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Abstract

We implemented GeoGebra software in Rwandan secondary schools to check its
effectiveness during teaching and learning geometry concepts. The quasi-experi-
mental design was used, and four schools were purposefully selected. Two schools
were from Northern Province, while the other two were selected from Kigali city.
A geometry-based test composed of 15 open questions was designed to assess the
teaching effect before and after learning geometry.The study was conducted from
December 2020 through June 2021 with 87 students. Two schools were assigned
as control while the other two as experimental groups. Each group comprised one
school from Kigali and one from Northern Province. We analyzed data using SPSS
and computed multivariate analysis of variance. We found that students who learned
with GeoGebra outperformed those who learned without GeoGebra (M =77.68%
and SD=14.13 versus M=56.78% and SD=15.77, with p<.001 and d=.254). We
also found that the number of students who were able to perform each of the 15
questions increased drastically due to the potential of GeoGebra. The study recom-
mends the use of GeoGebra in all teaching and learning activities of mathematics.
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1 Introduction

Integrating information and communication technology (ICT) in the teaching
and learning of mathematics and science transforms the quality of education, the
teaching methodology, and the ways students and teachers behave towards the
subject content (Harrison, 2005). In their study on the use of ICT in mathematics
teaching, Keong et al. (2005) indicated that using ICT in mathematics enhances
students’ conceptual understanding and performance. Integrating ICT tools pro-
vides rapid and direct feedback to students and improves students ‘ability to par-
ticipate in problem-solving, which can be among the ways of their success in
mathematics. When different technologies are provided in teaching mathematics,
students become motivated, can look for better strategies which helps them in the
problem-solving, interpretation of answers and making graphical representations
instead of spending their time in memorizing. Therefore, adopting ICT tools for
teaching mathematics influences students’ performance not only in mathematics
but also in other subjects.

Chisanda and Chesitit (2015) stated that mathematics is the pure numeric
science that uses models that are important tools and instruments in problem-
solving. The authors further argued that no government could achieve advanced
technology without the proper use of knowledge and skills in mathematics. This
is in agreement with Noor-Ul-Amin (2013), who stated that mathematics is the
core subject for developing theories and experiments used in daily lives to solve
societal and human challenges. Rwanda Basic Education Board (REB, 2015)
realized that some efforts are needed, including the revision of the Rwandan cur-
riculum and confirm the integration of ICT tools in the teaching of mathematics
and sciences at all levels of education to improve students’ knowledge, skills, and
achievements or performances to make them competent.

Literature shows that embracing ICT tools like software, internet, video, and mul-
timedia and other tools like GeoGebra supports the move from the traditional para-
digm of teaching to the new teaching and learning (Mukagihana et al., 2021a; Safdar
et al., 2011). GeoGebra software as an ICT tool is used to enhance theoretical and
practical ways of teaching and learning arithmetic, algebra, calculus, and geometry,
resulting in students’ better performance and conceptual understanding in mathe-
matics (Keong et al., 2005). According to Uwurukundo et al. (2020), after reviewing
different articles on the effectiveness of GeoGebra in the teaching of mathematics,
authors observed that GeoGebra is effective in teaching and learning Mathematics
since GeoGebra contributed to enhancing students’ understanding of mathematical
concepts and improved students’ interest to learn mathematics.

However, the introduction of ICT tools in the learning process in Rwanda has
not been successfully evaluated due to various challenges such as internet acces-
sibility, lack of trained teachers (Ndayambaje & Ngendahayo, 2014). Thus, the
researchers see benefits in introducing dynamic software to support the learning
and teaching of mathematics topics, especially in the geometry of 3-dimension.

According to Arbain and Shukor (2015) and Ocal (2017), a dynamic Geom-
etry environment is important for teaching and learning mathematics as it allows
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students to explore both geometry and algebraic presentations of the content
structure and facilitate students in making the interpretation. Akgiil (2014), in
agreement with Naidoo and Govender (2014) and Bridson et al. (2013), con-
firmed that the use of software helps teachers and learners to perform, explore
and interpret mathematics at secondary schools and enhance students’ achieve-
ment. Their study findings revealed that among the causes of low performance
are students’ negative attitudes and inappropriate technology used when learning
mathematics. Various researchers (Arbain & Shukor, 2015; Mathevula & Uwiz-
eyimana, 2014; Niyukuri et al., 2020; Ocal, 2017) stated using GeoGebra in the
learning of geometry helps students for the content visualization and understand-
ing through exploration, which improve students’ attitude towards geometry and
achievement.

