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ABSTRACT

The study investigated the effect of manipulative materials on the achievement of learners in mathematics. The sample
consisted of 79 learners in two Junior High Schools in the Accra metropolis in the Greater Accra Region. These partic-
ipants were drawn by convenient sampling. One of the main purposes of this study was to determine the effect of ma-
nipulative materials on the achievement of learners in mathematics at the JHS level. A mathematics achievement test
with a reliability coefficient of 0.81 was the instrument used to collect the data which was analyzed using the inde-
pendent sample t-test and the paired samples t-test. The analysis revealed the efficacy of manipulative materials in the
teaching and learning of mathematics at the JHS level. There was a significant difference on learners’ achievement in
mathematics before they were introduced to the treatment and after the treatment. Specifically, there was a significant
difference in mathematics achievement of learners taught with manipulative materials and those taught without it. By
inference it was revealed that the use of manipulative materials in the teaching and learning of mathematics has signif-
icant improvement on learners’ achievement. Based on the findings of the study, it was recommended that manipula-

tive materials should be used in the teaching and learning of mathematics at the Junior High School level.
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Introduction

Mathematics as a subject is an essential part of human development and school curriculum on the account of its educa-
tional values not forgetting the pervasive influence it has on our everyday lives and its contribution to the wealth of the in-
dividual. It equips learners with a uniquely powerful set of tools to understand and change the world. These tools include
the ability to think in abstract ways, logical reasoning and basic skills of solving problem in their daily life. This presupposes
that, mathematics as a subject taught at the high school level caters for the needs of humanity hence, without its people
will find it difficult to live in this technological world of ours. Mathematics is often seen as an isolated experience area per-
formed just in schools alienated from real life. In fact, mathematics is a systematic way of thinking that produces solutions
to problems by modeling real-world situations. However, various authors have put an academic spin on what mathematics
literacy is. The [22] defined mathematics literacy as an individual capacity to identify and understand the role that mathe-
matics plays in the world, to make well-founded judgments, and to engage in mathematics in ways that meet the needs of
that individual’s current and future life as a constructive, concerned and reflective citizen. In other words, the study of ma-
thematics is of paramount significance to every society. It is based on this fact that the lagging of either male or female in
mathematics ability and skill must not be taken for granted because mathematics is a subject for all and not for only males
of which females cannot study. Hence it is both a masculine and a feminine subject.

[9] found that for more than two thousand years a familiarity with mathematics has been regarded as an indispensable part
of the intellectual equipment of every cultured person. Today, unfortunately, the traditional place of mathematics in educa-
tion is in grave danger. The teaching and learning of mathematics have degenerated into the realm of rote memorization,
the outcome of which has led to satisfactory formal ability but does not lead to real understanding or to greater intellectual
independence. The concerns here are that students must learn how to critically analyze mathematical problems and pro-
duce effective solutions. This requires them to learn how to make sense of complex mathematics concepts and how to
think mathematically [13]. Many mathematics curricula overemphasize memorization of facts and underemphasize under-
standing and application of these facts to discover, make connections, and test mathematics concepts. The dearth of text-
books and other instructional materials as many classrooms lack posters, wall charts, and many materials necessary to sti-
mulate learning, force teachers to use lecture method which stresses on memorization of facts rather than the understand-
ing of concepts [17]

The very nature of the classroom arrangement and the overcrowding conditions especially in Ghana results in whole-class
teaching, which is a traditional approach in which a teacher lectures child arranged in rows of desks facing the front of the
classroom. This common approach, more often than not, results in poor teaching and learning. [21] noted that teaching in-
volves more than covering the material and keeping students actively engaged. The focus of teaching should be on stu-
dents’ achievements as well as on the learning process. Similarly, [20] emphasized that the purpose of instruction is to pre-
pare learners to acquire and transfer knowledge and skills to different situations.

