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ABSTRACT

A growth creativity mindset is critical to the learning of creativity which is regarded as an important future skill. To cultivate such a positive belief and to understand what mechanisms may help
improve growth mindset among children, we developed a story- and game-based learning system
for creativity training, through which a five-class experimental instruction was conducted.
Specifically, we aimed to examine the learning effect of growth creativity mindset and the relationship between mindful learning, mastery experience, and growth creativity mindsets in the context of game-based learning. Participants were 118 5th and 6th graders selected from six
elementary schools in Taiwan. Led by a story called “Treasure Hunt,” which takes place across
seven countries, the participants were scaffolded through interdisciplinary learning covering geography and creativity. The concerned variables were measured by 6-point Likert-type scales. Results
of repeated measure analysis of variance revealed that the students’ perceived growth-external
control mindset, but not the growth-internal control mindset, was significantly enhanced after the
game-based learning. Moreover, a path model analysis indicated that mastery experience acts as a
mediator between mindful learning and growth creativity mindset (especially the growth-internal
control mindset). The results suggest that game-based learning in the context of a story helps in
engaging students in mindful learning, achieving mastery experience, and strengthening a growth
creativity mindset. This study also demonstrates the possibility of interdisciplinary design in gamebased learning. The success of intervention and the theoretical framework proposed in the study
provide insights to creativity education and the design of game-based learning.

1. Introduction
Creativity mindset refers to beliefs about the nature of creativity, which influence the development of creativity (Fleck
& Asmuth, 2021; Puente-Diaz & Cavazos-Arroyo, 2019).
People with a growth creativity mindset believe that their creative ability can be developed through training and practice.
In contrast, people with a fixed creativity mindset believe
their creative abilities and their creative talents are fixed traits
(Fleck & Asmuth, 2021; Karwowski, 2014; Karwowski et al.,
2019; Puente-Diaz & Cavazos-Arroyo, 2019). Creativity has
been defined as an important future skill for 2030 by the
Organization for Economic Cooperation and Development
(OECD) (OECD, 2021). A number of studies have obtained
evidence for the valuableness and effectiveness of creativity
training or interventions (e.g., Kim et al., 2019; Puccio et al.,
2020; Ritter & Mostert, 2017). However, few studies have
examined whether and how the intervention of creativity
learning carries significant effects on the changes of creativity
growth mindset during game-based learning.
Many studies have found that game-based learning can
enhance attention, self-learning motivation, and positive learning outcomes (Brezovszky et al., 2019; Gil-Domenech &
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Berbegal-Mirabent, 2019; Khowaja & Salim, 2019; Park et al.,
2019; Wu, 2018; Yeh et al., 2020). It has also been found that
mindful learning helps improve attention, working memory,
cognitive flexibility, and problem solving (Davenport &
Pagnini, 2016; Langer, 2016; Ostafin & Kassman, 2012).
Emphasizing mindful learning therefore contributes to the
achievement of mastery experience during game-based creativity training (Yeh, Chang, et al., 2019). Notably, mastery
experience (i.e., personal experience of success) is usually
regarded as an important learning outcome (Bandura et al.,
1999; Starks, 2014) and it contributes to the formation of selfefficacy (Bandura et al., 1999). Moreover, growth mindset and
self-efficacy are found to be positively related (Karwowski,
2014; Karwowski & Kaufman, 2017). Enhancing mastery
experience may therefore strengthen a growth mindset. In
other words, a growth mindset belief built on mastery experience can be even more important because it helps promote
continual self-improvement.
To date, although some researchers have developed training
programs to promote students’ creativity or have implemented
game-based learning to enhance learning outcomes (e.g.,
Hoffmann et al., 2021; Hwang et al., 2017; Ritter et al., 2020;
Sera & Wheeler, 2017; Stolaki & Economides, 2018), few
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researchers have focused on the learning effects of a growth
mindset. Built on the aforementioned evidence and arguments
regarding the possible impact of mindful learning and mastery
experience on growth mindset, we postulated that a welldesigned game-based creativity learning system would help
facilitate mindful learning, which would further result in mastery experience and further strengthen the growth creativity
mindset. Notably, it has been found that incorporating stories
into game-based learning can make learning more enjoyable
and effective for children (Yeh et al., 2020). To fortify the
learning effect, we developed the “Digital Game-based
Learning system of Creativity-level B” (DGLC-B) for upper
graders (5th and 6th graders) in elementary schools. Through
the DGLC-B, we conducted an experimental instruction to
examine the learning effects of growth mindset as well as the
mediation effect of mastery experience on mindful learning
and growth mindset in game-based creativity learning.

2. Growth mindset, mindful learning, and
mastery experience
2.1. Growth mindset of creativity
The mindset theory was created by discussions of peoples’
implicit beliefs of intelligence (Bernecker & Job, 2019) by
Dweck (2007). Mindset can be categorized into a growth
mindset and a fixed mindset based on stability and malleability (Dweck, 2012). People who hold a growth mindset consider intelligence to be malleable and that it can be developed
through practice or learning. In contrast, people who hold a
fixed mindset consider intelligence to be unchangeable and
innate (Limeri et al., 2020; Wilson & Conyers, 2020). More
recently, the concept of mindset has been implemented in
some creativity studies. Creativity mindset refers to beliefs or
theories about the nature of creativity (Fleck & Asmuth,
2021; Puente-Diaz & Cavazos-Arroyo, 2019). People who
hold a growth creativity mindset regard creativity as a
changeable ability and therefore are willing to take on challenges and make efforts to improve self-creativity (Fleck &
Asmuth, 2021; Puente-Diaz & Cavazos-Arroyo, 2019).
In previous studies of intelligence or creativity mindset,
the major research stream is focused on the effect of the
one-dimensional theory, which includes the growth mindset
and the fixed mindset. On the basis of the evidence that
mindset and locus of control are closely related (Burgoyne
et al., 2018; Stern, 2015); and Yeh et al. (2020) developed a
two-dimensional theory of creativity mindset, in which a 6point inventory was constructed. With the dimensions of
“learning plasticity” and “locus of control,” they identified
four types of creativity mindset: growth-internal control,
fixed-internal control, growth-external control, and fixedexternal control. In this study, we focused on the two types
of growth mindset. Growth-internal control mindset refers
to the belief that creativity can be improved through selflearning, whereas growth-external control mindset refers to
the belief that creativity can be improved with good learning
environments or through others’ help. In this study, we used
the subtests of growth-internal control and growth-external

