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ABSTRACT 
Diverse learners require education with a planned aesthetic to experience beautiful phenomena in  

mathematics. To do so, we designed an educational program based on aesthetic experiences for high 

school seniors in the eleventh grade for four months . We used Charmaz’s constructivist grounded theory 

and a qualitative approach. We collected data through observation, recorded dialogues, and semi-

structured interviews. We explain students’ beliefs about the beauty of geometric transformations and 

the stages of logical thought required to perform associated activities. The findings indicate that the 

course based on the aesthetic experience of geometric transformations assists students in thinking about 

its nature aesthetically. The results also reveal aesthetic components as a medium for students to discuss 

mathematical ideas and develop logical thinking skills. We present the research outcome as a visual 

model to illustrate the relationship between geometric transformations, aesthetic experiences, logical 

thinking, and aesthetic beliefs. 

Keywords: Aesthetic experience, Geometric transformations, Realistic activities, Belief, Logical 

thinking 
 

 

Introduction 

In contemporary educational discourse, there is increasing emphasis on cultivating 21st-century competencies—

communication, collaboration, critical thinking, and creativity—to prepare students for global challenges and complex 

problem-solving tasks (1). One promising avenue to achieve these aims lies in integrating aesthetic experiences into educational 

design, particularly in the domain of mathematics. Despite a robust theoretical foundation, the practical implementation of 

aesthetic education within mathematics classrooms remains underdeveloped (2-4). Aesthetic experiences, when properly 
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designed and embedded in instructional settings, have the potential to transform students' engagement with mathematical ideas, 

promoting both emotional resonance and logical sophistication (5-7). 

The aesthetic dimension of learning, once considered a peripheral concern in STEM education, is now seen as integral to 

STEAM (Science, Technology, Engineering, Arts, and Mathematics) frameworks that prioritize holistic human development 

(8). Within this paradigm, mathematics is not only a logical system of abstract relations but also a deeply human endeavor that 

can evoke beauty, wonder, and appreciation (9, 10). The aesthetic potentials of mathematics—manifested in symmetry, 

harmony, simplicity, and structure—are particularly pronounced in geometry and its transformational processes, which 

combine spatial reasoning with perceptual elegance (11-13). 

However, empirical studies suggest that aesthetic dimensions of mathematics are frequently overlooked or undervalued in 

everyday instruction (14, 15). This is unfortunate, as aesthetic appreciation can enhance motivation, curiosity, and even 

retention of mathematical knowledge (16, 17). As learners engage in mathematical activities that elicit affective and sensory 

responses, their cognitive engagement deepens, fostering more robust conceptual understanding (18, 19). Moreover, aesthetic 

learning may act as a democratizing force in mathematics education, allowing students with diverse talents and identities to 

connect with the subject in personally meaningful ways (20, 21). 

This study is grounded in the philosophical and psychological roots of aesthetic theory, drawing from perspectives that 

regard beauty as both an experiential and cognitive phenomenon (22-24). Plato’s notion of harmony and unity as the essence 

of beauty finds an echo in contemporary models of mathematical aesthetics, where patterns, structures, and logical coherence 

are seen as sources of aesthetic pleasure (25, 26). According to the fluency theory of aesthetic pleasure, beauty is experienced 

when cognitive processing becomes effortless due to familiarity, symmetry, or predictability (6). Thus, integrating aesthetic 

principles into mathematical instruction may lead to greater psychological f luency and emotional satisfaction, reinforcing 

learning outcomes. 

The significance of geometry in fostering these experiences cannot be overstated. Geometric transformations—such as 

rotation, reflection, and translation—are not only foundational concepts in mathematics but also powerful vehicles for aesthetic 

expression. These transformations are deeply embedded in architecture, art, nature, and design, making them excellent entry 

points for blending the abstract with the concrete (27-29). When students engage with geometric transformations through 

realistic tasks—such as interpreting architectural motifs, tessellations, or symmetrical tilework—they encounter opportunities 

to see mathematics as a living, breathing discipline with relevance to everyday life (30, 31). 

The educational value of realistic mathematics activities is well documented. The Realistic Mathematics Education (RME) 

approach, rooted in the philosophy of Freudenthal, views mathematics as a human activity closely tied to real-world contexts 

(32, 33). By situating mathematical concepts within meaningful, relatable scenarios, RME enhances student understanding and 

fosters deeper logical reasoning (28, 34). Moreover, when aesthetic experiences are embedded within such contexts, they can 

serve as catalysts for reflection, discussion, and the construction of mathematical meaning (35, 36). 

This study is situated at the intersection of these theoretical insights. It seeks to explore how aesthetic experiences withi n 

realistic geometric transformation activities can influence high school students’ beliefs about mathematics and their logical  

thinking skills. Parrish’s (2) five principles of aesthetic instructional design—emphasizing rhythm, coherence, immersion, 

affect, and learner-centeredness—inform the educational interventions developed for this research. These principles align with 

Uhrmacher’s (5) elements of aesthetic learning, including communication, sensory perception, and imaginative risk-taking. 

