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Abstract

This study investigated the upshot of integrating the GeoGebra software package on students'
academic performance and knowledge retention in geometry across senior secondary schools in
Zamfara State, Nigeria. Driven by persistent poor performance rates and heavy reliance on traditional
rote methods, the study adopted a quasi-experimental post-test and post-post-test control group design.
A sample of 415 senior secondary two (SS II) students was drawn from the population of 79,745
students across the state using an intact class approach. A convenience sampling approach was used
in selecting Gusau Educational Zone for the study out of four zones, and a purposive sampling
technique was employed in the selection of eight schools from four LGAs under study. Data was
gathered using the researcher-developed "Geometry Performance and Retention Test" (GPART),
validated by three experts and which attained a PPMC reliability coefficient of 0.82 after test-retest.
Research questions were answered using descriptive statistics of mean and standard deviation, while
independent samples t-tests analyzed the null hypotheses at a 0.05 level of significance. The findings
revealed a statistically significant performance difference favoring students taught geometry using
GeoGebra over conventional instruction (t=6.891, p=.000), leading to the rejection of null hypothesis
one. Furthermore, gender did not exert a statistically significant influence on immediate academic
performance under GeoGebra-mediated instruction (t=.548, p=.585), resulting in the retention of null
hypothesis two and demonstrating equitable learning benefits. However, a significant gender
difference emerged in long-term knowledge retention (t=2.386, p=.019), where female students
achieved higher mean retention scores, leading to the rejection of null hypothesis three. The study
concludes that interactive digital tools substantially improve academic achievement and cognitive
recall. It recommends institutionalizing GeoGebra in the curriculum and supporting gender-inclusive
pedagogies.

Keywords: GeoGebra software, Academic performance, Knowledge retention, Geometry

Introduction

Within Nigeria's educational framework, mathematics functions as a core academic pillar that builds
essential problem-solving abilities, structural reasoning, and quantitative literacy for a data-driven
society (National Council of Teachers of Mathematics [NCTM], 2024). Beyond standard arithmetic,
the discipline acts as a universal catalyst for economic viability and technological advancement
(OECD, 2023), allowing learners to critically analyze real-world situations and make informed
decisions (Hanushek & Woessmann, 2020). Nevertheless, delivering effective math instruction faces
major hurdles, particularly in abstract domains like geometry. Instructors in senior secondary
institutions throughout Zamfara State encounter severe resource constraints such as a lack of visual
aids, physical models, and interactive software that hamper effective teaching (Bello, 2025). To
overcome these structural limitations, incorporating digital application tools has become a vital
pedagogical shift. Research indicates that dynamic technologies greatly enhance student motivation,
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concept retention, and spatial visualization (Achor et al., 2023). GeoGebra stands out among these

platforms by merging algebra, calculus, and geometry into a unified interactive space where students
can actively explore and modify geometric shapes (Hohenwarter, 2024). Recent findings show that
utilizing such digital applications successfully connects theoretical research with classroom practice,
boosting active student participation (Ardina et al., 2025). Furthermore, historical analyses spanning
two decades confirm that GeoGebra excels as an interactive medium that improves problem-solving,
modelling, and knowledge retention over traditional methods (Awaji et al., 2025). This educational
framework relies heavily on core variables: geometry, academic performance, and knowledge
retention. Geometry provides the structural foundation for analyzing lines, points, shapes, and
spatial dimensions. Academic performance reflects measurable achievement through testing,
whereas knowledge retention denotes the long-term cognitive ability to recall and apply these
mathematical concepts rather than relying on short-term memorization. Historically, geometry
instruction relied on static illustrations and rote learning, which severely limited students' spatial
abilities and overall performance in Zamfara State classrooms. Long-term geometric retention heavily
predicts overall success in major external examinations like WAEC and NECO across Nigerian
secondary schools (Njoku, 2024). Because geometry requires strong visual imagination, temporary
memorization falls short, making interactive platforms like GeoGebra essential for visualizing
structural characteristics (Tan et al., 2023). Additionally, gender dynamics in northern Nigerian
mathematics education remain a critical discussion point. While past assumptions favored male
spatial reasoning, recent studies demonstrate that technology-based instruction minimizes these
performance gaps (Sanderson & Ojimba, 2024), empowering both male and female learners equally
(Awodun & Oyeiyi, 2023).

