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ABSTRACT

Mathematical software and other technological tools are key ingredients in the teaching and learning of mathematical
concepts such as geometry which has numerous benefits to the learner and the society because of its applications in
our daily lives. Are the learners aware of the benefits of software such as Geoboard and whether its use improves their
performance? Hence, there is a need to determine the perceived influence of Geoboard on Basic 8 (eighth-grade level
primary education) students in Junior Secondary Schools in Nigeria in terms of the teaching and learning of geometry.
Two research objectives and two questions were formulated with a survey research design. A sample of 236 Junior
Secondary Il students was drawn through a multi-stage sampling technique in Benue state, Nigeria. The instrument
used for data collection was the Perceived Influence of Geoboard Questionnaire (PIGQ). The results indicate that the
use of Geoboard influenced the performance of students in geometry, as is evident from the individual item mean rating
and cluster mean ( = 3.58). The result also revealed that there is no gender difference in the perceived influence of
Geoboard on students’ performance in geometry ( = 2.95 for male and =2.96 for female). The study concluded that
using Geoboard influenced junior secondary students’ performance in geometry. Additionally, there was no gender
difference in the perceived influence of Geoboard on male and female junior secondary school students in geometry.

Keywords: Geometry, Geoboard, Junior school students, Mathematical Software.

RESUMEN

El software matematico son elementos clave en la ensefianza y el aprendizaje de conceptos matematicos como la geo-
metria, que tiene numerosos beneficios para el alumno y la sociedad, debido a sus aplicaciones en la vida cotidiana.
¢Son conscientes los alumnos de las ventajas de programas informaticos como el Geoboard y de si su uso mejora
su rendimiento? Por lo tanto, es necesario determinar la influencia percibida del Geoboard en los alumnos de 8° de
Educacion Basica (octavo grado de Educacion Primaria) de los centros de Secundaria de Nigeria en lo que se refiere
a la ensefianza y el aprendizaje de la geometria. Se formularon dos objetivos de investigacion y dos preguntas con un
disefio de investigacion de encuesta. Se seleccioné una muestra de 236 alumnos de segundo ciclo de secundaria me-
diante una técnica de muestreo en varias etapas en el estado de Benue, Nigeria. El instrumento utilizado para la reco-
gida de datos fue el Cuestionario de Influencia Percibida de los Geoboards (PIGQ por sus siglas en inglés). Los resul-
tados indican que el uso del Geoboard influyé en el rendimiento de los estudiantes en geometria, como se desprende
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de la calificacion media de los items individuales y de la
media del grupo (X = 3,58). El resultado también revelo
que no hay diferencia de género en la influencia percibi-
da de Geoboard en el rendimiento de los estudiantes en
geometria (X = 2,95 para el sexo masculino y X =2,96
para el sexo femenino). El estudio concluyé que el uso
de Geoboard influyé en el rendimiento de los estudiantes
de primer ciclo de secundaria en geometria. Ademas, no
hubo diferencias de género en la influencia percibida del
Geoboard en los alumnos y alumnas de primer ciclo de
secundaria en geometria.

Palabras clave: Geometria, Geoboard, Estudiantes de se-
cundaria basica, Software matematico.

INTRODUCTION

Mathematical software and other technological tools are
key ingredients in the teaching and learning of mathema-
tical concepts such as geometry, which have numerous
benefits for the learner and society because of their appli-
cation in our daily lives. All aspects of our daily lives are
touched by the applications of the mathematical idea of
geometry (Age & Machaba, 2023; Tessema et al., 2024).
Geometric forms and objects are present in our physi-
cal world; therefore, learning geometry is important not
only for its significance in various professions but also
because of its prevalence (Jablonski & Ludwig, 2023).
Geometry is a discipline of mathematics that focuses on
measurement and qualities of points, lines, curves, and
surfaces. Similarly, Akpan et al. (2023) opine that the
study of the nature, characteristics, measurements, and
connections between points, lines, angles, and figures
in space is known as geometry. Geometry gives rise to
the development of mathematical thinking, encompassing
both abstract reasoning and modelling and tangible de-
piction. Even though geometry is essential to many fields,
research has shown that students find it challenging. This
is likely due to various factors, including how geometry
is taught, the students’ lack of background knowledge,
inability to visualize, and ignorance of proofs (Alghadari &
Herman, 2018). This study focused on the strategy used
in teaching and learning geometry; it x-rayed the percei-
ved influence of GeoGebra on students’ performance in
geometry.

