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Abstract—Creativity, widely recognized as one of the most 

critical 21st-century skills indispensable for navigating 

uncertainty and complexity, is vital to nurture within higher 

education systems in developing countries like Indonesia to 

equip students with the skills needed to thrive in future work 

environments. This study examines the understanding of 

creativity definition among Science Pre-Service Teachers (SPST) 

in Indonesia and explores the challenges they encounter in 

developing creative skills during their higher education. The 

research used an online questionnaire to collect data on SPST’s 

understanding of creativity, their engagement in creative tasks, 

and the obstacles they faced. The findings reveal that while a 

significant number of students have yet to produce creative 

works, those who have done so acknowledge the substantial 

value of creativity in their tasks. Key barriers to creativity 

include insufficient resources, limited practical experience, and 

difficulties in generating innovative ideas. Additionally, 

students emphasized the importance of a supportive learning 

environment, collaborative opportunities, and adequate 

facilities as essential for fostering creativity. The results 

highlight the urgent need for educational interventions that 

promote creativity, equipping SPST with the necessary tools 

and opportunities to enhance their creative abilities. This study 

contributes to the broader understanding of how creativity can 

be effectively integrated into science education, preparing 

future educators to address the challenges of the 21st century. 

 

Keywords—creativity, science pre-service teacher, higher 

education 

I. INTRODUCTION 

As one study reported, there are seven skills needed in the 

21st century: critical thinking, creativity, collaboration, 

cross-cultural understanding, communication, computing, 

and career-dependent self-learning [1–4]. Creativity has been 

considered one of the most important thinking skills in the 

21st century [5]. In a post-millennial society, creativity is 

regarded as highly important for both individuals and 

society  [6]. This is especially true in developing countries, 

including Indonesia, where fostering creativity is crucial [7]. 

Creativity is a vital skill as it enables individuals to thrive and 

adapt to uncertainty [8]. Creativity is vital for individuals for 

the future of work [6]. Creativity is the top skill of the future 

and a required life skill in the world of work. The world of 

work also requires employees who are innovative, creative, 

initiative, independent, can lead, work in teams, are literate, 

able to communicate effectively, and able to make decisions 

and overcome various problems [1, 7]. Creativity is a skill 

that must be learned by individuals to prepare themselves to 

face and survive with uncertainty in the present and future 

both in society and in the work environment. 

Higher education is widely recognized for its primary role 

in preparing individuals to enter the workforce [9–11]. 

Educators and researchers emphasize the relevance of 

fostering creativity in higher education, as it is a critical skill 

for navigating the complexities of the modern world [12]. In 

today’s rapidly changing and unpredictable times, creativity 

has become an essential attribute that universities must 

cultivate to ensure their graduates are work-ready and 

adaptable [6]. The demands of 21st-century learning require 

universities to produce graduates who possess not only 

creativity but also the ability to engage in creative and 

collaborative processes to solve problems 

effectively  [13,   14]. 

Higher education play a pivotal role in equipping students 

with the skills and knowledge needed to thrive as future 

educators and active contributors to their 

communities  [11,  15]. One of the key strategies to nurture 

creativity in higher education is through innovative teaching 

practices. In the context of 21st-century learning, creativity is 

regarded as a fundamental skill that must be intentionally 

taught and integrated into curricula [16]. Achieving this 

creativity should be given significant attention by 

incorporating it into new teaching methodologies and 

actively applying it during instruction in higher 

education  [17]. Furthermore, 21st-century skills, including 

creativity, must be seamlessly integrated into higher 

education to prepare students for the multifaceted challenges 

they will face in their professional lives [4, 18].  

In Indonesia, creativity is recognized as a crucial skill that 

must be cultivated in higher education. This is supported by 

the Minister of Education and Culture Regulation Number 3 

of 2020 concerning National Higher Education Standards, 

which highlights the importance of student-centered learning 

that fosters creativity, capacity, and independence in 

acquiring knowledge [19]. Similarly, the Regulation of the 

Minister of National Education of the Republic of Indonesia 

Number 16 of 2007 concerning Standards for Academic 

Qualifications and Teacher Competencies emphasizes that 

teachers must possess competencies, including the ability to 

be creative and innovative in applying and developing 

knowledge. Therefore, integrating creativity into higher 

education is essential to prepare future teachers who are 

equipped with creative abilities. In line with these regulations, 

educational researchers in higher education continue to 

explore techniques to optimize success and produce creative 

graduates. These graduates are expected to provide 

innovative solutions, think broadly, and positively impact 

society [20]. The incorporation of creativity into learning is 

vital because it significantly enhances problem-solving and 

critical thinking skills [21, 22]. Creativity is defined as the 
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ability to generate, utilize, refine, analyze, and evaluate a 

wide range of ideas and solutions that are novel, original, or 

surprising [23]. 