Agyei and Voogt (2011) revealed that using a verbal approach hinders the achieve-
ment of optimum objectives of imparting knowledge to students. Their study findings
further show that students’ inability to meditate over a jumble of words places them
into a dilemma of not remembering concepts taught. This leads to students’ poor per-
formance in mathematics resulting from errors, misconceptions, failure to comprehend
mathematics content probably due to unprofessional teachers, inadequate motivation,
and inappropriate use of ICT tools like GeoGebra software in the teaching and learn-
ing process. According to Maniraho and Mugabo (2019), students need basic learn-
ing like geometrical tools and ICT tools that help them while doing classroom activi-
ties. This will improve students’ performance and teachers’ ability to track their levels
of conceptual understanding. ICT tools like GeoGebra software provide the basis
for simulation, data capture, and digital recordings equipment and computer projec-
tion during instruction. GeoGebra software integration in a process of teaching and
learning points, straight lines and circles of geometry is considerably used in terms
of graphical representation and learners’ achievement (Mushipe, 2016). Literature
reveals that students who were taught using GeoGebra software to learn geometrical
concepts achieve more than those who were taught using traditional methods (Eyyam
& Yaratan, 2014; Moses et al., 2012).

Studies were also conducted on teaching and learning geometry, and findings
confirmed that students still face challenges in conceptual understanding and
achievement. Authors indicated that even if teachers do their best to deliver con-
tent to improve students’ achievement, there is still a problem of low performance
due to the students’ negative attitude towards geometry and the lack of appropriate
software to be used when teaching geometry to facilitate the content manipulation,
visualization and understand geometrical content (Shadaan & Leong, 2013). To fix
the named problem, Shadaan and Leong (2013) used their study findings to confirm
that when GeoGebra is applied to the teaching and learning of geometry, there are
positive impacts on students’ understanding, attitudes, and achievement of geome-
try. However, similar studies were conducted and observed such challenges, but few
studies have been conducted on the integration of GeoGebra to examine whether
this may have an impact students’ achievement. This motivates a authors to con-
duct a study on the effectiveness of GeoGebra on the learning of geometry.
Since students have shown disinterest in learning mathematics due to the tra-
ditional methods used by teachers (Ukobizaba et al., 2021), our findings would
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help teachers—especially in developing world such as Rwanda—to motivate
students to learn mathematics through GeoGebra.

Thus, this study intends to determine the effect of GeoGebra software integra-
tion on learners’ achievement in geometry and answer the question: “What is the
effect of using GeoGebra on improving secondary school students’ achievement
in 3-D geometry? Therefore, we hypothesized that GeoGebra improves students’
academic performance more than the traditional method does. The study adopted
Dubinsky and McDonald’s Action Process Object Schema (APOS) Theory
(Dubinsky & McDonald, 2001). This learning theory was developed and linked
with constructivist theory (Dubinsky, 2001). It was assumed that learners need
to construct mental knowledge to understand both theoretical and practical math-
ematics concepts. According to the APOS theory, learners are supposed to deal
with mathematical circumstances by constructing conceptual activities and then
transforming them into processes and objects to organize schemas to handle and
solve geometrical problems. Dubinsky and McDonald (2001) suggested APOS
theory, where students approach perceived mathematical problem situations by
constructing actions, internalizing processes, acting on transformations of objects,
and constructing schemas to assess situations and solve problems. Maharaj (2013)
successfully used the APOS theoretical framework to assess students’ understand-
ing and application of derivatives. Therefore, the present study fits this theory as it
involves students in software use to solve mathematical problems to construct and
attain knowledge.

2 Methodology

The study adopted a quasi-experimental research method in which there was
no random assignment of subjects. This research adopted a quasi-experimen-
tal non-equivalent group design (Fraenkel et al., 2012) because students and
teachers were not selected randomly; instead, intact classes were selected for
not disturbing the academic programs. This design involved both control and
experimental groups (Dimitrov & Rumrill, 2003) examined on pre-test and
post-test after the exposure to GeoGebra software. The study was conducted
in 4 selected schools. Two groups (Experimental and Control) were formed
and all exposed to pre-test to see whether all groups were at the same level in
the geometry of 3 dimensions and post-test to check if there was statistically
significant differences in the mean scores of the experimental and control
groups.