control to measure the participants’ growth mindset
of creativity.
It has been found that creativity growth mindset helps in
the construction of a framework for digital game-based learning for the development of mastery experience (Behnamnia
et al., 2020; Cutumisu, 2019; White & McCoy, 2019). Could
it be the other way around? That is, could mastery experience
help fortify growth mindset during game-based learning?
This study seeks to answer this question.
2.2. Mindful learning
Mindfulness refers to a non-reactive awareness that involves
paying attention purposely to the present moment and allowing experiences to unfold moment by moment (Barbezat &
Bush, 2013; Kabat-Zinn, 2003; Maurits Kwee, 2015; Siqueira &
Pitassi, 2016). Following the concept of mindfulness, Langer
(2000) proposed that mindful learning involves a flexible state
of mind in which people are context-sensitive and aware of
things using original thoughts. In the same vein, Yeh, Chang,
et al. (2019) suggested that mindful learning contributes to
engagement in the present, sensitivity to the context, openness
to new information, awareness of multiple perspectives, and
emotional regulation. Empirical findings also indicate that
mindful learning can improve individuals’ motivation development, learning performance, ability to handle emotional and
physical stress, as well as confidence in managing exams or
related demands (Hassed & Chambers, 2014).
Researchers (e.g., Lin & Vartanian, 2018; Yeh et al., 2014,
2016) have indicated that creative thinking processes are significantly influenced by emotion, work memory, the generation of possible solutions, and the idea evaluation.
Furthermore, it was found in a longitudinal experimental
study that mindfulness could increase memory, positive
affect, competence, and creativity (Langer, 2016). These
findings demonstrate that cognitive processes of creativity
are closely related to mindful learning. Additionally, it is
suggested that game-based learning creates an environment
with the potential to promote mindful learning (Sedig,
2008). To sum up, it is reasonable to speculate that mindful
learning could be a significant antecedent variable during
game-based learning for creativity training.
2.3. Mediation effect of mastery experience on mindful
learning and growth mindset
Bandura et al. (1999) claimed that mastery experience can
be achieved through four mechanisms: progressive goal setting, acquisition of required knowledge and skills, the practice of skills in diverse settings, and feedback on
performance. Game-based learning incorporating these
mechanisms is found to be effective in enhancing mastery
experience and self-efficacy (Huang & Yeh, 2016). Other
researchers (Yeh, Chang, et al., 2019) also suggest that providing the following aspects is important for enhancing mastery experience during game-based learning: immediate
feedback, clear goals, and appropriate challenges, encouragement, free choice, and rewards.
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Figure 1. The theoretical framework of this study.

Mastery experience is a vital part of game-based learning.
In this study, mastery experience of creativity refers to ability
and confidence in solving problems during creativity gamebased learning. In a game-based creativity study (Yeh, Chang,
et al., 2019), it was found that mindful learning carried positive influence on mastery experience among 3rd and 4th
graders, and mindful learning enhanced mastery experience
through cognitive functions such as attention, cognitive flexibility, problem solving, positive emotion, working memory,
and mindful practice of creativity skills. It was also found
that mindful learning influenced mastery experience through
flow experience and self-efficacy among 5th and 6th graders
(Yeh, Chen, et al., 2019). When learning mindfully, learners
are more prone to take multiple perspectives to find solutions
that fit the context during the divergent thinking process
(Langer, 1993). In addition, when mindful strategies are
implemented, learners have more opportunities to exercise
thinking skills, communication, and collaboration, thereby
resulting in a better learning experience (Davenport &
Pagnini, 2016; Halloluwa et al., 2014).
During game-based learning, the mastery experience built
from mindful learning may fortify the feelings that creativity
can be improved through learning and practice. Such feelings may further strengthen the growth creativity mindset.
In other words, through the scaffolding of repeated guided
practice and successful experience, the growth mindset of
creativity may be significantly enhanced. Accordingly, mindful learning may directly influence mastery experience as
well as indirectly influence growth mindset through mastery
experience during game-based creativity learning.
2.4. The present study
This study aims to explore the relationship of 5th and 6th
graders’ (upper graders in elementary school) growth mindset,

mindful learning, and mastery experience in game-based creativity learning, as well as to examine whether their growth
mindset could be enhanced from such a learning process. To
achieve our goals, we tried to integrate story scenarios and
mechanisms to enhance mastery experience into a game-based
learning system that comprises comprehensive skill and disposition training of creativity, through which we conducted an
experimental instruction. Story-oriented learning increases
children’s immersion and motivation in learning (McGeown
et al., 2020). We therefore included this feature in our learning
system. Moreover, a path model analysis was employed to
examine the mediation effect of mastery experience on mindful learning and growth mindset of creativity. Additionally,
the change in growth creativity mindset after the game-based
learning was examined. The theoretical framework integrated
from the aforementioned literature is shown in Figure 1, and
the following hypotheses were proposed:
 Learners’ growth creativity mindset would be enhanced
after completing the game-based creativity training.
 Learners’ mastery experience would mediate the influence of mindful learning on creativity growth mindset at
the end of the game-based creativity training. Specially,
the learners’ mindful learning would directly influence
growth creativity mindset and indirectly influence their
growth mindset through mastery experience.

