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A B S T R A C T   

Complex creativity and multiple learning objectives often require combining several teaching 
methods, and gamification may be an effective teaching strategy for enhancing learning. How-
ever, few studies have examined the combined effects of implementing gamification and multiple 
teaching methods in a course from students’ perspectives. Therefore, this study implemented 
gamification and six teaching methods of enhancing college students’ creativity in university 
creativity and innovation course in November and December 2021 and aimed to examine the 
effects on their creativity, collaboration, and communication skills and used the Analytical Hi-
erarchy Process to identify more effective teaching methods corresponding to the learning ob-
jectives from students’ perspectives. The results showed that students perceive that gamification 
could stimulate their motivation, attitudes, and interest in learning and enhance their creativity, 
collaboration, and communication skills. Furthermore, Mandala thinking was the most effective 
teaching method for the overall goal. In contrast, the most effective teaching methods for the 
creativity, collaboration, and communication skills learning objectives were the SCAMPER 
technique, balloon competition, and Mandala thinking, respectively. The results provide essential 
references for selecting effective teaching methods that meet the teaching objectives.   

1. Introduction 

Fostering student creativity in higher education is necessary. Creativity is defined as a product or idea that is novel (or original, 
unique, or unusual) and useful (or has value, or fit, or is appropriate) [1,2]. Creativity has been considered one of the crucial com-
petencies in the 21st century [3–5] and is also essential for innovation and entrepreneurship [6–9]. Creativity can and should be taught 
in higher education [10–14]. Different creativity teaching methods affect the effectiveness of enhancing creativity [15]. Several studies 
have attempted to enhance the creativity of college students [16,17]; however, the evidence for the impact of various teaching 
methods on student creativity is inconclusive [18]. We need more empirical research to understand how to enhance the creativity of 
college students and find appropriate teaching methods. 

Gamification may be an effective teaching strategy for enhancing creativity [19–22]. Teaching creativity is a complex, elusive, and 
multifaceted process [23,24]; therefore, activities that interest students need to be designed to help teach creativity [25]. Some studies 
have used joy and fun gamification to enhance students’ creativity [26–29]. In addition, Parjanen and Hyypiä [30] found that 
gamification could promote individual and collective creativity. Taesotikul [31] confirmed that gamification could improve students’ 
creative problem-solving skills. However, in recent years, most research has used gamification in online learning, while the gamifi-
cation of face-to-face courses requires more research [32,33]. 
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Complex creativity and multiple learning objectives often require combining several teaching methods [34]. However, most studies 
that aim to enhance creativity use only a single pedagogy [17,35–38]. Few studies have examined the combined effects of various 
pedagogies on creativity [38]. Moreover, little is known about the impact or relationship between using multiple teaching methods in 
gamification on creativity, collaboration, and communication skills. 

Therefore, this study implemented gamification and six teaching methods to enhance creativity, including divergent thinking, 
balloon competition, the method of focal objects, forced relationships, the SCAMPER technique, and Mandala thinking in a university 
creativity and innovation course and aimed to examine the effects on students’ creativity, collaboration, and communication skills and 
to use the analytical hierarchy process (AHP) to identify more effective teaching methods corresponding to the learning objectives 
from students’ perspectives. The meaning of creativity in this study is the ability of students to come up with novel and useful ideas or 
products. The study focused on answering the following questions: (1) What is the impact of combining six teaching methods with 
gamification on college students’ creativity, collaboration, and communication skills? (2) What are the most effective teaching 
methods for students regarding various learning objectives? 

2. Literature review 

2.1. Teaching creativity 

Numerous studies have shown that creativity can be enhanced through various teaching methods; however, not all findings are 
positive and efficacious. Positive and effective findings, such as those by Xu and Hamari [39], found that gamification significantly 
increased people’s creativity compared to money and punishment. Lee and Portillo [40] implemented a one-semester creativity course 
with results that positively impacted students’ domain-specific creativity. Lee (2020) found that the creative personal identity of 
first-year college students was significantly improved after taking an interdisciplinary creativity course. In addition, Susetyarini [41] 
used a problem-based learning approach, Rahardjanto [42] used Hybrid-PjBL, and STEM and STEAM education researched by Aguilera 
and Ortiz-Revilla [43] all had a significant positive impact on enhancing creativity. 

In contrast, negative and invalid findings, such as those by Duncan [44], used Breakout EDU to develop students’ creativity; 
however, the results showed no significant difference. Liu [45] used interdisciplinary teaching to promote nursing students’ creativity 
and showed no significant difference in effectiveness for typical nursing students. Huang [16] showed that the effectiveness of 
fostering creativity through university courses shows ambiguous results. Further empirical research is needed. 

