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Abstract

This quasi-experimental pretest-posttest control group study examined the effect of GeoGebra-based instruction on
senior high school students’ academic achievement and attitudes towards quadratic equations in Ghana. Guided by
four research questions and hypotheses, 62 SHS2 students were assigned to experimental and control groups.
Instruments used included a Mathematics Performance Test (MPT) and an Attitude Towards Mathematics Instruction
Questionnaire (ATMIQ), both validated and reliable (o = 0.87). Data were analysed using ANCOVA and an
independent-samples t-test. Students taught with GeoGebra significantly outperformed those taught via lecture. The
experimental group also had significantly higher attitude scores. No significant gender differences were observed in
academic performance or attitudes among GeoGebra users. The results support the use of GeoGebra as an effective
instructional tool that enhances both achievement and engagement. The study recommends integrating GeoGebra
into mathematics classrooms to promote meaningful learning and support gender-equitable instruction.
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student attitudes.

Introduction

Mathematics is fundamental to scientific

advancement and national development. Yet, many
Ghanaian senior high school students consistently
underperform in the subject, raising concerns about the
effectiveness of traditional teaching methods that rely
heavily on rote memorisation (Akpalu et al., 2025;
Davis & Abass, 2023).
In response, education reforms in Ghana and globally
have emphasised the integration of digital technologies
to enhance mathematics teaching and learning (MoE,
2018; UNESCO, 2025). One such tool is GeoGebra, an
open-source software that facilitates algebraic,
numeric, and graphical exploration of mathematical
concepts. Its interactive design encourages conceptual
understanding and supports student-centred learning
(Hohenwarter & Fuchs, 2004; Shahmohammadi, 2019;
Awofala & Nwoke, 2025).

Despite its international recognition, few
studies in Ghana have explored GeoGebra’s application
beyond geometry topics. Local research (e.g., Asare et
al., 2024) has primarily focused on circle theorems or
transformations, overlooking core algebraic topics such
as quadratic equations—widely regarded as both

essential and difficult for SHS2 students (WAEC,
2024). The present study addresses this gap by
evaluating the effect of GeoGebra on students'
academic achievement and attitudes toward quadratic
equations. It also considers the tool’s potential to
promote gender equity in mathematics, given the
persistent underrepresentation of girls in STEM fields
(Wang et al., 2023).

Through a quasi-experimental design, this
research compared outcomes between students taught
with GeoGebra and those instructed using traditional
methods. By examining both performance and attitudes,
the study offers insights into the pedagogical and
equity-enhancing potential of integrating dynamic
mathematics software in Ghanaian classrooms.

Literature Review

Constructivist theories stress the importance of
interaction, discovery, and real-time exploration in
learning (e.g., Piaget, 1972). These principles have
influenced mathematics education, shifting away from
passive lecture-based methods toward active,
technology-supported approaches. GeoGebra, in
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particular, allows students to manipulate graphical,
symbolic, and numeric representations simultaneously,
thereby deepening conceptual understanding (Aliu et
al., 2025).

Evidence supports GeoGebra’s effectiveness in
enhancing mathematics achievement. In Ghana, Wonu
and Kakraba (2023) reported improved problem-
solving and  knowledge retention, while
Shahmohammadi  (2019)  observed  increased
motivation and engagement when students interacted
with digital tools.

Beyond performance, affective outcomes such
as motivation, confidence, and attitudes toward learning
mathematics are also critical. Studies have found that
GeoGebra’s game-like features reduce anxiety and
foster positive learning experiences (Yang et al., 2024).
Students become more committed and engaged when
learning is visual, interactive, and discovery-oriented.

Gender equity is another important dimension.
Research suggests that digital tools like GeoGebra can
help close the gender gap in mathematics. For instance,
Langat et al. (2023) did not find any significant
differences in achievement between males and females
using GeoGebra in Kenya. Similar outcomes were
reported in Nigeria, where GeoGebra-based instruction
led to gender-neutral performance (Awofala & Nwoke,
2025).

In sum, literature supports the integration of
GeoGebra in mathematics classrooms to enhance
cognitive and affective outcomes while promoting
inclusive learning. However, few studies have
examined its use in teaching quadratic equations in the
Ghanaian context. This study aims to address that gap.