The pre-test was used to assess the geometrical knowledge and skills before the
intervention on geometry learning in both control and experimental groups. The
post-test enabled the researcher to make a comparison between teaching geometry
using traditional teaching methods and teaching using GeoGebra software. To col-
lect data for this study, a test was designed. Quantitative data was collected through
pre-tests, post-tests using achievement tests. The same test was used to collect data
before and after treatment (see Box 1).
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Box 1. Geometry-Based Test

1. Show that point A (1, 2, 3) belongs to the sphere x>+ y?+z>-4x 4 2y-2z-8 =0

2. Find the equation of the plane which passes through points A (1,3,5), B (-2,5,4), and C (3, -6, -5)
3. Calculate the angle between two planes x+y+z=4 and x+2y+3z=5

4. Find the center and the radius of the sphere with equation X2+ y?+z>—y—2z—14=0

5. Find the equation of the line of intersection between two planes 3x—6y—2z=15
and 2x+y-2z=35

6. Find the distance between the plane 2x-3y-3z=12 and 6x-9y-9z=27

7. Calculate the angle between the lines AB and AC for A (1, 2, 3), B (4, 5, 5) and
C(3,2,0)

8. Find the distance between the plane 3x +5y-6z= 18 and point A (2, 4, 7)

x=14+r
y=1+2r
z=1+3r
9. Find the angle between the line and the plane x+y+z=4

10. Find the angle between vectors i = (3,8, 1) and v = (2,4,7)
11. Find the equation of the straight line passing through points A (3, -2, 5) and B (1, 4, -2)

12. A line ‘d’ passes through the points A (-2, -1, 4) and B (0,3,4), and plane = has the equation
n=2x-y-3z=4

a) Show that d is parallel to ©
b) Calculate the shortest distance between d and ©

13. Find the intersection of two spheres x>+ y?+2z2+2x-6y + 1 =0 and 4x>+4y*+4
72+ 10x-25y-2z=16

14. Find the equation of the sphere centered at (-6, 1, 3) and with radius R=4

15. Given two vectors % = (3,3,3) and ¥ = (2,0, —3) and points A (4, 3, 1)
and B (-1, 2, 5)

a) Find the equation of the plane passing through
i. A pointand v = (2,0,-3),% = (3,3,3)
ii. B point and v = (3,8, 1),14 = (0,0, 1)
b) Find the angle between these two planes found on points i and ii

c) Are these two planes parallel or not? Explain

Note that achievement or performance is used interchangeably in this manuscript. To mark the test, ques-
tion-1 to question-14, each was scored on five scores while question-15 scored on 15 scores. However,
the average percentage was computed during the analysis

This study’s target populations comprised 13 Mathematics teachers and 494 stu-
dents of Senior Five Mathematics-Physics-Computer (S5 MPC) and Mathematics-
Computer-Economics (S5 MCE) combinations from Kicukiro and Musanze dis-
tricts. This population was found by considering 13 schools from the two selected
districts within MPC and MCE combinations and by linking what the report says
on the number of students to be in a classroom, which should not exceed a ratio of
38 students per classroom in public, government-aided, and private schools (Minis-
try of Education, 2018). Finally, four schools were selected from two districts, two
schools in Musanze district, Northern Province, and two others in Kicukiro district,
Kigali city in Rwanda. The study accommodated a total of 87 students of Senior
Five of upper secondary school, aged between 16-19.

@ Springer



5754 Education and Information Technologies (2022) 27:5749-5765

Prior to data collection, the research proposal was designed and submitted to the
research and innovation unit at the University of Rwanda College of education (URCE)
for ethical approval. We got an ethical clearance and used it to seek permission at the
district level. We presented it to the selected districts to approve and provide letters to
be presented to schools. Our geometry-based test was developed by ourselves and han-
dled by educational evaluators at the URCE for content validation. It was piloted with
students from another school apart from those we used before administering it to the
real participants in December 2020. Fifteen out of 17 questions were found valid for
final administration with a reliability analysis of Pearson r=0.60 along two weeks. We
then administered the pre-test, trained two teachers for experimental groups, and then
administered the post-test. The pre-test was given to both groups, control and experi-
mental groups, on paper-based. Teachers were trained on how to install and use GeoGe-
bra within four days. After giving the pre-test to all students, we gave the go-ahead to all
four teachers to start teaching geometry of 3-dimension. Teachers from the control group
used the conventional teaching methods, using board and chalks, and teachers from the
experimental group used GeoGebra as a supporting tool for teaching geometry. In the
control group, the teacher introduced the content, and students were given tasks to per-
form in their notebooks or on the board (performing the questions and drawing charts).
The teacher introduced the content in experimental groups, and students used GeoGebra
to answer the questions and draw charts. GeoGebra is a dynamic software that facilitates
the learning process of the geometry of 3 dimensions. It is said to be dynamic because it
is used without an internet connection. It gives room for users to manipulate the software
and the content. GeoGebra helps users to put coordinates of points, lines, equations of
planes, and spheres. GeoGebra can allow users to solve geometry-related problems and
make their interpretations. For example, Given the following points of the vertices of the
triangle ABC where A (1, 2, 3), B (4,5, 5), and C (3, 2, 0).

