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Development of Thinking Tools to Foster Creative
Problem Solving Skills: A Trial in Programming Education
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Abstract—Learning creative problem solving (CPS) and
programming helps children develop problem solving skills.
Although previous research has focused on how to teach
problem solving, methods for teaching children how to analyze
the gap between ideals and reality remain underexplored.
Accordingly, there is a need for current CPS and programming
education to improve the ways of teaching skills for analyzing a
situation and defining ideals.

In this research, 10 cards were developed as a thinking tool
for CPS and programming learning. An experiment was
conducted in elementary school programming classes, where
students used the cards to analyze problems and discuss the gap
between ideals and reality. The results of a questionnaire survey
revealed an improvement in the students’ attitudes toward
focusing on ideals. Therefore, from the viewpoint of clarifying
ideals, the thinking material supports the development of CPS
abilities. As a future research subject, in order to make it easier
for students to analyze the gap between ideals and reality in
CPS learning, it will be necessary to develop a thinking tool for
the clarification of reality.

Index Terms—Define ideals, creative problem solving,
thinking tools, teaching materials, programming education.

I. INTRODUCTION

Beginning in 2020, programming education will be
compulsory in Japanese elementary schools. Toyoda (2018)
categorizes recent programming materials into three types:
software, combined use with electronic kits, and unplugged
[1]. In programming education that uses these teaching
materials, students engage in problem solving learning with
various themes.

In the teaching guidelines for elementary and junior high
schools, the Ministry of Education, Culture, Sports, Science,
and Technology (2017) lists “problem finding and solving
ability” as one of the qualities and abilities that form the
foundation of learning [2], [3]. These qualities and abilities
are related to various subjects, with the aim of cross-subject
learning organization.

As Yumino (2012) points out, “Unlike regular problem
solving in schools, real-world problem solving often does not
know what the problem is and how to solve it [4].” This
suggests the need to learn creative problem solving (CPS) (p.
42).

However, in the problem solving learning process, there is

room for debate on how to clarify problems, goals, and ideals.
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Sasaki (2015) explains that “Even if an ‘agreement’ is
formed only on the form without sufficiently useful
discussions, it does not leave the domain of ‘deformed
consensuses’ [5].” (p. 1). Viewed from this perspective,
current problem solving learning involves the “planning” and
“practice” of ideas for solving problems but lacks sufficient
activities corresponding to the “definition of problems.” If
the problem definition is inadequate, the quality of
deliverables such as children’s ideas and portfolios may not
be high. In other words, if a group attempts to think of ideas
without first clarifying the problems and goals, it can be
difficult to arrive at a creative and novel solution. In the
context of problem solving learning, especially CPS,
creativity is emphasized, so teaching materials that support
the novelty and originality of ideas are needed.

Therefore, this study aims to develop and evaluate a
thinking tool that can support the process of clarifying ideals
and goals in CPS learning.

Il. THEORETICAL FRAMEWORK

For the development of teaching materials, we will first
review the theory of CPS. CPS, one of the methods of
problem solving learning, consists of three-phase, six-step
activities, shown in Table I.

In light of the points made by Sasaki (2015), in order to
devise more creative and novel ideas in the generation of
Phase 2 ideas, it is necessary to enrich discussions in Phase 1.
Regarding this, Kaneda (2019) described that “the child
himself/herself sets the task” in problem solving learning [6].

Especially in Phase 1, as Murata et al. (2015) suggested,
the issue is how to carry out the “target setting” process [7].
In other words, before thinking of an idea to solve a problem,
it is important to identify what the problem is by discussing
and defining the goals and ideals. This process corresponds
to the second stage of Phase 1 in Table I.

TABLE I: THREE PHASES AND SIX STEPS OF CREATING PROBLEM SOLVING

3 Phases 6 Steps

1-1. Confirm the purpose
1. Search for challenges 1-2. Check the goal list
1-3. Clarify the problem
2. Generation of ideas 2-1. Generate ideas
3-1. Select and reinforce ideas

3. Preparation for action
3-2. Make an action plan

According to Sasaki (2015), “In order to proceed with
problem solving and task achievement, the ‘direction’ of
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where to go is the point. ... In terms of which direction is
desirable, it is roughly assumed that ‘basic policy’ is shown,
and ‘detailed guidelines’ are shown in detail. This ‘direction
theory’ is directly linked to the creation of an index of where
the ‘method’ should be directed.” (p. 3). This suggests the
importance of discussing and defining the direction of the
basic policy and specific guidelines for goal setting in
problem solving.

