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ABSTRACT

This study examined the effect of 3D modeling tools on Grade 11 students’
spatial abilities and academic achievement in geometry. The research used a quasi-
experimental design with two nonequivalent groups: 25 students in the experimental
group and 25 students in the control group. The experimental group studied solid
geometry using Tinkercad and SketchUp Free, while the control group studied the
same topics through traditional instruction.

Data were collected through the Purdue Spatial Visualization Test (PSVT),
geometry grades before and after the intervention, and a questionnaire on students’
attitudes toward 3D modeling. The results showed that the experimental group had a
statistically significant improvement in spatial ability, while the control group did not
show significant change. However, geometry grades increased only slightly and
equally in both groups, so the effect on general academic achievement was not clearly
demonstrated. Students generally showed a positive attitude toward 3D modeling.

The study concludes that Tinkercad and SketchUp Free can support the
development of spatial visualization, mental rotation, and spatial orientation in high
school geometry.

Key words: 3D modeling, spatial ability, geometry education, Tinkercad,
SketchUp Free, PSVT.



AHIAATIIA

byn 3eprrey 3D-Monenpaey KypaingapblHbIH | 1-CBIHBIIT OKYyIIBLIAPBIHBIH
KEHICTIKTIK KaOUIeTTEepiHE JKOHE TeOMEeTpUs ToH1 OOMBIHIIA aKaJIeMUSIIBIK
yarepiMine ocepin 3eprtrefi. JKymbicTa €Ki TeH emec TOoNTaH TYpaTbiH
KBa3UAKCIIEPUMEHTTIK JTU3aiH KOJAAHBUIILI: SKCIIEPUMEHTTIK TOMNTa 25 OKYIIBI
XKoHe OaKplIay TOOBIHIA 25 OKYIIBI OOl DKCIEPUMEHTTIK TOM CTEPEOMETPHUSHbI
Tinkercad >xone SketchUp Free xypanmapbl apKbUlbl OKBIJIBI, ajl Oakblaay TOOBI
JOCTYPJI1 QMIICTIEH MEHTepi.

Hepexrep Purdue Spatial Visualization Test (PSVT), reomerpuss moHi
OOWbIHIIIA apanacyFa JIeHIHr1 KoHe KeH1Hr1 Oaranap, CoHAai-aK oKyubuapaby 3D-
MOJICTIBJICYTe JIETeH KO3KapachlH AaHBIKTAWTHIH cayaJHama apKbUIbl JKUHAJJIBI.
Hotwxenep »KCHEpUMEHTTIK TOMNTa KEHICTIKTIK KaOLIETTEPAiH CTATUCTUKAIBIK
MOH/II JKaKCapFaHbIH KOPCETT1, ayi 6aKpu1ay TOOBIHIA MOH1 ©3repic OailkaiMabl.
Analina reoMeTpus Oaranapbl €Ki TOITa Ja a3 FaHa >KOHE Oipjael JaeHreiae ecTi,
COHABIKTAH JKaIMbl aKaJeMHSUIBIK YJrepiMre ocepl HaKThl JIoJeNaeHOe/l.
Oxkymbutap 3D-Monenpaey i Kbl OH Oaraiabl.

3eprrey KopbIThIHABICH OoibiHIIA Tinkercad skone SketchUp Free »orapbl
CHIHBINITAp/Ia TEOMETPHUSHBI OKBITYJa KEHICTIKTIK BHU3yaJIM3allUsHbI, OMIIa
alHanapIpy KaOUIETIH >KOHE KEHICTIKTIK OarmapiiaHyAbl JaMbITyFa BIKIAT €T
ajajipl.

Tyiiinoi cezoep.: 3D-mooenvoey, kewicmixmik kabitemmep, 2eoOMemMpusitbl

oxvimy, Tinkercad, SketchUp Free, PSVT.
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AHHOTANUA

JlaHHOE HCCIIeIOBAHUE U3YYaJIO BIIMSIHUE HHCTPYMEHTOB 3D -MonenupoBaHus
Ha IPOCTPAHCTBEHHBIE CIIOCOOHOCTU U AKAJEMUYECKYIO YCIIEBAEMOCTh yYalIUXCs
11 xnmacca no reomerpun. B pabote Obl1 HCHOIB30BaH KBa3UAKCIEPUMEHTAIbHBIN
AW3aiiH ¢ JByMs  HEOKBUBAJICHTHBIMU  TpylmamMu: 25  ydammxcs B
OKCHEPUMEHTAJIBHON TIpynmne u 25 ydyammxcss B KOHTPOJIBHOM TpymIIe.
DKcrnepuMeHTallbHas TpyIIa u3yJaia CTepeoMeTpHIo ¢ ucnoiab3oBanuem Tinkercad
u SketchUp Free, a koHTposbHAS rpynmna — TpaJUIIMOHHBIM METOIOM.

Janubie ObuIM coOpanbl ¢ momomibio Purdue Spatial Visualization Test
(PSVT), orieHok 1o reoMeTpuM 10 U IMOCJE BMEIIATEILCTBA, a TAKKE aHKEThI 00
oTHOmIEHWW  ywammxcsi K 3D-momenupoBanuto. Pesymbrarel  mokaszanu
CTaTHUCTHUYECKH 3HAYMMOE YIYy4llIeHHEe MPOCTPAHCTBEHHBIX CHOCOOHOCTEW B
AKCIIEPUMEHTATBHON TpyMIe, TOTrJa KaK B KOHTPOJBHOW TpyIIe 3HAYUMBIX
u3MeHeHui He 0b110. OHAKO OLIEHKHU 10 TEOMETPHUH YBEIMUYMINCH HE3HAUUTEbHO
U OJIMHAKOBO B O0OEUX TpyMIax, MOITOMY BIUSHUE Ha OOIIYI0 aKaJeMHUYECKYIO
yCIIEBAEMOCTh HE ObUIO YETKO J0Ka3aHO. Ydalluecss B ILEJIOM IOJOKUTEIBHO
OLIEHWJIH HCIoJIb30BaHue 3D-MoaenupoBaHus.

HccnenoBanne mo3BossieT caenath BeiBoj, uTto Tinkercad m SketchUp Free
MOTYT CIIOCOOCTBOBATh Pa3BUTHUIO POCTPAHCTBEHHOM BU3yaIn3allui, MbICIEHHOTO
BpALLEHUS U IPOCTPAHCTBEHHOM OpUEHTAIIUH NTPU U3YUEHUH T€OMETPUHU B CTAPIINX
KJIaccax.

Knouesvie cnosa: 3D-moodenuposanue, npocmpancmeennvlie  cnocobnocmu,

obyuenue ceomempuu, Tinkercad, SketchUp Free, PSVT.
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1. INTRODUCTION

The relevance. The study of the impact of 3D modeling technologies on students'
spatial abilities and academic performance in geometry in high school is one of the
most relevant areas of modern pedagogical science. This research is of particular
importance in the context of active digitalization of knowledge, since the pedagogical
community is faced with the task of not only introducing technologies into the learning
process, but also providing scientific justification for their effectiveness in relation to
specific academic subjects and educational contexts.

Geometry, and especially stereometry, is traditionally considered one of the
most difficult sections of the school mathematics program. The difficulties that
students encounter in learning three-dimensional geometric figures are mainly
associated with the underdevelopment of spatial thinking: the ability to perceive,
imagine and mentally manipulate three-dimensional objects, etc. Traditional
approaches to teaching based primarily on two-dimensional images of volume
geometrical figures presented in books and on the blackboard cannot ensure the
complete provision of an interactive experience of interaction with three-dimensional
objects required for the establishment of solid spatial concepts (Sorby, 2009).

Moreover, the practical value of the study is due to the fact that the chosen three-
dimensional modeling tools — Tinkercad and SketchUp Free platforms — are totally free
to use, can be accessed through the web-browser, and therefore do not require
additional software. Therefore, they can be effectively employed at higher educational
institutions of Kazakhstan, even those that lack advanced technical facilities. Such
analysis will be highly interesting for policymakers in the field of educational policy
and curriculum design who want to update the technology used in the mathematics
class.

Furthermore, another reason why this research is highly relevant is the fact that
it helps advance professional development of pedagogues because it describes the
mechanisms of influence of 3D modeling on the better understanding of mathematical

concepts. These findings can be applied while developing the curricula for teachers'
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professional training. It is expected that the increase in the methodological competence
of teachers, in turn, will significantly improve the effectiveness of teaching and the
quality of students' learning experience.

Finally, it is important to note that this study is not limited to the study of purely
academic indicators. The use of interactive digital tools in the learning process creates
conditions for active student participation, the development of cognitive autonomy,
and the formation of positive motivation for learning geometry. Thus, this study is not
just an academic task, but a very important study that is in line with the broader
educational goals of preparing students for the requirements of the 21st century.

The background. 3D modeling in education is a teaching method in which
students use special software platforms to create, transform, and analyze three-
dimensional geometric objects. The theoretical basis of this study is the van Hiele
model of levels of geometric thinking (van Hiele, 1986). According to this model,
learning geometry requires purposeful practical experience working with spatial
objects. It cannot be provided solely by verbal explanations or flat images. It is this
theoretical formulation that underlies the educational potential of 3D modeling tools as
a didactic tool in teaching geometry (Clements & Battista, 1992).

The National Council of Teachers of Mathematics (NCTM, 2000) has long
advocated the inclusion of spatial thinking and three-dimensional geometry in school
mathematics curricula and calls for the consideration of a variety of situations in which
students explore geometric objects in one, two, and three dimensions. Similar
principles are also reflected in OECD documents, which increasingly affirm spatial
literacy as a key competence. In the Kazakhstani context, these guidelines are included
in the State Program for the Development of Education and Science, which envisages
the large-scale digitalization of the educational process.

With the widespread availability of affordable computer tools in the 1990s-
2000s, researchers began to actively explore the potential of the dynamic geometry
programs Cabri 3D and GeoGebra in developing students’ spatial abilities. The

accumulated empirical data prove that students working with such tools show



significantly higher results in spatial visualization and geometry than those taught
using traditional methods (Toptas et al., 2012; Gecu-Parmaksiz & Delialoglu, 2019).

Recently, platforms dedicated to the creation of 3D models have gained
popularity in educational settings. For instance, Autodesk released Tinkercad, which
provides users with a simple graphical user interface that debuted in 2011. Students
can build models using elementary geometric shapes such as cubes, cylinders,
pyramids, prisms, and other types of forms. In addition, SketchUp Free, which Google
produced initially in 2006, provides additional functions and is extensively used in
engineering and architectural training (La Ferla et al., 2009). Both applications are free
to use and available for smartphones, making them appropriate for deployment at
schools in Kazakhstan.

Several quasi-experimental research projects have provided convincing support
for utilizing 3D modeling in geometry lessons. Specifically, Sorby (2009) found that
specific spatial tasks completed with 3D applications improve mental rotation and
spatial visualization skills. Similar results were obtained by Toptas et al. (2012) and
Rafi et al. (2008), whose participants in experimental groups performed better than
their counterparts in control groups in tests of spatial abilities.

The investigation of 3D modeling as an instructional approach to high school
geometry lessons is relevant and critical. Geometry knowledge is viewed as one of the
key prerequisites of success not only in math courses but also in many different
occupations determining students' future career paths. Moreover, the importance of this
study is highlighted by an increasing number of empirical findings that prove 3D
modeling to be a highly effective means of improving students' spatial skills and
geometry performance. This research endeavors to investigate these issues further
among Kazakhstani learners enrolled in grade 11 and produce meaningful results.

Research Questions:

e How does the use of 3D modeling tools affect the spatial abilities of high school

students?



e Does the use of 3D modeling in geometry instruction affect students’ academic
achievement compared to traditional teaching methods?

The specific objectives of this research are:

e To assess the impact of 3D modeling technologies (Tinkercad and SketchUp

Free) on the spatial abilities of 11th grade students.

e To study the impact of 3D modeling on the academic performance of high school
students in geometry compared to traditional teaching.

e To identify potential advantages and challenges associated with the use of 3D
modeling tools in teaching high school geometry in Kazakhstani schools.

The study is based on the following hypotheses.

Null Hypothesis (HO1): There is no significant difference in spatial abilities
between 11th grade students taught geometry using 3D modeling tools (Tinkercad and
SketchUp) and those taught through traditional methods.

Null Hypothesis (H02): There is no significant difference in the academic
performance of students taught using 3D modeling tools and students taught using
traditional methods in geometry.

Alternative Hypothesis (H1): There is a significant difference in spatial
abilities between 11th grade students taught geometry using 3D modeling tools
(Tinkercad and SketchUp) and those taught through traditional methods.

Alternative Hypothesis (H2): There is a significant difference in academic
achievement in geometry between students taught using 3D modeling tools and those
taught through traditional methods in geometry.

Taking into account the formulated research questions and hypotheses, this
research aims to explore the role of 3D modeling in developing students' spatial skills
and academic success in geometry. It is expected that this research will produce
practical conclusions with regard to improving the teaching process in geometry for
high school students, creating an effective learning environment, and ensuring long-

term student success.



For reaching the purpose of this research with regard to the influence of 3D
modeling technologies on the development of students' spatial skills and geometry
proficiency, the following tasks were developed:

e Conduct an extensive review of existing literature to examine the theoretical
foundations and empirical research dedicated to the application of 3D modeling
technologies in the context of geometry instruction. This task involves
synthesizing studies that investigate both the cognitive outcomes of using 3D
tools, their impact on students' spatial abilities, and their effect on academic
achievement in geometry.

o Identify and analyze various approaches to the use of 3D modeling tools in
geometry instruction. This task focuses on comparing the effectiveness of
different didactic strategies for integrating Tinkercad and SketchUp into the
learning process, individual work with models, project-based activities, and
group analysis of geometric objects, in terms of their impact on spatial thinking
and students' comprehension of the material.

e Design and conduct empirical research to collect data on the academic
achievement and spatial abilities of students participating in instruction
incorporating 3D modeling. This involves quantitative methods: comparing pre-
test and post-test results in the experimental and control groups, as well as
analysis of current geometry grades. Additionally, a questionnaire survey of the
experimental group students is conducted to identify their attitudes toward the
use of 3D tools in the learning process.

e Analyze and synthesize the collected data to test the hypotheses that the use of
3D modeling tools improves students' spatial abilities and enhances their
academic achievement in geometry. The results of the analysis will be used to
clarify the understanding of how 3D modeling technologies can be effectively
introduced into the educational process of Kazakhstani high schools, as well as

to formulate practical recommendations for teachers and curriculum developers.



Every tasks is aimed at thoroughly testing the research hypotheses and gaining
insight into ways of optimizing 3D modeling tools for improving teaching outcomes in
geometry classes at the high school level.

The research aims to achieve the main goal of helping students improve their
understanding and academic performance in geometry, which is a subject that places
high demands on spatial imagination and abstract thinking. A study examining the
impact of 3D modeling technologies on student engagement and understanding
provides important information on creating a productive and engaging learning
environment for geometry. In addition, the implications of the research could be
applied for further improvement of pedagogical practice and curriculum design and
include suggestions regarding incorporating 3D modeling techniques in teaching
processes. Also, the paper will address some aspects of educational equality,
suggesting how to achieve equality between students from different socioeconomic
layers by providing an equal opportunity to use the latest technology in education.
Lastly, the research could help change the current educational policy through the
inclusion of 3D modeling technologies in educational standards of the country.

The scientific novelty of this research from a scientific perspective lies in the
simultaneous use of two 3D modeling applications — Tinkercad and SketchUp. It
creates an immersion that would not be achievable when conducting experiments in
relation to one platform. Furthermore, the research is carried out against the backdrop
of the educational system and culture of the Republic of Kazakhstan. There is very
little empirical information about the use of 3D modeling in mathematics learning in
the literature of this country. Therefore, the novelty of the study comes from the fact
that it provides a unique geographical contribution to the field. Another novel aspect is
the use of mobile devices as the main instrument for carrying out 3D modeling. Finally,
the simultaneous assessment of the students' spatial ability, academic performance and

survey data allows obtaining results more holistically.



2. LITERATURE REVIEW

2.1 Theoretical Framework

The theoretical foundation for this literature review is based on five interrelated
theories that explain the educational reasoning behind using 3D modeling software in
geometry classes in secondary schools and predict their possible impact on the spatial
abilities of learners and their academic achievement. These theories include the van
Hiele model of geometric thought, Sweller’s theory of cognitive load, action-based
learning theory, a constructivist view of math education, and spatial abilities and their
elements. Each theory reveals unique aspects of the learning process in geometry, while
collectively forming a complex multilevel theory for the current investigation. Before
introducing specific notions from the theories mentioned, it is essential to contextualize
the discussion theoretically: the existing literature on spatial abilities and math
education demonstrates that geometry is especially vulnerable to changes in spatial
abilities, and technology-assisted teaching that actively involves spatial systems of
learners performs significantly better in geometry lessons compared to conventional
textbook instruction (Herrera et al., 2024; Uttal et al., 2013).

2.1.1 The Concept of Spatial Thinking and Its Components

The study of spatial imagery has a history that dates back a hundred years of
scientific progress; however, much confusion remains regarding terminology and
concepts. The scientists diverge from each other when they describe spatial imagery,
its subcomponents, and even when they delineate boundaries between spatial imagery
and other cognitive functions like visual perception, memory, and mathematical
reasoning. First and foremost, terminological misunderstanding stems from the
differentiation of the notions of “ability” and “skill,” which refers to inherent and
relatively immutable qualities versus skills which can be easily improved upon with
education and training (Sorby, 2009). This division no longer applies since there is

ample evidence of malleability in spatial imagery skills and their improvement via



learning (Uttal et al., 2013). Hence, in this investigation, the terms have been used
interchangeably as is common practice among recent meta-analyses.

While the former has long been perceived as an innate and more or less stable
disposition, the latter has been considered to be a skill that can be consciously
cultivated via training and education. One of the best-known classifications of spatial
skills belongs to Linn & Petersen (1985), who described spatial skills as “the skills
needed for the manipulation of symbolic and non-verbal information with regard to
representation, transformation, generation, and reproduction”. Three main categories
have been revealed according to their meta-analysis. Spatial imagery skills involve
manipulating multidimensional objects mentally, which requires complex operations,
e.g., visualizing how a two-dimensional drawing may be folded into a three-
dimensional object or what section will be created when cutting an object with a plane.
Mental rotation involves rotating an entire image either two- or multidimensional
within seconds. Spatial perception skills include the ability to define spatial
relationships between two or several objects while retaining spatial awareness. It
should be noted that the three types mentioned above are interconnected to some extent
and positively correlated with math performance especially in geometry (Pittalis &
Christou, 2010).

Carroll (1993) proposed a more precise taxonomy that includes five components
in his fundamental factor analysis of hundreds of studies: visualization, spatial
relationships, rate of closure, flexibility of closure, and speed of perception.
Visualization in Carroll's model essentially corresponds to spatial visualization in Linn
and Petersen's taxonomy, while spatial relationships are closely related to mental
rotation. Maier (1998) proposed a different five-component structure. In the study, he
notes that students' spatial intelligence is determined based on the results of spatial
intelligence tests. The indicators of spatial intelligence used include spatial perception,
visualization, mental rotation, spatial relationships, and spatial orientation. Here,
spatial orientation refers to the ability to mentally change perspective while objects

remain stationary. Sorby (2009) proposed a simplified two-component model that



distinguishes between spatial orientation and spatial visualization and considers mental
rotation as a subset of spatial visualization. Despite these taxonomic differences, most
researchers agree that spatial visualization is the most fundamental component of
school geometry, as it allows for mental manipulation of three-dimensional objects,
which is the primary cognitive task in learning spatial geometry (Harris, 2021).
Quantitative studies confirm a robust relationship between spatial ability and
geometric skills. Guay and McDaniel (1977) reported correlations between spatial
visualization and mathematical ability ranging from .47 to .86 for students in grades 2-
7. Fennema and Sherman (1977) found strong correlations between spatial
visualization and mathematical ability in grades 9 and 12. Pittalis and Christou (2010)
demonstrated that spatial reasoning is a strong predictor of three-dimensional
geometric reasoning in grades 5 and 6. Xu et al. (2025) showed that mental rotation,
spatial reasoning, and spatial orientation independently predict mathematical ability
across various subjects. Wai et al. (2009) found in a 50-year longitudinal study that
spatial reasoning predicted career success in STEM, above and beyond verbal and
mathematical ability. A large-scale twin study (Malanchini et al., 2020) found evidence
for a common spatial factor underlying various subskills, while Bar-Hen-Schweiger
and Henik (2024) confirmed that various spatial components independently have
predictive value for mathematical ability. These results prove that spatial reasoning
plays an important role in the study of geometry, which is why it is chosen as the main

measurable indicator in this study.