The design of the activities also draws from the aesthetic learning model proposed by Gadanidis et al. (7), which emphasizes 

surprise, paradox, and deep conceptual engagement. 
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Students’ beliefs about the beauty of mathematics—both dispositional (long-held) and occurrent (emerging in the 

moment)—play a key role in shaping their engagement and problem-solving behaviors (37, 38). According to the Modified 

Strengthened Acquaintance Principle, aesthetic beliefs gain legitimacy only when grounded in direct or vividly imagined 

experience. In other words, experiencing mathematics through beautiful, coherent, and meaningful activities may transform 

students’ implicit assumptions into explicit convictions about the aesthetic nature of the subject (3, 39). By tracking these belief 

transformations over time, this study aims to reveal how aesthetic exposure influences mathematical identity and 

epistemological stances (4, 40). 

Further, aesthetic experiences are not merely affective—they are deeply cognitive. Logical thinking, as outlined by Dewey’s 

classic triadic model (assignment, diagnosis, problem-solving), is interwoven with aesthetic dimensions in learning (24, 

41not_in_list). Activities that are aesthetically engaging often elicit more rigorous reasoning, as students strive to uncover 

patterns, justify observations, and explore relationships among mathematical elements (13, 26). For example, when students 

engage in a task that involves reflecting tile fragments to form a symmetrical figure, the visual harmony they perceive becomes 

both a guide and a goal of their logical process. These aesthetic triggers can serve as metacognitive cues, prompt ing students 

to shift from trial-and-error strategies to principled reasoning (11, 42). 

In terms of social learning, aesthetic experiences also facilitate collaborative discourse and critical dialogue—both vital for 

mathematical growth (6, 16). When students work in groups to discuss visually engaging problems, they are more likely to 

articulate their reasoning, challenge assumptions, and co-construct meaning. These social interactions help learners move from 

intuition to abstraction, often enabled by the aesthetic allure of the task itself (3, 43). 

This study is particularly relevant in light of growing concerns about students’ disengagement with mathematics due to 

perceptions of it being abstract, rigid, and disconnected from real life (15, 20). By embedding geometric transformation 

problems in culturally meaningful and artistically rich contexts—such as tiling, parquetry, or wall knots—this research aims to 

reclaim mathematics as a source of intellectual joy and aesthetic satisfaction. It also aligns with broader educational movements 

calling for more culturally responsive and ethically grounded curricula that reflect the diverse experiences and identities of 

learners (10, 44, 45). The current study aimed to explore the implementation of an educational model centered around aesthetic 

experiences within the classroom setting. 

Methods and Materials 

Study Design and Participants 

The study model was designed based on the five principles proposed by Parrish (2009). The research took place ove r a 

period of four months, during which these principles were put into practice and subsequently analyzed. 

This research is fundamental with a futuristic and decision-oriented perspective. The social constructivist paradigm 

considered as proposed by Creswell (2019), and the research design adopted is qualitative and interpretative. The research 

approach aligns with Charmaz’s constructivist grounded theory (2006) and Braun and Clarke’s thematic analysis method (2006; 

2012) for collecting and analyzing data. 

According to Creswell (2019), we selected the sample theoretically, homogeneously, and based on each participant’s 

contribution to creating a substantive theory. The students were 49 females in the eleventh grade of a high school in Tehran.  

The first author taught them for an academic semester (four months) based on aesthetic experience. The age range of the 

students was between 16 and 18 years. Two students were 16 years old; forty students were 17 years old, and seven students 

were 18 years old. Twenty-five out of 49 students were allocated in five focus groups. The first author interviewed them 
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according to the saturation of the information obtained during the implementation of the research, and we analyzed the data. 

Based on the research questions, we chose the axial symmetry (reflection) and rotation in geometric transformations from the 

eleventh-grade geometry textbook in Iran. 

Data collection tools and procedure 

We collected the data in two phases. During the first stage, we designed the lesson play for an educational course based on 

mathematical aesthetic experience within the context of geometric transformations. While conducting the teaching process, we 

collected data through various methods, including interactions, communication, and observation. In the second stage, we 

observed focus groups and used semi-structured interviews individually. 

In the first stage, we designed twelve activities and selected four activities of geometric transformations considering the 

mathematical and aesthetic components according to the literature review and textbook content (Table 1). Then, we provided 

them with two experts related to the subject and inquired whether each activity could measure the related components (items).  

We used a 4-point scale related to each item and the proportion of items based on Waltz and Bausell (1981) to calculate the 

Content Validity Index for scales (S-CVI). Based on the feedback of both expert raters, who ranked 3 or 4 (indicating high or 

very relevant), we found an acceptable S-CVI value of 0.916. This value surpasses the threshold of 0.80, as Pollitt and Beck 

(2004) recommended. 