3. Method
3.1. Participants
Using purposive sampling, we included 118 5th and 6th
graders selected from six elementary schools in Taiwan.
Among the participants, 63 were boys (53.4%), and 55 were
girls (46.6%). This study was approved by the Institutional
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Figure 2. Procedures and contents of the DGLC-B.

Review Board of the university where the research was conducted. Written informed consent was obtained from all
participants’ parents before the experiment. All participants
were rewarded with a gift card valued at about 5 USD.
3.2. Instruments
3.2.1. Digital game-based learning of creativity
Adapted from the learning system of the “Digital Gamebased Learning of Creativity” (Yeh, Chang et al., 2019), a
more elaborated animation and interdisciplinary version—
the “Digital Game-based Learning of Creativity-Level B”
(DGLC-B) was developed for upper graders (5th and 6th
graders) in elementary school. The DGLC-B comprises creativity training strategies for skills and dispositions. With
the scenario of “Searching for Lost Treasures,” the DGLC-B
consists of an initial part (demographic information and a
3 D creative design task), a main part (seven games for
enhancing skills or dispositions of creativity) and a final
part (a 3D creative design task, performance feedback, and
peer evaluation of creative design tasks) (see Figure 2). The
main creativity dispositions and skills practiced included:
positive thinking, thinking outside the box, divergent thinking, convergent thinking, observation, lateral thinking, and
SCAMPER (see Figure 2). These strategies were practiced

through 3D creative design, short video stories, open-ended
questions, animations, multi-perspective thinking, observation, and problem-solving. Each game ranged from 10 to
15 min. Through finding seven lost treasures in seven countries, we also hoped the learners could learn the geography
of these countries.
The introductory story was as follows: “The seven treasures of the gods are missing! All the gods went to visit Zeus
to ask for his help to get the treasures back. Dear students,
you are the detectives entrusted by Zeus to go on a treasure
hunt. Zeus will send Athena, the goddess of wisdom, to help
you. When you encounter difficulties, you can call her name,
and she will show up. The seven lost treasures were Athena’s
Aegis in Greece, the Magic Flying Carpet in the Arabian
Peninsula, the Eye of Horus in Egypt, the Sibylline Books in
Rome, the Gandiva in India, the Axe of Perun in Siberia,
and the Kunlun Mirror in China. Maps of these countries
will be shown in the game. You are about to start
the adventure.”
3.2.2. Inventories and the reflection questionnaire
All inventories employed in this study were 6-point Likerttype scales with response options ranging from “totally disagree” to “totally agree.” Two subtests of growth mindset
(six items) from the “Inventory of Creativity Mindset”
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Figure 3. Procedures of experimental design.

Table 1. Ms and SDs in the reflection questionnaire.
Items
1. I felt that this creativity game was interesting.
2. This creativity game increased my creativity.
3. The encouraging feedback given during the game playing enhanced my confidence.
4. The chance to receive a gift for a high score motivated me to try harder.
5. Being able to decide the game order by myself made the game more interesting, and it motivated me to move on to the next game.
6. The encouraging words given while answering questions made me more confident in accepting challenges.
7. The award for the best secret base design motivated me to work harder when creating my design.

(Yeh et al., 2020) were employed to measure the participants’ growth mindset in this study. The two subtests were
growth-internal mindset (GI) and growth-external mindset
(GE); each of them included three test items. The test items
for GI were as follows: (1) It is never too late to learn creativity, and creativity can be enhanced through self-learning.
(2) I can improve my creative ability through self-learning.
(3) I can be more creative as long as I am willing to learn.
The test items for GE were as follows: (1) My creativity can
be improved with the help of good teachers. (2) I am willing
to learn creativity and I can become more creative when
there is a good learning environment. (3) My creativity can
be substantially improved when I have sufficient learning
opportunities. The Cronbach’s a for the overall growth
mindset, GI and GE, were .873, .823, and .824. The correlation between GI and GE was .658 (Yeh et al., 2020). Since
it has been found that a creative mindset and creative selfefficacy are closely related (e.g., Hass et al., 2017; PuenteDıaz & Cavazos-Arroyo, 2017), we used creative self-efficacy
as the criterion variable and analyzed the correlation
between GI, GE, and creative self-efficacy (N ¼ 118, rs ¼ 730
and .621, ps < .001); the results suggest that GI and GE
have good criterion-related validity.
The “Inventory of Mindful Learning Experience in
Digital Games” (IMLE-DG) was employed to measure the
participants’ experience of mindful cognition and emotion
during game playing. The IMLE-DG included three factors:
curiosity and open-mindedness (three items), attention and
grit (four items), and emotional regulation (seven items).
The Cronbach’s a coefficient for the IMLE-DG and the