As facilitators, educators are responsible for unlocking 

students’ potential by providing learning opportunities that 

nurture creativity. This can be achieved through learner 

choice, encouraging risk-taking, and developing 

problem-solving skills [24]. To effectively foster creativity, 

the learning process must be carefully planned and sustained, 

as creativity is closely linked to critical thinking skills [25]. 

For creativity to hold meaningful value in education, it must 

be grounded in disciplinary knowledge [26]. Additionally, 

technology-rich learning environments appear to offer 

structured opportunities for learners to explore questions of 

personal interest, which are central to creativity [27]. 

Therefore, there is a need for teaching approaches in higher 

education that can cultivate the creativity of prospective 

science teachers during their studies. However, before 

developing such a program, preliminary research is essential. 

This initial research should focus on understanding science 

preservice teachers’ conceptualization of creativity and their 

experiences related to creativity during their college 

education. 

Research on this aspect can provide insight into the extent 

to which SPST have creative abilities, what are the obstacles 

they face, and the best methods to enhance their creativity. 

Identifying pre-service teachers’ understanding and 

experiences is crucial for designing both broad curricula and 

specific course programs that are effective, focusing not only 

on content mastery but also on the development of creative 

skills. Therefore, this study aims to explore the extent to 

which SPST already have experiences in developing 

creativity and identify barriers faced by prospective teachers 

in developing creativity and effective methods to enhance 

their creativity. By understanding this, it is hoped that future 

research can design more effective curriculum and course 

programs for prospective science teachers, so that they can 

equip students with the creativity needed in the 21st century. 

II. LITERATURE REVIEW 

Creativity is one of the life skills that can help individuals 

to thrive and cope with uncertainty [8]. In a post-millennial 

society, creativity is considered to be vital to individuals and 

society, valuable to the economy, essential to leadership and 

vital to the future of work. In these unprecedented times, 

creativity is a critical attribute that universities must possess 

to ensure work-ready graduates [6]. Creativity is very 

important to foster to overcome various problems especially 

in developing countries. Creativity should be given real 

attention by including it in new teaching methods and using it 

during teaching in higher education [28]. Educational 

researchers in higher education continue to seek an 

understanding of techniques to optimize success and produce 

creative graduates. In the future, creative graduates are 

expected to provide solutions and be broad-minded so that 

they have a positive impact on society [19]. 

In general, creativity is defined as an individual’s capacity 

to generate new, original, or surprising ideas and 

solutions  [29]. A creative person has the ability to turn 

ordinary things into extraordinary [30]. Creativity can also be 

defined as a set of methods used to become a creative 

person  [31, 32]. Creativity can also be defined as a skill that 

makes it possible for individuals to find new opportunities, 

improve creative thinking skills and accurately assess 

creativity from an idea [33]. Creativity can be viewed as the 

production of interesting ideas and valuable solutions to 

problems [34, 35]. However, creativity can also mean using, 

creating, improving, analyzing, and evaluating different 

ideas  [23]. 

Definitions of creativity vary widely depending on one’s 

perspective, scientific field, disciplinary affiliation, and 

philosophy. From a historical perspective, creativity is 

likened to a province consisting of several unique individuals 

endowed with unusual human capacities and intellectual 

abilities [32]. From a social context perspective, creativity 

most often emerges when there are conditions that are 

supportive and conducive to creative action. This is because 

environment and culture influence the way a person 

perceives ideas and how to turn those ideas into something 

brilliant [30, 36]. People living in different cultures, social 

norms and living standards have different perceptions of 

creativity [37]. 

