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ABSTRACT ARTICLE HISTORY
Developing learners’ geometric reasoning remains a persistent challenge in secondary Received 21 November 2025
mathematics education, particularly in transformation geometry, where many learners Revised 27 July 2026
struggle to progress through the hierarchical Van Hiele levels of geometric thinking. ~ Accepted 6 August 2026
Although technology-enhanced instruction has been associated with improved mathema-
tics learning, limited evidence exists on how integrating GeoGebra within the phases of
Van Hiele instruction influences learners’ progression through these levels. This study Technology-enhanced

N instruction; Geometric
compared Technology-Enhanced Van Hiele Phased Instruction (TVHPI) with Conventional reasoning; Transformation
Van Hiele Phased Instruction (CVHPI) in promoting learners’ progression through the Van geometry; Van Hiele levels;
Hiele levels in transformation geometry. Guided by Van Hiele theory and constructivist GeoGebra
learning principles, a quasi-experimental design involving 483 Ugandan secondary school
learners (TVHPI = 238; CVHPI = 245) was employed. Learners’ progression was assessed
using the Van Hiele Geometry Achievement Test and analysed using Wilcoxon signed-
rank tests, ordinal logistic regression, and Difference-in-Differences analysis. Both instruc-
tional approaches significantly improved learners’ geometric reasoning; however, learners
receiving TVHPI demonstrated greater progression through the Van Hiele levels than
those receiving CVHPI. The findings suggest that integrating GeoGebra within the phases
of Van Hiele instruction is associated with higher levels of geometric reasoning and pro-
vides empirical support for technology-enhanced, competency-based geometry instruc-
tion that promotes deeper conceptual understanding.
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Introduction
Background

Geometry plays a fundamental role in developing learners’ spatial reasoning, visualization, and problem-
solving abilities, which are essential for success in mathematics and related disciplines (Asli & Zsoldos-
Marchis, 2021). Within the secondary mathematics curriculum, transformation geometry provides an
important link between geometric and algebraic reasoning through concepts such as translation, reflec-
tion, rotation, and dilation, making it particularly important for the development of higher-order geo-
metric reasoning (National Curriculum Development Centre [NCDC], 2019a, 2019b).

Despite its importance, transformation geometry remains one of the most challenging areas of sec-
ondary school mathematics. Conventional instruction often relies on static resources, such as graph
paper, rulers, and mirrors, which provide limited opportunities for learners to visualize and explore geo-
metric transformations dynamically (Ayebale et al, 2020; Ubi et al, 2018; Zeinul & Silmi, 2022).
Consequently, many learners experience difficulties in developing spatial reasoning and linking geomet-
ric representations with algebraic concepts (Kidega et al., 2023). Evidence from Uganda Certificate of
Education examination scripts further shows persistent weaknesses in geometry, particularly in tasks
requiring higher-order geometric reasoning (Ndungo et al., 2024).

CONTACT Issa Ndungo @ ndungoissa@mmu.ac.ug @ Mountains of the Moon University, Fort-Portal, Uganda

© 2026 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://crossmark.crossref.org/dialog/?doi=10.1080/2331186X.2026.2716983&domain=pdf&date_stamp=2026-08-11
http://orcid.org/0000-0003-0492-764X
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com
https://doi.org/10.1080/2331186X.2026.2716983

2 e . NDUNGO ET AL.

The Van Hiele model, developed by Pierre and Dina Van Hiele, is recognized globally for its structured
approach to geometric learning. It outlines five hierarchical levels of geometric thinking, each building
upon the previous one, from basic visualization to more advanced formal deduction (Crowley, 1987;
Vojkuvkova, 2012). Effective instruction that guides learners through these levels is crucial for their deep
understanding of geometry concepts. Studies in diverse contexts have shown that traditional, teacher-
centered instructional approaches often fail to facilitate this progression (Crowley, 1987; Machisi & Feza,
2021; Sert Celik & Kaleli Yilmaz, 2022; Tahani, 2016). Such approaches are prevalent in resource-limited
settings, which are characteristic of many developing countries.

Consequently, many countries have shifted toward learner-centered pedagogies that emphasize active
participation, hands-on learning, and problem-solving, aligning with the principles of constructivism.
These pedagogies focus on knowledge building through experience and learner interaction with the
environment (Allen, 2022). In countries such as Indonesia, South Africa, Nigeria, Pakistan, Sri Lanka, and
Italy, integrating technology into geometry instruction has become a common practice, with positive
outcomes reported in learners’ engagement and understanding of abstract concepts (Ayebale et al,
2020; Ubi et al.,, 2018; Zeinul & Silmi, 2022). This allows learners to explore geometric relationships visu-
ally and interactively, fostering deeper conceptual understanding (Gavus & Deniz, 2022; Mishra &
Koehler, 2006; Sher et al., 2023; Wachira & Keengwe, 2011).

Recognizing these global trends, Uganda’s education system has recently adopted a Competency-Based
Curriculum (CBCQ) at the secondary level. This aims to shift from traditional, teacher-centered methods to
learner-centered instruction, emphasizing problem-solving, critical thinking, and active participation by
learners (NCDC, 2019a). However, this has been challenging for many teachers, who must adapt to long-
established teaching practices. There is a need for instructional strategies that align with the CBC's goals
and effectively support learners’ progression through the Van Hiele levels (Kidega et al., 2023).

