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stract

Mathematical creative thinking skill often becomes the orientation of mathematics learning, aiming to enhance
students’ creativity in mathematics. Recognizing that creativity encompasses mcapacily for thinking creatively
and creativity disposition is essential. Building on ns conceptual foundation, the primary objective of this study
is to develop a comprehensive model illustrating the relationship between students' aptitude for mathematical
creative thinking and their creative disposition. The research methodology employed in this sm/ aligned with the
framework of cause-and-effect analysis. The study cohort consisted of Ssandents, carefully selected by a cluster
random sampling technique. The resea rcstruments included a mathematical creative thinking ability
assessment and a creative disposition scale. The data was analyzed usirnhe Non-Recursive Structural Equation
Modeling. The results showed the reciprocal cause-and-effect dynamic between mathematical creative thinking
ability and creative dispo@, exhibiting a mutually influential relationship with determination coefficients of
21.83% and 21.05%. This shows that mathematical creative thinking ability is better at explaining mathematical
creative disposition than mathematical creative disposition explaining mathematical creative thinking ability, with
a relatively small difference (0.78%). This study also concluded tnl an optimal approach to mathematics
pedagogy entails a balanced and simultaneous focus on nurturing mathematical creative thinking ability and
disposition.
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Creativity is a 21st-century skill, according to the 21st Century Skills Partnership (21st Century Skills Map,
2012). Creativity in solving mathematical problems holds a pivotal role in determining the problem's focal
point, linking its constituent elements, and facilitating the exploration of various solutions for problem-
solving (de Vink et al., 2022; Schindler & Lilienthal, 2022; Utemov et al., 2020). The study's findings
convey that mathematical creativity helps cre@ space for students to analyze mathematical problems
and reach a higher level of mathematical problem-solving ability (Sinniah et al., 2022). Students'
engagement in solving mathematical problems characterized by many solutions contributes substantively
to cultivating and enhancing their creativity (Ibrahim & Widodo, 2020; Shaw et al., 2022), for example,
student flexibility (Bevan & Capraro, 2021). The pedagogical approach in mathematics instruction
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necessitates reconsidering traditional student practices involving repetitive restatements, formulaic
utilization, and procedural a@rence. The curtailment of these habits becomes paramount for elevating
student creativity (Andrade et al., 2020; Conner etal., 2014; Powell et al., 2013). Embedding students in
mathematical learning experiences that enhance creative thinking augments their creative capacity and
concurrently improves their overall academic achievement (Jonsson et al., 2022; Niu et al., 2022).

Fostering students' mathema'ﬂal creativity is critical for realizing their future aspirations (Lubart et
al., 2013; Vuetal., 2022). Creativity in mathematicgrg defined as the ability to solve various mathematical
problems (Isyrofinnisak et al., 2020). The core of creativity is the capacity to engender novel ideas and
inventive solutions throughout the problem-solving process (Ovando-Tellez et al., 2022). Beyond being
confined to novel ideas, creativity is also intricately tied to new and valuable behaviors (Fiori et al., 2022).
Within cognition, creative thinking is construed as a form of mental activity capable of yielding solutions
that deviate from pre-existing paradigms in their diversity, uniqueness, and originality (Ramdani et al.,
2022). Creative thinking encompasses four dimensions: fluency, flexibility, elaboration, and originality
(Bulut et al., 2022; Chermahini & Hommel, 2012; Garcia & Mukhopadhyay, 2019; Schindler & Lilienthal,
2022; Setiyani et al.,, 2022; Tan et al, 2021). In parallel, creativity also manifests as a behavioral
orientation characterized by the willingness to embrace risks, embrace challenges, nurture curiosity, and
indulge in imaginative pursuits (Lubart etal., 2013; Rabi & Masran, 2016). This idea implies that creativity
inherently embodies creative thinking and creative behavior tendencies. This tendency for creative
behavior accompmes creative thinking in the context of creativity and is commonly called the creative
disposition (Fiori et al., 2022; Lubart et al., 2013; Sumarmo et al., 2012).

Within the context of mathematics education, the cognitive aspect of creativity is intricately
intertwine(mpeciﬁcally, when students address mathematical problems or navigate mathematical
scenarios, ae dimensions of fluency, flexibility, elaboration, and originality come to the fore. Fluency is
defined as the ability tcanswer or solve problems or respond to mathematical situations correctly, while
flexibility is defined as the ability to answer or solve problems or respond to mathematical situations in
various ways (Bulut et ﬁ 2022; Grégoire, 2016; Schindler & Lilienthal, 2022; Toheri et al., 2020).
Elaboration is defined as the ability to answer asolve problems or respond to mathematical situations in
detail. In contrast, originality is defined as the ability to answer or solve problems or respond to
mathematical situations using language, methodﬁ non-routine and relevant ideas (Bulut et al., 2022;
Grégoire, 2016; Schindler & Lilienthal, 2022; Tan et al., 2021; Toheri et al., 2020; Tirkmen, 2015).