There are no apparent conclusions or consensus about teaching creativity, and how better to teach it concerns many teachers. 
Fostering creativity is a complex process [46,47]. Teachers focus on fostering student creativity, but there may not be an easy or 
straightforward answer for schools and teachers [48,49]. Technology in teaching creativity should be novel, fun, and valuable; 
however, even after teaching a creativity class for over two decades, as Simonton [50] has done, he still falls short of that goal. 

Teaching creativity continues to face many challenges, and further research is needed on effective teaching strategies to enhance 
instruction. Students perceive that appropriate teaching methods could significantly promote creativity [51]. However, teachers 
generally teach creativity according to the circumstances they consider appropriate [52,53] and face various challenges [54]. Due to 
various factors, teaching methods that enhance creativity may be effective in one course and ineffective in another [55,56]. Teaching 
creativity is sometimes confused with creative teaching [57,58]. Teachers and students may have different conceptions of creativity 
[59–61], and learning outcomes can vary depending on the subject and student audience [62–65]. Generic teaching techniques that 
foster creativity may not be as appropriate for all domains [66], and teachers need more references to help select the appropriate 
teaching methods [67]. Therefore, this study will attempt to identify teaching strategies that can effectively enhance the creativity of 
college students. 

2.2. Teaching methods on creativity 

This study implemented six teaching methods to enhance creativity, briefly described below: divergent thinking, balloon 
competition, the method of focal objects (MFO), forced relationships, the SCAMPER technique, and Mandala thinking. 

Divergent thinking, which represents a significant component of creativity [68,69], symbolizes a style of thinking that allows for 
generating many ideas [70]. In alternative use tasks (AUT) [68], widely used to assess divergent thinking, people are asked to generate 
as many original uses as possible for an object (such as a pen or paper clip) [71,72]. 

The balloon competition is a self-designed teaching for this study, taking the balloon chair that can be sat on as an example to 
stimulate students’ creative thinking. Teams must work with limited time and materials to create a balloon structure that can bear a 
specific load. As Wujec [73] noted, the marshmallow challenge is a creative teamwork task that can stimulate students’ creativity [74, 
75]. 

MFO is a method for enhancing imagination, association, and creative thinking [76]. It involves taking the innovative object as the 
focal object and then randomly selecting another completely unrelated object, and using various seemingly mismatched features of 
that random object to freely associate with the focal object, thereby generating creative ideas [77,78]. Finally, an unusual and fruitful 
combination is chosen to refine the focal object. In addition, the forced relationship method is similar to MFO but does not use the focal 
object. This technique generates creative ideas by randomly associating features of two unrelated objects [79]. 

The SCAMPER technique has proven to be a method to stimulate creative thinking [80,81]. Each letter of SCAMPER represents a 
different method to generate new ideas. These methods are substitute, combine, adapt, modify, put to another use, eliminate, and 
rearrange [82]. Students can generate many innovations using only one or more methods [83]. 

K.-W. Lee                                                                                                                                                                                                                



Heliyon 9 (2023) e20420

3

Mandala thinking, also known as the Mandala chart [84] or the nine-square Mandala [38], is a popular method to enhance 
creativity. Students can generate ideas by first writing down the topic to be ideated in the central grid of the nine-square grid 
chart and then filling in the other eight surrounding spaces with related ideas. In addition, Chang [38] also indicated that 
Mandala thinking is more efficient in stimulating new and unique ideas for Taiwanese students. 

2.3. Gamification 

Gamification may be an effective teaching strategy to enhance learning, and its impact on learning is intriguing. Gamification is 
defined as “the use of game design elements in nongame contexts” [85], in which game design elements contain goals, points, badges, 
feedback, levels, challenges, competition, rewards, fun failure, etc. [86–88]. Gamification has only been widely used since 2010 [89]. 
Research on “gamification in education” is still in the developmental stage [90]. More empirical evidence is needed regarding the 
impact of gamification on student learning. 

Numerous empirical studies have attempted to confirm whether gamification contributes to learning. The favorable results have 
raised expectations for the development of gamification in education. Several studies have shown that gamification could increase 
student motivation, emotional engagement, or enjoyment [21,91–94]. It is also beneficial to enhance creativity and idea generation; 
for example, Skaržauskienė and Kalinauskas [95] showed that gamification might foster collective creativity since it increases the 
enjoyment of engagement in activities. Marasco [96] found that gamification was a positive method to engage and motivate college 
students and to introduce creativity and innovation into design education. 

The development of gamification in education is promising; however, not everything works well [97]. For many reasons, the theory 
does not always translate into practical outcomes [17]. There have been mixed results from gamification studies [86,98,99]. Mår-
ell-Olsson [100] used gamification to develop students’ 21st century skills but found it complex. Some research has indicated that 
gamification in education may not produce the expected results and may even have adverse effects. For example, Kwon and Özpolat 
[101] implemented gamification in an undergraduate course and found that it significantly decreased content knowledge, satisfaction, 
and course experience. Hanus and Fox [102] found that gamification harms students’ final exam scores and motivation. Almeida [103] 
systematically mapped the negative effects of gamification in education, resulting in 77 papers reporting the adverse effects of game 
design elements. There is insufficient evidence to support that the effect of gamification on creativity is positive [104]. Therefore, this 
study aimed to find more empirical evidence of the impact of implementing multiple teaching methods in gamification on students’ 
creativity, collaboration, and communication skills from college students’ perspectives. 

