping. International
Journal of Science Education, 19(10), 1117-1135.

Sternberg, R. J., & Lubart, T. I. (1992). Buy low and sell high: An investment approach to creativity.
Current Directions in Psychological Science, 1, 1-5.

Stoyanova, N., & Kommers, P. (2002). Concept mapping as a medium of shared cognition in computer-
supported collaborative problem solving. Journal of Interactive Learning Research, 13(1/2), 111-133.

Stoyanova, N., & Kommers, P. (2008). Concept mapping instrumental support for problem solving.
International Journal of Continuing Engineering Education and Lifelong Learning, 18(1), 40-68.

Thorpe, M. (2008). Effective online interaction: Mapping course design to bridge from research to practice.
Journal of Educational Technology, 24(1), 57-72. http://www.ascilite.org.au/ajet/ajet24/thorpe.html
[viewed 23 Oct 2009].

Torrance, E. P. (1993). Understanding creativity: Where to start? Psychological Inquiry, 14(3), 232-234.

Treffinger, D. J. (1995). Creative problem solving: Overview and educational implications. Educational
Psychology Review, 7(3), 301-312.

Treffinger, D. J., Isaksen, S. G., & Stead-Dorval, K. B. (2005). Creative problem solving: An introduction
(4th ed.). Waco, TX: Prufrock Press.

Treffinger, D. J., Selby, E. C., & Isaksen, S. G. (2008). Understanding individual problem-solving style: A
key to learning and applying creative problem solving. Leaning and Individual Differences, 18(4),
390-401.

Wang, Q., Woo, H. L., & Zhao, J. (2009). Investigating critical thinking and knowledge construction in an
interactive learning environment. Interactive Learning Environments, 17(1), 95-104.

Webb, N. M. (1982). Peer interaction and learning in small groups. Journal of Educational Psychology,
74(5), 642-655.

Wood, J. V. (1989). Theory and research concerning social comparison of personal attributes. Psychological
Bulletin, 106(2), 231-248.

Yukselturk, E., & Yildirim, Z. (2008). Investigation of interaction, online support, course structure and
flexibility as the contributing factors to students’ satisfaction in an online certificate program. Edu-
cational Technology & Society, 11(4), 51-65.

@ Springer


http://cmap.ihmc.us/Publications/ResearchPapers/TheoryUnderlyingConceptMaps.pdf
http://cmap.ihmc.us/Publications/ResearchPapers/TheoryUnderlyingConceptMaps.pdf
http://www.tojet.net/volumes/v1i1.pdf
http://www.ascilite.org.au/ajet/ajet24/thorpe.html

	Using creative problem solving to promote students’ performance of concept mapping
	Abstract
	Introduction
	Literature review
	Concept map and creativity
	Web-based collaborative concept mapping
	Creative problem solving and concept map
	Social comparison and self-assessment

	Methodology
	How to examine students’ performance of CMPING?
	Sample
	Course contents
	Procedure

	Instrument and data analysis
	The analysis of concept mapping
	In-depth interview
	Self-reflective rating method
	Evaluation of student interaction and creativity in a web-platform discussion board

	Results
	The results of quantitative data
	Meaningful and rote learning students have significantly better self-reflection competence and improvement
	Higher frequency of interaction helped students to create creative ideas with better quality, and it reinforced Meaningful learning to produce high quality concept maps

	The results of qualitative data
	The groups that obtained meaningful learning used CPS effectively to facilitate concept mapping and to enhance learning quality
	Rote learning students utilized critical thinking unsuccessfully
	Non-learning students displayed no indication of creativity in their concept maps


	Discussion and conclusion
	Acknowledgments
	References