Creativity related to behavioral tendencies in learning mathematics, aspects of risk-taking,
challenge, curiosity, and imagination are observed when students respond to mathematical situations
encountered in the learning (Lubart et al., 2013; Rabi & Masran, 2016). Risk-taking is defined as the
behavioral tendency to be ready to fail, propose conjectures, and defend opinions. In contrast, fondness
for challenges is defined as the behavioral tendency to seek out a plethora of potential solutions actively,
resourcefully explore materials to solve problems, and love mathematical challenges (Grégoire, 2016;
Rabi & Masran, 2016). Curiosity is defined as the behavioral tendency to question, engage in novel
activities, be interested in mysteries, an attraction to puzzles, and eagerness to embrace novel
experien(Aizikovitsh—Udi & Amit, 2011; Daher et al., 2021; Ennis, 1993; Herwin & Nurhayati, 2021;
Kashdan et al., 2018; Suhirman et al., 2021; Tan et al., 2021). Imagination is defined as a behavioral
inclination encompassing the capacity to conjure and fashion mental imagery, envision scenarios that
transcend existing realities and traverse domains that extend beyond the sensory perception (Jagals &
van der Walt, 2019; Kanoknitanunt et al., 2021; Turan & Diggeken, 2019).
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The cognitive and affective domains are interrelated in the process of solving problems or
responding to a problem situation, similarly critical thinking ability and critical thinking disposition
(Aizikovitsh-Udi & Cheng, 2015; Awarez-Huerta et al., 2022: Fikriyatii et al., 2022). Similarly, for creative
thinking and creative disposition, creativity is realized due to creative thinking and creative disposition
(Fiorietal.,2022; Sumarmo et al., 2012). This provides the basis forthe assumption that student creativity
in learning mathematics can be realized from creative thinking combined with a creative disposition. The
manifestation of student creativity in learning mathematics will appear when students face mathematical
problems or situations to solve.

Mathematical creativity is one of the focus objectives of leaming mathematics along with critical
thinking, disposttion, and problem-solving skills (Kalelioglu & Giilbahar, 2014; Rahmawalﬂ. Ibrahim,
2021) because creativity is essential for students to solve mathematical problems (de Vink et al., 2022;
Elgrably & Leikin, 2021; Powell et al., 2013; Shaw et al., 2022). Some studies even suggested integrating
mathematical creativity skills into the content of mathematics textbooks (Khalil & Alnatheer, 2020). The
mathematical problems students must solve are closely linked to the mathematics topics, including
relations and functions, as in the Indonesian curriculum for junior high schools (Setiyani et al., 2020).

Relation and function in Indonesia’s junior high school curriculum are grouped within the algebra
(Setiyani etal., 2020). Relation and function are crucial for students to understand as they are prerequisite
topics to understand calculus or algebra at higher levels of schooling (Bardini et al., 2014). This signifies
that the relations and functions students study possess varying complexity and depth, corresponding to
their academic level. Therefore, students must progressively advance their comprehension of relations
and functions.

Several prior research studies have endea\aed to enhance students' comprehension of the
relations and functions (Bardini et al., 2014; Ibrahim etal., 2021; Ibrahim & Widodo, 2020; Kumiati et al.,
2015; Oliveira et al., 2021; Saraswati et al., 2016). This endeavor for understanding enhancement
predominantly focuses on the cognitive domain. Nonetheless, it is noteworthy that advancements within
the cognitive domain are optimally complemented by corresponding advancements within the affective
domain (Chong et al.,, 2019; Ozkal, 2019; Rahmawati & lbrahim, 2021; Tang & Hew, 2022; Wu et al,,
2022). Similarly, efforts toward nurturinmathematical creativity are also rooted in an orientation toward
developing the cognitive domain (Bicer et al., 2020; Ibrahim & Widodo, 2020; Jonsson etal., 2020; Kadir
etal., 2016; Utemov & Masalimova, 2017).

As mentioned earlier, creativity thrives when cognitive and emotional aspects reinforce each other.
This means that student's ability to think creatively in math and their disposition for creative thinking are
connected and influence each other. Understanding how these linked aspects can help design math
lessons that boost students' creativity. With this discernment, the interventions introduced within the
framework of mathematics instruction are likely to yield a constructive impact on nurturing student
creativity. This, in turn, bears implications for the optimization of mathematics learning accomplishments
in alignment with iculum objectives, consequently suppmg the realization of students' future
aspirations (Lubart et al., 2013; Ovando-Tellez et al., 2022; Vu et al., 2022).

This research is essential to understand the relationship model between mathematical creative
thinking ability and creative disposition within relations and functions. Structural Equation Modeling (SEM)
can provide a detailed and comprehensive insight into the structure of this relationship model. It attempts
to fill the gap in studies regarding the relationship between creative mathematical thinking abilities and
creative dispositions using SEM, as well as the initial stride in enhancing students’ mathematical




creativity. Next, a potential resolution can be proposed by implementing a specific approach to
mathematics educaticabased on the insights from the study.

Consequenn the primary objective of this study is to identify a model explaining the relationship
between students' mathematical creative thinking aility and their mathematical creative disposition. The
findings of this study hold the potential to refine mathematics education, fostering the development of
students’ mathematical creativity, particulady in algebra. This enhancement is envisioned through
formulating mathematics instructional approaches informed by established relationship model
structure's insights that represent the relationship between students' mathematical creative thinking ability
and their mathematical creative disposition, thereby optimizing the learning experience.