Van Hiele Phased Instruction (VHPI) offers a structured, research-based approach that has the potential
to support the CBC's emphasis on learner-centered learning (Ndungo et al.,, 2024). It progressively guides
learners through visualization, analysis, informal deduction, and more advanced reasoning stages
(Vojkuvkova, 2012). By providing activities tailored to each stage of geometric reasoning, VHPI has shown
promise in international contexts for improving learners’ understanding of geometry. However, its effect-
iveness has not been thoroughly investigated in Uganda’s educational context, where learners struggle
with geometric reasoning, and teachers face challenges implementing the CBC (Kidega et al., 2023).

The Competency-Based Curriculum (CBC) advocates integrating technology to support learner-centred
instruction, problem-solving, critical thinking, and active participation (NCDC, 2019a, 2019b). Within the
Van Hiele instructional model, however, technology serves a pedagogical rather than merely techno-
logical role. GeoGebra enriches each instructional phase by supporting dynamic visualization during
information, structured exploration in guided orientation, mathematical communication during
Explicitation, independent investigation and immediate feedback in free orientation, and the integration
of graphical, algebraic, and geometric representations during consolidation. Thus, Technology-Enhanced
Van Hiele Phased Instruction (TVHPI) extends the conventional Van Hiele model by strengthening learn-
ing experiences within each instructional phase through purposeful use of GeoGebra rather than replac-
ing its pedagogical principles. Previous studies have shown that technology-supported geometry
instruction enhances learner engagement and conceptual understanding (Dahal et al., 2022; KUCUK &
GUN, 2023; Nzaramyimana et al., 2021; Soheila & Rosemaliza, 2018; Uwurukundo et al., 2021). However,
empirical evidence on how such integration supports learners’ progression through the Van Hiele levels
within Uganda’s competency-based curriculum remains limited.

A related strand of our earlier work examined learners’ experiences and attitudes under TVHPI and
CVHPI within the context of Uganda’s competency-based curriculum (Ndungo et al., 2025a, 2025b). The
present paper builds on these findings by determining whether the two instructional approaches lead
to measurable progression across the Van Hiele levels. By linking experience, and geometric reasoning,
the study provides a concise yet comprehensive evaluation of the effectiveness of TVHPI and CVHPI in
supporting conceptual development in transformation geometry.

Accordingly, the present study contributes to mathematics education in three important ways. First, it eval-
uates instructional effectiveness using learners’ progression through the Van Hiele hierarchy, thereby provid-
ing a theoretically grounded measure of conceptual development beyond conventional achievement
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outcomes. Second, it demonstrates how GeoGebra can be purposefully integrated within the instructional
phases of the Van Hiele model, strengthening the theoretical connection between technology-enhanced
learning and geometry instruction. Third, it provides empirical evidence from implementing Technology-
Enhanced Van Hiele Phased Instruction within Uganda’s Competency-Based Curriculum, extending current
knowledge on learner-centred geometry instruction in resource-constrained educational settings.

Theoretical foundations

This study is grounded in the Van Hiele theory of geometric thinking, which explains how learners pro-
gressively develop geometric reasoning through hierarchical levels of thinking and corresponding phases
of instruction (Crowley, 1987; Vojkuvkova, 2012). A central proposition of the theory is that progression
across the Van Hiele levels depends not simply on learners’ age or exposure to geometry, but on care-
fully sequenced instructional experiences that match their current level of reasoning. Consequently,
learners experience difficulties when instruction requires reasoning beyond their cognitive readiness
(Abdullah & Zakaria, 2013b; Moru et al., 2020).

The instructional principles of the Van Hiele model are consistent with cognitive and social construct-
ivist perspectives on learning. Cognitive constructivism emphasises that learners actively construct know-
ledge through meaningful engagement with mathematical ideas, while social constructivism highlights
the importance of guided interaction, discussion, and teacher scaffolding within the Zone of Proximal
Development (Allen, 2022). These perspectives support the learner-centred philosophy of Uganda’s
Competency-Based Curriculum, where learners are expected to investigate, communicate, justify, and
apply mathematical ideas rather than memorize procedures (NCDC, 2019a, 2019b).

In the present study, Conventional Van Hiele Phased Instruction (CVHPI) operationalizes these theoret-
ical principles using traditional instructional resources, whereas Technology-Enhanced Van Hiele Phased
Instruction (TVHPI) employs GeoGebra to strengthen learners’ exploration, visualisation, reasoning, and
conceptual development while preserving the pedagogical structure of the Van Hiele instructional
phases. Thus, technology is viewed as a means of strengthening theory-driven instruction rather than as
an instructional approach independent of the Van Hiele model.

Conventional Van Hiele’s Phases Instruction (CVHPI)

The Conventional Van Hiele Phased Instruction is a structured framework for teaching geometry that
supports learners’ understanding and progression through the Van Hiele levels. This model guides edu-
cators in designing lessons that help students advance through increasingly complex levels of under-
standing with teacher support. It has five phases: (1) Inquiry, where students explore concepts; (2)
Directed Orientation, focusing on specific properties; (3) Explication, where learners articulate under-
standing; (4) Free Orientation, applying knowledge to complex problems; and (5) Integration, consolidat-
ing concepts for deeper comprehension. Although the Van Hiele theory comprises five hierarchical
levels, this study focused on learners’ progression from Visualization to Deduction because the Senior
Three transformation geometry curriculum does not extend to the Rigor level.

