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Abstract: In the 21st century is an urge that teachers are not only required to change teaching methods but 

also have a role and responsibility to be able to motivate students' reasoning and logic to think critically, 

creatively, and innovatively. This study was conducted to assess the level of creative thinking skills of high 

school chemistry teachers in one of the districts/cities in Yogyakarta Province. As a survey with a quantitative 

approach, this study involved 24 in-service chemistry teachers as respondents. All of the population became 

the respondents in this study so that saturated sampling technique was applied. Creative thinking skills were 

measured using the creative thinking skill test (CTST). The results of the Aiken content analysis validity 

show that the instrument was suitable to apply with a score of 0.92. Six out of 10 test items are empirically 

valid with a reliability value of 0.697. CTST was filled in by respondents at the chemistry teachers' meeting 

forum. Data analysis was carried out using descriptive statistics to answer the categories of in-service 

chemistry teachers’ creative thinking. Based on the results of CTST, it was 3.20 related to a sufficient creative 

thinking level category. The current research result suggests professional training for teachers to optimize 

their creativity in chemistry teaching strategy. 

 

Keywords: chemistry learning, creative thinking, in-service chemistry teacher. 
 

How to Cite: Salirawati, D., Primastuti, M., & Priyambodo, E.(2024). Assessing the Creative 

Thinking Level of In-Service Chemistry Teachers Using a Case Study Test. Jurnal Inovasi 

Pendidikan IPA, 10(1), 24-31. doi:https://doi.org/10.21831/jipi.v10i1.66388 

 

INTRODUCTION 

Currently, the teaching-learning activity adheres to a student-centered paradigm and demands the 

importance of transferable skills, called 4Cs critical thinking, creative thinking, communication, and 

collaboration (Trilling & Fadel, 2009; Wagner, 2010). The results of the 21st-century competency 

evaluation show that knowledge through the core subjects is not enough, it must be equipped with the 

ability to think critically, think creatively, have strong character, and be supported by information and 

communication technology capabilities. Learning experiences in the classroom need to be designed to 

develop student competencies in terms of collaboration, problem-solving, self-control, critical thinking, 

creativity, innovation, communication, and information and communication technology (ICT) skills 

(Rahmawati, 2017). The importance of creative thinking is not only prominent in rapid globalization 

(De Alencar et al., 2017), but also related to the role of the teacher which is still important in the learning 

process. As a facilitator, teachers must plan teaching-learning activities so that students are active in 

acquiring knowledge. The role of the teacher as a facilitator makes the teaching process run well under 

the teaching objectives (Pane & Darwis Dasopang, 2017). 

Nowadays, based on the results of previous research, it is known that students' creative thinking 

abilities in Indonesia still need to be (Ernawati et al., 2019; Mulyanti et al., 2022; Nusowati, 2015; 

Nuswowati et al., 2017). It is urgent that teachers be not only required to change teaching methods, but 

also have a role and responsibility (Borodina et al., 2019) to familiarize students with applying 4C in 
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everyday life to create learning activities that can motivate students' reasoning and logic to think 

critically, creatively, and innovatively, and can argue scientifically in solving a problem (Wagner, 2010). 

The results of the Trends in International Mathematics and Science Study (TIMSS) and the Program for 

International Student Assessment (PISA) reveal that Indonesian students are very skilled when facing 

theoretical and rote questions, but do not get optimal results when facing questions that reveal high-level 

cognitive aspects, namely questions that require logical and reasoning (Salirawati, 2012). Thinking 

using logic and reasoning is included in critical and creative thinking skills. This fact shows that teaching 

in Indonesia is relatively unable to encourage students to use logic and reasoning when solving 

problems. Students’ creativity can develop well if it is supported by several factors, such as providing 

good mental stimulation, creating an environment that is conducive to the emergence of students’ 

creativity, and the role of teachers in developing teaching strategies related to exploring students’ 

creativity (Septikasari & Frasandy, 2018). 

