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Abstract

The study aimed to determine the impact of using the Problem-solving approach to link classroom
mathematics to daily life activities on learners’ performance. The constructivist theory and Polya's
problem-solving approach were employed to create a link between classroom mathematics and real-life
mathematical perspective. A sample of two intact classes comprising 101 students was used for the study.
The control class received the traditional instruction, while the experimental class was treated with the
designed intervention. The results indicated a statistically significant improvement in the post-test of the
Experimental Group. It is recommended that teachers should endeavour to use the problem-solving
approach in teaching to enhance learners' performance.

Keywords: Polya’s Problem Solving Approach, Traditional instruction, Control class Experimental group,
contextualized problems.

Introduction

Teaching mathematics ought to link classroom mathematics to daily activities (Arthur et al., 2017; Nabie
et al., 2013). This is to help bridge the gap between classroom mathematics and real-life activities. The
importance of mathematics in developing our nation and the world cannot be stretched enough (Richardson
et al., 2020). Since mathematics is the backbone of every country and also permeates every aspect of our
lives, it is necessary to train secondary school learners to be able to think and reason mathematically
(Richardson et al., 2020). Mathematics is compulsory in Ghanaian schools from primary to senior high
school (SHS). It is also a requirement for admission into higher Institutions in Ghana due to its usefulness
in the career development of the young ones (MOE, 2010).

According to a report by (Richardson et al., 2020; Xie, 2021), many research works are being carried out
worldwide to help improve the teaching and learning of mathematics in various countries in this digital era.
Regular assessments and rankings of mathematics achievements of various international countries by
institutions such as Trends in Mathematics and Science Study (TIMMS) and Organization for Economic
Cooperation and Development (OECD) have made mathematics teaching and learning very attractive,
competitive, and adventurous. As the world is moving faster in terms of technological advancement, there
is a need to find a pedagogical approach to teaching that could make learners innovative, creative, critical
thinkers, and problem solvers (Apple, 2011). The poor problem-solving skills exhibited by Ghanaian
learners in local and international assessments, according to Anamuah-Mensah & Mereku (2005), have
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been a source of worry for the stakeholders of education in Ghana (Abreh et al., 2018). Hence, there is a
need to study this nature to find a lasting solution to the canker. The content students need to learn at the
secondary school level in Ghana is spelled out in the Core Mathematics syllabus (MOE,,2010). Mullis &
Martin (2019) put the mathematics curriculum in three perspectives; the intended, attained, and
implemented. School Mathematical Activities are the daily life activities that require the application of the
knowledge of mathematics. (Boaler et al., 2016) posited that mathematical understanding helps individuals
develop oral communication and mathematical thinking skills. More so, the knowledge of mathematics is
used in real-life modeling phenomena, predicting disaster, philosophy, medicine, digital encryption, and
communication, among others (Amir et al., 2021).

However, examination results available at national and international examination Bodies like the West
Africa Examination Council (WAEC) and Trends in Mathematics and Science Study (TIMSS) show that
Ghana's performance in mathematics needs attention. Ghana's performance in mathematics has not been
encouraging. A report released by the Organization for Economic Cooperation and Development (OECD),
Education at Glance (EAG), ranked Ghana last but one in mathematics, science, and English test (Zou,
2019). Locally the statistics of the West Africa Senior High School Certificate Examination (WASSCE)
results in Core Mathematics available at the West African Examination Council (WAEC) from 2012 to
2018 show that less than half of the candidates can obtain grades Al- C6 in the WASSCE (Abreh et al.,
2018). According to the report, this worries parents and the government (MOE, ESA report 2018).

It has been observed that the difficulty that learners face in learning mathematics at the Senior High Schools
in the Bekwai Municipal is not different from the national challenge. WASSCE results and the school-
Based Assessment (SBA) accessed from the Bekwai Municipal Senior High Schools for the past five years
show that learners are not doing well in mathematics as expected. The condition has partly been attributed
to learners' lack of interest in the subject due to the traditional method of teaching mathematics in school
instead of the Problem Solving Approach (Nabie et al., 2013). Amponsah-Tawiah, (2020) describes
problem-solving as a complex mental process involving visualization, abstraction, and association. George
Polya (1887-1985) defined it as a process of finding a solution to a problem to achieve a goal that seems
complicated (Polya, as cited in (Arfiana & Wijaya, 2018). Even though there is no clear-cut definition,
Problem-solving can be described as a process of finding a mathematical formulation that can be used to
predict real-life phenomena.

Secondary education is free and accessible to every Ghanaian child (Asante & Agbee, 2021; Matey, 2020).
Consequently, the solid mathematical competencies developed at the SHS level are requirements for those
continuing into tertiary education and beyond and those who will exit formal education to venture into other
professions and vocations. Mathematics as a core subject at this level has a profound implication for
occupying such a spot. There is, therefore, the need to try teaching approaches that allow learners to explore
their environment and find solutions to real-life problems.