Geometry functions as a foundational mathematical branch concerned with spatial relationships,
measurements, and the properties of both two-dimensional plane figures and three-dimensional
solid structures (Britannica, 2024; Clements & Battista, 2023). Tracing its origins back to ancient
Egypt and Mesopotamia for land surveying and construction, the field evolved through Greek
contributions into an abstract discipline encompassing Euclidean, analytic, and projective
geometries (Chukwu, 2019; Britannica, 2024). Within secondary education, teaching geometry
presents unique pedagogical challenges due to its abstract nature, making the development of spatial
intuition and critical thinking essential (Kivkovich & Chis, 2016; Brown, 2021). To overcome
traditional instructional barriers and rote memorization, educators increasingly rely on interactive
computer software applications like GeoGebra an open-source dynamic platform integrating
geometry, algebra, and calculus to provide real-time visual representations, stimulate problem-
solving, and cultivate active student engagement (Hohenwarter, 2001; Akcay et al., 2023). Enhancing
academic success in this domain is closely tied to knowledge retention, defined as the cognitive
ability to store, recall, and apply fundamental geometric concepts over extended periods rather than
relying on temporary memorization (Parker, 2023; Lutz & Huitt, 2018). Student performance and
long-term retention are heavily influenced by pedagogical strategies, instructional materials, and
learning environments, with traditional lecture methods frequently yielding low retention rates
compared to interactive, technology-driven approaches (Tosun, 2015; Jelatu et al., 2018).
Furthermore, demographic variables such as gender continue to be widely examined to determine
whether performance and retention disparities exist between male and female learners when utilizing
digital tools like GeoGebra in secondary classrooms (Sanderson et al., 2022). Recent empirical
research extensively documents the profound pedagogical value of integrating GeoGebra software
into secondary school mathematics to overcome the inherent abstractions of geometry. Studies
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employing quasi-experimental and mixed-methods designs consistently demonstrate that GeoGebra

transforms passive classrooms into interactive environments, significantly improving student
achievement, spatial visualization, and long-term knowledge retention compared to conventional
lecture-based methods (Awaji et al., 2025; Awaji, 2021; Hidayat et al., 2023; Ekwue et al., 2023;
Akwensi et al., 2023). Researchers emphasize that the dynamic manipulation of algebraic and
geometric representations bridges the gap between theoretical concepts and practical understanding
across diverse geographic regions, including Nigeria, Ghana, South Africa, and Malaysia (Ado &
James, 2021; Ihechukwu & Chidi, 2020; Manganyana et al., 2020; Abari et al., 2019). Furthermore,
evaluations of demographic variables within these technology-mediated settings frequently report

that GeoGebra fosters equitable learning outcomes by narrowing historical gender disparities in
spatial reasoning and performance (Ado & James, 2021; Ihechukwu & Chidi, 2020; Abari et al.,
2019). Ultimately, the literature strongly advocates for institutional curriculum reforms and
sustained teacher professional development to maximize the efficacy of dynamic software tools in
modern mathematics classrooms.

