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ABSTRACT 

Mathematics plays a key role because it is one of the important subjects within the foundation that constitute the 
core curriculum for basic and secondary education. Mathematics must therefore be taught in a way to engage 
learners to construct their knowledge, which helps them build conceptual understanding using modern teaching 
strategies. Fractions are the building blocks for a solid conceptual understanding of algebra and other concepts in 
mathematics, especially at the basic school. Therefore, teachers must use strategies that make lessons more 
realistic and practical, such as manipulatives. The purpose of the study was to use manipulatives to build students’ 
conceptual understanding of the operations of fractions. The study design was quasi-experimental, with a pre-
/post-test method used for data collection to assess the impact of the intervention design. A sample of 50 junior 
high school students was selected purposively for the study. The data was analyzed using SPSS v.26. The researchers 
concluded that using manipulatives in the teaching of fractions improved the students’ performance and helped 
build their conceptual understanding of the operations of fractions. 
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INTRODUCTION 

In the majority of nations around the world, mathematics is one of 

the crucial foundational disciplines that make up the core curriculum 

for basic and secondary education (OECD, 2017). This is due to the fact 

that mathematics has been identified as one of the topics that promotes 

the growth of a person’s original, inventive, analytical, and problem-

solving abilities (Ministry of Education, National Council for 

Curriculum and Assessment [MoE, NaCCA], 2019). Math is a 

“facilitating” subject, according to research. In other words, learning 

mathematics is a prerequisite for learning other topics and pursuing a 

wide range of occupations (Maldonado et al., 2018). We can appreciate 

the value of mathematics by looking at how it is used in technology and 

in our daily life. Mathematics is the only discipline that acts as a 

significant unifying force among the numerous branches of research, 

and without it, knowledge of science frequently stays rudimentary 

(Moyer, 2001). 

According to Berger et al. (2020), mathematicians are interested in 

number, shape, and space. They also like to categorize things and prove 

that a given phenomenon must, can, or actually cannot occur. To 

ground mathematics teachings in reality, contemporary experts advise 

stressing context-based mathematics instruction (OECD, 2017). To 

help the students understand how essential mathematics is to their lives, 

real-world events are introduced into the mathematics classroom 

(Barnes, 2005). Many researchers both locally and internationally 

support this strategy since it is consistent with the problem-solving 

method to teaching mathematics (Bartolini & Martignone, 2020). 

Most word problems are context-based, and they frequently 

involve students in debates, brainstorming, group projects, and other 

student-centered teaching and learning activities (Andamon & Tan, 

2018). While some see math word problems as merely arithmetic 

exercises, other students find word problems to be the most difficult 

and intricate. For instance, Mereku (2004) found that Ghanaian 

students who participated in trends in mathematics and science studies 

(TIMSS) in 2003 did well on routine issues but badly on non-routine 

ones. They were able to solve questions that needed computations and 

basic knowledge recall. This suggests that teachers should make their 

lessons more practical by using activities and real-world examples to 

help students develop their conceptual understanding. 

Policymakers in Ghana’s education sector are still working to 

guarantee that the country’s mathematics instruction complies with 

international norms. This is the result of the paradigm shift from the 

conventional method of teaching mathematics to contemporary 

educational techniques and abilities that strengthen conceptual 

understanding (Nabie et al., 2013). The government has started a 
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number of curriculum reviews and modifications to make sure the 

nation’s educational system stays up with the fast-moving international 

trends (Abudu & Mensah, 2016; Adu-Gyamfi et al., 2016; Mereku, 

2010). Understanding and using mathematical languages, symbols, and 

notations is one of the main goals of the mathematics curriculum. In 

order to fulfill the purpose of mathematics education at the elementary 

level and beyond, it is expected that they will develop communication 

and collaboration skills (CC), which are key abilities (MoE, NaCCA, 

2019). According to Baah-Duodu et al. (2020), mathematics should be 

taught utilizing engaging, hands-on, and mind-on methods that 

students will enjoy and take to heart as a way of life. If teachers were 

able to stick to this schedule, it would guarantee that the students could 

think, reason, and communicate numerically. As a result, math lessons 

must involve group projects and conversations in the classroom to get 

students thinking about and solving real-world problems (Adu et al., 

2017). 

One of the fundamental abilities that must be cultivated in the 

mathematics curriculum is the understanding of fractions (Bouck et al., 

2017). This is due to the fact that it is crucial for comprehending 

algebra, geometry, and other mathematical concepts. Comprehension 

fractions requires a thorough understanding of all the concepts they can 

be used to represent (Cramer et al., 2010). Any learner must have a 

conceptual understanding of fractions in order to be able to handle 

more difficult subjects in the high school curriculum (Niemi, 1996). 