M
4.99
4.88
4.87
4.96
4.90
4.59
4.53

SD
1.494
1.474
1.482
1.417
1.527
1.223
1.295

three factors were .974, .947, .955, and .971, respectively.
The test items included statements such as, “When playing
the game, I had an open mind to think about all the possible ways to level up or complete tasks in the game”;
“When playing the game, I liked challenging myself to complete the levels or tasks”; and “when playing the game, I
could hold back sadness and encourage myself not to get
rejected when I could not level up.” (Yeh, Chang, et al.,
2019; Yeh, Chen, et al., 2019).
The Inventory of Mastery Experience in Creativity Digital
Games (IME-CDG) was used to measure the participants’
level of mastery experience after playing the creative games.
The IME-CDG includes two factors: ability to solve problems (five items) and confidence in solving problems (three
items). The Cronbach’s a coefficients for the IME-CDG and
the two factors were .903, .860, and .819, respectively. The
test items included statements such as “I can think of solutions quickly” and “I am confident in my abilities to develop
creative ideas and solving problems” (Yeh & Lin, 2018, Yeh,
Chang et al., 2019). Finally, 7 reflection questions were
employed to understand all participants’ attitudes toward
game-based creativity learning (see Table 1 for the items).
3.3. Experimental design and procedures
All participants completed the experimental instruction at
their schools during a flexible learning time or a computer
class under the guidance and assistance of their class teachers. To minimize interferences on the participants, neither
the homeroom teacher nor the researcher was there.
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The participants were informed that the experiment had
nothing to do with their grades; however, there would be a
gift card when they completed the experiment. All participants completed the DGLC-B experimental procedures
throughout five classes (40 min for each class) within two
weeks. In class 1, the participants completed the inventories
regarding background information and growth mindset. They
also completed the first 3D creative design of their own secret
base. In classes 2 through 4, they completed the seven games
in the DGLC-B as well as the second 3D creative design of a
secret base. In class 5, they first competed the peer evaluation
of the two 3D creative design products. Then, they completed
the posttest of growth mindset, the mastery experience inventory, and the reflection questionnaire (see Figure 3).
Additionally, to enhance learning effects, each participant
was informed at the beginning of the experiment procedure
that top scores obtained from the game could receive an extra
gift card valued at about 5 USD. Immediate feedback regarding their score in each game was also displayed at the end of
each game. In general, the DGLC-B incorporated many
teaching strategies to enhance learning effects, such as providing scaffolding to learn advanced creativity skills, offering
chances for self-determination, giving constructive feedback
for answers, giving immediate feedback regarding obtained
scores, providing verbal encouragement for performance, and
providing opportunities for observational learning from peer
evaluation of the creatively designed products.

4. Results
4.1. Attitude toward the game-based
learning experience
Seven reflection questions were employed to understand all
participants’ attitudes toward game-based creativity learning.
The results indicate that the participants responded positively toward the learning and design of the DGLC-B. The
Ms and SDs are shown in Table 1.
4.2. Preliminary analysis and improvement of growth
creativity mindset
At the end of the game-based learning, we measured the concerned variables. The mean score of mindful learning was 4.94
(SD ¼ 1.10), and that of mastery experience was 4.67
(SD ¼ 1.27) in the 6-point Likert scale, revealing that the participants demonstrated a decent level of mindful learning and
mastery experience during the game-based learning. The pretest and posttest scores of growth mindset are depicted in
Figure 4. To examine the first hypothesis, we conducted a
repeated measure analysis of variance to examine whether the
participants enhanced their growth mindsets (GI and GE)
after the game-based creativity learning. The results revealed
that the participants’ GE had significantly leveled up, F(1,
117) ¼ 6.287, p ¼ .014 g2p ¼.051, whereas their GI did not
show significant improvement although the participants
scored higher after the game-based learning, F(1, 117) ¼
2.154, p ¼ .145, g2p ¼.018 (see Figure 2 for Ms and SEs).

Figure 4. The Means and Standard deviations for the measured variables.

4.3. Path model results
Results of path model analysis through AMOS 21 showed
that the model was close to a good-fit model, v2 (N ¼ 118,
df ¼ 11) ¼ 20.765, p ¼ .036. However, the other indices
were good: the goodness-of-fit index ¼ .954, the adjusted
goodness-of-fit index ¼ .883, the root mean square residual
¼ .026, the root mean square error of approximation ¼
.087, the normed fit index ¼ .976, the incremental fit index
¼ .988, and the comparative fit index ¼ .988. The results
indicated that mindful learning during the game-based
learning had a direct influence on growth creativity mindset,
as well as an indirect influence on growth creativity mindset
through mastery experience (see Figure 5).
All direct effects were significant. However, the direct
effect of mindful learning on mastery experience was higher
than that on growth creativity (.811 versus .505, ps < .001).
The indirect effect of mindful learning on the latent variable
of growth creativity mindset was .294, and the effects on the
indices of GI and GE were .684 and .516 (ps < .001).
Finally, the total effect of mindful learning on the latent
variable of growth creativity mindset was .799 (.505 þ .294)
(p < .001), and the effects on the indices of GI and GE
were also .684 and .516 (ps < .001).

5. Discussion
A growth creativity mindset is critical to the development
of creativity (Fleck & Asmuth, 2021; Li et al., 2021; PuenteDiaz & Cavazos-Arroyo, 2019). In addition, mindful learning and game-based learning may help motivate students
during training processes. To date, no study has investigated
whether digital game-based creativity learning can enhance
elementary school students’ creativity mindset through the
enhancement of mindful learning and mastery experience.
Because games, especially those with stories, provide a great
tool for children’s learning (Yeh et al., 2020), this study
developed a story- and game-based creativity training system incorporating mechanisms that enhance mindful learning and mastery experience. We hoped that such a design
would bring about the improvement of growth creativity mindset.
Two hypotheses were proposed in this study. The first
hypothesis was partially supported. Specifically, we found
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Figure 5. Results of the proposed path model.

that the students’ growth-external mindset, but not growthinternal mindset, was significantly enhanced after the
game-based learning. The growth-internal mindset involves
self-learning, whereas the growth-external mindset concerns
external support from environments or teachers. The results
revealed that, although the students learned by themselves
through the guidance provided during game playing, they
seemed to perceive such a learning opportunity as external
support. It also makes sense because the teacher helped
them during the process. Nevertheless, the participants’
growth-internal mindset had increased after the game-based
learning. This finding suggests that elementary school students are less confident in self-learning, and it is hard to
change such a belief. Overall, the results here are in line
with past findings that employing digital games as learning
tools for creativity training can stimulate students’ learning
motivation, knowledge transfer, acquisition of skills in
digital experience, higher-order thinking skills, and a positive attitude toward learning, and it can provide deep,
insightful learning (Bai et al., 2012; Behnamnia et al., 2020;
Behnamnia, Kamsin, & Ismail, 2020; Hsiao et al., 2014; Kim
& Chang, 2010; Yang, 2012; Yeh, Chang, et al., 2019, Yeh,
Chen, et al., 2019).
Additionally, our hypothesis regarding the path model
was supported by the results showing that the proposed
path model, in general, was a good fit model, in which mastery experience acts as a mediator between mindful learning
and growth creativity mindset. Moreover, mindful learning
has a direct influence on growth creativity mindset. The
results lend support to the finding that there are close associations between creativity mindset and mindfulness/mindful
learning (Gadhavi & Sahni, 2020; Hassed & Chambers,
2014; Henriksen et al., 2020), between mindful learning and
mastery experience (Yeh, Chang, et al., 2019), and between
mastery experience and mindset (Song et al., 2019; Yeh,