Extensive empirical research demonstrates that integrating the GeoGebra application package into
mathematics classrooms significantly enhances students' academic performance and conceptual
understanding in geometry compared to traditional paper-pencil methods (Aliyu, 2019; Gamage &
Charles-Ogan, 2019; Udofia & Uko, 2018). Studies across various regions including Nigeria, South
Africa, Ghana, Malaysia, and Thailand consistently reveal that dynamic software environments
improve visualization, foster active student engagement, mitigate the abstract difficulties of two- and
three-dimensional shapes, and bridge the gap between theoretical instruction and practical
application (Gadese, 2016; Ansah, 2020; Khansila et al., 2022; Adelabu et al., 2019; Tay & Mensah-
Wonkyi, 2018; Chimuka, 2017; Onaifoh & Ekwueme, 2017; Seloraji & Eu, 2017; Ajaegba &
Ekwueme, 2023; Shadaan & Eu, 2023; Dokochi et al., 2023). Furthermore, while technological
integration generally boosts student interest and overall outcomes (Bright et al., 2024; Attahiru et
al., 2025), investigations into gender disparities indicate that GeoGebra-mediated instruction helps
democratize learning by yielding comparable or favourable performance and retention across both
male and female students (Gamage & Charles-Ogan, 2019; Adelabu et al., 2019; Onaifoh &
Ekwueme, 2017; Egbunu et al., 2017; Gumel & Galadima, 2014; Hamisu, 2017). Despite regional
educational investments, students in Zamfara State continue to exhibit poor academic results in
internal and external mathematics assessments, largely driven by traditional instructional
approaches. Statistical records from the Ministry of Education and the National Bureau of Statistics
reveal that between 2016 and 2025, WASSCE candidates in the state averaged a mere 20.03% credit
pass rate in mathematics, alongside a 79.97% failure rate. Examiner reports consistently highlight
widespread student deficiencies in solving both 2D plane geometry and 3D solid geometry problems.
Driven by these persistent performance challenges, this study investigates the integration of
GeoGebra software to shift classrooms toward active, student-focused discovery, reduce learning
anxiety, and improve long-term geometric retention.

Objectives of the Study

1. Examine the difference in the performance of students taught geometry using GeoGebra package

and those taught using conventional method in Senior Secondary Schools in Zamfara State.
2. Examine the influence of gender on the performance of students when GeoGebra software is
utilized in the Geometry classroom in secondary schools in Zamfara State.
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3. Examine the influence of gender on the retention rate of students when GeoGebra software is

utilized in the Geometry classroom in secondary schools in Zamfara State.

Research Questions

1. Is there any difference in the performance of students taught geometry using GeoGebra package
and those taught using conventional method in Senior Secondary Schools in Zamfara State?

2. What is the influence of gender on the mean performance scores of secondary school students
when GeoGebra software is utilized in the Geometry classroom in Zamfara State?

3. What is the influence of gender on the retention rate of secondary school students when
GeoGebra software is utilized in the Geometry classroom in Zamfara State?

Null Hypotheses

Hoi: There is no significance difference between the performance of students taught geometry using
GeoGebra package and those taught using conventional method in Senior Secondary Schools
in Zamfara State.

Ho2: Gender does not exert any significant influence on the mean performance scores of secondary
school students when GeoGebra software is utilized in the Geometry classroom in Zamfara
State.

Hos: Gender does not exert any significant influence on the retention rate of secondary school
students when GeoGebra software is utilized in the Geometry classroom in Zamfara State.

Research Methodology

The study adopted a quasi-experimental design utilizing post-test and post-post-test experimental

and control group arrangements to investigate causal impacts without random assignment. The

target population comprised 79,745 Senior Secondary Two (SS2) students across 167 public senior
secondary schools in Zamfara State, Nigeria. Due to regional security concerns, convenience
sampling was utilized to select the Gusau Educational Zone, followed by purposive sampling to
choose eight computer-equipped schools with balanced gender representation. An intact class
sampling method yielded a total sample size of 415 students, divided into experimental and control
groups. Data was collected using the researcher-developed "Geometry Performance and Retention

Test (GPART)," a 50-item multiple-choice instrument validated by four subject-matter experts and

proven reliable via a test-retest method yielding a Pearson Product-Moment Correlation coefficient of

0.82. Following a six-week treatment period utilizing the GeoGebra package alongside conventional

instruction, a post-test was administered to measure academic performance, followed by a post-post-

test three weeks later to assess knowledge retention. Data analysis was conducted using descriptive
statistics (mean and standard deviation) for research questions, while t-test statistics executed via

SPSS version 25.0 were employed to test all null hypotheses at a 0.05 level of significance.

