
Research Article
EnhancingProblem-SolvingAbility throughaPuzzle-TypeLogical
Thinking Game

Ting-Sheng Weng

Department of Business Administration, National Chiayi University, Chiayi 600, Taiwan

Correspondence should be addressed to Ting-Sheng Weng; politeweng@yahoo.com.tw

Received 28 October 2021; Revised 23 December 2021; Accepted 18 February 2022; Published 24 March 2022

Academic Editor: Wenbing Zhao

Copyright © 2022 Ting-ShengWeng.+is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

+is study explored the influence of creativity and learning attitude through game-based learning. +e subjects were sixth grade
elementary school students, and a logical thinking game was developed to stimulate the students’ learning interests. A ques-
tionnaire survey was conducted on 121 students, and the result shows that the students’ creativity has a significant and positive
effect on their learning attitude and problem-solving ability. In addition, learning attitude has a significant and positive effect on
the students’ problem-solving ability. Moreover, creativity elicited a direct effect on problem-solving ability. +is study verified
that the proposed puzzle-type logical thinking game can train and improve the logical thinking ability of learners.

1. Introduction

Problem-solving ability has been valued in education.
Present educational approaches have encouraged learning
through practical problems or cases, inspiring learners to
demonstrate creative thinking, and designing solutions to
problems. Actual life problems or difficulties are optimal
learning examples [1]. +e concept of STEM (science,
technology, engineering, and mathematics) has gradually
been valued and applied in engineering education in colleges
and universities [2, 3].

Prensky named the learners in the recent decade as the
“digital natives,” meaning that they are accustomed to using
various technological products in their lives. Games have an
open point of view and can bring people the desire to create
and invest, and such elements have motivated people’s
willingness to take on risks and explore [4]. According to
Prensky [5], the ideal digital game-based learning is a
method to increase learner engagement and generate higher
learning achievements. To improve problem-solving ability,
learners’ creativity must first be stimulated, and game-based
teaching is a feasible approach to create this stimulation.
Using games to present the teaching contents not only
makes the contents more vivid but also inspires the imag-
ination of learners and triggers more creativity. +us, game-

based teaching is an effective method for eliciting creative
thinking [6–10]. Li [11] used tangram puzzles as a repre-
sentation of mathematics and posited that it could stimulate
game-based learning intention. Knowledge can be inter-
nalized in the process of puzzle playing, and speed and skill
refinement can also be generated during the game-playing
process. Gao [12] stated that games can stimulate learners’
enthusiasm for learning and inspire their initiative, inde-
pendence, and creativity. +rough playing games, learners
can immerse themselves in those activities and are en-
couraged to think about, understand, digest, and absorb
details from concrete imaginary thinking to abstract
thinking. +erefore, learning interest and knowledge grow
naturally in a relaxed and pleasant atmosphere. Further-
more, game-based learning also helps to cultivate learners’
thinking ability and quality, learning attitude, awareness and
methods of observing surrounding objects, inferential logic,
exploration spirit, and ability to think outside the box to
achieve logic creation.

However, conventional educational toys that exist as
physical entities have no characterization orientation, as
their representational state is fixed. Digital learning appears
to be the solution to this problem, as it uses multimedia
applications to create a variety of educational platforms (e.g.,
video images, dynamic images, and model simulations), in

Hindawi
Scientific Programming
Volume 2022, Article ID 7481798, 9 pages
https://doi.org/10.1155/2022/7481798

mailto:politeweng@yahoo.com.tw
https://orcid.org/0000-0002-2412-0125
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/7481798


which teaching materials can be presented in various
characterizations that enrich the learning process. In game-
based teaching, multimedia special effects and interactive
characteristics can attract learners’ attention, thereby en-
hancing their learning motivation and improving their
problem-solving abilities [13, 14]. +rough game-based
practices in the context of digital games, learners can be
guided to become “experiencers” and personally solve
multilevel problems created in the games. +e creativity and
problem-solving ability that the learners accumulated could
lead them to become knowledge creators that provide so-
lutions to real-world problems [15].

It is evident that teaching content and educational
methods can stimulate learners’ creativity, problem-solving
ability, and solution development efficacy [16–20]. Learners’
creativity has a direct effect on their problem-solving ability
and may affect learning attitude, which has an indirect effect
on their problem-solving ability.

+erefore, this study suggests that the use of multimedia
technology is a viable approach to developing a more in-
teractive and stimulating puzzle-type logical thinking game
that allows learners to engage in creative thinking, thereby
affecting their learning attitude and improving their prob-
lem-solving ability. +is study aims to explore the influences
of digital learning tools on learners’ learning attitude,
problem-solving ability, and creativity. More specifically,
this study intends to verify whether game-based learning can
enhance learners’ creative thinking and further influence
their learning attitude and generate positive effects on their
problem-solving ability.