2.4. Analytic hierarchy process (AHP) 

AHP is a multicriteria decision-making method developed by LT Saaty in 1971 and is widely applied in decision-related appli-
cations [105,106]. It is often used to rank attributes, which relies on pairwise comparisons of experts to derive priorities [107]. 

Fig. 1. Flow chart of the study procedure.  
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Applications of AHP in teaching include identifying appropriate mathematics teaching methods [108], assessing learning or teaching 
quality factors and systems [109,110], selecting appropriate teaching tools [111] or engineering education software [112], and 
ranking factors that influence effective teaching [113]. 

AHP is a simple and efficient decision-making method well-suited for student use. Raadabadi [113] employed the AHP to prioritize 
the factors influencing effective teaching from medical students’ perspectives. Kim [114] examined the differences between industry 
practitioners and students in perceiving the core competencies of tourism graduates employing the AHP methodology. Huang [115] 
designed an evaluation method for ubiquitous learning by applying an AHP questionnaire to students. 

3. Materials and methods 

This study, conducted in November and December 2021, aims to examine the effect of combining six teaching methods with 
gamification to enhance college students’ creativity in a creativity and innovation course. The study procedure consisted of several 
stages, as illustrated in Fig. 1. 

First, thirty-three college students from across 12 departments participated in this study. The chosen teaching methods (divergent 
thinking, balloon competition, the method of focal objects, forced relationships, the SCAMPER technique, and Mandala thinking) were 
selected for their potential to enhance creativity and align with the course goals. Next, gamification was incorporated, and participants 
were informed about the course structure before teaching. Each teaching method was implemented for 2 h per week over six weeks. 
And then, data was collected after the creativity teaching. The research instruments included a student self-assessment survey and an 
AHP questionnaire. The self-assessment survey measured students’ perceptions of their creativity, collaboration, and communication 
skills. At the same time, the AHP questionnaire was employed to identify teaching methods deemed more effective by students in 
achieving the desired learning objectives. The collected data was analyzed, followed by a discussion and conclusion. 

3.1. Participants 

Thirty-three undergraduate students from the National University of Science and Technology in Taiwan participated in this study, 
which adhered to rigorous research ethics guidelines. The study was approved by the National Kaohsiung University of Science and 
Technology under number NKUST-1101035, and informed consent was obtained from all participants. Students who participated in 
this study were voluntary. They were fully informed of the study’s purpose and procedures and received no compensation for their 
involvement. The study did not harm the participants, and measures were taken to ensure their confidentiality and privacy throughout 
the study. Two of these 33 participants did not complete the questionnaire and were thus excluded from data analysis. Therefore, the 
final data analyzed came from the remaining 31 students (15 males and 16 females; ages 19–22 years, M = 20.26 years) who 
participated in the entire study and completed the survey while they were enrolled in the College of Foreign Languages (39%), College 
of Business (39%) and College of Engineering (22%). 

3.2. Teaching for creativity 

The main teaching goal set for this study was to combine six teaching methods with gamification to enhance students’ creativity, 
communication, and collaboration skills, all of which are critical skills for the 21st century [116]. The meaning of creativity in this 
study is the ability of students to come up with novel and useful ideas or products. Upon completing the program, students will have 
acquired critical skills. Facing user needs and future real-world challenges, students can use their creativity, collaboration, and 
communication skills to generate novel and useful ideas or products. For example, students will have the skills to create a multi-
functional creative pen with display time, multiple colors, and erasable functions to meet student exam needs; invent a helmet that 
incorporates positioning and cooling mechanisms to improve comfort and safety at work; design a water purification device that 
provides clean drinking water; devise products made from recycled waste to reduce environmental impact and develop a mobile app 
that integrates wearable device and essential oils to improve sleep quality. 

The teaching procedures for fostering creativity are shown in Table 1. Gamification and teaching methods were introduced in week 
1. Most students in the course did not know each other at the beginning and were divided into heterogeneous groups of 4 or 5 people. 
Subsequently, the six teaching methods for creativity combined with gamification were implemented from weeks 2–7. Finally, week 8 
was the presentation of results, awards, and questionnaires. 

Table 1 
Teaching procedures for fostering creativity.  

Week Course content 

Week 1 Grouping, introducing gamification and teaching methods 
Week 2 Divergent thinking teaching 
Week 3 Self-designed balloon competition 
Week 4 Method of focal objects 
Week 5 Forced relationships 
Week 6 SCAMPER technique 
Week 7 Mandala thinking 
Week 8 Presentation, awards, and questionnaires  
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For a total of 6 weeks of continuous gamified creativity teaching, including divergent thinking, self-designed balloon competition, 
method of focal objects (MFO), forced relationships, SCAMPER technique, and Mandala thinking, the sequence and content of 
implementation were as follows. 

