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This mixed-methods study examines the impact of a single culturally contextualized
STEAM lesson, constructing a scale model of a Kazakh yurt, on sixth-grade students’
geometry confidence and cultural awareness. Forty-four students (aged 11-12)
from a public school in East Kazakhstan participated in the hands-on activity
during a 45-min mathematics period. Data sources included (i) a post-lesson
perception survey (Likert, multiple-choice, open-ended), (ii) teacher field notes,
and (iii) photographs of student artifacts. Reliability of the six-item Likert scale
was acceptable (Cronbach’s a = 0.81). Descriptive statistics show that students’
self-rated confidence in measuring polygon sides (M =348, SD =1.17) and
applying perimeter formulas (M = 3.61, SD = 1.26) fell in the moderate range, while
appreciation for Kazakh cultural heritage was high (Yes = 52.3%; Partially = 29.5%).
Thematic analysis of 176 open-ended responses, with 92% intercoder agreement,
revealed three recurring themes: (1) recognizing geometry in everyday artifacts, (2)
difficulties visualizing the transition from 2D plans to a 3D dome, and (3) heightened
respect for nomadic engineering ingenuity. Although the study relies on post-
lesson self-report rather than pre- and post-objective testing, the triangulated
evidence suggests that a single culturally grounded project can foster meaningful,
if preliminary, gains in geometric thinking and cultural connectedness. Limitations
include the brief intervention window and single-site design; future work should
incorporate objective assessments and multi-lesson sequences to substantiate
learning outcomes.
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1 Introduction

Educators in many regions have been exploring methods to merge
science, technology, engineering, arts, and mathematics (Perignat and
Katz-Buonincontro, 2018; Yumin and Isa, 2024; Abildinova et al.,
2024; Karatayeva et al., 2024). This integrated approach is often
referred to as STEAM. STEM education integrates science, technology,
engineering, and mathematics (Leavy et al., 2023). It aims to show that
academic subjects are not isolated. Instead, they share concepts and
skills that overlap (Connor et al., 2015; Harris and de Bruin, 2017;
Perignat and Katz-Buonincontro, 2019; Belbase et al, 2022).
Researchers believe that STEAM lessons can improve problem-solving
(Wilson et al., 2021). They also see how these lessons can boost
creativity and engagement (Quigley et al., 2017). Teachers who plan
STEAM projects often use hands-on challenges (Needles, 2020). These
include designing small machines or creating digital artworks. Such
projects allow students to see how formulas or principles apply in
practical, visible ways (Bybee, 2019). The inclusion of the arts in the
STEM framework has driven educational reform by fostering
transdisciplinary knowledge while preserving the core principles of
each discipline (Rabalais, 2014; Bush and Cook, 2019). This
integration promotes equitable and early access to STEM education
(Burnard et al., 2021) and helps reduce gender disparities and barriers
faced by disadvantaged students in STEM fields (Leavy et al., 2023).
Prior research indicates that incorporating the arts enhances student
participation across age groups (Papavlasopoulou et al.,, 2019),
increases engagement in learning (Vicente et al., 2021), and facilitates
the acquisition of new knowledge and skills (Bertrand and Namukasa,
2020; Lage-Gomez and Ros, 2023).

1.1 The rise of interdisciplinary learning

Interdisciplinary lessons encourage students to draw ideas from
multiple domains (Quigley et al., 2017). This can make learning
more meaningful. For instance, integrating geometry calculations
within engineering tasks allows students to measure lengths and
angles, assemble physical models, and test prototypes, thereby
demonstrating the practical applications of mathematics (Bertrand
and Namukasa, 2020). This approach not only makes classwork
more engaging but also fosters critical problem-solving skills and
creativity (Becker and Park, 2011). According to Hougaard et al.
(2024), scaffolding inquiry-based learning in STEM education
encourages student persistence by promoting research-oriented
engagement in problem-solving tasks. This approach fosters
motivation and endurance in the face of challenges. Bai and Nam
(2024) emphasize that in STEAM education, tolerance for mistakes
and iterative refinement are essential for fostering student confidence
and promoting long-term learning persistence. They argue that
errors should be viewed as learning opportunities rather than
failures. Mustadi and Junaidi (2024) emphasize that project-based
learning in STEAM classrooms enables students to repeatedly refine
their ideas, thereby strengthening their problem-solving and
collaboration skills. Blanco-Garcia et al. (2025) found that STEAM
education integrates mathematical concepts into real-world
applications, making learning more engaging and meaningful for
students. This approach increases mathematical persistence
and understanding.
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Interdisciplinary learning enhances students’ ability to
communicate their ideas effectively, as integrating multiple disciplines
encourages them to articulate their thoughts clearly (Dignam, 2025).
This approach requires students to discuss numerical data and design
concepts with their peers, improving both their verbal and written
communication skills (Golegou and Peppas, 2025). Through activities
such as sharing measurements and comparing different shapes,
students engage in collaborative problem-solving, fostering teamwork
and consensus-building (Matsushima et al., 2025). Additionally,
interdisciplinary education prompts learners to explain complex
concepts clearly, ensuring mutual understanding within a group and
strengthening their ability to convey information effectively (Varghese
etal, 2025). These communication skills are essential for professional
success, as employers value individuals who can work efficiently in
diverse teams (Li and Liu, 2025). By experiencing interdisciplinary
learning environments in school, students develop adaptability and
are better prepared for future challenges in an evolving workforce (Li
etal., 2023).