2. Literature Review

2.1. Game and Learning Attitude. Many learners hold a
passive attitude toward learning. Attitude toward science
refers to whether a person likes or dislikes science or has “a
positive or negative feeling about science” [16]. Xu and Liao
[21] used mathematics learning as an example to demonstrate
that students may be uninterested in learning mathematics
due to learning disabilities, poor language ability, and diffi-
culties in understanding abstract symbols. +ey suggested
that image interface guidance in games could help learners to
understand mathematical logic concepts. Su and Xie [22]
mentioned that game-based teaching activities can easily
inspire learners’ explorative ability toward a certain subject,
enhance their learning attitude, attract their attention to
problems, and improve their problem-solving ability. Zheng
and Liu [17] proposed that mission-based games can promote
cooperation and discussion among peers. Compared with
conventional paper-based tests, learners’ learning motivation,
attitude, and achievements were substantially improved after
playing mission-based games. Yang and Li [19] experimented
with a mathematics game and found that the absolute use of
technology can be a helpful learning tool for developing
children’s number sense [19].

It is very important to create an environment that can
promote and maintain learners’ interest [23]. Hwang et al.
[24] pointed out that players’ attitudes affect their subse-
quent use of the game, and players attach great importance

to their game experiences [25, 26]. +e desire to overcome
obstacles in the game experience will encourage players to
find ways to achieve breakthroughs and solve problems,
which in turn improves their problem-solving ability. As
mentioned above, the teaching methods that employ puzzle-
type logical thinking games can improve learners’ learning
motivation and attitude, enable learners to focus on how to
complete a challenge, and stimulate the brain’s hidden
creativity during a short play time. In the process of
attempting to complete a challenge, learners tend to
brainstorm and identify the optimal approaches to succeed
by repeatedly reviewing and evaluating the chosen approach,
identifying problems, and overcoming obstacles. Finally,
positive learning experiences can be accumulated from
game-based learning.

It is effective to learn subjects through games with logical
thinking factors. For example, Sun-Lin and Chiou [27] used
a game-based learning strategy to support algebra variable
learning and found that their proposed method could ef-
fectively enhance students’ learning methods and learning
attitudes. Hwa [28] took the mathematics classes of first to
third grade students in Chinese elementary schools as
subjects and found that game-based learning is superior to
the traditional classroom instruction in terms of students’
logical thinking, learning attitude, and optimizing the
teaching process.

2.2. Creativity. People that think creatively tend to confi-
dently put forward different opinions and try solutions that
are different from the status quo. +ey may combine the
knowledge of different fields to solve problems and persist
instead of giving up in times of difficulties and no progress.
Moreover, they may even deliberately set aside a problem
temporarily and return to the problem later after searching
for the solution from a new perspective [29–31]. Lee and
+erriault [32] suggested that creativity is a high-level
cognitive activity generated by idea association, as well as
divergence and convergence of thought by individuals,
through the collection of data and memory. Gilhooly et al.
[33] also posited that creativity and thinking mode are
correlated. Xiao [34] proposed that improvements in
learners’ creativity can be achieved through intrinsic mo-
tivation, teaching content, and the reading atmosphere in
the learning environment. In terms of teaching, open-ended
questions and extended questions can encourage learners to
think repeatedly and enhance their creativity. Furthermore,
Xiao [34] stated that creativity includes the aspects of ad-
venture, curiosity, imagination, and challenge. Xiao further
suggested that creativity is inspired and enhanced by pa-
rental creativity education, creativity life experience, and
daily life experience.

In addition, teachers’ instructional strategies can inspire
students’ creativity. Yang et al. [35] designed the educational
strategy of robot-assisted instruction to support students’
learning achievements. +e results showed that an appro-
priately designed teaching strategy can enable students to
think and recognize learning materials through the inter-
active models.

2 Scientific Programming



Based on the definitions in previous literature, this study
defined creativity as follows. Teachers use open teaching
materials to guide learners to think independently and inspire
learners to develop new ideas and actions outside of in-class
assignments; by helping the learners to probe into the root of
problems and relevant causes, teachers can guide learners to
consider possible approaches to solving these problems.