Table 1. Content of activities based on aesthetic and mathematical components 

Content  Act iv ity Behavioral ob jective  Cognit ive domain  

(Bloom) 

Aes thetic 

components 

Mathematical 

components 

Axial 

s ymmetry  

(reflect ion) 

The clay  t ile   The s tudent s hould ob tain  the fo rm 

of a clay  t ile  by  using  the 

components o f the shape and the 

concept o f symmetry. 

Combin ing  Ris k-taking  and 

imaginat ion (5) 

Low floor, h igh  roof 

(7) 

The game 

tab le  

The s tudent s hould know the 

concept o f reflection and use it s 

featu re in  p roblem-solv ing.  

Analysis Creat ive 

p rocesses  

Connection and 

communicat ion  

Rotat ion  and 

app lication 

The floor 

parquetry   

The s tudent s hould identify  the 

ro tat ion as a map  and v isualize the 

ro tated  form of a s hape.  

Understanding Order and  

complexity  (46) 

Paradox (47) 

The kno t  

wall  

The s tudent s hould apply the 

ro tat ion features in  do ing real-life 

act iv it ies .  

Application Surpris e and 

ins igh t (7) 

Deep  nature, 

p rofound 

understanding and  

th inking (26) 

 

Then we designed the educational activities based on the aesthetic experiences of geometric transformations (Figure 1) to 

create mathematical situations and interactive opportunities to discover the distinct aesthetic roles of geometric transformations. 
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Figure 1. An educational design sample based on the aesthetic of geometric transformations 

 

At this stage, a visualization of the lesson includes imagined interactions between the teacher and students that are closer to 

rehearsed-in-the-moment decisions than to predetermined plans and outcomes (35). We adopted this instructional design to 

cultivate an aesthetic appreciation of mathematics in students’ learning experiences and explore their logical  thinking skills 

while engaged in the learning process. When students feel secure, they may be able to experience surprise related to perceiving 

a mathematical problem as stunning (13); therefore, we assured them that the correctness or incorrectness of the solutions 

would not be marked during performing activities. 

The four geometric activities constituted the core of 15 sessions, each lasting 90 minutes, including notetaking focusing on 

interaction, dialogue, cooperative observation, and documentation through photographs and videos. 

Students initiated group dialogue throughout the implementation, sharing their ideas about the desired activity in their group 

with interaction and participation. Then, they explained the logical process of reaching their answers like a narrative to the 

teacher and other groups. We encouraged students to communicate their ideas as a narrative, to reveal the aes thetic components 

of geometric transformation and its distinct roles in the classroom in the form of storytelling, as Richman et al. (2019) use d (6). 

In the second stage of the study, the interview questions were designed by adapting the items from Brinkman’s (2009) 

questionnaire and applying the authors’ opinions (48). Some interview questions focused on the aesthetic nature of geometric 

transformations. For instance, “Are geometric transformations beautiful? How do you find beauty in geometry? In your opinion, 

what features of these activities related to geometric transformations make them beautiful?” Some questions were considered 

regarding affective aspects (emotions, beliefs, and enjoyment of learning) and cognitive factors (concepts and reasoning), such 

as “How did you feel when encountering each realistic geometric transformation activity? Which of these activities has been 

pleasant for you, and what features do you consider the reason for this pleasantness? Has the experience of encountering the 

activities of geometric transformations and solving them changed your belief about the beauty of mathematics? Have the 

aesthetic features of geometric transformations helped you understand the concepts and reach the solution to an activity? How 

do you evaluate the aesthetic experiences in performing the activities of geometric transformations in this educational course?” 
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The educational course also discussed the opportunities for students to participate and express their opinions while 

performing on the activities. The students found the opportunity to participate in the discussion and present solutions. In o ther 

words, the participants were provided with a space to express their beliefs, feelings, thoughts, and ideas. 

Data analysis 

Data was analyzed using the constructivist grounded theory, which includes open, axial, and selective coding phases. The 

educational course videos and students’ notes while doing the activities were reviewed. The first author transcribed students’ 

voices throughout the interviews, and we paid attention to the students’ gestures and tones. We coded data us ing an open coding 

procedure according to the main categories of information. Then, we used thematic analysis, according to Braun and Clarke 

(2006), to obtain themes and categories during the axial coding phase (49, 50). We identified themes about common features 

and solutions that students attributed to realistic activities of geometric transformations. In the third phase, selective co des were 

formulated using sufficient evidence and data saturation. 

Based on Silverman’s method (2013), four coders are needed to check the reliability and intercoder agreement. Therefore, 

all four authors coded detailed interview field notes considering all pauses, minor verbal interventions, and students’ 

handwriting. First, we read and coded several manuscripts independently (51). After that, we reviewed the codes, their names, 

and the text sections we had coded. Following achieving a consensus of 80% on the themes and categories (52), reviewed the 

coded texts and gave a “yes” or “no” answer to the question: “Have we all assigned the same code to this text?” Finally, we 

calculated the percentage of agreement among the four of us. Accordingly, we achieved an acceptable percentage of agreement 

on codes and themes at each stage of the process. 