Ideally, a teacher has creative thinking skills that can make students able to solve simple to 

complex problems. It will affect the usefulness of chemistry learning and its implementation in everyday 

life. Especially in chemistry teaching, the teacher's role cannot be ignored in gaining knowledge, both 

as a transfer of chemistry material and as a facilitator. Achieving students' transferable skills through 

learning will not be optimal if it is not supported by the teacher's ability to design teaching that shows 

vivid teaching methods to make students interested in learning (Smith et al., 2022). Student creativity 

will be formed if teachers can also deliver material that initiates students' creative ideas. Therefore, it is 

necessary to reveal the level of creative thinking abilities of high school chemistry teachers. This will 

support further research regarding the relationship between teachers' creative thinking abilities and their 

effect on students' creative thinking. The research questions asked to answer the research objectives are 

as follows. 

1. What does the feasibility of the creative thinking skills test (CTST) to be used to measure the 

creative thinking skills of high school chemistry teachers look like? 

2. Which level of in-service chemistry teachers’ creative thinking skills is based on the results of 

CTST? 

METHOD 

Research Design 

This research was conducted as a survey with a quantitative approach. The research was 

conducted on the level of creative thinking skills of high school chemistry teachers in one of the districts 

or cities in Yogyakarta Province. A total of 24 in-service chemistry teachers participated in this study. 

All of the sample from the population became the respondents in this study so the saturated sampling 

technique was applied. 

Data Collection Technique 

Table 1. CTST-Case Study Grid 

 

Creative Thinking 

Aspects 

Indicators Item 

Number 
  

A fluency  generate lots of ideas and ways to solve problems 1 2 

provide analogies/illustrations for abstract concepts 2 

B flexibility  answer questions according to the character of the questioner. 3 2 

replace old ways with new ways 4 

C elaboration explain the concept in detail 5 2 

explain the concept in a more interesting way 6 

D originality generate new and unique ideas 7 2 

think of unconventional ways 8 

E sensitivity  take advantage of everything around you 9 2 

change strategy according to conditions 10 

Total Number of Items 10 10 
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Creative thinking skills are measured using an essay test called the Creative Thinking Skill Test 

(CTST)-based case study questions. It was adapted from five aspects of creative thinking skills, namely 

fluency of thinking, flexibility of thinking, elaboration, originality, and sensitivity (Guilford, 1957). The 

CTST consists of 10 essay questions. CTST was validated theoretically by experts through the delta-phi 

validation technique and was tested for empirical validity and reliability. The test grid can be seen in 

Table 1. 

Suggestions from the experts were used to improve the CTST on the aspects of material, 

construction, and language. Three validators in the assessment field provided suggestions for 

improvement to suit the creative thinking measurement concept. All input/suggestions from the three 

validators were used as materials for improving the CTST quality. The improvements made can be seen 

in Table 2 below. 

 
Table 2: CTST Improvement Based on Experts’ Validation Results 

 

No. Validator Suggestions 

1. Expert 1 Corrections are needed on several editorial errors. 

2. Expert 2 Statement 25 is added as an alternative to overcome learning boredom, namely by 

studying outside the classroom. 

Several statements should be presented as negative statements to check the consistency 

of the respondents' answers. 

3. Expert 3 Statements 10 and 12 should be emphasized so as not to cause misunderstanding. 

 

Data Analysis 

 

To answer questions that support the research objectives, the researcher conducted the data 

analysis using descriptive statistics to answer the categories of in-service chemistry teachers’ creative 

thinking. This analysis was performed on CTST data. The category criteria are of five categories, namely 

very good, good, sufficient, poor, and very poor. Calculation of category criteria is carried out as follows. 

 
Table 4. In-service Chemistry Teachers’ Level Criteria 

 

Profile Level  Criteria 

Very Good X̄ > Mi + 1.8 SDi 

Good Mi + 0.6 SDi < X̄ ≤ Mi + 1.8 SDi 

Sufficient  Mi – 0.6 < X̄ ≤ Mi + 0.6 SDi 

Poor Mi – 1.8 < X̄ ≤ Mi – 0.6 SDi 

Very Poor X̄ ≤ Mi – 0.6 SDi 

(Widyoko, 2009). 