METHODS

Thisresearch has a quantitative paradigm and employed a cause-and-effect relationship research design
(Creswell, 2012; Cmuell & Creswell, 2018; Gay et al., 2012). This paradigm and design were chosen
for their capacity to analyze the relationship between mathematical creative thinking and creative
disposition variables, encompassing the reciprocal influence of thesegyariables in a non-manipulated
context based on quantitative data analysis. This study's measurement @p@athematical creative thinking
was explicitly linked to algebra, precisely relation and function material. In contrast, the measurement of
mathematical creative disposition was not directly associated with mathematical topics but was inherently
linked ighe context of mathematics learning. 1

The population of this study was all Year 8 students at one of the public junior high schools in
Bandung, Indonesia, 360 students, to be precise. The students were divided into ten classes, each
consisting of 36 students. The samples were 36 students selected and taken using the cluster random
sampling technique. In the first step, three subjects were randomly selected from each class to obtain
thirty subjects. In the second step, six classes were randomly selected from the ten classes, and then
one subject was randomly selected from the six classes. A sample size above 30 is sufficient for a cause-
and-effect relationship research design (Creswell, 2012; Gay et al., 2012); 10% of the population has a
size of 100 to 1000 (Gay et al., 2012).

This research employed two main instruments: the Mathematical Creative Thinking Ability Test
(MCVTAT) and the Mathematical Creative Disposition Scale (MCvDS), both administero the samples.
The MCvTAT comprised seven open-ended questions about relations and functions. Students' creative
thinking ability was evaluated based on the dimensions of fluency, flexibility, elaboration, and originality
(Bulut et al., 2022; Chermahini & Hommel, 2012; Grégoire, 2016; Schindler & Lilienthal, 2022; Tan etal.,
2021; Toheri et al., 2020; Tlrkmen, 2015). Among the seven items on the MCvTAT, two pertained to
fluency, one addressed flexibility, three evaluated elaboration, and one was originality related.
Meanwhile, the items of the MCvDS aligned with the aspects of risk-taking courage, liking challenges,
curiosity, and imagination dimensions (Daher et al, 2021ainnis, 1993; Grégoire, 2016; Herwin &
Nurhayati, 2021; Jagals & van der Walt, 2019; Kanoknitanunt et al., 2021; Kashdan etal., 2018; Suhirman
etal,, 2021; Turan & Diggeken, 2019). The MCvDS consisted of 14 statement items: three items for risk-
taking courage, three items for liking challenges, five items for curiosity, and three items for imagination.
Notably, the MCvTAT and MCvDS instruments underwent validation by five experts within their respective
domains. This validity is calculated using Aiken's V coefﬁt value formula created by Lewis R Aiken
(Aiken, 1980, 1985). The expert assessment shows that Aiken's V coefficient value for each question
item and statement on the two instruments exceeds the critical value limit with five rating categories and
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a probability of 1% or 5% so that the validity is concluded that each item is valid. The construct validity

and estinmes of the reliability of the instrument construct were obtained frorme research sample data
analysis results. The results of the data analysis are presented in ttnresults and discussion section.

The data in this study consisted of two categories: students' mathematical creative Ihinkigability
and mathematical creative disposition. As derived from measurement outcomes, data regarding students'
mathematical creative thinking ability was interval data. Conversely, data about students' mathematical
creative disposition, initially of an ordinature, were transformed into interval data before analysis. The
procedure for changing ordinal data is converted into interval data using the method of successive intervals,
which Thurstone developed in the 1950s. This procedure is recommended for considering possible
inequalities in the widths of the intervals on the psychological scale continuum (Edwards, 1957). The data
analysis process unfolded tha;gh two phases. In the initial phase, descriptive statistics were applied,
encompassing computations of the mean, variance, standard deviation, maximum score, and minimum
score for each data group. This stage aimed to provide a comprehensive overview of the data disfribution.
Subsequently, the data underwent inferential statistical analysis utilizing Structural Equation Modeling
(SEM), employing the Non-Recursive Model using Linear Structural Relationship (LISREL) software
developed by Karl Joreskorg and Dag Sorbom from Uppsala University. The rationale for selecting the Non-
Recursive Model stems from the prediction that the two variables under investigation exhibit a reciprocal
cause-and-effect relationship or lack a clearly defined causal direction (Bagozzi, 1980; Felson & Bohrnstedt,
1979; Joreskog & Sorbom, 1993; Vacca & Zoia, 2019; Young, 1998; Yu & Chen, 2021).

RESULTS AND DISCUSSION
1

Table 1 presents descriptive statistics of mathematical creative thinking ability (MCvTA) and
mathematical creative disposition (MCvD) for 36 students.
Table 1. Descriptive statistics of students” mathematical creative thinking ability (MCvTA) and
mathematical creative disposition (MCvD)

Variable Mean Standard Deviation =~ Maximum Score  Minimum Score
MCVTA 47.42 26.82 94.00 6.00
MCvD 66.13 12.03 88.39 38.21

It reveals that the mean for MCvD surpasses 50% of the ideal score (100). In contrast, MCvD mean score
is also notably higher than the MCvTA score. Mareover, the standard deviation of both variables indicates
that the dispersion of MCVTA score data is more extensive than that of MCvD data. In light of these
computed means and standard deviations, it is apparent that students' MCvD scores are comparatively
higher than their MCvTA scares. Furthermore, the distribution of students' MCvD scores is more uniform
than their MCvTA scores. Notably, the range between the highest and lowest MCvTA scores
demonstrates a significantly wider variation than that observed in the MCvD scores. This discrepancy
implies exceptionally high and extremely low MCvTA scores among the sample group, a pattern not as
pronounced in the MCvD scores.

