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Abstract

Background/purpose. Mathematics teachers' conception of creativity
needs to be considered because they are key to successfully enhancing
student creativity in learning. This study aims to (1) determine the
definition of creativity according to teachers; (2) determine the
characteristics of creative students; (3) determine whether student
creativity can be enhanced through mathematics learning; (4)
determine the factors that influence student creativity; and (5)
determine the learning characteristics that can enhance student
creativity.

Materials/methods. This study uses a qualitative research approach
with a phenomenological research design that aims to reveal
mathematics teachers' conceptions of creativity in mathematics
learning. Seven teachers from various levels of education in Indonesia
were given questionnaires and interviewed to explore their views
regarding the definition of creativity, characteristics of creative
students, efforts to enhance creativity through mathematics learning,
factors that influence it, and learning characteristics that support
creativity, with data analyzed using a content analysis approach.

Results. Teachers believe that creativity is the ability to generate new
ideas and different solutions in solving problems. Teachers identified
the characteristics of creative students, including curiosity, flexibility of
thinking, imagination, and independence. All teachers agreed that
creativity can be enhanced through mathematics learning. Student-
centered learning and providing space for exploration are said to be
effective in fostering student creativity.

Conclusion. This study concludes that teachers realize the importance
of creativity in mathematics learning and have conceptual
understanding and practices that support its development, although
not yet fully systematic.
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1. Introduction

The development of science and technology demands that education not only focus on
knowledge, but also on developing higher-order thinking skills, including creative thinking skills
(Kwangmuang et al., 2021; Tanujaya et al., 2017; Yayuk et al., 2020). Dreyfus & Eisenberg (1996)
suggest that the nature of mathematics is creative thinking, not just finding the right answer. Creative
thinking is the ability to generate new solutions or ideas in the problem-solving process (Hadar &
Tirosh, 2019). Correspondingly, in the context of education, creative thinking is a reflection of
creativity, which is now one of the important indicators in the success of learning (Ritter & Mostert,
2017; Tabach & Friedlander, 2017).

Creativity is still often neglected in learning, especially in mathematics (Henriksen et al., 2017).
Mathematics is seen as a rigid, procedure-based discipline that focuses on correct answers and
systematic steps (Boaler, 2016; Sheffield, 2017). In fact, some experts emphasize that creativity is
very important in mathematics to solve problems or generate new ideas (Hadar & Tirosh, 2019;
Suherman & Vidakovich, 2022). Creative thinking skills can be realized through non-routine problem
solving and exploration of various solution strategies (Kholid et al., 2024).

TIMSS (Trends in International Mathematics and Science Study) and PISA (Program for
International Student Assessment) place creative thinking skills as one of the aspects in assessing
students' mathematical literacy (Alotaibi & Alyahya, 2019; OECD, 2018). PISA added a new domain
related to creative thinking skills because students need to prepare for the world of work and daily
life full of complex challenges that do not have a single solution (Barbot & Kaufman, 2025; Foster &
Schleicher, 2022). However, unfortunately, various studies show that students' mathematics learning
is still directed to memorize formulas and solve problems with one specific procedure (Nilimaa, 2023;
Retnawati et al., 2017; Widana, 2018). This does not provide space for students to develop their
creativity. Teachers tend to assess student success from the speed and accuracy of solving problems,
not from the solution strategies used.

One of the factors that determine whether or not students' creativity develops in learning is the
teacher's conception of creativity itself (Harris & de Bruin, 2018; Jahnke et al., 2017; Kettler et al.,
2018). Teachers' conceptions relate to how teachers define, understand, and interpret creativity in
the context of their learning. This understanding becomes the foundation for pedagogical decision-
making, which includes developing lesson plans, learning strategies, and assessing student learning
outcomes. Research shows that teachers' understanding of creativity varies widely. Studies by Aktas
(2016) show that teachers' understanding of creativity varies widely. Teachers with a broad
understanding of creativity tend to provide students with greater space to explore, ask questions,
and find alternative problem-solving approaches. On the other hand, research by Mullet et al. (2016)
revealed that many teachers have misperceptions related to creative students.