Applications of mathematical knowledge and comprehen-
ding the best ways to teach mathematics to students are
made easier with the aid of mathematical software (Age &
Machaba, 2024). Teachers of mathematics can also use it
to develop pertinent mathematical topics. When teaching
mathematics in secondary school, mathematical software
can be a very useful tool. The program can make tough

subjects come to life and exciting by using interactive
models and captivating 2D/3D graphics to explain hard
arithmetic ideas. Utilizing mathematical software will make
learning more engaging, creative, and inquisitive (Age &
Machaba, 2023; Kyabuntu & Mbhiza, 2024). Despite its
inherent quirks, the use of mathematical software for tea-
ching and learning mathematical concepts has long been
seen as beneficial, which is evident in the studies conduc-
ted by researchers.

Age et al. (2021) investigated the effect of GeoEnzo on
students’ interest in geometry, and the results showed that
the mathematical software used enhanced the students’
interest in geometry and revealed no gender differences
in the levels of interest in geometry concepts. Similarly,
Ji et al. (2024) carried out a study on the impact of the
Dynamic Mathematical Software (DMS) intervention on
the improvement and achievements of school students
and the variables that could affect their efficacy. Findings
indicate that DMS improves student performance, and
educators should take great care while creating lesson
plans. Similarly, Mario et al. (2024) studied the effect of
GeoGebra Software and playful strategies on mathematics
learning in students of a state educational entity in Piura.
The study’s findings showed that using GeoGebra soft-
ware and playful methods significantly impacts mathema-
tics learning. Furthermore, Noverianto et al. (2024) resear-
ched “the influence of the GeoGebra-assisted discovery
learning model on students’ mathematical problem-solving
abilities in geometry learning” (p. 331). The results of the
study showed that students’ problem-solving skills are
improved by the GeoGebra-assisted Discovery Learning
Model, making it applicable to the study of mathematics,
particularly geometry, in junior and senior high. Since
several researchers have employed and explored these
and numerous other mathematical software programs, the
emphasis of this study is Geoboard.

Geoboard is a mathematical tool for investigating funda-
mental ideas in plane geometry, including area, perime-
ter, and the properties of triangles and other polygons. It
comprises a square board with a predetermined number
of nails or pegs arranged in rows and columns. Rubber
bands can be stretched to form different forms around
the pegs or nails (Okoye & Onyeka, 2022). Geoboard is
a teaching tool that helps students investigate a range
of fundamental mathematical ideas, including geometry,
measurement, graphing, and counting (Poloamina et al.,
2024).

A geoboard is a flat board with a grid of nails or pegs
organized in square or rectangular patterns, as shown
in Figure 1. It is a mathematical manipulative instrument.
Students can learn geometry, spatial reasoning, and
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mathematics principles through a hands-on method by creating geometric shapes and patterns with rubber bands or
strings wrapped around the pegs

Fig 1: A Screen with a Geoboard Showing the Menu and Toolbars.

Source: own elaboration.

Geoboard is a mathematics manipulative that is used to instruct students in spatial reasoning and geometric ideas,
as demonstrated in the ready-made shape geoboard in Figure 2. The use of Geoboard is beneficial to the students
as it aids students in visualizing and comprehending ideas like symmetry, area, perimeter, and forms. It also improves
students’ hand-eye coordination, fine motor skills, problem-solving aptitude, and spatial awareness and comprehension
of geometric forms. Geoboards are effective for raising students’ mathematics performance and spatial visualization
skills (Sibiya, 2020). Relatedly, students who utilize concrete (physical) geoboards learn geometry more effectively,
as demonstrated by their improved proficiency in the subject. This is consistent with the claim that one of the steps to
improve students’ performance in geometry is using technology (Age & Machaba, 2023; Hengki et al., 2024). Hence,
there is a need to study the perceived influence of Geoboard on students’ geometry performance.

Fig 2: Geoboard with Ready-Made Shapes.