In the field of science education, creativity is a central 

aspect that can determine the nature of science itself [38]. For 

learners to be creative, it requires educators who also have the 

ability to help individuals become creative quickly [30, 39]. 

Creativity is one of the basic elements of the nature of 

scientific knowledge [40]. The special domain of creativity in 

science learning is called scientific creativity [41, 42]. 

Scientific creativity is a problem-solving process that 

involves both domain-general and domain-specific skills and 

knowledge. Scientific creativity depends not only on 

knowledge, but also on cognitive processes that are the basic 

tools in scientific discovery [43]. In commonly used 

knowledge hierarchies such as Bloom’s taxonomy, creating 

is considered the highest cognitive level that learners can 

perform beyond other types of cognition such as 

remembering, understanding, applying, and analyzing [44]. 

Creativity can be shown in the form of performance. Creative 

performance can be demonstrated in various modalities, 

including verbal (e.g., written, oral), physical (drawing, 

photography), and spatial (movement, procedure) [45]. 

Other research suggests that creativity can also be in the 

form of products. Scientific creativity as an intellectual trait 

or ability to produce (or potentially produce) a specific 

product that is original and has a certain value, designed with 

a specific purpose and using given information [40]. Creative 

thinking, often defined as the ability to generate innovative 

ideas and solutions by breaking away from conventional 

thought patterns, has become the cornerstone of success in 

various aspects of life [46]. Scientific creativity is a review of 

creativity that focuses on scientific knowledge about science, 

so the development of scientific creativity tests in the context 

of specific science materials is also very necessary [47]. 

A scientific creativity model is called The Scientific 

Structure Creativity Model (SSCM), which is a combination 

of trait or creativity characteristics, process or creative 

process, and product or creative product [40]. The 

characteristics of creativity refer to the Torrance (1990) 

creativity framework, namely fluency, flexibility, and 

originality. Creative products can be divided into science 

problems, science phenomena, science knowledge, and 
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technical products while the creative process can be divided 

into two namely thinking and imagination. The illustration of 

SSCM is depicted in Fig. 1 below. 

 

 
Fig. 1. SSCM illustration. 

 

The indicators of scientific creativity include unusual uses, 

problem finding, product improvement, creative imagination, 

problem solving, science experiment and product design. 

However, there are some notes for the scientific creativity 

test instrument. The instrument consisted of seven items and 

was too time-consuming, making the test impractical [40]. 

There is doubt whether a seven-item test can fully assess the 

complex aspects of scientific creativity [48]. 

Product creativity can be subjectively defined as the 

evaluation of a product as presenting congruence and novelty 

that arouses passion and pleasure and is consistent with the 

evaluator’s preferences. Products that are considered creative 

may exhibit a certain degree of novelty and 

appropriateness  [49]. On the other hand, product creativity is 

defined as the extent to which a product is considered new, 

and its stance impacts and changes conventional market 

viewpoints and practices. It refers to the extent to which a 

new product provides creative ideas for other products, 

stimulates new thinking, and challenges current ideas about 

product types [50]. A creative idea or product will be 

considered original if it is something new or surprising and 

has never existed before [51]. However, novelty alone does 

not make something creative. A creative idea or product must 

also include an underlying value and utility, providing that it 

is appropriate, functional, correct, and valuable [52]. 

Therefore, most definitions of creativity identify originality 

and appropriateness as the key characteristics of creativity 

outcomes [51, 53]. 

The most well-known framework for creativity is the Four 

P’s framework of [54], which consists of: First, person 

(Person) refers to the individual performing the creative act 

encompassing the various traits and attitudes of the creative 

individual, as well as creative potential. Second, process 

refers to the mental processes during creative endeavors 

involving learning, thinking, and communication of ideas as 

well as the tools and strategies used. Third, product refers to 

the tangible results of the creative process (e.g., works of art, 

writings, computer programs, etc.). Fourth, environment 

(Press) refers to the environment, the setting, the happening 

and whether the environment supports the relationship with 

the individual. 

Another opinion about the indicators of creativity is that 

the product has undergone a transformation. Transformation, 

which refers to combining “elements in ways that defy 

tradition and that result in new perspectives,” and “forces us 

to see reality in new ways” [55, 56]. However, it can be 

grouped with core characteristics. Transformation is only as 

extreme a form of originality as revolutionary products “that 

force a shift in the way of looking at reality” [53].  