Teachers' conceptions of creativity can influence how they encourage creativity in the classroom
(Bryant, 2014). However, there is a gap in the literature regarding teachers' conceptions of creativity
enhancement. Teachers are often unaware of the key qualities of creative students, as most teachers
misunderstand or have negative perceptions of them. Additionally, creativity is not usually
encouraged in schools (Aljughaiman & Mowrer-Reynolds, 2005; Hondzel, 2013). Determining
teachers' conceptions can be a first step in determining how to foster creativity in schools (Beghetto
& Plucker, 2006). It is also a prerequisite for any policy that will be developed on creativity in
education (Cachia & Ferrari, 2010). Furthermore, determining whether teachers have
misconceptions about creativity and introducing what is needed to eliminate these weaknesses
provides a basis for better implementation to develop creativity in the classroom (Newton & Newton,
2009).
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Teachers' conceptions of creativity reflect cultural values (Hong & Kang, 2010), and differences
in education systems across countries are reflected in teachers' conceptions (Leikin et al., 2013).
Although there have been several studies on teachers' conceptions of creativity around the world
(Ayele, 2016; Kettler et al., 2018; Leikin et al., 2013; Levenson, 2022), research specifically examining
mathematics teachers' conceptions of creativity is still limited, especially in local contexts such as
Indonesia. Therefore, the findings may not fully reflect the social, cultural, and learning practices that
occur in Indonesian schools. Therefore, research is needed to gain insights in the Indonesian context.
The findings obtained from this study are expected to contribute to revealing mathematics teachers'
conceptions of creativity in the Indonesian context. In addition, the researchers believe that this study
will contribute to the literature for similar studies on creativity.

Understanding how teachers interpret creativity is very important. Given that teachers are a key
factor in the implementation of learning in the classroom, the exploration of mathematics teachers'
conceptions of creativity is very relevant. This study aims to explore how mathematics teachers in
Indonesia understand creativity in the context of mathematics learning. To that end, this study was
designed to answer the following questions:

a. What is the definition of creativity according to teachers?

b. What are the characteristics of creative students?

c. Can creativity be enhanced through mathematics learning?

d. What are the factors that influence students' creativity?

e. What are the characteristics of learning that can enhance students' creativity?
2. Literature Review

Creativity is seen as an important aspect of individual and societal development, as well as a
universal ability that supports progress in various fields of science, including mathematics (Richardson
& Mishra, 2018; Ulger, 2018). In the context of mathematics, creativity refers to the ability to
generate original, valuable, and contextually appropriate mathematical ideas or solutions, which can
be viewed from the perspective of individuals, ways of thinking, environments, and products
(Joklitschke et al., 2022; Rhodes, 1961). Creativity is the ability to generate ideas, especially those
related to divergent thinking (Kim et al., 2016). According to Silver (1997), mathematical creativity
involves various abilities, such as thinking flexibly, having curiosity, strong imagination, interest in
finding solutions, the ability to make parables, and thinking that is directed and purposeful.
Mathematical creativity is not only repeating methods that have been taught, but also includes the
ability to find new solutions that are relevant and useful (Haylock, 1987; Schoevers et al., 2019). In
line with that, Bishara (2016) states that mathematical creativity involves the ability to reformulate
simple problems in a new way, explore various alternative solutions, and create original methods to
solve unusual problems.

Several factors hinder the development of creativity in mathematics learning, namely the
pressure on one correct answer taught by the teacher, the prohibition of making mistakes, ignoring
students' ideas, and time constraints due to curriculum pressures (Aguilera & Ortiz-Revilla, 2021;
Lince, 2016). This results in teachers tending to emphasize memorization rather than encouraging
creative thinking (Ayele, 2016). In supporting creativity, teachers are advised to act as facilitators who
can create learning environments based on open-divergent questions, motivational questions, and
activities (Kandemir et al., 2019; Mrayyan, 2016). Research also shows that the use of open-ended
guestions, modeling approaches, and multi-answer tasks encourages student creativity, especially in
context-based learning, problem solving, and problem posing (Ayllon et al., 2016; Purba et al., 2017,
Sitorus & Masrayati, 2016). Active interaction and cooperation between students strengthen the
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emergence of original ideas, so learning strategies based on collaboration, reflection, and
constructive evaluation are indispensable in developing student creativity in mathematics.

