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Abstract: Geometric transformations — including translation, rotation, reflection,
and dilation — constitute a foundational strand of secondary school mathematics that bridges
visual intuition with formal algebraic reasoning. Despite their conceptual importance,
students frequently struggle with abstract representations of transformations when instruction
relies exclusively on static diagrams and procedural rules. This study investigates the
effectiveness of GeoGebra, a dynamic mathematics software platform, as a pedagogical tool
for teaching geometric transformations to 9th-grade students in Uzbekistan. Using a quasi-
experimental pre-test/post-test design with a sample of 68 students divided into control and
experimental groups, the research measures the impact of GeoGebra-integrated lessons on
students' conceptual understanding, procedural accuracy, and spatial reasoning skills. The
experimental group participated in a six-week instructional unit in which GeoGebra was used
to dynamically visualize and manipulate transformations, while the control group received
traditional chalk-and-board instruction. Results indicate that students in the experimental
group significantly outperformed their counterparts on all three outcome measures, with the
largest effect sizes observed for spatial reasoning and conceptual understanding. The study
also documents positive shifts in student attitudes toward mathematics. These findings
suggest that GeoGebra-based instruction offers a powerful complement to traditional
approaches in teaching geometric transformations, with implications for curriculum design
and teacher professional development in secondary mathematics education across Uzbekistan
and similar educational contexts.
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Introduction

Geometric transformations occupy a central position in the secondary school
mathematics curriculum, serving as the conceptual link between the intuitive geometry of
everyday experience and the formal structures of coordinate geometry, linear algebra, and
complex analysis. The ability to visualize, describe, and compose transformations is not
merely a procedural skill; it is a form of mathematical literacy that underpins students' later
engagement with topics ranging from symmetry in physics to computer graphics and
architectural design. Yet, despite their importance, transformations remain among the topics
that secondary students find most challenging, particularly when instruction relies on static
representations that do not capture the dynamic nature of geometric motion.

The emergence of dynamic geometry software — and GeoGebra in particular — has
created new possibilities for transforming how geometric concepts are taught and learned.
GeoGebra, an open-source platform freely available in multiple languages including Uzbek
and Russian, allows students to construct geometric objects, apply transformations, and
observe the results interactively. The ability to drag points, animate figures, and immediately
see the consequences of changes to parameters turns the abstract into the concrete and the
static into the dynamic. This affordance is especially valuable in the context of
transformations, where the concept of "moving" or "mapping" a figure is inherently kinetic.
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In Uzbekistan's secondary schools, mathematics instruction has historically been
characterized by formal, teacher-centered approaches that emphasize procedural fluency over
conceptual understanding. While this tradition has produced students with strong algebraic
skills, it has been less successful in developing spatial reasoning and the ability to work
flexibly with geometric representations. The introduction of digital technologies into
classrooms, accelerated by the national digitalization agenda, creates an opportunity to
address this imbalance. However, the mere presence of technology is insufficient; what
matters is how technology is integrated into pedagogically principled instructional sequences.

This study addresses the question: To what extent does GeoGebra-integrated instruction
improve secondary students' understanding of geometric transformations compared to
traditional instruction? By answering this question in a carefully controlled empirical study,
the research contributes to the growing body of evidence on technology-enhanced
mathematics learning and provides practical guidance for teachers and curriculum designers
in Uzbekistan and comparable educational systems.

Material And Methods

The study employed a quasi-experimental pre-test/post-test control group design.
Participants were 68 ninth-grade students from two intact classes at a secondary school in
Kokand, Uzbekistan, randomly assigned to experimental (n=34) and control (n=34)
conditions. Prior to the intervention, both groups completed a validated 25-item pre-test
assessing conceptual understanding of geometric transformations, procedural accuracy in
applying transformation rules, and spatial reasoning ability. The pre-test confirmed
equivalence of the two groups (p=0.42).

The instructional intervention lasted six weeks and covered four types of geometric
transformations: translation, rotation, reflection, and dilation. The experimental group
received GeoGebra-integrated lessons in which students used pre-designed applets and
created their own constructions to explore each transformation type. Lessons followed an
inquiry-based structure: students first explored a transformation dynamically, formulated
conjectures about invariant properties, tested their conjectures by manipulating parameters,
and finally formalized their findings with teacher guidance. The control group studied the
same content using traditional methods: teacher explanation, textbook examples, and pencil-
and-paper exercises.

Post-test data were collected after the six-week period using a parallel form of the pre-
test instrument. Additionally, a 20-item attitude survey was administered to both groups to
measure changes in students' self-efficacy and interest in geometry. Qualitative data were
collected through classroom observation notes and semi-structured interviews with eight
purposively selected students (four from each group). Data analysis employed independent-
samples t-tests for quantitative outcomes and thematic analysis for qualitative data. Effect
sizes were calculated using Cohen's d. The study received ethical approval from Kokand
University's research ethics committee, and all participants provided informed assent with
parental consent.