a) Plot them on 3-D space and join them to form a triangle

b) Calculate the perimeter of the triangle ABC

c) Find the coordinate of the center of gravity (centroid) of the triangle ABC
d) Calculate the area of triangle ABC

Geogebra is free and easy to install. However, careful input of data is required.
Figure 1 shows the outcome of the above example.

After six weeks (May—June 2021), the post-test was given to both groups
to check whether there is a significantly difference between students taught using
the conventional method and those taught using GeoGebra software. Note that the
whole unit of geometry in senior one takes 34 periods of 40 min.

3 Data analysis and Results
We analyzed data using a statistical package for social sciences (SPSS) version 23.

We entered students’ scores of all 15 questions into the SPSS data view and then
named the variables in variables views. The first column was “students’ group,”
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Fig. 1 The outlook of GeoGebra

where “1” represented the control group and “2” represented the experimental
group. Thus, the next two columns of data were pre-and post-test scores for both
groups. Via ‘transform,” we computed the average score (percentage) for each stu-
dent. We first checked the normality of our score distribution to choose appropriate
tests among parametric tests. We plotted histograms for pre-test scores and post-test
scores with normal curves (see Fig. 2).

Some variables such as score ranges, skewness, and kurtosis were also computed.
Skewness is a measure of the symmetry of a distribution where for instance, a nega-
tive skew indicates the long tail on the left side than one on the right side. Thus,
skewness measures the relative size of the two tails, while kurtosis measures the
combined sizes of the two tails. For instance, kurtosis greater than + 1 indicates that

1254
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Fig.2 Score distribution at pre-test stage among students in both control and experimental groups
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Table 1 Mean and standard deviations of each intervention group

Teaching intervention groups Mean Std. Deviation N
Pre-test Control group 13.4118 8.92244 45
Experimental group 14.5798 10.09327 42
Total 13.9757 9.46801 87
Post-test Control group 56.7843 15.77883 45
Experimental group 77.6751 14.13076 42
Total 66.8695 18.24334 87

Table 2 Multivariate tests with Wilks’ Lambda value and statistical significance

Effect Value F Hypothesis df Error df p-value d
Test Wilks’ Lambda 0.091 844.727 1.000 85.000 0.000  0.909
Test*Intervention groups Wilks’ Lambda 0.746 28.988  1.000 85.000 0.000 0.254

the distribution is too peaked. We found that our data were normally distributed
skewness of control and experimental groups were 1.32 and 1.15, respectively, and
kurtosis was 2.36 (for the control group) and 1.64 (for the experimental group). Note
that the data is considered to be normal if its skewness is between -2 to+2 and its
kurtosis is between -7 to+7 (Hair et al., 2010). The control group’s minimum and
maximum (or range) scores were 0.00 and 42.35%,, respectively, while they were
0.00 and 43.53% for the experimental group. Thus we ensured to use of parametric
tests such as t-test, analysis of variances. We then computed the significance of the
mean score of the pre-test among both the control and experimental group to ensure
the equivalence of mean scores of both groups before intervention. We found that
the groups were homogeneous (p > 0.05). This ensured that our groups were at the
same level before teaching intervention and had no covariates among their scores.

Since we had two independent variables (control and experiment groups) and two
dependent variables (pre-and post-test), t-test and analysis of variance (ANOVA)
were not appropriate, and we were obliged to use repeated measures such as mul-
tivariate analysis of variance (MANOVA). Via “analysis” ribbon, general linear
model function, and repeated measure test, we computed the mean scores and sta-
tistical significance and plotted the visual graph of intervention groups alongside
tests done. Table 1 presents descriptive statistics, while Table 2 presents inferential
statistics.