This current study is based on the Constructivism theory in achieving its objectives. Constructivism learning
theory, as posited by (Knapp, 2019), is a synthesis of multiple learning theories diffused in one form.
Constructivism is about the ability of teachers to identify their learners' learning capabilities to provide the
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necessary conditions and materials to help the learners put their knowledge to practice(Adom et al., 2016).
In a constructivist classroom, the learners construct their knowledge and understanding based on the
conditions provided by the facilitator (Atta & Brantuo, 2021). Therefore, it promotes learners' motivation
and critical thinking and encourages them to learn independently (Kusuma et al., 2021).

Polya’s Problem-Solving Approach
The constructivist approach to learning and Polya’s Problem Solving Approach are the leading theories for

this research. (Tambunan, 2019), describe problem-solving as a complex mental process involving
visualization, abstraction, and association. George Polya (1887-1985), a Hungarian mathematician, defined
it as a process of finding a solution to a problem to achieve a goal that seems complicated Polya, as cited
in (Arfiana & Wijaya, 2018). Even though there is no clear-cut definition, Problem-solving can be described
as a process of finding a mathematical formulation that can be used to predict real-life phenomena. One of
the primary reasons people have trouble solving mathematical problems is that no single procedure always
works (Gunasegar & Maat, 2022). Every problem is slightly different. Furthermore, problem-solving
requires practical knowledge of the specific situation. It is expected that students will apply and integrate a
lot of mathematical skills and make decisions.

Linking learners' background experience to the classroom turns mathematics lessons into creative art, which
has the power to develop mathematical thinking skills among learners. It has been grounded in research
that learners' cultural background directly impacts their understanding of mathematical concepts. For
instance, (Baba et al., 2018) posited that cultural factors play an essential role in Japanese mathematics
Education. (Butakor, 2021) Also, in Ghana, the home environment has a role in teaching and learning
mathematics. Their work (Cai & Wang, 2010) reveals that cultural factors must be considered in teaching
and learning mathematics. In China, as posited by (Cai & Wang, 2010; Fuchs et al., 2020), most of the
examples used in mathematics classrooms are based on learners' daily life activities. This encourages
learners in different ways to approach calculations skilfully. Studies have demonstrated that countries that
use local languages to teach mathematics usually perform better than those countries that use a second
language to teach mathematics (Martin et al., 2020; Zou, 2019). This implies that culture plays a significant
role in mathematics problem-solving. Therefore, the mathematics teacher must always bring the real world
into the classroom (Putri et al., 2021; Surya et al., 2020). As observed by (Baah-Duodu et al., 2020),
mathematics is best taught using hands-on and mind-on activities that learners see as fun and adopt as
culture. Finding solutions to contextualized problems is termed mathematics problem solving (Polya, 1945)
cited in (Amponsah-Tawiah, 2020). Mathematics Problem-solving approaches are in line with modern
pedagogies like critical pedagogy and mathematics for social justice (Stinson etal., 2012), and mathematics
for social justice (Stinson et al., 2012). Pedagogy of the oppressed (Freire, 2020; Giroux, 2010) and
Realistic mathematics education (Amir et al., 2021; Barnes, 2005). Real-life situations differ in many forms,
and the approach to finding solutions to contextual problems also differs. However, laid down processes
are followed in solving mathematical problems in context. For instance, poly developed these four stages
Understanding the problem, designing a plan, carrying the plan, and looking back (Polya, 1945). For this
research, the following stages problem-solving approach has been adapted;
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1. Understanding the problem

For any mathematical problem to be solved using this approach, the first step is to
Understand clearly the fundamental questions of the problem.
Translate the statement into mathematical symbols. Develop the model.
2. Devise a plan to solve the problem (Translate)

3. Carry out the plan (Solve the problem)

Substitution of the values into the model

Carry out the computational algorithms to get the solution.

4. Authenticate the solution (Look back)

Carefully examine the results to make sure it makes sense.

Relate the solution to the real-world context

Objective of the study
The study's objective was to investigate the impact of using the problem-solving approach as an

instructional strategy to link classroom mathematics to real-life activitie.

Hypothesis
The following hypotheses were formulated based on the objective of guiding the study.

Hi: there is no statistically significant difference between the mean scores of the pre-test and the post-
test of the experimental class.

Ho: there is no statistically significant difference between the mean scores of the control class and
experimental classes' mean scores in the post-test.