Source: own elaboration.
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Statement of the Problem

Despite apparent improvements in applicants’ mathematics performance, the West African Examination Council’'s
(WAEC) Chief Examiner’s report (WAEC, 2022) observes that students’ performance in geometrical concepts is weaker
than other concepts in mathematics. This poor performance in geometry affected students’ overall mathematics per-
formance. Of the 1,222,505 students who sat for WAEC in 2022, 76.36% passed, while 23.6% failed. As a result, the
report recommends that teachers and students work harder to teach and learn geometry to improve students’ overall
performance. Similarly, Usman et al. (2020) declare that geometry is the worst- most poorly performing topic in mathe-
matics in both internal and external examinations in Nigeria, which adds to the subject’s general low performance. This
abysmal performance can be attributed to the strategy used in teaching and learning geometry. Students who learn
geometry via the conventional process are often unable to identify geometric figures, their properties, and the connec-
tions between the forms. While instructional strategies like teacher exposition have a place in mathematics education,
teachers frequently prioritize topic memorization over meaning formation. Several research studies have shown how the
use of mathematical software such as Geoboard has improved students’ performance in geometry; hence, the need for
this study to determine the perception of students on the use of Geoboard.

Purpose of the study

This study aimed to determine the perceived influence of Geoboard on students’ performance in geometry. The study
sought to determine whether the use of Geoboard

1. i.influenced the performance of students in geometry

2. ii. reduced the gap in male and female students’ performance in geometry.

Research Questions

In this study, the following research questions were posed:

1. What are the ratings of the perceived influence of Geoboard on students’ performance in geometry?

2. What are the ratings of the perceived influence of Geoboard on male and female students’ performance in geometry?

This study was anchored on the Van Hiele theory of geometrical thinking of 1957. The model describes how young
people learn geometry. It postulates five levels of geometric thinking: (i) Visualization, (ii) Analysis, (iii) Abstraction, (iv)
Formal deduction, and (v) Rigor. Each level uses its own language and symbols. However, for this study, only the first
three steps were used.

Table 1 shows the application of the theory in the learning of geometry at junior secondary school levels.

The first three levels of the geometrical thinking theory are applicable to the study since the respondents are Basic 8
students whose curriculum covers topics that develop visualization, descriptive and analytic thinking, and abstract/rela-
tional thinking. The theory is relevant to the study because learning geometry with Geoboard is done at different levels.
Table 1 demonstrates how the learning moves from one level to another for learning geometry.

Table 1: Application of Van Hiele Theory in Learning Geometry.

LEVEL DESCRIPTION ACTIVITIES
One: Visualiza- | ® Recognise and manipulate shapes and other geometri- | ® Have a discussion after making shapes on the
tion cal configurations based on their appearance. geoboard.
e Perception dominates reasoning. e Create as many variations of the same sha-
e Visual recognition of objects is based on “the same | pe as possible using size and position on the
shape”. geoboard.
* Request that students adhere to instructions
and then inquire as to what shape they have
created.
4 Vol 17 | No.3 | May-June| 2025
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Two: Descriptive/
Analytic

e |dentifies and describes shapes according to their
characteristics

¢ View figures as wholes, but now as groups of charac-
teristics instead of visual gestalts.

* Experimental methods such as observation, measure-
ment, drawing, and modeling are used to establish pro-
perties.

e Display many shapes on the geoboard and
discuss their similarities and differences.

e Ask pupils to use a certain property to create
a shape, for example, four sides and talk about
the similarities and distinctions in the shapes
created.

Three:
Abstract/
Relational

¢ Create abstract definitions.

¢ Distinguish between sets of sufficient and essential re-
quirements for a concept.

¢ Argue based on the characteristics of figure classes.

¢ Restructure concepts by connecting the characteris-
tics of individual figures with their classes.

e Students should arrange the shapes on the
Geoboard based on their attributes (let them
choose the criteria).

¢ Rotating and reflecting shapes.

e Examining the symmetry of shapes with mi-
rrors.

Source: own elaboration.