Students in the control group got 13.41%, while those in the experimental group
got 14.58% in the pre-test. Likewise, students in the control group got 56.78%, while
those in the experimental group got 77.68% in the post-test. “N” is the sample in each
group. Table 2 shows that from pre-test to post-test, students gained more irrespec-
tive of the teaching intervention provided (whether traditional or Geogebra). This
gain was very high significant (p <0.001) with a very large effect size (d=0.909).
According to Magnusson (2021), researchers often use general guidelines, such as
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small (0.2), medium (0.5), and large (0.8), when interpreting effect size. Likewise,
considering the effect of traditional and Geogebra teaching intervention, a very high
statistically significant difference occurred between students in control and those in
experimental groups in favor of those in the experimental group (those taught by
Geogebra).

The same results in Table 2 can be well visualized in Fig. 3. It can be interpreted
in a way that students’ pre-test scores in both control and experimental groups were
at the same level; however, their scores shifted to above 50% scores with a large dif-
ference from control to experimental group during post-test (see Fig. 3).

4 Discussion of results

From the results above, it can be realized that GeoGebra shows an outstanding
active and teaching technique that increases students’ performance. Therefore, we
retain our Null hypothesis that there was statistically significant difference between
students’ mean scores taught by computer-assisted learning (those taught with
GeoGebra) and those taught by traditional teaching methods (those learned without
GeoGebra). Our study demonstrated that students who learned with GeoGebra soft-
ware were advantaged and succeeded more than their counterparts who did not learn
with that software. Although those who learned without the software got an average
score (more than 50%), however, those who learned with the software outperformed
their counterparts. Their average shows this at the post-test stage, where those in the
control group (learning without GeoGebra) got 56.78% while those in the experi-
mental group (learning with GeoGebra) got 77.68%. And this difference was statisti-
cally significant (p <0.001). This is in agreement with Dogan and Igel (2010), who
confirmed the effectiveness of GeoGebra on students’ attitude and achievement as
it is used to improve their motivation which brings them to the high performance
of geometry. The specific reason why this software was effective is that it allows
students to visualize what they are learning. Students are also using technology to

Fig_ 3 Estimated Marglnal Estimated Marginal Means of control and experimental groups at pre-and post-test stages
Means of control and experi- 50.00- Test

y Pre-test mean scores
mental groups at pre-and post- Post-test mean scores

test stages

60.00-

40.00+

Estimated Marginal Means (% scores)

3
S
=
8
1

T T
Control group Experimental group

Students' groups

@ Springer



5758 Education and Information Technologies (2022) 27:5749-5765

learn; therefore, they are motivated to manipulate a computer and grasp academic
performance. In the literature, Ukobizaba et al. (2021) found that students lose inter-
est in learning mathematics due to poor teaching methods. Therefore, this study
showed a new and technological tool to motivate teachers in their daily routine.

More studies promoting ICT-related teaching approaches also showed statisti-
cal significance in students’ performance over traditional methods. For instance,
Mukagihana et al. (2021b) observed and found the effectiveness of animations
during pre-service teachers academic biology performance, (Iyamuremye et al.,
2021) found a good impact of web-based discussions in the teaching and learn-
ing of chemistry, and Uwamahoro et al. (2021) found the effectiveness of com-
puter simulation to upgrade students’ knowledge of light phenomena. Zulnaidi
and Zamri (2017) used a quasi-experimental approach to investigate the effects of
GeoGebra software on mathematical, conceptual understanding, and achievement.
The study findings show that students who were taught using GeoGebra software
had higher conceptual understanding and achievement than those taught using tra-
ditional methods. The authors confirm the capability of GeoGebra in enhancing
students ‘conceptual understanding of mathematics. According Rubagiza et al.
(2011), integrating ICT tools in the learning process of mathematics results in
the learners’ better performance and teachers’ positive attitudes towards the use
of GeoGebra software in teaching mathematics. The outcome of our GeoGebra
teaching and learning facility is underpinned by its visual form and transferability
of knowledge to skills. Students can see and manipulate on the computer. Such
hands-on effect was shown by Ndihokubwayo et al., (2020a, 2020b), where the
authors alerted that when students are given the opportunity to hands-on computer
and manipulate PhET simulations, they gain more in terms of attitude, perfor-
mance, and conceptual understanding.

The effectiveness of GeoGebra we realized in this study may also be well shown
by the rate of students who could answer or perform each of the 15 questions’ tests.
Figure 4 shows that students most likely performed similarly before learning geom-
etry. Thus, the same number of students in control or experimental groups scored in
a similar score range. For instance, more than the average population (50%) in the
control group could not get a score above 25%. Thus, about 78% of students scored
between 0 and 25%. Likewise, all 90% of students in the experimental group scored
between 0 and 25%. The blue color shows the number (%) of students who only got
a score below or 25% on each test” question.