Conventional Van Hiele Phased Instruction provides the pedagogical structure through which learners pro-
gress from intuitive recognition of geometric forms to increasingly sophisticated levels of reasoning. Rather
than presenting geometric concepts as isolated procedures, the instructional phases systematically guide
learners through exploration, explanation, independent problem-solving, and conceptual integration.
Previous studies have consistently reported that instruction organised according to these phases improves
learners’ geometric reasoning and conceptual understanding across different educational contexts (Abdullah
& Zakaria, 2013b; MdYunus et al.,, 2019). Consequently, CVHPI provides the theoretical benchmark against
which the additional contribution of technology-enhanced implementation can be evaluated.

Technology-Enhanced Van Hiele Phased Instructional (TVHPI)

Technology integration in education has expanded significantly, aligning with curriculum trends that
emphasize active learning through interactive tools such as tablets, smartphones, and specialized
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software. The use of ICT tools supports learners’ integration into mathematics education, providing more
significant learning opportunities and fostering engagement and discovery-based learning (Mosese &
Ogbonnaya, 2021).

Various software tools, including GeoGebra, MATLAB, Mathematica, Maple, and Geometer’s Sketchpad,
have been developed specifically for teaching mathematics (Praveen & Leong, 2013). GeoGebra is one of
the most widely studied tools, although its use remains limited in certain regions, such as Uganda
(Mosese & Ogbonnaya, 2021). GeoGebra is a free, open-source dynamic geometry software that offers
visualization, algebra, and spreadsheet functions. Its accessibility makes it suitable for schools, allowing
multiple installations at no cost (Soheila & Rosemaliza, 2018). It allows students to simultaneously view
numerical and geometric representations, facilitating a deeper understanding (Yildiz & Baltaci, 2016).

Technology-Enhanced Van Hiele Phased Instruction extends the conventional instructional model by
embedding GeoGebra within each instructional phase of the Van Hiele framework. Dynamic visualisation
enables learners to manipulate geometric objects, observe invariant properties, and test geometric rela-
tionships in real time. Immediate visual feedback supports learners in verifying conjectures, identifying
misconceptions, and refining mathematical reasoning during exploration. By linking graphical and alge-
braic representations, GeoGebra also facilitates conceptual integration across successive Van Hiele levels.
Previous studies have demonstrated the educational benefits of GeoGebra for improving visualisation,
spatial reasoning, and learner engagement (Celen, 2020; Mollakuge et al., 2020; Mudaly & Fletcher, 2019;
Uwurukundo et al., 2021). However, the present study extends this literature by examining whether inte-
grating GeoGebra within the pedagogical structure of Van Hiele Phased Instruction promotes greater
progression through the Van Hiele hierarchy than implementing the same instructional model using
conventional classroom resources. Figure 1 shows a GeoGebra environment.

GeoGebra tools enable users to dynamically adjust rotation angles and observe changes in real-time,
thereby enhancing their understanding of rotational transformations through the visual representation
of the rotation’s center, angle, and direction. This interactive environment enables students to explore
geometric transformations with precision and clarity. To better understand how these two instructional
strategies differ in practice, the following section outlines key implementation differences between
CVHPI and TVHPI in teaching transformation geometry.
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Figure 1. GeoGebra environment showing the rotation of a quadrilateral and the angle of rotation.
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Implementing differences between CVHPI and TVHPI

The principal distinction between Conventional Van Hiele Phased Instruction (CVHPI) and Technology-
Enhanced Van Hiele Phased Instruction (TVHPI) lies not in the instructional sequence, as both follow the
five Van Hiele instructional phases, but in how learning experiences are delivered. In CVHPI, teachers
rely on physical resources such as graph paper, rulers, tracing paper, mirrors, and blackboard demonstra-
tions to guide learners through each phase. In contrast, TVHPI integrates GeoGebra to enrich learning
while preserving the pedagogical intent of the Van Hiele model.

During the Information phase, GeoGebra introduces transformation concepts through dynamic visual
demonstrations that activate learners’ prior knowledge. In Guided Orientation, learners manipulate geo-
metric figures, observe invariant properties of transformations, and complete structured exploration tasks
using GeoGebra. During Explicitation, learners use dynamic representations to describe and justify geo-
metric relationships using appropriate mathematical language. In Free Orientation, learners independ-
ently investigate multiple transformation scenarios, test conjectures, and receive immediate visual
feedback from the software. Finally, during the Integration phase, learners consolidate their understand-
ing by linking graphical, algebraic, and geometric representations to form coherent conceptual
structures.

Compared with CVHPI, which relies on static representations, teacher-directed demonstrations, and
manual feedback, TVHPI provides dynamic visualization, immediate feedback, interactive exploration,
and greater learner autonomy while maintaining the same instructional phases. Consequently, the teach-
er's role shifts from primarily demonstrating procedures to facilitating inquiry, reasoning, and conceptual
understanding. Despite these pedagogical advantages, empirical evidence on whether integrating
GeoGebra within the Van Hiele instructional phases enhances learners’ progression through the Van
Hiele levels in Uganda’'s Competency-Based Curriculum remains limited, thereby motivating the present
study.

Problem statement

In Uganda'’s lower secondary curriculum, transformation geometry is taught progressively from Senior 1
to Senior 3, aligning well with the Van Hiele levels of geometric reasoning (Ndungo et al., 2024).
However, learners struggle with conceptual understanding and spatial reasoning, particularly as tasks
become more abstract in later grades (Ndungo et al, 2024, 2025a; UNEB, 2016, 2021). Although Van
Hiele Phased Instruction (VHPI) offers a structured pedagogical model, and technology like GeoGebra
provides dynamic visualization opportunities, limited research has examined how these strategies influ-
ence learners’ progression through the Van Hiele levels in actual classroom settings.