Figure 1 presents the mean percentage of students' MCvTA scores for each dimension compared
to their ideal scores.
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Figure 1. Mean percentage of students' MCvTA scores in comparison to their ideal score for each dimension

It indicates that the items for each dimension seem to have a comparable difficulty level, with the
respondents achieving about 50% of the ideal score for each dimension. Students’ MCvTA on relations
and functions for each aspect can be interpreted as relatively equal. However, the flexibility dimension
shows the highest achievement in MCvTA, and the originality dimension has the lowest achievement in
MCVTA. Figure 1 shows that the mean score of every dimension is below 55% of the ideal score, or the
overall students' MCvTA on relation and function falls under the low criteria.

Figure 2 illustrates the mean percentage of students' MCvD scores compared to the ideal score
for each aspect.
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Figure 2. Mean percentage of students' MCvD scores in comparison to the ideal score for each aspect

It illustrates students' MCvD scores across various aspects, indicating an average range between 60%
and 70% of the ideal score. This observation suggests that students' MCvD scores across these aspects




Mathematics learning orientation: Mathematical creative thinking ability or creative disposition? 7

are relatively uniform. Nonetheless, a discernible pattern emerges where students exhibit a tendency
towards risk-taking behaviors, albeit a relatively less favor towards embracing challenges. Figure 2 shows
that the mean of each aspect falls below 70% of the ideal score, signifying that students' MCvD scores
are classified as moderate overall.

The data analysis results from 36 respondents reveal a product-moment corrgon coefficient of
0.421 between students' MCvTA and MCvD (p=0.011). This outcome signifies the presence of a
significant relationship between students' MCvTA and MCvD scores. However, it is essential to note that
this correlation does not necessarily imply a reciprocal causal relationship between the two variables.
Assessing a reciprocal causal relationship between students' MCvTA and MCvD requires Structural
Equation Modeling (SEM), a Nm%ecursive Model, which was done using LISREL software. This test
commenced by calculating the correlation matrix among the observed variables. The comelation matrix
between the observed variables of MCvTA and MCvD is displayed in Table 2.

Table 2. Correlation matrix between the observed variables of MCvTA and MCvD

MCvTA
Fluency 1.000
Flexibility 0.422  1.000
Elaboration 0.501 0319  1.000
Originality 0.695 0.259 0.652 1.000
MCvD
Courage to Take Risks 0.439 -0211 0370 0461 1.000
Love a Challenge 0.214 0.038 0285 0.262 0.261 1.000
Curiosity 0463 0.003 0.184 0.251 0.592 0.456 1.000
Imagination 0471 0177 0347 0357 0611 0.524 0649 1.000

The correlation matrix shows the coefficient of determination, indicating the ability of predictors to

explain the dependent variable (Chicco et al., 2021; Joreskog & Sérbom, 1993; Ozer, 1985; Wright, 1921;
Zhang, 2016). MCvTA is a predictor of its dimensions, and MCvD is a predictor of its aspects. MCvTA
can explain each of its dimensions by its coefficient of determination, and MCvD can similarly explain
each of its aspects by its coefficient of determination. In addition, MCvTA and MCvD altemately became
the predictor and dependent variables. In other words, MCvTA can explain MCvD by the coefficient of
determination and vice versa. Table 3 displays the coefficient of determination for each of these variables.

Table 3 shows that authenticity is one dimension that can be explained by MCvTA with the largest
determination coefficient (0.7171), meaning that MCvTA can explain the variance in authenticity
dimension by 71.71%. Meanwhile, flexibility has the lowest smallest determination coefficient (0.2148),
meaning that MCvTA can only explain the variance of flexibility by 21.48%. Table 3 also shows that the
imagination aspect of MCvD has the largest determination coefficient (0.6889), meaning that MCvD can
explain the variance in this aspect by 68.89%. Meanwhile, loving a challenge has the smallest
determination coefficient (0.3436). In other words, MCvTA can explain the variance of this aspect by
34.36%. In addition, Table 3 shows that MCvTA is better at explaining MCvD than MCvD explaining
MCvTA, with a relatively small difference (0.78%).




Table 3. Coefficient of determination of the predictor and dependent variable of MCvTA dimensions and MCvD

aspects
Predictor Dependent Variable Coefficient of Determination (R Square)
MCVTA Fluency 0.6425
MCVTA Flexibility 0.2148
MCvTA Elaboration 0.4998
MCVTA Originality 0.7171
MCvD Courage to Take Risks 0.4968
MCvD Love a Challenge 0.3436
MCvD Curiosity 0.5108
MCvD Imagination 0.6889
MCvTA MCvD 0.2183
MCvD MCVTA 0.2106

Figure 3 presents the standardized solution path diagram output based on the correlation matrix
in Table 3.
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Figure 3. Standardized solution path diagram of non-recursive structural model of MCvTA and MCvD

Itis a standardized solutfggjpath diagram of a non-recursive structural model of the MCvTA and MCvD.
The model was revised based on the output of the previous analysis results. Figure 3 shows that the
standardized loading factors of each dimension of MCvTA and each aspect of MCvD are above 0.4. This
finding indicates that all dimensions of MCVTA and all aspects of MCvD were retained or none removed

) =




Mathematics learning orientation: Mathematical creative thinking ability or creative disposition? 9

from the measurement model (Guadagnoli & Velicer, 1988; Kerlinger, 1967; Wijayanto, 2015; Ximénez,
2009).
Figure 4 presents the t-values of the path diagram based on the correlation matrix in Table 2.