1.2 Culturally responsive teaching in
STEAM

Culturally responsive teaching values the cultures and
backgrounds of learners by integrating their lived experiences into the
educational process, thereby fostering a sense of inclusion (Gay, 2018;

Jang and Bussey, 2025). Instead of treating math and science as
disconnected from local traditions, teachers link them to students’
cultural contexts, making learning more meaningful through
approaches such as wetland-responsive teaching (Listia et al., 2025).
Ladson-Billings (1995) states that when students see their identities
reflected in lessons, they feel more supported and develop a stronger
sense of belonging, particularly in multicultural settings (Treve, 2025).
Connecting academic tasks to students’ experiences boosts interest
and engagement, as demonstrated by the incorporation of Indigenous
knowledge in STEM education, which validates students’ backgrounds
(Melis et al., 2025). Some educators highlight regional architecture or
traditional crafts to illustrate mathematical concepts, demonstrating
that geometry and physics are embedded in everyday objects and
practices (Katz and Katz, 1994; Anderson and Makar, 2024; Castro,
2024; Juliantara et al, 2024; Simanjuntak, 2024). This approach
enables students to view mathematics as part of their history rather
than a foreign concept, thereby fostering pride in their heritage and
promoting academic progress (Baidabekov et al., 2023). Furthermore,
culturally responsive teaching encourages discussions on historical
and scientific applications, such as traditional agricultural techniques
and housing designs, demonstrating how communities have applied
reasoning to address specific needs without relying on modern
technology (Martorana et al, 2025). These studies collectively
highlight the role of culturally responsive education in enhancing
student engagement, identity, and learning outcomes.

1.3 Yurt construction as a teaching tool
In Kazakhstan, the yurt symbolizes nomadic life and highlights

ingenuity in design. Constructed with a circular base, angled rods,
and a wooden ring at the top, yurts embody fundamental geometric
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concepts, including polygons, circles, and curved forms (Kozhabayev
and Kostangeldinova, 2015). They also demonstrate eco-friendly
construction methods, utilizing local materials such as wool or felt for
insulation, and their ease of assembly suits the needs of nomadic
travel (Wallace et al., 2017). These characteristics make the yurt a
powerful example of how mathematics serves both cultural and
practical needs.

Teachers can utilize the yurt model to help students measure
lengths, compute perimeters, and understand how multiple
two-dimensional pieces combine to form a three-dimensional
structure (Allen, 1991). Students can explore how circle-based designs
distribute weight efficiently and why a circular base enhances stability
(Peppler et al., 2018). This hands-on approach transforms geometry
from abstract definitions into real-world applications while illustrating
how earlier communities solved complex design challenges with
limited resources. Research supports the integration of yurts into
mathematical instruction, demonstrating that physical models enhance
spatial reasoning and mathematical problem-solving (Kozhabayev and
Kostangeldinova, 2015; Wallace et al., 2017; Peppler et al., 2018).

Further supporting the integration of cultural heritage into STEAM
education, studies highlight how traditional Kazakh practices enrich
learning experiences. The authors emphasize that structures like yurts
provide meaningful contexts for teaching engineering and geometry
(Videla et al., 2024). Researchers demonstrate how traditional games and
cultural activities enhance student engagement in STEAM subjects by
linking learning to local heritage (Kobenova and Kaiymova, 2024). These
studies provide a strong foundation for integrating culturally relevant
models, such as yurt construction, into STEAM education in Kazakhstan.

1.4 Purpose of the current study

Despite increasing global interest in culturally responsive STEAM
instruction, very little empirical work has examined how a single,
curriculum-aligned lesson grounded in Central Asian artifacts affects
middle-school geometric thinking. Existing studies on yurt-based
activities (e.g., Kozhabayev and Kostangeldinova, 2015; Peppler et al.,
2018) are descriptive or anecdotal, and none report systematic classroom
data from Kazakhstan. This leaves an evidentiary gap concerning (i)
measurable learning outcomes, (ii) students’ capacity to translate
two-dimensional schema into three-dimensional forms, and (iii) the
lesson’s impact on cultural identity within a formal mathematics period.

1.5 Research questions

To address that gap, the present study pursues four specific
research questions (RQs):

1. RQ1: To what extent does a yurt-building lesson influence
sixth-grade students’ confidence in measuring polygon sides
and calculating perimeters?

. RQ2: How does the lesson affect students’ ability to visualize
and construct three-dimensional  structures from
two-dimensional plans?

. RQ3: In what ways, if any, does the activity enhance students’
appreciation of Kazakh cultural heritage as embodied in

traditional housing?
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4. RQ4: What challenges emerge during the lesson, and how do
those challenges shape both mathematical engagement and
cultural reflection?

By answering these questions, the study aims to supply initial,
data-driven evidence for the pedagogical value and practical
constraints of embedding culturally significant artifacts in middle-
school geometry instruction within the Kazakh context.

2 Methodology

This study used a single STEAM lesson to see how sixth-grade
students in East Kazakhstan responded to building a yurt model. The
lesson linked geometry instruction with a cultural focus on traditional
housing. The teacher collected both quantitative and qualitative data
to gain a deeper understanding of the outcomes. This section describes
the participants and setting, the design of the lesson and materials, the
procedure followed in class, the instruments used to collect data, and
the methods of data analysis.

2.1 Participants and setting

Forty-four sixth-grade students participated in this study. They
were from the Municipal State Institution “Secondary School No. 7”
in Altai, East Kazakhstan. The class was split into two sections, labeled
6A and 6 B. Section 6A had 24 students, and Section 6B had 20
students. They were of similar age, usually around 11 or 12 years old.
The lesson took place in a regular math period, which lasted about
45 min. The students were familiar with group work. Their standard
classroom had tables that could accommodate small teams. The school
followed national curriculum standards. It also supported teachers
who wanted to try new approaches, such as STEAM-based lessons.