Research Questions
The following questions were designed to guide the
present study:

1. What is the mean academic achievement
score of students taught quadratic equations
using GeoGebra-based instruction and those
taught using the lecture method?

2. What is the mean attitude score of students
taught quadratic equations using GeoGebra-
based instruction and those taught using the
lecture method?

3. What is the mean attitude score of students
taught quadratic equations using GeoGebra-
based instruction and those taught using the
lecture method?
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4. What is the mean attitude score of male and
female students taught quadratic equations
using GeoGebra-based instruction?

Hypotheses

The following null hypotheses were tested in this study:

Ho,: There is no significant difference in the mean
academic achievement scores of students taught
quadratic equations using GeoGebra-based
instruction and those taught using the lecture
method.

Ho,: There is no significant difference in the mean
attitude scores of students taught quadratic
equations using GeoGebra-based instruction and
those taught using the lecture method.

Ho,: There is no significant difference in the mean
academic achievement scores of male and female
students taught quadratic equations using
GeoGebra-based instruction.

Ho,: There is no significant difference in the mean
attitude scores of male and female students taught
quadratic equations using GeoGebra-based
instruction.

Methods

This study employed a quasi-experimental
pretest—posttest control group design to evaluate the
impact of GeoGebra-based instruction on senior high
school students’ academic achievement and attitudes
toward quadratic equations. Random assignment was
not possible, so two intact SHS2 classes (N = 62) from
a public co-educational school in the Eastern Region of
Ghana were used—30 in the experimental group and 32
in the control group. Both groups had balanced gender
representation.

The experimental group received GeoGebra-
based instruction using laptops in the school’s computer
lab over a three-week period. Lessons featured
interactive visualisations, guided discovery, and
collaborative exploration of algebraic relationships.
The control group was taught through conventional
chalk-and-talk methods, involving direct teacher
exposition and board work, with minimal student
interaction. The same teacher handled both groups, and
lessons were delivered at the same time of day to reduce
variation. Instructional content, objectives, and timing
were kept constant across groups; the primary
difference lies in the instructional delivery method.

To reduce contamination between groups,
classes were scheduled separately with no overlap. A
lesson checklist was used to ensure instructional fidelity
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across sessions. These controls enhanced internal
validity and ensured that observed differences could
more confidently be attributed to the teaching method
rather than extraneous factors.

Instruments

Two instruments were used to collect data: the
Mathematics Performance Test (MPT) and the Attitude
Towards Mathematics Instruction  Questionnaire
(ATMIQ). The MPT was developed by the researchers
to assess students’ understanding of quadratic
equations. Items were aligned with the WAEC syllabus
and modelled on past WASSCE formats. To ensure
content validity, three experienced mathematics
teachers reviewed the items. Based on their feedback,
some questions were reworded or reordered for clarity.
The test was piloted with 30 students from a comparable
school, confirming its suitability. Cronbach’s alpha for
the final version was .82, indicating good internal
consistency.

The ATMIQ was a 10-item Likert-scale
instrument adapted from validated sources, including
the Technology Acceptance Model (TAM),
Mathematics and Technology Attitudes Scale (MTAYS),
Self-Efficacy for Technology Integration Scale
(SETIS), and the Student Attitudes Toward Technology
(SATT) scale. Items were modified to reflect the use of
GeoGebra in typical Ghanaian mathematics
classrooms. Example adaptations include: “I am
confident I can learn when using technology” changed
to “I am able to learn effectively when GeoGebra is
used in mathematics lessons.” The 10-item ATMIQ was
scored on a 5-point Likert scale (1=Strongly Disagree)
to (5=Strongly Agree). Cronbach’s alpha for the final
scale was .87, indicating strong reliability.

Data Collection and Analysis
We analysed the data collected using IBM
SPSS Version 27. Descriptive statistics were used to

summarise the data. A one-way ANCOVA was
conducted to compare posttest academic achievement
scores between the experimental and control groups,
with pretest scores as covariates. For Hypothesis 2, an
independent samples t-test was conducted to compare
post-attitude scores between students taught using
GeoGebra and those taught using the lecture method.
ANCOVA was also used to examine gender differences
in posttest academic performance and attitudes within
the GeoGebra group, with pre-intervention scores as
covariates. Composite scores were calculated to
represent each student’s overall attitude, with higher
scores indicating greater positivity toward GeoGebra
instruction. All inferential tests were conducted at o =
0.05. Partial eta squared (n?) was used to report effect
sizes where relevant.