2.1.2 Van Hiele Theory of Geometric Thinking Levels

In the late 1950s, van Hiele's theory was created by two Dutch scientists, Pierre
van Hiele and Dina van Hiele-Geldof. Both scientists wrote their doctoral dissertations
on this, and over time their ideas became widely known and recognized around the
world, especially after other researchers, in particular Crowley in 1987, began actively
developing and spreading this theory.

The main idea of the theory is as follows: when a child learns geometry, his

thinking does not develop chaotically, but passes through clearly defined levels, each
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of which is qualitatively different from the previous one. In other words, at first the
child perceives geometric shapes simply as whole images. For example, he sees a
triangle and recognizes it, but still does not understand why it is called a triangle. Then
he begins to notice the properties of the shapes, then learns to build logical connections
between these properties, and so on. It is important that the transition from one level to
another depends not on the age or natural development of the child, but on how well
and competently the training is organized. This means that if the teacher uses
appropriate methods and assignments, the student can move faster to a higher level of
geometric thinking. If the training is not structured correctly, the child may be stuck at
the elementary level for a long time, even being old enough.

Van Hile's model identifies five successive levels of geometric thinking, each of
which is qualitatively different from the previous one.

At the first level, which is called visualization, students simply recognize
geometric shapes by their appearance. For example, a child sees a square and says that
it is a square, but still cannot explain why it is called that and what properties it has.

At the second level, the level of analysis, students are already beginning to notice
and describe the properties of shapes. For example, they understand that all corners of
a rectangle are straight. However, they are not yet able to explain the logical connection
between the various properties.

At the third level, the level of informal inference, students can build simple
logical reasoning about geometric shapes and their properties, and also understand how
some shapes relate to others.

At the fourth and fifth levels, which are called formal reasoning and rigor,
students work with full-fledged mathematical proofs and various axiomatic systems.
This is already a fairly high level of abstract thinking.

The key idea of the theory is that learning should correspond to the student's
current level. If the teacher tries to explain the material designed for a higher level, the
student simply learns the information by heart without understanding its meaning.

Studies conducted in different countries show that many students, even in high school,
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remain at the first or second level of geometric thinking (Naufal et al., 2021). This
creates a serious problem when studying stereometry, since at least the third level is
needed to understand it.

Van Hiele's theory also identifies five learning phases that promote progress at
different levels: information, directed orientation, explanation, free orientation, and
integration. Research has shown that instruction organized according to these phases
leads to significantly greater gains in geometric reasoning than traditional deductive
instruction (Gul & Sert-Celik, 2022). The use of technology in the VVan Hiele method
is particularly effective: Abu et al. (2012b) demonstrated that a Google SketchUp-
based module structured according to Van Hiele's phases enabled all students in the
experimental group to improve their geometric reasoning by at least one level, while
students in the control group showed no such improvement. Ndungo (2025) confirms
that the technology-enhanced Van Hiele method consistently leads to improvements in
secondary school students' geometric reasoning. The direct connection between this
model and the present study is clear: Tinkercad and SketchUp Free activities in the
eight-week intervention are designed to promote students to Level 2 (analysis) and
support progress to Level 3 (informal reasoning) through direct interactive engagement

with the properties of geometric solids.

2.1.3 Cognitive Load Theory (Sweller)

The theory of cognitive load was developed by John Sweller and his colleagues
in the 1980s. It helps to understand why some learning formats work better than others,
and explains how various technological tools affect the assimilation of complex
material. The theory is based on the idea that human memory is divided into two types.
Working memory is limited and can process only a small amount of information at a
time, whereas long-term memory is practically limitless and stores knowledge in the
form of organized structures called schemas (Sweller, 1988; Sweller et al., 1998).

The theory identifies three types of cognitive load, which together determine the
overall load on working memory in the learning process. The internal cognitive load

depends on the complexity of the learning material itself, that is, on how many elements
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need to be processed simultaneously and how interconnected they are. The external
cognitive load arises from the way information is presented, not from its content. If the
learning materials are poorly designed and the student has to mentally put the disparate
parts together on their own, the load on memory increases and learning outcomes
worsen. The relevant cognitive load is a useful part of the load that is spent directly on
the formation of new knowledge schemas. Optimal learning tends to maximize this
type of workload, while reducing the external workload to a minimum (Ouwehand et
al., 2025).

When applied to geometry teaching, this theory provides important practical
insights. When three-dimensional figures are shown only in the form of static flat
drawings, this creates an unnecessary load on memory, because the student has to
mentally complete the three-dimensional form from a two-dimensional image. At the
same time, you need to look at the figure from one fixed point of view, apply formulas
and at the same time keep its three-dimensional structure in mind. All this creates a
very high load on working memory, especially for those students whose spatial
thinking is not yet sufficiently developed.

3D modeling programs solve this problem. They allow students to create three-
dimensional models themselves, rotate them, view them from different angles, and
zoom in on them in real time. All this significantly reduces unnecessary memory load
and frees up working memory resources for deeper understanding of geometric content.
Ouwehand et al. (2025) investigated the modern applications of this theory in geometry
teaching using technology and came to the conclusion that three-dimensional computer
environments consistently reduce the cognitive load when studying spatial geometry

compared to traditional two-dimensional learning.

2.1.4 Activity-Based Learning Theory
The theory of learning through activity states that learning is most effective
when the student does not just listen and memorize, but actively participates in

meaningful practical activities, solves real problems and creates something himself. In
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mathematics education, this idea has formed the basis of various approaches such as
research, practical and project-based learning (Koskinen & Pitkaniemi, 2022).

In the framework of geometry lessons, the activity-based approach is especially
Important, since students need not only to memorize definitions and formulas, but also
to interact directly with spatial objects. The study of three-dimensional geometry can
be carried out by various forms of representation. A common method is to use physical
models that allow students to see and touch geometric bodies. This approach can be
useful at the initial stage of understanding, but physical models are often limited: they
are difficult to quickly change, scale, rotate, cut or combine with other objects.

Another traditional method is to use flat drawings in a textbook or on a
blackboard. This approach is widely used in geometry lessons, but it requires students
to mentally reconstruct a three-dimensional object from a two-dimensional image. For
students with poorly developed spatial thinking, this can be a rather difficult task,
because at the same time they have to imagine the shape of the body, its hidden parts,
dimensions, the location of the faces and possible transformations.

Digital 3D modeling provides a more flexible way to work with geometric
objects. Unlike static drawings, 3D modeling tools allow students to independently
create, rotate, resize, combine and analyze objects in a dynamic environment.
Therefore, students do not only observe the finished geometric shape, but also actively
work with it. This corresponds to the basic idea of activity-based learning, according
to which understanding is deepened when the student participates in practical and
meaningful actions, and not just receives a ready-made explanation from the teacher.

This idea is directly related to the use of Tinkercad and SketchUp Free in this
study. When students create three-dimensional models of cubes, prisms, pyramids,
cylinders and other geometric bodies, they carry out productive mathematical
activities. They select the necessary shapes, set the dimensions, connect the individual
parts of the model, rotate the object to check its structure, and relate the created model
to formal geometric concepts such as faces, edges, vertices, surface and volume. 3D

modeling is considered in this study not only as a visualization tool, but also as an

13



active learning environment. It allows students to explore geometry through the
construction, transformation and analysis of objects. This is especially important when
studying stereometry, because many students have difficulty imagining three-
dimensional bodies based solely on flat images. Interactive digital models help to look
at the same object from different angles and gradually combine visual experience with
mathematical thinking.

Therefore, the integration of Tinkercad and SketchUp Free in geometry lessons
complies with the principles of activity-based learning and supports the development
of spatial thinking through the direct interaction of students with three-dimensional
objects. Tessema et al. (2024) confirm that practical training with three-dimensional
models significantly improves the conceptual understanding of spatial geometry
compared to traditional training. The NCTM (2000) standards explicitly recommend
the use of practical tools and technologies to develop spatial thinking from the very
beginning of learning. This reflects the general view in the mathematical education
community that active interaction with geometric objects creates a solid foundation for

understanding geometry.

2.1.5 Constructivist Approach in Mathematics Education

Constructivism is a theoretical approach according to which knowledge is not
transmitted from teacher to student in a ready-made form, but is actively built by the
student himself through interaction with the environment. This approach has been one
of the leading approaches in mathematics education for more than three decades. In the
context of geometry teaching, constructivism manifests itself in methods that
encourage students to independently explore geometric objects and the relationships
between them, to put forward and test hypotheses, and to gradually form formal
geometric concepts through their own experience.

The rationale for using 3D modeling tools from a constructivist perspective
looks convincing. When a student creates a three-dimensional model of a prism in
Tinkercad, counts its faces, edges, and vertices, resizes it, and applies the volume

formula to the resulting body, they are actively constructing geometric knowledge
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through purposeful interaction with an object, rather than passively memorizing
definitions.

Empirical studies convincingly confirm the effectiveness of the constructivist
approach in teaching geometry. Baki et al. (2009b) showed that both dynamic
geometric software and physical learning materials based on constructivist principles
of active student participation lead to significantly greater improvements in spatial
skills compared to traditional learning. Xie et al. (2018) in a large-scale meta-analysis,
they found that constructivist learning models provide significantly higher math results
in a wide variety of classes and on different topics compared to approaches based on
the transfer of ready-made knowledge. The effect sizes ranged from d = 0.43 for
independent learning to d = 0.67 for cooperative learning. Bermejo et al. (2021)
demonstrated that the constructivist mathematics intervention program led to
significant and sustained improvements in mathematical results, with the greatest effect
observed in students with the greatest initial difficulties. All these results confirm the

constructivist basis of the present study.

2.2 Spatial Thinking and Geometry Learning

The relationship between spatial thinking and geometry learning outcomes is
one of the most frequently and consistently confirmed patterns in mathematical
education research. Simply put, scientists have proven over and over again that those
students who are good at mentally imagining and manipulating spatial objects tend to
do much better with geometry. This pattern has been confirmed in numerous studies
among students of different ages and in different countries of the world, which makes
it especially important for the practice of teaching geometry.

This section provides an overview of the evidence supporting this connection.
In addition, it examines the specific role of spatial thinking in the learning process of
geometry, analyzes the differences in the level of spatial thinking between boys and

girls, and discusses methods for developing spatial thinking in school settings.
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2.2.1 The Role of Spatial Abilities in Geometry Achievement

Spatial abilities play an important role in geometry learning because geometry
requires students to work not only with formulas and definitions, but also with visual
and spatial representations. In particular, students need to imagine geometric objects,
recognize their properties, mentally rotate figures, interpret different views, and
understand the relationship between two-dimensional drawings and three-dimensional
solids. These skills are especially important in stereometry, where many tasks cannot
be solved effectively through procedural knowledge alone. For example, when students
work with prisms, pyramids, cylinders, nets, cross-sections, and rotations, they need to
form accurate mental images of objects and transform these images in their minds.

According to Linn and Petersen (1985), spatial ability includes several related
components, such as spatial visualization, mental rotation, and spatial perception.
Spatial visualization refers to the ability to mentally transform complex figures, while
mental rotation involves imagining how an object would look after being rotated in
space. Spatial perception is connected with understanding spatial relations between
objects or parts of an object. These components are directly related to geometry
achievement because many geometry problems require students to move between
visual representation and mathematical reasoning. In school geometry, weak spatial
ability may become one of the reasons why students experience difficulties in
understanding three-dimensional objects. When a solid figure is presented only as a
flat image in a textbook or on the board, students must mentally reconstruct its actual
shape, hidden parts, dimensions, and possible transformations. This process can be
cognitively demanding, especially for students who have not yet developed strong
spatial visualization skills. Therefore, spatial ability is not only an additional cognitive
skill, but also an important condition for understanding geometric concepts more
deeply. Previous studies have shown that spatial reasoning is positively related to
students’ achievement in geometry and their ability to solve problems involving three-
dimensional figures (Pittalis & Christou, 2010; Sorby, 2009). Moreover, spatial skills

are considered trainable rather than fixed. Uttal et al. (2013) showed that spatial
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abilities can be improved through targeted training and practice. This is particularly
relevant for the present study because 3D modeling tools create opportunities for
students to actively manipulate geometric objects, observe them from different
perspectives, and connect visual experience with formal mathematical concepts. For
this reason, spatial ability was selected as one of the main measurable outcomes in the
present study. Since the intervention focused on the use of Tinkercad and SketchUp
Free in learning solid geometry, it was important to examine whether students’ spatial
visualization, mental rotation, and spatial orientation improved after working with
interactive three-dimensional models. Thus, the focus on spatial ability is directly
connected with both the theoretical foundation of the study and the practical nature of
the 3D modeling intervention.

Quantitative research confirms a stable and consistent relationship between
spatial thinking and geometric abilities at all levels of education. In simple terms, the
better a student is able to mentally work with spatial objects, the better he copes with
geometry. This pattern has been confirmed in numerous studies. Guay and McDaniel
(1977) found significant correlations from .47 to .86 in students in grades 2-7. Fennema
and Sherman (1977) reported strong correlations in grades 9 and 12. Pittalis and
Christou (2010), in a study of 246 fifth and sixth grade students, showed that spatial
reasoning is a strong predictor of three-dimensional geometric thinking, meaning the
better spatial reasoning is developed, the better the student understands three-
dimensional geometry. Kayhan (2005) found a strong positive correlation between
spatial thinking and math performance in ninth grade students. Turgut (2010) found
moderate but statistically significant positive correlations between spatial thinking and
academic performance in future math teachers.

The relationship between spatial thinking and geometric abilities has been
further explored in more recent research on knowledge transfer mechanisms. Lowrie

and Logan (2023) identified two separate mechanisms.
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e The first is the representational mechanism, in which spatial thinking training
improves the ability to create and apply spatial representations of mathematical
problems.

e The second is a procedural mechanism, in which such training improves the
ability to perform decision procedures that require spatial manipulation.

Both mechanisms are directly related to spatial geometry, as students must
simultaneously visualize three-dimensional objects and apply procedures, such as
volume formulas, that require spatial understanding. Adams et al. (2022) confirmed
that the effects of spatial thinking training extend directly to geometry and
measurement in high school students. Wai et al. (2009), in a large-scale review of 50
years of data, demonstrated that spatial reasoning predicts career success in the fields
of natural sciences, technology, engineering, and mathematics, and is also associated
with verbal and mathematical abilities. Gilligan-Lee et al. (2022) argue that spatial

reasoning is a missing element in mathematics curricula worldwide.

2.2.2 Gender Differences in Spatial Thinking

Gender differences in spatial abilities are one of the most studied topics in
cognitive psychology and educational research. A meta-analysis by Linn and Petersen
(1985), which summarized the results of dozens of studies, showed that men, on
average, cope with tasks of spatial visualization and mental rotation of figures better
than women. The most noticeable differences between men and women are observed
precisely in tasks where you need to mentally rotate three-dimensional objects. Bar-
Hen-Schweiger and Henik (2024) confirmed this pattern in later studies and noted that
the differences are not uniform across all spatial components: they are most
pronounced in mental rotation, moderate in spatial visualization, and minimal or absent
in tasks involving spatial orientation and perspective taking. The differences are
relatively small, typically d = 0.4-0.6 for mental rotation, and mask significant overlap
in the distribution of spatial performance between men and women.

Of particular importance for the educational context of the present study are the

results regarding the feasibility of training gender differences in spatial skills. In a
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longitudinal study with engineering students, Sorby (2009) demonstrated that targeted
spatial training using 3D modeling software led to significant improvements in both
male and female students, with a significant reduction in gender differences in spatial
performance after training. Uttal et al. (2013), in their meta-analysis of 206 spatial
training studies, found that training produced similar results for men and women, with
gender having no significant effect on the training effects. Mix et al. (2018) confirmed
that the structure of spatial skills does not differ significantly between men and women,
suggesting that mathematical abilities in both genders are based on the same spatial
components. These results indicate that training using 3D modeling is at least as
effective for female students as for male students and does not result in any systematic
disadvantages for either group. In the present study, gender is considered as a
participant characteristic and is described descriptively; gender differences are not

considered a primary study variable.

2.2.3 Methods for Developing Spatial Thinking in School

Current research has provided a definitive answer to the question of whether
spatial abilities can be systematically improved through learning: spatial abilities are
among the most trainable cognitive abilities. The meta-analysis by Uttal et al. (2013),
combining 206 spatial learning studies, showed that the average improvement was
approximately 0.47 standard deviations (Hedges g), while the effects persisted over
time and were transferred to tasks not included in the training. A more recent meta-
analysis (Yang et al., 2020) showed an even larger average effect of 0.96 for spatial
skill learning, strongly demonstrating that early spatial learning brings significant and
long-term benefits. It is important to note that these effects extend not only to other
spatial tasks, but also to mathematical performance in a broader sense, making spatial
learning a potentially lucrative investment in mathematical education.

Several specific approaches to learning have received consistent empirical
support. Gilligan et al. (2019) showed that the inclusion of spatial reasoning exercises
in math classes had a significant, statistically significant impact on both spatial abilities

and mathematical achievements of 8-year-olds. Hawes et al. (2017) showed that the
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32-week spatial geometry program implemented by teachers led to significant
improvements in many spatial and mathematical areas. Lowrie et al. (2017) during a
randomized controlled trial of 6th grade students, it was found that structured visual-
spatial exercises significantly improved mathematical performance by transferring
them from one area to another. Moss et al. (2015) documented that the incorporation
of spatial reasoning into regular math lessons through adapted Japanese language
learning led to significant improvements in spatial and mathematical thinking in
elementary grades.

In the context of digital tools, research has consistently confirmed the positive
impact of 3D modeling and dynamic geometry software on the development of spatial
abilities. Baki et al. (2009b) showed that dynamic geometry software (Cabri 3D)
provides a significant increase in spatial capabilities comparable to physical
manipulators, with particular advantages for spatial capabilities related to viewing.
Yildiz (2009) found that a 3D virtual environment is much more effective than physical
cubes for developing spatial visualization in fifth grade students. Guven and Kosa,
(2008) made significant progress in all sections of the PSVT after eight weeks of 3D
geometric body training. Newcombe (2017) aims to complement the curriculum with
tools that promote the development of spatial thinking. Cheng and Mix (2014)
demonstrated in an experimental study that spatial learning improves children's
mathematical abilities, and Mix and Cheng (2012) presented a theoretical report on the

Impact of spatial-mathematical relationships on development and education.

2.3 Technology in Mathematics and Geometry Education

There have been significant changes in the use of technology in mathematics
education over the past three decades, from early computers as computational tools to
sophisticated dynamic geometry software and 3D modeling platforms. This
development has been accompanied by a rapidly growing number of studies
documenting the impact of various technological tools on mathematical learning and
providing an increasingly rich evidence base for making decisions about integrating
technology into schools and education policies.

