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Ghana abounds in indigenous resources but little mathematics has
been conceptualised. The study therefore applied the four trends of
real mathematics education on five main Ghanaian indigenous
materials. The design was quasi-experimental non-equivalent
groups of experimental (80) and control (70) students. The
experimental group was taught with the four trends and the control
with the traditional approach. The researcher used teacher-made
test instruments through the standard psychometric techniques and
tagged them as pretest and post-test scores. Both tests were similar
and given to both groups before and after the treatments. The results
show that the main indigenous Ghanaian materials were
signs/symbols, artefacts, instruments, tools and technologies, and
signs/symbols being the most significant. These results were then
applied to the teaching and learning of mathematics at the senior
high school levels. The researcher therefore recommends that
students should be allowed to use indigenous mathematical ideas,
concepts, generalizations and thoughts processes

KONSEP BUDAYA MASYARAKAT GHANA PADA
MATEMATIKA MURNI DALAM PENGAJARAN DAN
PEMBELAJARAN MATEMATIKA

ABSTRAK

Kata Kunci:

Four trends of mathematisation
Konsep budaya

Pengajaran matematika murni
Pembelajaran matematika

Negara Ghana dilimpahi dengan kebudayaan, tetapi sedikit konsep
matematika yang telah dimanfaatkan untuk hal ini. Oleh karena itu,
penelitian ini menerapkan empat tren pendidikan matematika pada
lima kebudayaan utama bagi penduduk asli Ghana. Desain
penelitian yang digunakan adalah kuasi eksperimental non-
ekuivalen, dengan kelompok eksperimental sejumlah (80) dan
kelompok kontrol sejumlah (70) siswa. Kelas eksperimen diajar
dengan four trends of real mathematics dan kelas kontrol dengan
pendekatan tradisional. Peneliti menggunakan instrumen tes buatan
guru melalui teknik psikometri standar untuk mendapatkan nilai
pretes dan postes. Kedua tes tersebut serupa dan diberikan kepada
kedua kedua kelas pada sebelum dan sesudah perlakuan. Hasil
penelitian menunjukkan bahwa kebudayaan utama asli Ghana
adalah tanda/simbol, artefak, instrumen, alat dan teknologi, dan
tanda/simbol adalah yang paling signifikan. Hasil ini kemudian
diterapkan pada proses belajar mengajar matematika di tingkat
SMA. Oleh karena itu, peneliti merekomendasikan agar siswa
diperbolehkan menggunakan ide, konsep, generalisasi, dan proses
pemikiran matematika asli.
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1. INTRODUCTION

There has been significant amount of research in indigenous learning of
mathematics. Some of the authors concentrated on indigenous students and the learning
of mathematics [1], an exploration into mathematical concepts embedded in the everyday
activities of indigenous knowledge holders [2], mathematics remediation for indigenous
students with learning difficulties [3], accelerated indigenous mathematics [4], and culture-
based school mathematics for reconciliation and professional development [5]. In most of
the research the concept of variety of indigenous materials expected to be used for teaching
and learning mathematics have not been well bridged.

Ghana and many developing countries have indigenous resources that could be
explored to teach mathematics. However, little literature has been conceptualised,
concretised and indigenised mathematical conceptions. And even though indigenous
Ghanaian technologies exist in designs of weaving, blacksmith and textiles, not much
attention is paid to the mathematically-rich emblems, decorations and ornamentals [6, 7].
The main Ghanaian indigenous materials one can find from these designs are
signs/symbols, artefacts, tools, instruments and technologies [8, 9]. However, the little
attention and disinterest in literature widens the gaps between home and school
mathematics knowledge, instruction, relationships and achievements [10]. Research by
[11] has shown that indigenous conception of materials in teaching and learning of
mathematics demystifies the rule-bound routines, structural algorithms and rote learning.
It gives students the opportunity to realistically do mathematical thinking and operations.