The teacher leading the project had prior experience with inquiry
activities. She was interested in embedding local cultural elements into
math. The school administrators approved the plan. They saw it as a way
to enrich the geometry unit. The class environment was typical of a local
public school. Each student had the essential stationery items, including
pencils, rulers, and notebooks. They generally studied perimeter
formulas and properties of shapes in earlier lessons. However, many had
not applied these formulas in a hands-on project. This context made the
yurt-building lesson a new experience for most students.

2.2 Lesson design and materials

The lesson was designed to connect geometry concepts. These
mainly included measuring the sides of polygons and calculating their
perimeters. The students applied these concepts to the practical task
of assembling a yurt model. It also aimed to highlight the connection
between yurt structures and Kazakh cultural heritage. Figure 1 shows
the key materials, which include:

o Wood sticks: These represent the wooden rods that form the
authentic lattice and roof supports of a yurt. Each stick measured
30 cm in length and 5 mm in diameter, providing proportional
scaling to the real structure.
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FIGURE 1
Materials used in the experiment.

o Rubber bands: Students used these to tie sticks together at various
angles. 16 natural rubber bands were provided for consistent
joint fastening.

o Cardboard and glue: Some groups used cardboard to build a base
or reinforce corners. Cardboard bases measured 25cm in
diameter and 4 mm in thickness to support the frame.

Scissors: Allowed students to cut pieces of cardboard or trim
wood sticks if needed.

Samples of felt, eco-leather, wool, and cotton: These fabrics
represented the different coverings that a yurt might have.

o A hairdryer served as a source of airflow, allowing students to test
wind resistance. The model used was a Philips ThermoProtect
2,300 W dryer with a 45 mm nozzle.

The teacher created a brief plan with four main steps. First, she
introduced the concept of a yurt, presenting images and explaining its
cultural origins. Second, she explained the geometry concepts,
especially perimeter and the transition from two-dimensional shapes
to three-dimensional forms. Third, she instructed teams of four to
construct a mini yurt using the provided materials. Fourth, she asked
them to observe how different fabric coverings influenced wind
resistance. This plan aimed to integrate math skills, problem-solving,
and cultural appreciation into a single session.

2.3 Procedure

The lesson took place during one 45-min math class period. The
teacher began by asking students about nomadic dwellings. She
mentioned yurts as an essential part of Kazakh history. Students
shared any prior knowledge they had, such as how yurts were portable
or used felt as insulation. This opening discussion lasted around 5 min.

Next, the teacher gave a brief talk on perimeter formulas,
including those for rectangles and circles. She also reminded them
that polygons have multiple sides, which they could measure and sum
up. Figure 2 captures glimpses of student activity as they engaged in
measuring, constructing, and testing their yurt models during the
lesson. She briefly connected these formulas to the wooden rods they
would use. She said that if the rods did not match the needed
perimeter, the structure would be unstable. She also mentioned that
angles were important since a yurt roof is domed.

The main activity followed. Students watched a two-minute video
showing how yurts are traditionally assembled. They saw images of the
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wooden lattice and the dome shape at the top. After that, they divided
into teams of four. Each team was given wood sticks, rubber bands, glue,
cardboard, and several small pieces of fabric. They were told to measure
the sticks carefully. They also had to decide how to form a circular or
polygonal base. Each group had about 25 min to plan, measure, assemble,
and then test wind resistance with the hair dryer. Airflow was produced
with a Philips ThermoProtect 2,300 W hair dryer, positioned 30 cm from
the model at a 30° downward angle, set to high airflow without heat. The
teacher walked around to offer guidance or clarify formulas. She noted
whether they were using actual measurements or just estimating.

During the wind test, students covered their frames with different
fabrics. They observed how the structure reacted when the air was
directed at it. Some groups tried heavier fabrics first and saw the rods
flex. Others switched to lighter materials. They noticed if the interior
shape changed or if the frame stayed steady. The teacher encouraged
them to consider how angles and shapes contribute to stability. In the
final few minutes, each team shared one quick insight. For instance,
one team suggested that triangular sections helped keep the dome
intact. Another commented that they felt blocked airflow was
addressed more effectively.

At the end of the class, each student filled out a perception survey.
They also answered open-ended questions about the most challenging
part of the project, the geometry ideas they found most relevant, and
how the activity influenced their perspective on Kazakh culture. The
teacher collected these surveys. She also took photos of the completed
models and kept notes on each team’s process.

2.4 Data collection instruments

The study employed both quantitative and qualitative methods to
gather information on students” experiences. The main tools were:

2.4.1 Student perception survey

This survey had several sections. Likert scale questions used a 1-5
scale. Students rated how well they understood measuring polygon
sides, calculating perimeters, distinguishing between two-dimensional
and three-dimensional shapes, identifying geometric forms in real-life
objects, and grasping the efficiency of circular designs. Another Likert
scale question asked about the enjoyment of the learning experience.
Multiple-choice questions provided three options: Yes, Partially, and
No. These questions evaluated confidence, appreciation of Kazakh
culture, opinion about more hands-on math lessons, and whether the
students wished to learn about other traditional Kazakh structures.

There were also several open-ended prompts. These prompts
asked which parts of the project were most challenging, what role
geometry played in making the yurt stable, what new knowledge they
gained about yurts, and how they would compare yurts to modern
housing. Students could write brief paragraphs or bullet points. These
responses captured more nuanced thoughts and personal reflections.
The Student Perception Survey included Likert scale, multiple-choice,
and open-ended questions designed to assess mathematical
understanding and cultural awareness. Table 1 presents the structure
of the survey, including question types and content focus areas.

2.4.2 Teacher observations

The teacher kept notes on how students collaborated during the
activity. She recorded their measurement strategies, how they
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FIGURE 2
Glimpses of student activity.

addressed perimeter errors, and whether they used specific angles
when constructing the dome. She also documented group discussions
about fabric choices, wind resistance, and cultural considerations.
These observations helped verify whether students’ self-reports
aligned with their actual behavior during the lesson. Figure 3 presents
examples of teacher observations alongside student-built yurt models,
highlighting how measurement accuracy and material selection
affected structural outcomes.

