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Abstract:
The purpose of this study was to examine the effect of constructivist approach on pre-
service teachers’ mathematics achievement and the difficulties they encounter in
translating and solving word problems. The design was a quasi-experimental. A
sample of 120 pre-service teachers was used in this study. A diagnostic pre-test and
post-test questions and a questionnaire were used to collect data for the study. The
questionnaire was used to examine the difficulties pre-service teachers encounter
during translating and solving word problems. The test items were also used to
determine the effect of the constructivist approach on pre-service teachers’
mathematics achievement. The findings of the study showed that students’ conceptual
understanding and performance in word problems was largely improved after
instructions based on the constructivist approach. The study also revealed that
majority of the pre-service teachers appealed more to the constructivist approach than
the traditional method.
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1. Introduction
Mathematics is one of the core subjects that is offered at both the secondary and the

basic levels in Ghana. In fact, mathematics is very important in everyday life and it is



Volume 3, 2020 ISSN: 2617-4588
DOI: https://doi.org/10.31058/j.edu.2020.31005

Submitted to Education Journal, page 38-48 www.itspoa.com/journal/edu

maximally utilized in our daily activities. [1]. Poor performance in Mathematics is a
global problem. In addition, learners’ errors in algebra have been associated with poor
performance in Mathematics. Algebraic errors present epistemological challenges that
have a negative impact in learning calculus [2]. One of the most common algebraic
errors learners make is writing the expression 3x+2 as 5x and simplifying the
expression 7–5y as 2y. Research suggests that some of algebraic errors made by
learners are a result of the teachers’ instruction [3]. Hence, this study focused on
teachers’ instructional methods in order to address observed learners’ errors in algebra.
In spite of the important role mathematics plays in the development of every nation,
its performance at the basic and secondary schools in Ghana is very poor. Tutors of
mathematics content courses for pre-service teachers in higher education institutions
often find themselves trying to meet the needs of both the mathematics and education
departments on their campuses. These mathematics tutors are responsible for
providing a firm foundation in elementary mathematics content, while education
tutors emphasize pedagogical skills these pre-service teachers will one day need to be
able to effectively teach the content. Not only is communication between the two
departments essential but also so is coherence between how mathematics is actually
being taught in the math classroom and what students are learning about how to teach
mathematics in their education courses. When pre-service elementary teachers are
taught mathematics under an instructional strategy based on the learning theory of
constructivism, then they will gain firsthand knowledge and experience of effective
math teaching and learning practices [4].

Although research has shown that inquiry-based, approaches to teaching have been
effective in deepening students’ conceptual understanding of mathematics content, it
is also believed that these types of approaches may lessen students’ mathematics
anxiety [5, 6, 7]. On either side of the so-called “Math Wars” exists two very different
types of educators (The behaviorist and the constructivist) with varying opinions on
what is the best way to teach mathematics. Behaviourist perspective has roots in the
works of Thorndike and Skinner. Behaviorist learning theory emphasizes the role of
external rewards and punishments in shaping human behavior [8]. In the classroom
setting, high scores on an assessment may be considered a type of reward, whereas
bad grades may be considered a punishment. When students are rewarded, they
would be more likely to repeat those actions; however, when they are punished, the
likelihood that the action would be repeated decreases.

Traditional teaching methods, such as direct instruction, are typically found being
used by teachers who believe in the behaviorist theory of learning. In a traditional
math class, it is common to find the teacher working examples at the board while the
students passively take notes. The students’ minds are viewed as being blank slates in
which the teacher’s job is to etch knowledge upon them. Constructivism is a theory
about how people learn. The theory says that people construct their own
understanding and knowledge of the world, through experiencing things and reflecting
on those experiences [9].

Emphasis is often placed on procedural fluency of mathematical algorithms
through repeated practice, thus coining the math teaching technique more commonly
known as drill and kill [8]. Even though traditional teaching strategies have been used
in math classes for decades, research has shown that these methods may result in
students who seldom inquire in the classroom, engage in reasoning and sense making,
or think of themselves as problem solvers [10]. In previous research, preservice
elementary teachers have reported that their math anxiety was caused by having to
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complete timed tests, math classes being boring, course material being taught too
quickly, and a heavy emphasis placed on obtaining the correct answer [11]. All of
these are characteristics often found in classes focused on traditional teaching
methods.