It is important to train students in product creativity. 

Individuals with creative abilities have a higher likelihood of 

survival and development than those without [8, 45]. 

However, most students still learn through methods such as 

lectures and memorization, which focus more on basic 

cognitive abilities, such as declarative memory 

(remembering facts) and conceptual understanding 

(understanding ideas that have been received). In fact, it is 

important to develop creative cognitive abilities that 

encourage innovative ways of understanding science. 

Creativity will often emerge if there are supportive and 

conducive conditions for creative action [36, 57]. Thus, it is 

very important for a teacher to be able to teach creativity to 

students during lectures. 

The relationship between creativity, teaching, and learning 

can be divided into three parts: teaching for creativity, 

teaching creatively, and learning. Each part contributes to the 

belief system and classroom practices of a creative 

teacher  [58]. Teaching for creativity can create a learning 

environment that encourages a sense of freedom to be 

creative when opportunities arise [36, 57]. Teaching 

creativity means providing control, facilitating new 

connections, and setting the conditions for all learners to 

engage in an open-ended creative process [43]. Teaching 

creativity means giving learners the freedom to make new 

connections, and creating an atmosphere that supports all 

students to engage in the creative process [57]. 

III. MATERIALS AND METHODS 

A. Participants 

This research was conducted at one of the state universities 

in Pekanbaru City, Indonesia. The participants in this study 

were third-semester students from the science education 

study program, who are science pre-service teachers. The 

third-semester students were selected as participants on the 

basis that they had already completed two semesters of 

lectures. This allowed them to provide insights into their 

experiences related to academic tasks, which might be 

associated with product creativity, compared to first-year 

students who had less experience. However, out of 50 

students, only 22 were willing to participate and provide 

information for this study. 

B. Data Collection 

Data were collected through an online questionnaire 

administered via Google Form and distributed to the 

participants. The online survey was designed to identify and 

provide in-depth insights into individuals’ understanding and 

experiences regarding creativity. For the purposes of this 

research, a questionnaire instrument was developed to 

evaluate two domains: creativity understanding, comprising 
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3 items, and creativity experiences, encompassing 4 items (see Table 1).  
 

Table 1. Survey questions 

Aspect Questions 

Creativity product definition 

understanding 

What do you understand about the definition of creativity? 

Name three factors that you think can enhance creativity in product development! 

Write down in detail the name of the product you have developed or are currently developing and during the 

product development! 

Were you creative according to the definition you mentioned earlier? 

Creativity experiences 

Tell us about your experience in developing a product (it could be in a lecture you’ve been through, or an 

off-campus activity)! 

What was the biggest challenge you faced in applying creativity when developing the product? 

What are your suggestions to improve student creativity in product development? 

 

By gathering this information, the study aims to establish a 

foundation for developing effective learning strategies or 

interventions that support the enhancement of creativity. The 

survey was structured to explore various dimensions of 

creativity, including participants’ perceptions, challenges, 

and practical experiences in creative endeavors. 

C. Data Analysis 

The data was analyzed in two main categories: 

understanding the definition of creativity and 

creativity-related experiences. Initially, the researchers 

reviewed the descriptive questionnaire answers collected 

from and categorized the descriptive answers with specific 

terms. For example, the data analysis process began by 

examining the varying understandings of the concept of 

product creativity among SPST. Observations indicated that 

some SPST emphasized the generation of new ideas, while 

others prioritized innovative solutions or original works. To 

facilitate systematic analysis, the responses were categorized 

accordingly. 

IV. RESULT AND DISCUSSION 

A. Creativity Product Definition Understanding 

The first aspect I aimed to explore was understanding how 

SPST defines creativity. In general, creativity is one of the 

fundamental elements of scientific knowledge [40]. The 

specific domain of creativity in science learning is referred to 

as scientific creativity [59]. Scientific creativity is a 

problem-solving process that involves both domain-general 

and domain-specific skills and knowledge. Scientific 

creativity does not solely depend on knowledge, but also on 

cognitive processes that serve as fundamental tools in 

scientific discovery [43]. The findings which are obtained 

from this exploration are summarized and presented in 

Table  2 below. 
 