Furthermore, Uganda implements a competency-based curriculum emphasizing learner-centered,
technology-enhanced instruction. Nevertheless, its implementation remains challenging as teachers tran-
sition from traditional, teacher-centered methods to constructivist, learner-centered strategies (Kidega
et al.,, 2023). There is an urgent need to establish whether integrating tools like GeoGebra within CVHPI
can support conceptual mastery in transformation geometry. This study seeks to address this gap by
comparing the effects of CVHPI and TVHPI on students’ advancement through the Van Hiele levels. To
determine which approach more effectively advances learners through the Van Hiele levels in transform-
ation geometry within the context of the CBC framework.

Purpose of the study and research hypotheses

The study’s purpose is to compare the effect of instructional strategies on learners’ progression through
Van Hiele’s levels, addressing two hypotheses: Hq: Learners exposed to TVHPI or CVHPI will not exhibit
statistically significant progression in Van Hiele levels from pre-test to post-test, and Hgy: There is no sig-
nificant difference in Van Hiele levels progression between learners taught using TVHPI and those taught
using CVHPL.
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Scope and justification of the study

This study was conducted in six secondary schools in Midwestern Uganda, spanning six months. It expli-
citly addresses transformation geometry concepts, such as reflection, rotation, transformation matrices,
and enlargement, to evaluate how each instructional strategy facilitates learners’ advancement through
these levels.

This study provides valuable insights into the effectiveness of TVHPI compared to CVHPI in advancing
learners through the Van Hiele levels of geometric reasoning. It helps educators and policymakers under-
stand the benefits of integrating technology into geometry instruction within Uganda’s CBC framework.
The findings can guide teacher training, support more effective classroom strategies, and improve stu-
dent outcomes in transforming geometry and mathematics. Additionally, the study contributes to global
discussions on technology-enhanced learning, offering evidence of its impact in resource-limited
settings.

Methods
Study design

This study follows a post-positivist research paradigm, which acknowledges that while objectivity in
research is the goal, complete objectivity is difficult to attain. Post-positivism emphasizes the use of
rigorous empirical methods and statistical analysis to understand and measure reality, while acknowledg-
ing the influence of context and the limitations of measurement. This approach aligns with the study’s
goal of evaluating the effectiveness of two instructional methods, TVHPI and CVHPI, on learners’ progres-
sion through the Van Hiele levels of geometric reasoning. The study employed a quantitative approach,
utilizing a quasi-experimental design that incorporated pre-test and post-test measures to assess
changes in learners’ understanding of transformation geometry. This approach enables the examination
of causality between the instructional methods and the observed changes in students’ geometric reason-
ing, adhering to the principles of post-positivist inquiry (Park et al., 2020; Siddiqui, 2019).

Sample selection and participants

Schools in rural and urban districts in Midwestern Uganda were matched based on inclusion/exclusion
criteria. The criteria were based on the availability of a functional computer laboratory, multiple streams
in S.3 (the third-year class at secondary level, with learners aged 16 to 17), and the willingness of the
school administration to participate. This process resulted in three sets of matched schools from the
rural and two sets from the urban districts. One triple was randomly selected from each district, resulting
in six schools (three rural and three urban) being included in the study. Within each school, two S.3
streams were randomly selected and assigned to either CVHPI (Experiment 1) or TVHPI (Experiment 2).

Intact classroom streams were used because reorganizing learners into new instructional groups was
not feasible within normal school timetables and would have disrupted established teaching arrange-
ments. Random assignment was therefore performed at the classroom-stream level rather than at the
individual learner level, a common practice in school-based quasi-experimental research. To minimise
selection bias, both intervention groups were drawn from the same school, taught the same curriculum
content over the same period, and were instructed by the same classroom teacher using standardised
lesson plans.

The two interventions were implemented in the same school, and group content sharing had no sig-
nificant effect as the hands-on, technology-enhanced experience remained exclusive to the TVHPI group.

The study initially involved 6515S.3 learners, comprising 317 from rural schools and 334 from urban
schools. However, due to dropouts and incomplete test data, the final analysis included 483 learners.
The sample size was determined using G*Power software (version 3.1.9.7) with an effect size of 0.5, a
power of 0.95, and a two-tailed test, resulting in a required minimum sample size of 222 per group,
totaling 444 learners. The final sample exceeded the minimum required sample, ensuring robust statis-
tical analysis (Faul et al., 2007; Novikov & Novikov, 2013).
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Procedures

The procedures for this study closely followed the same structured approach used in our earlier investi-
gations (Author 1, Author 2, & Author 3, 2025¢; Author 1, Author 2, Author 3, et al.,, 2025). Before imple-
mentation, participating teachers attended a two-day training workshop designed to ensure consistent
delivery of both instructional approaches. The training covered the theoretical foundations of the Van
Hiele model, implementation of the five instructional phases, standardised lesson planning, learner facili-
tation strategies, and assessment procedures. Teachers responsible for TVHPI additionally received prac-
tical training in GeoGebra, including classroom management within the computer laboratory and the
integration of dynamic visualisation into each instructional phase. To minimise teacher effects, the same
teacher taught both instructional groups within each participating school.