Fluency [=-2.E¢

Flexibility [==-3.%

Elaboration [~=3.438

Orisinality [~=-2.°

Courage 23,3

toTake Risk

Love

. .= Curiosity [~=3.55

\ Imagination [=e—

A

Figure 4. T-Values path diagram of the non-recursive structural model of MCvTA and MCvD

It shows all t-values are above 1.96, which is the critical value for the 95% confidence level in the normal
distribution, and it is used as a critical valuein SEM (Cangur & Ercan, 2015; Chan & Lay, 2018; Chuenban
et al,, 2021; Joreskog & Sdrbom, 1993; Kompitack & Sawmong, 2022; Wijayanto, 2015; Yu & Chen,
2021). Thus, all estimated loading factors in the Non-Recursive Structural Model of the MCvTA and MCvD
are significant and can be used for the measurement model.

Figures 3 and 4 show that the Non-Rsive Structural Model of MCvA and MCvD has met the
criteria for good model fit, indicated by the p-value and Chi-Square (x*) above 0.05 and Root Mean
Square Error Approximation (RMSEA) below 0.05 (Bagozzi, 1977; Cangur & Ercan, 2015; Chuenban et
al., 2021; Fornell & Larcker, 1981; Hsu et al., 2006; Joreskog & Sérbom, 1993; Kornpitack & Sawmong,
2022; Schermelleh-Engel et al., 2003; Wijayanto, 2015). The structural model indicates that MCvTA and
MCvD have a reciprocal or non-recursive causal relationship. This reciprocal causal relationship between
MCvTA and MCvD also means that MCvD can explain the variance that occurs in MCvTA by the
coefficient of determination and vice versa (Chicco et al., 2021; Joreskog & Sorbom, 1993; Ozer, 1985;
Wright, 19E2t1ang, 2016).

The construct reliabililmR) and variance extracted (VE) values of the MCvTA and MCvTA Non-
Recursive Structural Models are presented in Table 4.
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Table 4. Construct reliability and variance extracted from the MCvTA and MCvD measurement model

Variable Construct Reliability (CR) Variance Extracted (VE) Conclusion
MCvTA 0.81 0.52 Reliable
MCvD 0.92 0.51 Reliable

It shows that the construct reliability is above 0.7. The variance extracted is above 0.5 for both MCvTA
and MCvD instruments, indicating that the construct reliability and variance extracted from the MCvTA
and MCvD instruments have met the minimum standards in measuring the research variables (Chan &
Lay, 2018; Cnban et al., 2021; Folse et al., 2010; Fornell & Larcker, 1981; Kornpitack & Sawmong,
2022; Smith et al., 2014; Theriou et al., 2011). In other words, the MCvTA and MCvD measurement
model's reliability is adequate, and students’ responses to items in measuring MCvTA and MCvD are
consistent.

The questions for the fluency dimension involve assessing the students' praoficiency in providing
examples of three pairs of sets and their capacity to determine the number of potential relationships that
can be established between these two sets. In addition, the questions for this fluency dimension also
concern students' ability to identify the relationship between cartesian multiplication and the relation of
the two sets. Based on the mean of the fluency dimension, 50% of the ideal score has been reached.
Based on the answers written on the answer sheet, students could provide examples of three pairs of
sets and determine the number of possible relations that can be made between two sets. Nonetheless,
students encounter challenges identifying the relationship between cartesian multiplication and the
relation between the two sets established. Students also needed help in writing the argumentation of the
answers they proposed. This observation suggemthat students struggle to forge connections between
distinct mathematical concepts or situations (Eli et al., 2013; Kenedi et al., 2019; Omond, 2016). Writing
arguments for answers is more complicated than getting the answer (Giirefe, 2018; Kaur & Prendergast,
2022).

Some students misunderstood the problem and thus provided inappropriate answers. For
example, students gave answers in the form of three sets with the same number of members, such as A
= {Risa, Futria, Trizkia}, B = {Red, Blue, Pink}, and C = {Meatball, Fried Rice, Noodle}. In contrast, the
problem asks to provide examples of three sets with the same number of possible relations for each pair.
So, based on students' answers to the fluency dimension problems, it shows that students in this research
sample had yet to display many ideas or opinions optimally.

The problems for the flexibility dimension concern students' ability to propose ways to determine
the number of mappings from one set to another set. In addition, this question is also related to students'
ability to discover how to arrange these mappings expressed in arrow diagrams. Students with high
flexibility will have more than one way of arranging. The results of the measurement of the flexibility
dimension revealed that most students created one solution only, with almost similar methods. Another
finding showed that some students provided incorrect answers because the arrow diagram made was
not a mapping but only an ordinary relation or a relation arrow diagram. This finding was highlighted by
the mean for flexibility prc@m (around 50%). Students could solve the problem but need help proposing
many solutions (Achmetli et al., 2019; Schoevers et al., 2022), even though the problem requires multiple
methods. Hence, an analysis of students' responses to the flexibility dimension problems indicates that
participants within this research cohort need to exhibit an optimal capacity for manifesting diverse
methods or approaches when solving mathematical problems.
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The problems for the elaboration dimension relate to students' ability to compile function tables,
Betch the graphs of linear functions and quadratic functions on the cartesian coordinate plane, and show
the similarities and differences between the graphs of linear functions and quadratic functions. Students
with high elaboration will compile function tables, draw function graphs, and identify differences and
similarities between two function graphs in detail. The results for this elaboration dimension found that
most students could compile the linear function table and quadratic function requested by the problems.
However, some students only provided the linear function graph. In addition, the findings also showed
that students did not get the ideal score because the function table they compiled was less precise. The
inaccuracy arose from the presumption that the origin of the function graph should be constrained to
integers, leading students to depict the graph in a dot-like manner. However, it should be noted that the
problem explicitly specifies the domain and codomain as real numbers, resultingin a function graph taking
the shape of a continuous curve.