Table 2. Hu and Adey [40] criteria of science creativity 

Science 

creativity aspect 
Science Creativity Indicators Keywords appearing in SPST responses 

Unusual uses 
Fluency, flexibility, and originality in identifying unconventional or 

creative uses of specific objects for scientific purposes 

1. Innovation, innovative, innovative solutions 

2. New ideas, novel concepts, new solutions, idea 

connection 

3. Original thinking, original ideas, original works, 

original concepts 

4. Valuable works, value-added, high-value 

5. Tangible outputs, concrete results 

6. Creative thinking 

7. Unique combinations, uniqueness, unique 

solutions, unique outcomes 

8. New perspectives 

9. Problem-solving 

10. Cognitive flexibility 

11. Open-mindedness 

12. Adaptability 

13. Creative abilities 

14. Product improvement/enhancement 

15. Imagination 

16. Creation, creative capacity, inventiveness 

Problem finding 
Fluency, flexibility, and originality in proposing novel questions not 

previously considered 

Product 

improvement 

Fluency, flexibility, and originality in enhancing technical products 

incorporating multiple scientific principles 

Creative 

imagination 

Demonstrating creative imaginative abilities encompassing creative 

thinking and application of scientific ideas 

Problem solving 
Problem-solving skills, cognitive flexibility, idea originality, and applied 

imagination in addressing scientific challenges creatively 

Science 

experiment 

Phenomenon analysis, cognitive flexibility, original thinking, and 

imagination in conducting scientific experiments 

Product design 
Flexibility, originality, creative thinking skills, and imaginative application 

in designing and producing innovative scientific products 

 

There are several keywords that emerged which are 

somewhat different from the scientific creativity as defined 

by Hu and Adey [40]. Some of these terms include new 

perspective, tangible work, ability to create, openness, 

adaptation, and capability. Hu and Adey [40] likely define 

scientific creativity in terms of problem-solving, originality, 

and cognitive processes within a structured scientific context. 

In contrast, the keywords above introduce elements like 

practical output, mindset, and adaptability, which may extend 

beyond their original definition. 

Keywords were extracted via thematic analysis of SPST 

responses, then categorized using Hu and Adey’s criteria [40]. 

As shown in Fig. 2 below, the data have been categorized 

according to the keywords that appeared during the analysis. 

Fig. 2 presents a categorization of keywords related to idea 

and ability, grouped into core themes. The main concept, 

“idea” and “ability or skill”, serves as the central idea, with 

supporting keywords organized into distinct clusters that 

highlight different aspects of creativity: 

1) Core attributes of creativity: Innovative, originality, 

uniqueness, and value 

At the core of creativity are fundamental attributes: 

originality, uniqueness, and value. These qualities highlight 

the necessity of novelty and meaningful contribution in 
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creative outputs. Original ideas break away from the 

conventional, while uniqueness ensures they stand apart from 

existing solutions. Value, on the other hand, grounds 

creativity in practicality, ensuring that the output is not only 

novel but also purposeful and impactful. Together, these 

attributes define what makes a creative work truly innovative. 

 

 
Fig. 2. Categorization based on keywords emerging from SPST 

responses. 

 

Additionally, creativity thrives on flexibility and the 

ability to think dynamically. Flexibility allows individuals to 

adapt their approaches, experiment with different 

perspectives, and pivot when faced with challenges. The 

cognitive process of thinking—whether analytical, divergent, 

or exploratory—fuels the generation of new ideas and refines 

them into viable solutions. These adaptive and mental 

processes underscore that creativity is not just about the end 

product but also about the malleable and iterative journey of 

innovation. 

2) Creative processes 

The main keywords, idea, solution, and creation, represent 

the tangible outcomes of creative thinking—each marking a 

critical stage in the innovation process. An idea serves as the 

initial spark, a raw concept that holds potential. When refined 

and applied, this idea evolves into a solution, addressing 

specific problems or needs with ingenuity. Finally, creation 

embodies the materialization of these concepts into concrete 

results, whether products, artworks, or systems. Together, 

these terms illustrate how abstract thoughts are transformed 

into measurable, real-world contributions. 