Learners will probably struggle with procedural competency in these 

areas if they have trouble comprehending the several meanings of 

fractions. National Council of Teachers of Mathematics (NCTM) 

curriculum and evaluation standards encourage using tangible materials 

and other representations to help kids build their grasp of the fraction 

idea, according to Bouck et al. (2017). There is sufficient evidence to 

demonstrate the significance of using images effectively in fraction 

problems (Cramer & Henry, 2002). Unfortunately, manipulatives are 

rarely used in textbooks, and when they are, they usually just serve as 

area models (Hodges et al., 2008). This indicates that pupils frequently 

lack the opportunity to investigate fractions using a variety of models 

and the time necessary to link the visuals to the pertinent ideas. The use 

of physical instruments seems to be crucial for learning because it 

creates mental models in students’ heads that help them understand 

fractions (Cramer et al., 2010; Lee et al., 2021). 

Items known as manipulatives can be touched, moved, rearranged, 

and in other ways handled by kids. They appeal to numerous senses 

(Johnson-Smith, 2022). Manipulatives can be physically manipulated as 

well as digitally, therefore they are not just tangible items that we can 

handle with our hands (Agyei et al., 2022). The use of manipulatives in 

classroom education, according to National Council of Supervisors of 

Mathematics (NCSM), raises student achievement (Berger et al., 2020). 

Regardless of the level, the declaration contends that educators must 

deliberately include the use of tangible and digital manipulatives into 

their lesson plans (Moore, 2014). This was done to make sure that every 

student could become proficient in mathematics (NCSM, 2013), as 

referenced in (Moore, 2014). With the help of manipulatives, 

instructors may provide students the chance to interact, practice, and 

manipulate objects and resources to solve challenges (Larbi & Mavis, 

2016). Because students actively participate in the process of discovery 

during the learning process, manipulative is constructivist (Bosson-

Amedenu, 2017; Larbi & Mavis, 2016). Numerous studies carried out 

locally support the use of manipulatives as one of the finest methods for 

teaching mathematics (Alolga & Essel, n. d.; Boakye, 2019). Researchers 

have found that students who use manipulatives in some mathematics 

areas, such as algebra and fractions, among others, are more likely to 

succeed than those who do not have access to manipulatives (Chappell 

& Strutchens, 2001; Sebesta & Martin, 2004). Therefore, the goal of this 

research is to develop, through the use of manipulatives, students’ 

conceptual knowledge of operations on fractions. 

Statement of the Problem 

As was already said, fractions serve as the foundation for a strong 

mental knowledge of algebra and other mathematical ideas, particularly 

in the basic school. Unfortunately, most junior high school pupils do 

not have a strong interest in fractions because they believe that 

fractional notions are difficult and impossible. According to data 

collected throughout time, a number of junior high school students in 

their last year have been denied admission to senior high schools in the 

majority of districts of Ghana’s Ashanti Region because of their poor 

math scores on basic education certificate exam (BECE). Students’ 

performance on the mathematics portion of BECE was negatively 

impacted by their lack of knowledge of fractional concepts and 

operations, according to data collected from classroom activities, 

homework, and end-of-term exams. 

This information supports the claim made by Bingham and 

Rodriguez (2019) that fractions are among the least understood 

mathematical topics taught in elementary schools. Therefore, the study 

aims to develop students’ conceptual comprehension of fractional 

operations through the use of manipulatives. 

Objectives of the Study 

1. To determine if manipulatives could build students’ conceptual 

understanding of operations on fractions. 

2. To determine the extent to which manipulatives could improve 

students’ performance in fractions. 

Research Questions 

1. What is the impact of manipulatives on students’ conceptual 

understanding of operations on fractions?  

2. To what extent does the use of manipulatives to teach the 

concept of fractions help improve students’ performance? 

LITERATURE REVIEW 

History of Manipulatives 

Manipulatives as a notion have a long history (Caglayan, 2019; 

Nikiforidou, 2019). Physical objects have been employed by people 

from numerous cultures around the world to assist them in resolving 

common math issues. Middle East and ancient Southwest Asia both 

developed counting boards. Counting boards were trays made of wood 

or clay that were dusted with fine sand. In order to take an inventory or 

total an account, for instance, the user would draw symbols in the sand. 