2.4.3 Artifacts and photos

Each team produced a miniature model of a yurt. Some teams
also made sketches showing side lengths or angles. The teacher took
pictures of these prototypes to document the final designs. She also
collected any worksheets that included perimeter calculations.
These artifacts provided concrete examples of how teams
implemented geometry. Figure 4 shows the final yurt models built
by students, highlighting variations in frame shape and
assembly approaches.

2.4.4 Data analysis

Data analysis involved a blend of quantitative and qualitative
approaches. The teacher entered survey responses into a spreadsheet to
compute descriptive statistics. She calculated mean ratings for each of the
five geometry-related items. She also calculated standard deviations to
determine the extent of variation in students’ self-assessments. She tallied
the frequency of answers for confidence in perimeter formulas, cultural
appreciation, lesson enjoyment, and interest in more hands-on math.

For the qualitative part, the teacher read each open-ended response
and coded them according to themes. Common themes included
measurement difficulties, confusion between 2D and 3D, excitement
about the hair dryer test, observations on how shapes contribute to
stability, and reflections on Kazakh culture. These themes were then
aligned with the teacher’s observational notes to check for consistency.
For instance, if many students mentioned that heavy fabric caused
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TABLE 1 Student perception survey on mathematics and cultural
understanding in the yurt experiment.

Question Type

Likert Scale (1-5)
1 =Min

(a - e) Understanding of math concepts

How enjoyable was learning math through this

experiment? 5= Max

What was the most challenging mathematical part of the

yurt experiment for you?

We tested the wind resistance of the yurt. How do

you think geometry affects the strength of structures?

What did you learn about yurts that you found Open-ended

interesting? Questions

How do you think yurts compare to modern housing in

terms of structure and function?

What math concept from today’s experiment would

you like to explore further in future lessons?

How confident do you feel in applying perimeter formulas

in real-life situations?

Did this experiment help you appreciate Kazakh culture

and traditional housing more? Multiple Choice

Questions

(Yes, Partially, No)

Would you be interested in learning more about other
traditional Kazakh structures and their mathematical

properties?

Would you like to see more math lessons with hands-on

projects like this?

structural bending, the teacher looked for corresponding notes in her
logs. In that way, the study triangulated data sources to produce a
clearer understanding of what happened during the lesson. Two
independent coders conducted the thematic coding process. Inter-rater
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FIGURE 3
Teacher observations of student yurt models.

reliability was assessed using Cohen’s «, yielding x = 0.82, which
indicates substantial agreement, alongside a percent agreement of 92%.

The final step was to interpret how these results answered the
main research questions. This interpretation considered both
numerical trends and narrative details. It also compared the findings
to known research on STEAM, culturally responsive teaching, and
geometry instruction. The teacher sought to see if a single lesson could
bring measurable improvements or if more time and repeated practice
would be necessary. She also looked at how students responded to the
cultural emphasis on yurt design.

2.5 Ethical considerations

The study complied with the Declaration of Helsinki and national
research guidelines. Approval was obtained from the Shokan
Ualikhanov Kokshetau State University Ethical Commission Team
(Protocol No 24-03-2025). Written informed consent was secured
from the principal, the classroom teacher, and all parents or guardians.
Students provided written assent on the day of the lesson. Participation
was voluntary, and no identifiable data were collected.

2.6 Instrument development and validation

The Student Perception Survey contained six Likert-type items,
four categorical items, and five open-ended prompts. Item wording
was adapted from two validated sources, namely the Mathematics
Self-Efficacy Scale (Cohen et al., 2018) and the Cultural Relevance
in Teaching Scale (Martinez and Rivera, 2022). Three content experts
in mathematics education reviewed the draft for alignment with
sixth-grade curricular goals and cultural appropriateness;
suggestions concerned reading level and the balance of positive
versus neutral stems. A pilot administration with eight grade-six
students from a neighboring school resulted in minor wording

revisions. Internal consistency of the six Likert items in the present
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FIGURE 4
Yurt models made by the students.

sample was acceptable, with Cronbach’s alpha equal to 0.81.
Supplementary Table S1 in the Appendix lists the final survey items
together with their scale anchors.

2.7 Qualitative data analysis

Open-ended responses (1 =176) and teacher field notes were
analyzed using the six-phase thematic approach outlined by Braun and
Clarke (2006). Two researchers independently read and coded all texts,
first generating provisional codes and then clustering them into
candidate themes. Coding discrepancies were discussed until consensus
was reached. Intercoder agreement, calculated as the number of
matching code assignments divided by the total number of assignments,
was 0.92. In addition, Cohen’s k was calculated to provide a more robust
measure of inter-rater reliability, resulting in x =0.82, which is
considered substantial agreement. Trustworthiness was further
supported through analyst triangulation: themes derived from student
responses were compared with teacher observations and artifact
photographs to confirm convergence. Representative quotations are
provided in the Results section to illustrate each final theme.

3 Results

To facilitate traceability, the findings are organized in four
subsections that map directly onto the research questions (RQ1-
RQ4). Table 2 summarizes the six Likert-type items (M, SD, n = 44)
and Table 3 presents frequency data for all categorical items.

3.1 RQ1 — confidence in measuring
polygon sides and calculating perimeters

Students’ self-rated confidence in measuring sides of polygons
was moderate (M = 3.48, SD = 1.17), while confidence in applying
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TABLE 2 Summary of scale-based survey responses (N = 44).