Method of data analysis

The descriptive statistics of mean and standard deviation were used in answering all the research

questions and the null hypotheses were analysed using the independent samples t-test statistics at

.05 levels of significance.

Presentation of Results

Research Question One: Is there any difference in the performance of students taught geometry

using GeoGebra package and those taught using conventional method in Senior Secondary Schools
in Zamfara State?

Table 1: Summary of the descriptive analysis of the difference in performance of students’ taught
geometry using GeoGebra Software and those taught using Conventional Method
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Variables N < SD S.E. Mean Mean Diff.
Performance of Students in EG (GeoGebra) 108 39.83 5.458 .525

7.636

Performance of Students in CG

(Conventional Method)
Source: Field Work, (2026)
Based on the descriptive analysis addressing Research Question One, there is a notable difference
in the academic performance of senior secondary school students in Zamfara State taught geometry
using the GeoGebra package compared to those taught using the conventional method. Specifically,
the Experimental Group (GeoGebra) comprising 108 students recorded a higher mean performance
score of 39.83 with a standard deviation (SD) of 5.458, whereas the Control Group (Conventional
Method) with 198 students obtained a mean score of 32.20 with an SD of 10.781. The resulting mean
difference of 7.636 in favour of the GeoGebra group indicates that students taught geometry using
the GeoGebra software achieved superior performance and more consistent score distribution than
their peers taught through the conventional method.
Null Hypothesis 1 (Ho1): There is no significance difference between the performance of students
taught geometry using GeoGebra package and those taught using conventional method
Table 2: Summary of the t-test analysis of the significance difference between the performance of
students taught geometry using GeoGebra package and those taught using conventional method.

Variables N X SD df t-Crit p- Decision

Value

198 32.20 10.781 .766

Performance of Students in EG 108 39.83 5458
(GeoGebra)
304 6.891 .000 Rejected
Performance of Students in CG
(Conventional Method)

Source: Field Work, (2026) , < 0.05level of significance

198 32.20 10.781

The results in Table 2 evaluating Null Hypothesis 1 (Ho1) indicate a statistically significant difference
in the academic performance of students taught geometry using the GeoGebra experimental group
(N =108, Mean = 39.83, SD = 5.458) compared to those taught using the conventional control method
(N =198, Mean = 32.20, SD = 10.781). With a degrees of freedom (df) of 304, the resulting t-value of
6.891 and a corresponding p-value of .000 which is well below the standard .05 level of significance
led to the decision that the null hypothesis is Rejected. This empirical evidence confirms that
integrating the GeoGebra package significantly enhances students' geometry performance compared
to conventional instructional methods.

Research Question 2: What is the influence of gender on the mean performance scores of secondary
school students when GeoGebra software is utilized in the Geometry Classroom in Zamfara State?
Table 3: Summary of Descriptive Statistics of the mean performance scores of Male and Female
Students taught geometry using GeoGebra Application Software.

Variables N X SD S.E. Mean Mean Diff.
Male performance 44 40.18 3.787 571

.588
Female Performance 64 39.59 6.376 797

Source: Field Work, (2026)
Table 3 presents the descriptive statistics comparing the geometry performance scores of male (N =
44) and female (N = 64) students taught using the GeoGebra application software in experimental
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group. The analysis reveals that male students obtained a slightly higher mean performance score

of 40.18 (standard deviation = 3.787), compared to a mean score of 39.59 (standard deviation =
6.376) recorded by their female counterparts. This yields a minor mean difference of 0.588 in favor
of the male students, suggesting that while both genders benefited closely from the technology-
enhanced instruction, male students achieved a marginally higher average score with less variability
in their performance distribution.

Null Hypothesis 2 (Hoz2): Gender does not exert any significant influence on the mean performance

scores of secondary school students when GeoGebra software is utilized in the geometry classroom
in Zamfara State.
Table 4: Summary of the t-test analysis of the significance difference between performance scores of
Male and Female Students taught geometry using GeoGebra Application Software.