Ethical Considerations

Ethical approval was obtained from the
Asamankese Municipal Education Directorate and the
participating school. Participation was voluntary, and
students were informed of their right to withdraw at any
time from the study without any punishment. Data were
anonymised, with no identifying information recorded.
Only the lead researcher had access to the data. These
procedures complied with ethical research standards to
protect participants’ rights and confidentiality.

Results

Research Question 1: What is the mean achievement
score of students taught quadratic equations using
GeoGebra-based instruction and those taught using
the lecture method?

ANCOVA revealed a statistically significant
difference in adjusted posttest scores between groups,
F(1,59) = 4.78, p = .033, partial n2 = .075, with
students taught with GeoGebra performing better than
those taught via the lecture method (Table 1). Thus,
Null Hypothesis 1 was rejected.
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Table 1

ANCOVA Summary: Effect of Instructional Method (GeoGebra vs. Lecture ) on Students’ PostTest
Performance in Mathematics, Controlling for PreTest Scores

Source Type Il Sum df Mean F Sig.  Partial Eta
of Squares Square Squared

Corrected Model 10873.6422 2 5436.821 216.761 .000 .880

GRP 6811.517 1 6811.517 271.569 .000 822

PreTest 4767.524 1 4767.524 190.077 .000 .763

Error 1479.842 59 25.082

Total 217226.000 62

Corrected Total 12353.484 61

a. Significant at .05 level; df = 1 & 59; Critical P <0.5

Research Question 2: What is the mean attitude
score of students taught quadratic equations using
GeoGebra-based instruction and those taught using
the lecture method?

An independent samples t-test was used to
determine the difference in mean attitude scores
between the experimental group students instructed
using GeoGebra-based instruction and the control

group students instructed through the traditional lecture
method. The findings indicated a significant difference,
#(55.65)=27.07, p <.001. Experimental group students
(M =41.70, SD = 1.24) had more favourable attitudes
toward learning mathematics than their control group
peers (M =31.28, SD = 1.76). Hence, Ho2 was rejected,
and it was concluded that instruction using GeoGebra
affected the attitudes of students positively.

Table 2
Students’ Attitudes Toward GeoGebra-Based Instruction (Experimental vs Control)
N Mean SD df t p
Experimental 30 41.70 1.24 55.65 27.07 <0.001
Control 32 31.28 1.76
Significant at p < 0.05

Research Question 3: What is the mean achievement score of male and female students taught quadratic

equations using GeoGebra-based instruction?

ANCOVA results indicated no significant gender difference in adjusted posttest scores, F(1, 27) = .88, p = .356,
partial n?> = .032 (Table 3). Thus, Null Hypothesis 3 was retained.

Table 3

ANCOVA Summary: Effect of Gender on PostTest Performance Among Students Receiving GeoGebra

Instruction, Controlling for PreTest Scores

Source Type Il Sum  df Mean Square F Sig. Partial Eta
of Squares Squared

Corrected 10875.9012 3 3625.300 142.305 .000 .880

Model

Intercept 3751.372 1 3751.372 147.254  .000 717

GRP 6813.175 1 6813.175 267.440 .000 .822

Gender 2.259 1 2.259 .089 767 .002

PreTest 4768.187 1 4768.187 187.167 .000 763

Error 1477.583 58 25.476

Total 217226.000 62
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Corrected Total 12353.484 61

a. Significant at .05 level; df = 1 & 58; Critical P > 0.5

Research Question 4: What is the mean attitude
score of male and female students taught quadratic
equations using GeoGebra-based instruction?
ANCOVA results showed no significant gender
difference in adjusted post-attitude scores, F(1, 27) =
1.15, p =.292, partial n> = .041 (Table 4). Therefore,
Null Hypothesis 4 was retained.