To ensure the credibility of the findings and interpretations, we used the “member checking” strategy. This strategy has 

been proposed as one of the most significant strategies to achieve credibility in qualitative research (53). 

To implement this strategy into practice, we provide the focus groups with access to primary analyses, such as themes, 

categories, and descriptions. We asked them to comment and think about how accurate they are. In other words, the aim was 

to get students’ feedback on the written analysis and identify any overlooked situations. 

Findings and Results 

To illustrate the role of aesthetic experiences of geometric transformations, five samples, one from each focus group, were 

selected based on three criteria: 1- representative, 2- showing the change in students’ aesthetic beliefs, and 3- demonstrating 

how students think logically in dealing with realistic of geometric transformations. The samples selected and discussed from 

each group were not fundamentally different from the others. 

Table 2. Codes related to students’ aesthetic experiences in dealing with the realistic activities of geometric 

transformations during dialogue, observing, and interviewing 

Open codes  Axial codes Select ive codes 

Axial reflect ion o r symmetry, like numbers, has o rder and harmony  Order and  harmony The v is ual beauty o f 

mathemat ics and 

p leas ant  v isualizat ions  
Geometric t ransformat ions can  look s imple yet complex when  put together in  a 

pat tern  

Simplicity  and  complexity  

Geometric t ransformat ions act ivities fo llow a  repeatab le p rocess and fo rm a 

un ifo rm and  proport ional pattern 

Unity , p roportionality, and 

repeatability 

W hen  act ivities o f geometric t ransformations are p resen ted along with  colored 

s hapes, they at tract attention and become more in teresting  

Color and  s hape 

Dis cussion and manipulation in  the g roup create a s ense o f empowerment and  

freedom from help lessness to  solve the act ivity 

A  s ense o f s elf-confidence 

and  act ive engagement  

Aes thetic emotions and 

feelings 

The process o f find ing an  answer by hearing the op inions o f o thers and 

confirming  or reject ing them s trengthens a sp irit o f part icipation and crit icism.  

Crit icis m 
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Students’ beliefs about the aesthetic experiences of geometric transformations 

Emotions, beliefs, and judgments about beauty are highly personal, and a comprehensive aesthetic definition of a geometric 

structure is difficult (54). However, realizing beliefs can be attained by experiencing the beliefs in the reasoning environment 

(38). Brinkmann (2009) showed that revealing aesthetic features within mathematics is a criterion for achieving mathematical 

aesthetic experience (48). Parrish (2009), in his five principles, emphasized the essential role of dialogue in revealing students’ 

beliefs and creating learning opportunities (2). To determine the students’ aesthetic beliefs, we analyzed students’ dialogue and 

conducted semi-structured interviews considering some items of Brinkman’s questionnaire (Table 3). All students’ names in 

this research are pseudonyms. 

Students’ logical thinking skills about the aesthetic experiences of geometric transformations 

Every logical thinking process has three primary steps: assignment, diagnosis, and problem-solving (24). As stated in the 

methodology section, the educational course focused on four activities of geometric transformations. During the 

implementation of the course, we collected and analyzed data related to students’ logical thinking. Five representatives, who 

could change their role with each member of their focus group, showed different aesthetic experiences and logical thinking in 

dealing with the activities of geometric transformations. 

Hereafter, we present excerpts from the dialogues and interviews for the four activities. 

Table 3. Indexing students’ aesthetic experiences of geometric transformations and aesthetic beliefs  

Repres en tative of the 

focal g roup  

How do  you  depict the 

beau ty  o f geometric 

t ransformat ions? 

(The aesthetic nature o f 

t ransformat ions)  

Expres s  your belief and previous 

experiences about the beauty o f 

geometric t ransformat ions 

(Dis positional beliefs) 

Has  the experience o f facing activ ities o f 

geometric t ransformat ions changed  your 

belief about the beauty o f geometry? 

(Occu rren t beliefs) 

Armita  It  emphas izes the beauty o f 

p rov ing theorems  in  

dep ict ing the beauty o f 

geometric t ransformat ions . 

I th ink the beauty  o f geometry lies 

in  geometry  itself: geometric 

t ransformat ions and proofs . 

The experience o f learning t ransformat ions 

has  made me th ink that  geometric 

t ransformat ions can simplify  the path  to some 

proofs . 

Sharing  the final answers among the g roups creates an  experience o f s uccess and 

co llect ive wis dom 

The joy  o f in teractive 

learn ing  

Images  and pat terns s imilar to  those s een  in  daily  life and experienced  in  

t ransformat ions are amazing.  

Connection with  everyday  

life  

Aes thetic usefulness in  

ind iv idual and  collective 

life  The floor parquetry activity  reminds and  evokes the pat tern o f geometric 

t ransformat ions in  the scenery o f the city, carpet  patterns, paintings, and 

arch itectu ral works. 