2.3. Game-Based Learning and Problem-Solving Ability.
In problem solving, the process is equally important as the
outcome [36]. Polya [37] suggested that problem solving is an
explicit or cognitive behavioral process in which various
possible effective solutions are proposed for the problematic
situation, and individuals select the most effective solution for
implementation. Liao and Wang [38] stated that in problem
solving, the thought process is crucial. +ey summarized the
psychological process as problem identification, understanding
the nature of the problem, collecting relevant information,
taking problem-solving actions, and engaging in postevalua-
tion.+e “problem” in their study was the gap between the goal
and current situation, and problem solving is a process in
which an individual applies one’s knowledge to the problem to
obtain solutions. Lin and Huang [18] argued that problem-
solving attitude is the basis for problem-solving ability. +ey
posited that problem-solving attitude and ability affect indi-
viduals’ thoughts andmotivationswhen dealingwith problems.

Nevertheless, conventional education models have a lim-
ited effect on the cultivation of problem-solving ability. Most
learners are accustomed to relying on teachers’ guidance and
lack the ability to think independently. +erefore, appropriate
teaching activities could cultivate learners’ creativity and
problem-solving ability [39]. Yang [40] stated that receptive or
inquiry-based teaching is not the only valid teaching method,
but it should be conducted simultaneously.+e goal of teaching
is not merely imparting knowledge but to help learners un-
derstand thinking and the thought process. Teaching should
not only be for imparting knowledge but also to help learners
understand thinking and the thought process; when knowledge
concepts are understood and appropriately applied, they can be
effectively used to help learners solve problems and cultivate
their thinking ability.

Tang [20] posited that competition in society is be-
coming more intense, and that while problem-solving
ability has gradually been recognized and valued, it has
become an indispensable ability for talented people.
Nevertheless, traditional education models have reduced
learners’ interest in learning and have failed to improve
their problem-solving ability. Tang stated that developing a
game-based learning model is imperative to improving
learners’ problem-solving ability. Huang et al. [41] indi-
cated that game scores are significantly correlated with
learners’ graphic reasoning, creative thinking, and prob-
lem-solving abilities. Furthermore, game scores are related
to learners’ higher-order thinking ability. +erefore, games
are suitable tools for training learners’ creativity and
problem-solving ability. Zheng [42] stated that mathe-
matics-based games in elementary schools could train
learners’ problem-solving ability.

Many related studies have explored learning outcomes
from game-based learning integrated with education in the
field of digital learning [43–46], with system development
[47] as the research goal. +is study investigated whether
game-based learning has a positive effect on learners’
problem-solving ability by exploring the creativity learning
attitude and the psychological level of learners.

With highly developed multimedia technology, creativity
educational materials with sound and light effects and visual
animation can be designed. An interactive interface with visual
elements, such as images, can be designed to meet the learners’
needs. Liao and Wang [38] designed an exploratory game and
added an element of fun to the learning process. +eir game
produced excellent learning outcomes and significant im-
provement in the subjects’ problem-solving ability. Moreover,
they demonstrated that game scenarios can influence problem-
solving methods and cultivate learners’ creativity and thinking
from different perspectives. Game-based learning activities can
enhance learning motivation and inspire learners to apply their
creative thinking skills in a team setting to solve problems. By
adopting game-based teaching activities, novel teaching
methods or various highly interactive teaching models can be
developed [48, 49].

Among various digital games, computer games have
attracted the attention of young students, as well as children.
Game-based education is still effective in guiding and in-
spiring children’s judgmental thinking abilities. +ere are
numerous research studies exploring the effectiveness of
game-based learning and many curricula adopting learning
games [50–54]. In particular, puzzle-type logical thinking
games can lead learners to engage in creative thinking and
develop problem-solving ability.

3. Research Method

+is study used Flash software to develop a puzzle-type logical
thinking game on the website (Figures 1 and 2). Figure 3
presents a schematic of a stroke-completing game as a test
tool for a creative thinking activity.+e research tool involved a
puzzle game that has not been frequently applied in general
teaching, and it was designed to stimulate young students’
curiosity and interest in learning. +is study took sixth grade
elementary school students as the subjects. +e questionnaire
survey method was adopted to measure the subjects’ creativity,
learning attitude, and attitude toward game-based learning and
problem solving. +e data were collected based on the four
dimensions of creativity, learning attitude, attitude toward
game-based learning, and attitude toward problem solving.

3.1.ResearchScopeandParticipants. +is study was based on
a puzzle-type logical thinking game. Purposive sampling was
used to select learners who participated in science exhibition
activities. Among the 150 participants, there were 121 valid
participants, with a valid response rate of 80.6%.