Discussion
Research Question 1: Academic Achievement and
Instructional Method

The present study assessed the effect of
GeoGebra on senior high school students’ academic
achievement and attitudes towards quadratic equations
in Core Mathematics. The results affirm that students
taught quadratic equations using GeoGebra
significantly outperformed their peers in the
conventional group. This supports existing literature
that highlights the effectiveness of dynamic
mathematics tools in  enhancing  conceptual
understanding and performance (Bakar & Mohammed,
2020). GeoGebra's visual and interactive features likely
contributed to better engagement and deeper learning.
Research Question 2: Attitudes Toward Mathematics
and Instructional Method

The significant difference in post-attitude
scores between the experimental and control groups
supports earlier findings that interactive technologies
like GeoGebra enhance students’ interest and
motivation in learning mathematics (Shahmohammadi,
2019; Awofala & Nwoke, 2025). These results
demonstrate that GeoGebra-based instruction can lead
to more favourable student attitudes than conventional
lecture methods.
Research Question 3: Gender Differences in
Achievement

No significant gender differences were found in
achievement within the GeoGebra group. This is
consistent with literature suggesting that when
instructional strategies are interactive and inclusive,
both boys and girls benefit equally (Hussain &
Suleman, 2022). The finding implies that GeoGebra
may help bridge traditional gender gaps in mathematics
performance.
Research Question 4: Gender Differences in Attitude

Similarly, no significant gender differences
were observed in attitudes towards mathematics among
students taught with GeoGebra. This outcome aligns

with prior findings (Okonkwo et al., 2022), suggesting
that gender does not significantly influence how
students perceive or engage with dynamic software
when instructional conditions are equitable.

Practical Implications

First, the significant improvement in academic
achievement suggests that dynamic software like
GeoGebra can enhance students’ understanding of
abstract concepts. Mathematics teachers should
integrate such tools to promote deeper engagement with
topics like quadratic equations. Second, the positive
shift in attitudes indicates that interactive digital tools
improve students’ motivation and perceptions of
mathematics. In contexts where mathematics is seen as
intimidating, visual and exploratory environments like
GeoGebra can foster interest and confidence.

Third, the lack of gender differences in both
achievement and attitudes suggests GeoGebra offers an
equitable learning platform. This supports efforts to
address gender disparities in STEM and provides a case
for inclusive instructional technologies. Finally,
curriculum planners and policymakers should promote
a shift from traditional methods to blended, technology-
enhanced learning. Professional development should
include training on integrating tools like GeoGebra,
supported by adequate infrastructure and school-level
resources.

Strengths, Limitations, and Future Directions

The present study has several strengths. It adds
to the empirical evidence on the effect of GeoGebra on
both achievement and attitudes in mathematics. The
guasi-experimental design allowed for control of initial
group differences, enhancing internal validity.
Validated and reliable instruments improved the
credibility of results. Also, using a single teacher and
consistent instructional content across groups
minimised bias. However, the use of intact classes in
one school limits generalisability. Informal interactions
between students outside class could not be fully
controlled. Future studies should use randomised
control trials across multiple schools to enhance
external validity. Longitudinal designs can examine
lasting effects, while qualitative approaches could offer
insights into how students experience technology-based
instruction. Future research might also test GeoGebra’s
impact on other complex mathematical concepts.

Effect of GeoGebra on Senior High School Students’ Academic Achievement and Attitudes Towards Quadratic Equations in...Joseph

Appianing


https://www.ajstme.com.ng/

AJSTME, Volume. 11, Issue 1.

256-261, May, 2025. https://www.ajstme.com.ng

ISSN: 2251-0141 (Print), 2971-6233 (Online)

Conclusion

The present study examined the effect of
GeoGebra-based instruction on senior high school
students’ academic achievement and attitudes toward
guadratic equations in Ghana. Results showed that
students taught with GeoGebra significantly
outperformed those receiving conventional instruction,
both in performance and attitudes. Importantly, no
significant gender differences were observed in either
outcome, highlighting the equitable nature of
technology-enhanced instruction. These findings
support broader adoption of dynamic software tools like
GeoGebra in mathematics classrooms to improve
engagement and achievement. GeoGebra can be a
valuable component of reforms aimed at improving
mathematics education and closing gender gaps in
STEM. For sustainable impact, investment in teacher
training and classroom technology is essential.
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