3. Methodology

This study uses a qualitative research approach with a phenomenological research design. The
main focus of this study was mathematics teachers' conceptions of creativity. The participants
consisted of seven mathematics teachers who teach at junior high schools (SMP), senior high schools
(SMA), and vocational high schools (SMK) in several regions in Indonesia. The selection of participants
reflects the diversity of formal education in Indonesia, both in terms of educational levels and
professional backgrounds. In this study, the criteria for selecting participants included teaching
experience, level of education where they teach, and status of educator certificate ownership.
Demographic characteristics of teachers were coded with T1-T7 which are presented in Table 1.

Table 1. Demographic qualities of research participants

Teacher code Teaching institution Teaching experience Educator certificate

T1 SMA 5 years No
T2 SMA 5 years No
T3 SMK 10 years Yes
T4 SMP 10 years Yes
T5 SMP 3 years No
T6 SMP 8 years Yes
T7 SMP 10 years Yes

Data were collected using questionnaires and interviews. Questionnaires and interviews were
used to determine teachers' conceptions of creativity in mathematics learning. Teachers were asked
to express their opinions regarding: 1) the definition of creativity, 2) the characteristics of creative
students, 3) whether creativity can be enhanced through mathematics learning, 4) factors that affect
student creativity, 5) learning characteristics that can enhance student creativity. Data analysis was
conducted using content analysis. The data obtained were coded, and then similar codes were
grouped into several main topics. The results of the analysis are presented descriptively and
reinforced by the teacher's opinion during the interview.

4. Results
4.1. Definition of Creativity According to Mathematics Teachers

Based on the results of questionnaires and interviews with seven mathematics teachers, it was
found that the teachers had quite diverse views in defining creativity. The resulting model of the
teachers' definition of creativity is presented in Figure 1 below.
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Figure 1. Definition of creativity according to mathematics teachers

The majority of teachers (T1, T2, T3, T4, and T5) defined creativity as the ability to produce
something new. This novelty refers not only to the creation of ideas, but also to solving problems in
a way that differs from the usual approach. In addition, most teachers emphasized that creativity is
seeing from a different perspective (T2, T4, T7). Creativity is not only about producing something that
has never existed, but it is also about looking at and understanding a problem in an unconventional
way. Teacher T4 mentioned in more detail that creativity involves flexibility of thinking, imagination,
openness to new possibilities, and the courage to think outside the boundaries. Teacher T3 linked
creativity to the ability to solve problems through various solutions. Meanwhile, teacher T6 argued
that creativity is the result of creative thinking itself, thus emphasizing more on the cognitive aspects
that underlie the emergence of new ideas.

4.2. Characteristics of Creative Students

Based on the results of questionnaires and interviews with seven mathematics teachers, five
main points describe the characteristics of creative students. The model generated from teachers'
opinions related to the characteristics of creative students is presented in Figure 2 below.

Divergent Imaginative | |Independent/self- Creative

Curiosity thinking and innovative confident problem solving

Figure 2. Characteristics of creative students

The first point mentioned by teachers is high curiosity. Six mathematics teachers (T1, T2, T3, T5,
T6, T7) revealed that creative students usually show strong curiosity about the subject matter, often
ask questions, and want to understand something more deeply. Furthermore, some teachers (T3, T4,
T7) emphasized the importance of flexible ability and divergent thinking. Creative students do not
just stick to one way of thinking or one answer, but have several other points of view. Creative
students are also described as imaginative and innovative individuals. Teachers (T3, T4, T5, T6)
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mentioned that creative students often have a broad imagination, are able to imagine new concepts,
enjoy creating, and dare to develop something unique. Another characteristic that emerged was
independence and initiative in thinking and acting expressed by teachers T2, T3, T4, and T7. There
are also characteristics in the form of the ability to solve problems creatively. Teachers T2, T3, T6,
and T7 said that creative students are able to design alternative solutions and are able to connect
prior knowledge with new contexts.