However, learners are frequently unable to transfer learned knowledge and skills to novel situations irrespective of the fact
that mathematics is an aid to representing and attempting to resolve problem situation in all disciplines. The major concern
of teaching and learning of mathematics in the Junior high school is to make secure and stronger the gains made in the pri-
mary school mathematics and to increase the standard of attainment in mathematics.

A lot of researchers have been attributing the low achievement of students in mathematics to various factors. [13] found
that using small groups of students to work on activities, problems, and assignments can increase student mathematics
achievement. This is due to the fact that students get the opportunity to negotiate meaning with peers and also these re-
searchers noted that using whole-class discussion following individual and group work improves student achievement. Oth-
ers also argue that the form of assessment strategies practiced in schools are contributory factors to the low achievement
of learners [1]; [28]. According to the [19], assessment is a crucial component in mathematics achievement. Evidence for
assessing problem solving is collected by observing students as they work and listening to students as they discuss and ex-
plain their thought processes for arriving at a solution. This presupposes that the introduction of different forms of assess-
ment during teaching and learning enhances the learners’ achievement as they are assessed in all areas of study.

Research in the United State of America emphasized differences in medium of instruction and language ability as a primary
determinant of the gaps in educational achievement [27]. Research has also shown that teachers’ instructional strategies
and methods have a significant effect on the learners’ achievement [30]. Instructional strategies and methods that provide
students with learning situations where they can develop and apply higher-order operations are critical for mathematics
achievement. Teachers are to provide meaningful and authentic learning activities to enable students to construct their un-
derstanding and knowledge of this subject domain [31]. In addition, it is emphasized that instructional strategies where
students actively participate in their own learning is critical for success [2]. According to [6], instructional practices have im-
pact on mathematics achievement as well as attitude toward mathematics. A supportive classroom and suitable teaching
motivate students to become better mathematics learners [14]. Some research findings indicated that instructional practic-
es have positive effect on students’ mathematics achievement and attitude toward mathematics [6]. These studies show
that instructional strategies shape the progress of students’ learning and accomplishment. Hence instructional strategies
should be adopted by teachers in the teaching and learning of mathematics to enhance learners’ achievement.
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Teachers who do not receive support in their work may be less motivated to teach and perform well in the classroom [23].
The teacher’s role in students’ motivation to learn should not be underestimated since it is a factor to the students’
achievement. In helping students to be motivated learners and successful producers of mathematical knowledge, the
teacher’s main instructional task is to create a learning environment where students can engage in mathematical thinking
activities and see mathematics as a subject requiring “exploration, conjecture, representation, generalization, verification,
and reflection” [8, p.58]. The teaching and learning of mathematics require highly motivated students because it involves
reasoning, interpretations, and problems solving. The challenges of mathematics learning for today’s education are that it
requires disciplined study, concentration and motivation. To meet these challenges, learners must be focused and moti-
vated to progress. [3] examined the relationship between classroom motivation and academic achievement in elementary-
school-aged children (122-first grade and 129-third grade participants). Consistent with previous studies, they found that
for a higher level of mastery, motivation was related to higher mathematics grades. In another study, [18] investigated cog-
nitive motivational variables that influence high school students’ decisions to enroll in advanced mathematics courses. Their
findings revealed that mathematics ability perceptions affect students’ valuing of mathematics and their expectations for
achievement. On their part, [15] also found that parents’ socioeconomic status correlated with a child’s educational
achievement. Another study by [16] found that factors such as individual study, parents’ role, and social environment had a
significant influence on further education decisions and achievements of young students.