RME is a domain-specific teaching, learning and instruction theory that provides rich
realistic situations and contexts in the teaching and learning processes. The theory holds
the view that mathematics must be connected to reality [12] in other to serve as sources to
the development of mathematical concepts, tasks, procedures and contexts [13]. In this
theory, [14] argues that students offer a variety of problem situations to explore and
construct knowledge from the real-world situations with either fantasy fairy tales or formal
world of mathematics, so long as the problems are experientially real. Even though the
socio-constructivist dimensions embedded in RME provides compatible and
complementary collaborations, critical roles of classroom cultures and mathematics
discourses [15], many mathematics educators and students have not been able to
successfully transition the four RME-interrelated approaches into one realistic

mathematics discourse [16, 17] with the following model.
Table 1. Model of Horizontal and Vertical Mathematisation in Four Different Mathematics Education
Trends [17]

Mathematizing

Trend Horizontal Vertical
Mechanistic Absent Absent
Empiricist Present Absent
Structuralist Absent Present
Realistic Present Present

On Table 1, the mechanistic (or arithmetic) trend shows that no real phenomenon is
being used as a source of mathematical activity, little attention is being paid to applications
and the emphasis is on rote learning. This results in weaknesses (absences) in both
horizontal and vertical mathematisation. The empiricist trend places a strong emphasis on
horizontal mathematisation in that the emphasis is on social/environmental/cultural rather
than on mental operations. Formal mathematical goals do not feature as a high priority and
there is little pressure for learners to pass to a higher level, thus demonstrating the weakness
with relation to vertical mathematisation. In structuralist instruction, where mathematical
structures are emphasised, the vertical component is dominant. This is evident in this
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approach in that the principal part of the mathematical activity operates within the
mathematical system. Instead of real phenomena, embodiments and materialisations of
mathematical concepts or structures or structural games, plays and fun are used to create a
concrete basis for learners from which to work and real phenomena subsequently do not
function as models to support operating within the mathematical system.

In realistic mathematics instruction, however, careful attention is being paid to both
components [17]. This means that the phenomena from which the mathematical concepts
and structures arise are implicitly used both as source and domain of application. This
creates for the learner the possibility of concept attainment by orienting himself to a variety
of phenomena, which benefits the building of formal mathematical concepts and structures
and their applications. It therefore appears that a lot of the teaching and learning in this
domain has intended towards the mechanistic (arithmetic) and structuralist trends. The
focus of the instruction and assessment has therefore been in the vertical component of
Table 1, which could explain the dominance of instrumental rather than relational
understanding [17, 18].

Also, the integrated four trends shows that teaching and learning of mathematics
progress from horizontal mathematization (i.e. transfer of real world problems to
mathematically stated problems, and/or from the world of life to the world of signs and
symbols to act). Concurrently, vertical mathematization as a form symbiosis shapes,
reshapes and manipulates the indigenous signs, symbols, artefacts and tools in other to
improve teaching and learning [19]. The mechanistic phase sets up the systems of logic,
deductions, rules and formulas in Equations of the Circle, the empiricist sets up
applications, methodologies, structures, interrelations and insights, the structuralist
organizes logical, closed deductive, procedural and algorithmic procedures to prepare
classroom instruction for real mathematics encounters, and the realistic phase incorporates
indigenous materials into classroom instruction [20].

This study therefore sought to answer the questions of what mathematics knowledge
can students find from the Ghanaian indigenous materials, how students will derive
mathematics knowledge from the main indigenous Ghanaian materials and which one(s)
is the most significant for teaching and learning mathematics. Also, the study seeks to
answer the questions of how students can perform using the main indigenous Ghanaian
materials to solve mathematics problems. It is hoped that the students will not only perform
well and obtain high achievement in mathematics but also value the indigenous materials
in the context of teaching and learning mathematics in the formal setting [21, 22].

2. METHOD
Quasi-experimental
design
A 4
Experimental Control group
group

M N Pretest-Post test
Pretest Post test retest-rost 1es

Figure 1. A Flow Chart of an Experimental Design Process
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Figure 1 describes the flow chart of the quasi-experimental non-equivalent group
design. The study sample involved 150 out of 300 mathematics students of Navrongo
Senior High School in Ghana. The sample was divided into experimental (80) and control
(70) groups, where RME and traditional approaches were used respectively. The
experimental group composed of 65 male and 15 female students, while the control group
had 55 male and 15 female students. Both groups contained a mixture of low ability,
average ability and high ability. These mathematics abilities were based on the results of
their mathematics achievements in the second year. The control group was then created for
comparison with the experimental group [23].

The design also describes an experiment that consisted of units with treatments. This
approach was utilised because the study used the existing class, who were not selected
randomly. The quasi-experimental design was used to determine the effectiveness of the
RME approach in improving teaching and learning of mathematics, using indigenous
materials. Pretest and post test were conducted in both groups. The pretest ensured
similarity between groups and statistical control by comparing the mean of signs, symbols,
artefacts, tools, instruments and technologies in solving mathematics problems with
significant value of more than 0.05. The experimental group was given tasks using the
RME approach in teaching, whereas the traditional method was used as control group [24].
Students in both groups were taught for one week in their respective classrooms. The post-
test was given to both groups after they were taught selected topics in equations of the
circle to determine the effectiveness of the RME approach [25]. The test questions for pre-
and post-tests were similar. The researcher observed each session for both groups
throughout the discussion [26].