However, after learning Geometry, students in experimental groups (those
learned with GeoGebra) easily performed or increased in number during perform-
ing each of the test’s questions (see Fig. 4). See, for example; the yellow color shows
a large number of students in the experimental than in the control group who were
able to score above 75% (between 76 and 100%). Note that the stacked vertical bar is
an accumulation of data where all intervals share 100%. Thus, 0-25, 26-50, 51-75,
and 76-100 share 100%.

A typical example is on question-6, where about 69% of students are still scor-
ing in the 0-25% range even after learning. This is understandable as these students
were assigned to a control group where there was no support of GeoGebra software.
The question was about finding the distance between the plane 2x-3y-3z=12 and
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Fig. 4 Number of students (%) who performed the test at pre-test stage and post-test stage

6x-9y-92=27, and such information is well articulated by the software rather than
traditional or hand manipulation such as drawing on the blackboard (see Fig. 5 dur-
ing the teaching of such concept).

Question-5 also asked to find the equation of the line of intersection between two
planes 3x—6y—2z=15 and 2x+y-2z=5. And GeoGebra was better at tackling
such issues. Students in the experimental group who performed this question maxi-
mally increased (86%). Figure 6 demonstrates how the concept was taught.

Question-13  was asking to find the intersection of two spheres
X2 4+y? 4724+ 2x—6y+ 1=0 and 4x*>+ 4y’ +4 7’ + 10x—25y—2z= 16, and students
(mostly, in experimental group) who were able to answer the question after learning
increased. Figure 7 shows how question-13 related concept would be performed into
GeoGebra.

However, it seemed students were challenged during answering question-12.
[A line “d” passes through the points A (-2, -1, 4) and B (0, 3, 4) and plane = has
the equation n=2x-y-3z=4; (a) Show that d is parallel to =, (b) Calculate the
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shortest distance between d and x]. The number of students who could get 51-75%
or 76-100% scores did not increase drastically even if they learned with GeoGe-

bra. Figure 8 shows how question-12 related concepts would be performed into
GeoGebra.
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Fig. 8 Workshop for question-12

The difficulty of question-12 related concepts would be depicted from the
fact that GeoGebra needs careful manipulation. Although GeoGebra allows stu-
dents to manipulate, observe, visualize and interpret, its mastery is needed. In
our future investigation, we will investigate the relationship between students’
mathematical performance and the mastery of GeoGebra software. Action pro-
cess object schema (APOS) theory supported our results in a line that it has
shown the potentials to advance and upgrade students’ learning to and from
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secondary school level (Arnon et al., 2014; Maharaj, 2013). When students learn
by observing and manipulating, they can understand what they took as abstract
when blackboard and chalk were only available as teaching aids.

5 Concluding remark

Our study intended to determine the effect of GeoGebra software integration
on learners’ achievement in geometry. We employed 87 students from four
schools in Rwanda. Fourty-five students were assigned to the control group
and asked their teachers to teach using traditional teaching. Fourty-two stu-
dents were assigned in an experimental group where we asked their teachers
to teach them using GeoGebra. Students were learning Geometry, and we for-
mulated a performance test to evaluate the teaching intervention. We hypoth-
esized that there would not be a difference between these groups’ mean scores
after learning. However, a very high statistically significant difference existed
after teaching students using different methods in favor of those taught using
GeoGebra was found. At the initial stage, students were found on the same
level as the average score was 13.41% in the control group while 14.58% was
in the experimental group. After learning geometry, the same test was given
to both groups, and the experimental group has increased their performance
(77.68% versus 56.78%). We concluded that GeoGebra has the potentiality to
increase students’ performance. Therefore, the outcome results recommend
that teachers should adapt teaching using GeoGebra. Our specific recommen-
dations are following:

e Rwanda Basic Education (REB) should train teachers to use ICT integration
in education software such as GeoGebra.

e Although hardware and software components are expensive to acquire and
sustain in many Rwandan secondary schools, schools’ leaders should include
ICT materials in their budgets and adopt ICT usage during the teaching—learn-
ing process, and capture data about the education context inputs and outputs.

e Since our sample size was limited, further studies may look into the effects
of gender difference, school environment, students’ attitudes, and teachers’
appreciation of the use of GeoGebra.
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