To ensure consistency, the first author and participating teachers collaboratively developed standar-
dised lesson plans aligned with all learning outcomes. Pretests were administered (in May 2024) to
establish baseline Van Hiele levels before the six-week intervention (from 3, June 2024 to 12, July 2024),
during which both groups received 24 lessons taught by the same teacher and monitored for fidelity.
Fidelity of implementation was monitored throughout the intervention by the first author using struc-
tured classroom observations based on the planned lesson sequence. Particular attention was given to
adherence to the instructional phases, lesson objectives, pacing, learner activities, and appropriate use
of GeoGebra in the TVHPI group. Any minor deviations identified during observations were discussed
with teachers to ensure consistency across subsequent lessons.

TVHPI lessons were delivered in the computer laboratory using GeoGebra, while CVHPI lessons were
conducted in regular classrooms using traditional tools. After instruction, post-tests measured changes in
Van Hiele levels, and, for ethical fairness, CVHPI learners were later given one week of access to
GeoGebra.

Data collection tools and data analysis methods

Quantitative data were collected before (pre-test) and after the intervention (post-test) using the Van
Hiele Geometry Achievement Test (VGAT), developed to assess learners’ geometric reasoning based on
the Van Hiele model. Two parallel forms of the instrument, VGAT1 (pre-test) and VGAT2 (post-test), each
comprised 20 equivalent items covering key transformation geometry concepts. The items assessed
learners from Visualization to Deduction, with five items representing each of the first four Van Hiele lev-
els (Visualization, Analysis, Abstraction, and Deduction). Although the Van Hiele theory comprises five
hierarchical levels, the Rigor level was not assessed because it lies beyond the transformation geometry
content prescribed for Senior Three in Uganda’s Competency-Based Curriculum.

Five mathematics education specialists and experienced secondary school teachers independently
reviewed both versions of the VGAT to evaluate content relevance, curriculum alignment, clarity, and
appropriateness for measuring progression across the Van Hiele hierarchy. Their recommendations
informed revisions to item wording, sequencing, and level alignment before pilot testing. A pilot study
involving 30 Senior Three learners was then conducted to evaluate item clarity, administration proce-
dures, and score consistency. Construct validity was strengthened by organising items hierarchically
according to the cognitive progression proposed by the Van Hiele model, ensuring that advancement to
a higher level depended upon demonstrated mastery of preceding levels. Internal consistency reliability
was acceptable (Cronbach’s o« =0.781), indicating satisfactory consistency for measuring learners’ geo-
metric reasoning. Together, expert validation, pilot testing, hierarchical item construction, and reliability
analysis provided evidence that the VGAT was appropriate for assessing learners’ progression through
the operational Van Hiele levels used in this study.

Learners were scored on a scale of 0 to 5 points at each level. Progression through the levels was
cumulative, requiring a minimum score of 3 out of 5 points for a given level and all preceding levels.
This ensured that mastery of earlier levels was necessary for advancement, aligning with the hierarchical
nature of the Van Hiele model. The scoring rubric developed by Van Hieles evaluated accuracy, cognitive
alignment, and logical progression, providing a detailed assessment of learners’ geometric reasoning
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and progression through the levels (Vojkuvkova, 2012). Figure 2 shows the algorithm followed when
placing learners at different Van Hiele levels following the scoring rubric.

Learners start at Level O (pre-visualization) and progress sequentially through Levels 1 to 4, advancing
only if they correctly answer at least 3 out of 5 items (>60%) at each level. Failure at any level stops
progression, and the last successfully achieved level is recorded as the learner’s placement. This diagnos-
tic process identifies learners’ current geometric reasoning stage and guides teachers in providing tar-
geted, level-appropriate instruction.

The difference in Van Hiele levels (Diff-VHL) was calculated as the post-test value minus the pre-test
value, capturing the progression or regression between the pre-test and post-test. Values of Diff-VHL
ranged from —4 to 4, where 0 indicates no progress (the learner stayed at the same level), positive val-
ues (1 to 4) represent improvement (e.g. a value of 1 indicates an advance of one level, while 4 indicates
an advance from Pre-Visualization to Deduction), and negative values (—1 to —4 indicate a decline (e.g.
—1 means the learner regressed by one level, while —4 indicates a rare, significant drop from Deduction
back to Pre-Visualization).

Data were analysed using descriptive and inferential statistics. Descriptive statistics summarised learn-
ers’ distribution across the operational Van Hiele levels before and after the intervention. Since the
dependent variable (Van Hiele level) was ordinal and the instructional group was binary (CVHPI = O,
TVHPI = 1), non-parametric and ordinal regression techniques were employed. The Wilcoxon Signed-
Rank Test was used to assess within-group changes in learners’ Van Hiele levels from pre-test to post-
test. An ordinal regression model was fitted to examine the effect of instructional strategy on learners’
likelihood of attaining higher Van Hiele levels at post-test. Finally, Difference-in-Differences (DiD) analysis
was conducted to compare changes in mean Van Hiele levels between the two instructional groups
over time.

Because the intervention was implemented using intact classroom streams, clustering was assessed
using an unconditional random-intercept model. The estimated interclass correlation coefficient (ICC)

Administer a diagnostic Test with 5 questions at
of the 5 each level

!

I Score Level n=1 l

Assign Pre-
Visualization Level (o)

Assign Visualization
Level 1

Score Level n

Assign Level n—1 /

Set
n =n+l

Assign Level 5 / *

Figure 2. Algorithm for placing learners at different Van Hiele levels.
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was 0.043, indicating that 4.3% of the variation in post-test Van Hiele levels was attributable to differen-
ces between classroom streams. Given the modest level of clustering, the primary analyses controlled
for baseline Van Hiele levels while comparing the instructional approaches.