MATERIALS AND METHODS

This study used a survey research design with two schools in Makurdi, the capital of Benue state, Nigeria, as the re-
search sites. The study used a multistage sampling technique. The study employed a multistage sampling technique
since different sampling techniques were applied at different study phases. Purposive sampling techniques were used
in selecting eight schools that have used Geoboard in teaching and learning geometry, while a simple random techni-
que was used in sampling the two schools used for the study. A sample size of 236 students at the Basic 8 level was
used. Within the sample, school A had 124 respondents (56 female, 68 male), and School B had 112 respondents
(58 female, 54 male). The instrument used for data collection was the Perceived Influence of Geoboard Questionnaire
(PIGQ), which was developed by the researcher. The instrument consists of 15 items scored on a four-point Likert rating
scale with a decision benchmark of 2.50: Strongly Agreed (SA) = 4, Agreed (A) = 3, Disagree (D) = 2, and Strongly
Disagree (SD) = 1. Two specialists in mathematics education and one expert in measurement and evaluation duly eva-
luated the instrument to ascertain its validity. The inputs of the validation process were integrated into the instrument,
leading to the outcome of a valid questionnaire fit to be used for the study. A trial test was carried out on 20 students out-
side the study area, and the scores collated were analysed using Cronbach Alpha. A reliability coefficient of 0.86 was
established; thus, the instrument was found to be reliable and fit to be used for the study. Two research assistants hel-
ped distribute and collect the questionnaires from the respondents. The data collected was analysed using descriptive
statistics, evaluating the Mean and Standard Deviation in answering the research questions formulated for the study.

RESULTS AND DISCUSSION

The study’s results are presented according to the research questions guiding the study. Research Question 1: What
are the ratings of the perceived influence of Geoboard on students’ performance in Geometry?

Table 2 depicts the students’ responses to the relevant questionnaire. The results from the table show that all the items
have a mean above the decision point of 2.5 and a cluster mean of 3.58, which implies that Geoboard influences the
students’ performance. This is demonstrated by the students’ responses, which have high mean ratings ranging from
3.32 10 3.80.

Research Question 2: What are the ratings of the perceived influence of Geoboard on male and female students’ per-
formance in Geometry?

Table 2: Students’ Perceptions of the Influence of Geoboard on Their Mathematics Performance.

.‘_--.. o --
8

My performance is enhanced
when | use Geoboard to practi-
cally visualize a topic in Geome-
try.
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Geoboard practically put the
properties of geometric shapes
before me and helps me perform
better.

| perform better when | use
Geoboard to do practical calcu-
lations.

My performance improves when
| can measure the dimensions of
geometric shapes on Geoboard.

With a protractor on the
geoboard, | am able to measure
some angles more accurately.
Dividing various shapes using
Geoboard helps me perform
better in geometry.

Using strings and pegs on the
geoboard to construct shapes
helps me do better in geometry.

The ability to create plane sha-
pes with Geoboard helps me
perform better in mensuration...
My performance improves as
| examine and comprehend
the  various characteristics
of geometrical shapes using
Geoboard.

Using Geoboard to complete
some geometric class assign-
ments helps me perform equally
with most of my classmates.

Even in situations where the
teacher is not around, | always
attempt to use Geoboard by my-
self.

| happily attend geometry clas-
ses now that | have a geoboard.

Geoboard’s presence has cau-
sed me to pay closer attention in
Geometry topics.

| do always complete my ho-
mework and in-class assig-
nments easily because of
Geoboard.

Geometric classes are inter-
esting to me now that | have a
geoboard.

Source: own elaboration.

Table 3 depicts the students’ responses to the relevant questionnaire. The table shows male and female students’ res-
ponses about their perceptions of the influence of using Geoboard on their performance in geometry. The two genders
have cluster means of 2.95 and 2.96, respectively, which is greater than the decision point of 2.5. This statistic implies
that both genders perceived geoboard as influencing their performance in geometry. The difference between the clus-
ter means of male and female students’ perceptions was 0.01, which is statistically insignificant. Thus, male and female

10

10

10

11

10

12

11

11

students do not have different perceptions.

15

14

15

15

14

14

15

14

156

13

18

14

13

12

94

99

91

112

103

85
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94
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Table 3: Male and Female Students’ Perceptions of the Influence of Geoboard on Their Mathematics Perfor-

mance.
S/N ITEM Strongly  Disagree Agree Strongly Mean () S. Devw. Decision
Disagree (2) (3) Agree (4)

(1)