4.3. Can Creativity be Enhanced Through Mathematics Learning

Based on the results of questionnaires and interviews with seven mathematics teachers, it was
found that all teachers stated that students' creativity can be improved through learning
mathematics. Some teachers (T1, T2, T5, T6) expressed their opinion briefly that creativity can be
enhanced through learning mathematics. Meanwhile, other teachers gave more in-depth
descriptions. Teacher T3 suggested that creativity can be enhanced through project-based learning
models, giving open-ended type problems, and using math games that challenge students' logic and
imagination. Teacher T4 also expressed the same view with an open-ended problem-solving context
approach. Teacher T7 added that creativity in mathematics learning can be enhanced through critical
thinking skills, especially in finding various problem-solving strategies.

4.4. Factors Affecting Student Creativity

Based on the results of questionnaires and interviews with seven mathematics teachers, it was
found that student creativity is influenced by various factors categorized into internal factors and
external factors. The model generated from the teachers' opinions on factors influencing students'
creativity is presented in Figure 3 below.

C Internal factors )

. Student . R .
Intelligence R Motivation Self-confidence
interests

T1 T2 T3 T4 T5 T6 T7

. The role of R Previous
Parenting Learning .
teachers as - learning
patterns - environment .
facilitators experiences

‘ External factors '

Figure 3. Factors that influence student creativity
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Internal factors that influence students' creativity include intelligence, interest in learning,
motivation, and self-belief. Some teachers (T3, T4, T7) suggested that creativity is closely related to
students' intelligence level. Teacher T3 explained that creativity is a cognitive ability that students
possess and develop when supported by the right environment. Teachers T1 and T4 added that
students' interest and motivation to learn are the beginning of creative ideas in solving problems.
Meanwhile, T4 and T6 emphasized the importance of self-confidence in expressing ideas.

External factors include family upbringing, the role of teachers, the learning environment and
previous learning experiences. Teachers T3 and T7 explained that parenting provides space for
expression and decision-making. Teachers T2 and T5 suggested that a conducive learning
environment and adequate facilities are important in enhancing students' creativity. Teachers T1 and
T2 suggested that teachers have an important role in managing the classroom atmosphere and
packaging challenging learning. In addition, teacher T5 added that learning experiences come from
what students read, hear and see.

4.5. Characteristics of learning that can enhance students' creativity

The results of questionnaires and interviews with seven mathematics teachers revealed various
perceptions and views regarding the characteristics of learning that can enhance students' creativity.
The model generated from the teachers' opinions is presented in Figure 4 below.

Student- Fun and Oven-ended Interesting Creative

centered open P G Group work learning Feedback duct

learning learning questions media products
) (72) (73) (74) (75

Figure 4. Characteristics of learning that can enhance students' creativity

Most teachers (T1, T2, T3) stated that students' creativity develops when learning is student-
centered. Learning should provide space for students to explore ideas and be active in learning. T1
highlighted the significance of problem and project-based learning, whereas T2 stressed the
importance of interaction and engaging learning. T3 underlined that students should be free to
express their opinions. Teachers T3 and T4 highlighted the importance of learning that arouses
curiosity and freedom of thought. Teachers (T1, T3, T4, T7) suggested that giving open-ended
problems that allow more than one way of solving plays an important role in developing creativity.
T3 suggested that essay questions are a form of questioning that can trigger creative thinking and T4
added that project-based learning encourages students to explore diverse solutions. T3 and T5
emphasized that creativity also emerges in group work situations. In addition, according to teacher
T5, creativity will develop if students are given interesting stimulus, such as videos, educational
games, or other interactive media. Teacher T4 also emphasized the importance of providing
supportive and constructive feedback. Teacher T6 stated that the variety of students' creative work
can be an indicator that the learning is effective in facilitating students' creativity.
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5. Discussion

The majority of teachers defined creativity as the ability to produce something new and different
in solving mathematics problems. Most teachers also emphasized the importance of seeing from
different perspectives as a characteristic of creativity. This reflects that creativity is not only about
having ideas, but also thinking freely, seeing opportunities from simple things, and daring to try new
things (Aran Filippetti & Krumm, 2020; Chi, 1997). Teacher T4 explicitly mentioned four important
elements of creativity: flexibility, imagination, openness to new possibilities, and thinking outside the
box. This is in line with the opinion of Dow (2022) which states that creativity consists of fluency,
flexibility, originality, and elaboration. However, although some teachers have shown a deep
understanding of the definition of creativity, not all of them mentioned the divergent thinking aspect,
which, according to de Vries & Lubart (2019), is the main component of creativity in mathematics.