Methodology

Research Design
A quasi-experimental design was used for the study. The target population was all Four Senior High Schools

in the Bekwai Municipality in the Ashanti Region of Ghana. The researchers purposefully settled on two
senior High schools for the study. The selection of the schools was based on the fact that both schools have
not been performing well in the WASSCE, and there was a need for urgent measures to improve their
performance. One class was selected from each school to participate in the study. Both classes were Form
Two classes offering General Arts Program. The total number of students selected for the study was one
Hundred and One (101) from both schools. The two intact classes were 51 students from school A and 50
from school B. The two classes were homogeneous in terms of their performance and terms of their
weakness in mathematics. The rationale for selecting the second-year class for the study was that they have
been in school for two semesters and are familiar with the SHS system. Again, they have two more years
to write their final examination, WASSCE, so there is not much pressure on them to finish their syllabus.
It is also anticipated that they might have recovered and gotten back on track if they encountered any form
of poor tutoring at the Basic School. Since they have spent one full year in school, they are also mature
enough to be used for the study so that the outcome can be trusted.
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An initial test consisting of five Contextualised problems on Variation was given to them to assess their
understanding of the basics of Variation as a topic. The test was marked and analyzed before the start of
the intention. The two classes were grouped into control and experimental classes.

The intervention was designed for five weeks, and the timetable in both schools was Variation. The control

class received regular instruction, but the experimental class received the intervention. Even though the two
classes were homogeneous in terms of performance in mathematics, the Preintervention test showed the
control class a little ahead of the experimental class. The researchers decided to administer the treatment
(intervention) to the weaker class so that any improvement in performance on their side could be attributed
to the intervention. Campbell and Stanley (cited in (Eduafo, 2014) indicate that pre-test and post-test
comparisons provide a robust assessment of a pedagogical intervention by detecting possible challenges
before or after treatment. Participants were not randomly assigned for convenience, as indicated by (Etikan
et al., 2016; Taherdoost, 2016).

Research Instruments

The main instruments used for collecting data in this study were; pre-test and post-tests; these tools helped
the researcher ascertain the level of the learners' skill and knowledge of the Mathematical concepts. The
tests generally adopted criterion-reference tests involving questions on word problems involving direct and
indirect Variation for the pre-test and the post-test.

Data Collection Procedure
A pre-test was conducted to verify the reality or otherwise of the problem that the researcher identified. It

also helped to find out learners' basic knowledge in solving contextual problems and also as a means of
assigning the classes into groups. A post-intervention test was administered immediately after the treatment
to verify the effect of the intervention on the learners and answer the research question. The pre-intervention
test contains five practical questions related to real-life activities that learners were to answer in sixty
minutes. The questions were mainly on direct and indirect proportions based on ratios and proportions. The
motive was to find out how ready learners were to learn Variation as the topic for the intervention. That is
to test learners' relevant previous knowledge of Variation. Finally, the post-intervention test was also five
in number, and learners were expected to answer all in sixty minutes. These questions were on Variation
and were carefully selected concerning our daily life activities. The first two questions were on direct
Variation, and the third one was on indirect Variation. The fourth question was on joint Variation, and the
last one was on partial Variation.

Pre-Intervention
A pre-test was conducted to determine learners' difficulty in solving mathematical problems, especially

contextual problems. The pre-test was also meant to determine how skilful or otherwise learners can tackle
mathematical problems in context and how much understanding they have of the language (semantics).
This enabled the researcher to assign the two classes into groups (control and experimental) and carefully
deliver the planned intervention to administer a solution to the problem. In both classes, five weeks were
used for the intervention and the post-intervention test.
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Results
The results obtained from the pre-intervention and post-intervention tests were analyzed using the graphs,

paired sample t-test, and independent t-test. The analysis was tailored to test the two-research hypothesis
for the study as outlined below;

HO:  there is no statistically significant difference between the mean scores of the pre-test and the post-
test of the experimental class.

Hi: there is a statistically significant difference between the mean scores of the pre-test and the post-
test of the experimental class.

Table 1 is the frequency table for the result of both pre-test and post-test for the experimental class. This
shows the performances put up by the experimental group both before and after the designed intervention.

Table 1: Frequency Distribution for Experimental Class

Pre-test Post-test
Marks Frequency Frequency
11-20 5 0
21-30 8 3
31-40 12 6
41 -50 13 7
51 -60 12 10
61-70 0 11
71-80 0 10
81-90 0 3
TOTAL 50 50

Table 1: shows that 38 out of the 50 learners (representing 76.0%) scored 50% and below in the pre-test.
The remaining 12 (forming 24.0%) scored 51% to 60%. Conversely, the post-test paints an exciting picture
with a hooping 34 learners scoring above the 50% mark. It is worth of mention that the minimum mark was
30, and 16 learners had scores between this mark and 50%.

A close observation of Table 4.3 gives a visual impression of the performances of the experimental group
in both tests. It is a true manifestation that the experimental class performed better in the post-test than in
the pre-test. Therefore, this performance improvement can only be attributed to the planned intervention,
which worked well as expected. To find out whether the differences in performance were statistically
significant, the paired sample t-test was conducted.