Chang, et al., 2019). To date, little empirical evidence has
been presented on how mindful learning enhances growth
mindset during game-based learning. Our findings support
the notion that mindful learning helps students pay attention, improves their cognitive flexibility, and increases their
persistence in problem solving while completing scaffolded
learning and practices. As a result, the students achieve mastery experience of creativity skills and strategies, which further fortifies their belief that creative ability can be
improved through self-learning, others’ help, or a rich environment. Interestingly, while the growth-external control
mindset is significantly improved, the growth-internal mindset has a stronger association with mastery experience and
mindful learning than the growth-external control mindset,
suggesting that although the students are less confident
about improving creativity through self-learning, their
growth-internal control belief implicitly and closely interacts
with mastery experience and mindful learning.
Moreover, the direct and indirect influence of mindful
learning on the cultivation of growth creativity mindset supports our thoughts in conducting the experiment: a fundamental strategy for bringing about the improvement of
growth mindset through game-based learning is encouraging
students to learn mindfully and achieve mastery experience
during game playing. To achieve this goal, we connected the
games with story scenarios, videos, and animations to
increase fun and learning motivation. Additionally, we
provided scaffolding and varied challenging tasks to guide
practices of creativity strategies and dispositions, allowed
self-determination in game order, encouraged goal setting
by giving extra rewards, gave constructive feedback and verbal encouragement for performance to enhance self-confidence and maintain mindful learning, and provided
opportunities for observational learning through peer evaluation of creatively designed products. In addition, this study
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incorporates the learning of geography through the treasure
hunt in different countries. Such design helps in the acquisition of interdisciplinary knowledge, which is required for
success in the twenty-first century. The positive responses
from the reflection questionnaire and the learning effects
found in this study all support the effectiveness of our
design incorporated in the DGLC-B.

6. Conclusions
Because creativity is a crucial competence for future success,
cultivating a growth creativity mindset helps children to
continue self-learning and self-improving in creativity. We
therefore developed the story- and game-based DGLC-B to
enhance creativity skills and dispositions, hoping that the
mastery of these fundamental elements would enhance a
growth mindset of creativity. The results of the study suggest that the DGLC-B is an effective vehicle for such creativity training and a valid instrument for engaging elementary
school students in creativity and interdisciplinary learning.
Most past studies have focused on how a growth mindset
would influence mastery experience or a successful learning
experience. This study, on the contrary, demonstrates how
mastery experience can fortify a growth mindset. Specifically,
this study goes beyond previous creativity and creativity mindset research in exploring how mindful learning can lead to the
improvement of growth mindset through the scaffolding of
mastery experience. Moreover, the influences of two types of
growth creativity mindset (growth-internal versus growthexternal) during game-based creativity learning are identified,
which helps elucidate student’s development of growth mindset and thereby helps inform design related instruction. To
conclude, the success of the intervention employing the theoretical framework proposed in the study provides insight for
rethinking the cause-and-effect relationship of influential variables during creativity training as well as the design of gamebased learning aiming to improve creativity ability, growth
creativity mindset, and interdisciplinary learning.

7. Limitations and implications
This study did not employ a control group because of limited available time and the learning equality issue, which
was a concern of the cooperative schools. Nevertheless, the
positive results found in this study were verified by triangulation data, including those collected from the inventories
and the reflection questionnaire data. Further studies, if possible, can add a control group to replicate the findings as
well as qualitative data (e.g., data from interviews or an
open-ended questionnaire) to better understand the transformation of students’ learning processes.
In addition, this study did not measure the states of
mindful learning or mastery experience in the middle of the
game-based learning because of the constraint of available
time for the experiment. We therefore could not examine
the dynamic relationship between mindful learning, mastery
experience, and growth mindset. Understanding their
dynamic relationship would provide more information about

how to more effectively evolve growth mindset. Further
studies are encouraged to apply dynamic assessment in such
game-based training. Furthermore, to make the dynamic
assessment more valid, a longer program may be required, if
the sampled schools allow more time for experiment.
As for implications, this study found that while the
growth-external control mindset had been improved more,
the growth-internal control mindset was more connected
with mindful learning and mastery experience. Such findings
suggest that, from the viewpoint of elementary school children, support from teachers or the environment is critical to
their formation of growth mindset, but their belief in their
self-learning ability is more influential during game-based
learning. Therefore, to cultivate young children’s growth creativity mindset, teachers need to create the feeling of “withit-ness” (the awareness of what is going on in all parts of
the classroom at all times) and a positive environment for
creativity learning. Meanwhile, strengthening the confidence
of self-learning can be more specific during gamebased learning.
Furthermore, the analytical results of this study suggest
that mindful learning is a critical antecedent variable in
game-based learning; it carries a significant impact on mastery experience and a perceived improvement in growth creativity mindset, especially that of growth-internal control
mindset. Games or classroom teaching designed to enhance
students’ growth mindset should keep this in mind. The
teaching strategies employed in this study can be valuable
references. Important strategies include providing scaffolding
to learn advanced creativity skills, offering chances for selfdetermination, giving constructive feedback for answers, giving immediate feedback regarding obtained scores, providing
verbal encouragement for performance, and providing
opportunities for observational learning from peer evaluation
of creative design. Notably, this study incorporates the learning of geography into the learning of creativity, which demonstrates the possibility of interdisciplinary learning through
game-based learning. Future design for game-based learning
can take interdisciplinary learning into consideration to optimize the learning effects. Finally, the study initiates the study
of how to indirectly enhance a growth mindset through
game-based learning. Further studies can increase the time
period for intervention and add direct interventions of
growth mindset, such as introducing the concept of growth
mindset and brain plasticity (how the brain can be changed).