A growing body of research provides additional factors which could have an impact on students’ achievement. Such factors
include gender, family structure, parents’ educational level, socio-economic status, parent and student attitudes toward
school, and parent involvement [7]. These factors or predictors of mathematics achievement, are divided into sub factors:
Demographic Factors (gender, socio-economic status, parent’s educational level), Instructional Factors (teacher competen-
cy, instructional strategies and techniques, curriculum, school context and facilities), and Individual Factors (self-directed
learning, arithmetic ability, motivation). Mathematics learning requires a deep understanding of mathematic concepts, the
ability to make connections between them, and to produce effective solutions to ill-structured domains. The teacher’s role
is to engage students by helping to organize and assist them as they take the initiative in their own self-directed explora-
tions, instead of directing their learning autocratically [29].

Research has also found a substantial relationship between the use of manipulative materials and students' achievement in
the mathematics classroom. [24] stated that the use of concrete materials for a long time, especially in the primary educa-
tion period, is positively related to increasing students’ mathematics success. Using manipulative materials means that stu-
dents are involved in the process of doing mathematics. This involvement is more than intellectual: the student is actively
engaged in doing, or in seeing something done.

Theoretical framework

Learning theorists have suggested for some time that children’s concepts evolve through direct interaction with the
environment and materials provide a vehicle through which this can happen. This message has been conveyed in a number
of ways: [25] suggested that concepts are formed by children through a reconstruction of reality, not through an imitation of
it. On his part [10] argued for the provision of firsthand experiences in a child's educational programme; [5] indicated that
knowing is a process, not a product; and [11] whose work specifically relate to mathematics instruction suggested that chil
dren need to build or construct their own concepts from within rather than having those concepts imposed upon them.

The National Council of Teachers of Mathematics has encouraged schools nationwide to use manipulative mate-
rials in mathematical instruction to improve upon learners’ achievement. The value of manipulative materials has been rec-
ognized for many years, but some JHS teachers are reluctant to use them in their lessons hence the low achievement of
learners in mathematics.

Research question
In this research the study sought to find out whether the situation in Ghana especially in the Greater Accra region was
different with regard to the effect of manipulative materials on the achievement of learners at the Junior High School level.

Methodology

2.1. Research Design
The research design for the study was quasi experimental of non- randomized pre-test-post-test control group design. This
was used because the study attempted to show cause and effect of two methods of teaching mathematics. This was also to
establish a base line data for decision making. This design is a study in which subjects cannot be randomly assigned to
treatment conditions, although the researcher manipulates the independent variable and exercises certain controls to en-
hance the internal validity of the results. The quasi-experimental design was used because the study involved the manipula-
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tion of an independent variable and also involved pre - existing groups of learners rather than assigning learners to treat-
ment at random. It employed two groups of learners; an experimental group and a control group.

The research done in school setting may be difficult to randomly assign subjects to treatment. This is due to the fact that
randomization disrupts the teaching programme in the schools. Junior high school classes exist as intact groups and school
authorities do not normally allow the classes to be dismantled and reconstituted for research purposes (Fraenkel & Wallen,
2000). The quasi-experimental research also controls some of the sources of internal validity. Due to these conditions, quasi
experimental research became more favorable as it allows some control without disrupting the teaching programme in the
school. However, since the research took place in a natural setting, it may have wide applicability to other similar settings.