Application in  life and  

s ociety 

Encountering realist ic activ ities in  geometric t ransformat ions will b ring  inspiring 

experiences to  deal with  realis tic act ivities . 

Ins p iration in  life  

Mos t people use them regardless o f geometric t ransformat ions in  dealing with  

s ome act ivit ies. 

Univers ality 

Differen t  and even sometimes contrad icto ry  ideas in  performing realistic  

act iv it ies o f geometric t ransformations are in teresting and thought-provoking. 

Th inking  d ifferently 

(in tellectual beauty) 

Aes thetic connect ion 

and  mathematical 

th inking Depict ing geometric shapes and  their reproducibility in  t ransformat ions p rovides 

the possib ility  o f understanding the concep ts and the path to  reasoning and 

log ical th inking. 

Understanding concep ts and 

reas oning 

Pres en ting d ifferent illus trat ing to do the activity, evaluating them, and reaching  

a cons ensus in  a g roup experience leads to logical thinkin g. 

Dialogue and log ical 

th inking 

In  add it ion  to in tuit ive, geometric, and computational s olutions, reasoning 

s o lu tions in  the field  o f algebra beyond geometric t ransformations also  appear.  

Meta-analysis and 

generalization 

(abs tract beauty)  
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Diba Depict ing a dummy with  

s imple geometric s hapes 

and  their reflection 

I am s ure that geometric 

t ransformat ions are very beautifu l 

and  I can  contribu te to making  

them more beau tiful.  

The beauty  o f architectural works o f art  and 

their mental v isualizat ions have s treng thened 

my op in ion about the beau ty o f geometrical 

t ransformat ions .  

Tina Depict ing  congruent  and 

nes ted circles with  a 

marker and  co lored  pencil 

I liked  geometry and  geometric 

t ransformat ions from the very 

beg inning of school. The more 

complicated  a mathematics 

act iv ity, the better and more 

beau tifu l. 

I am s tarting to think that  even  geometric 

t ransformat ions that do not observe s ymmetry 

have amazing  beau ty! 

Mahs a Depict ing the beau ty o f 

t ransformat ions in  the 

s ymmetry , o rder, and 

arrangement o f the petals 

o f a flower.  

I have always liked  t inkering with  

geometric shapes, especially paper 

crafts . I th ink geometric 

t ransformat ions are wonderfu l in  

making  paper lan terns . 

I am s ure that the beau ty o f geometry is  not 

on ly  related to the essence o f the shape it self 

bu t  the beauty  of t ransformations can be 

learned  and understood with  att ract ive 

tu to rials .  

Sara  Depict ing a yard with a 

s ymmetrical area 

Dis order and d isorganization make 

my mind  t ired  and  confused . I like 

every thing s ymmetrical and 

orderly . I always arrange the 

fu rn itu re in  my room s o  that  they 

are s ymmetrical. 

The beauty  and good  feeling resulting from 

the o rder governing  the geometric 

t ransformat ions s treng thened my belief about 

how “geometry can be effective in  life and  

creat ing in tellectual o rder”!  

 

Activity 1: The clay tiles 

Question: In the archaeological excavations, fragments of a clay tile were found (Figure 2). According to historical research, 

it was determined to have a shape with at least two axes of symmetry. What do you think the form of the tile looks like? 

 

 

Figure 2. Pieces of the clay tiles 

 

Armita and Diba, two representatives from two groups, looked for symmetrical shapes, such as squares, rhombi, and 

rectangles, in dealing with the clay tiles activity. 

They said that they have seen similar ones in tiling and the tiles in Figure 2 are beautiful as these geometric shapes have an 

axial reflection. They could not identify all conditions of the activity to provide a proper logical reasoning.  

Mahsa and Sara, two representatives from two groups, copied the pattern of the tiles with the help of colored papers and 

were looking for a solution by putting them together. They thought that colors in geometric transformations create extraordinary 

images, and these colored images can play a role similar puzzle to reach the solution and way of thinking and reasoning. 
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Tina and her group were looking for the solution by counting the squares of the checkerboard in the tile pieces and putting 

the pieces together according to the proportions and shape of the tile background. They said that numbers are one of the wonders 

in mathematics, which we can use to solve many problems by calculation. They carefully went through the step of identifying 

the goal and conditions of the activity. During the third step, they responded correctly to the activity using logical reasoning 

and mental reflection (Figure 3). 

 

Figure 3. Tina and her group’s solution to the clay tile activity 

Activity 2: The game table 

Question: In a game, there is a rectangle table with 8 and 5 unit dimensions. This table has four holes in the corners. In the 

ways depicted in Figure 4, the ball may be shot from points A, B, or C. Which point(s) are appropriate if we want the ball to 

enter one of the holes after striking the table’s walls a maximum of six times? 

 

Figure 4. The game table activity and throwing the ball adopted from the pool table problem (42) 

 

The data gathered from the implementation of the game table activity, the dialogue between student-student and student-

teacher and the interview revealed aesthetic experiences such as: understanding the intellectual beauty, the usefulness and 

efficiency of transformations in games, the aesthetic evaluation of reasoning, and the feeling of appreciation for mathematics. 