Ethical considerations

The study used established ethical guidelines to safeguard participants’ rights, ensure data integrity, and
promote objective reporting. Ethical clearance was obtained from the research ethics committee of
Mbarara University of Science and Technology (MUST-2024-1519, Date: 03/07/2024) and the Uganda
National Council of Science and Technology (SS2857ES, Date: 06/08/2024). Additional written permis-
sions were secured from local education offices and participating schools. Written informed consent was
obtained from all adult participants, while assent and consent from parents or guardians were obtained
for minors. Participant confidentiality and anonymity were preserved by coding all data and restricting
access to authorized personnel only.

To enhance accuracy and transparency, the lead researcher performed the data analysis, and all ana-
Iytic procedures, including scripts and raw outputs, were independently reviewed by additional research-
ers. Classroom teachers who supported intervention delivery also assisted in verifying the interpretation
of data. Furthermore, to promote equitable access to digital resources, students in the non-technology
group were provided a one-week opportunity to explore GeoGebra after the intervention, ensuring fair-
ness in technological exposure.

Results

This study aimed to investigate how learners’ geometric reasoning, as measured by Van Hiele levels,
developed under two instructional strategies: Conventional Van Hiele Phased Instruction and
Technology-Enhanced Van Hiele Phased Instruction. The results presented in this section address two
key hypotheses: whether each strategy significantly influenced learner progression, and whether there
were meaningful differences between the two instructional approaches in promoting conceptual under-
standing in transformation geometry; thereby identifying which of the two strategies is superior in sup-
porting learners’ progression.

Following the preliminary checks for reliability, descriptive statistics were used to map learners’ distri-
bution across the Van Hiele levels before and after instruction. Table 1 illustrates the distribution of
learners across the different Van Hiele levels before and after instruction in both instructional groups.

Table 1 presents the number of learners and percentage distribution in each Van Hiele level by
instructional group in the pre-test and post-test. The Van Hiele levels include pre-visualization, represent-
ing students who are below the first formal Van Hiele level at the pre-test. The visualization, analysis,
abstraction, and deduction levels are the first four Van Hiele levels; based on the study context, the last
(fifth) Van Hiele level was out of scope for this study.

In CVHPI, 44.5% began at pre-visualization, decreasing to 9.0% after the intervention, with notable
gains in visualization (30.6-41.6%) and moderate increases in analysis, abstraction, and deduction.
Similarly, TVHPI showed a decline in pre-visualization (41.6-5.0%), with many learners advancing to ana-
lysis (38.7%) and some reaching abstraction and deduction. The unexpected drop in visualization

Table 1. Frequency distribution for pre-VHL and post-VHL scores by group.

CVHPI TVHPI
Van hiele levels Pre-VHL Post_VHL Pre-VHL Post_VHL
0. Pre visualization 109 (44.5%) 22 (9.0%) 99 (41.6%) 12 (5.0%)
1. Visualization 5 (30.6%) 102 (41.6%) 80 (33.6%) 70 (29.4%)
2. Analysis 3 (17.6%) 82 (33.5%) 40 (16.8%) 2 (38.7%)
3. Abstraction 18 (7.4%) 37 (15.1) 19 (8.0%) (25 6%)
4, Deduction - 2 (0.8%) - 3 (1.3%)

Table comparing the frequency and percentage distribution of learners across Van Hiele levels before and after CVHPI and TVHPI. Both
groups show movement from lower to higher Van Hiele levels after instruction, with the TVHPI group showing a larger proportion of learn-
ers reaching Analysis and Abstraction at post-test. Few learners reached Deduction in either group.
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suggests movement directly into higher levels. Overall, both methods promoted progression, with most
learners advancing to visualization and analysis, and fewer reaching abstraction or deduction.

To test the first hypothesis (Hgq), the Wilcoxon Signed-Rank Test was employed. This test compared
learners’ Van Hiele levels before and after instruction within each group (from pre-test to post-test) to
determine whether the observed progression within each instructional group was statistically significant.
The results are summarized in Table 2.

The results in Table 2 indicate that both instructional groups made statistically significant gains in
Van Hiele levels from pre-test to post-test. For CVHPI, the Wilcoxon statistic of 1164.50 (p < 0.001) shows
meaningful progression, leading to rejection of the first part of Hgq. Similarly, TVHPI demonstrated sig-
nificant gains with a statistic of 133.00 (p < 0.001), rejecting the second part of Hy; and confirming the
positive effect of technology. Thus, both instructional approaches contributed to the improved geomet-
ric reasoning.

To determine whether learners’ progression through the Van Hiele hierarchy differed between instruc-
tional groups (Hoz), an ordinal regression model was fitted using post-test Van Hiele level as the
dependent variable and instructional group as the predictor. An ordinal regression approach was appro-
priate because the outcome variable comprised ordered Van Hiele levels, allowing estimation of the like-
lihood of learners attaining higher levels of geometric reasoning following the intervention. The results
are presented in Table 3.

Table 3 indicates that instructional strategy significantly predicted learners’ post-test Van Hiele levels.
Learners in the TVHPI group had a positive and statistically significant coefficient (f =0.661, SE = 0.169,
z=3.91, p<0.001). The corresponding odds ratio (OR = 1.94) indicates that learners receiving
Technology-Enhanced Van Hiele Phased Instruction were approximately 1.94 times more likely to attain
higher Van Hiele levels than learners receiving Conventional Van Hiele Phased Instruction. The threshold
parameters define the boundaries between adjacent Van Hiele levels within the ordinal regression model
and facilitate estimation of learners’ progression across the ordered categories. Overall, these findings
indicate that instructional approach significantly influenced learners’ progression through the Van Hiele
hierarchy, leading to the rejection of Hgy. To estimate the magnitude of improvement over time
between the two instructional groups, a Difference-in-Differences analysis was subsequently conducted
(Table 4), with the trends illustrated in Figure 3.