Question Min—Max Mean Standard
(M)  Deviation (SD)

Measuring sides of 1-5 3.48 1.17

polygons

Calculating perimeter 1-5 3.61 1.26

Understanding 2D vs. 3D 1-5 3.39 1.1

Shapes

Identifying shapes in real- 1-5 3.68 1.22

world structures

Understanding circular 1-5 3.75 1.26

efficiency

Enjoyment of math 1-5 3.64 1.10

experiment

perimeter formulas was slightly higher (M =3.61, SD = 1.26), as
shown in Table 2. Only 27.3 percent of respondents selected “Yes”
when asked if they felt fully confident using perimeter formulas in
real situations (Table 3). A further 45.5 percent chose “Partially;” and
27.3 percent selected “No.” These patterns indicate that although the
lesson fostered some perceived competence, a substantial minority
still felt underprepared (Figure 5).

3.2 RQ2 — visualizing and constructing 3-D
structures from 2-D plans

The lowest-rated Likert item concerned understanding the
transition from two-dimensional to three-dimensional shapes
(M =3.39, SD = 1.10). Qualitative data help explain this result. One
student wrote, “I could not picture how straight sticks would bend
into a curve until we tied them,” whereas another reported that
“using triangles made the dome stable after many tries” These
comments illustrate persistent, yet partially resolved, difficulties with
spatial visualization.

3.3 RQ3 — appreciation of Kazakh cultural
heritage

A clear majority of students indicated that the activity enhanced
their appreciation of Kazakh culture (Yes=52.3 percent;
Partially = 29.5 percent). Figure 6 shows this distribution visually.

Open-ended responses echoed this sentiment:

“Building the yurt made me proud that our ancestors used maths
without calling it maths”
“I realised apartments are strong but not movable like yurts;

nomads were clever.”

These statements align with the quantitative trend and confirm that
cultural connectedness was a salient outcome. Additional quantitative
indicators also supported engagement with the activity: 54.5% of
students expressed interest in learning about other Kazakh structures
(Partially = 34.1%; No = 11.4%; Figure 7), and 63.6% wanted more
hands-on mathematics lessons (Partially = 27.3%; No = 9.1%; Figure 8).
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TABLE 3 Summary of frequency-based survey responses (N = 44).

Survey Options Frequency (%)
Question
Confidence in using Yes 12 27.3%
perimeter formulas Partially 20 45.5%

No 12 27.3%
Did the lesson raise Yes 23 52.3%
appreciation of Partially 13 29.5%
Kazakh culture?

No 8 18.2%
Interest in other Yes 24 54.5%
Kazakh structures Partially 15 34.1%

No 5 11.4%
Desire for more Yes 28 63.6%
hands-on math Partially 12 27.3%
lessons

No 4 9.1%

= Partially = No = Yes

FIGURE 5
Distribution of student responses on confidence in using perimeter
formulas in real situations (Yes, Partially, No).

3.4 RQ4 — challenges shaping
mathematical engagement and cultural
reflection

Thematic analysis of 176 open-ended responses, with intercoder
agreement of 0.92, produced three themes.

1. Measurement uncertainty: Students frequently mentioned

“forgetting to re-check lengths,” which sometimes caused
misaligned frames.
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= Partially = No = Yes

FIGURE 6
Distribution of student responses on whether the activity enhanced
their appreciation of Kazakh culture.

2. 2-Dto 3-D struggle: Several groups “kept changing rod angles”
before achieving a dome, underscoring the conceptual
leap required.

3. Respect for nomadic engineering: Many learners expressed
“new admiration” for how traditional builders solved design
problems with limited tools.

Representative ~ quotations  are  provided in  the

Supplementary Table S2. These themes triangulate with teacher field

notes that documented repeated cutting errors and trial-and-error

angle adjustments.

4 Discussion

This section interprets the findings concerning the study’s four
research questions. It places the results within broader discussions of
STEAM education, geometry instruction, and culturally responsive
teaching. The goal is to explain how the yurt-building lesson shaped
students’ math skills and cultural awareness and to explore the
implications for teaching practices.

4.1 RQ1 — confidence in measuring sides
and calculating perimeters

The first research question examined whether the lesson improved
students’ skills in measuring polygon sides and applying perimeter
formulas. These descriptive gains (Table 2) parallel Bybee’s (2019)
argument that visible measurement errors make perimeter concepts

Frontiers in Education

= Partially = No = Yes

FIGURE 7
Distribution of student interest in learning about other Kazakh
architectural designs after the activity.

’

11.40%

= Partially = No = Yes

FIGURE 8
Distribution of student responses regarding their desire for more
hands-on mathematics lessons.

salient, yet, as Honey et al. (2014) caution, a single exposure seldom
yields full procedural mastery. Survey data revealed moderate self-
reported proficiency, with mean ratings of 3.48 for measuring sides
and 3.61 for calculating perimeters. These findings indicate that while
many students felt somewhat capable, they did not exhibit high
confidence in their skills. Notably, 27.3% of students reported a lack
of confidence in applying perimeter formulas, while 45.5% expressed
only partial confidence. Qualitative responses supported these trends,
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as some students reported difficulty tracking side lengths, while others
were uncertain about selecting the appropriate formula. Teacher
observations further corroborated these findings, noting that groups
who carefully planned their perimeter calculations constructed more
stable structures, whereas others miscalculated or confused
measurements, leading to misaligned frames.

These results align with the work of Bybee (2013), who
emphasized that hands-on tasks enhance the meaningfulness of
mathematical concepts. Students who actively measured rods and
observed how errors impacted structural outcomes developed a
clearer understanding of numerical relationships. Similarly, Becker
and Park (2011) argued that integrative projects facilitate students’
understanding of mathematical applications in real-world contexts.
However, 27.3% of students who reported a lack of confidence
underscores the necessity for additional practice and reinforcement.