The first was to implement divergent thinking teaching. During the divergent thinking process, the first was “Uses of a Pen,” and the 
second was “Uses of Plastic Cups.” Each team wrote their ideas on sticky notes; each development took approximately 30 min. The 
team that found the most versatility won. 

The second implementation was balloon competition. Teams had 30 min to work together to create a balloon structure that could 
hold the weight of a bottle of water (approximately 600 g). Each team had two circles and 20 long balloons for the first round of 
competition. If the balloon broke, it was not replaced. Only balloons can be used, not other materials. In the second round, materials 
were added based on the results of the first round (last place adds the most), and the material exchange was open to keep the 
competition going. The balloon with the highest weight-bearing height (distance from the highest horizontal point to the table) won. 

The third implementation was MFO teaching. Teams freely selected the focal object and randomly chose at least five unrelated 
objects as the medium for the free relationship of new ideas. The team discussed and evaluated all new ideas and chose two to sketch. 
Finally, the whole class voted online, each person could vote up to three times, and the group with the most votes won. 

The fourth implementation was forced relationships teaching, similar to MFO. The team freely chose two unrelated things and 
used the teammates’ imagination to find as many new ideas as possible. After the team discussed and evaluated, two ideas were 
selected for sketching, the class voted, and the one with the most votes won. 

The fifth implementation was the SCAMPER method. Each team used the worksheet designed in this study to generate as many 
ideas as possible. In approximately 60 min, by following the steps of each alphabet of SCAMPER. There were two parts to earn points: 
the team that found the most creative ideas and the idea that received the most votes after a class-wide vote. 

The final implementation of the course was Mandala thinking. Each team used a worksheet with a nine-square grid designed for this 
study, wrote down the theme to be developed on the center grid of the worksheet, and then used the other eight surrounding grids to 
generate creative ideas. Similarly, the team evaluated and selected two ideas for sketching, then the class voted, and the one with the 
most votes won. 

3.3. Gamification mechanisms 

Considering the learning environments [117] and teaching factors [88,118,119] in gamification, the gamification mechanism in 
this study was designed as follows:  

● Simulation of team competition.  
● Team practice time is approximately the same for each teaching method (approximately 60 min total).  
● The maximum points earned and the point intervals were the same each week to maintain fairness and competition. The team that 

won first place received 14 points; the second place received 12 points, etc.  
● The competition points for each team were announced weekly.  
● Creativity teaching implementation results and gamification points were calculated and confirmed by the students.  
● The reward for the competition is a red envelope with cash. 

3.4. Research instrument 

The main research instruments in this study were a student self-assessment survey and the AHP method. These two instruments are 
described below. 

3.4.1. 3.4.1 Self-assessment survey 
This study used a self-assessment survey, as in Appendix 1, to allow students to self-assess their creativity, collaboration, 

communication skills, and perceptions of gamification. In week 8, after the creativity instruction, a student self-assessment survey was 
administered. A 7-point Likert scale was used for all survey items, and participants rated each item from 1 (strongly disagree) to 7 
(strongly agree), with scores calculated as the mean of all items. 

3.4.2. 3.4.2 The AHP method 
Based on various strengths, AHP was selected as the research method in this study. The selection of appropriate teaching methods is 

an essential factor in education. Teachers should consider teaching objectives, classroom conditions, and student situations in teaching 
methods. Sometimes it is necessary to combine multiple teaching models to respond to different teaching sites [120]. One possible and 
feasible approach to comparing and selecting teaching methods is the AHP [111]. The AHP method is a well-established and widely 
used decision-making tool that enables the systematic and structured evaluation of complex topics. When applied to multicriteria 
decision-making problems, AHP can transform psychological attributes into mathematical reasoning through hierarchical structures 
[121]. AHP is also a quantifiable approach and allows our study to determine each alternative’s relative weightage, ensuring a fair 
comparison at each level. Additionally, the AHP is a relatively simple and quick decision-making method suitable for students to fill 
out. Therefore, this study used AHP as a research method to identify more effective teaching methods corresponding to the learning 
objectives from students’ perspectives. 
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As shown in Fig. 2, we used a typical top-down three-level AHP framework [122]. The first level’s goal was to “Identify more 
effective teaching methods corresponding to the learning objectives.” The second level included three objectives: creativity, 
communication, and collaboration skills. The third level was six alternatives, namely, six teaching methods, including divergent 
thinking, balloon competition, method of focal objects, forced relationships, SCAMPER technique, and Mandala thinking. Addition-
ally, this study used an AHP questionnaire with a 1–9 scale, where 1 is equal importance, 3 is moderate importance, 5 is essential or 
strong importance, 7 is very strong importance, 9 is extreme importance, and 2, 4, 6, and 8 are intermediate values between the two 
adjacent judgments [107,123]. The AHP questionnaire, as in Appendix 2, was also administered in week 8. 