FINDINGS AND DISCUSSION 

Results 

The feasibility of creative thinking skills test (CTST) instrument 

Three experts reviewed the CTST. The scores obtained from the three experts were then analyzed 

using the Aikens program. The result of the three experts' assessments using the Aiken formula analysis 

is presented in Table 5 below. 

 
Table 5. CTST Aiken Test Results 

 

Item Number 
Material Aspect Construct Aspect Language Aspect 

a b c d a b c a b c 

1 1.00 1.00 1.00 1.00 0.92 1.00 1.00 0.92 0.92 0.92 

2 1.00 1.00 0.92 1.00 1.00 1.00 1.00 0.92 0.92 0.92 
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Item Number 
Material Aspect Construct Aspect Language Aspect 

a b c d a b c a b c 

3 0.92 0.92 0.92 1.00 1.00 1.00 1.00 0.92 1.00 0.92 

4 0.92 1.00 1.00 0.92 0.92 0.92 0.92 1.00 0.92 0.92 

5 1.00 1.00 0.92 1.00 1.00 1.00 1.00 1.00 0.92 1.00 

6 0.92 0.92 0.92 1.00 1.00 1.00 1.00 1.00 0.92 1.00 

7 0.92 0.92 0.92 1.00 1.00 1.00 1.00 1.00 0.92 1.00 

8 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.92 0.92 

9 1.00 0.92 0.92 1.00 0.92 0.92 0.92 1.00 0.92 1.00 

10 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.92 1.00 

Indicator Average 0.97 0.97 0.95 0.99 0.98 0.98 0.98 0.97 0.93 0.96 

Aspect Average 0.98 0.98 0.95 

Total Average 0.97 

 

According to the standards, the index is above 0.92. It was declared fit for testing and met content 

validity. Based on the calculations of the Aiken index, both the average/indicator and the average/aspect 

obtained a value above 0.92, which means that the case study instrument for creative thinking skills 

developed is worthy of being used because it has fulfilled content validity. The empirical validity and 

reliability test results of the CTST instrument are presented in Table 6 below. 

 
Table 6. Result of validity and reliability test 

 

Instrument Aspects Item Number Reliability Test Result 

CTST fluency  1, 2* 0.697 (Reliable) 

 flexibility  3*, 4 

 elaboration 5*, 6 

 originality 7*, 8 

 sensitivity 9, 10 

*) incompatible with the validity criteria 

 

Based on the results of empirical validity and reliability analysis, six questions were valid with a 

reliability value of 0.697. The results of this test show that the instrument is reliable enough to be used 

in research. 

 

Level of in-service chemistry teachers’ creative thinking skills  

The results of data collection on solving creative thinking skills questions in the form of CTST 

case studies by 24 high school chemistry teachers were analyzed using descriptive statistics. The results 

of a brief recapitulation of the creative thinking skills of high school chemistry teachers based on the 

ideal values for each aspect are presented in Table 7. 

 
Table 7. Descriptive statistics of in-service chemistry teachers’ creative thinking skills based on CTST 

 

Creative Thinking Aspects Average Level 

A fluency  4.38 Very High 

B flexibility  2.96 Medium 
C elaboration 3.21 Medium 

D originality 2.46 Low 

E sensitivity 3.00 Medium 

Average 3,20 Medium 

 

Table 7 shows that there is only one aspect that is in the very high category, namely fluency of 

thinking, which gained an average score of 4.38, and the lowest one is the originality aspect. Overall, 

the level of creative thinking skills of in-service chemistry teachers is in the medium category. These 

findings are discussed in the next section. 
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Discussions 