In addition, referring to the survey by Sophonhiranraka, et
al. (2014), it can be pointed out that the preceding research
has paid much more attention to Phase 2 than Phase 1 [8].
Certainly, it is worth discussing how to extract creative ideas
and ideas in Phase 2. However, based on the above review, it
can be said that discussing the phase 1 process before
extracting ideas can also lead to creative ideas.

Nakagawa (2007) conducted a case study using the USIT
methodology [9]. USIT is one of the process models of CPS
that includes two phases, generalized problem and
generalized solution. This two phases are also separated in
six steps, three steps for problem and three steps for solution.

The case study of USIT was carried out through six processes.

In this way, it can be said that detailed practice in the process
of problem definition is also necessary.

Based on the discussion so far, the theoretical framework
of this study will be broadly set in three positions on the
premise that children will generate creative and novel ideas
for problems to be solved. First, a learning process consisting
of three phases and six steps, which is the method of CPS,
will be introduced to a class in problem solving learning.
Second, the activities related to Phase 1, goals and problem
clarification, should be made more effective. In particular,
they should have a focus on discussing and defining the goals
and ideals. Third, based on the position of the first and
second points, and it will be effective to introduce tools to
assist the children’s thinking in the process of discussing and
defining the ideals and goals in the CPS learning. The aim is
to develop an effective and efficient teaching method.

Based on these points, this study developed a thinking tool
aimed at fostering children’s CPS skills and put it into
practice in programming education.

I1l. MATERIALS AND METHODS

A. Participants

Eleven students in the 6th grade of elementary school in
Shizuoka Prefecture were targeted. As a preliminary survey,
we also practiced with 15 university students in Shizuoka
Prefecture. The students were divided into groups of three or
four, and the assignments were given in the class.

B. Training Procedure and Thinking Tools Design

The research was carried out in the context of
programming education with the theme of thinking about
“new play ideas and procedures” using the robot toy “t0io”.
This theme accords with the goals of Japanese programming
education, which include fostering children’s programming
thinking and developing the ability to generate new ideas
about familiar matters. Table 1l shows the flow of the class
activities.

Because it is a class that considers new play ideas and
procedures, “new play” becomes a problem, and a design that
can support the process of discussing and defining the goals
and ideals is required. Therefore, referring to the four
categories of play (“Search,” “Feel,” “Make,” and
“Compete”) in Kubo and Iwamoto (2014) [10], we extracted
six keywords from the four categories and created the
original four keywords in Table Ill. Ten key words that
indicate the fun of playing were added, and a thinking tool
was developed as a set of 10 cards shown in Fig. 1.

In the class, the thinking tool is used in the activities shown
in Table Il. For the task of thinking about “new play ideas and
procedures,” it is possible not only to generate ideas but also
to discuss and define new play images as goals and ideals as
the previous process Designed like this. Children can use the
thinking tool for group discussions and share the goals and
ideals for the task of “new play and procedures” within the
group. Moreover, it is expected that the goals and ideals
defined by each group using the thinking tool will be used
during the generation of ideas.

The thinking tool was implemented in a programming
class. There were two types of practice: a “preliminary
survey” conducted with 11 university students in Shizuoka
Prefecture and a “main practice” held with 11 elementary
school students in Shizuoka Prefecture.

TABLE Il: CLASS CONTENTS

Time Activity
1. Playing “toio”
10 min.
Form a group of three or four and play some games with toio.
2. Development process of toio & how to create new games
15 min.
Think about what the joy of playing is. *Use thinking tools
3. Create a new game with toio
20 min.
Consider new play ideas and procedure with toio.
45 min. 3. Create a new game with toio
45 min. 4. Present the idea (each group)
TABLE Ill: KEYWORDS OF THE JOY OF PLAYING
4 types Subcategory Keyword(s)
Look for locate, catch collectable
touch, ride, climb, throw, be . . -
Feel . . exhilarating, thrilling
surprised, hide, relax
shape, make sound, collect,
Create harvest, cook, manipulate, customizable
imitate, flock, contact
bet on luck, kick, ride, defeat, ~ COMPetitive,
Compete

hit, throw, use head moving around

level up, unusual,
Original category
with friends, easy rules
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1.
Collectable with Friends
Level Up Moving Around
3.
Competitive Exhilarating
Unusual Easy Rules
Fig. 1. Thinking tools for definition of ideals.
C. Measures

Three questionnaires were administered to evaluate the
effects of the teaching materials. First, the words associated
with “fun play” as a keyword were written in webbing format
before and after the class. This was done in both the
preliminary survey and the main practice.