The learning theory of constructivism is based on the work of Jean Piaget and Lev
Vygotsky and is the leading theory of learning today [8]. The idea behind
constructivism is that students construct their own knowledge and that it is not
possible to passively transmit knowledge from one person to another [12]. Deep
understanding of concepts, discovery learning, and communication among classmates
are at the core of constructivism [12]. In order to maximize learning, students are
encouraged to raise questions, compare and contrast their processes and ideas, and
experience disequilibrium in their thinking [8,13]. An instructional strategy often
found in higher education constructivist classrooms is inquiry based learning
(IBL). In an IBL classroom, the instructor acts as a facilitator by guiding students
through a series of problems.

While characteristics of IBL classrooms will vary, most place emphasis on self-
discovery of mathematical content, minimal lectures if any at all, communication
between students and the instructor, alternative assessments, and students’
presentations of problems [14].

Research has shown that classes promoting active learning reduce the number of
students who fail or withdraw from a course; result in higher learning gains,
particularly for low-achieving students; and improve students’ understanding of and
self-confidence in doing mathematics [15,16].

Word problems are a combination of numbers and words in which students apply
mathematics instruction in the context of problem solving [17]. Children can become
independent and creative thinkers if they are guided and equipped with the right
procedures and techniques from the impetus of instruction and solving a mathematics
problem requires higher order thinking skills. Some children find this challenging and
teachers can assist their students by helping them develop the skills and confidence to
solve word problems.

Children’s poor performance with mathematical word problems is a trend and it is
vital to look at the causes of these difficulties, so that their teachers can help them
overcome these hurdles [18]. However, there must be an open approach to word
problems for students who find it difficult. This approach will enable learners to
become more effective readers and problem solvers by engaging students in
understanding, mathematizing, analyzing, and communicating in the problem [19].

A word problem is a problem designed to help students apply mathematics concepts
to real life situations. Problem solving is a cognitive process directed to achieve a goal
when no obvious solution method is available to the problem solver [20]. Some
children find it difficult to solve word problems presented in a paragraph. It is easier
for them if the problem is presented in numbers or a certain equation; therefore, they
need to develop a full understanding of the problem before they attempt to solve it
[21]. This implies that, through continuous practice, learners can acquire many skills
and knowledge of which strategy to use in each scenario [19].

For more than a decade now, the different instructional strategies employed in
teaching mathematics have not improved students’ achievement in the subject to any
appreciable extent. This means that the most desire application of mathematics in our
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daily lives cannot be sustained. The implication is that the teaching of mathematics
does not lead to pre-service teachers’ understanding of concepts, functionality and
application of its ideas. Hence, the need to find pedagogic approaches that promote
active learning. The study was guided by these research questions- (1) What
difficulties do pre-service teachers encounter in understanding and translating word
problems into algebraic expressions or equations? (2) What is the effect of the
constructivist approach on pre-service teachers’ mathematics achievement in word
problems?

2. Materials and Methods

2.1. Research Design
The design of this study is a quasi-experiment consisting of treatment group and a

control group, since the classes exist as intact groups. Quasi-experiments are in many
respects like experiments. They seek to evaluate the impact of some factors such as a
particular intervention of set of factors on participants, and they aim to test hypotheses
based on prior research. Quasi-experiments are founded on a positivistic paradigm,
which espouses the belief that it is possible to assess cause and effect, to predict
outcomes and to control the effect of random, confounding or intervening variables
[22]. The participants of this study will be pre-service teachers of N.J.A. College of
Education. Pre-test will be used to determine the equality of the two groups. This
study will consist of 120 pre-service teachers, which will be divided into two groups
consisting of 60 pre-service teachers in the control group and 60 pre-service teachers
in the treatment group. The treatment group will be exposed to the constructivist
approach to learning while the control group will be given the traditional teaching
method.

The researchers trained two teachers to teach both the control and experimental
groups for a period of about four (4) weeks. After that, a post-test was conducted and
a questionnaire administered in order to find out the difficulties pre-service teachers
encounter and whether there is a significant difference in achievement between pre-
service teachers taught using the constructivist approach and those taught without the
use of constructivist approach.

2.2. Population
The population of the study was all level 100 pre-service teachers of Colleges of

Education in the Wa Municipality. The first year classes were considered because
word problems were treated at that level. 430 first years were admitted into the
College this academic year.