3.5. Data collection and analysis 

All students taking the Creativity and Innovation course were invited to complete the self-assessment and AHP questionnaire at 
week 8. Before analyzing the data, we calculated Cronbach’s alpha using IBM SPSS Statistics 26 software to determine whether the 
internal reliability of the measurements was consistent. The Cronbach’s alpha coefficient for the student self-assessment survey was 
0.973 (0.7 or more is acceptable), indicating good consistency in internal reliability. And then, a narrative statistical analysis was 
conducted using SPSS statistical software. 

In addition, after students completed the AHP questionnaire, this study applied Excel software to analyze the data of pairwise 
comparisons, mainly including priority analysis and consistency verification. The calculated weights and priorities of the six teaching 
methods regarding the learning objectives were based on the results obtained from the students’ paired comparisons. The data were 
analyzed with the following steps:  

1. Build the pairwise comparison matrix.  
2. Calculate the weights and priorities for each hierarchical element.  
3. The consistency of the AHP analysis results was analyzed and checked by calculating the consistency index (CI), consistency ratio 

(CR), and random consistency index (RI). 

If the value of the CR (CR––(CI)/(RI)) is no higher than 0.1, then the consistency of the matrix is acceptable. 

4. Results 

4.1. Real experiments in creative teaching 

4.1.1. Divergent thinking 
Teams come up with significantly more uses than in the past when there was no competition. With the same amount of time and 

number of people, most teams only came up with approximately 30–40 uses in the past. In contrast, the first-place team came up with 
63 uses in the first round of “Uses of a pen (Fig. 3a).” Moreover, the first-place team also came up with 62 uses in the second round of 
“Uses of a plastic cup (Fig. 3b).” 

4.1.2. Balloon competition 
The balloon weight-bearing height competition atmosphere was challenging, exciting, and joyful (Fig. 4). The results showed that 

the first-place was 89 cm (Group 7), and the second place was 70 cm (Group 1). The third place was 65 cm (Group 2), which was also 
higher than when there was no competition. 

4.1.3. Method of focal objects and forced relationships 
MFO and forced relationships are similar methods, so the results are presented together. After associative thinking, each team 

chooses two ideas for the competition. One of the voting results was the “Portable Internet Desk” (Group 1), and the second place was 
the “Rechargeable Pencil Case” (Group 7) (Fig. 5). 

Fig. 2. Hierarchy framework of AHP for the selection of teaching methods.  
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4.1.4. SCAMPER technique 
Each team used the SCAMPER worksheet (Fig. 6) to generate as many ideas as possible. The team that came up with the most ideas 

had 28 ideas, and the top idea in the voting was “ballpoint pens with correction tape.” 

Fig. 3. Results of two rounds of divergent thinking implementation: (a) Uses of a pen and (b) Uses of a plastic cup.  

Fig. 4. Results of balloon competition.  

Fig. 5. Online voting for creative ideas.  
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4.1.5. Mandala thinking 
Each team used the nine-square grid worksheet (Fig. 7a) to generate creative ideas and selected two ideas for sketching. There are 

two first places in the voting results: the “projectable ring” and “automatic temperature control thermos (Fig. 7b).” 

4.1.6. Gamification rewards 
The reward for the competition was a red envelope with cash. The number of gamification points earned by each team per week is 

shown in Fig. 8a, and finally, team 6 won first place and a cash reward of approximately $15 (Fig. 8b). 

4.2. Student response and self-assessment results 

The students rated the results of applying gamification in the Creativity and Innovation course highly and positively. They 
perceived that gamification could enhance their creativity, collaboration, and communication skills while stimulating their learning 
motivation and interests. As shown in Table 2, the student’s self-assessment results showed that the mean score for all questions 
exceeded 5.2. Students preferred gamification to traditional lectures. In addition, students also perceive that gamification could 
stimulate their motivation, attitudes, and interest in learning and enhance their creativity, collaboration, and communication skills. 
Gamification can enhance the learning outcomes of Creative and Innovative courses. The students’ responses and self-assessment 
results were positive. 

Additionally, the student responses are listed below.  

• “The course is extraordinary. It could stimulate imagination, and the games were fun.”  
• “I think gamification can make me want to learn more, and it would also deepen the relationship between team members and increase 

communication skills through the game.”  
• “This course is beneficial and made us develop many creative ideas.”  
• “I think the class is very delightful.”  
• “All I can say is that the course is so much fun and taught us to do more with our brains and become more imaginative.”  
• “The course content is quite interesting, although I often had to rack my brains to develop many new ideas. It is good to extend gamification to 

learn to other general courses.” 