Based on the recapitulation analyzed from the results of the CTST case study, there is one aspect 

that meets the requirement value of a very high category, namely fluency. Fluency is the ability to 

generate lots of ideas so the case given in this aspect is to ask the teacher to design as many as possible 

simple experiments at home about the effect of concentration on reaction rates using tools and materials 

found in everyday life for their students. Because the topics that were asked are found in everyday life, 

both materials and tools, most teachers could answer very well, clearly, and completely. It is not difficult 

if the teacher can use their logic and reasoning ability so that ideas or thoughts emerge to answer it (Dyer 

et al., 2009). These results are supported by the teacher's statement written in the answer sheet, which 

reads: "When a chemical ran out in the laboratory even though the labwork had to continue, I thought 

about looking for alternative chemicals in the laboratory as a replacement." This is relevant to the 

teacher's ability to generate many ideas and ways of solving problems. Following the reality in the field, 

teachers are often faced with the problem of lacking certain chemicals for practical implementation 

(Zulirfan et al., 2022). 

In the aspects of flexibility, elaboration, and sensitivity, the category gains medium criteria. 

Flexibility is the ability to look at something from a different angle or point of view, shifting to an 

opposing viewpoint (Wagner, 2010). As is known, chemistry content can be represented at three levels, 

namely macroscopic, microscopic, and symbolic, requiring a framework of specific teaching design 

efforts (Johnson, 1991). This leads the teaching-learning activity to construct, such as special strategies 

used by teachers to encourage the development of ideas in the chemistry classroom. Through this 

flexibility, teachers need to find as many as possible alternative learning media that are relevant to 

certain chemistry content. For example, in this research, the research content tested is to provide various 

communicative ways to explain the definition of atoms and their differences from elements and their 

symbolization. Teachers use various ways of communicating, one of which is by providing visual design 

images about atoms and elements and explaining them in simple language. Apart from that, the teacher 

has tried to provide relevant issues related to it. These alternatives show the teacher's way of thinking 

flexibly, showing something abstract that might direct students by directing their points of view and 

imagining the implementation of chemical concepts in a real way. Fluency in a series of key skills is 

providing clear and operational direction to students so they can understand real chemical content (Yani 

& Widiyatmoko, 2023) because creative thinking is a part of the higher thinking process (Wibowo & 

Laksono, 2015). It is likely that students inevitably face challenges and uncertainty when carrying out 

group projects and writing individual essays. To help students succeed, teachers must sometimes use 

strategies that require flexibility in abilities. 

Elaboration is part of fleshing out the ideas in a group of collaborators, carrying an idea to fruition, 

and adding the details to make something real, understandable, or aesthetically pleasing. Elaboration 

takes an inspiring or original idea and completes it (Wagner, 2010). In this research, it consists of two 

indicators, namely the ability to develop ideas/ideas to broaden horizons and the ability to explain 

concepts in detail. In the context of chemistry learning in the classroom, elaboration can be demonstrated 

by the teacher's ability to update chemistry material through actual discoveries, explain chemical 

concepts down to the details, apply joyful learning in chemistry learning, and explain chemical material 

in a relaxed but engaging way, showing videos, animation, and other ways to make learning chemistry 

interesting. It is related to the meaning when creativity exists in the classroom, there will be a more 

conducive environment to learning chemistry through joy and happiness. Some possibilities may remain 

the same, no matter how strong the theory presented and introduced to chemistry teachers in their 

training, there is no guarantee that teachers will know how to do creative teaching when they start 

working in schools (Veerasinghan et al., 2021). 

Sensitive creativity is a unique combination of creativity and sensitivity to see the surrounding 

environment as something that can give ideas that are unique or different from other people's ideas (Uno, 

2022). Teachers think deeply and often have heightened awareness, which makes them highly attuned 

to their surroundings and the people around them. Such as in classroom learning, teachers have relatively 

maximized efforts to utilize current technology as a teaching mode. A teacher should have the effort to 

utilize whatever is in the surrounding environment to demonstrate chemical phenomena or carry out 

practical work, the teacher's ability to change models/methods/media so that students can receive an 



Jurnal Inovasi Pendidikan IPA, 10 (1), 2024 - 30 
Das Salirawati, Metridewi Primastuti, Erfan Priyambodo 