Table 4 shows the OLR model results incorporating group, time, and their interaction as ordered pre-
dictors. At pre-test, the TVHPI group had slightly higher odds of being at a higher Van Hiele level (OR =
1.09), but the effect was not significant ( =0.085, p =0.623), indicating both groups started equally. At
post-test, learners, regardless of group, had significantly higher odds of progressing (OR = 4.12,
f=1.416, p <0.001). However, TVHPI learners demonstrated a substantially greater likelihood of advanc-
ing, with a 65% higher chance than CVHPI learners, supporting rejection of Hp,.

Table 2. Wilcoxon Signed-Rank test results for within-group progression.

Instructional group Test statistic (W) p-Value Interpretation
CVHPI 1164.5000 <0.001 Significant change (reject Ho;)
TVHPI 133.0000 <0.001 Significant change (reject Hoy)

Table presenting Wilcoxon Signed-Rank Test results for pre-test to post-test changes in Van Hiele levels within the CVHPI and TVHPI groups.
Both instructional groups showed statistically significant progression, with p-values below .001.

Table 3. Ordered regression model - effect of instructional group on post-test Van Hiele levels.

Coefficient Estimate (f) Std. Error z-Value p-Value Odds ratio Interpretation
Instructional 0.661 0.169 3.91 0.000 1.94 Learners in the TVHPI group are 1.94x
Group (TVHPI) times more likely to reach a higher Van
Hiele level.

Threshold 0/1 —2.302 0.190 -12.10 0.000 0.10 Cut-point between Level 0 and Level 1
Threshold 1/, 0.843 0.075 11.24 0.000 2.32 Cut-point between Level 1 and Level 2
Threshold % 0.496 0.068 7.34 0.000 1.64 Cut-point between Level 2 and Level 3
Threshold 3/ 1.187 0.135 8.80 0.000 3.28 Cut-point between Level 3 and Level 4

Table presenting the ordered regression results for the association between instructional group and post-test Van Hiele levels. Learners in
the TVHPI group had higher odds of attaining a higher Van Hiele level than learners in the CVHPI group (odds ratio = 1.94, p < .001). The
table also presents threshold estimates separating successive Van Hiele levels.
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Table 4. DiD Model results — ordinal logistic regression of Van Hiele Levels.

Predictor Coefficient ()  Std. Error ~ z-Value  p-Value  Odds ratio Interpretation

Group (TVHPI) 0.085 0.173 0.492 0.623 1.09 No significant difference in the pre-test

Time (Post) 1416 0.172 8.255 0.000 412 Significant progression over time

Interaction 0.503 0.238 2.119 0.034 1.65 TVHPI led to a 1.65x greater gain in Van Hiele levels

Table presenting Difference-in-Differences ordinal logistic regression results comparing changes in Van Hiele levels between the CVHPI and
TVHPI groups over time. The groups did not differ significantly at pre-test, both showed significant progression over time, and the significant
group-by-time interaction indicates greater progression in the TVHPI group relative to the CVHPI group.
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Figure 3. The Difference-in-Differences (DiD) graph.

On the other hand, Figure 3 illustrates the DiD trends for Van Hiele levels under TVHPI and CVHPI.
Both groups show upward progression, with TVHPI increasing more sharply. The nearly identical pre-test
means minimize baseline bias, while hypothetical swapped-baseline lines confirm that TVHPI would still
outperform CVHPI, indicating limited influence of initial levels on effectiveness. The DiD gap, shown by
the difference between the red and blue arrows, reveals greater gains for TVHPI, indicating stronger con-
ceptual development in transformation geometry. These graphical results, consistent with statistical find-
ings, support rejecting Hoz and confirm TVHPI's superior effectiveness in advancing learners’ geometric
reasoning.

Discussion

The findings indicate that both instructional methods, Technology-Enhanced Van Hiele Phased
Instruction and Conventional Van Hiele Phased Instruction, effectively facilitated learners’ progression
through Van Hiele levels in transformation geometry, confirming that both methods significantly
improve geometric reasoning from pre-test to post-test. This finding aligns with the foundational princi-
ples of the Van Hiele model, which posits that structured, phased instruction supports incremental cog-
nitive development in geometry (Pujawan et al, 2020; Sert Celik & Kaleli Yilmaz, 2022; Vojkuvkova,
2012). The results further suggest that the two approaches could be leveraged in different contexts; for
example, in areas where technology is limited or inaccessible, the conventional Van Hiele phased instruc-
tion can be used as a structured, learner-centered strategy. Since both methods significantly improve
learners’ geometric reasoning, educators can confidently adopt Van Hiele's phased instruction as a core
approach to geometry education, regardless of the specific tools used as recommended in Ndungo,
Balimuttajjo, Akugizibwe, et al. (2025).

The success of both TVHPI and CVHPI in advancing learners’ understanding reflects the inherent
strengths of the Van Hiele phased instruction model, which organizes learning into structured phases
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starting from Visualization and progressing to Rigor. The TVHPI is based on the VHPI, which has been
found to support learner progression, as reflected in the current study’s findings, providing supporting
evidence that VHPI is a practical approach (Abdullah & Zakaria, 2013a; Demir et al., 2023; Naufal et al,,
2021; Senk et al., 2022; Tahani, 2016).