20



2.3.1 Digital Tools in Mathematics Education

The National Council of Teachers of Mathematics has formulated a basic policy
position on technology in mathematics education in its policy document “Principles
and Standards” (NCTM, 2000), which states that technology plays an important role in
teaching mathematics and that it affects both what students learn and how they They're
learning. NCTM recommended that students use technology to explore mathematical
concepts, visualize abstract ideas, and develop spatial thinking skills by explicitly
including three-dimensional visualization among the spatial skills that technology
should support. This policy position is widely used in national mathematics curricula
at the international level and provides a solid institutional framework for integrating
technology into geometry teaching. Previous NCTM standards (1989) also emphasized
the importance of using technology for spatial development, reflecting a long-standing
recognition of this need in mathematics education.

Gagnon et al. (2023) presented particularly convincing large-scale evidence of
the effectiveness of integrating 3D modeling technologies into mathematical
education. A multi-year study of thousands of students from different schools using a
rigorous quasi-experimental approach revealed a significant positive impact of the 3D
modeling and computational thinking integration program on academic performance
and spatial thinking of students, and the results were comparable for different groups
of students. Sebsibe and Abdella (2025) similarly describe the positive impact of
dynamic mathematical software on students' understanding of mathematical concepts.
Ziatdinov and Valles (2022) offer a detailed overview of how dynamic mathematical
tools contribute to mathematics learning in various fields, including three-dimensional
geometry. Herrera et al. (2024) came to similar conclusions based on a review of
research on 3D tools, augmented and virtual reality in mathematics education, and
found a sustained positive impact on spatial reasoning, mathematical understanding
and student engagement with appropriate educational support.

Olkun and Altun (2003) studied the relationship between computer experience,

spatial reasoning, and geometric success in elementary school students and found a
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significant positive association between computer use and spatial abilities. Olkun
(2003) showed that working with drawings, both on a computer and on paper, can
significantly improve spatial skills, while computer training has special advantages for
the development of individual components of spatial thinking. These early results
helped lay the empirical foundation for subsequent research on more sophisticated

digital tools in geometry teaching.

2.3.2 Dynamic Geometry Software (GeoGebra, Cabri 3D)

Dynamic geometry software is the most widely used category of educational
technology in the field of geometry teaching. These programs allow users to create
geometric shapes whose properties are dynamically preserved when dragging or
changing elements, allowing students to study geometric patterns through direct
experimentation rather than static observation. The most frequently studied systems
are Cabri Geometry, Geometers Sketchpad and GeoGebra for 2D geometry and Cabri
3D for 3D geometry. Research consistently confirms the positive impact of Dynamic
geometry software on students' geometric thinking, spatial abilities, and success in
geometry (Baltaci et al., 2015; Guven & Kosa, 2008; Baki et al., 2009Db).

Guven and Kosa (2008) investigated the impact of 3D-based learning on math
teachers' spatial visualization abilities before starting pre- and post-testing as part of
the study. Forty teachers trained at Cabri participated in an eight-week 3D class on
prisms, cylinders, spheres and cones. The results of Purdue spatial visualization
showed significant gains in all three sections: Developments (visualization of a spatial
network), Rotation (three-dimensional mental rotation) and Views (viewing solids
from different points of view), as well as the overall score. The authors concluded that
Cabri 3D promotes the discovery of geometric relationships and the development of
spatial abilities. Baki et al. (2009b) made a more accurate comparison by considering
both the conditions of the dynamic geometry program and the conditions of physical
manipulation, as well as the traditional training control group. Both active modes led
to a significant increase in all levels of PVT, while there were no significant changes

in the control group. The main difference was that the dynamic geometry software
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group far surpassed the physical manipulation group in the representation section,
suggesting that 3D computing environments have special advantages for developing
spatial abilities related to perspective perception.

Baltac1 et al. (2015) found that pre-service teachers perceived GeoGebra as
highly effective for geometry instruction, particularly for tasks involving multiple
representations and dynamic exploration of relationships. Sebsibe and Abdella (2025)
documented significant improvements in students' understanding following GeoGebra-
based instruction, with the technology enabling dynamic exploration not achievable
with traditional tools. Cohen and Hegarty (2014b) investigated the effects of interactive
computer animations on spatial visualization of cross-sections of three-dimensional
solids, finding significant improvements in students' ability to identify and draw cross-
sections following computer-based spatial training. Martin-Dorta et al. (2008)
evaluated accelerated spatial ability courses including 3D modeling and found
significant post-test gains on both mental rotation and spatial visualization tests,
confirming that targeted digital tool use can produce substantial spatial improvements

even over short intervention periods.

2.3.3 Comparison of Traditional and Technology-Enhanced Geometry
Instruction

A substantial body of quasi-experimental and experimental research has
compared the effects of technology-enhanced geometry instruction with traditional
approaches, consistently finding advantages for the technology-enhanced conditions.
Turgut (2010) found that pre-service mathematics teachers in a technology-enhanced
experimental condition significantly outperformed control group peers on spatial
ability tests. Yildiz (2009) found across two schools that students working with a three-
dimensional virtual environment produced significantly greater spatial visualization
gains than peers working with physical unit cubes. Kosa and Karakus (2010) found
that Cabri 3D significantly facilitated the visualization of three-dimensional figures

among prospective high school teachers, a finding consistent with the predicted
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benefits of interactive 3D environments in the solid geometry content of the present
study.

Koskinen and Pitkaniemi (2022), in a comprehensive research synthesis, found
that active and technology-enhanced instructional approaches consistently outperform
traditional transmission-based instruction on measures of mathematical understanding,
particularly for content domains such as geometry requiring strong conceptual grasp of
visual and spatial relationships. Boonstra et al. (2023) provides theoretical grounding
for technology-enhanced geometry instruction, examining embodied abstraction in
primary school geometry and arguing that hands-on and technology-based approaches
are essential for developing the embodied geometric understanding that underlies
formal geometric reasoning. Tessema et al. (2024) confirm that teaching solid
geometry with three-dimensional models, whether physical or digital, enhances
students' conceptual understanding and problem-solving skills compared to traditional
approaches relying solely on textbook illustrations.

It is important to note that the comparative advantages of technology-based
learning largely depend on the quality of implementation. Herrera et al. (2024)
concluded that the most effective technological implementations of geometry are those
that explicitly link digital actions with formal mathematical content, provide
opportunities for structured thinking, and help teachers learn correctly. In this study,
this problem is solved by developing 3D modeling tasks specifically designed as part
of the 11th grade rigid body geometry curriculum, which complement each modeling
lesson with relevant textbook tasks and ensure that students receive clear instructions
on how to use their observations in modeling using formal geometric vocabulary. and

formulas.

2.4 3D Modeling in Education

Three-dimensional modeling in education refers to the use of specialized
computer-aided design (CAD) software to create, edit, and analyze three-dimensional
digital objects in the learning process. 3D modeling, which differs from passive 3D

image viewing by focusing on student independence, has rapidly moved from K-12
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technical and architectural education to several disciplines. The introduction of free,
browser-based, and student-friendly platforms such as Tinkercad and SketchUp Free
has significantly lowered barriers to admission to educational institutions and ensured

widespread adoption even with limited educational resources.

2.4.1 Definition and Types of 3D Modeling in Educational Practice

3D modeling software differs significantly in its design principles, the
complexity of the user interface, and its suitability for different age groups and
educational environments. The main approaches include constructive solid geometry
(CSG), in which three-dimensional objects are created by combining and subtracting
geometric primitives, polygonal mesh modeling, in which objects are defined by grids
of vertices, edges and faces, and parametric modeling, in which three-dimensional
shapes are created based on numerical parameters and constraints. CSG modeling is
the most suitable approach for teaching geometry in high school: its conceptual basis
Is related to the content of the geometric solid course, its visual interface allows you to
instantly see the relationships between operations and shapes, and it is implemented in
both Tinkercad and SketchUp Free.

Hebebci and Hebebci (2021) conducted an extensive review of platforms used
for educational purposes and identified Tinkercad and SketchUp as the most widely
used in the K-12 education system. By the end of 2021, more than 400 million user
projects have been collected in Tinkercad, which demonstrates the extraordinary reach
of students and teachers around the world. Bhaduri et al. (2021) The 3DnST (3D and
Spatial Thinking) framework is specifically designed to describe how Tinkercad
supports the development of spatial thinking, highlighting four categories:
transformation from orthogonal to isometric (transformation between 2D design
specifications and 3D results), perspective change (transformation between 2D design
specifications and 3D results), mental rotation (predicting and verifying the results of
rotating models), as well as spatial assembly (designing and executing a combination
of several primitive shapes into a single geometric unit). All four categories are directly

related to the spatial capability components most relevant to Solid geometry, and offer
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a theoretically sound description of the mechanisms that Tinkercad will use to improve
spatial capabilities.

Ng et al. (2022) found in a 3D printing review study on mathematical education
that most studies used 3D modeling or printing as tools for developing geometric
concepts, with solid geometry, including volume, surface area, and properties of
geometric bodies, being the most commonly used target material. The review showed
that the most effective implementations combine 3D modeling with structured
research, clear links with formal mathematical content, and systematic evaluation of
learning outcomes. Surynkova (2023) reports that secondary school students can
successfully create complex geometric solid-state models in Tinkercad after a brief
introductory course in a 90-minute class, and that the modeling process promotes
geometrically accurate and conceptually informed thinking about solid geometry.
Dilling and Witzke (2020) found that using Tinkercad in math lessons encourages
students to study geometric properties and relationships more closely and generate

better mathematical thinking than when doing regular textbook assignments.

2.4.2 Effects of 3D Modeling on Students' Spatial Abilities

Currently, there is an extensive research literature documenting the positive
effects of 3D modeling on spatial abilities, covering various age groups, national
conditions, and programming environments. Herrera et al. (2024) in the most
comprehensive recent review, dozens of studies on 3D tools, augmented reality, and
virtual reality in mathematics education have been analyzed and found that the
integration of interactive 3D environments is always associated with improved spatial
visualization, problem solving, and mathematical skills. The magnitude of the effect
reported in the studies ranged from small to large, depending on the duration and
quality of the intervention, while longer and more structured interventions tended to
lead to larger and longer-lasting effects.

Controlled quasi-experimental studies provide compelling causal evidence for
improvements in spatial abilities. Guven and Kosa (2008) noted significant progress in

testing across all sections of the SVT after eight weeks of 3D training, with the largest
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increases in Cabri solid geometry being achieved in the rotation and view sections.
Kurtulus and Uygan documented significant progress in spatial visualization among
teachers using Google SketchUp to teach polyhedra, while students developed new
problem-solving strategies during the experiment. La Ferla et al. (2009) noted the
significant advantages of the post-test experimental SketchUp groups compared to
control groups in Turkey and the United States in the field of spatial visualization and
mental rotation, providing national evidence of the advantages of SketchUp in the field
of spatial visualization. Toptas and co-authors (2012) documented significant
advantages in the development of spatial skills in an experimental group of eighth
graders using Google SketchUp, compared with a control group teaching traditional
teaching methods. Sorby and Baartmans (2000) showed that intensive 3D modeling
training produced significant results after testing four separate spatial ability indicators,
proving that targeted 3D modeling training can lead to significant and measurable
spatial growth in several components.

Yuliardi et al. (2021) demonstrated that high school students trained in 3D
geometry using Cabri 3D demonstrated significant improvements in spatial skills,
reflecting progress in both visualization and spatial orientation. Passig and Eden (2001)
showed that 3D tetris in virtual reality provides a significantly higher speed of rotation
in space than 2D tetris, and the effect is especially noticeable for students with initially
weaker spatial abilities, indicating a compensation model typical for different groups
of students. De Lisi and Wolford (2002) confirmed that computer-based spatial
activities produce significant and transferable spatial gains in younger students,
establishing the generality of computer-based spatial training effects. Hawes et al.
(2015) demonstrated through a randomized controlled study that mental rotation
training produces significant improvements in children's spatial and mathematics

performance.

2.4.3 Effects of 3D Modeling on Academic Achievement in Geometry
While the evidence for positive effects of 3D modeling on spatial abilities is

robust and consistent, the relationship between 3D modeling instruction and academic
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achievement in geometry is somewhat more variable across studies. This variability
likely reflects differences in how achievement is operationalized, the duration and
intensity of interventions, the alignment between modeling activities and tested
content, and the quality of pedagogical design. Nevertheless, the overall pattern of
evidence supports the expectation of positive achievement effects when the
intervention is well-designed and sufficiently sustained.

Toptas et al. (2012) found not only significant spatial ability gains but also
substantially greater improvement in geometry content knowledge in the SketchUp
experimental group compared to the control group, as measured by a curriculum-
referenced achievement test. The authors explain these achievements with the
possibilities of dynamic SketchUp research, which allows students to study geometric
relationships through direct manipulation rather than static reading. Abu et al. (2012b)
found that Google SketchUp training, organized according to Van Heele stages,
produced significant results both in terms of van Hiele's geometric thinking and in
terms of geometry test scores based on the curriculum, with the experimental group
significantly outperforming both groups on both counts. Surynkova (2023) reports that
working with Tinkercad to create geometric models stimulates geometrically precise
and conceptually grounded use of terminology likely to translate into improved
performance on curriculum-referenced geometry assessments. Gagnon et al. (2023)
provide compelling and extensive evidence of the impact on school performance and
document the significant positive impact of integrating 3D modeling programs on math
performance of thousands of students in several schools. Herrera et al. (2024)
concluded based on a broad summary that, in general, the data confirm the positive
impact of 3D tools on mathematical achievements in a broad sense, while geometric
content demonstrates a particular vulnerability to the integration of 3D technologies.
Khurma et al. (2023) Please note that practical 3D modeling and printing classes help
students better understand abstract geometric concepts, which has a positive effect on
their knowledge of the content. Moru et al. (2020) clearly demonstrate that the

technologically improved study of volumes of three-dimensional solids, closely related
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to the content of this study, leads to significant improvements in both geometric

reasoning and procedural knowledge of volume formulas.

2.4.4 Tinkercad as an Educational Tool

Tinkercad is a free browser-based 3D modeling and design platform developed
by Autodesk, Inc. and launched in 2011 with the clear goal of making 3D design
accessible to everyone. It works completely in a web browser without the need to install
software, is fully functional on mobile phones and tablets, and is available for free to
both students and teachers (Autodesk, n.d.). Architecturally, Tinkercad implements the
constructive geometry of a solid body: users create 3D models by placing basic
geometric shapes on a virtual working plane and combining them with logical addition
and subtraction operations. Available primitives include rectangles, cylinders, spheres,
cones, wedges, prisms, and other shapes. The key feature of the program is the division
of shapes into two types: regular shapes that add material to the model, and shapes with
holes that, when grouped with other elements, remove material from them. This allows
you to create complex shapes from simple components. All shapes can be resized to
within a millimeter using a measuring ruler that displays accurate numerical values in
real time, which directly links the modeling process to formal geometric dimensions.

Especially for learning geometry, Tinkercad has several educationally useful
features. Its three-dimensional working plane allows students to move freely through
the constructed models, which contributes to the development of spatial orientation and
perspective skills. His precision measurement system requires students to specify
numerical dimensions for all shapes, creating an explicit link between modeling and
formal geometric measurements. Real-time visual feedback clear cycle of action-
response-research support Constructive learning. Its browser architecture and
compatibility with mobile devices make it accessible without the need for computer
lab work, allowing any student to use it on their personal devices. Bhaduri et al. (2021)
conducted the most systematic empirical analysis of how Tinkercad specifically
supports spatial reasoning, using the 3dnst platform to identify the four categories of

spatial reasoning that the platform provides. Thom et al. (2024) identified Tinkercad
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as a platform that facilitates productive dimensional switching between two-
dimensional representations and three-dimensional objects, which is precisely the

cognitive skill most in demand in the traditional study of solid-state geometry.

2.4.5 SketchUp Free as an Educational Tool

SketchUp is a dynamic 3D modeling software platform with an outstanding
history in both the professional and educational sectors. Originally developed by Last
Software and published in 2000, SketchUp was acquired by Google in 2006, which
greatly expanded its user base through free distribution, and then sold to Trimble, Inc.
in 2012. The browser version of SketchUp Free, available without purchase or
subscription, retains the basic modeling features of the full platform and is often used
for educational purposes (Hebebci & Hebebci, 2021).

The SketchUp toolkit is significantly broader than that of Tinkercad and offers
a broader set of design and analysis functions required for initial geometry training.
The push-pull tool allows you to vertically extrude any flat surface into a three-
dimensional solid, providing a natural process of constructing geometric bodies along
their surfaces and allowing you to directly explore the relationship between two-
dimensional shapes and three-dimensional bodies. The Rotate tool allows you to
accurately rotate objects around any given axis, which directly contributes to the
development of mental abilities to rotate. The cutting plane allows users to create
interactive cross-sections of three-dimensional bodies in any position and orientation,
making the internal structure of geometric shapes directly visible and manageable.
Cameras with the “Orbit”, “Walking” and “Inspection” functions allow you to place a
virtual viewpoint anywhere in three-dimensional space, including in enclosed bodies,
providing a perspective incomparable with textbooks (La Ferla et al., 2009; Kurtulus
& Uygan, 2010). Fleron (2009) conducted a basic methodological analysis of the
educational potential of SketchUp for teaching geometry and demonstrated five
specific educational advantages: a detailed study of the geometric properties of solids
in a three-dimensional environment; a comprehensive toolkit that supports geometric

structures of any type in the curriculum; a camera view that displays several orthogonal
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and perspective images that can be implemented in a three-dimensional environment;
and a set of tools that supports geometric constructions of any type in the curriculum.;
a camera view that displays multiple orthogonal and perspective images; a rotation
function that facilitates geometry transformation and symmetry learning. La Ferla et
al. (2009) found significant post-test advantages for SketchUp experimental groups on
spatial visualization and mental rotation in Turkey and on mental rotation in the United
States. Toptas et al. (2012) found significant spatial ability and geometry content
knowledge gains for an eighth-grade SketchUp group. Abu et al. (2012b) demonstrated
that SketchUp organized according to van Hiele phases enabled all experimental group
students to progress at least one level in geometric thinking. Kurtulus and Uygan
(2010) studied SketchUp for polyhedra instruction with pre-service teachers and
documented both advantages and a specific limitation: the difficulty of constructing
surface unfoldings (nets) in SketchUp, which informed the supplementary textbook
activities in the present investigation. Carmona-Medeiro et al. (2021) confirmed that
pre-service teachers perceive SketchUp as a useful and practically applicable tool for

developing spatial-geometric competencies across educational levels.

2.5 Quasi-Experimental Research in Geometry Education

The overwhelming majority of empirical research on the effects of 3D modeling
and dynamic geometry software on geometry learning outcomes employs quasi-
experimental designs. This methodological predominance reflects the constraints of
real educational contexts: random assignment of students to instructional conditions is
almost never feasible in school settings, since students are taught in pre-existing class
groups by their regular teachers. In order to correctly interpret the results of this study
and competently compare them with existing scientific papers, it is necessary to clearly
understand the methodological features and limitations of quasi-experimental research
in this field.
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2.5.1 Design of Quasi-Experimental Research in Education

The quasi-experimental project described in the work of Gagnon et al. (2023)
includes experimental and control groups formed on the basis of pre-existing group
membership rather than random distribution. In educational research, this usually
means that existing school classrooms serve as experimental or control environments,
the distribution of which is determined by practical considerations. The main
methodological problem associated with this project is the possibility of pre-existing
differences between groups, which may make it difficult to interpret the differences
after examining the effects of the intervention. This problem is solved by conducting a
preliminary exam, which allows you to check whether the groups are initially
comparable in terms of the dependent variables of interest, as well as using statistical
methods such as covariance analysis (ANCOVA) to correct for existing differences in
the analysis of results after the exam.