The function tables and graphs generated by students needed more precision and detail.
Consequently, the observations made by students regarding the similarities and differences between the
two drawn function graphs needed to have been more thorough and yielded a substantial number of
similarities and differences. Student achievement for this elaboration dmension was below 50% of the
ideal score. Students perceive their written responses to be lucid and accurate, which may lead them to
allocate lesser attention to elements that necessitate comprehensive elaboration within the overarching
solution, essential for correcting their answers (Feudel & Unger, 2022; Gurat, 2018). Hence, based on
students’ responses to the elaboration dimension problems, it is said that this research cohort did not
exhibit an optimal capacity for developing ideas, enhancing and evolving concepts, and establishing
connections among facts and principles when addressing mathematical problems. 33

The originality dimension problems pertain to students' capacity to provide examples of real-life
problems that can be addressed using the concepts of relation, function, or one-on-one comespondence.
Based on the mean generated from the responses to these originality dimension problems, it is evident
that students encounter challenges when presenting distinctive and novel real-life examples of problems
to solve using the mentioned concepts. Most student responses predominantly featured common
textbook problems or those provided by teachers during the lessons. Some students only limited their
responses to constructing arrow diagrams without providing mathematical problems related to the arrow
diagram model. The need for mare demonstration of originality within student answers was reflected in
the mean of originality problems, below 50% of the ideal score, constituting the lowest achievement score
among other dimensions in the MCvTA. These findings suggest that devising original, unique, non-trivial,
or infrequently proposed ideas, answers, or methods presents a formidable challenge for students in the
MCvTA assessment. Indeed, originality is recognized as a particularly demanding dimension of creative
thinking ability, surpassing the challenges posed by other dimensions (Rabi & Masran, 2016) and
requiring a robust foundation of flexible reasoning (Grégoire, 2016). In summary, the student's responses
to originality dimension problems indicate that participants did not attain optimal achievement, particularly
concerning their capability to generate original, unique, non-trivial, or infrequently proposed ideas,
answers, or methods in solving mathematical problems.

Overall, the attainment levels of each dimension on the MCvTA for functions were relatively similar.
Each dimension of MCvTA vyielded an approximate achievenm level of 50% of the ideal score. The
MCVTA encompassed algebra (relations and functions) and creative thinking skills in this study. The
achievement being 50% of the ideal score mark could manifest in three scenarios: the material content
achievement surpassing creative thinking ability content, material content achievement lagging behind
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creative thinking ability content, or a balance between material content and creative thinking ability
content achievement. Notably, the mastery of the material and the proficiency in creative thinking skills,
as demonstrated through solving MCvTA problems, remain interconnected. In other words, students
might attain mastery in relations and functions yet need to exhibit stronger creative thinking skills,
preventing them from showcasing the expected mastery of the material, as outlined by the criteria of
creative thinking skill evaluation, and vice versa. So, creativity within the mathematical context,
intrinsically linked to cognitive processes, assumes a performative character stemming from the fusion of
mathematical material mastery and creative thinking skills (de Vink et al., 2022; Grégoire, 2016; lbrahim
& Widodo, 2020). Moreover, it is a common frend that the dimension of originality attains the lowest
achievement, as evidenced across various studies (Ibrahim & Widodo, 2020; Rabi & Masran, 2016; Shaw
etal., 2022).

The items for the risk-taking aspect pertain to the behavioral inclination to embrace the possibility
of failure when engaging in mathematical learning, including formulating conjectures or estimates for
solving mathematical problems and advocating for proposed ideas. The mean of the courage to take
as showed that students achieved over 50% of the ideal score (70%). These findings were based on
students' responses to the items in the risk-taking courage aspect, underscoring that students possess a
heightened preparedness to welcome criticism and diligently furnish arguments to uphold their concepts,
even when subject to critique. However, this readiness to propose conjectures or estimates when
addressing mathematical problems could be more pronounced. These findings indicate that students are
willing to accept criticism and hypothesize or approximate solutions to provided problems while offering
arguments for their ideas (Grégoire, 2016; Rabi & Masran, 2016). Hence, the students' responses to the
risk-taking aspect in the MCvDS indicate that participants demonstrated a relatively strong disposition for
risk-taking courage in learning mathematics.

The items for loving a challenging aspect correspond to the behavioral inclination of seeking
multiple potential alternative solutions, sourcing materials for problem-solving, and actively embracing
complex mathematics problems. The mean for this aspect was 61% of the ideal score. The finding
revealed that students often tended to experience contentment when discovering a single idea or
problem-solving approach, prompting them to cease exploring alternative ideas or solutions. However,
students exhibited notable readiness when solving mathematical problems and diligently seeking ample
reasoning for the problem-solving content. These findings showed that students tended to be ready to
solve challenging mathematical problems and diligently seek comprehensive reasoning for their
solutions; however, they tended to halt their search for additional ideas or alternative solutions once they
had identified one potential solution (Schindler & Lilienthal, 2022). In summary, students' responses to
the MCvDS items indicate that participants are inclined to embrace challenging problems, actively seek
sufficient material for problem-solving, and demonstrate an intent to discover altemative solutions, even
though these behavioral tendencies do not consistently rank within the higher range, particularly notable
in discovering for alternative solutions.