Copyright © 2024, Jurnal Inovasi Pendidikan IPA 
ISSN 2406-9205 (print), ISSN 2477-4820 (online) 

explanation of a concept, and the teacher's ability to change strategies to make chemistry learning more 

interesting (Korableva et al., 2019; Safiullin* & Akhmetshin, 2019) If it is trained and optimized, this 

technology can help teachers find ways of teaching that help students understand chemistry concepts 

more easily. Apart from that, the maximum role of the teacher is to demonstrate experiments to clarify 

chemical concepts empirically. Encouragement for teachers to have the courage to modify their teaching 

models and combine various talents to create interesting learning needs to be increased. If the 

implementation of this technology can be carried out in the field, it means that teachers can think 

creatively and mobilize their abilities, talents, and courage so that learning becomes meaningful. 

Meanwhile, the lowest category was in the originality aspect. It mainly falls on the indicators of 

the ability to explain concepts more interestingly and the ability to think in unconventional ways (Dudek 

et al., 1993). In this section, the teacher was asked to develop certain chemical concepts creatively, such 

as combining chemistry concepts with art. As is known, chemistry is a part of science that requires 

mathematical skills, speaking skills, logic, and reasoning (Chang, 2010). This ability is related to left 

brain function which is related to logical things, facts, numbers, or mathematics for analysis (Kadir, 

2010). The right brain is generally related to imagination, art, creativity, and music. In general, people 

who work in the field of chemistry use the left brain more dominantly (Shichida, 2013). Concerning 

this, the age is also possible that when they received their education, they were not trained in creative 

thinking skills. As a result, when teachers do not practice or rarely take part in training on creative 

thinking skills, they tend to have relatively less creative thinking skills. This should be overcome if they 

routinely or periodically read professional literature so they can show a better or even higher level of 

creativity. However, teachers have tried to implement varied or new teaching methods. This is stated 

through one of their answer statements: “When there is a trend in models/methods, new teaching 

approaches, I try to study and see how appropriate they are to the material and characteristics of students, 

then try to apply them.” This statement is translated from indicators of the ability to replace old ways 

with new ways. This statement shows that although teachers generally try to apply new models/methods 

and approaches that are trending, not in the meaning of always but often.  

Overall, this research has revealed the level of creative thinking skills of chemistry teachers. The 

results of this study can be used as material for consideration for policymakers relating to improving the 

quality and competence of teachers, that high school chemistry teachers still need guidance to improve 

the skills that are the demands of the 21st century, especially creative thinking. The teacher's role is very 

large in the development and formation of students' creativity, starting from creating a learning 

atmosphere that is conducive to the emergence of creativity, to good mental stimulation so that students 

are not afraid to have different answers as their original ideas. There are several ways that teachers can 

improve their creative thinking, not only bringing knowledge to teaching but also using their interests 

as a learning experience for students, for example applying a musical hobby as a learning medium. So 

far, chemistry teachers have been connected in a forum called the Subject-Matter Teachers' Forum 

(MGMP), discussions in a group can create various inspirational references for teaching experiences. 

To gather creative ideas for teaching, teachers can search for the latest information from various 

available tools and curation. Based on several teachers' experiences, they began to be able to describe 

teaching ideas after having conversations with other teachers and leading a discussion. Meanwhile, 

barriers to thinking such as feeling unsure of one's abilities will become potential obstacles. As time 

goes by, teachers who try to learn new things to implement in teaching will become more accustomed 

to creating a creative atmosphere in chemistry classes. This needs to be followed by reflection from 

students, such as providing their responses to the natural learning process, and then readjusting by the 

teacher for further learning (Corazza, 2016; Miller, 2014; Mumford, 2003; Scheffer et al., 2017). 

Training and habituation are very necessary because developing a person's creative thinking abilities is 

the same as developing other cognitive abilities. 