Most teachers mentioned the characteristics of creative students are curiosity, flexibility of
thinking, imagination and initiative. Rahayuningsih et al. (2021) suggested that creative students are
able to think flexibly when solving open-ended problems. Beaty et al. (2018) stated that creative
students are able to combine various ways of thinking such as divergent thinking, focus on important
things, and organize strategies at the same time. Some teachers also mentioned the ability to solve
problems creatively and connect old knowledge with new.

All teachers stated that creativity can be enhanced through learning mathematics. This can be
designed with an open-ended approach, project-based learning, or through games in learning. This
finding is supported by Beghetto's (2017), which emphasizes the importance of presenting non-
routine problems to enhance students' creativity. In addition, project-based learning allows students
to explore more than one way of solving. Some research findings reveal that project-based learning
can enhance students' creativity (Chen et al., 2022; Hanif et al., 2019; Ummah et al., 2019).

Several factors influence student creativity. Internal factors that influence such as intelligence,
interest, motivation, and student confidence. External factors that influence, such as parenting,
learning environment, and the role of teachers, are identified as facilitators in improving student
creativity. Teachers T4 and T6 emphasized the importance of self-confidence, and in line with
research by Nufus et al. (2018), which shows that students with high self-confidence tend to have
high creativity as well. The findings also reinforce the opinion that teachers and environment are the
main factors that support students' creativity (Barbot & Kaufman, 2025; Fredagsvik, 2023; Mullet et
al., 2016).

Most of the teachers stated that student-centered, open, interactive, and fun learning can
encourage students' creativity. This aligns with the opinion of Selkrig & Keamy (2017), who state that
the teacher acts as a facilitator providing exploration space for students to find creative ideas. Giving
open-ended questions and project-based learning, explained by the teacher, is an effective means to
improve students' creativity. This is supported by Osakwe et al. (2023) who stated that mathematical
creativity requires freedom to find new solutions. Teachers also mentioned the importance of using
interactive learning media and group discussions. This is in accordance with the research results of
Hidayati et al. (2024) which states that the use of interactive learning media and group discussions
can increase student creativity in mathematics.

6. Conclusion

This study shows that mathematics teachers have a fairly diverse understanding of the concept
of creativity, where most define it as the ability to produce new and original solutions in solving
problems and see problems from various perspectives. Teachers also identified the characteristics of
creative students, including high curiosity, divergent thinking ability, strong imagination,
independence, and the ability to design alternative solutions creatively, which includes the cognitive
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and affective aspects of students. All teachers agreed that creativity can be developed through
learning mathematics. Teachers recognize that both internal factors (such as students' motivation,
interest, and confidence) and external factors (such as family upbringing, teachers' role, and learning
environment) impact the development of creativity. Therefore, teachers consider that effective
learning in improving creativity is student-centered, provides space for exploration, encourages open
discussion, and uses interesting learning stimuli, so as to create a learning atmosphere that supports
the growth of students' creativity optimally.

7. Suggestion

Based on the research findings, it is suggested that teachers' conceptions of student creativity in
mathematics learning be strengthened continuously through training and professional development.
The development of learning tools that support creativity, such as open-ended questions and project-
based tasks, needs to be prioritized. In addition, further research is recommended using a classroom
observation approach to examine real practices as well as comparative studies between levels or
regions. Empowering teachers as facilitators of creativity should be a major concern in education
policy, allowing them autonomy in designing learning that suits student characteristics. Because the
research was conducted using a qualitative research approach, the findings cannot be generalized.
Therefore, further research conducted with a larger population using a qualitative research approach
or mixed methods could provide an opportunity to examine the topic from a different and broader
perspective.
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