Results

Quantitative results demonstrated consistent and statistically significant advantages for
the GeoGebra-integrated experimental group across all three outcome measures. On the
conceptual understanding subscale, the experimental group achieved a mean post-test score
of 78.4 (SD=9.2) compared to 61.7 (SD=11.4) for the control group, a difference that was
highly significant (t(66)=6.84, p<0.001, d=1.66). This large effect size indicates that
GeoGebra integration produced substantially deeper conceptual understanding than
traditional instruction.
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Procedural accuracy scores also favored the experimental group, though with a smaller
effect size (mean: 82.1 vs. 74.3; t(66)=3.21, p=0.002, d=0.78). This finding is noteworthy
because the experimental group did not receive additional procedural practice — if anything,
a portion of their instructional time was devoted to exploratory activities rather than drill. The
improvement in procedural accuracy thus appears to be a byproduct of deeper conceptual
understanding rather than additional practice.

The largest between-group difference was observed on the spatial reasoning subscale
(mean: 74.8 vs. 55.2; t%(66)=8.13, p<0.001, d=1.97). This result aligns with theoretical
expectations: dynamic visualization directly supports the development of spatial reasoning by
allowing students to mentally simulate transformations before executing them procedurally.
Students who used GeoGebra repeatedly engaged in the act of predicting where a figure
would land after a transformation, then checking their prediction by executing the
transformation — a cycle that directly trains spatial reasoning.

Attitude survey results indicated significant positive shifts in the experimental group on
both self-efficacy (mean gain: +14.3 points on a 100-point scale, p=0.003) and interest in
geometry (mean gain: +18.7 points, p=0.001). Control group students showed negligible
changes on both dimensions. Qualitative data from interviews reinforced these findings.
Experimental group students described GeoGebra as making geometry "come alive" and
expressed greater confidence in tackling unfamiliar problems. One student noted that being
able to "drag and see" helped her understand why a rotation preserves distances in a way that
no textbook explanation had previously achieved. Control group students, by contrast,
frequently described transformations as "just rules to memorize" without deeper conceptual
grounding.

Classroom observations revealed that the GeoGebra-integrated lessons generated
notably higher levels of student-to-student discussion, with students frequently debating
predictions before executing transformations. This peer dialogue appeared to support
conceptual consolidation and may partly explain the magnitude of the learning gains
observed.

Discussion

The results of this study provide strong empirical support for the pedagogical value of
GeoGebra in teaching geometric transformations at the secondary level. The large effect sizes
observed for conceptual understanding and spatial reasoning are consistent with a growing
body of international research demonstrating the advantages of dynamic geometry
environments over static instruction for developing geometric thinking. The present findings
extend this literature by situating it in a Central Asian educational context characterized by a
strong tradition of formal, teacher-centered instruction, and by demonstrating that GeoGebra
integration can produce significant gains even within this cultural and pedagogical context.

A theoretically important finding is the improvement in procedural accuracy observed
in the experimental group without additional drill practice. This suggests that conceptual
understanding developed through dynamic exploration subsequently supports procedural
execution — a relationship that is theoretically coherent with a constructivist view of
mathematical learning. Students who understand why a transformation works as it does are
better positioned to apply the corresponding procedure correctly and to recover from errors.

The attitudinal gains observed are also pedagogically significant. Students who find
geometry meaningful and engaging are more likely to persist in the face of difficulty and to
develop the kind of sustained mathematical engagement that characterizes successful learners.
The GeoGebra environment appears to cultivate this engagement by positioning students as
active investigators rather than passive recipients of knowledge.
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Limitations of the study include its restriction to a single school and the relatively short
duration of the intervention. Future research should examine the long-term retention of
GeoGebra-enhanced learning and investigate the extent to which gains transfer to other
geometric topics and to standardized assessment contexts.

Conclusion

This study has provided compelling evidence that GeoGebra-integrated instruction
significantly enhances secondary students' learning of geometric transformations across
conceptual, procedural, and spatial dimensions. The dynamic visualization affordances of
GeoGebra directly address the core challenge of transformation instruction — the inherently
kinetic nature of geometric mappings — in a way that static, traditional methods cannot. The
findings carry clear implications for practice: teachers of secondary geometry should be
provided with professional development in GeoGebra and supported in designing inquiry-
based lessons that leverage its dynamic capabilities.