Existing literature highlights the limitations of relying on a single
lesson to achieve deep mastery. Honey et al. (2014) cautioned that while
hands-on activities may generate interest, they do not necessarily ensure
long-term comprehension. Nevertheless, hands-on learning has been
demonstrated to enhance mathematical confidence by improving
problem-solving abilities and conceptual understanding. Oeltjenbruns
et al. (2024) found that interactive tasks strengthen self-efficacy and
deepen mathematical comprehension. At the same time, Manuel Jacobo
(2024) demonstrated that hands-on activities, particularly those
incorporating digital tools, increase students’ confidence in mathematical
problem-solving through applied learning approaches.

The integration of engineering design processes into mathematics
instruction has also shown efficacy, particularly for students with
learning disabilities. It has been reported that hands-on engineering
activities support problem-solving skills and bolster confidence in
mathematical reasoning (Yilmaz Bilir et al., 2025). Furthermore,
Cavallaro et al. (2024) emphasized that a lack of hands-on experiences
in schools negatively impacts students’ confidence, whereas interactive
learning environments enhance both engagement and understanding.
Collectively, these studies highlight the vital role of hands-on, design-
based mathematics instruction in fostering student engagement, self-
efficacy, and comprehension. They also suggest that sustained practice
and iterative learning processes are essential for maximizing the
benefits of hands-on educational approaches.

To further solidify perimeter-related skills, repeated practice and
additional scaffolding may be required. Teacher observations
indicated that some students adapted quickly, recalculating
measurements in response to misalignments, demonstrating the
efficacy of design-based tasks in promoting real-time learning through
feedback. However, other students relied on peers or guesswork,
suggesting that short pre-lesson tutorials focused on measuring and
verifying dimensions could enhance overall skill development in
future lessons.

4.2 RQ2 — transition from 2-D to 3-D
visualization

The second research question investigated whether the lesson
enhanced students’ ability to visualize and construct three-
dimensional structures from flat materials. The struggle students
reported (Table 2) is consistent with spatial-reasoning literature
showing that hands-on manipulation plus multiple representations,
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such as those advocated by Azzam et al. (2024), are essential for
internalizing 2-D/3-D transformations. Survey results indicated that
understanding the transition from 2D to 3D had the lowest mean
rating (3.39), suggesting that many students found this concept
particularly challenging. Several students reported that constructing
a dome proved more difficult than anticipated, as even slight variations
in angles resulted in substantial differences in the final structure.

These findings align with the work of Bybee (2013), who
emphasized the importance of multiple representations in developing
spatial thinking skills. Young learners often require various visual and
physical models to fully comprehend how flat shapes bend or fold into
three-dimensional structures. Observations revealed that many
student groups relied on trial and error, repeatedly adjusting the rods
until they achieved a dome-like form. Quigley et al. (2017) argued that
providing diagrams or digital models can minimize such guesswork
and support structured learning. Teacher notes confirmed that some
teams struggled to understand how angles contributed to a curved
design, while others realized that a circle must be constructed from
many small segments rather than a single curved piece.

The research underscores the significance of spatial reasoning and
2D-to-3D visualization in STEM education, highlighting the
effectiveness of hands-on and digital tools in enhancing students’
spatial skills. Azzam et al. (2024) found that interactive technologies,
including mixed reality, improve students’ ability to visualize three-
dimensional structures from two-dimensional representations,
facilitating a deeper understanding of spatial concepts. Similarly,
Mouttalib et al. (2024) demonstrated that augmented reality (AR)
enhances students’ transition from 2D to 3D thinking by incorporating
digital models and interactive activities, leading to measurable
improvements in spatial reasoning. Abdo et al. (2024) further
confirmed that students who engaged with 3D models while solving
problems developed stronger visualization skills and demonstrated a
more profound conceptual understanding of scientific content.
Subramaniam et al. (2024) reinforced these findings by highlighting
the effectiveness of targeted spatial reasoning exercises in enhancing
students’” ability to transform shapes between 2D and 3D forms
mentally. Collectively, these studies suggest that integrating hands-on
modeling, digital tools, and structured spatial reasoning exercises can
significantly support students in mastering spatial visualization, a
critical skill for success in STEM disciplines.

Despite these challenges, the lesson provided valuable opportunities
for experimentation. Students observed firsthand how angled rods
contributed to structural stability against wind pressure. Some students
reported gaining insights into how triangular and crisscross patterns
enhanced support, reinforcing the principle that learning geometry in
context allows students to move beyond abstract formulas. To further
develop these skills, follow-up lessons could incorporate activities such
as drawing cross-sections, constructing cardboard nets, or utilizing 3D
modeling software. These additional exercises would provide repeated
practice, strengthening students’ spatial reasoning and improving their
ability to transition from 2D to 3D thinking.

4.3 RQ3 — appreciation of Kazakh cultural
heritage

This study examined whether the lesson increased students’
appreciation for Kazakh cultural housing. This pattern mirrors
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culturally responsive pedagogy theory, which predicts that situating
mathematics in lived culture enhances motivation (Gay, 2018; Ladson-
Billings, 1995). The survey results were largely positive, with 52.3% of
students reporting a substantial increase in cultural appreciation and
another 29.5% indicating a moderate effect. These findings suggest
that over 80% of students experienced at least some growth in their
respect for Kazakh traditions. Open-ended responses further
highlighted how students gained a new understanding of the ingenuity
of nomadic life, recognizing that mathematical principles were
embedded in yurt construction long before modern tools existed.

Ladson-Billings (1995) argued that culturally relevant teaching
integrates academic content with students’ cultural identity, and the
findings of this study suggest that the Yurt project aligned with this
principle. Students not only practiced measuring and calculating but
also discovered that their cultural heritage involved applied
mathematics. Gay (2018) describes this connection between culture
and curriculum as a powerful motivator, allowing students to view
their background as a source of knowledge rather than merely
historical information.