Second, after the class, the students gave their impressions
of the learning in a free description format. This was also
conducted in both preliminary surveys and actual practice.

Third, we conducted a quantitative survey to investigate
changes in the university students’ awareness before and
after the class. This was only carried out in the preliminary
survey portion of the research. The survey consisted of 20
items. There were five items for each of the following
dimensions: “Attitude of logical thinking” by Hirayama and
Kusumi (2004) [11], “Attitude of creativity (uniqueness,
adventurous spirit)” by Shiota et al. (2013) [12],
“Coordination” by Tobari et al. (2015) [13], “Problem
solving,” and “Problem discovery / planning ability”
extracted from the components of “Practice ability of
information utilization” by Sakai and Nanbu (2006) [14]. For
each item, the answer choices were “It is very applicable,” “A
little applies,” “Neither,” “Not so much,” and “Not applicable
at all.”

D. Data Analysis

Three analyses were conducted. The five dimensions were
scored, and t-test and the effect sizes (Cohen’s d) were
measured. In addition, the keywords associated with the
word “fun play” were described in webbing format, the
appearance words were classified, and the changes before
and after were analyzed qualitatively. Finally, the subsequent
impressions were freely described and analyzed by
constructing a co-occurrence network using the free software
KH Coder.

IV. RESULTS

A. Preliminary Survey

The results of the preliminary survey are as follows; the
co-occurrence network analysis (Fig. 2) and the webbing
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survey (Fig. 3).
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Fig. 2. Results of the co-occurrence network analysis.
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Fig. 3. Results of the webbing survey.

The co-occurrence network analysis suggested that the
word “play” and the words “thinking,” “interesting,” “can
do,” “fun,” “new,” and “making” are strongly related; see Fig.
2.

Furthermore, the webbing showed that the total number of
words decreased after the class, but the number of words
related to competition, cooperation, problem solving, and
creative thinking increased; see Fig. 3. Examples of the
keywords related to problem solving and creative thinking
include “same purpose” and “use the head.”

B. Main Practice

There was no significant difference in the P value due to
the small number of parameters. Concerning the value of
effect amount D, the degree of self-centering decreased and
awareness of listening increased. On the other hand, the
values for explanations, problem discovery, and various
viewpoints decreased. Table IV summarizes the results of the
questionnaire survey.

In the results of webbing, the total number of words
increased, especially the number of words related to tools,
programming, problem solving, and creative thinking; see
Fig. 4. Examples of words that appeared in problem solving
and creative thinking include “forecast” and “imagine.”

Furthermore, the co-occurrence network analysis
suggested that the word “idea” and the words “think,”
“create,” and “can” are strongly related; see Fig. 5.
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Fig. 5. Results of the co-occurrence network analysis.

TABLE IV: RESULTS OF THE QUESTIONNAIRE SURVEY

eonsider

Opinion é?g) (izg) 0.80 0.08
Application égi) (iii) 1.00 0.00
Plan égi) (ggg) 0.51 0.19
Problem Finding (ggg) (igi) 0.09 0.71
Diverse Perspectives égg) (iég) 0.27 0.30