Disclosure statement
No potential competing interest was reported by the authors.

ORCID
Yu-chu Yeh

http://orcid.org/0000-0002-0470-0368

References
Bai, H., Pan, W., Hirumi, A., & Kebritchi, M. (2012). Assessing the
effectiveness of a 3-D instructional game on improving mathematics
achievement and motivation of middle school students. British

INTERNATIONAL JOURNAL OF HUMAN–COMPUTER INTERACTION

Journal of Educational Technology, 43(6), 993–1003. https://doi.org/
10.1111/j.1467-8535.2011.01269.x
Bandura, A., Freeman, W. H., & Lightsey, R. (1999). Self-efficacy: The
exercise of control. Journal of Cognitive Psychotherapy, 13(2),
158–166. https://doi.org/10.1891/0889-8391.13.2.158
Barbezat, D. P., & Bush, M. (2013). Contemplative practices in higher
education: Powerful methods to transform teaching and learning.
John Wiley & Sons.
Behnamnia, N., Kamsin, A., & Ismail, M. A. B. (2020). The landscape
of research on the use of digital game-based learning apps to nurture creativity among young children: A review. Thinking Skills and
Creativity, 37, 100666. https://doi.org/10.1016/j.tsc.2020.100666
Behnamnia, N., Kamsin, A., Ismail, M. A. B., & Hayati, A. (2020). The
effective components of creativity in digital game-based learning
among young children: A case study. Children and Youth Services
Review, 116, 105227. https://doi.org/10.1016/j.childyouth.2020.105227
Bernecker, K., & Job, V. (2019). Mindset theory. In K. Sassenberg &
M. L. W. Vliek (Eds.), Social psychology in action: Evidence-based interventions from theory to practice (pp. 179–191). Springer International
Publishing. https://doi.org/10.1007/978-3-030-13788-5_12
Brezovszky, B., McMullen, J., Veermans, K., Hannula-Sormunen,
M. M., Rodrıguez-Aflecht, G., Pongsakdi, N., Laakkonen, E., &
Lehtinen, E. (2019). Effects of a mathematics game-based learning
environment on primary school students’ adaptive number knowledge. Computers & Education, 128(1), 63–74. https://doi.org/10.
1016/j.compedu.2018.09.011
Burgoyne, A. P., Hambrick, D. Z., Moser, J. S., & Burt, S. A. (2018).
Analysis of a mindset intervention. Journal of Research in
Personality, 77, 21–30. https://doi.org/10.1016/j.jrp.2018.09.004
Cutumisu, M. (2019). The association between feedback-seeking and
performance is moderated by growth mindset in a digital assessment
game. Computers in Human Behavior, 93, 267–278. https://doi.org/
10.1016/j.chb.2018.12.026
Davenport, C., & Pagnini, F. (2016). Mindful learning: A case study of
Langerian mindfulness in schools. Frontiers in Psychology, 7, 1372.
https://doi.org/10.3389/fpsyg.2016.01372
Dweck, C. (2012). Mindset: Changing the way you think to fulfil your
potential. Hachette.
Dweck, C. S. (2007). Mindset: The new psychology of success. Random
House.
Fleck, E., & Asmuth, J. (2021). Building capacity for creativity: Rediscovering
the inner “superhero” as a mechanism for developing a creative mindset
for entrepreneurial problem-solving. Entrepreneurship Education and
Pedagogy, 4(1), 82–95. https://doi.org/10.1177/2515127420912503
Gadhavi, P., & Sahni, H. (2020). Analyzing the “mindfulness” of young
Indian consumers in their fashion consumption. Journal of Global
Marketing, 33(5), 417–429. https://doi.org/10.1080/08911762.2020.
1777612
Gil-Domenech, D., & Berbegal-Mirabent, J. (2019). Stimulating students’ engagement in mathematics courses in non-STEM academic
programmes: A game-based learning. Innovations in Education and
Teaching International, 56(1), 57–65. https://doi.org/10.1080/
14703297.2017.1330159
Halloluwa, T., Usoof, H., & Hewagamage, P. (2014). Stimulating learners’ motivation in primary education in Sri Lanka – a literature
review. International Journal of Emerging Technologies in Learning
(iJET), 9(1), 47. https://doi.org/10.3991/ijet.v9i1.2964
Hass, R. W., Reiter-Palmon, R., & Katz-Buonincontro, J. (2017). Are
implicit theories of creativity domain specific? Evidence and implications. In M. Karwowski & J. C. Kaufman (Eds.), The creative self
(pp. 219–234). Academic Press. https://doi.org/10.1016/B978-0-12809790-8.00012-1
Hassed, D. C., & Chambers, D. R. (2014). Mindful Learning: Reduce
stress and improve brain performance for effective learning. Exisle
Publishing.
Henriksen, D., Richardson, C., & Shack, K. (2020). Mindfulness and
creativity: Implications for thinking and learning. Thinking Skills
and Creativity, 37, 100689. https://doi.org/10.1016/j.tsc.2020.100689