 

CONCLUSION 

 

Based on the results of the research and discussion, it can be concluded that the CTST-based case 

study is suitable for measuring the creative thinking of in-service chemistry teachers based on expert 

judgment and empirical tests. In addition, the results of this research suggest considerations for further 

research as a means of improving teacher quality and competency. High school chemistry teachers in 
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Indonesia still need guidance to improve skills that are demands of the 21st century, especially creative 

thinking skills. For chemistry teachers, this can be done by providing workshop activities, for example 

holding green chemistry-based chemistry labwork using environment-friendly tools and chemicals, or 

training in implementing teaching approaches using local wisdom as the context for chemistry. 

REFERENCES 

Borodina, T., Sibgatullina, A., & Gizatullina, A. (2019). Developing creative thinking in future teachers 

as a topical issue of higher education. Journal of Social Studies Education Research, 10(4). 
Chang. (2010). Kimia Dasar: Konsep-Konsep Inti (3rd ed., Vol. 1). Erlangga. 

Corazza, G. E. (2016). Potential Originality and Effectiveness: The Dynamic Definition of Creativity. 

Creativity Research Journal, 28(3), 258–267. https://doi.org/10.1080/10400419.2016.1195627 

De Alencar, E. M. L. S., De Souza Fleith, D., & Pereira, N. (2017). Creativity in higher education: 

Challenges and facilitating factors. Temas Em Psicologia, 25(2). 

https://doi.org/10.9788/TP2017.2-09 

Dudek, S. Z., Strobel, M. G., & Runco, M. A. (1993). Cumulative and Proximal Influences on the Social 

Environment and Children’s Creative Potential. The Journal of Genetic Psychology, 154(4), 487–

499. https://doi.org/10.1080/00221325.1993.9914747 

Dyer, J. H., Hal, G., & Christensen, C. (2009). The Innovator ’ s DNA. Harvard Business Review, 

17(December). 

Ernawati, M. D. W., Muhammad, D., Asrial, A., & Muhaimin, M. (2019). Identifying creative thinking 

skills in subject matter bio-chemistry. International Journal of Evaluation and Research in 

Education (IJERE), 8(4), 581. https://doi.org/10.11591/ijere.v8i4.20257 

Guilford, J. P. (1957). Creative abilities in the arts. Psychological Review, 64(2), 110–118. 

https://doi.org/10.1037/h0048280 

Johnson. (1991). Active Learning: Cooperation in the College Classroom. Interaction Book Company. 

Kadir. (2010). Misteri otak kiri manusia. DIVA Press. 

Korableva, O., Durand, T., Kalimullina, O., & Stepanova, I. (2019). Usability testing of MOOC: 

Identifying user interface problems. ICEIS 2019 - Proceedings of the 21st International 

Conference on Enterprise Information Systems, 2. https://doi.org/10.5220/0007800004680475 

Miller, A. L. (2014). A Self-Report Measure of Cognitive Processes Associated with Creativity. 

Creativity Research Journal, 26(2). https://doi.org/10.1080/10400419.2014.901088 

Mulyanti, Hasanah, & Sukmawati. (2022). Analyzing creative thinking skills of chemistry education 

students within basic chemistry. Prosiding Seminar Nasional Kimia Dan Pendidikan Kimia. 

Mumford, M. D. (2003). Where Have We Been, Where Are We Going? Taking Stock in Creativity 

Research. In Creativity Research Journal (Vol. 15, Issues 2–3). 

https://doi.org/10.1207/s15326934crj152&3_01 

Nusowati. (2015). Developing creative thinking skill and crative attitude through problem based green 

vision chemistry environment learning. Jurnal Pendidikan IPA Indonesia, 4(2), 170–176. 