Complementing this progression, the action-oriented verbs 

to produce and to create emphasize the dynamic effort 

required to bridge imagination and reality. To produce 

underscores the practical steps—planning, prototyping, and 

iterating—that bring ideas to fruition. Similarly, to create 

implies deliberate craftsmanship, where vision meets 

execution. These terms remind us that creativity is not 

passive inspiration but an active process of making, testing, 

and refining. Without action, even the most brilliant ideas 

remain unrealized; thus, these keywords celebrate the 

discipline and persistence behind every innovative 

achievement. 

3) Mindset and approach 

The keywords perspective and out of the box encapsulate 

the essence of unconventional thinking—a hallmark of true 

innovation. Perspective signifies the ability to see beyond the 

obvious, to reframe challenges through alternative 

viewpoints, and to question established norms. Meanwhile, 

out-of-the-box thinking pushes boundaries, encouraging 

solutions that defy conventional logic and embrace bold, 

uncharted approaches. Together, these concepts highlight 

how innovation thrives when individuals break free from 

linear thought patterns and explore ideas from fresh, often 

unexpected angles. 

Equally critical are the terms creative and ability, which 

underscore the foundational competencies behind innovation. 

Creative denotes the innate or cultivated capacity to generate 

original ideas, while ability emphasizes the practical skills 

needed to execute them—whether technical expertise, 

problem-solving agility, or collaborative fluency. These 

keywords remind us that innovation is not just about 

inspiration; it requires both the vision to imagine new 

possibilities and the capability to bring them to life. In 

essence, creativity fuels the what, while ability determines 

the how, making them inseparable partners in the journey of 

innovation. 

Overall, the categorization illustrates how creativity 

combines originality, practical execution, and a 

transformative mindset to generate innovative results. The 

findings obtained from this exploration are visually 

summarized and presented in Fig. 3 below, which provides a 

clear and concise representation of the insights gathered. 

 

 
Fig. 3. Creativity definition understanding by SPST. 

 

The findings from the data analysis highlight the diverse 

perspectives on creativity among respondents. 

Approximately 40% of respondents emphasized the ability to 

generate new ideas as a key aspect of creativity, focusing on 

originality and fresh thinking. Meanwhile, 30% of 

respondents stressed the importance of innovative solutions, 

highlighting creativity’s role in problem-solving and 

addressing challenges in unique ways. Additionally, 20% of 

respondents pointed to the creation of original works, 

underscoring the value of producing unique and meaningful 

outcomes. Finally, 10% of respondents emphasized the 

unique combination of unrelated ideas, showcasing the 

importance of connecting diverse concepts to foster 

innovation. These insights reflect a multifaceted 

understanding of creativity, encompassing idea generation, 

problem-solving, originality, and the synthesis of different 

perspectives. Generally, the SPST already has a solid 

understanding of the definition of creativity. This indicates 

that they are familiar with the concept and its fundamental 

principles, which serve as a good foundation for further 

exploration or application of creativity in their context.  
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Having understood the importance of creativity in 

education, it is now essential to explore its various definitions. 

Generally, creativity is defined as an individual’s ability to 

generate new, original, or surprising ideas and solutions [23]. 

A creative person possesses the capacity to transform 

ordinary things into something extraordinary [24]. 

Additionally, creativity can be described as a set of methods 

or practices that help individuals develop their creative 

potential [25]. Creativity can also be defined as a skill that 

enables individuals to identify new opportunities, enhance 

their creative thinking abilities, and accurately evaluate the 

potential of an idea [60]. It is often seen as the ability to 

generate innovative ideas and develop valuable solutions to 

problems [27]. Furthermore, creativity involves the processes 

of utilizing, generating, refining, analyzing, and assessing 

diverse ideas [22]. 

The SPST stated that there are three factors that can 

enhance a person’s creativity. The data (see Fig. 4) reveals 

that 40% of respondents consider a supportive and open work 

environment essential for fostering creativity, as it 

encourages experimentation and risk-taking. Additionally, 

35% of respondents emphasized the importance of 

collaboration and diverse perspectives in driving innovation 

by bringing together varied expertise and ideas. Finally, 25% 

of respondents highlighted the role of technology and market 

trends in enhancing creativity, as staying updated with 

advancements and trends can inspire fresh and relevant 

solutions. 