Group A: 

Teacher: Where did you start to answer the question? Why? 

Armita: We started from point B. If we check one side of B, the result for the other side will be the same because of its 

symmetry property and repeatability. 

Teacher: Do you think this point is suitable for throwing the ball? What is your reason? 

Armita: Yes. Considering the property of reflection, since it is the angle of the throw, it returns with the same angle, and the 

ball is placed in the hole before six hits according to the shape and path of the reflection (Figure 5). 
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Figure 5. Armita’s group’s explanation about the activity of the game table and throwing the ball  

 

Although this group achieved a wrong answer during the logical thinking process, the teacher told them they got a different, 

valuable answer. She encouraged this group to dialogue with others. 

Teacher: Do you want to check other points as well? Why? 

Armita: Yes, because we may achieve the goal by fewer hitting the wall. We must check throwing the ball from both sides 

of A and C. 

Group B and C: 

Diba and Tina said that the probability of point A being the correct answer is higher than points B and C, because of the 

property of reflection and the summation of 3 and 5 equals 8. Their logical thinking clarified finding the correct answer 

promptly (Figure 6). 

 

 

Figure 6. Diba’s group’s illustration about the activity of the game table and throwing the ball  

 

Teacher: Do you think points B and C need to be checked? 

Tina: Yes, we should also check them. 

Diba: No, there is no need to check point’s B and C. Because their conditions are not like point A, and the ball will not fall 

into the hole once it hits the wall. 

 

Using their logical thinking, both groups could conclude the correct answer for point A. However, Tina’s group understood 

the goal of the activity correctly, while Diba’s group considered finding the optimum answer. 

Group D: 
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Mahsa and her group started from point C randomly without considering the conditions and stated that point C could be the 

answer. When they checked points A and B, they concluded that these points could not be the correct answers. Finally, they 

selected point C as the right answer. 

The group members could not present a reasonable dialogue without considering the goal and conditions of this activity. 

Group E: 

Sara and her group said that because the table’s shape is rectangular and does not have central symmetry, it is better to start 

from points A or C. They said that point B, which is symmetrical, seems inappropriate. 

The results indicate that considering several aesthetic elements in transformations (symmetry, proportion and repeatability) 

has a significant role in students’ logical thinking process. Also, the role of the beauty of thought and logical thinking is revealed 

in reasoning and, thus, the speed of reaching the proper answer. 

Activity 3: The floor parquetry 

Question: The following design is a type of floor parquetry (Figure 7). Determine the set of rotations for this parquetry. 

 

Figure 7. The floor parquetry activity 

 

Thematic analysis from reviewing the videos of students’ dialogues and interactions in the floor parquetry activity revealed 

various ideas, visual beauty and pleasant visualization. According to Eberle (2014), aesthetics motivates students to think about 

the necessary ideas for performing the activity while they do not entirely grasp it. Results showed that engaging students in the 

mathematical intellectual experience and the different stages of the logical thinking process creates more emancipation and 

ideas for students to discuss while looking for reasons, as Dewey (1900) mentioned about doubt, mathematical paradox and 

turning the discussion into reasoning. 

We provide excerpts from dialogues and interactions that the focus groups had in dealing with the floor parquetry activity 

as follows: 

Logical thought with doubts 

Armita: Friends! What point should we consider for the center of the rotation? 

Sarina: Can we compare one of the small squares as a base with the rest? (Figure 8) 
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Figure 8. Displaying the rotations of the floor parquetry activity 

 

Fateme: I speculate it is better to consider the center of the original shape as the center of the rotation. 

Sahar: I guess we should check both statuses. 

Jina: What about if each corner of the primary shape can also be considered as the center of the rotation? 

Mathematical paradox: simplicity versus complexity 

Diba: It seems simple: roll the parquetry on the ground and check the different statuses. 

Sima: Do you mean to rotate the shape around its center? Don’t we need to rotate one of its corners? 

Mahsa: It got complicated. Should we consider the direction of rotation clockwise or counter-clockwise? 

Hadis: I think we should check both clockwise and counter-clockwise. 

Tara: Both are the same. The angle of rotation is essential. 

Visual beauty and pleasant visualization in creating various ideas 

Sara: When I look at it from a distance, the rhombus in the middle of the parquetry looks like a carousel rotating. 

Tarane: So, should we consider the center of the rotation in the middle of the shape? 

Azin: I agree with Sara. The small triangles around the center of the shape are rotating at a angle. 

Sevda: If we only imagine the red colors which are placed between green and blue triangles, we can see the rotation’s angle 

which is . 

Lily: Are the rotation angles for green and blue triangles the same as the red ones? 

Activity 4: The wall knot 

Almost all students have encountered the necessity of making knots in their daily life and have experienced the skill of 

knotting. The application of geometric transformations, especially the rotation, in the production of the knot is determined with 

a closer look at the structure of a simple knot. We used the wall knot activity from Larson et al. (2004). We provide an excerpt 

of the students’ dialogues and interactions about the wall knot activity and the knotting steps in Table 4.  