For curriculum designers in Uzbekistan, the study suggests that existing textbook
sequences for geometric transformations could be significantly enriched by the integration of
GeoGebra applets and construction activities. This need not require the complete replacement
of traditional instruction; rather, GeoGebra can function as a powerful complement that
deepens the conceptual foundation on which procedural fluency is built.

More broadly, the study contributes to the argument that technology integration in
mathematics education, when pedagogically principled rather than merely decorative, can
produce substantial learning benefits even in educational contexts with strong traditional
instructional cultures. The case of GeoGebra and geometric transformations offers a model
for how digital tools can be integrated thoughtfully and effectively into secondary
mathematics instruction across Uzbekistan and beyond.

Acknowledgements

The author thanks the students and teachers at the participating secondary school in
Kokand for their cooperation and enthusiasm throughout the study. Gratitude is also
expressed to colleagues at the Department of Digital Technologies and Mathematics, Kokand
University, for their valuable feedback on the instructional materials. This research received
no external funding and was conducted as part of the author's scholarly work in mathematics
education.

REFERENCES
1. Mamajonov, S. M. (2022). The third boundary problem for a fourth-order non-
homogeneous equation with constant coefficients. Bull. Inst. Math, 5(6), 100-109.
2. Mamazhonov M, Mamazhonov S.M., Mamadalieva K.B. (2016). Some boundary
value problems for a third-order parabolic-hyperbolic equation in a pentagonal domain.
Bulletin KRASEC. Physical and Mathematical Sciences, 13(2), 31-38.
3. AmnakoB FOcymxkon IlymaroBuu, & MamaxonoB CamxapOex Mupsaesua (2023).
KPAEBASL 3AJIAYA J1JId HEOJHOPOJHOI'O VPABHEHHS UETBEPTOI'O
[MOPAAKA C TIOCTOAHHBIMMU KODOOUIMEHTAMU. YensaOuHckuii (PU3UKO-
MareMaTu4ecKuil ;xypHaiu, 8 (2), 157-172.
4. Apakov, Y.P., Mamajonov, S.M. (2024). Second Boundary Value Problem for a
Fourth-Order Inhomogeneous Equation with Variable Coefficients. Lobachevskii J Math 45,
3849-3859.
5. Amnaxos, 0. II., & MamaxonoB, C. M. (2021). Pa3pemunmocts onHONM KpaeBoi
3aJadu UL YpaBHEHUS YETBEPTOTO TMOpAOKAa NapadoIo-TUIEepOOIIMIecKOro THIA B
MATUYTONBHOM 00nactu. Cubupckuti HCypHanl uHOyCmpuaibHou mamemamuxu, 24(4), 25-38.

229




Asian Journal of Technology and Applied Sciences m
ISSN: 2301-xxxx (online) | IF: 10.01 | Vol: 1, issue 1

i _
: . : : TASIAN
Available: http://asiansciencejournal.org "SCIENCE
> JOURNALS

6. Mamajonov, M., & Mamajonov, S. M. (2014). Statement and research method some

boundary value problems for a class of fourth order parabolic-hyperbolic type. Vestnik
KRAUNC. Fiziko-Matematicheskie Nauki, (1), 14-19.

7. Apakov, Y., & Mamajonov, S. (2023). Solution of a boundary problem for a fourth-
order non-homogeneous equation with non-symmetric time conditions. Journal of Osh State
University. Mathematics. Physics. Technical Sciences, 2(2), 15-25.

8. AmnakxoB HOcymxon IlymaroBuu, & MamaxxonoB CamxkapOex Mupsaesnu (2021).
Kpaesast 3amaua niust ypaBHEHHsI YETBEPTOrO IMOPsIKA ¢ KPATHBIMHM XapaKTepUCTHKamMH. VI
MEKIyHApOAHAs HayuHas koH(pepeHnuus «HemokanbHble KpaeBble 3a/a4d U POJICTBEHHBIC
npobeMbl MaTeMaTHueckoi 6uostornu, nHpopMaTuku u pusuky, 6 (1), 32.

9. Apakov, Y. P., & Mamajonov, S. M. (2021). Solvability of one boundary value
problem for a fourth-order equation of parabola-hyperbolic type in a pentagonal
domain. Sibirskii Zhurnal Industrial'noi Matematiki, 24(4), 25-38.

10. MamaxxonoB, M., & Mamaxxonos, C. M. (2014). TTocraHoBKa 1 METOJT UCCIICTIOBAHUS
HEKOTOPBIX KPaeBbIX 3a/]au JUIsi OJHOTO KJIacca ypaBHEHHH YETBEPTOro mopsiaka mnapadoso-
runepoonuueckoro tuna. Becmuux KPAVHL]. @usuxo-mamemamuyeckue nayxu, (1 (8)), 14-
19.