The items for curiosity aspect correspond to the behavioral inclination of expressing a preference
for posing queries about mathematical concepts that lack clarity, engaging with new ideas, exhibiting
interest in contemplating abstract or concealed mathematical concepts, enjoying challenges presented
by puzzles, and actively attempting to solve novel mathematical problems. The mean for this aspect
reached 67% of the ideal score. This finding highlighted that students are inclined to inquire about unclear
concepts, engage with activities stemming from novel mathematical concepts, display a curiosity for
abstract mathematical ideas, enjoy puzzles, and demonstrate an eagerness to solve new mathematical
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challenges. However, the results also suggested that the propensity to ask questions about unclear
concepts appears to be the least pronounced compared to other behaviors. This pattern could potentially
be attributed to negative experiences or assumptions stemming from past encounters within the
classroom environment, wherein students might feel embarrassed or hesitant to engage in asking
questions (Bringula et al., 2021; Harunasari & Halim, 2019; Laine et al., 2020). Consequently, this might
decrease students' likelihood of actively seeking clarification by posing questions in a classroom setting.
Overall, the student's responses to the MCvDS indicate that the participants exhibited a relatively strong
inclination toward curiosity in learning mathematics.

The items for imagination aspect reflect the behavioral inclination to visualize or depict the given
situation or problem, generate alternate examples, and solve non-routine mathematical problems. The
mean of this aspect was 66% of the ideal score. The students' responses underscored that students had
a commendable inclination to conjure visualizations or illustrations for the situation orblem and to
devise alternative examples different from the pre-existing ones. However, findings also indicate that the
behavior of solving non-routine mathematical problems is the least pronounced among other behaviors.
It can be interpreted that students tended to avoid non-routine mathematical problems requiring the
formulation of solutions beyond tmapplication of established formulas or entail answers that cannot be
preemptively foreseen (Andrade et al., 2020; Doorman et al., 2007; Street et al., 2022). So, the findings
indicate that participants exhibited a relatively robust imaginative disposition in mathematical learning.
However, solving non-routine mathematical problems remains positioned in the medium category,
suggesting room for further development.

Overall, the achievement scores across each aspect of the MCvD exhibit minimal variations. The
measurement of each MCvD aspect fell within the interval of 60%-70% of the ideal score, which can be
characterized as a moderate to high category. This finding suggests that students’ behavioral inclinations
towards creativity in mathematical learning are near the high category and display relatively consistent
tendencies across the various aspects. Consequently, student creativity, inherently connected to these
behaval tendencies, maintains a consistent alignment throughout each aspect (Rabi & Masran, 2016).

The results of this study indicate a significant reciprocal or non-recursive causal relationship
between MCvTA and MCvD. This finding signifies that students' MCvTA impacts their MCvD and vice
versa. In other words, students' MCvTA can be elucidated through their MCvD, and conversely, students'
MCvD can also be explained by their MCVTA.

The reciprocal cause-and-effect relationship between MCvTA and MCvD indicates their
interconnectedness in mathematics learning, ultimately fostering creativity. Similar findings from previous
studies also highlighted that cognitive and affective aspects interact during students' mathematical
learning experiences (Aizikovitsh-Udi & Cheng, 2015; Alvarez-Huerta et al., 2022; Barnes, 2019, 2021:
Di Martino & Zan, 2011; Fiori et al., 2022). Furthermore, students' mathematical reasoning in solving
mathematical problems can be influenced by the emotions they experience (Hannula, 2012). This study
found that when students engaged with algebraic problems requiring the dimensions of MCvTA (relations
and functions), they concurrently needed support from MCvD aspects. For example, while addressing
the originality dimension, which involves generating unique examples related to relations, functions, or
one-on-one correspondence in daily life, students need the imagination aspect because they need to
present distinct examples by employing their imagination. Conversely, students' imaginative prowess
directly results from their ability to think creatively, producing original ideas. Therefore, MCvTA and MCvD
are not one of contradiction or separation in the context of creativity; instead, they synergistically
complement each other in cultivating mathematical creativity.
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As an illustration of the MCvTAT context, students solved the following problem for the elaboration
dimension on relations and functions.

a. Create a table for the functions: x — x?andx — x + 1fromthesetQ={4,-3,-2 -
1,0, , 3, 4} to the set of integers.

b. If the domain and codomain are sets of real numbers, sketch the graphs of the two functions
in point a on the cartesian coordinate.

c. Show the similarities and differences you found between the two functions.

The given problems necessitate a grasp of fundamental concepts, including function definition,
function formula, function values from domain elements, range determination, and the illustration of linear
and quadratic function graphs. Most students addressed point b by plotting dots that represent pairs of
x-values and corresponding function (y) values. The lack of students' curiosity seemingly influenced their
incomrect responses, potentially stemming from a failure to thoroughly explore the problem details that
specify the domain and codomain as sets of real numbers. When examining this situation through the
lens of the elaboration dimension associated with the loving a challenge aspect, it is apparent that the
extent of students' elaborative thinking can impact how they address items concerning the loving a
challenge aspect. Specifically, it might influence students to discontinue searching for supplementary
ideas to discover alternative solutions. Students' inclination to react unfavorably to statements regarding
the loving a challenge aspect likely emerges from their infrequent engagement with intricate thinking in
mathematical problem-solving. This implies that students may tend to operate under the assumption that
their proposed solutions are accurate and comprehensive. This tendency highlights that students often
need more time to halt the pursuit of ideas or detailed elaboration if they feel their provided response is
accurate or thorough (Schindler & Lilienthal, 2022).