9

Hoffmann, J. D., Ivcevic, Z., & Maliakkal, N. (2021). Emotions, creativity,
and the arts: Evaluating a course for children. Empirical Studies of the
Arts, 39(2), 123–148. https://doi.org/10.1177/0276237420907864
Hsiao, H.-S., Chang, C.-S., Lin, C.-Y., & Hu, P.-M. (2014).
Development of children’s creativity and manual skills within digital
game-based learning environment. Journal of Computer Assisted
Learning, 30(4), 377–395. https://doi.org/10.1111/jcal.12057
Hwang, G.-J., Hsu, T.-C., Lai, C.-L., & Hsueh, C.-J. (2017). Interaction
of problem-based gaming and learning anxiety in language students’
English listening performance and progressive behavioral patterns.
Computers & Education, 106, 26–42. https://doi.org/10.1016/j.compedu.2016.11.010
Kabat-Zinn, J. (2003). Mindfulness-based interventions in context: Past,
present, and future. Clinical Psychology: Science and Practice, 10(2),
144–156. https://doi.org/10.1093/clipsy.bpg016
Karwowski, M. (2014). Creative mindsets: Measurement, correlates,
consequences. Psychology of Aesthetics, Creativity, and the Arts, 8(1),
62–70. https://doi.org/10.1037/a0034898
Karwowski, M., & Kaufman, J. C. (Eds.). (2017). The creative self: Effect
of beliefs, self-efficacy, mindset, and identity. Academic Press.
Karwowski, M., Lebuda, I., & Beghetto, R. A. (2019). Creative selfbeliefs. In J. C. Kaufman & R. J. Sternberg (Eds.), The Cambridge
handbook of creativity (2nd ed.). Cambridge University Press.
Khowaja, K., & Salim, S. S. (2019). Serious game for children with autism to learn vocabulary: An experimental evaluation. International
Journal of Human–Computer Interaction, 35(1), 1–26. https://doi.
org/10.1080/10447318.2017.1420006
Kim, S., & Chang, M. (2010). Computer games for the Math achievement of diverse students. Journal of Educational Technology &
Society, 13(3), 224–232.
Kim, S., Choe, I., & Kaufman, J. C. (2019). The development and
evaluation of the effect of creative problem-solving program on
young children’s creativity and character. Thinking Skills and
Creativity, 33, 100590. https://doi.org/10.1016/j.tsc.2019.100590
Langer, E. J. (1993). A mindful education. Educational Psychologist,
28(1), 43–50. https://doi.org/10.1207/s15326985ep2801_4
Langer, E. J. (2000). Mindful learning. Current Directions in
Psychological Science, 9(6), 220–223. https://doi.org/10.1111/14678721.00099
Langer, E. J. (2016). The power of mindful learning. Hachette UK.
Li, P., Zhang, Z. S., Zhang, Y., Zhang, J., Nunez, M., & Shi, J. (2021).
From implicit theories to creative achievements: The mediating role
of creativity motivation in the relationship between stereotypes,
growth mindset, and creative achievement. The Journal of Creative
Behavior, 55(1), 199–214. https://doi.org/10.1002/jocb.446
Limeri, L. B., Choe, J., Harper, H. G., Martin, H. R., Benton, A., &
Dolan, E. L. (2020). Knowledge or abilities? How undergraduates
define intelligence. CBE Life Sciences Education, 19(1), ar5. https://
doi.org/10.1187/cbe.19-09-0169
Lin, H., & Vartanian, O. (2018). A neuroeconomic framework for creative cognition. Perspectives on Psychological Science, 13(6), 655–677.
https://doi.org/10.1101/184754
Maurits Kwee, G. T. (2015). Pristine mindfulness: Heartfulness and
beyond. In E. Shonin, W. Van Gordon, & N. N. Singh (Eds.),
Buddhist foundations of mindfulness (pp. 339–362). Springer
International Publishing. https://doi.org/10.1007/978-3-319-18591-0_16
McGeown, S., Bonsall, J., Andries, V., Howarth, D., & Wilkinson, K.
(2020). Understanding reading motivation across different text types:
Qualitative insights from children. Journal of Research in Reading,
43(4), 597–608. https://doi.org/10.1111/1467-9817.12320
Organization for Economic Cooperation and Development (2021).
OECD future of education and skills 2030. OECD. Retrieved on
March 25, 2012 from http://www.oecd.org/education/2030-project/
Ostafin, B. D., & Kassman, K. T. (2012). Stepping out of history:
Mindfulness improves insight problem solving. Consciousness and
Cognition, 21(2), 1031–1036. https://doi.org/10.1016/j.concog.2012.02.014
Park, J., Kim, S., Kim, A., & Yi, M. Y. (2019). Learning to be better at
the game: Performance vs. completion contingent reward for gamebased learning. Computers & Education, 139, 1–15. https://doi.org/
10.1016/j.compedu.2019.04.016

10

Y.-C. YEH ET AL.