This study uses a quasi-experimental pre- and post-test plan with two pre-
existing 11th grade classes that serve as experimental and control conditions in
accordance with methodological conventions adopted in the field. Armah et al. (2018Db)
illustrate how such systems can provide compelling evidence even without
randomization: in their Van Hiele-based learning phase study with intact school
classrooms, a quasi-expert diagram before and after the test provided clear evidence of
the superiority of experimental conditions. Hannafin et al. (2008) similarly used a
quasi-experimental approach to document the significant interaction between
curriculum and spatial skills in achieving geometry results. The main methodological
advantages of this project are the inclusion of pre-exams to check the basic level, the
suitability of the curriculum for various conditions, as well as the general teacher,

school, and period, in order to avoid many potential problems.

2.5.2 Pre-test and Post-test as Measurement Instruments
The measurement scheme before and after the test is common in research on the
development of spatial abilities and geometry related to educational activities. The

preliminary test performs many functions: it verifies the comparability of the initial
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data of the experimental and control groups, provides baseline data for measuring
changes, and allows statistical control of previous differences in the post-test analysis.
The most commonly used standardized spatial ability tests in this literature include the
Purdue Spatial Visualization Test (PSVT), which evaluates network visualization,
three-dimensional mental rotation, and multi-angle viewing; the Santa Barbara solid-
state test, which evaluates the identification of cross-sections of geometric bodies.; The
Vandenberg and Coase Mental Rotation test and the DAT:SR test (Differential Ability
Test: Spatial Relationships), which evaluates the ability to mentally fold two-
dimensional models into three-dimensional bodies, which evaluates the ability to insert
two-dimensional models into three-dimensional bodies (Sorby, 2009; Guven & Kosa,
2008; Toptas et al., 2012; Sorby & Baartmans, 2000). In this study, the measuring
instruments were specifically designed with content and age group in mind, including
spatial visualization tasks directly related to the geometric bodies being studied (cube,
prism, pyramid, cylinder), as well as curriculum-related results that cover properties,

volume formulas, and ways to apply them.

2.5.3 Overview of Related Studies

A systematic analysis of the most methodologically comparable studies shows
both the empirical foundations of this study and the specific ways in which it expands
and complements existing knowledge. The study by Toptas et al. (2012) is the next
methodological precursor that uses quasi-experimental design before and after testing
with saved grade 8 classes, uses Google SketchUp, and measures both spatial abilities
and geometry skills. The present study extends this work to the 11th series. Classroom,
adds Tinkercad as a second modeling tool and applies design in a Kazakh educational
context. Abu et al. (2012b) provide the most direct evidence of the educational
effectiveness of SketchUp, organized according to the principles of van Hiele, which
Is the theoretical basis of this study. Guven and Kosa (2008) and Baki et al. (2009b)
offer methodological recommendations for the use of PSVT in quasi-experimental
projects that consistently document a significant increase in spatial abilities using

software for studying dynamic geometry. La Ferla et al. (2009) provide international
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evidence for the spatial advantages of SketchUp related to the possibility of contextual
generalization.

What is missing in the existing literature and what this study contributes to is a
study combining two different additional 3D modeling tools (Tinkercad and SketchUp
Free) that are used together as part of a coordinated intervention. A sample of 11th
grade high school students for whom standard 3D modeling is not mandatory, and
therefore the research that encourages it is a study combining two different
complementary 3D modeling tools (Tinkercad and SketchUp Free) that are shared as
part of a coordinated intervention; Solid geometry is central. a subject of the curriculum
directly related to exams; simultaneous measurement of spatial abilities and academic
performance as dependent variables; and its introduction into the specific educational,
cultural and linguistic context of Kazakhstan. Each of these features represents a

special original contribution to this field.

2.6 Research on Spatial Thinking and Geometry Education in

Kazakhstan

In the Kazakhstani context, this issue is especially relevant because geometry
instruction is increasingly expected to combine traditional mathematical content with
digital learning tools. However, research specifically focused on the development of
students’ spatial abilities through 3D modeling in school geometry remains limited.
Therefore, examining the use of Tinkercad and SketchUp Free in Kazakhstani high
school geometry lessons can contribute to both local educational practice and the

broader discussion on technology-enhanced geometry learning.

2.6.1 General overview of research in Kazakhstan

Research related to the development of spatial thinking and geometry teaching
in Kazakhstan has historically been formed within the framework of engineering and
teacher education, primarily through the disciplines of descriptive geometry and
engineering graphics. Unlike the international scientific tradition, where spatial

thinking is considered as an independent cognitive construct, in the Kazakh context it
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has long been studied indirectly through the development of graphic literacy and
geometric representations of students.

A systematic increase in interest in this field has been observed in recent years
due to the digitalization of education and the introduction of STEM approaches.
Research highlights that descriptive geometry plays a key role in shaping the ability to
transition between 2D and 3D representations of objects, which is directly related to
the development of spatial thinking (Zhanabayev et al., 2025). This indicates the
gradual recognition of spatial thinking as an important component of engineering
education.

Institutions such as L.N. Gumilyov Eurasian National University, Abai Kazakh
National Pedagogical University, as well as technical universities in Kazakhstan play
a leading role in the development of these studies. It is at these universities that the
main research base for teaching geometry and engineering graphics is being formed.

However, despite the growing number of publications, research remains
fragmented and is mainly focused on methodological recommendations rather than in-

depth empirical studies of cognitive processes.

2.6.2 Research of Kazakhstani scholars

Kazakh research in the field of geometric education is mainly focused on the
development of graphic and spatial skills of students of engineering and pedagogical
specialties. In particular, it is emphasized that an insufficient level of spatial thinking
Is one of the reasons for difficulties in mastering engineering graphics and stereometry
(Yessekeshova & Tuleuova, 2024). Zhanabayev et al. (2025) note that the study of
descriptive geometry contributes to the development of students' ability to transform
objects spatially and form visual-spatial thinking. This confirms the importance of this
discipline as a basic tool for the formation of spatial perception. The works also
emphasize the need to complicate geometry teaching methods, since simplified
approaches reduce the level of spatial thinking development among students
(Kussebayev & Tuleuova, 2023). Thus, there is a tendency to increase cognitive load

through more active and visually oriented teaching methods.
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2.6.3 Use of educational technologies in Kazakhstan

In recent years, Kazakhstan has been actively implementing digital technologies
in geometry teaching, especially dynamic mathematical environments such as
GeoGebra. Research shows that the use of GeoGebra contributes to an improved
understanding of geometric concepts and the development of students' spatial thinking
(Issayev & Usmanov, 2023). The effectiveness of digital tools in improving the
visualization of geometric problems and developing students' analytical thinking is also
noted. The use of interactive technologies makes it possible to move from static
perception of geometric objects to dynamic modeling.

CAD systems (AutoCAD, Rhino, etc.) are used at universities in Kazakhstan,
which make it possible to integrate theoretical knowledge with practical design of
spatial objects (Tashimov, 2026). However, the level of implementation of these

technologies remains uneven.

2.7 Challenges and Limitations of 3D Modeling in Geometry

Education

A comprehensive review of the scientific literature should be devoted to the
problems and limitations described in 3D modeling studies in geometry teaching.
These problems are real and must be understood in order to develop effective measures
and properly interpret research results. The problems described in the literature are
divided into three main categories: technical and infrastructural barriers,
methodological difficulties in pedagogical implementation, and problems arising from

individual differences among students.

2.7.1 Technical and Infrastructural Barriers

The most urgent problem of introducing computer technology in schools is the
accessibility and reliability of the necessary technical infrastructure. In particular, 3D
modeling tools require access to devices with sufficient computing power to run CAD
software, stable Internet connection for browser platforms, as well as a sufficient

number of display and input devices for convenient management of 3D models. In
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schools with limited resources, which include many schools in Kazakhstan and
comparable learning conditions, these requirements are difficult to consistently meet
(Khurma et al., 2023).

In this study, the availability of devices was solved by introducing Tinkercad
and SketchUp Free on personal mobile phones of students, which are used by 11th
grade students almost everywhere in Kazakhstan, and there was no need for special
computer equipment. Both platforms work completely in a mobile browser without the
need to install any applications and support touch controls. This approach significantly
reduces the requirements for technical infrastructure compared to research, which
requires access to a computer lab. However, the mobile implementation has technical
limitations: the relatively small size of the smartphone screen makes precise geometric
manipulation difficult compared to a desktop or laptop screen, and touch screen input
differs from mouse and keyboard interaction, which can affect usability. Hebebci and
Hebebci (2021), noting both the advantages of accessibility and the ergonomic
limitations of mobile 3D modeling, concluded that the use of mobile devices is quite
suitable for educational and research work. Internet connectivity is another
infrastructure issue that is particularly relevant for browser platforms. In this study, this
problem was solved by performing connection checks before the session and

developing actions that can be partially performed offline, where possible.

2.7.2 Methodological Challenges of Implementation

The implementation of 3D modeling tools in geometry teaching in practice is
proving to be a difficult task, and difficulties arise not only of a technical nature, but
also in other aspects of the educational process. The most important of these is the
requirement for teacher competence, not only in relation to the software itself, but also
in the pedagogical design of activities that effectively use these tools for teaching
mathematics. Baki et al. (2009b) note that the effectiveness of computer-based
geometry teaching critically depends on the teacher's ability to design learning tasks

that guide students' use of tools for mathematical, not just technical, research. It may
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be difficult for a teacher who is not proficient in software to effectively support students
in the event of technical difficulties.

Kurtulus and Uygan (2010) identified a specific and important educational
limitation of SketchUp for studying the geometry of solids: drawing and processing
surface sweeps (grids) of geometric bodies in SketchUp is much more difficult than
direct modeling of solids. This discovery directly influenced the design of this study,
in which 3D modeling courses are complemented with traditional textbook tasks after
each modeling lesson to ensure that students develop skills in both the visual-spatial
and formal procedural aspects of rigid body geometry. Cognitive Load Theory (Sweller
et al., 1998) recommends that new tools be introduced into familiar content contexts
before being applied to new content. In this study, this problem was solved by first-
hand exposure to the tools in the first lesson and by conducting preliminary exams,
which allowed students to develop their basic software skills before the elementary

school materials were presented.

2.7.3 Individual Differences Among Students

Individual differences in initial spatial abilities, previous technology experience,
and learning styles can reduce the effectiveness of 3D modeling training. De Lisi and
Wolford (2002) found that students with initially higher spatial ability showed
proportionally greater gains from computer-based spatial activities, suggesting a
possible rich-get-richer dynamic. However, Passig and Eden (2001) found that three-
dimensional Virtual Reality Tetris produced effects particularly pronounced for
students with initially weaker spatial performance, suggesting a compensatory pattern.
Hannafin et al. (2008) found significant interactions between students' spatial ability
levels and the effectiveness of different instructional programs for geometry
achievement, with lower-spatial students benefiting more from directed, structured
instruction. These contrasting findings suggest that the moderating effect of initial
spatial ability on 3D modeling instruction benefits is complex and context-dependent.

Prior experience with technology is a further individual difference variable. In

the present study, this concern was addressed by providing all experimental group
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students with a structured introductory lesson covering the basic interface and core
functions of both Tinkercad and SketchUp Free before the main intervention began.
Given that Grade 11 students in Kazakhstan have near-universal experience with
smartphones and mobile applications, specific concerns about touch interface
unfamiliarity are relatively minor. Hawes et al. (2015) demonstrated that the benefits
of spatial learning are unevenly distributed and that attention to individual differences
in initial spatial abilities is important to maximize the benefits of spatial learning
programs. Moss et al. (2015) similarly found that the effectiveness of teaching
geometry, including spatial thinking, depends on the quality of teacher assistance and

the relevance of activities to a specific level of student development.

2.7.4 Level of development and limitations

An analysis of the literature shows that spatial thinking research in Kazakhstan
is at a moderate stage of development. Despite the presence of works in the field of
engineering graphics and methods of teaching mathematics, most of the research is
descriptive in nature. One of the key limitations is the lack of quasi-experimental
studies involving control and experimental groups. This limits the possibility of an
objective assessment of the effectiveness of pedagogical interventions, including the
use of 3D modeling. In addition, spatial reasoning is often not considered as a separate
cognitive construct, but is included in broader categories such as mathematical or

engineering competence. This reduces the theoretical accuracy of the research.

2.8 Summary and Gap in the Literature

The literature review presented in this chapter contains theoretical foundations,
a database of empirical data and practical considerations on the use of 3D modeling
tools in geometry lessons in secondary schools. This generalization allows us to draw
some important conclusions and clearly identify the specific gaps that this study aims
to address.

The theoretical foundations of this study are based on five complementary

approaches. Van Hiele's theory establishes the levels of geometric thinking that 3D
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modeling courses are aimed at, and the learning conditions that facilitate the transition
between them, with direct empirical research support using SketchUp (Abu et al.,
2012b) and other dynamic geometry tools. Cognitive load theory explains the scientific
rationale behind 3D modeling tools: by reducing the cognitive load associated with
mentally recreating three-dimensional objects using two-dimensional drawings, these
tools free up working memory resources for deeper geometric processing. Activity-
based learning theory and constructivist principles jointly establish the pedagogical
rationale for learning through construction and investigation of geometric models
rather than passive reception of information. Together, these frameworks predict that
3D modeling instruction should improve both spatial abilities and academic geometry
achievement through theoretically well-specified and empirically supported
mechanisms.

The empirical evidence base is substantial and consistent across studies. Spatial
ability development through 3D modeling instruction has been documented in multiple
quasi-experimental studies including those by Toptas et al. (2012), Guven and Kosa
(2008), Baki et al. (2009b), La Ferla et al. (2009), Kurtulus and Uygan (2010), Yildiz
(2009), and Sorby and Baartmans (2000). Meta-analyses and systematic reviews (Uttal
et al., 2013; Yang et al., 2020; Herrera et al., 2024) confirm the overall pattern of
positive effects with meaningful effect sizes. Academic achievement effects are
somewhat less consistently documented but are reported by several studies (Toptas et
al., 2012; Abu et al., 2012b; Gagnon et al., 2023), with the overall pattern of evidence
supporting positive expectations.

The analysis of this literature reveals three significant gaps that define the
scientific contribution of the present investigation.

The first gap is the underrepresentation of high school students in the 3D
modeling literature, as most studies are focused on elementary, middle school, or
college students. This study directly fills this gap by working with 11th grade students
in the formal context of rigid body geometry, for whom the course content is directly

related to the exam.
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The second gap is the lack of research on the simultaneous and coordinated use
of two complementary 3D modeling platforms within the same event.; A single
software tool is widely used in existing educational institutions, which makes the
educational potential of combining Tinkercad and SketchUp Free completely
unexplored.

The third gap is the almost complete lack of 3D modeling research in geometry
lessons in Kazakhstan, a country with strong educational traditions, a developing
tradition of educational research, and a national education digitalization program that
makes such research timely and politically relevant. Existing research in Kazakhstan
demonstrates a growing interest in spatial reasoning, geometric reasoning, technical
graphics, and the use of digital technologies in mathematics education. However, most
of these studies focus on drawing geometry, graphic disciplines, geogebra-based
learning, or the development of technical skills, rather than directly studying students'
spatial thinking through 3D modeling.

In addition, the available research remains fragmented and is characterized by a
predominance of theoretical and methodological discussions, while empirical studies
that use rigorous quasi-experimental schemes are relatively rare. Although digital tools
such as GeoGebra, CAD, and computer visualization environments are increasingly
being incorporated into educational practice, their specific impact on the development
of spatial thinking has not been sufficiently studied in geometry studies in high school.
Thus, there is a limited amount of evidence on the effectiveness of integrating 3D
modeling platforms into geometry teaching in the Kazakh educational context.

By addressing these three gaps simultaneously, this study contributes to the
international literature on educational technologies in geometry teaching and provides
practically useful data for mathematics teachers, curriculum developers, and
educational policy makers in Kazakhstan. The results of the study will help to better
understand how 3D modeling tools can be effectively integrated into geometry

teaching in secondary schools in various national contexts, providing empirical
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evidence for policy decisions on the integration of educational technologies in

Kazakhstani schools.
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3. METHODOLOGY

3.1 Research design

This study utilized a quasi-experimental design with two nonequivalent groups
and pre- and post-intervention measurements. This is necessary when the study is
conducted in a real-world institutional setting, and random assignment of the study
subjects to groups is impossible: in this case, students are divided into existing classes.

Using existing classroom groups as experimental and control groups is not
uncommon in educational research of this type (Toptas et al., 2012; Guven & Kosa,
2008).

A pre-test was administered to both groups at the beginning of the school period,
and a post-test was administered at its conclusion. In the experimental group, students
used 3D modeling software, Tinkercad and SketchUp Free, in geometry lessons, while
in the control group, they studied the same material using the same curriculum without
any 3D modeling tools, as part of a regular classroom setting. The only systematic
difference between the groups was the pedagogical approach used. The data for the
study was collected using three tools: the Purdue Spatial Visualization Test (PSVT),
student assessments before and after the geometry experiment from school, and a
questionnaire on attitudes to 3D modeling filled out by students in the experimental

group at the end of the experiment.

3.2 Participants

The study involved 50 students of the eleventh grade of a secondary school in
Kazakhstan. The participants were divided into two groups according to their class
affiliation: an experimental group of 25 students and a control group of 25 students. A
separate sampling procedure was not applied because the study included classes
allocated by the school administration.

Both groups studied the same geometry curriculum for the eleventh grade,
studied with the same math teacher, and attended the same school, which provided

comparable learning conditions. Participation in the study was voluntary. Prior to data
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collection, informed consent was obtained from all participants, as well as their parents

or legal representatives.

3.3 Instruments
Three tools were used to collect the data in this study:

1. Purdue Spatial Visualization Test (PSVT).

2. Current grades before and after the geometry course experiment, obtained from
official school reports.

3. A guestionnaire for students of the experimental group about their attitude to 3D

modeling.

3.3.1 Purdue Spatial Visualization Test (PSVT)

Spatial abilities were measured using the Purdue Spatial Visualization Test
(PSVT), originally developed by Guay in 1976. PSVT is one of the most widely used
and well-tested standardized tools for measuring spatial visualization in educational
research. This test has been used in methodologically comparable studies on 3D
modeling and geometry learning, including Guven and Kosa (2008) and Toptas et al.
(2012).

The original version of the PSVT consists of 36 multiple choice questions
divided into three sections of 12 questions each. For the purposes of this study, an
abbreviated version of the test was used, which included 17 tasks selected from all
three sections: 6 tasks from the Developments section, 5 tasks from the Rotations
section, and 6 tasks from the Views section. This selection made it possible to preserve
the three-factor structure of the original test and ensure the representation of all three
components of spatial abilities, while reducing the testing time to one lesson lasting 15
minutes.

Each section assesses a distinct component of spatial ability:

e Developments: items present the surface unfolding (net) of a three-dimensional

solid and require the student to identify which of five pictured objects
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corresponds to that net. This section assesses spatial visualization, the ability to
mentally fold a flat pattern into a three-dimensional solid.

e Rotations: items show a three-dimensional object in two positions and require
the student to identify the object resulting from the next step in the depicted
rotation sequence. This section assesses mental rotation ability.

e Views: items place a three-dimensional object inside a transparent cube, mark
one corner of the cube, and require the student to identify the appearance of the
object when viewed from that corner. This section assesses spatial orientation,

the ability to adopt multiple perspectives on a three-dimensional object.

Figure 3.3.1.1. Sample items from the Purdue Spatial Visualization Test

Section 1: Developments
Presented is a development and five three-dimensional objects.
The development shows the inside surfaces of a three-dimensional object.
The shaded portion of the development indicates the bottom surface of the three-dimensional

object.

You are to:

picture in your mind what the development looks like when folded into a three-dimensional
object;

select from among the five objects (A, B, C, D, or E) the one that looks like the folded
development.

What is the correct answer to the example shown above?

S

SRS

o Ly I
SRS TS

The correct answer for this example is B.