The role of culturally responsive teaching in promoting student
engagement and fostering an appreciation for cultural heritage in
STEM education has been widely documented. Akbar and Cohen
(2025) found that integrating cultural relevance into engineering
design fosters deeper learning connections and enhances student
engagement. Similarly, Wang and Bussey (2025) emphasized that
incorporating cultural identity into science education improves
student motivation and reinforces inclusive pedagogical approaches.
Listia et al. (2025) demonstrated that embedding local culture within
scientific learning models strengthens students’ appreciation of their
heritage while promoting active participation in the learning process.
These findings were supported by highlighting how culturally relevant
assessment practices contribute to meaningful engagement and
improved learning outcomes in STEM disciplines (Trumbull and
Nelson-Barber, 2025). Collectively, these studies suggest that culturally
responsive STEM education enhances student engagement while
fostering a stronger connection to cultural heritage, ultimately
supporting more inclusive and effective learning environments.

Teacher observations further reinforced these findings. Many
students expressed curiosity about other Kazakh structures and
inquired about how families lived in yurts year-round, demonstrating
engagement beyond the lesson’s core focus. Some students also noted
the eco-friendly features of the yurt, considering how traditional
designs might inspire modern architecture. The teacher remarked that
these discussions extended beyond typical math lessons, suggesting
that linking geometry to cultural heritage can spark interdisciplinary
insights and deepen student engagement.

4.4 RQ4 — challenges that shaped learning
and reflection

The fourth research question investigated the challenges students
encountered during the lesson and how these difficulties affected their
mathematical understanding and cultural engagement. Similar
“productive-challenge” dynamics are documented in design-based
STEM studies where initial frustration ultimately deepens conceptual
understanding (Quigley et al., 2017). The most commonly reported
challenges included measurement accuracy, dome formation, and
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wind resistance. Some students struggled to verify rod lengths due to
time constraints, while others found that heavier fabrics placed
additional stress on the frame. Groups that carefully planned their
measurements and assigned roles generally achieved better structural
stability, whereas those who proceeded without a clear strategy
encountered repeated errors.

These challenges often became valuable learning experiences. For
instance, a group that cut their rods too short had to recalculate the
perimeter, reinforcing the practical application of perimeter formulas.
Another group experimented with a triangular lattice and observed
improved stability, deepening their understanding of how angles
contribute to structural strength. Quigley et al. (2017) suggest that
real-world obstacles can enhance learning when students are
encouraged to solve problems independently. In this study, the teacher
provided guiding questions rather than direct answers, fostering
student-led problem-solving.

Design-based STEM education has been shown to improve
skills
Subramaniam et al. (2024) demonstrated that interdisciplinary

problem-solving and mathematical comprehension.
problem-solving in STEM enhances mathematical reasoning, critical
thinking, and the application of knowledge to real-world scenarios.
English (2024) further highlighted that mathematical problem-solving
strengthens when students apply formulas in practical engineering
tasks, reinforcing learning through hands-on experiences. Similarly,
Senel and Senel (2024) found that design-based learning fosters
critical thinking and mathematical skills, mainly when students
engage with real-world design challenges. These findings were
supported by demonstrating that design-based learning enables
students to experiment with mathematical relationships, leading to a
deeper conceptual understanding (Parve et al., 2024). Collectively,
these studies affirm that engaging students in design-based problem-
solving activities enhances both mathematical comprehension and
overall engagement in STEM education.

From a cultural perspective, students developed a greater
appreciation for traditional yurt construction by building a stable
model themselves. Many expressed newfound respect for how
nomadic ancestors constructed durable homes without modern tools.
This emotional connection, even when formed through moments of
frustration, appeared to increase engagement. Becker and Park (2011)
emphasize that design-based tasks not only strengthen problem-
solving skills but also highlight the real-world relevance of
mathematical concepts. In this study, the interplay between
mathematical problem-solving and cultural awareness enriched the
overall learning experience.

4.5 Linking the findings to STEAM and
culturally responsive teaching

The findings suggest that a single STEAM-based activity can
lead to moderate improvements in students’ geometry skills,
promote cultural appreciation, and identify areas that require
further instructional support. The moderate gains observed in
measuring sides and calculating perimeters align with Bybee
(2013), who asserts that real-world applications encourage students
to engage more effectively with mathematical formulas.
Additionally, the challenges students faced in transitioning from
two-dimensional to three-dimensional thinking corroborate prior
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research, which suggests that multiple representations and hands-on
modeling enhance spatial reasoning (Quigley et al., 2017). The
strong cultural engagement observed in this study aligns with the
work of Gay (2018) and Ladson-Billings (1995), who emphasize
that culturally relevant teaching increases student motivation
and curiosity.

STEAM education has been widely recognized for its capacity to
skills
Pramasdyahsari et al. (2025) found that incorporating cultural

enhance both geometry and cultural engagement.
elements into geometry education fosters mathematical creativity
and engagement, paralleling how the yurt project integrated
mathematical concepts with cultural heritage. Similarly, Souza and
Ferreira (2025) emphasized that STEAM activities improve spatial
reasoning and geometry skills while promoting inclusive
engagement, reinforcing the importance of repeated exposure to
mathematical concepts. Lavicza et al. (2018) demonstrated that
STEAM

understanding of geometric structures, supporting the notion that

interdisciplinary approaches  deepen  students’
hands-on lessons strengthen spatial thinking. Additionally, Johnston
et al. (2022) highlighted that integrating geometry, measurement,
and spatial skills into STEAM curricula enhances student
engagement and conceptual mastery. Collectively, these studies
confirm that STEAM-based lessons improve both mathematical
skills and cultural appreciation, aligning with the findings of
this research.