 

 
Fig. 4. Three factors that can enhance a Person’s creativity. 

 

The data collected from respondents highlights three key 

factors that can significantly enhance creativity in product 

development. First, a supportive and open work environment 

is crucial, as it encourages experimentation and exploration. 

Many respondents emphasized the importance of creating a 

space where individuals feel safe to take risks and innovate 

without fear of failure. Second, collaboration across 

disciplines and the inclusion of diverse perspectives were 

identified as vital for fostering creativity. By bringing 

together individuals with different backgrounds and expertise, 

teams can exchange unique ideas, leading to more innovative 

and well-rounded solutions. Third, leveraging technology 

and staying updated with market trends were also highlighted 

as essential factors. Exposure to new technologies and 

emerging trends can inspire fresh ideas and help create 

products that are not only innovative but also aligned with 

consumer needs and market demands. Together, these factors 

such as supportive environments, collaborative diversity, and 

technological awareness form a strong foundation for 

enhancing creativity in the product development process. 

B. Creativity Experiences 

Based on the questionnaire data on creativity 9 (see Fig. 5), 

it was found that 64% of students have never developed a 

product, while 36% have done so. The products developed 

include facial soap made from papaya extract, facial masks, 

automatic cars, remote-controlled motors, course 

assignments on springs and capillarity, food chips, and 

knitted hats. However, only two of these products were 

developed during lectures: the assignments on product 

development involving the concepts of springs and capillarity. 

Out of the eight students who have developed products, seven 

(or 85%) stated that their creativity has been very useful. 

Only one student felt that they lacked creativity, as the 

products they created were not significantly different from 

those developed by others. It is important to note that novelty 

alone does not define creativity. Creative ideas or products 

must also possess underlying value and usefulness, providing 

appropriate, functional, correct, and valuable solutions [28]. 

Based on the distribution of questionnaires about the 

challenges of applying creativity in product development, 

31.82% of SPST stated that they were unaware of the 

challenges they faced because they had never developed a 

creative product. Meanwhile, 27.27% of students identified 

limited tools, materials, and costs as significant challenges. 

Additionally, a lack of facilities was cited as one of the 

obstacles hindering creative teaching and learning among 

students in higher education [61, 62]. 

 

 
Fig. 5. Challenges in developing products. 

 

Difficulties in generating new ideas were experienced by 

27.27% of students, indicating barriers to innovative thinking. 

This challenge may stem from a lack of inspiration or limited 

experience in brainstorming and exploring ideas. Creativity, 

which involves the ability to generate, use, improve, analyze, 

and evaluate new, original, or surprising ideas and solutions, 

is essential for overcoming such obstacles [23, 29]. Difficulty 

in identifying the marketing process was cited by 4.55% of 

students as a challenge. This suggests that students may feel 

more confident in the product development aspect than in 

marketing. However, this low percentage could also indicate 

a lack of understanding of how marketing strategies 

contribute to product success. Additionally, 4.55% of 

students recognized product competition as a challenge, 

while another 4.55% mentioned a lack of time as a barrier to 

developing products. 
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Fig. 6. Suggestions for developing product creativity from SPST. 

 

Students provided several suggestions on ways to develop 

creativity (see Fig. 6). The majority, 45%, emphasized the 

importance of creating a learning environment that supports 

collaboration and exploration as a key factor in fostering 

creativity. However, 23% of students felt that no changes 

were needed to the current approach for enhancing creativity. 

It is worth noting that the role of creativity in education is 

often unclear and varies significantly depending on the 

school and program. For creativity efforts to be meaningful in 

education, they must be grounded in disciplinary 

knowledge  [26]. Additionally, 14% of students highlighted 

the importance of reading, while another 14% stressed the 

need for adequate facilities. A smaller percentage, 4%, 

mentioned the importance of self-confidence. Ultimately, 

focusing on a positive learning environment and providing 

supportive resources is essential for students to effectively 

develop their creativity. 