Source: Adapted from the Purdue Spatial Visualization Test (PSVT), originally
developed by Guay (1976)
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Items were scored dichotomously: 1 point for a correct response and 0 for an
incorrect response. The maximum possible score was 17. The same version of the test
was administered as both the pre-test and the post-test, consistent with the
recommendation of Bertoline and Miller (1990, as cited in Guven & Kosa, 2008) and
the practice of analogous studies (Toptas et al., 2012).

Reliability and validity. The reliability of the original PSVT has been
documented across multiple independent studies using the Kuder-Richardson Formula
20 (KR-20). The reliability of the PSVT has been supported in previous studies. For
example, Clements and Battista (1992) reported acceptable internal consistency for
spatial reasoning measures, and the use of PSVT-based instruments has been common
in studies examining spatial visualization and geometry learning. In the present study,
the shortened version of the PSVT was used to assess three components of spatial
ability: spatial visualization, mental rotation, and spatial orientation. All reported
values exceed the threshold of .70 considered acceptable for research purposes
(Buyukozturk, 2017). The constructive validity of the test is ensured by the direct
correspondence of the three sections of the test to the three components of spatial
abilities identified in the scientific literature: spatial visualization, mental rotation and
spatial orientation (Linn & Petersen, 1985; Maier, 1998).

3.3.2 Academic Achievement

Academic performance in geometry was assessed based on current student
grades obtained from official school journals. The estimates were recorded at two
points in time: seven weeks before the start of the experiment and after its completion.
Grades are recorded on a 10-point scale, as used in the secondary education system of
Kazakhstan.

The use of current course grades as an indicator of academic achievement is
consistent with the practice adopted in comparable studies (Toptas et al., 2012;
Abylkassymova et al., 2025) and reflects students' actual performance within the

school's educational process. It should be noted, however, that course grades reflect
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cumulative performance across the full geometry curriculum rather than exclusively

the solid geometry topics covered in the intervention.

3.3.3 Student Questionnaire on Attitudes Towards 3D Modeling

Students' attitudes towards 3D modeling were assessed using a Six-item
guestionnaire adapted from the Three-Dimensional Modeling Attitude Scale developed
and validated by Benzer and Yildiz (2020). The original scale is a 30-item instrument
developed for university students and validated through exploratory and confirmatory
factor analysis with 204 participants. Validation yielded three factors (Importance,
Interest, and Anxiety) with an overall reliability coefficient of @ = 0.94 and subscale
coefficients of 0.90, 0.91, and 0.82 respectively (Benzer & Yildiz, 2020). For the
present study, six items from the Interest and Importance subscales were selected as
most relevant to the Grade 11 student population and the study context.

Each item was rated on a five-point Likert scale ranging from 1 (Strongly
Disagree) to 5 (Strongly Agree). The questionnaire was administered only to students
in the experimental group, as its purpose was to document participants' subjective
experience of the 3D modeling intervention rather than to compare attitudinal

outcomes across groups. Administration was anonymous.

Table 3.3.3.1. Student questionnaire on attitudes towards 3D modeling

Questionnaire: Understanding Geometry through the Use of 3D Modeling

Strongly Agree Not Disagree Strongly

Ne Statement .
agree sure disagree

I enjoy observing 3D modeling and
working with it through practical use.

Source: Adapted from Benzer & Yildiz (2020)

Reliability of the instrument — pilot study. Prior to the main study, the reliability
of the adapted questionnaire was examined through a pilot study. The questionnaire

was administered to 22 students from a different Grade 11 class in the same school,
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with the permission of the class teacher. Internal consistency reliability was assessed

using Cronbach's alpha coefficient, calculated according to the following formula:

k Y of
S Sk

where k is the number of items, Y o7 is the sum of the individual item variances, and
of is the variance of the total scale scores.

The results of the reliability calculation for the pilot sample are presented in
Table 3.3.3.2.

Table 3.3.3.2. Cronbach's Alpha Calculation for the Pilot Sample (h = 22)

Item Mean (M) Variance (o7) Min Max
Q1 3.68 0.989 2 5
Q2 2.82 1.584 1 5
Q3 3.36 1.766 1 5
Q4 3.00 2.476 1 5
Q5 3.18 1.584 1 5
Q6 3.09 1.801 1 5

¥ o7 (sum of item variances) 10.201

of (total score variance) 33.552

k (number 6

of items)

Cronbach's 0.835

Alpha (o)

Note. n = 22. Variances calculated using the unbiased estimator (divided by n—1 =

21). Total score range: 8-27.

Substituting the computed values into the formula:

6 102013
= —X —_
@ =5x(1=335579

) =1.2x0.6960 = 0.835
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To verify the reliability of the questionnaire, the Cronbach alpha coefficient was
calculated, which shows how consistently all the questionnaire questions measure the
same thing. The resulting value was 0.835, which is in the generally accepted range
from 0.70 to 0.90 and indicates good internal consistency of the instrument
(Buyukozturk, 2017). In other words, all six questions in the questionnaire measure
exactly what they are supposed to measure, and they do it quite accurately and
consistently. This confirms that the adapted questionnaire is a reliable tool and is quite

suitable for use in the main study.

3.4 Instructional Procedures

The study period lasted seven weeks, during which eight geometry lessons of 45
minutes each were conducted. There were two lessons in the first week, and one lesson
in each of the remaining six weeks. All eight lessons were taught by the researcher
himself in both groups. This was done to exclude a situation in which differences in
results between groups could be explained not by the teaching method, but by the
personal qualities or teaching style of different teachers. The lesson topics fully
corresponded to the official geometry curriculum for 11th grade in Kazakhstan.

The content of the educational material in both groups was completely identical
throughout all eight lessons. The only difference between the groups was the
pedagogical approach used. The experimental group mastered the material using 3D

modeling tools, while the control group studied using the traditional methodology.

3.4.1 Experimental Group

At the beginning of the first lesson, a short introductory session was held, during
which students got acquainted with the basic interface and tools of Tinkercad
(tinkercad.com) and SketchUp is Free (app.sketchup.com), after which the geometric
material was introduced. Both platforms are fully browser-based, free, and compatible
with mobile devices. Throughout the school period, students used personal
smartphones to access the platforms, which avoided the need for a specialized

computer classroom.
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Each lesson in the experimental group was based on a two-stage structure. At
the first stage, the researcher introduced the students to the geometric topic and
explained the corresponding properties and formulas. At the second stage, students
worked independently in Tinkercad or SketchUp Free, solving problems from a
textbook. When solving each problem, the students first built a three-dimensional
model of the geometric body described in the condition in order to visualize the object
and better understand its properties. Based on the constructed model, the students then
proceeded to solve the problem by applying the appropriate formulas. This approach
allowed students to connect the spatial understanding developed during the modeling
process with the formal mathematical procedures provided by the curriculum. The
tasks offered to the students were stereometry tasks from the current geometry textbook
for 11th grade. Typical examples included finding the volume of the common part of
two unit cubes, calculating the volume of a cylinder based on its axial cross-section,
and comparing the volumes of cylinders described around and inscribed in a regular

quadrangular prism.

3.4.2 Control Group

The control group studied the same eight topics over the same seven-week
period. The lessons were conducted by the same researcher, but without using any
digital modeling tools, that is, as part of the usual traditional training. Each lesson was
based on a standard scheme: the researcher explained the geometric material and the
corresponding formulas using drawings on the blackboard, analyzed examples of
problem solving, after which the students independently solved the problems from the
textbook. The time distribution in the lessons and the tasks from the textbook were

identical to those used in the experimental group.

3.5 Data Collection Procedures

Data collection was carried out in strict sequence throughout the entire study
period, starting from the stage preceding the academic period and ending with its

completion.
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The pre-test was conducted in both groups in the lesson immediately preceding
the school period. Students were given 15 minutes to complete 17 PSVT tasks. The test
was supervised by a researcher who gave standardized instructions and ensured that all
students worked independently. A similar procedure was followed during the post-test,
which took place after the end of the eighth lesson. The initial grades and post-
experiment grades were obtained from official school journals.

The survey was conducted only among the students of the experimental group
after the final test during the final lesson. The students were given about 10 minutes to
complete a six-question questionnaire. The survey was anonymous, and the students
were warned in advance that their answers would not affect their grades in the subject

in any way.

3.6 Ethical Considerations
This study is consistent with the ethical principles of conducting pedagogical

research involving minors. Prior to the start of data collection, all necessary consents
and permits were obtained from the relevant parties.

First, an official permit was obtained from the school principal, confirming the
school's consent to conduct this pedagogical experiment as part of the educational
process. After that, introductory meetings were held with the classroom teachers and
the mathematics teacher of each class, at which the purpose and procedure for
conducting the study were explained. They signed written consent forms authorizing
their classes to participate in the experiment. After that, informational letters were sent
to the parents or legal representatives of each student explaining the purpose of the
study, the data collection procedure and confidentiality measures. Prior to the start of
the study, written informed consent was obtained from all parents. The students were
verbally notified of the upcoming study, its voluntary nature, and their right to
withdraw from the study at any time without any consequences for their grades.

All information obtained during the study was anonymized before the analysis
began. The students were identified only by their ordinal participant number. No

personal data was stored in the research database. The grades were obtained from

o1



official school journals with the permission of the school administration. Participation
in the study was completely voluntary, and not a single student was subjected to any

pressure.
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4. ANALYSIS AND RESULTS

Data were analysed using the Python programming language (version 3.x) in the
Google Colaboratory environment, with the NumPy and SciPy libraries. The following
notation is used throughout this section: M = arithmetic mean; SD = standard deviation;
n = sample size; p = significance level; d = Cohen’s effect size coefficient; t = t-test
statistic; W = Shapiro-Wilk test statistic. The significance level for all inferential tests

was set at o = .05.

4.1 Descriptive Statistics
Descriptive statistics for the pre-test and post-test scores of both groups are

presented in Table 4.1.1.

Table 4.1.1. Descriptive Statistics for PSVT Scores and Geometry Grades

CG Pre-test CG Post- EG Pre-test EG Post-test

test
PSVT (max. 17 points)
M 10.60 10.88 11.48 13.12
Mdn 11 11 12 14
SD 3.51 3.43 3.10 3.17
Min 4 3) 5 6
Max 17 17 17 17
Geometry grades (max. 10 points)
M 7.25 7.30 7.88* 7.93
SD 1.35 1.37 1.18* 1.17

Note. CG = control group (n = 25); EG = experimental group (n = 25 for PSVT; *n
= 24 for pre-intervention grades due to missing data for one student); M = arithmetic

mean; SD = standard deviation.
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Score (max 17)

Mean Score

Figure 4.1.1. PSVT Scores (Pre vs Post)
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Mean Grade

Figure 4.1.3. PSVT Progress

Geometry Grades (Pre vs Post)
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Figure 4.1.4. Geometry Grades (Pre vs Post)
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4.2 Baseline Equivalence of the Groups
Before evaluating the effect of the intervention, the baseline equivalence of the

control and experimental groups was examined using the PSVT pre-test scores. Since
the two groups consisted of different students, an independent samples t-test was
conducted to compare their initial spatial ability levels. The control group obtained a
mean pre-test score of M = 10.60, SD = 3.51, while the experimental group obtained a
mean pre-test score of M = 11.48, SD = 3.10. The independent samples t-test showed
that this difference was not statistically significant, t(48) = -0.94, p = .352, Cohen’s d
= 0.27. This indicates that the two groups were statistically comparable before the
intervention. Therefore, the post-test differences can be interpreted more confidently
as being associated with the implementation of 3D modeling tools rather than with an

initial advantage of the experimental group.

Table 4.2.1. Independent Samples t-test Results for PSVT Pre-test Scores

Compared groups CGM CGSD EGMEGSD t df p Cohen’sd Interpretation

CG pre-test vs EG pre-test 10.60 3.51 11.48 3.10 -0.94 48 0.352  0.27 Not significant

4.3 Normality Testing

Prior to inferential testing, the normality of all score distributions was examined
using the Shapiro—Wilk test. This test was selected because each group comprised 25
students: for small samples (n < 50), the Shapiro-Wilk test is more sensitive to
departures from normality than the Kolmogorov-Smirnov test (Blyukoztirk, 2017). A
value of p > .05 indicates that the distribution does not differ significantly from normal

and that the use of parametric tests is justified. Results are presented in Table 4.3.1.
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Table 4.3.1. Shapiro-Wilk Normality Test Results

Variable W-statistic p-value Normality
CG Pre-test 0.969 0.6085 Yes
CG Post-test 0.967 0.5764 Yes
EG Pre-test 0.967 0.5659 Yes
EG Post-test 0.923 0.0591 Yes
CG Grade Pre 0.959 0.3959 Yes
CG Grade Post 0.956 0.3325 Yes
EG Grade Pre 0.936 0.1306 Yes
EG Grade Post 0.946 0.2033 Yes

Note. W = Shapiro-Wilk test statistic; p > .05 indicates a normal distribution.

Figure 4.3.1. Shapiro-Wilk Normality Test Results

€G PSVT Post EG PSVT Pre EG PSVT Post
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Despite the fact that the results of the Shapiro-Wilk test indicated a normal
distribution (p > 0.05), visual analysis of the histograms revealed minor deviations

from a normal distribution shape.
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4.4 Spatial Ability (PSVT)

Spatial ability was assessed using the Purdue Spatial Visualisation Test (PSVT,
maximum score — 17 points). The normality of score distributions was examined using
the Shapiro-Wilk test. Although the results indicated normal distributions across all
four samples (CG pre-test: W = 0.969, p = .609; CG post-test: W = 0.967, p = .576;
EG pre-test: W = 0.967, p = .566; EG post-test: W = 0.923, p =.059), visual inspection
of the histograms revealed minor deviations from a normal distribution shape. Given
the relatively small sample size (n = 25) and the well-documented limitation that the
Shapiro-Wilk test has low statistical power with small samples, non-parametric
methods were selected for subsequent analysis. The Mann—Whitney U test was used
for between-group comparisons, and the Wilcoxon signed-rank test was applied for
within-group comparisons (pre-test vs. post-test). The significance level was set at o =

.05. Effect size was calculated using the formula:

_lzl

VN
Table 4.4.1. Statistical Test Results for PSVT (Mann-Whitney U test: CG vs EG)
Stage MdnCG MdnEG U Z p r Effect  Sig. (p <.05)
Pre-test 11.000 12.000 265.500 -0.912 0.364 0.129  small No
Post-test ~ 11.000 14.000  195.000 -2.280 0.023 0.322 medium Yes

The Mann-Whitney U test results show that the control and experimental groups
did not differ significantly at the pre-test stage (p = .364). This indicates that the two
groups had comparable initial spatial ability levels before the intervention. However,
after the intervention, the difference between the groups became statistically significant
(p = .023), with a medium effect size (r = .322). This suggests that the experimental
group outperformed the control group on the PSVT post-test, which may be associated

with the use of Tinkercad and SketchUp Free during geometry instruction.
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Figure 4.4.1. Pre-test
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Table 4.4.2. Wilcoxon signed-rank test: Pre vs Post (within group)

Group MdnPre MdnPost AMdn W p r Effect Sig. (p <.05)

CGPSVT 11.000 11.000 0.000 62.000 0.278 0.217 small No

EGPSVT 12.000 14.000 2.000 9.000 <.001 0.819 |large Yes
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Figure 4.4.3. PSVT: Individual Score Changes per Student
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Baseline equivalence of groups. At the pre-test stage, the median PSVT scores
of the CG and EG were 11.00 and 12.00 points, respectively (CG: M = 10.60, SD =
3.51; EG: M =11.48, SD = 3.10). The Mann-Whitney U test revealed no statistically
significant difference between the groups (U = 266, Z = —0.912, p = .364, r = .13),
confirming their initial comparability prior to the intervention.

Post-intervention results. Upon completion of the experimental instruction, the
EG median increased to 14.00 points (M = 13.12, SD = 3.17), while the CG median
remained unchanged at 11.00 points (M = 10.88, SD = 3.43). The Mann-Whitney U
test detected a statistically significant difference between the groups at the post-test
stage (U = 195, Z =—2.280, p = .023, r = .32), corresponding to a medium effect size
according to Cohen's scale.

Within-group dynamics. Analysis of pre-to-post changes using the Wilcoxon
signed-rank test showed that the EG demonstrated a statistically significant
improvement (W =9, p<.001, r =.82 — large effect): the median increased from 12.00
to 14.00 points (AMdn = +2.00). No significant change was observed in the CG (W =
62, p=.278, r = .22), with the median remaining stable (AMdn = 0.00).

Taken together, these findings indicate that the experimental intervention had a

statistically significant positive effect on the spatial ability of students in the
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experimental group, with a medium between-group effect size (r = .32) and a large
within-group effect size (r = .82). No significant changes were observed in the control

group over the same period.

4.5 Academic Achievement (Geometry Grades)
The students' academic achievement was assessed on the basis of grades in

geometry on a ten-point scale. For each student, the arithmetic mean of grades was
calculated for two periods: seven weeks before the start of the experiment and seven
weeks during the experimental training. Since the grades reflect current academic
performance within the educational process, rather than the results of a single
standardized measuring instrument, the use of statistical inference methods did not
seem justified. The analysis was carried out using descriptive statistics methods: the
average values and standard deviations for groups for both periods were compared, and
the percentage change in indicators was calculated. The results reflect a general trend
in academic performance and do not imply conclusions about the statistical

significance of the differences.

Figure 4.5.1. Geometry Grades: Before vs During Experiment
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Figure 4.5.2. Geometry Grades: Before vs During Experiment

CG (Control Group) EG (Experimental Group)
M: 7.25 -+ 7.30 (+0.68%) M: 7.88 - 7.93 (+0.68%)

Rl
8 Mdn = 8.00 @ - ] Mdn = 8.00

Mdn = 7.20 (@ e—

— Mdn = 7.00

Grade (max. 10)
)
Grade (max. 10)

Improved (11 students) Improved (11 students)
Before: M=7.25, SD=1.35 Declined (7 students) =7.88,SD=115 BN Declined (6 students)
During: M=7 30, SD=1.37

B8
No change (7 students) Durir
AMdn = -0 20

No change (8 students)
=4+
W Group median W Group median

Before During Before During
experiment experiment experiment experiment

Before the intervention, the average value of geometry scores in the control
group was M = 7.25 (SD = 1.35), while in the experimental group this indicator was
slightly higher — M = 7.88 (SD = 1.15). During the experimental period, both groups
showed a slight increase in ratings. In the control group, the average value increased to
M =7.30 (SD = 1.37), which corresponds to a change of +0.05 points (+0.68%). In the
experimental group, the average value increased to M = 7.93 (SD = 1.17), which was
+0.05 points (+0.68%).

Both groups showed the same percentage increase, which indicates that the
experimental intervention did not have a noticeable additional effect on current
academic performance in geometry compared with the control group. The results
obtained should be considered as descriptive trends rather than as statistically
significant differences. The moderate nature of the changes in both groups indicates
that academic performance in geometry is determined by a wide range of factors

beyond spatial abilities.

4.6 Questionnaire Results
Responses to the six-item questionnaire from students in the experimental group

were analysed descriptively. The reliability of the scale in the main sample (n = 25)
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was o = 0.978, indicating excellent internal consistency (Buyukoztirk, 2017).

Descriptive statistics for each item are presented in Table 4.6.1.

Table 4.6.1. Descriptive Statistics for Questionnaire Responses (n = 25)

No. Statement M SD Min Max

Q1 1 enjoy observing and working with 3D 3.40 1.32 1 5
modeling

Q2 Lessons using 3D modeling are among  3.76 1.16 1 5
my favourite lessons

Q3 3D modeling lessons help my thinking  3.76 1.09 2 5
and cognitive development

Q4 | want to learn more about 3D modeling  3.60 1.19 1 5

Q5 I believe learning 3D modeling will give  4.12 1.05 2 5
me an advantage in the future

Q6 | believe 3D modeling will become 4.08 1.00 2 5
more important in the future
Total score 22.72  6.50 10 30

Note. n = 25; M = arithmetic mean; SD = standard deviation; scale: 1 = Strongly

Disagree, 5 = Strongly Agree; a = 0.978.