M F

1 My performance is en- 7 5
hanced when | use
Geoboard to practically
visualize a topic in Geo-

metry. .
2 Geoboard practically put 8 6 7 2 39 49 70 ©

the properties of geome-
tric shapes before me
and helps me perform

better,
3 | perform better when 6 5 8 5 45 53 65 4

| use Geoboard to do

ractical calculations.
4 y performance impro- 9 7 6 3 52 45 60 5

ves when | can mea-
sure the dimensions of
geometric shapes on

Geoboard.
® With a protractor on the 4 3 H |6 |88 |68 [0 |6

geoboard, | am able to
measure some angles

more accurately.
6 Dividing various shapes 7 6 1% |8 50 48 52 5

using Geoboard helps
me perform better in

eometry,
7 sing strings and pegs 7 5 7 3 42 40 70 6

on the geoboard to
construct shapes helps
me do better in geome-

8 tTrf\w/'e ability to crea- 8 6 7 2 34 66 65 4
te plane shapes with
Geoboard helps me per-
form better in mensura-

9 tl\l;f)yn performance impro- 6 5 8 5 20 50 80 6
ves as | examine and
comprehend the various
characteristics of geo-
metrical shapes using

Geoboard.
10 Using Geoboard to com- 9 7 6 3 31 61 68 5

plete some geometric
class assignments helps
me perform equally with

most of my classmates.
11 Even in situations where 4 3 11 6 47 52 60 5

the teacher isn’t around,
| always attempt to use

Geoboard by myself.
12 | happily attend geome- 7 6 15 8 50 40 50 6

try classes now that |
have a geoboard.

M F M F M F

M
7 61 45 49 59

w T

0.76 NGD

(@)
(@]

.62 NGD

©
(@]

72 NGD

I
o

72 NGD
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o
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13 Geoboard’s  presence 6 B 8 B 66 40 40 66 0.78 NGD
has caused me to pay
closer attention in Geo-
metry topics.

14 | do always complete my 9 7 6 3 60 40 64 47 0.83 NGD

homework and in-class
assignments easily be-
cause of Geoboard.

15 Geometric classes are 4 8 11 6 71 38 29 74 0.76 NGD
interesting to me now
that | have a geoboard.
Cluster Mean .. NGD

Note: NGD means No Gender Difference

Source: own elaboration.

DISCUSSION OF RESULTS

The study showed that the Basic 8 students perceived that using Geoboard influenced their performance in geometry.
This finding is based on the fact that Basic 8 students who were taught geometry using Geoboard perceived that their
performances improved as a result of learning geometrical concepts by using Geoboard. This finding agrees with
Akpan et al. (2023) who found that the use of Geoboard in the teaching and learning of geometry improved students’
performance in mathematical concepts, especially geometrical shapes. Relatedly, Age and Machaba (2023), Akpan et
al. (2023) revealed in their studies that using mathematical software enhanced students’ performance in geometry as
the students examined and comprehended the various characteristics of geometrical shapes using Geoboard.

Furthermore, the study’s findings revealed no difference in the perception of male and female students regarding the
influence of a geoboard on their performances in geometry. The implication is that the use of geoboard influenced the
performance of both male and female students equally, with no gender difference, hence closing the gender gap, as
pointed out by various researchers. In support of this finding, Eriksson (2020) reported no gender difference in stu-
dents’ geometry performance when taught geometrical concepts with mathematical software. In contrast, Makondo
and Makondo (2020) discovered that male and female students’ performance differed in some areas of mathematics,
particularly geometry. Relatedly, Akpan et al. (2023) found that in the mathematical concept of geometry, male students
were found to perform much better than female students.

RECOMMENDATIONS

For the effective teaching and learning of geometrical concepts by junior secondary school students, the resear-
chers recommend that mathematics teachers regularly use mathematical software like Geoboard to improve student
performance.

Likewise, school administrators ought to foster a supportive environment, enabling mathematics teachers to utilize
appropriate software to facilitate the instruction of geometric construction, thereby addressing the gender disparity in
geometry performance at the junior secondary level. Consequently, pertinent stakeholders in mathematics education
ought to organize conferences and seminars to exhibit this advanced, software-driven training.

CONCLUSION

The study’s findings led to the conclusion that Basic 8 students’ geometry performance improved with the use of
Geoboard during geometrical classes. Furthermore, using Geoboard bridges the gender gap in students’ geometry
performances reported in earlier studies reviewed. Hence, mathematics teachers must possess a solid understanding
of mathematical software like Geoboard to maximize and maintain the academic progress of both male and female
students in geometry.
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