Pre Post p d

Logical Thinking (i?g) (i'gg) 091 -0.01

Logical Thinking (g‘gg) (i'gi) 0.34 -0.19
3.00 3.00

Summary (1.34) (1.41) 1.00 0.00
3.00 3.09

Accuracy (0.89) (1.45) 0.82 -0.08

Expression (fég) (igg) 0.17 0.38
2.73 3.09

Complex (1.49) (1.14) 0.27 -0.29

Creativity (igg) (igg) 025 013

Motivation (‘11‘23) (i'gé) 0.55 0.17
291 2.82

Answer (1.30) (1.33) 0.80 0.07

Originality (‘1‘:8?1) (ig;) 064 017
3.18 3.18

Novelty 1 (117) (1.08) 1.00 0.00
3.45 3.09

Novelty 2 (1.21) (1.38) 0.27 0.29

Collaborative Problem Solving (g‘;g) (i'g% 0.33 0.13

Cooperation (ggé) (22‘2‘) 0.34 0.29

Mutual Benefits (i‘ig) (g'gé) 047  -0.27

Self-centering (g‘gg) (i.zllg) 0.22 0.32
N 4.18 4.45

Listening (0.87) (1.04) 0.19 -0.30

Description (ggg) (igé) 0.19 0.57
Practical Ability to Use 371 3.45

Information (1.07) (1.15) 0.08 0.23
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V. DiscussioN AND CONCLUSION

First, we will consider the results of the main practice. As
Table IV shows, the degree of self-centering decreased and
awareness of listening increased, but the average values for
expression, problem finding, and diverse perspectives
decreased. The average value increased for those who
realized that their abilities were higher than they expected,
and it decreased for those who realized that their abilities
were lower than they expected. Although there is a position
that the average value is effective when the average value
increases and there is an adverse effect when the average
value decreases, the pre- and post-questionnaire survey
results show changes in the children’s awareness and abilities.
In other words, when they finished the class and looked back
on their problem solving ability and creativity, they
considered that their perspectives on their own abilities had
changed. By using the thinking tool, the children felt that
they had unexpectedly improved their abilities for
explanation, problem discovery, and thinking from various
perspectives.

In addition, regarding the classification of words that
appeared based on the webbing in Fig. 5, it can be inferred
that children's creative thinking, imagination, and associative
ability have improved because the total number of appearing
words has increased. Furthermore, in the co-occurrence
network analysis, strong relationships are found between the
word “idea” and the words “think,” “make,” and “can.” This
indicates the students could think of ideas and create new
games through the CPS learning activities.

Overall, the thinking tool was not effective at increasing
and improving the children’s creativity and problem solving
ability themselves in the short term in CPS learning, but it did
change the children’s perception of their own abilities.
Therefore, it is desirable to use the tool with a view to
long-term guidance. In this regard, the tool may be used to
increase children’s self-awareness and to focus their interest
and motivation in CPS as well as help them to define goals
and ideals, thereby engaging their creativity and problem
solving skills. It can be assumed that the system will provide
guidance in the long term.

Next, we will consider the preliminary survey. Similar to
the results of the main practice, regarding the classification of
words that appeared based on the webbing in Fig. 3, it can be
inferred that university students’ abilities or perceptions on
problem finding and creative thinking have improved
because the number of appearing words about these
categories has increased. Furthermore, in the co-occurrence
network analysis, strong relationships are found between the
word “make,” “consider,” “think,” “can,” “activity,” “fun.”
This indicates the students could find the fun of thinking
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ideas and create new games through the CPS learning
activities.

In both practices, group discussions were the main format,
so it can be inferred that this result has an impact on the
difficulty of communicating their opinions and ideas to the
other party through their activities.

The thinking tool developed in this study is a teaching
material aimed at facilitating students’ discussion and
identification of goals and ideals in CPS schemes. The
findings from the experiment show that the tool improved
children’s and university students’ self-awareness of their
problem solving ability and creativity and can be appropriate
for long-term instruction. It is a versatile teaching material
appropriate for use with a wide range of themes in classes
that incorporate CPS learning and the programming
education framework.

On the other hand, this study did not address the
“confirmation of objectives” in Phase 1 of CPS learning
framework. In other words, it is necessary to conduct some
learning activities that students think about why they need to
consider ideas in this activity at first. This activity needs to be
conducted before the process of defining ideals because this
can leads to make students' awareness more improved and
ideas more creative.

Another limitation of this research is about the
methodologies of analysis and evaluation. It was not
conducted that the analysis of CPS and problem finding
abilities themselves in detail. A mere questionnaire survey on
individual awareness is not enough to strictly evaluate
students' ability value itself. This is because this research
methodologies can only analyze the subjective consciousness
of the individual and are not an objective research method. In
the future, it will be necessary to comprehensively evaluate
by introducing creativity tests to evaluate CPS abilities and
biometric measurements to evaluate the degree of
concentration in classes.

In future work, the research should be expanded to
consider these aspects.
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