2.3. Sample and Sampling Technique
Two first year intact classes were selected from the College, NJA College of

Education. One of the classes consists of sixty (60) pre-service teachers and the other
sixty (60). Hence, the total number of students is 120. Convenience and Purposive
sampling techniques were used to select Wa (Upper West Region) and NJA College
of Education respectively. Convenience and Purposive sampling techniques are non-
probability sampling techniques where samples are chosen by intentionally seeking
individuals or situations likely to provide greater understanding of a chosen concept
of research [23].
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2.4. Research Instruments
The main instruments used in the research work were achievement test. A test

comprising 10 open-ended items presented in the form of word problems was
developed to determine the students’ performances and difficulties in solving word
problems. The items in the test were representative of those that can be found in most
mathematics textbooks. These items were intended to measure student performance in
using symbolic algebra to identify and represent algebraic relationships in word
problems, and to solve them. The items were aligned with higher-order thinking skills
such as recognizing, exploring, and identifying algebraic relationships. Prior to the
main study, an initial version of the test comprised of ten items were administered to
the pre-service teachers by the researchers. In order to check the suitability of the
questions and the time that students would need to complete the test, a pilot study was
conducted with 20 pre-service teachers from McCoy College of education. Students
were given 40 minutes to complete the test. Furthermore, the pilot study confirmed
that a class hour was enough time for students to complete the test. In order to
establish content validity of the test, all items in the final version were discussed with
two-experienced College mathematics tutors in terms of mathematical correctness and
pedagogical alignment.

2.5. Data Collection Procedure
The researchers started by obtaining permission from the Principal and Head of

department of mathematics to use the pre-service teachers of the College. The
researchers before the intervention conducted a pre-test personally. After that, a four-
week period of intervention was carried out where the experimental group was taught
using the Constructivist Learning approach and the control group taught using the
traditional methods. The researchers then administered a post-test and questionnaire.

2.6. Data Analysis
The results of the pre-test and post-test was analyzed using the dependent t-test

whiles the questionnaire was also analyzed using descriptive and inferential statistics.
All the results were analyzed with the help of SPSS version 20. Data analysis using
the statistics were displayed in frequency, percentage, deviation and mean. The
statistics also reflected the difficulties the respondents encountered in translating and
solving word problems. Inferential statistics used in this study was the t-test, which
was a powerful statistic that enables the researchers to determine the differences
obtained between two groups is statistically significant. The independent-groups t-test
is appropriate when different participants have performed in each of the different
conditions [24].

2.7. Validity and Reliability
This entailed practices in research that add value and quality to the data generated

for the study. It consequently enhances the reliability and validity of research findings.
In order to achieve this, various types of triangulations were employed in the study.
triangulation refers to the practice of employing several tools within the same research
design [23]. Triangulation serves several purposes in a qualitative research. It is useful
for validating procedures, results and findings of the study. Triangulation strategy
enables researchers to address all possible dimensions of a phenomenon, collect
sufficient data for advancing knowledge and address the limitations associated with
using single technique for data collection [25]. Contextually, the validity of this study
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was ensured with methodological triangulation, data triangulation and respondent
triangulation. The adoption of these validity and reliability strategies allowed data to
be reviewed and efficiently authenticated for presentation.

3. Results and Discussion
This section presents results and discussions based the two research questions in the

study.

Research question one: What difficulties do pre-service teachers encounter in
understanding and translating word problems into algebraic expressions or equations?
To answer research question one, the researchers while marking both the pre-test and
post-test scripts of the participants identified some of the common errors and
difficulties in the scripts and the results are displayed in Table 1 below.

Table 1. Difficulties pre-service teachers encountered in the pre-test.

Difficulty Number of pre-service teachers Percentage (%)
Misunderstand or ignore words,

phrases and sentences 55 92

Errors in formulating equations 53 88
Calculation errors 56 93
Inverse errors 57 95
National errors 52 87

From Table 1 above, the difficulties in written student work include mistakes in
understanding words, phrases or sentences; in formulating equations, schemas, or
diagrams; in the solution processes; and in checking the solution processes. In
particular, inverses, priority rules and calculation errors, and notational errors in the
use of the equal sign (EQS category) occurred during the solution processes.
Therefore, to some extent, the students did encounter serious difficulty in
understanding these problems, and in formulating corresponding mathematical models.