Nuswowati, M., Susilaningsih, E., Ramlawati, R., & Kadarwati, S. (2017). Implementation of Problem-

Based Learning with Green Chemistry Vision to Improve Creative Thinking Skill and Students’ 

Creative Actions. Jurnal Pendidikan IPA Indonesia, 6(2), 221. 

https://doi.org/10.15294/jpii.v6i2.9467 

Pane, A., & Darwis Dasopang, M. (2017). Belajar dan Pembelajaran. FITRAH:Jurnal Kajian Ilmu-Ilmu 

Keislaman, 3(2), 333. https://doi.org/10.24952/fitrah.v3i2.945 

Rahmawati. (2017). Keterampilan Abad 21 dan STEAM (Science, Technology, Engineering, Art and 

Mathematics) Project dalam Pembelajaran Kimia. Universitas Negeri Jakarta. 

Safiullin*, M. R., & Akhmetshin, E. M. (2019). Methodological To Digital Transformation of 

Educational, Research and Business Activity of A University. International Journal of 

Engineering and Advanced Technology, 9(1), 7391–7394. 

https://doi.org/10.35940/ijeat.A3098.109119 

Salirawati. (2012). Profil kemampuan peserta didik Indonesia menurut Benchmark lnternasional 

(Bidang Sains). Papaer Seminar Nasional . 



Jurnal Inovasi Pendidikan IPA, 10 (1), 2024 - 32 
Das Salirawati, Metridewi Primastuti, Erfan Priyambodo 

Copyright © 2024, Jurnal Inovasi Pendidikan IPA 
ISSN 2406-9205 (print), ISSN 2477-4820 (online) 

Scheffer, M., Baas, M., & Bjordam, T. K. (2017). Teaching originality? Common habits behind creative 

production in science and arts. Ecology and Society, 22(2), art29. https://doi.org/10.5751/ES-

09258-220229 

Septikasari, & Frasandy. (2018). Keterampilan 4C abad 21 dalam pembelajaran Pendidikan Dasar. 

Jurnal Tarbiyah Al-Awlad, 112–122. 

Shichida. (2013). Misteri otak kanan. Gramedia. 

Smith, A. P., Brosowsky, N., Murray, S., Daniel, R., Meier, M. E., & Seli, P. (2022). Fixation, flexibility, 

and creativity: The dynamics of mind wandering. Journal of Experimental Psychology: Human 

Perception and Performance, 48(7), 689–710. https://doi.org/10.1037/xhp0001012 

Trilling, B., & Fadel, C. (2009). 21st Century Skills: Learning for Life in Our Times. Jossey-Bass. 

Uno, H. B. (2022). Belajar dengan Pendekatan PAILKEM: Pembelajaran Aktif, Inovatif, Lingkungan 

... - Hamzah B. Uno, Nurdin Mohamad - Google Buku. Google Books. 

Veerasinghan, K., Balakrishnan, B., Damanhuri, M. I. M., & Gengatharan, K. (2021). Design Thinking 

for Creative Teaching of Chemistry. International Journal of Academic Research in Business and 

Social Sciences, 11(3). https://doi.org/10.6007/IJARBSS/v11-i3/8979 

Wagner. (2010). The global achievement gap: why even our best schools don’t teach the new survival 

skills our children need-and what we can do about it. Amazon Basic Books. 

Wibowo, A., & Laksono, E. W. (2015). Pengembangan Dan Implementasi Perangkat Pembelajaran Ipa 

Berbasis Inkuiri. Jurnal Inovasi Pendidikan IPA, 1(2). https://doi.org/10.21831/jipi.v1i2.7492 

Yani, L. P., & Widiyatmoko, A. (2023). The Effectiveness of the PhET-Assisted Creative Problem 

Solving Model on Students’ Creative Thinking Abilities and Cognitive Learning Outcomes. Jurnal 

Inovasi Pendidikan IPA, 9(2), 146–156. https://doi.org/10.21831/jipi.v9i2.45902 

Zulirfan, Rosiyana, V., Rahmad, M., & Yennita. (2022). Junior High School Students’ Creative 

Thinking Skills in The Context of Global Warming: A Preliminary Study on The Implementation 

of a STEM at Home Approach on Science Learning. AIP Conference Proceedings, 2600. 

https://doi.org/10.1063/5.0116107 

  
 