However, the data suggest that a single lesson is insufficient for
achieving complete mastery. While many students demonstrated partial
confidence in their skills, 27.3% still reported difficulties with perimeter
formulas. This aligns with Honey et al. (2014), who argue that
meaningful learning requires repeated exposure and reinforcement. To
solidify learning outcomes, educators may consider incorporating
additional lessons that apply geometric concepts to other local
structures. Furthermore, short mini-lessons focusing on perimeter
calculations and shape transformations can help students advance from
moderate self-assessments to higher proficiency.

The variation in group collaboration effectiveness also highlights
the importance of structured roles in collaborative learning. Some
groups effectively allocated tasks and demonstrated deeper insights,
while others lacked organization, resulting in errors and
miscommunication. Quigley et al. (2017) suggest that assigning clear
roles such as “measurer;” “assembler;” and “quality checker” can
enhance engagement and ensure equitable learning opportunities.
Student participation and confidence in mathematical tasks can
be maximized if educators consider rotating these roles in future
activities, allowing all students to develop proficiency across different
aspects of problem-solving and construction.

5 Recommendations for practice

1. Integrating Local Artifacts into Mathematics Lessons:
Educators can enhance mathematical instruction by
incorporating culturally significant artifacts that illustrate core
mathematical concepts. In Kazakhstan, the yurt serves as an
example of applied geometry and measurement principles.
Similarly, other regions may have traditional structures or
crafts that exemplify mathematical concepts such as
measurement, geometry, and physics. Research suggests that
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contextualizing mathematics through culturally relevant
artifacts fosters deeper student engagement (Ladson-Billings,
1995; Gay, 2018).

. Ensuring Repeated Exposure and Scaffolding: While a single
lesson can introduce mathematical concepts and enhance
motivation, it is insufficient for developing mastery. Repeated
exposure and structured scaffolding are necessary for
reinforcing perimeter formulas, shape transformations, and
spatial reasoning. Honey et al. (2014) emphasized the
importance of sustained practice in mathematics education. To
support students who lack confidence, educators should
implement targeted reviews and incremental practice sessions
before engaging in hands-on applications.

. Supporting 2D-to-3D Visualization: Students often struggle
to conceptualize how flat components transform into three-
dimensional structures. Providing instructional supports
such as paper nets, cardboard cutouts, or digital simulations
can facilitate this transition by reinforcing the geometric
relationships between 2D and 3D forms. Quigley et al.
(2017) highlight the value of multiple representations in
supporting spatial reasoning and reducing reliance on trial
and error. These instructional aids can systematically
enhance students’ understanding of angles, arcs, and
structural stability.

. Structuring Group Collaboration: Collaborative learning can
improve mathematical comprehension when group roles are
clearly defined. Assigning specific responsibilities, such as
measurement, calculation, assembly, and structural testing,
ensures that all students actively engage with mathematical
concepts. Quigley et al. (2017) emphasize that structured
collaboration prevents unequal participation and fosters
equitable learning experiences. Additionally, rotating roles
across multiple lessons can help students develop confidence
in various mathematical tasks.

. Emphasizing Environmental and Cultural Perspectives:
Mathematics lessons incorporating cultural artifacts also
provide opportunities for interdisciplinary learning.

Discussions on sustainability and local heritage can

complement mathematical instruction by illustrating how

traditional structures, such as yurts, are adapted to
environmental and societal needs. Research by Paris et al.

(2017) underscores the significance of integrating cultural

identity into STEM education, as it enhances both student

motivation and conceptual understanding. By linking
mathematical principles to historical and ecological contexts,
educators can promote holistic and interdisciplinary learning.

6 Limitations and future research

Several factors constrain the inferences that can be drawn. First,
data were collected in a single 45-min lesson at one public school, so
external validity is necessarily limited. Second, perceived learning
gains rely on post-lesson self-report; although the six-item scale
showed acceptable reliability (a =0.81), objective pre—/post-
assessments of geometric knowledge were not administered. Third,
the classroom teacher also served as the primary observer, introducing
potential researcher bias despite systematic note-taking. Fourth, the
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novelty of the activity and the researchers presence could have
generated a Hawthorne effect, inflating engagement ratings. Finally,
because the yurt holds strong symbolic meaning in Kazakh culture,
results may not translate directly to contexts lacking a
comparable artifact.

Future work should address these constraints by implementing multi-
session sequences across several schools, incorporating objective outcome
measures such as perimeter quizzes or rubric-scored artifacts, and
employing independent observers to mitigate bias. Comparative designs
that contrast culturally embedded tasks with culturally neutral tasks
would help disentangle whether observed benefits arise from the cultural
context, the hands-on format, or their interaction. Researchers might also
test digital scaffolds, for example, CAD sketches or augmented-reality
overlays, to support the 2-D to 3-D transition identified here as a
persistent challenge.

7 Conclusion

The yurt-building lesson demonstrated the potential of integrating
mathematical instruction with cultural elements through a single
STEAM activity. The findings indicate that students developed moderate
proficiency in geometry, particularly in measurement and perimeter
application, while also increasing their appreciation for Kazakh heritage.
Many students expressed a desire to explore local structures further and
engage in additional hands-on mathematical learning.

Despite certain limitations, including time constraints and
variations in group dynamics, the overwhelmingly positive
student responses highlight the effectiveness of culturally
responsive STEAM education in fostering engagement. With
additional scaffolding and repeated exposure, students could
achieve greater mastery of geometry concepts while simultaneously
strengthening their connection to regional traditions. This study
underscores the importance of integrating academic content with
authentic cultural contexts to enhance motivation, foster cultural
identity, and support meaningful learning experiences.
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