Two teachers were involved in the RME approach based on their experiences in
teaching elective mathematics in the school. The teachers underwent training for one week
to ensure the success of the study and consistency with the design plan. The study
objectives, RME and traditional approaches, planning and execution process and
assessment methods were introduced to the teachers. The same teachers were assigned to
treatment and control groups. The study was conducted after they understood the entire
concept. The researcher observed throughout the study to determine whether the teachers
were using the RME approach. Observation began from the start until the end of class for
every session. The teachers were given feedback about their teaching. The researcher
observed the traditional class to ensure that the teachers were not using the RME approach
or any other related teaching method [26].

In the experimental group, the teachers followed four main phases to teach this
approach. In the first phase, teachers introduced realistic problems to students and helped
them understand the problem setting [27]. Teachers revised previous concepts and
connected them with the experience of students. In the second phase, students worked in
groups. Each student had a book that contained contextual questions and constructed
situational problems, shared ideas, analyzed patterns, made guesses and expanded
problem-solving strategies based on knowledge or formal experience. The third phase of
assessment showed the progress of students in problem solving. They discussed their
problems and discovered useful strategies. The fourth phase, teachers asked students recall
their facts, generalizations and formulae they have discovered in the activities. In all these
phases, teachers guided and instructed students throughout the discussions on how to solve
the problems efficiently and effectively [28, 29].

In the control group, students were taught using a marker and whiteboard. They
participated in the exercises given by the teachers. The exercises were based on the
textbooks provided by the school. Teachers narrated and jotted down information on the
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whiteboard. The enhanced educational curriculum unit requires every teaching method to
be contextual. Thereafter observations were conducted for 5 weeks in 10 sessions for both
groups. Internal and external validities were determined [23].

Internal validity is a controlled variable set by the researcher that aims to identify the
actual effect on the treatment variable. External validity sees how far the findings can be
applied to individuals and settings other than the ones in the study. Issues of selection of
research and lost subjects (mortality), emotional maturity, intellectual and physical well-
being, testing, research instrument and validity of research objects, can arise from the
quasi-experimental designs. These issues related to the study and the attitude and emotion
of students [21].

In the data analysis with analysis of variance (ANOVA) [27], it was performed to
identify the difference in indigenous materials between the treatment and the control
groups. In cases of no or small statistical significance, an analysis of covariance
(ANCOVA) was added, where gender and/or programme served as covariates, to
statistically control error variances. This step was followed up by multivariate analysis to
confirm the statistical effects of the interactions [20].

3. RESULTS AND DISCUSSION

It must be re-emphasized that two groups of treatments i.e. experimental and control
were used for the data. In the experimental treatment, the results were based on the main
indigenous materials obtained from the data. In the control treatment, the results were used
during the pretest to remove internal threats to validity of the experimentation processes.
Since there was no apparent intention to report and anlayse the results of the control group,
there were quarantined in the experimental group [23, 27].

In the results and discussion, two parts have been outlined in two sections. The first
section describes the results on tables 3.1 and 3.2. Table 3.1 describes simple one-way
ANOVA of the main Ghanaian indigenous mathematics materials. These materials were
derived from the environment of the participants from a checklist of many materials around
the participants’ immediate endowment. A material that received over 50% endorsement
of the participants were worthy of inclusion on this table. If less than 50% of the research
participants did not select it, it was set aside and considered non-indigenous for the purpose
of this research. Table 3.2 describes the effect of gender and programmes that students
pursue in order to assess the impact of the indigenous materials. Because Ghanaian
students who study mathematics are still dominated by male students, it was imperative
that we assessed gender [24]. And because the values of mathematics in Ghana are
determined by the programmes students pursue, it was equally important that we factor
programme into the analysis [26]. The second section describes in details the findings of
the research in relation to literature. The discussions were derived according to the two
research questions. There were really meant to confirm or refute the findings with other
literature. By so doing, concrete and fundamental recommendations could be subsequently
arrived at in order to inform policy.

Research Question 1: What mathematics knowledge can students find from the
Ghanaian indigenous materials, how students will derive mathematics knowledge from the
main indigenous Ghanaian materials and which one(s) is the most significant for teaching
and learning mathematics.