Puccio, G. J., Burnett, C., Acar, S., Yudess, J. A., Holinger, M., &
Cabra, J. F. (2020). Creative problem solving in small groups: The
effects of creativity training on idea generation, solution creativity,
and leadership effectiveness. The Journal of Creative Behavior, 54(2),
453–471. https://doi.org/10.1002/jocb.381
Puente-Dıaz, R., & Cavazos-Arroyo, J. (2017). The influence of creative
mindsets on achievement goals, enjoyment, creative self-efficacy and
performance among business students. Thinking Skills and
Creativity, 24, 1–11. https://doi.org/10.1016/j.tsc.2017.02.007
Puente-Diaz, R., & Cavazos-Arroyo, J. (2019). Creative mindsets and
their affective and social consequences: A latent class approach. The
Journal of Creative Behavior, 53(4), 415–426. https://doi.org/10.1002/
jocb.217
Ritter, S. M., Gu, X., Crijns, M., & Biekens, P. (2020). Fostering students’ creative thinking skills by means of a one-year creativity
training program. PLOS One, 15(3), e0229773. https://doi.org/10.
1371/journal.pone.0229773
Ritter, S. M., & Mostert, N. (2017). Enhancement of creative thinking
skills using a cognitive-based creativity training. Journal of Cognitive
Enhancement, 1(3), 243–253. https://doi.org/10.1007/s41465-0160002-3
Sedig, K. (2008). From play to thoughtful learning: A design strategy to
engage children with mathematical representations. Journal of
Computers in Mathematics and Science Teaching, 27(1), 65–101.
https://www.learntechlib.org/primary/p/23627/
Sera, L., & Wheeler, E. (2017). Game on: The gamification of the pharmacy classroom. Currents in pharmacy teaching & learning, 9(1),
155–159. https://doi.org/10.1016/j.cptl.2016.08.046
Siqueira, R. P., & Pitassi, C. (2016). Sustainability-oriented innovations:
Can mindfulness make a difference? Journal of Cleaner Production,
139, 1181–1190. https://doi.org/10.1016/j.jclepro.2016.08.056
Song, J., Kim, S-i., & Bong, M. (2019). Controllability attribution as a
mediator in the effect of mindset on achievement goal adoption following failure. Frontiers in Psychology, 10, 2943. https://doi.org/10.
3389/fpsyg.2019.02943
Starks, K. (2014). Cognitive behavioral game design: A unified model
for designing serious games. Frontiers in Psychology, 5, 28. https://
doi.org/10.3389/fpsyg.2014.00028
Stern, S. K. (2015). Supporting growth mindset in upper-level high school
students: A comparison of two classroom interventions. https://commons.lib.niu.edu/handle/10843/18873
Stolaki, A., & Economides, A. A. (2018). The Creativity Challenge
Game: An educational intervention for creativity enhancement with
the integration of Information and Communication Technologies
(ICTs). Computers & Education, 123, 195–211. https://doi.org/10.
1016/j.compedu.2018.05.009
White, K., & McCoy, L. P. (2019). Effects of game-based learning on
attitude and achievement in elementary mathematics. Networks: An
Online Journal for Teacher Research, 21(1), 1–17. https://doi.org/10.
4148/2470-6353.1259
Wilson, D., & Conyers, M. (2020). Developing growth mindsets:
Principles and practices for maximizing students’ potential. ASCD.
Wu, T.-T. (2018). Improving the effectiveness of English vocabulary
review by integrating ARCS with mobile game-based learning.
Journal of Computer Assisted Learning, 34(3), 315–323. https://doi.
org/10.1111/jcal.12244
Yang, Y.-T C. (2012). Building virtual cities, inspiring intelligent citizens: Digital games for developing students’ problem solving and

learning motivation. Computers & Education, 59(2), 365–377.
https://doi.org/10.1016/j.compedu.2012.01.012
Yeh, Y., Chang, H. L., & Chen, S. Y. (2019). Mindful learning: A mediator of mastery experience during digital creativity game-based
learning among elementary school students. Computers &
Education, 132, 63–75. https://doi.org/10.1016/j.compedu.2019.01.001
Yeh, Y., Chen, S. Y., Rega, E. M., & Lin, C. S. (2019). Mindful learning
experience facilitates mastery experience through heightened flow
and self-efficacy in game-based creativity learning. Frontier in
Psychology: Educational Psychology. 17. https://doi.org/10.3389/fpsyg.
2019.01593
Yeh, Y., Lai, S. C., & Lin, C. W. (2016). The dynamic influence of
emotions on game-based creativity: An integrated analysis of emotional valence, activation strength, and regulation focus. Computers
in Human Behavior, 55, Part B, 817–825. https://doi.org/10.1016/j.
chb.2015.10.037
Yeh, Y., & Lin, C. S. (2018). Achievement goals influence mastery
experience via two paths in digital creativity games among elementary school students. Journal of Computer Assisted Learning, 34(3),
223–232. https://doi.org/10.1111/jcal.12234
Yeh, Y., Sai, N. P., & Chuang, C. H. (2020). Differentiating between
the “Need” for and the “Experience” of self-determination regarding
their influence on pupils’ learning of creativity through story-based
digital games. International Journal of Human–Computer
Interaction, 36(14), 1368–1378. https://doi.org/10.1080/10447318.
2020.1750793
Yeh, Y., Ting, Y. S., Chang, H. L., & Lin, Y. J. (2020). Improvement of
elementary school students’ creativity mindset through game-based
learning. The Asian Conference on Education (ACE2020), October
30, 2020 to November 2, 2020, Toshi Center Hotel, Tokyo, Japan.
Yeh, Y., Tsai, J. L., Hsu, W. C., & Lin, C. F. (2014). A model of how
working memory capacity influences insight problem solving in situations with multiple visual representations: An eye tracking analysis. Thinking Skills and Creativity, 13, 153–167. https://doi.org/10.
1016/j.tsc.2014.04.003

About the Authors
Yu-chu Yeh is a Distinguished Professor for the Institute of Teacher
Education and the Research Center for Mind, Brain & Learning at
National Chengchi University in Taiwan. Her research interests include
creativity and critical thinking, game-based learning, educational psychology, positive psychology, and neurocognitive psychology. Her email
id is ycyeh@nccu.edu.tw
Jui-Yen Chang is a Ph.D. candidate in Department of Management of
Information Systems at NCCU. His research interests include value cocreation in digital transformation, information technology behavior,
and decision-making strategy. He is especially interested in interdisciplinary research that involves integrating information technology into
digital interactive learning.
Yu-Shan Ting is a PhD student in Department of Education at
NCCU. Her research interests include curriculum and instruction,
technology and education, and educational psychology. She is especially
interested in game-based learning that involves interactive technology.
She is also interested in students’ mindset and self-regulation learning.