Students’ attitudes and learning in gamification are positive. It can be seen from the descriptions of students’ responses, such as 
“stimulated much imagination,” “fun/interesting,” “want to learn more,” and “increased communication skills.” 

4.3. Results of AHP 

In this study, paired comparisons of objectives and alternatives were conducted using Excel software. As a result, 15 questionnaires 
passed the consistency test (CR is less than 0.1). The weights and rankings were calculated for all items, and the results are presented in 
Table 3, Table 4, Table 5, and Table 6. Students considered collaboration skills more important than the other two objectives. In 
addition, the effectiveness of alternatives (teaching methods) was evaluated regarding objectives. The results showed that the most 
effective teaching method for enhancing creativity was the SCAMPER technique, the most effective for enhancing collaboration skills 
was balloon competition, and the most effective for enhancing communication skills was Mandala thinking. 

Finally, this study established global weighting and ranking based on the results of the aforementioned hierarchical analysis, as 
shown in Table 7, and the results showed that the most effective teaching method for the overall goal was Mandala thinking. 

Fig. 6. SCAMPER worksheet and results.  
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5. Discussion 

This study contributes to the research on enhancing learning by using multiple teaching methods in gamification. An essential 
finding of this study is the effectiveness of gamification. Each teaching method that fostered creativity in this study stimulated students 
to generate many novel and useful ideas, which meet the teaching goal and supports the idea that creativity can be taught [12]. The 

Fig. 7. Implementation results of Mandala thinking: (a) Nine-square grid worksheet; (b) Concept sketches of the automatic temperature con-
trol thermos. 

Fig. 8. Results of the gamification competition: (a) Points accumulated per week; (b) Cash rewards.  

Table 2 
Student self-assessment results.  

Self-assessment survey items Mean S.D. 

More prefer gamification to traditional lectures. 5.38 1.16 
Gamification can enhance creativity. 5.29 1.15 
Gamification can enhance communication skills. 5.24 1.18 
Gamification can enhance collaboration skills. 5.33 1.24 
Gamification can stimulate learning interests. 5.33 1.15 
Gamification can stimulate learning motivation. 5.24 1.04 
Overall, gamification can enhance the learning outcomes of Creative and Innovative courses. 5.43 1.12  

Table 3 
Weights and rankings for objectives.  

Objective Local Weights Ranking 

Creativity 0.283 3 
Collaboration skills 0.361 1 
Communication skills 0.356 2 
Total 1 (CR = 0.021)  
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gamification process stimulated a fun and competitive atmosphere and learning environment and established good teacher-student 
interaction, which helped students learn. Furthermore, according to the student responses, gamification stimulated their learning 
motivation, attitudes, and interest, corresponding to the findings of Mula-Falcón [124] and Marasco [96]. The students also perceived 
that gamification enhanced their creativity, collaboration, and communication skills. They preferred to use gamification in traditional 
lectures and any other courses. These findings respond to the first research question of this study. 

Another essential finding of this study is the identification of the most effective teaching methods from students’ perspectives. The 
results showed that Mandala thinking was the most effective for the overall goal, consistent with Chang’s findings [38]. That research 
indicated that Mandala thinking is more efficient in stimulating new and unique ideas for Taiwanese students. However, this result 
may vary by student background or student size, as the difference in global weights between Mandala thinking and balloon compe-
tition was minimal (only 0.0005). 

In addition, this study also found the most effective teaching methods regarding the three learning objectives of creativity, 
collaboration, and communication skills. The results indicated that the SCAMPER technique was the most effective teaching method 
for enhancing creativity. Balloon competition was the most effective teaching method for enhancing collaboration skills, and Mandala 

Table 4 
Alternatives weights and rankings – creativity.  

Alternative Local Weights Ranking 

Divergent thinking 0.178 4 
Balloon competition 0.108 6 
Method of focal objects 0.124 5 
Forced relationships 0.193 2 
SCAMPER technique 0.213 1 
Mandala thinking 0.184 3 
Total 1 CR = 0.050  

Table 5 
Alternatives weights and rankings – collaboration.  

Alternative Local Weights Ranking 

Divergent thinking 0.105 6 
Balloon competition 0.307 1 
Method of focal objects 0.11 5 
Forced relationships 0.143 4 
SCAMPER technique 0.153 3 
Mandala thinking 0.182 2 
Total 1 CR = 0.048  

Table 6 
Alternatives weights and rankings – communication.  

Alternative Local Weights Ranking 

Divergent thinking 0.142 5 
Balloon competition 0.1750 2 
Method of focal objects 0.117 6 
Forced relationships 0.148 4 
SCAMPER technique 0.1748 3 
Mandala thinking 0.243 1 
Total 1 CR = 0.052  

Table 7 
Ratings for the alternatives on goal and each objective.  