The researcher used ANOVA statistics to explore this question. These variables were
the main Ghanaian indigenous materials. The indigenous materials on Table 2 best
determined the interactions in RME in solving mathematics problems.

Indonesian Journal of Science and Mathematics Education (IJSI\/IE)|41



Indonesian Journal of Science and Mathematics Education

Clement Ayarebilla Ali | Ghanaian Indigenous Conception ....

Table 2. What, How and Most Ghanaian Indigenous Materials in Mathematisation

Components Sum of Squares Df Mean Square F Sig.  Etasquared

Signs/Symbols  Between 43.870 4 10.968 7.653  .000 .06
Within 703.614 76 1.433
Total 747.484 80

Aurtefacts Between 3.605 4 901 .554 .696 .004
Within 798.554 76 1.626
Total 802.159 80

Instruments Between 25.209 4 6.302 3.888 .004 .03
Within 795.816 76 1.621
Total 821.024 80

Tools Between 34.154 4 8.539 4814  .001 .04
Within 870.957 76 1.774
Total 905.111 80

Technologies  Between 15.365 4 3.841 1.860 .116 .01
Within 1013.875 76 2.065
Total 1029.240 80

On Table 2, the main indigenous Ghanaian materials are signs/symbols, artefacts,
instruments, tools and technologies. The one-way between-groups ANOVA show that
there were statistically significant differences at the (p <.05) in Ghanaian indigenous

signs/symbols, instruments and tools. However, signs/symbols were the most significant
indigenous Ghanaian materials. Despite the three reaching statistical significance, the
actual difference in mean scores between the groups were quite small. The effect size,
calculated using eta squared, ranged between .004 to .06. However, there were no
significant differences in artefacts and technologies. The mean scores did not differ
significantly among all the groups in artefacts and technologies. Therefore, there were little
interactions in the four trends with respect to artefacts and technologies.

It is worthy to note that after adjusting for gender differences, there were statistically
significant differences [p=.016, partial eta square = .021]. Because students were not
randomly assigned to the groups, confounding gender only significantly reduced the
differences of group means. Also, the partial eta squared coefficients described how much
of the variances in the four trends of mathematisation were explained by the significant
phases. The small partial eta squared values revealed that there were no strong relationships
between the four trends. However, estimated marginal adjusted the mean scores
statistically removed these effects by 1.49.

Research Question 2: How do students perform in using the main indigenous
Ghanaian materials to solve mathematics problems?

The researcher used MANCOVA statistics to explore this question. The analysis can be
seen in Table 3.

Table 3. MANCOVA Tests in all Four Phases of RME

Effect Value F Hypothesis df Error df Sig. Pg;tdzlr;[a
Intercept Wilks; Lambda .855 6.835% 3.000 60.000 .000 145

Roy's Largest Root  .169  6.835? 3.000 60.000 .000 145
Gender Wilks’ Lambda 944 3.310° 3.000 60.000 .000 .056

Roy's Largest Root  .059  3.310? 3.000 60.000 .000 .056
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Programme Wilks’ Lambda 993  0.0472 3.000 60.000 .371 .007
Roy's Largest Root  .007  0.0472 3.000 60.000 .371 .007
Signs/symbols Wilks’ lambda 917  1.478 12.000 0.257E3 .000 .028
Roy's Largest Root  .061  2.317° 4.000 62.000 .000 .058
Artefacts Wilks’ Lambda 976 753 12.000 0.257E3  .492 .008
Instruments ~ Wilks’ Lambda 974 0.293 9.000 0.156E3 .186 .009
Roy's Largest Root  .019  0.948P 3.000 62.000 .032 .018
Technologies Wilks” Lambda 981 455 12.000 0.431E3 .698 .006
Roy's Largest Root  .011  0.25Q° 4.000 62.000 .250 011

On Table 3, students’ gender and programme were held as the covariates. After
adjusting for the two covariates, there were significantly statistical differences in
signs/symbols and instruments but signs/symbols remained the most significant
indigenous Ghanaian materials. However, even though the multivariate partial eta squared
values showed small effects, the results of the estimated marginal means statistically
controlled the effects. To further confirm the significant effects of the RME models, the
Wilks’ lambda shows that 1% increase in the RME increased the rate of interactions by
0.917%, 0.976%, 0.974 and 0.981 respectively. So there really positive significant effects
of RME models in using the Ghanaian indigenous materials to solve problems in
mathematics.