Table 4. Excerpt from students’ dialogues in performing the wall knot activity 

Focus g roups Students’ d ialogues  

Group  A   To  make a wall kno t , we need three ropes, one rope is  the center o f the ro tation and fixed , and  the o ther two ropes 

create the kno t by ro tating around that fixed  rope.  

90

90
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Group  B I th ink we s hould firs t remember to t ie  the knot with  the help o f our s hoelaces p ractically . W e have done this many 

t imes  bu t  never looked at it  like th is .  

It  is  in teresting, while the ropes ro tate one after the o ther, the poin t which is  the center o f the ro tation remains fixed .  

The cen ter o f rotation here is the woven base o f the ropes ! 

I th ink each of the ropes ro tates about the s ize o f a semicircle ( ) around the center, which is the woven base o f 

the ropes . 

I have the same op inion . 

Group  C W e have done the knott ing many  t imes and it  is  very simple .  

W e concluded  that the knot  is s imply created by ro tating  the ropes around each  o ther .  

Group  D W e considered each part o f the kno t shape separately : 

Three ro tations take p lace by the ropes to create a knot . 

One rope ro tates by and two o ther ropes ro tate by  

Group  E The wall kno t  evoked hair weaving in  our mind  

W e waved  Negin’s hair and wro te the knotting steps  

Each  of the three s eparate parts o f the Negin’s hairs was ro tated  around the central fixed  po in t .  

 

As can be seen from this table, the results confirmed the role of aesthetics, sensory experiences in problem-solving, the joy 

of free exploration, and the appreciation of the usefulness of mathematics and its relationship with everyday life. 

An instance of the students’ dialogues in Figure 9 depicts the logical thinking and reasoning process used to describe the 

concept of the knot wall. Some have taken assist from practical experiences, such as tying shoelaces and hair braiding, to  

illustrate their thoughts and reasonings. 

 

 

Figure 9. The wall knot activity (55) and a sample of students’ solution by practical experience 

 

Students with hair braiding experience could recognize the activity’s aim, considering the limitations and conditions. They 

developed ideas systematically during the practical experience. After discussing their reasons, they went through the logical 

thinking stages until reaching a rational answer. 

Discussion and Conclusion 

The current study examined how aesthetic experiences derived from realistic activities of geometric transformations can 

shape high school students' beliefs about mathematical beauty and enhance their logical thinking processes. Through Charmaz’s  

grounded theory approach and thematic analysis, the findings revealed that students, when immersed in aesthetically enriched 

180

90 180

90
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mathematical tasks, developed nuanced aesthetic beliefs and demonstrated logical reasoning patterns beyond rote application. 

These outcomes point to the pedagogical potency of integrating aesthetic principles in mathematics education—particularly in 

geometry—to foster deeper engagement and conceptual understanding. 

The aesthetic experiences observed in this study encompassed elements such as visual beauty, emotional pleasure, 

confidence, everyday relevance, and reflective dialogue. These components align with Uhrmacher’s model of aesthetic 

learning, which emphasizes interaction, sensory perception, and imagination as core ingredients of transformative educational  

experiences (5). Students who initially viewed geometry as a rigid discipline began to appreciate its structure, coherence, and 

visual harmony through tasks like tile reflection, floor parquetry, and knot rotation. The activation of both dispositional and 

occurrent beliefs during these activities reflects Pitt’s argument that beliefs can become vivid and actionable when 

contextualized within authentic experiences (37). Moreover, the process of belief change observed among students supports 

Potrč’s notion that latent dispositions become cognitively operative when aligned with appropriate contextual stimuli (38). 

One of the most compelling findings was how aesthetic triggers served as cognitive entry points into logical thinking. 

Students navigated tasks with increasing complexity by shifting from intuitive or trial-based strategies to deductive reasoning. 

This progression echoes Dewey’s classic model of logical thought—assignment, diagnosis, and problem-solving—as students 

moved from identifying visual patterns to articulating hypotheses and verifying solutions (24). In the game table activity, for 

instance, students discussed symmetry, reflection, and angles as criteria for evaluating the optimal ball trajectory, illustrating 

how aesthetic insights can scaffold abstract reasoning. This finding affirms the role of beauty in prompting analytical thinking, 

as theorized by Sinclair, who argued that aesthetic appreciation can be generative, evaluative, and motivational in mathematical 

inquiry (3). 

The aesthetic-emotional dimension of learning also played a vital role. Students described feelings of joy, empowerment, 

and curiosity when engaging in geometric transformation activities, particularly when they involved visual symmetry, color, 

or real-world analogies. These responses are consistent with Koichu et al.'s emphasis on surprise and aesthetic insight as 

facilitators of deeper mathematical engagement (13). Similarly, the aesthetic flow described by Richman et al. during 

captivating math lessons appeared in the form of heightened student attentiveness and prolonged engagement in exploratory 

discussions (6). These outcomes also corroborate the work of Gadanidis et al., who advocate for designing low-floor, high-

ceiling tasks that offer cognitive accessibility while inviting aesthetic exploration (7). 