Alternative creativity collaboration communication Goal 

Local 
Weight 

Local 
Weight 

Local 
Weight 

Global Weights Global Ranking 

Divergent thinking 0.178 0.105 0.142 0.1388 5 
Balloon competition 0.108 0.307 0.1750 0.2038 2 
Method of focal objects 0.124 0.11 0.117 0.1165 6 
Forced relationships 0.193 0.143 0.148 0.1590 4 
SCAMPER technique 0.213 0.153 0.1748 0.1776 3 
Mandala thinking 0.184 0.182 0.243 0.2043 1 
Total 1 1 1 1   
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thinking was the most effective teaching method for enhancing communication skills. For each learning objective, the most effective 
teaching method is different. In addition, the weights of the SCAMPER technique and Mandala thinking were ranked in the top three 
for each objective. MFO, in contrast, was the least effective teaching method. The above results can be used to answer the second 
research question of this study and provide an essential reference for selecting effective teaching methods to enhance learning. 

Finally, an unexpected finding was that the learning objective students considered most important differed from the one set by the 
teacher. This result demonstrates that educators should first understand students’ needs when dealing with diverse students so that 
they can set appropriate learning objectives to enhance learning effectively [125,126]. 

6. Conclusions 

This study implemented gamification and six teaching methods for enhancing creativity. It aimed to examine the effects on stu-
dents’ creativity, collaboration, and communication skills and to identify more effective teaching methods corresponding to the 
learning objectives from students’ perspectives. The results showed that (1) students perceived that gamification enhanced their 
creativity, collaboration, and communication skills; (2) students considered that gamification could stimulate their motivation, atti-
tudes, and interest in learning; (3) the gamification process created a fun, competitive atmosphere and learning environment that 
facilitated student learning; (4) for the overall goal, Mandala thinking was the most effective teaching method; and (5) for the 
creativity, collaboration, and communication skills learning objectives, the most effective teaching methods were the SCAMPER 
technique, balloon competition, and Mandala thinking, respectively. The results of this study make significant contributions that 
reinforce previous studies and provide essential references for selecting effective teaching methods that meet teaching objectives. 

7. Limitations and future research 

This study has several limitations. First, teaching to enhance creativity was only conducted for six weeks. It is a relatively short time 
and may need to be increased for students to fully understand each teaching method to reach knowledge sharing, internalization, and 
creation [127]. Second, the order of implementation of multiple teaching methods can only be scheduled based on teachers’ past 
experiences. However, the order of implementation of teaching methods may affect the results. Third, most students in the course did 
not know each other at the beginning of the semester. Unfamiliarity among students may interfere with learning. Fourth, our study was 
limited by a relatively small sample size comprising only students enrolled in the course. Further empirical testing with a larger and 
more diverse sample is warranted to enhance the generalizability of our findings. Fifth, only student self-report data were analyzed in 
this study. Various response biases may have affected the results. Finally, the gamification process can only be as fair as possible. 
Reasons that may affect the fairness of team scores, such as different team sizes (groups of 4 or 5), absenteeism, and differences in 
personal characteristics and prior experience, are beyond the instructor’s control. 

Research on gamification in education is still in its infancy [90]. Based on the above findings and limitations, this study suggests 
that more in-depth research can be conducted in the following directions: (1) The implementation time of teaching creativity can be 
planned for more extended periods or different periods for each teaching method to examine whether enhancing creativity is more 
effective. A more extended period may allow students to develop knowledge sharing, internalization, and creation that would help 
enhance creativity [127]. (2) Future research could include more teaching methods that enhance creativity or change the order of 
teaching methods. Scott [128] identified 11 common types of creativity training, and different creativity teaching methods may have 
different results. (3) Different gamification elements and mechanisms may affect the results [129]. The impact of different designed 
gamification elements or mechanisms on learning still needs further research. (4) Expanding the scope of the study to include larger 
sample size and conducting empirical testing with participants from diverse contexts would enhance the study’s comprehensiveness by 
providing a broader perspective and generating richer data for analysis. (5) Fairness and student indifference can affect results during 
gamification. Therefore, research on designing fairer teaching strategies and improving student indifference should be conducted to 
avoid negative results on learning. 
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[36] Ö. Göçmen, H. Coşkun, The effects of the six thinking hats and speed on creativity in brainstorming, Think. Skills Creativ. 31 (2019) 284–295, https://doi.org/ 
10.1016/j.tsc.2019.02.006. 

[37] V.M.Y. Cheng, Infusing creativity into Eastern classrooms: evaluations from student perspectives, Think. Skills Creativ. 6 (1) (2011) 67–87, https://doi.org/ 
10.1016/j.tsc.2010.05.001. 

[38] Y. Chang, et al., Investigating the synergy of critical thinking and creative thinking in the course of integrated activity in Taiwan, Educ. Psychol. 35 (3) (2014) 
341–360, https://doi.org/10.1080/01443410.2014.920079. 