3.2. Research Tools. +e research structure of this study is
presented in Figure 4. A linearly structured model was used
to establish the relationship between and different influences
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of the four dimensions of creativity, learning attitude, at-
titude toward game-based learning, and attitude toward
problem solving. +e items for the attitude toward game-
based learning, learning, creativity, and problem solving
were modified from the questionnaires of Chu et al. [55];
Chen et al. [56]; Cao and Zhou [57]; Amabile [29]; Zhou and
George [58]; and Lin and Huang [18], respectively. For this
questionnaire survey, a 5-point Likert scale was used for
measuring the three dimensions of creativity, learning at-
titude, and problem solved.

+ere were 121 valid samples in this study, which is likely to
deviate from the assumption of normal distribution. Compared
to AMOS, which assumes normal distribution based on a large
sample, SmartPLS uses a PLS-SEM model that supports the
assumption of abnormal distribution. +erefore, this study
used SmartPLS M2.0.3 for statistical analyses. +e operational
definitions of the four dimensions are shown in Table 1.

3.3. ExperimentProcedure. +e experimental procedure is as
follows: (1) the researchers explained the game to the
subjects; (2) the subjects played the game; (3) questionnaires
were distributed; (4) questionnaires were collected; and (5)
data analyses were performed.

For data analysis, structural equation modeling was
employed to measure the directions of influence among the

four dimensions. Reliability and validity analyses were used
to examine whether the questionnaires used in this study
was suitable for analysis, and effective results were obtained.

3.4. Reliability and Validity Analyses. +e scales used in this
study were modified from existing studies. +us, Cronbach’s
α value of each dimension ranged from 0.697 to 0.926, which
satisfied the reliability of index requirements. Moreover, the
scales were also modified based on the expert opinions,
confirming that the scales have satisfactory expert validity
(Table 2).

4. Results

A linearly structured model was applied to determine the
relationships and influences between the four dimensions.
Furthermore, the SmartPLS M2.0.3 software suite was used
to test the relationship between the four dimensions and
goodness of fit of the model. +e linear model is shown in
Figure 5. +e overall model goodness of fit was determined
using the overall goodness of fit of validation mode and
observation data. A higher goodness of fit of a model in-
dicates that it is highly feasible. +e results of this study
indicate that most of the overall model indices fitted well
with ideal values (Table 3); thus, the goodness of fit of the
model was within an acceptable range.

�ere are two kinds of people in the
world: -�ose who believe that the
world can be divided into two kinds
of people, and those who do not
believe it.

Non-linear reverse learning puzzle
education

Use your brain

Brain teaser
Math games
�ings you do not know

Enter the puzzle world

Figure 1: Puzzle game portal.

Question 1: �e following are nine
small dots arranged in a 3 X 3
square. Using a pencil, draw four
straight lines that pass through all
the small dots. During this process,
your pencil tip cannot leave the
paper, nor can you turn back and
redraw.

Tips & answers

Back to the menu

Figure 2: Screen of “thinking after corner-turning“ puzzle game.
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Question 1: �e following are nine
small dots arranged in a 3 X 3
square. Using a pencil, draw four
straight lines that pass through all
the small dots. During this process,
your pencil tip cannot leave the
paper, nor can you turn back and
redraw.

Tips & answers

Back to the menu

Figure 3: Stroke movement.

Creativity

Attitude toward game-
based learning

Learning attitude

Attitude toward
problem solving

Figure 4: Research model.

Table 1: Dimensions, definitions, and citations.

Dimensions Definitions References

Creativity Students evaluate whether they are producing answers in classwork that can be used to
solve assignments because of the tool

Lee and +erriault
[32];

Gilhooly et al. [33];
Yang et al. [35]

Learning attitude Students’ cognition and values of “learning“

Koballa and Crawley
[16];

Su and Xie [22];
Garcia et al. [23];
Xu and Liao [21];
Yang and Li [19];
Hwang et al. [24]

Attitude toward game-
based learning

Students’ cognition and evaluation of learning
content or learning activities using this research tool

Richard [48];
Huang et al. [41];
Lee and Lee [47];
Tang et al. [49];
Zheng [42];

Halloluwa et al. [43];
Muñoz et al. [45];
Vrugte et al. [46];
Lee et al. [44]

Attitude toward problem
solving Students’ cognition and values of “problem solving“

Polya [37];
Li [39];

Yang [40];
Liao and Wang [38];
Lin and Huang [18];

Tang [20]
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+e relationships between creativity, learning attitude,
attitude toward game-based learning, and problem-solving
are described as follows (Figure 2 and Table 4):

(1) Learner’s creativity has a significant and positive
effect on learning attitude, attitude toward game-
based learning, and problem solving (β1 � 0.51,
t� 3.955; β2 � 0.76, t� 6.201; β3 � 0.55, t� 4.017).