Importantly, the activities encouraged students to articulate their beliefs about the nature of beauty in mathematics. As seen 

in the interviews and focus group discussions, students referenced order, symmetry, proportionality, and repetition as qualit ies 

contributing to the beauty of geometric transformations. These findings reflect broader philosophical and psychological theories 

of aesthetics, including Reber et al.'s fluency theory and Montano’s assertion that mathematical beauty emerges from the 

interrelatedness of ideas and structural harmony (22, 26). Students who once saw mathematics as merely procedural began to 

express a newfound appreciation for its visual and logical coherence—a shift that has profound implications for identity 

development and motivation in mathematics learning (4). 

Moreover, this transformation occurred not only at the individual level but also through collaborative meaning-making. The 

focus group interactions revealed that the aesthetic experiences were often co-constructed through dialogue, critique, and shared 

interpretation. These social processes align with the findings of Wanzer et al., who emphasized the communal nature of 

aesthetic experience, and Hobbs, who underscored the interconnection between teacher identity, passion, and aesthe tic teaching 

practices (16, 39). In this study, students' peer discussions about geometric patterns, angles, and reflections served as both 

cognitive and affective scaffolds that enhanced their reasoning processes and deepened their engagement. 
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The findings also suggest that aesthetic experiences play a role in democratizing mathematics education. Students with 

different learning preferences or prior attitudes toward math found entry points through the visual, tactile, and cultural 

dimensions of the tasks. For instance, the wall knot activity invoked personal experiences like hair braiding and shoelace tying, 

which allowed students to relate abstract mathematical ideas to lived realities. This observation aligns with the claims of Hafezi 

et al., who emphasized the value of cultural and artistic education in making academic content relatable and meaningful (44), 

and with Zhou’s research on how artistic activities can bridge social and emotional gaps in educational settings (31). 

At the curricular level, these results advocate for integrating aesthetics as a core design principle in mathematics instruct ion, 

particularly in geometry. The research shows that aesthetic experiences are not merely supplementary but foundational in 

supporting the cognitive, emotional, and social dimensions of mathematical learning. The theoretical models of Parrish and 

Uhrmacher, alongside the empirical evidence from this study, provide a compelling framework for educators seeking to enrich 

their practice with aesthetic and culturally responsive pedagogy (2, 5). Furthermore, the research contributes to the growing 

body of literature that positions aesthetics as an epistemological tool in mathematics education—one that helps learners 

construct, validate, and communicate mathematical understanding (9, 12). 

Despite the promising findings, this study is not without limitations. First, the sample was limited to female students from 

a single high school in Tehran, which may restrict the generalizability of the results. The cultural, gender-based, and contextual 

nuances of aesthetic perception and engagement in mathematics may vary across different student populations. Second, the 

duration of the intervention, although sufficient for observing immediate transformations in beliefs and reasoning, may not 

capture the long-term retention or transfer of these experiences. Third, the reliance on qualitative self-report methods, such as 

interviews and group discussions, may introduce subjective biases. While triangulated with observations and document 

analysis, future studies would benefit from integrating longitudinal and quantitative measures of belief change and cognitive  

development. 

Building upon this foundational inquiry, several avenues for future research are proposed. First, similar studies should be 

conducted with more diverse samples, including male students, students from rural regions, and those with special educational  

needs, to explore whether the aesthetic-laden approach to geometric transformations yields consistent results across 

populations. Second, longitudinal research could track the stability of students' aesthetic beliefs and logical reasoning ski lls 

over time, especially in subsequent mathematical domains such as algebra or calculus. Third, interdisciplinary studies 

combining insights from neuroscience, psychology, and education could investigate the neural and cognitive mechanisms 

underlying aesthetic appreciation in mathematical thinking. Additionally, action research with teachers implementing these 

principles in live classrooms would yield practical insights and foster co-constructed knowledge between researchers and 

practitioners. 

To translate these findings into actionable strategies, several pedagogical recommendations can be made. Teachers should 

deliberately design mathematical tasks that contain aesthetic elements—such as symmetry, harmony, color, and cultural 

motifs—to foster engagement and cognitive curiosity. These tasks should encourage open-ended exploration, allow multiple 

entry points, and integrate student experiences to make learning more personal and relevant. Educators should facilitate 

reflective dialogues that prompt students to express their feelings, perceptions, and judgments about beauty in mathematics. 

Teacher preparation programs should include training in aesthetic learning design and culturally responsive pedagogy to help 

educators recognize and harness the affective dimensions of mathematical experience. Finally, school curricula and policy 

frameworks should validate and support the inclusion of aesthetic goals alongside cognitive and procedural outcomes in 

mathematics education. 
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