Variables N X SD df t-Crit P-vane Decision

Male Performance 44 40.18 3.787

106 .548 .585 Retained
Female Performance 64 39.59 6.376
Source: Field Work, (2026) o < 0.05level of significance

The t-test analysis presented in Table 4 examines the difference in performance scores between male
(N =44, < = 40.18, SD = 3.787) and female (N = 64, < = 39.59, SD = 6.376) students taught
geometry using the GeoGebra application software. With a degree of freedom (Df) of 106, the analysis
yielded a p-value of .585 against a critical t-value threshold. Since the p-value of .585 is greater than
the .05 level of significance, the null hypothesis is retained, indicating that there is no statistically
significant difference in academic performance between male and female students when using
GeoGebra.

Research Question 3: What is the influence of gender on the retention rate of secondary school
students when GeoGebra software is utilized in the geometry classroom in Zamfara State.

Table 5: Summary of descriptive statistics on the influence of gender on the retention rate of
secondary school students when GeoGebra Software is utilized in the geometry classroom

Variables N X SD S.E. Mean Mean Diff
Male Retention Rate 44 36.50 4.100 618

2.250
Female Retention Rate 64 38.75 5.246 656

Source: Field Work (2026)

Table 5 presents the descriptive statistics examining the influence of gender on the retention rate of
secondary school students when GeoGebra software is utilized in the geometry classroom. The
results show that the male students in the experimental group (N = 44) recorded a mean retention
score of 36.50 with a standard deviation of 4.100, while their female counterparts (N = 64) obtained
a slightly higher mean retention score of 38.75 with a standard deviation of 5.246. The resulting
mean difference of 2.250 indicates that female students achieved marginally better retention rates
than male students when exposed to GeoGebra-assisted geometry instruction, suggesting a positive
performance trend among female learners in this technology-integrated learning environment.

Null Hypothesis 3 (Hos): Gender does not exert any significant influence on the retention rate of
secondary school students when GeoGebra software is utilized in the Geometry classroom in Zamfara
State.

Table 6: Summary of the t-test analysis of the significance difference in the geometry retention of
male and female students when taught using GeoGebra Software.
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Variables N X SD df t-Crit P-vame Decision

Male Retention Rate 44 36.50 4.100

106 2.386 .019 Rejected

Female Retention Rate

(GeoGebra)
Source: Field Work, (2026) « < o.oslevel of significance
Based on the independent samples t-test analysis presented in Table 6, the geometry retention of
male and female students taught using GeoGebra Software was evaluated with a total degree of
freedom (Df) of 106 at a 0.05 level of significance. The male students (N = 44) obtained a mean
retention score of 36.50 with a standard deviation (SD) of 4.100, while the female students (N = 64)
obtained a mean retention score of 38.75 with a standard deviation of 5.246. With a critical t-value
(t-Crit) of 2.386 and a resulting p-value of .019, the p-value is less than the .05 alpha level, leading
to the decision that the null hypothesis is rejected. This indicates that there is a statistically
significant difference in the retention rates between male and female students taught plane geometry
using the GeoGebra application package.

Summary of the Findings

1. The first finding revealed that sstudents’ taught geometry using the GeoGebra package achieved
a significantly higher mean performance score compared to those taught using the conventional
instructional method. The independent samples t-test results, led to the rejection of Null
Hypothesis 1. This confirms that integrating GeoGebra substantially enhances students' geometry
performance.

2. The second findings of the study revealed that gender does not exert a statistically significant
influence on the academic performance of students when GeoGebra software is utilized. Although
male students recorded a marginally higher mean score than female students, Null Hypothesis 2
was retained, indicating that technology-enhanced geometry instruction benefits both genders
equitably.