To satisfy the assumptions for the t-test, the normality test was conducted. Table 2 gives the normality test
results for the difference between the experimental group's pre and post-test scores.
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Table 2: Tests of Normality for Experimental Group

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic Df Sig. Statistic df Sig.
Pre-test- 087 50 200" 976 50 389

post-test

*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction

From Table 2, using the Shapiro-Wilk figures, a P-value of 0.389 indicates that the data is normally
distributed. Since 0.389 > 0.05, the data set does not significantly deviate from normal, hence we can go

ahead and use the t-test to test the hypothesis.
Table 2: Tests of Normality for Experimental Group

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic Df Sig. Statistic df Sig.
Pre-test- 087 50 200" 976 50 389

post-test

*, This is a lower bound of the true significance.
a. Lilliefors Significance Correction

From Table 2: using the Shapiro-Wilk figures, a P-value of 0.389 indicates that the data is usually
distributed. Since 0.389 > 0.05, the data set does not significantly deviate from normal, we can use the t-
test to test the hypothesis.

It was hypothesized that:

Ho:  No statistically significant difference exists between the experimental group's pre-test and post-
test mean scores.

Ha:  There is a statistically significant difference between the experimental group's pre-test and
post-test mean scores.
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Table 3: Paired Samples Statistics of the Experimental Group

M N SD Std. Error Mean
Pair 1 Pre-test 40.34 50 12.237 1.731
Post-test 58.98 50 15.990 2.261

Table 3: shows that the Experimental group had a higher mean score on the post-test than on the pre-test.

Table 4: Paired Samples Test for the Experimental Class

M SD Std. Error Mean t df Sig. (2-tailed)
PRE-TEST - POST- -18.640 8.502 1.202 -15.504 49 .000
TEST

From Table 4, the p-value of 0.000 is less than the alpha value of 0.05 (0.00 < 0.05). This warrants the
rejection of the null hypothesis in favor of the alternate hypothesis. There is enough evidence to conclude
a statistically significant difference between the experimental group's pre-test and post-test mean scores.
This difference favors the post-test, and the only reason that can be attributed to this is the intervention the
experimental class was taken through. For a balance and formidable analysis, the performance of the
experimental group in the post-test was juxtaposed with that of the control group in the post-test. The second
hypothesis was also tested using the paired sample t-test.
It was also hypothesized that:
Ho: There is no statistically significant difference between the mean scores of the control and the
experimental groups in the post-test.
Ha:  There is a statistically significant difference between the mean scores of the control and the
experimental groups in the post-test.

Table 5: Group Statistics for the independent sampled t-test

Group N Mean Std. Deviation Std. Error Mean
Control 51 51.43 14.405 2.017
Experimental 50 58.98 15.990 2.261

Itis clear from Table 5 that the Experimental group had a higher mean score in the post-test than the control
group.
Table 6: Independent samples test of the post-test for both control and experimental groups

F Sig. t df Sig(2- Mean Standard error
tailed) difference difference
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Equal variances  1.172 .282 -2.494 99 014 -7.549 3.027
assumed -2.491 014 -7.549 3.030

Equal variances

not assumed

*95% confidence interval of the difference

Table 6: gives statistically significant results on Levine's test, which suggests Equality of variances for the
two groups. The independent t-test for equal variances assumes a P-value of 0.014 < 0.0 5, indicating
insufficient evidence to support the null hypothesis. There is, therefore, the justification to reject the null
hypothesis and conclude that there is a statistically significant difference in the mean scores of the
experimental group and the control group in favor of the experimental group.

Discussions

Regarding the analysis, the experimental class's test results after the intervention showed significant
improvement. The two Null hypotheses were rejected since the intervention made a difference in the
performance of the class that received the intervention. It affirms the earlier studies that observed that
linking mathematics lessons to actual life activities enhances learners' conceptual understanding, procedural
fluency, and computational algorithms. (Arthur et al., 2017; Baah-Duodu et al., 2020; Huinker, 2018; Nabie
etal., 2013).

Conclusion

Practically the improved performance did not occur accidentally but because of the planned three-stage,
problem-solving approach delivered with the constructivist notion. Linking classroom mathematics to real-
life activities makes learners appreciate the subject very well. Since the learners see mathematics as an of
life. The study concludes that the ASA Problem Solving Process is an effective way of finding solutions to
contextualized problems.

Recommendations
Based on the findings, the study recommends the following;

1. Teachers should endeavor to read around each topic to get enough practical examples for every
topic they teach.

2. Teachers must ensure that their lessons are linked to real-life activities

3. Teachers must provide opportunities for all learners to learn
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