K.-W. Lee                                                                                                                                                                                                                

https://doi.org/10.1016/j.heliyon.2023.e20420
https://doi.org/10.4324/9781003233923
https://doi.org/10.1037/1931-3896.S.1.2
https://doi.org/10.1016/j.ijer.2016.12.004
https://doi.org/10.1016/j.ijer.2016.12.004
https://doi.org/10.1016/j.tsc.2015.04.007
https://doi.org/10.1016/j.tsc.2015.04.007
https://doi.org/10.1590/1982-02752018000300002
https://doi.org/10.1590/1982-02752018000300002
https://doi.org/10.1016/j.bushor.2007.03.002
https://doi.org/10.1177/0972150919844395
https://doi.org/10.1016/j.jbusvent.2014.12.003
https://doi.org/10.1016/s0883-9026(03)00005-3
https://doi.org/10.4337/9781788975087.00018
https://doi.org/10.1080/10400410409534549
https://doi.org/10.1080/10400410409534549
https://doi.org/10.1002/j.2162-6057.1972.tb00923.x
https://doi.org/10.1017/9781316979839
https://doi.org/10.1016/j.heliyon.2023.e17374
https://doi.org/10.1016/j.heliyon.2023.e17374
https://doi.org/10.1002/jocb.531
https://doi.org/10.1016/j.tsc.2021.100889
https://doi.org/10.1016/j.tsc.2020.100761
https://doi.org/10.1080/02671522.2019.1677757
https://doi.org/10.15804/tner.21.65.3.01
https://doi.org/10.13165/st-14-4-1-05
https://doi.org/10.1007/s10639-022-11122-4
https://doi.org/10.1007/s10639-022-11122-4
http://refhub.elsevier.com/S2405-8440(23)07628-4/sref22
http://refhub.elsevier.com/S2405-8440(23)07628-4/sref22
https://doi.org/10.1007/bf02212493
https://doi.org/10.1007/978-3-030-64537-3_19
https://doi.org/10.1007/978-3-030-64537-3_19
https://doi.org/10.25134/erjee.v7i2.1639
https://doi.org/10.25134/erjee.v7i2.1639
https://doi.org/10.1016/j.chb.2021.106963
https://doi.org/10.1145/2583008.2583023
https://doi.org/10.1016/j.ijer.2020.101561
https://doi.org/10.4018/978-1-5225-6331-0.ch001
https://doi.org/10.1016/j.jbusres.2018.10.056
https://doi.org/10.1016/j.jbusres.2018.10.056
https://doi.org/10.1145/3468978.3468999
https://doi.org/10.1145/3468978.3468999
https://doi.org/10.1007/s10639-022-11048-x
https://doi.org/10.7821/naer.2022.7.1025
https://doi.org/10.2308/iace.1999.14.1.11
https://doi.org/10.2308/iace.1999.14.1.11
https://doi.org/10.1016/j.tsc.2020.100747
https://doi.org/10.1016/j.tsc.2019.02.006
https://doi.org/10.1016/j.tsc.2019.02.006
https://doi.org/10.1016/j.tsc.2010.05.001
https://doi.org/10.1016/j.tsc.2010.05.001
https://doi.org/10.1080/01443410.2014.920079


Heliyon 9 (2023) e20420

13

[39] H. Xu, J. Hamari, How to Improve Creativity: a Study of Gamification, Money, and Punishment, Behaviour & Information Technology, 2022, pp. 1–15, https:// 
doi.org/10.1080/0144929x.2022.2133634. 

[40] J.H. Lee, M. Portillo, Transferability of creative self-belief across domains:The differential effects of a creativity course for university students, Think. Skills 
Creativ. 43 (2022), https://doi.org/10.1016/j.tsc.2021.100996. 

[41] E. Susetyarini, E. Nurohman, H. Husamah, Analysis of students’ collaborative, communication, critical thinking, and creative abilities through problem-based 
learning, Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika 6 (1) (2022) 33–42, https://doi.org/10.36312/esaintika.v6i1.584. 

[42] A. Rahardjanto, H. Husamah, A. Fauzi, Hybrid-PjBL: learning outcomes, creative thinking skills, and learning motivation of preservice teacher, Int. J. InStruct. 
12 (2) (2019) 179–192, https://doi.org/10.29333/iji.2019.12212a. 

[43] D. Aguilera, J. Ortiz-Revilla, STEM vs. STEAM education and student creativity: a systematic literature review, Educ. Sci. 11 (7) (2021), https://doi.org/ 
10.3390/educsci11070331. 

[44] K.J. Duncan, Examining the effects of immersive game-based learning on student engagement and the development of collaboration, communication, 
creativity and critical thinking, TechTrends 64 (3) (2020) 514–524, https://doi.org/10.1007/s11528-020-00500-9. 

[45] H.Y. Liu, Promoting creativity of nursing students in different teaching and learning settings: a quasi-experimental study, Nurse Educ. Today 108 (2022), 
105216, https://doi.org/10.1016/j.nedt.2021.105216. 
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