3. The third research finding revealed that there is a statistically significant difference in the
retention rates of male and female students when taught plane geometry using GeoGebra. Female
students recorded a higher mean retention score compared to male students, leading to the

64 38.75 5.246

rejection of Null Hypothesis 3 and demonstrating a favorable retention advantage among female

students in this digital environment.
Discussion of Findings
The first finding revealed that students taught geometry using the GeoGebra package achieved a
significantly higher mean performance score compared to those taught using the conventional
instructional method, leading to the rejection of Null Hypothesis 1. This outcome strongly aligns with
contemporary and historical literature indicating that dynamic digital tools bridge the gap between
theory and practice by replacing static illustrations and rote memorization with interactive
exploration (Awaji et al., 2025; Aliyu, 2019). Furthermore, this supports the assertions of Achor et
al. (2023) and Hohenwarter (2024), who emphasized that GeoGebra’s integration of algebra and
geometry enhances spatial visualization and student motivation, corroborating broader regional
findings that technology-driven instruction consistently outperforms traditional lecture methods in
secondary school mathematics (Gamage & Charles-Ogan, 2019; Akwensi et al., 2023). The second
finding of the study revealed that gender does not exert a statistically significant influence on the
academic performance of students when GeoGebra software is utilized, resulting in the retention of
Null Hypothesis 2. While male students recorded a marginally higher mean score, the lack of
statistical significance indicates that technology-enhanced geometry instruction benefits both
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genders equitably. This finding agrees with recent literature by Sanderson and Ojimba (2024) and

Awodun and Opyeiyi (2023), which highlights that interactive digital platforms help dismantle
historical gender disparities in spatial reasoning and mathematics achievement. By providing equal
opportunities for visual manipulation and active engagement, GeoGebra fosters an inclusive learning
environment where male and female learners perform on par, aligning closely with previous empirical
evaluations on gender neutrality in technology-mediated classrooms (Gamage & Charles-Ogan,
2019; Adelabu et al., 2019). The third research finding revealed a statistically significant difference
in the retention rates of male and female students when taught plane geometry using GeoGebra,
leading to the rejection of Null Hypothesis 3. Specifically, female students recorded a higher mean
retention score compared to their male counterparts, demonstrating a favorable retention advantage

in this digital environment. While general literature often emphasizes broader gender parity in overall
performance under digital instruction (Gamage & Charles-Ogan, 2019; Adelabu et al., 2019), this
divergence in long-term cognitive retention highlights how female learners successfully leverage the
interactive and visual affordances of GeoGebra. This aligns with the theoretical understanding that
overcoming rote learning through dynamic software deeply impacts long-term knowledge retention
(Parker, 2023), which serves as a critical predictor of success in major external examinations like
WAEC and NECO across Nigerian secondary schools (Njoku, 2024).
Conclusion
In conclusion, this study demonstrates that integrating the GeoGebra application package into senior
secondary geometry instruction in Zamfara State significantly improves students' academic
performance and long-term knowledge retention compared to conventional lecture methods. While
gender does not significantly influence immediate academic performance under technology-
enhanced instruction benefiting both male and female learners equitably it does play a notable role
in knowledge retention, with female students exhibiting a statistically significant advantage in long-
term cognitive recall. Ultimately, the findings confirm that shifting away from traditional rote learning
toward interactive, digital tools effectively mitigates instructional barriers and enhances educational
outcomes, offering a vital empirical basis for curriculum reform and professional teacher
development in secondary mathematics.

Recommendations

Based on the findings of this study, the following three research recommendations are proposed:

1. The State Ministry of Education, curriculum developers, and secondary school administrators
should integrate GeoGebra into the official senior secondary school mathematics curriculum.
Replacing traditional rote learning with interactive tools will help address low performance rates
and enhance overall academic achievement in geometry.

2. Mathematics teachers should sustain inclusive, technology-driven instructional strategies that
ensure equal engagement for both male and female students. Because GeoGebra successfully
bridges immediate performance gaps between genders, educators must actively encourage
equitable participation in all computer-assisted geometry classrooms.

3. Educational researchers and school administrators should build upon the observed retention
advantages of female learners by designing structured, long-term cognitive scaffolding strategies.
Enhancing sustained conceptual recall is critical for improving student success rates in major
external examinations such as WAEC and NECO across Nigerian secondary schools.
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