The highest mean scores were recorded for Q5 (M = 4.12) and Q6 (M = 4.08),
reflecting students’ confidence in the practical importance of 3D modeling in the
future. The lowest mean was observed for Q1 (M = 3.40), which concerned students’
immediate enjoyment of working with the modeling tools. Overall, the mean total score
of 22.72 out of a maximum of 30 indicates a positive attitude among experimental

group students towards 3D modeling as a method of geometry instruction.
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5. DISCUSSION AND CONCLUSION

The purpose of this study was to examine the effect of 3D modeling tools,
namely Tinkercad and SketchUp Free, on high school students’ spatial abilities and
academic achievement in geometry. The study used a quasi-experimental design with
two existing Grade 11 classes: one experimental group and one control group. The
experimental group studied geometry using 3D modeling tools, while the control group
studied the same program using traditional learning. The main results were assessed
using PSVT scores, current geometry grades, and a questionnaire about students’
attitudes toward 3D modeling.

The main finding of the study is that the use of 3D modeling tools had a positive
effect on the spatial abilities of students. At the preliminary testing stage, the average
PSVT score in the experimental group was slightly higher than in the control group.
However, the difference in scores between the two groups was not statistically
significant. The Mann-Whitney U test showed no significant difference between the
control and experimental groups before the intervention, U =266, Z=-0.912, p =.364,
r = .13. In addition, the independent samples t-test also confirmed that the initial
difference was not statistically significant, t(48) = —0.94, p = .352, Cohen’s d = 0.27.
Therefore, although the experimental group had a numerically higher average score,
the two groups can be considered statistically comparable in terms of spatial abilities
before the intervention.

After the intervention, the results changed more clearly. The experimental
group’s mean PSVT score increased from 11.48 to 13.12, while the control group’s
mean score increased only slightly from 10.60 to 10.88. The median score of the
experimental group increased from 12.00 to 14.00, whereas the median score of the
control group remained unchanged at 11.00. The Mann-Whitney U test showed a
statistically significant difference between the groups at the post-test stage, U = 195, Z
= —2.280, p = .023, r = .32. This indicates a medium between-group effect size.
Moreover, the Wilcoxon signed-rank test showed a statistically significant

improvement within the experimental group, W = 9, p < .001, r = .82, which
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corresponds to a large effect size. In contrast, the control group did not show a
statistically significant improvement, W =62, p = .278, r = .22.

These results indicate that the use of 3D modeling tools has contributed to the
development of students' spatial abilities. This result is logically related to the nature
of the intervention. In traditional geometry teaching, students often work with static
two-dimensional images of three-dimensional objects. This requires them to mentally
recreate rigid bodies, rotate objects, and represent different views without direct
manipulation. In contrast, Tinkercad and SketchUp Free allow students to create,
rotate, observe, and transform three-dimensional objects directly. This interaction may
have helped students develop spatial visualization, mental rotation, and spatial
orientation, which are key components measured by PSVT. The structure of the PSVT
used in this study included Developments, Rotations, and Views sections, which
respectively evaluate the mental folding of networks, mental rotation, and viewing
objects from different perspectives.

The results obtained are also consistent with the theoretical foundations of the
study. From the perspective of constructivist learning, students learn more effectively
when they actively construct knowledge through interaction with learning objects. In
this study, the students of the experimental group not only observed the finished
shapes; they manipulated the models, changed their position, studied their properties,
and connected visual representations with geometric concepts. From the perspective of
cognitive load theory, 3D modeling may also reduce unnecessary mental effort because
students do not have to imagine all three-dimensional transformations only from flat
textbook illustrations. Instead, part of the visualization process is supported by the
digital environment.

However, the results related to academic achievement in geometry should be
interpreted more cautiously. The analysis of geometry grades did not show a noticeable
additional effect of the intervention. Before the intervention, the control group had a
mean geometry grade of M = 7.25, SD = 1.35, while the experimental group had a
higher mean grade of M = 7.88, SD = 1.15. During the experimental period, both
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groups showed the same very small increase: the control group increased to M = 7.30,
SD = 1.37, and the experimental group increased to M = 7.93, SD = 1.17. In both
groups, the change was only +0.05 points, or +0.68% .

This means that the intervention did not produce a clear additional improvement
in students’ current geometry grades compared with traditional instruction. Therefore,
the findings provide stronger evidence for the effect of 3D modeling on spatial ability
than on general academic achievement in geometry. This distinction is important
because school grades are broader and less controlled indicators than the PSVT. They
may reflect homework completion, classroom participation, previous knowledge,
teacher assessment practices, and academic performance across the broader geometry
curriculum, rather than just the specific stereometry topics covered during the class.
For this reason, the geometry scores in this study were analyzed descriptively and were
not used as the main evidence for the effectiveness of the intervention.

The questionnaire results showed that students in the experimental group
generally had a positive attitude toward the use of 3D modeling in geometry lessons.
The total mean questionnaire score was 22.72 out of 30, which indicates an overall
positive perception. The highest mean scores were observed for the statements that
learning 3D modeling would give students an advantage in the future (M = 4.12) and
that 3D modeling would become more important in the future (M = 4.08). This suggests
that students perceived 3D modeling as a useful and future-oriented skill. At the same
time, the lowest mean score was observed for the statement about enjoying the process
of observing and working with 3D modeling (M = 3.40), which may indicate that some
students still found the tools unfamiliar or technically challenging.

Overall, the results show that 3D modeling tools can be useful for developing
spatial abilities in geometry teaching, but their impact on overall academic
performance has not been clearly demonstrated in this study. This does not necessarily
mean that 3D modeling has no academic value. Rather, it suggests that measuring
academic achievement based on current school grades may not have been sensitive

enough to identify changes directly related to the intervention. A more targeted

66



standardized geometry achievement test, focused directly on the topics taught during
the intervention, may provide clearer evidence in future studies.

Several limitations should be considered when interpreting the results. First, the
study used a quasi-experimental design with existing classes, so students were not
randomly assigned to the control and experimental groups. Although the PSVT pre-
test results showed no statistically significant difference between the groups, possible
pre-existing differences between classes cannot be fully excluded. Second, the sample
size was relatively small, with 25 students in each group. Third, academic achievement
was measured through current school geometry grades rather than through a
standardized achievement test. Fourth, one student’s pre-intervention grade data was
missing in the experimental group. Fifth, the study was conducted in one school and
with one teacher, which limits the generalizability of the findings.

Despite these limitations, the study provides useful evidence that Tinkercad and
SketchUp Free can support spatial ability development in high school geometry. Since
both tools are free, browser-based, and accessible on students’ personal devices, they
may be practical for use in Kazakhstani schools. The results obtained are especially
relevant for stereometry, where students often encounter difficulties in representing
three-dimensional objects from two-dimensional representations.

The study assessed how the use of tools to create 3D models affects the spatial
thinking of 11th graders and their performance in geometry. A quasi-experimental
method was chosen for the study, consisting of two groups: a control and an
experimental one. The students of the experimental group studied geometry using the
Tinkercad and SketchUp Free programs, while the control group studied the same
subjects using traditional methods.

The main conclusion of the study is that the use of 3D modeling has significantly
improved the spatial abilities of students. Prior to the start of the experiment, both
groups showed the same results in the preliminary spatial ability test (PSVT), although
the average score was slightly higher in the experimental group, but this difference was

not statistically significant. After the experiment, a statistically significant increase in
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PSVT results was recorded in the experimental group, while there were no significant
changes in the control group. A comparison of the results after the experiment also
revealed a statistically significant superiority of the experimental group. Thus, the first
research question about the impact of 3D modeling on spatial capabilities has been
confirmed in practice.

The results show that Tinkercad and SketchUp Free help students develop skills
in spatial visualization, mental rotation of objects, and spatial orientation. These
programs allow students to work directly with 3D objects, rotate them, view them from
different angles, and establish a connection between visual images and geometric
concepts. This is especially useful when studying stereometry, where students often
find it difficult to understand three-dimensional shapes, relying only on flat images
from textbooks.

The second research question, concerning academic performance in geometry,
yielded less convincing results. The analysis of current geometry scores showed only
a slight improvement in both groups: the average value increased by 0.05 points, or
0.68%. Consequently, the introduction of 3D modeling did not have a noticeable
additional impact on the overall academic performance of students studying geometry.
For this reason, school performance was analyzed in a descriptive and thorough
manner. The study more convincingly demonstrates a positive effect on spatial abilities
than on overall school performance.

The results of the survey showed that the students in the experimental group
generally positively assessed the use of 3D modeling. They agreed that 3D modeling
could be useful in the future and that its importance would increase. This shows that
students perceive 3D modeling not only as an educational activity, but also as an
important skill for education and professional development.

In conclusion, the study shows that 3D modeling tools can be an effective
method for developing students’ spatial abilities in high school geometry. However,
the study did not find clear evidence that the intervention improved students’ general

academic achievement as measured by current geometry grades. Therefore, the
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strongest contribution of this research is the evidence that Tinkercad and SketchUp
Free can support the development of spatial thinking, while their impact on academic

achievement requires further investigation.
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6. LIMITATIONS

When interpreting the results, it is necessary to take into account several
limitations related to the design and conduct of the study.

One of the limitations of this study is the absence of a standardized test for
measuring academic achievement, as well as the lack of individual student data before
and after the experiment. Because of this, the analysis of this indicator was limited to
descriptive statistical methods, which does not allow testing the statistical significance
of the obtained results.

Secondly, since the students were not randomly assigned to groups, but were
included in groups in accordance with the existing division into classes, it cannot be
completely excluded that the groups initially differed in some important characteristics.
For example, the level of knowledge or the desire to learn could differ markedly
between classes even before the experiment began, which could affect the final results.

Thirdly, there were only 25 students in each group, which is a fairly small
sample. This makes it difficult to identify small differences between the groups and
does not allow the findings to be fully disseminated to other students.

Fourth, current grades in geometry were used as the main indicator of academic
performance, which reflect the student's knowledge of the entire geometry course as a
whole, and not just on the topics of stereometry that were studied during the
experiment. This could have somewhat distorted the picture of the real impact of the
experiment on academic performance.

Fifth, the study was conducted in one school with one teacher, which limits the
possibility of transferring the results to other schools and educational settings.

All of these limitations are taken into account when discussing the results and

determining directions for further research.
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LIST OF APPENDICES
Appendix A. Schedule of Lessons and Topics Covered

Lesson  Week Topic

1 1 Surface area of a truncated cone

2 1 Sphere and ball

3 2 Surface area of a sphere

4 3 Sections of solids of revolution with a plane

5 4 Sections of solids of revolution with a plane (continued)

6 5 General properties of volumes of solids. Volume of a
prism

7 6 Volume of a pyramid and a truncated pyramid

8 7 Volume of a cylinder

Note. Each lesson was 45 minutes in duration. Two lessons were delivered in Week 1;

one lesson per week in Weeks 2-7.
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Appendix B. Examples of 3D modeling activities conducted during the

instructional period
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Appendix C. Lesson Structure for the Experimental Group

Stage Duration  Activity Tool
Introduction 10 min Researcher explains Interactive
topic, properties and whiteboard +
formulas, and Tinkercad/SketchUp
demonstrates 3D models Free
Modelling 30 min Students read problem — Tinkercad /
and problem construct 3D model — SketchUp Free +
solving solve the problem Textbook

Note. Total lesson duration: 45 minutes.

84



Keickamepsimai sxocnap

Nel-cadak

Ca0akThIH TAKBIPBIOBL: J[cHenep KeneMIepiHiH JKalbl KaCHeTTepi

BeJim: JeHesiep keJemaepi
[Temarorriy aThI-KOHI: Cepik0aii XKanaibs CaFbIHKBI3BI
KyHi: 03.04.2026

CpIHBIOBL: 11

Kartsicymipuiap caHbl:

Katpicniaranap caHsl:

CabaKThIH TaKbIPBIOBI:

JleHenep keyieMIepiHiH JKaJIIbl KACHETTEPI

Oky OarnmapiaMacbiHa
COMKEC OKY MaKcCaThl:

11.3.9 - KeHiCTIK JeHEeepiHiH KeJIeMIepiHiH KAaCUETTEPiH OLTy JKoHE KOJIaHy.

CabaKTbIH MaKcaThl:

bapavik okyuwivLnap ywin:

BiniM anymisuiap skaHa cabak OOMBIHIIIA KEHICTIK JCHEIePi YFBIMBIH MEHI€PEIi.
Konwinix okywioinap yuiin:
BiniM anyiisuiap KeHICTIK JeHEIEPiHiH KoJIeMICPIHIH KaCHeTTepiH Olei.
Kenbip okywvinap ywin:
BiniM anymisuiap KeHICTIK JeHEIEPiHiH KoJIeMICPiHIH KACHETTEPIH KOJIJaHaIbl.

CabakThIH 6apbIChI:

Cabax [MenarorTiy ic- OKyIIIBIHBIH iC-9peKeTi Baranay Pecypcrap
Ke3eHi/Y akpIT opekeri
bI
CabaxThIH ). 1.OKy1IbLIap MyFajim- OKyIsuIapAbpIH OKYJIBIK, )KYMBIC
6acol YHbpIMIACTBIP | MEH aMaHAACabl. OeJceHIIiri yurx JorTepi
KpB3bIFymsn | y Ke3eHi: 2. Cabakka «Kapaiicoiy!», Kirarm, mgontep,
BIKTBI OSITY. 1.Oxymusimap- | maibIHAAIA b, «Kepemem!» neren KaJlaM CypeTrTepi
7 MuH. MEH aMaHacy, cakray ce3iepiMeH OCHHEIICHTeH KMa
TYTEHIEY. Makcarbi: OKymisLIap Oaraytal bl Karazmap
2.bIHTHIMAK- Oip-OipiHe TiTEK TONTaMachl
TaCTHIK ourmipeni, TEHIHAAY Tuimainiri: Oxymsurap JK sxpanbl
atMoc(epachlH | JarablIapblH JaMbITyFa 0ip-OipiHe TiIeK aTy
KaJBIITACTBIPY | OaFrbITTaNajbl, COHAAN-aK | apKbUIBI )KaKbIHIACAbI,
0apJIbIK OKYIIBLIAPIABIH KOHUI-KY#HIH KeTepei
1.Myranim KAaTBICTBIPBUTYBI apKBUTBI | JKOHE OayBIpMaJIBIFbIH
OKYTIBITAP BT cabakka OeJICeHUTIT] OsITaIbI.
TYTEHISH Ti. apTajipl. Capanay: by xepae
2.AmMaHpgacasl capanayabiH «KikTey»
JKOHE TOCLUII KOPIHE/].
TUIEKTEpiH OKymIBLIapAbIH OKyFa
ounmipeni. JIeTeH KbI3BIFYIIBIIBIFBIH
apTTBIPY MaKCaThIH/IA
MYMKIH/ITiHIIIE OJlapFa
TaHJay epKiHIIT
Oepinerti.

Kana (Y) «Mura 1. Oxymbiiap cypakrapra | Capanay: by xepae O3 oiibIH AYpHIC
cabakkKa madybLD) Kayan Oepir, e3apa capanmaynsiy «/Iuanor MarbIHa/ia
Kipicme onici apKbUIbI YKBIMABIK TaJIKbUIAY JK9HE KO0JI1ay KOpceTy» oingipin,

OTKEH JKacaFraHHaH KeriH Tacim kepineni. Jypsic TaJKpLUIayFa
TaKBIPBITIIEH MYFaJiM OKyIIbLIapFa MarbIlHa/Ia Kayan Oepyre | OeJICeHILTIKIeH
JKaHa ca0akThl | ca0aKTHIH TaKbIPHIOHI, OarpITTay MaKcaThIH/IA KaTBICKaH
0aliIaHBICTRIPY | MaKCcaTHIMEH KerOip oKymIpLIapFa OKYIIBIFa
MAaKCaThIH/A TaHBICTHIPAIBL. allbIK CYpaKTap, aj «KapalicbiH!»
Olf KO3Fay Makcarpl: XXpiimam opi | Keiibip keMeK KakeT JIereH MaJIaKTay
CYpaKTapbIH GYHKIUOHANBI TYPJC eTeTIH OKYIIbUIAPFa ce3iMeH
YOKBIMJTBIK CBHIHU OMIIAHY/BI JAMBITY. | JKETENeyIlli cypakrap BIHTANAH/IBIPY.
TaJKbLIAY. Tuimaimiri: OKyIbIHBIH KOUBLIAIBI.

OKymibapra | TaHBIMJIBIK JIAFIBICHI
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JKaJbIIamMa
TOMEHET']
CypakTap *)oHe
KATTBIFY
TYpJiepi
Oepineni.
Cypakrap:

1. Kenem
KaHgan
IIaMaHbI
CHUITATTaNIbI?
2. Kenemuig
eeM OipJiri

apranasl. COHBIMEH Katap
OKYIIbIFa Ca0aKThIH
eMipMeH OaliTaHBICHIH
KepceTelli XKoHe
ca0aKThIH TaKbIPHIOBI MEH
MaKCaThIH aHBIKTayFa
MYMKIiHZIK Oepei.