(2) Learning attitude and attitude toward game-based
learning have a significant and positive effect on
problem solving (β4 � 0.16, t� 2.022; β5 � 0.27,
t� 2.309).

(3) Learners’ creativity has a direct effect, an indirect
effect, and a total effect of 0.55, 0.2868, and 0.8368,
respectively, on problem solving.

According to the analysis results, creativity, learning
attitude, and attitude toward game-based learning affect
problem solving. +is finding is consistent with the
setting of the original research (Figure 1), suggesting that
learning attitude, attitude toward game-based learning,
and creativity have a significant effect on the ability of
learners to solve problems while faced with difficulties.
+e results of the linear model analysis indicate that
creativity also affects learning attitude and attitude to-
ward game-based learning. +is result implies that
learners’ willingness to accept new things may influence
their learning attitude and attitude toward game-based
learning (Table 4).

+is study explored the relationships among learning
attitude, attitude toward game-based learning, and creativity
regarding problem solving. +e results indicate that crea-
tivity, learning attitude, and attitude toward game-based
learning have significant effects on problem solving. +e
findings of this study can be further explored by referring to

Table 3: Goodness of fit of the overall model.

Adaptation index χ2 test χ2/df GFI AGFI PGFI RMSEA NNFI CFI
Suggested values p> 0.05 <3.0 >0.9 >0.9 >0.5 <0.08 >0.9 >0.9
Research model χ2 � 2131.869, p≤ 0.001 1.991 0.823 0.678 0.622 0.092 0.566 0.719

Table 4: Path coefficients affecting the dimensions.

Path Standardized
coefficients

p
values

Learning
attitude <--- Creativity (β1) 0.51∗∗∗ ≤0.001

Attitude
toward game-
based learning

<--- Creativity (β2) 0.76∗∗∗ ≤0.001

Attitude
toward
problem
solving

<--- Learning
attitude (β4)

0.16∗ 0.043

Attitude
toward
problem
solving

<---
Attitude toward
game-based
learning (β5)

0.27∗ 0.021

Attitude
toward
problem
solving

<--- Creativity (β3) 0.55∗∗∗ ≤0.001

∗∗∗p< .00; ∗p< .05; ∗∗p< .01.

Table 2: Reliability and validity analyses.

Dimension Cronbach’s α
Creativity 0.917
Learning attitude 0.717
Attitude toward game-based learning 0.697
Attitude toward problem solving 0.926

0.51∗∗∗

0.76∗∗∗
0.27∗

0.55∗∗∗

0.16∗

Creativity

Attitude toward game-
based learning

Learning attitude

Attitude toward
problem solving

Figure 5: Results of research model.
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digital learning. +is type of learning can be improved by
integrating game-based learning into problem-solving tasks.

5. Conclusion and Suggestions

Computer-aided instruction not only improves problem-
solving ability but also learning attitude [59, 60]. +is study
found that for learners and the general public, learning
attitude and attitude toward game-based learning consid-
erably affect their problem-solving ability. In addition, the
results of this study confirmed that creativity and learning
attitude are crucial and are affected by learners’ willingness
to learn and the actions taken.

+is study treated sixth grade elementary school students
as the subjects. Future studies can conduct surveys on
learners in different countries. Moreover, qualitative inter-
views can be conducted to analyze the problem-solving
process of the learners and the factors affecting changes in
their attitudes toward game-based learning. After these
results are obtained, more variables can be generated to
identify factors that may influence learners’ problem-solving
ability. +e analysis results may allow teachers to identify
optimal learning methods that could enhance learners’
problem-solving ability. According to the results of this
study, creativity, learning attitude, and attitude toward
game-based learning strongly affect problem-solving ability.

+e rules of games often lead to constraints that limit
thinking within a prescribed range, like a bird in a cage.
When looking at certain things and thinking about certain
problems, individuals are susceptible to being restrained by
traditional thinking and being unable to break through and
innovate.

Whether in life or education, it is very important to have
the ability to solve problems in the environment, to break
game rules to find solutions. +us, it is recommended that
researchers can design more puzzle-type learning games in
the future for children or educational units to train students’
ability to break through habitual thinking and develop
adaptability as an instinct.

+e contribution of this study is to demonstrate that
game-based learning concept can serve as a basis for re-
medial education or course management and as reference
for curriculum design and interactive models.

Data Availability

+e data that support the findings of this study are available
from the corresponding author upon reasonable request.
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