11.  Mamajonov, M., & Mamajonov, S. (2024). On a boundary value problem for a fourth-
order equation of parabolic-hyperbolic type in a mixed pentagonal domain... Journal of Osh
State University. Mathematics. Physics. Technical Sciences, 2(3), 116-133.

12.  Apakov, Y. P., & Mamajonov, S. M. (2022). Boundary Value Problem for a Fourth-
Order Equation of the Parabolic-Hyperbolic Type with Multiple Characteristics with Slopes
Greater Than One. Russian Mathematics, 66(4), 1-11.

13. Apakov, Y. P., & Mamajonov, S. M. (2023). Boundary value problem for an
inhomogeneous fourth order equations with constant coefficients. Chelyabinskiy Fiziko-
Matematicheskiy Zhurnal, 8(2), 157-172.

14.  Apakov, Y. P., & Mamajonov, S. M. (2024). Boundary Value Problem for Fourth
Order Inhomogeneous Equation with Variable Coefficients. Journal of Mathematical
Sciences, 284(2), 153-165.

15.  Apakov, Y. P., & Mamazhonov, S. M. (2023). Boundary value problem for an
inhomogeneous fourth-order equation with lower-order terms. Differential Equations, 59(2),
188-198.

16.  Apakov, Y. P., & Mamajonov, S. M. (2021). Solvability of a Boundary Value
Problem for a Fourth Order Equation of Parabolic-Hyperbolic Type in a Pentagonal
Domain. Journal of Applied and Industrial Mathematics, 15(4), 586-596.

17.  Camxapbex Mupzaesuu Mamaxonos, IllepmaroBa Xunonaxon Mup3aesna. (2012).
OO0 omHOM KpaeBoil 3amaue Il YpaBHEHUSI TPETHETO MOPsAKa MapadoIo-TuIepOOTHIECKOro
THIAa B OOJIACTH C ABYMs NEPIEHAUKYISAPHBIMH JIMHHASMH H3MEHEHHs THIA. Y3IyKCH3
TabJIUM TH3UMHIA MaTEMaTHKa Ba HHQOpMaTHKa (paHIApUHU YKUTUIIHNA TaKOMUJUIAIITHPHLIT
Macananapu” MaB3dycugaru PecnyOnmka MuKEcHIard HIMHM-TEXHUK KOH(epeHLHs
Marepuauiapu, 96-99.

18.  Apakov, Y. P., & Mamajonov, S. M. (2023). Boundary-value problem for the fourth-
order equation with multiple characteristics in a rectangular domain. Journal of Mathematical
Sciences, 272(2), 185-201.

19.  Mamajonov, M., & Mamajonov, S. (2024). On a boundary value problem for a fourth-
order equation of parabolic-hyperbolic type in a mixed pentagonal domain... Journal of Osh
State University. Mathematics. Physics. Technical Sciences, 2(3), 116-133.

230




Asian Journal of Technology and Applied Sciences r'
ISSN: 2301-xxxx (online) | IF: 10.01 | Vol: 1, issue 1 SASIAN

Available: http://asiansciencejournal.org SCIENCE

20.  Anaxos, 10., & MamaxonoB, C. O pa3pemmMOCTH TPeTheW KpaeBOW 3amadyul st
HEOTHOPOJTHOTO ypaBHEHUs YETBEPTOTO MOPsAKA C KPaTHBIMU XapakTepuctukamu. In Typxi
anemi mamemamuxmepiniy VII Jynuexcysinik Konepeci (TWMS Congress-2023) (p. 259).

21.  Apakov Yu., Mamajonov S. (2023). The boundary value problem for a fourth-order
nonhomogeneous equation with variable coefficients. Uzbek Mathematical Journal, 67 (3),
23-32.

22.  Kuziev, S., & Mamajonov, S. (2026). Optimal quadrature rule with derivative in
Sobolev space. Gulf Journal of Mathematics, 22(2).

23.  Mamajonov, S. M., & Mahammadjonova, M. (2026). Methodology For Forming The
Concepts Of Fractions And Fractions In Primary Grades. TLEP — International Journal of
Multidiscipline, 3(3), 11-16.

24.  Hohenwarter, M., & Fuchs, K. (2004). Combination of dynamic geometry, algebra
and calculus in the software system GeoGebra. Computer Algebra Systems and Dynamic
Geometry Systems in Mathematics Teaching Conference.

25. Zengin, Y., Furkan, H., & Kutluca, T. (2012). The effect of dynamic mathematics
software GeoGebra on student achievement in teaching of trigonometry. Procedia — Social
and Behavioral Sciences, 31, 183—187.

26.  National Curriculum of Uzbekistan for Secondary Mathematics (2022). Ministry of
Public Education of Uzbekistan, Tashkent.

231