For example, in the MCvDS context, students responded to items for the imagination aspect as
follows.

a. |find it challenging to illustrate ideas about a mathematical concept learned.
b. I need to think more actively of other examples to explain a mathematical concept.
c. | enjoy trying to solve nan-routine math problems.

The students’ elaboration dimension will influence their responses to the above items. This
influence emanates from the behaviors embedded within the imagination aspect, encompassing the
illustration of ideas, the generation of diverse examples, and the attempt to solve non-routine
mathematical problems, which require students' abilities to elucidate and establish connections between
the facts thoroughly (Kattou et al., 2013). Moreover, students' originality dimension also plays a role in
shaping their responses to the items. This is underscored by the behaviors inherent in the imagination
aspect, demanding students' capacity to provide distinctive and relevant ideas beyond the conventional
scope (Karwowski et al., 2017).

The creative behavioral tendencies of students hold a reciprocal influence over their creative
thinking, and conversely, students' creative thinking capabilities reciprocally shape their creative
behavioral tendencies. Students' inclination towards risk-taking significantly contributes to their capacity
to generate numerous and flexible ideas. This is facilitated by their willingness to risk potential idea
rejection or inaccuracy. Furthermore, students' meticulous approach to solving mathematical problems
requires the support of behavioral tendencies, such as exploring materials for problem-solving and
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proposing varied ideas for detailing the problem-solving. Students' inherent tendency to imagine and
embrace challenges similarly requires reinforcement through their proficiency in detailed thinking and
originality. Consequently, the reciprocal causal relationship between the dimensions of MCvTA and the
aspects of MCvD leads to mutual influence, mutual complementarity, enhanced strength, cohesiveness,
and interactive dynamics that collectively contribute to the emergence of mathematical creativity. This
finding resonates with existing research, highlighting that cognitive and affective aspects operate
synergistically to foster creativity (Fiori et al., 2022; Sumarmo et al., 2012).

This structural relationship model between MCvTA and MCvD found in this study offers valuable
insights for shaping mathematics instruction within classrooms oriented toward nurturing mathematical
creativity. This study's findings reveal that classroom's mathematical learning process should not
singularly emphasize MCvTA development; rather, MCvD development should also be an integral focus.
To effectively facilitate the simultaneous and balanced development of both MCvTA and MCvD, various
aspects of the leaming environment need careful consideration, including designing learning scenarios,
teaching material presentations, mathematical activities, and assessment tools. Ensuring a harmonious
equilibrium in cultivating MCvTA and MCvD during mathematics learning holds significant promise in
engendering optimal mathematical creativity. This perspective aligns with the findings of similar studies,
emphasizing the notion that comprehensive mathematics learning outcomes are most effectively
achieved when both cognitive and affective dimensionsw maximized (Aizikovitsh-Udi & Cheng, 2015;
Alvarez-Huerta et al., 2022; Barnes, 2019, 2021; Bicer et al., 2020; Di Martino & Zan, 2011; Fiori et al.,
2022).

CONCLUSION

Existing research focuses on creative thinking abilities in maﬁmatics learning, but this research does
not link it to creative dispositions. This research found that mathematical creative thinking ability and
mathematical creative disposition share a reciprocal cause-and-effect relationship. Students' creative
thinking ability influences their creative dimsition, and vice versa. Cognitive creativity embodies a
performance that emanates from a fusion of mastery of mathematical concepts and creative thinking
skills. Meanwhile, students' creativity concerning behavioral tendencies demonstrates alignment among
various dimensions. This reciprocal cause-and-effect relationship between creative thinking ability and
mathematical creative disposition underscores the imperative for mathematics education to emphasize
the cultivation of both aspects concurrently and harmoniously. This approach is pivotal in achieving
optimal levels of creativity in students' mathematical endeavors.

Furthermore, this study recommends the impartance of paying attention to students' thinking skills
in mathematics classes at different educational levels, posing mathematical problems that enhance
mathematical creativity, and training teachers to provide teaching practices that develop mathematical
creativity. Mathematics learning activities in class carried out by students should not only focus students
on their creative thinking abilities, but creative dispositions also need to be the focus of these activities.
Mathematical problems that teachers pose to students should not only make students work with pencil
and paper but also make students carry out actions or behaviors that can trigger the development of
creative dispositions.

This research has found several things that can be used theoretically and practically; however, this
research has limitations. One of the limitations is that it is only limited to mathematical topics about
relations and functions, so research on other mathematical topics is needed. Another limitation is that the
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population is small, so replication studies can be carried out for other populations with larger sizes.
Despite the limitations of this research, however, these findings bear implications for developing
instructional materials and mathematics education strategies, thus offering a foundation for future
research endeavors. Finally, the research that can be carried out in the future is qualitative studies to
discover mathematics teachers' beliefs regarding students’ creativity abilities and th@erceptions
regarding their teaching competence to develop creativity. Studies can also be conducted to evaluate the
performance of mathematics teachers in teaching practices related to creativity and pose problems that
develop mativity and the strategies used for that. Other research that can be carried out based on the
findings of this research is research into the development of leaming models and learning tools, which
focus on the balance between creative thinking abilities and creative dispositions to be improved.
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