This finding highlights the versatility and robustness of the Van Hiele model, regardless of the specific
instructional tools employed. It resonates with cognitive-developmental theories, such as Bruner's con-
structivist approach, which emphasizes the importance of a structured learning sequence that encour-
ages students to construct knowledge at each stage, actively emphasized by Xu et al. (2023), providing
structured guidance through visualization, analysis, and, ultimately, abstraction (Scott & Palincsar, 2021).

Although both strategies facilitated progression, the analysis further demonstrated that Technology-
Enhanced Van Hiele Phased Instruction is significantly more effective than Conventional Van Hiele
Phased Instruction in advancing learners through Van Hiele levels of geometric understanding. This is
possibly due to the dynamic nature of the TVHPI, where learners use GeoGebra to manipulate transform-
ation shapes, enhancing their conceptual understanding. The is consistent with research suggesting that
technology supports more dynamic and interactive learning environments, which are particularly effect-
ive for advancing spatial and abstract reasoning (Clements & Sarama, 2021). It also aligns with similar
studies that investigated the use of GeoGebra in teaching different areas of mathematics, most of which
found results in favor of GeoGebra in supporting learners’ progression in VHL (Bekene, 2020; Dahal
et al., 2022; Graeme Welch & Ponce Campuzano, 2025; Mudaly & Fletcher, 2019; Praveen & Leong, 2013;
Soheila & Rosemaliza, 2018; Tamam & Dasari, 2021; Uwurukundo et al., 2022).

This finding highlights the added value of integrating technology into the Van Hiele phased instruc-
tional approach, thereby improving the overall effectiveness of the model. This is in support of existing
studies, such as Dahal et al. (2019), KU(;UK and GUN (2023), Soheila and Rosemaliza (2018), Zengin
(2017), and Zulnaidi and Zakaria (2012), that found similar findings about integrating technology into
the Van Hiele phased instruction. Technology provides learners with immediate feedback at each level,
from Visualization to Deduction, allowing them to observe the outcomes of transformations directly
(Ndungo, Nazziwa, et al., 2025). This aligns with constructivist principles, which posit that learners build
knowledge through active exploration (Allen, 2022).

While this study’s findings largely reinforce existing literature, some differences emerge in the effect-
iveness of technology-enhanced learning for all students. For instance, although Battista (2001) supports
the role of technology in advancing spatial reasoning, other studies, such as Hoyles and Noss (2009),
caution that not all learners benefit equally from technology, particularly in under-resourced settings.
These findings highlight the need for further research on contextual factors that influence technology
integration, an area crucial for CBC implementation in diverse Ugandan classrooms and beyond. The
findings indicate that TVHPI aligns with CBC's learner-centered approach, promoting active, exploratory
learning that constructivist theory champions as essential for deep conceptual understanding.

In General, this study addresses critical gaps in Uganda’s secondary geometry education, particularly
learners’ challenges with progressing through the Van Hiele levels (VHL) of geometric understanding. By
leveraging interactive technology, TVHPI enhances cognitive scaffolding through real-time visualization
and feedback, providing a more engaging learning experience that promotes deeper understanding
(Sinclair et al., 2012). Nonetheless, professional development in integrating technology with phased
instruction is essential for optimal implementation, particularly in under-resourced areas, to maximize
the benefits of TVHPI and ensure sustainable improvements in diverse Ugandan educational settings
(Hegedus et al.,, 2015). The effectiveness of phased, structured instruction, evident in this study, aligns
with the Van Hiele model's cognitive framework and supports its integration within Uganda’s
Competency-Based Curriculum (CBC), which emphasizes learner-centered and problem-solving strategies.

An alternative explanation for the superior performance of the TVHPI group is the possibility of a nov-
elty effect associated with the introduction of GeoGebra. Learners may initially demonstrate greater
motivation or engagement simply because the technology represents a new learning experience. Several
measures were taken to minimise this possibility, including introductory sessions that familiarized learn-
ers with the software before formal instruction, implementation over a six-week instructional period
rather than a single lesson, and maintaining identical lesson objectives and instructional phases across
both groups. Nevertheless, the possibility that novelty contributed to some of the observed gains cannot
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be completely excluded and should be considered when interpreting the findings. Future longitudinal
studies could investigate whether these learning gains are sustained once the novelty of technology has
diminished.

Limitations of the study

The study has some limitations that could inform future research. It focused on a specific region and
time frame, which may limit the generalizability of the findings to other contexts. Although it effectively
compared instructional methods, variations in how teachers applied them across schools could introduce
differences in outcomes. Furthermore, the study did not assess the long-term retention of learning gains,
leaving room for future studies to explore the sustained impacts.

Conclusions and recommendations

The findings indicate that Technology-Enhanced Van Hiele Phased Instruction was associated with
greater progression through the Van Hiele levels than Conventional Van Hiele Phased Instruction within
the context of this study. Although the results support the integration of technology in competency-
based geometry instruction, they should be interpreted in light of the quasi-experimental design and
the contextual characteristics of the participating schools. Further studies across different educational
settings are recommended to confirm and extend these findings.

It is therefore recommended that educators adopt TVHPI, supported by appropriate training, and that
curriculum developers embed such strategies within CBC implementation frameworks to promote struc-
tured, conceptual learning in geometry.
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