To enhance creativity and innovation within organizations, 

it is essential to foster a supportive culture that encourages 

experimentation and risk-taking. By creating an environment 

where employees feel safe to explore new ideas without fear 

of failure, organizations can unlock their team’s creative 

potential. Additionally, promoting cross-disciplinary 

collaboration is crucial, as bringing together individuals with 

diverse perspectives and expertise can lead to more 

innovative and well-rounded solutions. Finally, organizations 

should invest in technology and market research to stay 

updated with the latest advancements and trends. This not 

only inspires fresh ideas but also ensures that products remain 

competitive and aligned with evolving consumer needs. 

Together, these strategies create a strong foundation for 

sustained creativity and innovation. 

In future research, it is crucial to identify a learning 

environment that can nurture and enhance the creativity of 

SPST. In line with the findings of the Systematic Literature 

Review (SLR), it is evident that there is still limited 

understanding regarding the dynamics of the creative process, 

particularly in the context of teaching. Specifically, little is 

known about what occurs during this process, how teachers 

generate creative ideas, how they nurture and develop their 

creativity over time, and what factors or experiences trigger 

their creative thinking [17]. Given this gap in knowledge, 

there is a pressing need for a more naturalistic and in-depth 

exploration of these phenomena. A qualitative research 

approach, utilizing methods such as in-depth interviews, 

classroom observations, and reflection diaries, would be 

highly beneficial. Such an approach would provide valuable 

insights into the everyday creative practices of teachers, 

shedding light on the nuanced and often subtle processes that 

underlie their creativity. This deeper understanding could 

ultimately inform strategies to support and enhance creativity 

in educational settings. 

From a social context perspective, creativity often emerges 

when supportive and conducive conditions are present, 

enabling creative actions. This is because the environment 

and culture significantly influence how individuals perceive 

ideas and transform them into innovative outcomes [36, 63]. 

In the field of science education, creativity is a fundamental 

aspect that shapes the nature of science itself [32]. It is 

considered one of the core elements of scientific knowledge. 

Specifically, in science learning, this domain of creativity is 

referred to as scientific creativity (59). Creativity can be 

manifested through various forms of performance, including 

verbal (e.g., written or oral), physical (e.g., drawing or 

photography), and spatial (e.g., movement or procedural) 

modalities [45]. To foster creativity in learners, it is essential 

for educators to possess the skills and abilities to guide 

individuals in becoming creative effectively [63, 64]. 

Despite providing valuable insights into science 

pre-service teachers’ perceptions and experiences related to 

creativity, this study has several limitations that should be 

acknowledged. First, the number of participants was 

relatively small, with only 22 respondents out of a potential 

population of 50 students. This limited sample size may 

restrict the generalizability of the findings to a broader 

population of science pre-service teachers. Nevertheless, the 

study was intended as an exploratory investigation, aiming to 

capture in-depth perspectives rather than to make broad 

statistical generalizations. Second, the data were collected 

through a self-reported online questionnaire, which may be 

subject to response bias, including participants’ tendencies to 

provide socially desirable answers or to overestimate their 

creative abilities. Future studies may benefit from 

triangulating self-report data with other sources, such as 

classroom observations, interviews, or assessments of actual 

creative products. 

Finally, this study focused on students from a single higher 

education institution, which may limit the transferability of 

the findings to different institutional or cultural contexts. 

Future research involving multiple institutions and diverse 

educational settings is recommended to provide a more 

comprehensive understanding of creativity development 

among science pre-service teachers. 
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V. CONCLUSION 

This study highlights the critical role of creativity in 

preparing SPST in Indonesia for the demands of 21st-century 

education. The findings reveal that while a significant 

proportion of SPST have yet to develop creative products, 

those who have done so recognize the substantial value of 

creativity in their academic and professional tasks. Key 

barriers to creativity include insufficient resources, limited 

practical experience, and challenges in generating innovative 

ideas. Additionally, students emphasized the importance of a 

supportive learning environment, collaboration, and adequate 

facilities as essential factors for fostering creativity. These 

insights underscore the urgent need for educational 

interventions that integrate creativity into science education 

curricula, equipping SPST with the tools and opportunities to 

enhance their creative abilities. By addressing these 

challenges and leveraging supportive learning environments, 

higher education institutions can better prepare future 

educators to navigate the complexities of the modern world. 

This study contributes to the broader understanding of how 

creativity can be effectively nurtured in science education, 

ultimately empowering SPST to become innovative and 

adaptable educators capable of meeting the evolving needs of 

society.  
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