Heckpunrop:

1. Op OKy1IbI 63 OWBIMEH
Oemicei.

2. O3reHiH MiKipiH
TOJBIKTBIPAIBL.

Kannel- 3 6amr.

periHze He
albpIHAIBI?
3 Kenemuig
KacHeTTepiH
alTBIHIAP.
Kenemre
MBbICAJI
KEJITIpiHAep.
CabaKTbIH OKyJBIKTaFbI 1.OKyJBIKTBI OKBITI TakpIpeinka 6avimansictel | Craiin
opTacsl JKaHa TAHBICBIII IIBIFAIBL. WHTEPHET KO37IepiH JK 3kpaHBl.
MarbHaHbl | Ca0aKTHIH 2.Tipek ce3aepMeH maimanaHsl ecentep/i Tinkercad
arnry. MOTIHIH OKyFa | TaHBICHIII, 03 HIBIFapy MyIleaepiMeH 1aThopMacsl
31 muH. TarceIpMa JIOTITEpIIEPIHE JKA3BIIT TaHBICAIB.
Oepeni ayajpl.
1- 1-mancoipma Heckpunrop: Tinkercad
TaIrChIPMaHbI Erep xyOTBIH OapibiK 1. KyOThIH GacTamkbl mwiatdopmacel, K
OPBIH/IATA/IBI, KbIpJIapbiH 3ece KOJIEMIH aHBIKTaMIbL. 9KPAaHBI,
OaKpLIAIbL, apTThIpcak, OH/Ia OHBIH 2.KpIpsl 3 ece apTKan OKYIIbLIAPIBIH
MBICaJI, YITi KeJIeMi Hellle ece apTanbl? | KyOTHIH KOJIeMiH Tadaabl. | JKeKe
KepceTeni. Oxkymsmap Tinkercad 3.Kenemnin 27 ece cMapThOHTAPEI
maTdopMackiHaa Ky0 apTaTBIHBIH TYCIHIIpE/II. HEeMece
MOJEJIH Kypaabl, OHBIH 4.3D mozaens apKbLUTBI HOyTOYKTEpi, 11-
OIIIIIEM/IEPiH ©3repTe/i, KOPBITBIH/IBI JKacau/Ibl. CBIHBII TEOMETPUS
MOJIEITBTi OPTYPIIi Kannel - 4 6a1. OKYJIBIFBI, YKYMBIC
OYpBIIITaH Kapaisl xKoHE JIOTITEpi, CIam.
KOJIEMHIH ©3TepyiH
tyciaaipeni. OKymsuIap
03 0aKpIIayBIH
thopmynamen
0aIaHBICTHIPHII, €CENTIH
IeNTIMIH JKa3a/Ibl.
2- 2-manceipma Heckpunrop: Tinkercad
TarChIPMaHbI 12.1-cyperreri 1.®Durypansl KypalTsH miatdopmacer, JIK
OpBIHIATA/IBI, KEHICTIKTIK (hUrypaHsl Oipik KyOTapael JKpaHsl,
OaKpUIAlIbI, KYpaWTHIH KyOTapabIH AHBIKTANIbL. OKYILBUIAPIbIH
MBICaJI, YT KbIpJaps! 1cM-Te TeH. 2.Tinkercad-Ta Keke
KepceTeni. Bepinren keHiCTIKTIK (UTYpaHbIH MONETIH cMapTdoHIapHI
(burypaHbl KYpauThIH Kypaspl. HeMece

Oipik KyOTapasl
Tinkercad
miatgopMacsiHAA
MoJienbeini. GurypaHsl
opTypai OypeimTaH

3.®urypaHbIH KeeMiH
JTYPBIC TaOATBL.
4.Kaya0sra 3D monens
APKBUTBI TYCIHIIpE/Ii.
Kannel - 4 6aaa

HOyTOYKTEpi, 11-
CBIHBII TEOMETPUS
OKYJIBIFBI, KYMBIC
JIOTTEpi, caitm.
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Kaparl, OHbIH KeJIEMiH
Tababl.
12.1-cyper
CabaxTbIH «Epkin Oxymbutap OyriHri MyFanim OKyIbLIapIbl
COHBI MHUKPO(DOH» ca0aKThIH MaKcaThIHA «KanoHabIK 6aranay»
Ofi TonraHbIc. | dmici. MyraiimM | JKETKI3€TiH TanchipMaiap | 9JiCi apKbUIbI Oaraaiiibl.
Pednexcus ca0aKThI OpbIHJIaybIHA Kapai, 63 SIrnu «{ypvic keniceminy,

7 MUH. KOPBITBIHIBUIA | TYCIHTEHIH, MIKipiH, 63 «Tonvixmuipamvin, 6acka —
y MaKcaTblHAa | OMBIH alTy apKbLIbI Ke3Kapacwvim o6apy, -\
OKYIIBUTAPBIH | cabakka KOPBITHIHIbI «Menin cypasvim 6apy. L Wl Y
cabakka JieTeH | Kacailmpl. Convimen xamap 1-10 . Tl
KO3KapachlH, Okymrsuiap cabak 06ann0bixK dicyiie boubiHWA
pedIIeKCHSIChIH | COHBIH/A MbIHA OKYUBLIAPObIH CADAKKa
TBIH AN B CypakTapra >kayar Kamulcy bencenoinici

Oepeni: OoubiHWa 6a2anaHaobl.

Maxkcamui: 3D Mozmens KeneMal
OKymibl anFaH | TyCiHyre Kamai
OLTIMIH KOMEKTEeCTi?
capauaii ouryre | KyOTBIH KbIpJIapsl
JaFplIaHaAbl. | ©3repreH/ie KoJeM Here
Tuimoinizi: JKBUIAAM e3repeni?
TakpIpsI KaiicwIch TYCiHIKTIpEeK
OOMBIHINA OOJITBI: OKYJIBIKTAFBI
OKYIIBUTIAPABIH | cypeT ne, anzae Tinkercad-
MKIpiH Tarbl MOJIETH Me?
AHBLIKTAUIbL.
Kunakranran
JIEPEKTEPIiH
KYHIBI OOITyBIH
KaJarajaiapl.
Capanay: byn
Ke3eH1e
capanayabq
«Kopvimuinont
» Tacim
KOpiHeIi.

Capamay. Ci3 KaHHail ToCUIMEH baranay. Ci3 JleHcayIbIK jkKoHE Kayilci3NiK TEXHUKACHIH

kebipek kKonmay kepcernekciz? Ci3
KaOLTeTTi OKYIIbIIApBIH aJIbIHA
KaHJall TarceipMaiap Kosichbi3?

OKYIIBUIAP/IBIH
MaTepHaibl UTepy
JIEHTeiiH Kaiail TeKcepy i
JKOCTIApJIall OTHIPCHI3?

caKray

«lnanor >koHE KOJAay KepceTy»,
«Tarmceipmay, «KikTey».

«Mapaxkray ce3i» afici

JleHcaymbIK caKTay TeXHOJIOTHSIIaphI.
CabaxTa cepriTy KaTThIFyJapbl MEH
Oerncen i AYMBIC TYpIepiH KOIIaHAMBIH.
Ocpl cabakTa KOJIaHBIIATHIH

87




Capanay TarcelpManapIsl
ipikteyni, Oenrini Oip OKyIIbIIaH
KYTUIETIH  HOTM)KEHI,  OKYILBIFa
KEKe KONJgay KepceTyne, OKy
MaTepuaibl MEH  pecypcTapibl
OKYIIBUTAPBIH KEeKe KaOlleTTepiH
eckepe OTBIPBITI ozipreyai
KaMTHIBL.

Kayinci3 ik TeXHUKachl epeKenepiniy
TapMaKTapbl OPbIHAATIA L.

Kannpl 0aranay

CabakThIH KaH/ai eKi acreKTici )kakchl oTTi? OKBITY Typasbl Ja, cabak Oepy Typabl Aa OWIaHBIHbI3.

1:
2:

Cabakrhl xaKcapTyFra He xapaemaecep eai? OKbITY Typabl Jia, cabak Oepy Typasibl Jia OJIaHbIHBI3.

1:
2:

Cabak Ke3iHJe, CHIHBII HEMece JKEKeNereH OKYIIBUIAPbIH JKeTiCTIKTEepi/KUBIHIIBUIBIKTAPEl Typallbl MEH HeHi
anbikTaaeiM? Keneci cabakrapia Here Ha3ap ayaapy Kepek?

1:
2:
Knickamep3imai :xocnap
Ne2-cabak
CabakThIH TAKBIPBIOLI: [Ipu3ma Kememi
beuim: Jenesep kesemaepi

Ilemarorrtiy aThI-KOHI:

Cepikbaii JKaadabss CaFbIHKBI3BI

Kymni:

03.04.2026

CoIHBIOBL: 11

Kartbicymibliap caHbl: Katpicnarangap caHbl:

CabaKThIH TaKbIPBIOBI:

IIpusma kememi

Oky OarmapiaMachiHa
CoMKeC OKY MaKcaTbl

11.3.10 - npu3ma kejieMid Tady GOpMyIachlH KONIaHY.

Ca0aKTbIH MaKCaThI:

Bapnvik oKywbLiap VmiH.'

biniM amymsutap nmpu3mMa YFEIMBIH MEHT€pEi.
Konwinix okywoLiap yuin:
biniM amymisiiap npu3ma KeJeMiH Tadapl.
Keitoip okyworLnap yuwin:
biniM anymsuiap npu3mMa KesieMiH Taly GhopMyITachiH KOJITaHa bl

CabakThIH 0apbIChI:

Cabax ITenarorTiy ic- OKyIBIHBIH ic- baramay Pecypcrap
Ke3eH1/Y aKpIT opekeri opekeri
Bl
CabaKTbIH Y). 1.OxymibLTap OKymIbLIapAbIH OKyITBIK, JKYMBIC
Oacel YiipIMIacThIpy MYFaJliM- MEH OernceHaiiri yumix JenTepi
Kp3piFymis1 | Ke3eHi: aMaHIacalpl. «Kapaiiceiy!», Kiram, momep,
BIKTHI 0Ty. | 1.OKymisimapMeH 2. Cabakka «Kepemem!» neren KallaM cyperTepi
7 MUH. aMaHJacy, JalbpIHAaIaabl. cakray ce3jepiMeH Oel{HeIIeHTeH KiMa
TYTEHIEY. Oarasaiipl. Karaszaap
2.blaTeiMakTacTeIK | MakcarThl: TOITaMacChI
atMoctepaceH OxkymibLTap 0ip- | Tuimainiri:  OxymsiIap JK axpasbI
KaJIBIITACTBIPY OipiHe Tinek | Oip-OipiHe Timek  aWTy
Oimmipeni, THIHAAY | apKBUIBI  JKaKbIHJACAIBI,
JIaF IbIIaPbIH KOHUI-KYHIH KeTepeni
JaMbITyFa
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1.Myranim OarpITTaNAIBbL, JKOHE  OaybIpMaJABIFBIH

OKYILIBLIApbI COH/ali-aK  OapJibIK | OsTagbl.

TYTEHICUI]. OKYIIBLIapAbIH Capanay: byn xepae

2.AmaHnacanapl KATBICTBIPBLIYBI capanmaynslH — <«KikTey»

JKOHE  TUIEKTEepiH | apKbUIbI cabakka | Tocimi KepiHei.

oumipesi. Oencenniniri apransl. | OKyIIBUIAPABIH OKyFa
JETE€H  KBI3BIFYIIBUIBIFBIH
apTTBIPY MaKcaTbIHa
MYMKIHIITIHIIE  ojapra
TaHJay epKiHairi oepineni.

Kana (Y) «Mura 1. OxymibLiap Capaanay: byn xepae O3 oiibIH AYpHIC
cafdakka madysLD» oici CYpaKTapFa xayan capanayasq «Juanor MarbIHa/Ia
Kipicme apKbUIbI O6TKEH Oepir, e3apa JKIHE KOJIIAY KOpceTy» oigipin,

TaKBIPBIIIICH KaHa | YKBIMJBIK TAJIKbLUIAY | Toculi kepinemdi. Jypsic TalKbUIayFa
cabaKThl JKacaraHHaH KeliH MarbIHaJa XkKayar oepyre | OelceHAuTiKIeH
0aliaHBICTBIPY MYFaIimMm 0aFpITTay MaKCaThIH/IA KaThICKaH
MaKcaTbIHJAa OX OKyILIbLIapFra KelOip oKympuIapra OKYLIbIFa
KO3Fay CYpaKkTapblH | ca0aKThIH alIbIK cypakrap, aj «KapaiicerH!»
YKBIMJIBIK TaKBIPHIOHI, KeHOIp KOMEK KaxKeT JIETE€H MaJiaKTay
TaJKbUIaYy. MakcaThbIMEH €TETIH OKYIIblIapFa CO3IMEH
Oxymbutapra TaHBICTHIPAIBI. JKeTelNeyIIi cypakrap BIHTANAHJIBIPY.
JKaJmbplIaMa Makcarnbl: JXKpuimaM | KOMBUIAABL.
TOMEHJIET] CYpaKTap | opi PYHKIHOHAIIBI
JKOHE JKATTBIFY TYp/i€ CHIHU Jeckpunrop:
TypJiepi Oepineni. OWJIaHYIIBI JAMBITY. 1. Op OKyIIIbI ©3 OMBIMEH
Cypaxkrap: Tuimaimiri: Gemiceri.
1.IIpu3manbH OKYIIIEIHBIH 2. O3reHiH MmKIpiH
KeJIeMiH Kajai TaHBIMABIK JAFIbICHl | TOJBIKTHIPAJIBL.
TabaMbI3? aptansl. CoHbIMEH Kamnpl- 2 6an1.
2.IIpu3manblg KaTap OKyIbIFa
KeJIeMiH TabaThH ca0aKThIH 6MipMeH
dhopmyna KaHgan? OaitTaHBICHIH
3.Kenicrikreri KOPCETEl XKoHE
Kagmai gurypamap | cabakTBIH TaKbIPHIOBI
TEH IIaMaJbl Jell MEH MaKCaTbIH
arajaabl? aHBIKTayFa
MYMKIHJIIK Oepeni.

CabaxThIH OKynbIKTarbl )kaHa | OKYJIBIKTHI OKBITT Takpipeinka 6aiimansictel | JIK axpaHbI

OpTachl cabaKThIH MOTIHIH TaHBICHII IITBIFA/IbIL. WHTEpPHET KO3epiH

MarpiHaHBl | OKYFa TaIchblpMa Tipek ce3nepmen naiianassm Oerim
anry. Oepemni TaHBICHII, 63 IIBIFapy MyIIenepiMeH
31 muH. Myranim SketchUp | memreprnepine >ka3bIll | TaHBICAIBI.
Free anajisl.
mnaTdopmackiHIa
YIIOYPHBIIITH JKOHE
TOPTOYPHIIITHI
MIPU3MaHbIH

MOJICITIH KOPCETE]Ii.

89




1- TancelpMaHbl
OPBIH/IATA/IBL,
0aKpUIAIBL, MBICAI,
YJITi Kepcereni.

1-mancoipma
YOy pHIITHI
MpU3MaHbIH KeJieMi
12cMm3-re TeH.
TabaHbIHBIH
Tebenepi Oepinren
MIPU3MaHbIH
TaOaHBIHBIH
KaObIpFaJiapbIHBIH
opTayiapbl OONATHIH
eKiHII1 TPU3MaHbIH
KOJIEMIH Ta0a bl
Okymbuiap
npusmasbsg 3D
MOJIEITIH KypaJbl,
OHBIH Ta0aHbI MEH
OUIKTIrH
aHBIKTAMIbI,
MOJIEIb/1i OYPHIIT
Kapay apKbLIbl
JICHEHIH KEHICTIKTIK
KYPBUIBIMBIH
Tanmanael. Keiiin
MPU3MaHbIH KOJIEMiH
(dhopMysia apKbLIBI
ecenreiiai xoHe 3D
MOZICITb HEeTi31H1e
HIENTIMIH
TYCIHIIpE.

{
A, TN =7 \B

A B

13.4-cyper

Heckpunrop:
1.Ilpu3manbIH OacTamkpl
KOJIEMiH aHBIKTalIbL.
2.ExiHi mpu3mMaHbIH
TabaHbl Kanai e3repeTiHin
TyciHAipeni.

3.ExinHuri npu3mMaHbIH
KeJIeMiH Tabaspl.
4.Monenb apKbUIBI
LIEITIMIH TIEIAEH .
Kannel- 5 6am.

SketchUp Free
miatgopmacer, K
9KpaHBbI,
OKYIIBLIAPIBIH
JKeKe
cMapThOHAAPHI
Hemece
HOyTOYKTepi, 11-
CBIHBII TEOMETPHS
OKYIIBIFBI, YKYMBIC
TIOTITEPI, craai.

2- TarChIPMaHbI
OPBIHIATAIBI,
OaKpUIaliIbl, MBICAIL,
YOI KepceTei.

2-mancovipma
TepTOypeImTapI6IH
MIpU3MaHbIH KOJeMi
10cm?3-re TeH.
TaOaHBIHBIH
Tebenepi Oepinren
HpU3MaHBIH
TaOaHBIHBIH
KaOBIpFalapbIHBIH
opTasiapsl OONATHIH
eKIHIII TPU3MaHbIH
KeJIeMiH Tabampl.

Heckpunrop:
1.EcenTiH Ma3MyHBIH
TYCiHeq].
2.1Ipu3MaHbIH OacTamKbl
JKOHE yKaHa TaOaHBIH
CaJBICTBIPAIBL.
3.Exinmm mpu3MaHbIH
KOJIEMIH €CenTeimi.
4.3D mozenp apKbLIbI
KOPBITBIH/IBI JKacaiiIpl.
Kammbi-3 0an.

SketchUp Free
miatdopmacer, 1K
9KpaHEbI,
OKYIIBUTAP/IBIH
Keke
cMapTdoHIapHI
HeMece
HOyTOYKTEpi, 11-
CBIHBII T€OMETPHUS
OKYJIBIFBI, KYMBIC
JIOTTEpi, caiim.
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13.5-cyper

CabaxTbIH

«Epkin

Oxymbutap OyTiHri

MyFanim OKyIIbLIapbl

COHBI MuKpodoH» Jmici. | cabakThIH «KanoHabIK 0aranay»
Oii Tonraubic. | My¥aiiiM cabaKThl MakcaThIHA 9/1iCi apKbLIbI Oarajiaii bl
Pednexcus KOPBITBIHBLIAY JKETKI3eTiH Arnu «/ypoic keniceminy,
7 MuH. MaKCaThIH]Ia TarceipMaap «Tonvixmuipamvit, backa S —
OKYIIIBLTAPABIH OpBIHJIAYbIHA KapaH, | Ke3xapaceim 6apy, N\
cabakka JereH ©3 TYCIHTCHIH, «Meniy cypasvim bapy. o o/
KO3KapachlH, MIKIpiH, 63 ONBIH Convimen xamap 1-10 e T ]
pediekcHsIChIH alTy apKbUIBI 06ann0bIxK Jicyiie bolbiHWA
THIHIANIBL. ca0aKKa KOPBITBIHIBI | OKVUbLIApObll CabaKKa
JKacamabl. Kamulcy bencenoinici

Marcamer: Oxymbr | OKymibuiap cabax OoubiHWa 6aRANIAHAObL.
aJrFraH OUTIMIH COHBIHIa MBIHA
capanaii Ouryre CypakrTapFa jkayart
JIaFIblIaHa bl Oepeni:
Tuimoinizi: [Ipu3maHBIH KeeMiH
TakpIpsImt OofibHIIa | Tabyma 3D Monmens
OKYIIIBUTAPIBIH KaJilal KeMeKTeCTi?
MIKIpiH aHBIKTaWIBL. | Momenbi OyphIn
JKunaxranrax Kapay €cerTiH
JIEpEKTep/IiH KYH/bI | IAPTHIH TYCIHYTEe
0OTyBIH acep erti me?
KaJiarajianipl. IIpu3ma kememin
Capanay: byn Taly GopmysaceH
Ke3€eH/1e KOJIZJaHy/1a KaHaau
capayayabiH KABIHIBIK O0JIIBI?
«Kopvimutnoviy
TOCLITI KOPIHEII.

Capamay. Ci3 KaHZail ToCUIMEH baramay. Ci3 JleHcayIbIK jkoHE Kayilci3NiK TEXHUKACHIH

kebipek kKonmay kepcernekciz? Ci3
KaOLTeTTi OKYyIIBIIApIBIH aJIbIHA
KaHJall TarceipMaiap Kosichi3?

OKYIIBUTAP/IBIH
MaTepHaIbl UTepy
JIeHTeiiH Kaaii TeKcepy i
JKOCTIapJIall OTHIPCHI3Z?

caKray

«/luanor >koHE KOJAay KepceTy»,
«Tarmceipmay, «KikTey».

Capanay TaTChIpPMAaIIap IbI
ipikTeyai, Oenriai Oip OKyIIBIIAH
KYTUIETIH HOTIKEHI, OKYIIbIFa
KEKe KOolgay Kepceryne, OKYy
MaTepuasbl MEH  pecypcTapibl
OKYIIIBLTAPABIH KeKe KaOinerTepiH
ecKepe OTBIPBIT azipneyni
KaMTH/IbI.

«Mapaxray ce3i» afici

JleHcaymbIK caKTay TeXHOIOTHSIAPHI.
Cabakra cepriTy XKaTTBIFyJIapbl MEH
Oerncen i KYMBIC TypJepiH KoJITaHaMbIH.
Ocpl cabakTa KOJAAHBIIATHIH
Kayincizgik TeXHuKachl epexkenepiHiy
TapMaKTapbl OPbIHATAIbL.

AKamnbl 0aranay

CabakThIH KaHJail eKi acrekTici )kakchl oTTi? OKBITY Typalbl Ja, cabak Oepy Typasbl Aa OWJIaHBIHBI3.
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1:
2:

CabakThl xakcapTyFra He xapaemaecep eni? OKbITY Typasl J1a, cabak Oepy Typasibl Jia OHJIaHBIHBI3.

1:
2:

Cabak Ke3iHJE, CBIHBII HEMece JKEKENEreH OKYIIBUIAPbIH JKeTiCTIKTepi/KUBIHIIBUIBIKTAPEl Typallbl MEH HEHi
anbikTaneiM? Keneci cabakrapia Here Ha3ap ayaapy Kepek?