5. Results and Discussion
Hypotheses Testing
The means and standard deviations of the groups’ pre-test scores are compared in Table 1.
Table 1: Means and Standard Deviations of the Pre-test Scores by both Groups
Group Mean SD N
Experimental 31.1239 15.96427 39
Control 38.5208 17.55089 40
It can be seen from the data in Table 1 that the mean score of the experimental group was lower than the mean score of
the control group and there was a difference of 7.3969 between the two means. The standard deviation was also slightly
different. Both the Levene’s test and the t test of independence were conducted to find out if the mean difference of 7.3969
was significant or the difference in means was due to chance.
Table 2: Shows the data on the independent sample t-test of the pre-test scores of the two groups.
Table 2: Comparison of Pre-test Scores between the Experimental Group and the Control Group
Comparison of Pre-test Scores
The results in Table 1 and 2 show the independent- sample t-test that was conducted to compare the mean scores of the
experimental and control groups in the pre-test. The Levene’s test indicated that equal variances assumed since p > 0.05 (p
= 0.366). The result also showed that in the pre-test, there was no statistically significant difference between the mean
scores for experimental group (M = 31.1239, SD = 15.96427) and control group (M = 38.5208, SD = 17.55079); t (77) = 1.958,
p = 0.054. The result showed that the control earned higher in the pre-test than the experimental group and this may be
due to chance since there was no significant difference between the control and experimental group scores. In conclusion,
the mathematics achievement of the two groups was the same before the intervention. This indicated that the groups used
in the study exhibited comparable characteristics and were therefore suitable for the study.
Data Representation of all Achievement Test Scores
Table 3 shows the data for the frequency distribution of the pre-test and the post-test scores of the two groups.
Table 3: Distribution of Scores in Achievement Test by Both Groups
Pre-test Scores Post-test Scores
Exptal Control Exptal Control
Scores F% F % F % FFooo%
0-10 3 77 2 50 1 26 10 25.0
11-20 10 256 5 125 8 20.5 5 12.5
21-30 9 231 10 250 5 12.8 5 12.5
31-40 6 154 5 125 2 5.1 6 15.0
41-50 5 128 9 225 7 17.9 5 125
51-60 4 103 6 150 6 15.4 5 12.5
61-70 2 51 6 15.4 4 10.0
71-80 2 50 3 7.7
81-90 1 25 1 2.6
Total 39 100 40 100 39 100 40 100
Exptal - Experimental
F* - Frequency
GSJ© 2021
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Discussion of all Achievement Test Scores in the Study

The data in Table 3 shows the distribution of scores in the pre-test and post-test with their corresponding percent
ages by the groups. The distribution in the experimental group showed that 3 (7.7%) had the least score (0-10) in the pre-
test but 1 (2.6%) in the post-test and 2 (5.1%) had the highest score (61-70) in the pre-test but 1 (2.6%) had the highest
score (81-90) in the post-test. The distribution in the control group showed that 2 (5.0%) had the least score (0-10) in the
pre-test but 10 (25.0%) in the post-test and 1 (2.5%) had the highest score (81-90) in the pre-test but 4 (10.0%) had the
highest score (61-70) in the post-test. This seems to suggest that the post-test scores of the experimental group were gener
ally higher than those of the control group.

The distribution of the data in Table 3 showed the scores of the two groups in both the pre-test and the post-test.
The scores of the experimental group in the pre-test were not all that encouraging but excelled in the post-test. On the oth
er hand, the control group performed so well in the pre-test but did not excel in the post-test. In the pre-test the control
group did slightly better than the experimental group but in the post-test the situation changed: the experimental group
outperformed the control group. The differences might be attributed to several factors. The learners in the experimental
group were put into groups and taught with manipulative materials which they manipulated to form the basic concepts. The
group activities might have enhanced their understanding of the concepts since they had the opportunity to reason togeth
er as they negotiated meanings. The group presentation also went a long way to solidify their understanding of the concepts
as there was peer teaching among the learners.

On the other hand, learners in the control group did not have access to such opportunity as those in the experi
mental group. They were taught by the lecture or the traditional method where the concentration was on how the formulae
would be used in further calculations and not how to derive them. They never had any opportunity to utilize manipulative
materials. This might have led to the use of inappropriate formulae in items which do not demand for their use. In addition,
learners were not able to understand deeply, transfer and apply the mathematical knowledge in solving real life situation
problems which were thought provoking. An important justification for hands-on learning, then, is that it allows learners to
build functional understanding and to become independent learners and thinkers. The great improvement in the achieve
ment of the learners in the experimental group was due to the intervention.

Conclusion

In conclusion, the intervention helped Senior High School students to work on area and volume and using manipu
lative mateerials. Hence, teachers and instructors should keep using these mateials in the teaching and learning processs in
the classroom.
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