Existing literature support the findings of the study, differentiating difficulty levels
among various translations can consider numerous dimensions. These dimensions can
be generalized to student-centered factors and content-centered factors. Regarding
student-centered factors, one can investigate the actions students take when
performing translations. Since these actions differ among translations, it is
conceivable that some of these actions are more difficult than others [26]. Second,
students often utilize dual translations as they begin with a source representation,
translate to a transitional representation, and then translate the transitional
representation into a target representation [27]. The employment of dual translations
adds another dimension of difficulty to some translations. Third, since concepts and
tasks which are frequently experienced through instruction are mastered more readily
than those which are less frequently experienced, it is understandable that classroom
experiences may diminish the perceived level of difficulty of translations more
frequently experienced and accentuate the perception of difficulty among translations
less frequently experienced [27].

Within the content- or representation-centered factors, additional issues are at play,
which may affect the assessment of the difficulty level of respective translations. First,
some representations require different interpretive techniques than others. This may
lead to differing levels of difficulty. Second, some translations are inherently more
complex, requiring greater conceptual understanding than others are, and some
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require a greater number of steps in the translation process. These two factors are
further examined herein. Altogether, the assessment of which translations are more
difficult than others is necessarily an amalgam of these student- and content-centered
translation factors and is, therefore, non-trivial. While all singleton factors introduce
some valuable understanding of the nature of the translation process and the
difficulties associated with each, independently.

Research question two: What is the effect of the constructivist approach on pre-
service teachers’ mathematics achievement in word problems?
The researchers determined the effect of constructivist approach on pre-service

teachers’ mathematics achievement in word problems by comparing the scores of both
groups in the pre-test and post-test using the independent t-test and paired samples t-
tests. The results of analysis of descriptive statistics are summarized in the Table 2
and Table 3 below.

Table 2. Means and standard deviations scores for the control group only.

Test N Mean SD
Pre-test 60 24.32 8.951
Post-test 60 39.97 6.131

Table 2 compares the pre-test and post-test results of students within the control
group. Students mean score in the pre-test was 24.32 while that of the post-test was
39.97 an increase of 15.65. This marginal increase may be due to the traditional
method alone used some other factor like the teacher factor.

Table 3. Means and standard deviation scores for the experimental group only.

Test N Mean SD
Pre-test 60 21.10 8.953
Post-test 60 69.95 12.134

Within the experimental group, the results showed significant improvement in
students’ mathematics achievement in the post-test. Table 3 compares the pre-test and
post-test results of the students within the experimental group. The mean score of
students in the pre-test was 21.10 while that of the post-test was 69.95, an increase of
48.85. This is an indication that, in the post-test every pre-service teacher’s
performance had increased in the experimental group. This great improvement might
be due to the effect of the use of the constructivist approach as well as other factors
such as the teacher factor.

Before, the intervention, an independent samples t-test was conducted to compare
the pre-test mean scores for the two groups to ensure that the samples have the same
entry behaviors, baseline, strength and achievement levels. The pre-test results
indicated that mean scores for experimental group (M = 21.10, SD = 8.953) were not
significantly different from that of the control group (M = 24.32, SD = 8.951). The
independent samples t-test also found it to be not significant as t (59) = 2.141, p =
0.036. The results of the independent samples t-test on the two groups’ scores in the
pre-test are presented in Table 4.

Table 4 shows the pre-test mean scores of the treatment and control groups. The
results indicate that the mean scores for treatment group was 21.10 with a standard
deviation of 8.953 and that of the control group was 24.32 with a standard deviation
of 8.951. The results indicated that the difference between the achievement mean
scores for the treatment and control groups were not significant (p = 0.036 > 0.05).
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This therefore means that the treatment and the control groups were at the same entry
behaviors, level, strength and achievement at the start of the study. The same
independent sample t-test inferential statistics analysis was used to analyze the post-
test scores and the results display in Table 5.

Table 4. Independent Samples t-test for the experimental and control groups pre-test.

Test Groups N Mean SD t-value p-value
Experimental 60 21.10 8.953

Pre-test 2.141 0.036
Control 60 24.32 8.951

Table 5. Independent Sample t-test for Experimental and Control Groups Post-test scores.

Test Group N Mean SD t-value p-value
Experimental 60 69.95 12.134

Post-test -19.314 0.000
Control 60 39.97 6.131

The post-test results indicated that the mean scores for treatment group (M = 69.95,
SD = 12.134) were significantly higher than the scores of the Control group (M =
39.97, SD = 6.131) and independent samples t-test found the post-test results of the
treatment group to be significant t(59) = -19.314, p-value = 0.000 < 0.05. This shows
remarkable improvement in the achievement of students in the experimental group.
The results also affirm that, there is significant difference between the mean
achievement scores of students taught using the Constructivist approach and those
taught using the traditional method.