1
2.
Knickamep3imai :xocnap
Ne3-cadak
Ca0akThIH TAKBIPBIOBL: [TrpaMuia koHe KMBIK TUpaMUIa Keemaepi
BeJim: JeHesiep keJemaepi
Ilenarorriy aThI-KOHi: Cepik0aii YKanaibss CaFbIHKBI3BI
Kymi: 10.04.2026

CpIHBIOBL: 11

KaTtpicymbuiap caHsl:

Karslcniaraniap cassl:

Ca0aKThIH TaKbIPBIOBI:

IMupamuia sxoHE KUBIK MAPaMKJia KeJieMaepi

Oky OarmapiiaMacbiHa
COMKEC OKY MaKcaTbl

11.3.11 - mupamua xoHEe KUBIK NMUpaMuja KeleMIepiH Taldy (GopMyianapbiH
KOJIJIaHy.

CabaKTbIH MaKCaThl:

Bapavik okyweinap ywiin:

Binim anymisinap Gipsecin, TUpaMUa XKOHE KUbIK MHpaMuia KeJleMaepiMeH
TaHBICAIBI.

Konuwinix oxywolLiap yuiin:
Binim anymisiiap nupaMu/a )oHe KUbIK TUpaMua KeeMaepid Tadabl.
Keiibip okywvinap ywin:
Binim anymisiiap nupaMu/a xKoHe KMbIK TUpaMua KejeMaepid Tady
(hopMysanapelH KOJIaHabl.

CabakThIH 0apbIChl:

Cabak IlemarorTiy ic- OKyIIBIHEIH ic- Baramay Pecypcrap
Ke3eHi/Y aKpIT OpeKeTi opeKeTi
Bl
CabaKTbIH Y). 1. Oxymrsutap OKyuIsuIapApIH OKYJIBIK, )KYMBIC
Oacel YiibIMAACTBIPY CypakTapra >kayar OenceniIiri ymidn JoTTepi
KpI3pIFyIIBLT | Ke3eHi: Oepim, e3zapa «Kapaiticoin!», Kiran, montep,
BIKTHI 0Ty. | 1.OKymisimapMeH YKBIMABIK TAKbUTAY | «Kepemem!» nerexn KallaM CyperTepi
7 MuH. amMasjacy, JKacaraHHaH KeriH cakray ce3jiepiMeH OelfHeIeHTeH KIMa
TYTEHJIEY. MYFajimM OaramaifIpL. Karazzap
2.bIHTBIMAKTACTHIK | OKYIIBLIAPFa Tuimainiri:  Oxymbutap TOIITaMackl
atmoctepaceH cabaKThIH Oip-OipiHe TimeKk  auWTy JK axpasbI
KaJIBIITACTBIPY TaKbIPBIOBI, apKbUIBI  JKaKbIHIAcalpbl,
MaKCaThIMEH KOHUT-KYHIH KeTepeni
1.Myranim TaHBICTBIPAIbIL. JKoHE  OaybIpMaJABIFBIH
OKYLLIbLUTAPAbI Makcarbl: XpuigaM | osTagsl.
TYTeHACH . opi pyHKIIMOHAT B Capanay: byn xeprne
2.Amanpacazapl TYpZ€E CbIHU capamaynslH — <«KikTey»
JKOHE  TIIEeKTepiH | OWIaHyAbl JaMEITY. Tacim KepiHeT.
oinmiperi. Tuimainiri: OKybLIapAbIH OKyFa
OKYIIBIHBIH JEreH  KbI3bIFyIIBUIBIFbIH
TaHBIMABIK JaFIBICHl | apTTHIPY MaKcaTbIHJa
apranel.  CoOHBIMEH | MYMKIHJITiHIIIE olapra
Katap OKYIIbIFa | TaHAAY epKiHJIri Oepiieti.
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cabakThIH ©MipMeH
OaiinaHbICHIH
Kepcereni KOHE
cabaKThIH TaKbIPBIOBI
MeH MaKCaThIH
aHBIKTAyFa
MYMKIiHZIK Oepei.

Kana (Y) «Mwura 1. Op oky1bI 63 Capaanay: byn xepae O3 oiibIH AYpBIC
ca0aKKa madybLD» 91ici OHBIMEH Ooutices]. capanayasH «Iuanor MaFBIHAIA
Kipicne apKBUIBI OTKEH 2. O3reHiH MiKipiH JKOHE K0JI1ay KOpCeTy» olagipin,

TaKBIPBIMIICH )XKaHA | TOJNBIKTHIPAIIBL. Tacii kepineni. Jypeic TalKbUIayFa
ca0aKThI Makcarsbl: MarblHa/a xayan Oepyre | OCJICEHIUTIKIIEH
0altlIaHBICTHIPY Okyursuiap OarpITTay MaKcaThIHIA KaTBICKaH
MaKcaTbIH]Ia Oi CypakrapFa jxayart KenOip OKylIbLIapFa OKYIIIbIFa
KO3Fay CypakTapblH | Oepim, e3apa aIlbIK CYpaKTap, aj «Kapaicera!»
YOKBIMJIBIK VKBIMJIBIK TAJIKBUIAY | KEHOIp KOMEK KaKeT JIeTeH MaJaKTay
TaJKbLUIAY. JKacaFaHHaH KeHiH €TETIH OKYIIblIapFa ce3iMeH
OkymbLapra MYFaJIiM JKETeNeyII CypaKTap BIHTAIAHIBIPY.
JKanmblIaMa OKYIIbLIApFa KOMBIIAIBI.
TOMEHJIET1 CYypaKTap | cabaKThIH
JKOHE KATTBIFY TaKBIPHIOHI, Heckpunrop:
TypJiepi Oepineni. MaKcaThIMEH 1. Op OKyIIIbI ©3 OWBIMEH
Cypaxkrap: TaHBICThIPAIbI. Oemicei.
1.ITupammna 2. O3reHiH MKipiH
nerenimiz He? Kubik TOJIBIKTHIPAIBI.
npamMua 1ereH Kamnpl- 2 6an1.
He?
2. [Ilmpamuia sxoHE
KUBIK TUPaMHUJIa
KeJIeMIepiH Kamai
TalOyra Oomaapr?
3.¥kcac
(urypamap ey
KeJeMepi e3apa
KaJiai
OaitmanbpicKaH?

CabaxThIH OKynbIKTarbl )kaHa | OKYJBIKTHI OKBITT TakpIpeinka 6avimansicTel | Craiin

OpTacChI cabaKTHIH MOTIHIH TaHBICHIIT IITBIFAIBL. WHTEPHET KO3MIepiH Kitan

MarpiHaHBl | OKYFa TarchlpMa Tipek ce3nepmen naiiganassm Oerim
anry. Oepemni TaHBICHII, 63 IIBIFapy MyIIenepiMeH
31 MuH. JIOTITEpIIEpiHe KA3bI | TAHBICAIBL.

anasisl.
Myranim Tinkercad
maTopMackHIA
nUpamMuia MEH KUbIK
nupamMugansiH 3D
MOJIEIIIH KOPCETE/i.
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1- TancelpMaHbl
OPBIH/IATA/IBL,
0aKpUIAIBL, MBICAI,
YJIT1 Kepcereri.

1-mancoipma
Y1OyphIITH
MTUPaMHIAHBIH
TabaHBIHBIH Oip
KaOBIPFAChl JKOHE
OFaH KapcChl JKaTKaH
KBIPBIHBIH OPTACHI
APKBUTBI KA3BIKTHIK
ereni. by
JKa3BIKTBIK
TTUPaMHIAHBIH
KOJIEMIH KaHan
KaTeIHacTa Oesemi?
Tinkercad
1aTopMachiHIa
MO/IEITb KYPBIII,
TabaHbl MEH
OMIKTITiH KepceT.

S

B

15.7-cyper

Heckpunrop:
1.TTupaMuassiy TabaH
ayJaHbIH Tababl.
2.TlupaMuaHBIH KeJIeM
(bopMyIaceH IypBIC
KOJIJIaHaIbI.

3.Kenemin ecenreimi.
4.3D mozens apKbLIbI
TabaH MeH OMIKTIKTI
KepceTei.

Kammbl- 4 6a1.

Tinkercad
miatgopmacer, K
9KpaHBbI,
WHTEPAaKTHUBTI
TaKTa,
OKYIIbLIAPIBIH
cMapThoHIapsI
Hemece
HOyTOYKTepi, 11-
CBIHBII TEOMETPHS
OKYIIBIFBI, )KYMBIC
JIOTITEPi, craai.

2- TarChIPMaHbI
OpBIHIATAIbI,
OaKbUIaliIbl, MBICAIL,
YIIri KepceTei.

2-mancovipma
Hyp-Cyinran
KaJIaChIHJIAFbI
BelbiTmitik nex
Kenicim capaiib
JYPBIC
TOPTOYPHITITHI
MApaMua MIIHAeC
00J16II TaOBLIAIEL.
OHBIH OMIKTITT MEH
TaOaHBIHBIH
KaOBIpFacel 62M-Te
TeH. [Tupamuaanbig
KeJIeMiH Tabaspl.
Mogenb apKbpITBI €Ki
TaOaHHBIH JKOHE
OUIKTIKTIH
OpHAaNaCyblH
TYCIHIIpeni.

15.11-cyper

Heckpunrop:

1.KubIK mupaMuiaHbIy eKi
TaOaHBIH aHBIKTANIBL.
2.@opmynagarsl Si, Sz
KoHe h MoHAEpiH ayphIC
KOSIIBI.

3.KupIk mupaMugaHbH
KOJIEMIH eCenTeimi.
4.3D Mozens apKbLUIBI
MIENTMIH TYCIHAIpEei.
Kannsl- 5 6am.

Tinkercad
mwiatdopmacel, K
9KPAaHBI,
HMHTEPAKTUBTI
TaKra,
OKYIIbLIAPIBIH
cMapThOHIAPEI
Hemece
HOyTOYKTEpi, 11-
CBIHBIIT TEOMETPUS
OKYJIBIFBI, )KYMBIC
JIOTITEpi, CIam.
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CabaxteiH | «Epkin
COHBI MHUKpOpoOH» dici.
Oti Tonranbic. | MyFraiiM cabaKTh
Pednexcus KOPBITBIHABLIAY
7 MuH. MaKCaThIH/IA
OKYIIIBLTAPABIH
cabakka mered
KO3KapachlH,
pedIieKCHsIChIH
TBIHJAM b

ajraH OLTIMIH
capanaii Ouryre
JaraplIaHabl.
Tuimoinizi:

OKYIIbLIaPbIH
JKunakranran

O0yBIH
KaJlarajianipl.
Capanay: byn
Ke3eHjie
capanaypig
«Kopoimuinow)
TOCLITI KOPIHE/I].

Marcampr: OKyIIbI

TaxpIpbIn OOMBIHIIA
MIKIpIH aHBIKTAHIbI.

JIEPEKTEePTiH KYHIbI

Oxymbutap OyTiHri
ca0aKThIH
MaKCaThIHA
JKETKI3eTiH
TarceipMaap
OpbIHJIaybIHa Kapail,
©3 TYCIHTCHiH,
HiKipiH, 63 OHBIH
ANUTy apKbLIbI
cabaKKa KOPBITHIH]IbI
JKacaabl.
Okymuibuiap cabak
COHBIH/IA MbIHA
CypakrapFa jxayart
Oepeni:

3D monenb
MUPaMUJIa MEH KUBIK
MU PaMUIAHBIH
albIPMAaIIbUTBIFbIH
TYCIHyTe Kanan
KOMEKTECTi?
TTupamugaHbIH
KeJIeMi Here
MPU3MaHbIH
KOJIeMiHiH ymTeH Oip
Oediri peTiHae
KapacThIPbLIA b1 ?
Kubik nupamugana
€Ki TaOaHHBIH 0OJIYbI
KOJIEM/JII €CEIITEeyTe
KaJiai ocep eremi?
Monensi OypsII
Kapay €cerTiH
MapTHIH TYCIHYTE
KOMEKTECTI Me

MyFaitiM OKyIIbLIap,IbI
«Kanonaplk, 6aranay»
9/IiCi apKBUIBI OaFasaii bl
Sruu «/ypovic keniceminy,
«Tonvixkmuipamvit, backa
Ke3Kapacvim o6apy,
«Meniny cypasvim 6apy.
Convimen xamap 1-10
bannovlk scytie boubIHUA
OKYWBLIAPOblY cabakka
Kamwicy bencenoiniei
botiviHWa 6a2ananadbi.

“Kanomnax farasay .-\

Capamay. Ci3 KaHzal ToCUIMeEH
ke0ipek kommay kepcermekciz? Ciz
KaOLTeTTi OKYyIIBIIApIBIH aJIbIHA
KaHJall TarceipMaiap Kosichbi3?

baramay. Ci3
OKYIIIbIIAPBIH

MaTepHaibl UTepy
JIeHTeiliH Kaail TeKcepy i
JKOCTIApJIall OTHIPCHI3?

JleHcaynbIK KoHE KayilCi3iK TEXHUKACHIH
cakray

«/luanor >koHE KOJAay KepceTy»,
«Tarmceipmay, «XKikTey».

Capanay TaTnChIpMalIap Il
ipikTeyai, Oenrimi Oip OKymIbIIaH
KYTUIETIH HOTIDKEHI, OKYIIbIFa
KEKe Koljgay Kepceryne, OKYy
MaTtepuasbl  MEH  pecypcTapibl
OKYIIIBUTApABIH JKeKe KaOinerTepiH
ecKepe OTBIPHITI azipneymi
KaMTH/IbI.

«Mapaxray ce3i» afici

JleHcaymbIK caKTay TEXHOIOTHSIAPhI.
Cabakra cepriTy XKaTTBIFyJIapbl MEH
Oerncen i KYMBIC TYpIepiH KOIIaHAMBIH.
Ocpbl cabakTa KOJAAHBIIATHIH
Kayincizaik TexHuKachl epexkenepiHiy
TapMaKTapbl OPbIHATAIbL.

AKamnbl 0aranay

CabakThIH KaH/ail eKi acreKTici »akchl oTTi? OKBITY Typaibl Ja, cabak Oepy Typaibl Aa OWIaHBIHBI3.

1:
2:
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CabakThl xakcapTyFa He xopaeMaecep eai? OKBITY Typabl J1a, cabak Oepy Typasibl Ja OJIaHBIHBI3.

1:

2:

Cabak Ke3iHJe, CHIHBII HEMECE JKEKENereH OKYIIbUIAP/bIH KETICTIKTeP1/KUbIHIIBLIBIKTAPBI Typajbl MEH HEHi
anbikTaneiM? Keneci cabakrapia Here Ha3ap ayaapy Kepek?

1:

2:
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Appendix D. Sequence of Data Collection Activities

Phase Timing Activity Groups

1 Before Lesson 1  Pre-test (PSVT) Both groups
Baseline geometry grades collected

2 Before Lesson 1 Both groups
from school records

3 Lessons 1-8 (7 Instructional period: 3D modeling EG and CG

weeks) (EG) / standard instruction (CG) separately

4 After Lesson 8  Post-test (PSVT) Both groups
Post-intervention geometry grades

5 After Lesson 8 Both groups
collected from school records
Student questionnaire on attitudes

6 After Lesson 8 EG only

towards 3D modeling (6 items)

Note. EG = experimental group; CG = control group.
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Appendix E. PSVT test (pre-test and post-test)

11-cpIHBIN
I'eomerpus

1-6eaim: 7Kazdanap

Bepinreni — 6ip >xa30a jxoHe Oec yIienmem i I1eHe.

JKazba ymesnmem i AeHEHIH iIKi OeTTepiH KopceTe/i.

XKazbanare OosuFan OelTik YIIeameMIl JeHEHIH TOMEHT1 )KaFbIH (TabaHbl) Ouaipe .

Cizre keperti:

* ’ka30aHbl oifIIa OYKTeIl, OHBIH KaH/Iail yIIeIeM Il ICHere aifHaIaThIHbIH €IeCTETY;

* Oepinren 6ec nenenid (A, B, C, D Hemece E) iminen OykrenreH jka30ara ColKec KeJIeTIHIH
TaHJAY.
Mpbicansr:
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A B c D E

DD

Jlypric xayaOnl: B

1.
AN
W*_?% N
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2-00aiM: AliHanabIpyJiap
Cizre keperi:
1. CypakThIH KOFapFbl KaTapblHa OepiireH AeHEHIH Kajlail alHaIABIPbUIFAaHBIH MYKHST 3€PTTEY;
2. CypaKThIH OpTaHFbl KaTapbIHJIa KOPCETUINCH JCHE I COJI TOCUIMEH alHaIbIPhUIFaHAa Katan
KOpIHETIHIH OMIIa eNeCTeTy;
3. Temenri kaTapaa Oepinren 6ec cyperrtiH (A, B, C, D memece E) inrineH aypsic OarbITTa
alfHAJIBIPBUIFAH JICHETe COMKeC KeJIETIHIH TaHaay.
Meicaisr:

IS ROTATED TO

IS ROTATED TO

A [a} £
/\ <
Hypeic xxaya6si: D
1.
@ IS ROTATED TO @
AS IS ROTATED TO
A =]
2.
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3-0eJim: Kepinicrep
OOBeKT “HIBIHBI KOPAITHIH OPTAChIHA OPHAJIACKAH KoHE Oec cypeT OepiireH, ojap coll
00BEKTIHIH OpTYPJIi KOPIHICTEPIH KOPCETe .
“IIIbIHBI KOPANTBIH* JKOFAPFBI OH JKaK OYPBIIBIHIAFEl Kapa HYKTE KaKeTTi Kapay OarbIThIH
Oenritenmi.
Cizre keperti:
1. O3iHi3 1 “IIBIHBI KOPANTHIH® alfHAIAChIHA KO3FAJIBII KYPreHIeH eNecTeTi, Kapa HyKTe ci3 OeH
0OBEKTIHIH apachIH/Ia TIKEJICH OpHAIACKAHFa JICHIH KO3FaJITY,
2. Ocsl Kapay MO3UIHSICBIHAH OOBEKTIHIH KaJlaif KOPIHEeTIHIH OHIa eIecTeTy;
3. Bec cyperren (A, B, C, D Hemece E) cou kapay mo3HUIMACHIHAH KOPIHETIH 0OBEKTIre COlKec
KEJIETIHIH TaH/ay.
Meicaisr:

Jypeic xayaOsi: E

1.
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Appendix F. Questionnaire

Ankera: 3D-Mozaenaeyi KoJijJany apKbUIbl T€OMETPUSHBI TYCIHY

Magaimaeme

ToanireiMen Kegicemin Cenimai

KeJiceMiH

eMecIiHn

KeaicneiimMin

Myagem
KeJgicneMin

3D-monenneymi
OakpLIay KOHE
OHBI KOJIJTaHY
APKBLIBI JKYMBIC
ICTey MaraH
YHABI.
3D-mopenaeymi
KOJIJJAHATBIH
cabakrap —
MEHIH YHaWUThIH
ca0arbIM.
3D-moxenaey
cabakrapsl
MEHIH OWJay
KaOiJeTiMe JKoHEe
KOTHHUTHUBTIK
JaMmybIMa
KOMEKTECE/I1.
Men
3D-moxenaey
TypaJibl KeOipeK
OLIriM Kejiemi.
Men
3D-monenneymi
YHpeHyIH
OoJrarrakra
MaraH
APTHIKITBLIBIK
OepeTiHiHe
CEHEMIH.

Men
3D-monenaeynin
OoJranrakra
MaHBI3BIPAK
0onaTHIHBIHA
CEHEMIH.
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Appendix G. Q-Q Plots for Normality Assessment of PSVT Scores and

Geometry Grades
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