In the interactions, students steadily migrated across the four phases of realistic
mathematics education. In the one-way between-groups ANOVA, the students’ knowledge
before the implementation of the RME model was quite limited. However, as the students
progressed from one level of interaction to another, they became quite proficient and
efficient [17, 18]. This explains why they achieved the statistically significance across four
phases. Despite reaching statistical significance, the actual differences in mean scores were
quite small as supported by the effect sizes through eta squared values and Tukey HSD test
[11]. However, the mean scores did not differ significantly in artefacts and technologies.
This was traced to the exclusion of the technologies. The results show that the RME
approach is much superior [22].

The results show that the mechanistic approach mathematics did give students a
system of rules to verify and apply on the mathematics problems [14]. However, there were
inadequate involvement not only in the application and methodology but also structure,
interrelatedness and insight about how the Ghanaian indigenous tools should be used [15].
So, we could readily observe that both horizontal mathematization and vertical
mathematization were weak in this approach [14]. The structuralist trend considered
mathematics as being closed deductive system [15]. This explains why students
emphasised the mathematical structures in the four phases of the MANCOVA.

However, the vertical mathematization was stressed excessively, whereas attention
to horizontal mathematization was insufficient [14]. The empiricist trend mainly helped
students to gather indigenous Ghanaian teaching and learning materials to acquire useful
experiences [15, 16]. However, but they were not prompted to systematise and rationalise
these experiences in order to break the barriers of the environment and to expand their
knowledge to socio-cultural reality [14]. But for not detecting gender and programme of
students in the ANCOVA and MANCOVA [24], the results would have been so abysmal
and catastrophic.
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Upon true and proper interpretation of indigenous Ghanaian mathematics materials,
it was discovered that students cannot bring the reality into the classroom without
identifying not plausible and effective indigenous materials but also well-chosen
contextual mathematics problems [17]. The trend model brought variety and differences
into students’ knowledge of applying indigenous Ghanaian materials to solve mathematics
problems. It enables students to not only value their cultural artefacts [10] but also value
their mathematical heritage [21].

To sum up, a semiotic chain in the use of different indigenous materials, from signs
to technology tools were discovered and consolidated [4, 5, 22]. The students started with
simple local signs and symbols of mathematics inclinations to more complex technology
tools of international integrative cultures. In doing so, the concept of indigenisation was
much extended in the concept of mathematics instruction rather than a concept of
localisation of materials. However, what became clear is that indigenous materials
originated from students’ immediate environment and were extended to much wider
cultures.

4. CONCLUSION

The findings showed that the utilization of the RME models provided new
mathematical concepts, structures and ideas in relation to the phenomena and contexts. In
learning and solving tasks, students successfully applied, explained and related a variety
of signs, symbols, artefacts and tools. Particular engagements with the Ghanaian
indigenous materials were sustainable in Vygotsky’s socio-cultural tools.

We can therefore infer that the mechanistic dialogue provided the indigenous
materials, the structuralist dialogue provided deductive and generalizations of the uses of
the indigenous materials, the empiricist dialogue provided actual classroom applications
and utilizations of the indigenous materials, and the realistic dialogue provided
comprehensive RME phenomenology of their applications in daily real life situations.

Following the above, it was concluded that the indigenous materials have a strong
link with students’ mathematics achievements and performance. The use of different well
hierarchical orchestrated indigenous materials helped students to articulate the different
concepts. In the experiment, it was realised that the main achievement was the students’
use of the signs and symbols. Because they knew know how to use them, they were able
to master the use of the technology tools in advanced forms.

Following these innovative and thought-provoking findings, the researcher
recommends that indigenous materials be used to enhance the development of real
mathematics education. Students should be allowed to use any indigenous mathematical
ideas, concepts, generalizations and thought processes in learning mathematics. In
addition, students should be afforded an opportunity to actually do mathematics based on
local construct and resources by using the indigenous materials. Gender and programmes
of study should be focal points of using indigenous materials in mathematics instruction.

Furthermore, the use of indigenous Ghanaian materials in teaching and learning
mathematics makes the teaching and learning of mathematics less of a rule bound routine
and more of engaging in real-life local situations. The researcher therefore recommended
many more indigenous and local resources should be rediscovered and redesigned to suit
all areas of mathematics..

Lastly, the findings show that teachers and students were both equally placed to
indigenize mathematics experiences inside and outside the classroom. It was recommended
that teachers should improvise indigenous mathematics materials to bridge the yawning
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gaps between home and school mathematics, and narrow the gaps between horizontal and
vertical mathematisation.
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