The results of the post-test and pre-test of the experimental group only and that of
the control group only were separately analyzed using paired sample t-test. The results
indicated that the mean score for the experimental group was significantly higher (M
= 69.95, SD = 12.134) than that of the pre-test (M = 21.10, SD = 8.953), and paired
samples t-test also found this to be significant, t (59) = -25.054, p-value = 0.000 <
0.05. The means and standard deviation differences are -48.850 and 15.103
respectively and that of the Control group are -15.650 and 1.258. This shows that the
Constructivist approach has increased students’ performance in the experimental
group than the traditional method in the Control group.

Table 6. Paired Sample t-test for Experiment Group and Control Group.

Group Test N M SD Paired Mea difference t-value p-value

Experimental Post-test 60 69.95 12.134 -48.850 -
25.054 0.000

Pre-test 60 21.10 8.953

Control Post-test 60 39.97 6.131 -15.650 -
12.437 0.000

Pre-test 60 24.32 8.951

Table 6 above shows the results of the paired samples t-test that was conducted
between both experimental and control groups. The pre-test and the post-test
difference were found to be statistically significant in both cases at p-value = 0.000 <
0.05. However, the paired mean difference for the experimental and the control
groups were found to be -48.850 and -15.650 respectively. The paired mean
difference of both the experimental and control groups suggests that the Constructivist
approach is more effective than the Traditional method of teaching.
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Learning activities, evaluation strategies, student learning experiences and
instructors’ roles in the classroom should be reconsidered and improve in order to
make it more constructivist in nature [28]. Constructivist-learning principles based
learning materials increase students’ academic stress and retention. Constructivist
method pedagogy was more effective in improving classroom practices of preservice
teachers and it is a strategy that supports such outcomes, which are clearly, and vital
importance to mathematics [29, 30]. Constructivist teaching practice levels of pre-
service mathematics Teachers was statistically significantly correlated with problem
solving in negative way and creative ability in positive way [31]. Learning
environment that includes active learning, reflecting learning, associating with life
and assessing simultaneously with teaching were created in teaching-learning process
in content knowledge courses [32]. there exists significant difference on the
achievement of the students taught through constructivist approach sand conventional
method of teaching [33]. These studies consist the idea of constructivist approach that
makes teaching technique more effective than those of traditional methods do.

4. Conclusions
Findings of the study concluded that, Constructivist approach had a significant

effect on the mathematics achievement of pre-service teachers in word problems. The
instruction based on constructivist approach caused a significantly better acquisition
of mathematics concepts and elimination of misconceptions. The findings from the
pre-intervention test and post-intervention test show that students ‘conceptual
understanding and performance had improved. This was done through the intense
student-student interactions, active participation of students in the interactive lessons,
maximum teacher support with the high levels of motivation. Results from this study
also indicated that majority of students enjoyed the interactive lessons with the
constructivist approach, and because they were motivated well to participate actively
in the lessons, they preferred constructivist instructional learning to the traditional
instructions.

The instruction based on constructivist approach produced higher positive attitudes
towards mathematics as a school subject. Active participation of students in the
teaching and learning process of quadratic equations involving word problems had a
contribution to the students’ understanding of mathematics concepts and teachers
must have in-depth knowledge to be able to use the constructivist approach for
effective learning.

The findings of this study have implications for improvement of mathematics
education in Ghana. The constructivist approach has been found in this study to be the
most effective in the achievement of students in mathematics. Therefore, the
sustenance of pre-service teachers’ interest in mathematics can be achieved by the
adoption of the constructivist approach of instruction which, if well planned, can
encourage and motivate the pre-service teacher to practice in the teaching of
mathematics. This could lead to the acquisition and development of skills in the
country. Through self-discovery, students will be able to develop more positive
attitude towards learning skills and it will enhance learning outcomes through hands-
on and minds-on activities.

It is therefore recommended that, further study can be conducted in different
schools to provide a generalization for Ghana, especially students with higher learning
skills in grade A schools’ achievement with the constructivist approach should be
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compared with those of learning abilities in grade C or D schools to see if it will be
effective for both cases.

Students were assessed on mathematics content alone as captured within the
curriculum; it is also recommended that, similar studies can be carried out for
different grade levels to investigate the effectiveness of the constructivist approach.
Also, Curriculum, syllabus and textbooks should be constructed on the constructivist
perspective and textbooks should be improved so that pre-service teachers’
misconceptions can be minimized.
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