The earliest abacus was made by the ancient Romans by altering 

counting boards (Boakye, 2019). Chinese abacus, which was used 

centuries later and may have been a modification of Roman abacus, was 

another. In Americas, similar devices were created. The counting 

implements used by Mayans and Aztecs included wires or maize kernels 

strung on strings over a wooden frame. The knotted cords known as 

“quipu” were the Incas’ special method of counting. The first real 

manipulatives were created in the latter half of the 1800s. These 
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manipulable items were made with teaching mathematical principles in 

mind and appeal to all of the senses of the human body (Bartolini & 

Martignone, 2020). Friedrich Froebel, a German educator, established 

the first kindergarten program in history in 1837. He created many 

tools to aid his kindergarteners in identifying patterns and appreciating 

the geometric shapes present in nature. 

Maria Montessori, an Italian-born educator, contributed to the 

development of the notion that manipulatives are crucial to education 

in the early 1900s. She brought out a variety of resources to aid young 

children in preschool and primary school in discovering and learning 

fundamental concepts in arithmetic and other topics. Manipulatives 

have become crucial in elementary school mathematics instruction 

since the early 1900s. In reality, NCTM has long advocated the use of 

manipulatives while instructing students in mathematics across all 

grade levels (Jimenez & Stanger, 2017; Sulistyaningsih et al., 2017). 

The instructor has traditionally served as the classroom’s leader. 

The teacher’s responsibilities were working from the front of the room, 

imparting knowledge on the day’s subject, and giving out homework. 

However, this function is altering in the dynamic field of mathematics. 

According to Cain-Caston (1996), the instructor is now more of an 

observer while the pupils are actively engaged in their learning 

(Bingham & Rodriguez, 2019). Math class has evolved from the tedious 

pencil and paper task it once was to a pleasant and exciting activity that 

many kids now look forward to in the majority of classrooms across the 

nation and in Ghana. Even though the same ideas are being taught, it 

has changed from being a chore to something enjoyable. What altered 

the situation? The use of manipulatives and a hands-on learning 

approach is the solution (Agyei et al., 2022). 

Relationship Between Manipulative Use & Educational Theory 

By enabling pupils to progress from the concrete stage to abstract 

reasoning, manipulatives can aid in learning (Heddens, 1986; Ross & 

Kurtz, 1993). Experts have shown that learning happens in three stages. 

These are the phases of cognition, association, and autonomy (Dowling 

et al., 2018). This is in line with Brunner’s constructivist theory, which 

contends that when faced with new concepts, all learners–regardless of 

age–go through three stages of learning. Enactive (action-based), iconic 

(image-based), and symbolism are these levels (language-based) 

According to Clements et al. (2022), students’ ability to think 

mathematically is improved by the usage of manipulatives. Stein and 

Bovalino (2001) claim that  

“manipulatives can be valuable instruments for encouraging 

pupils to think and reason in deeper ways. Such manipulatives 

as pattern blocks, tiles, and cubes can help kids acquire solid, 

integrated understandings of mathematical concepts by giving 

them real opportunities to compare and manipulate amounts.” 

Students must integrate and connect various ideas in a variety of 

ways in order to develop a deep comprehension of mathematical 

concepts. This kind of comprehension is referred to as “integrated-

concrete” knowledge by Clements (1999), as mentioned in (Clements et 

al., 2022). Students can connect ideas and integrate their knowledge to 

develop a thorough comprehension of mathematical concepts by using 

manipulatives effectively. Teachers play a critical role in assisting 

students in using manipulatives effectively so that they can easily move 

through all three phases of learning and achieve a thorough 

comprehension of mathematical ideas (Larbi & Mavis, 2016; 

Sulistyaningsih et al., 2017). 

Advantages of Using Manipulatives 

The use of manipulatives in the classroom has a long history 

because they make arithmetic ideas understandable to a wide range of 

students. Low achievers and pupils with learning difficulties can benefit 

from it (Kontas, 2016; Marsh & Cooke, 1996; Moore, 2014; Ruzic & 

O’Connell, 2001). Researchers have found that when students use 

manipulatives and are subsequently given time to reflect on their 

experiences, their learning in mathematics is improved and their 

anxiety in math is greatly decreased. Exploring manipulatives, 

particularly self-directed exploration, creates a stimulating learning 

environment and encourages students to have a positive outlook on 

learning (Cain, 2021; Cain-Caston, 1996; Heuser, 2000; Moch, 2002). 

This means that manipulatives contribute to the enjoyment, realism, 

and application of mathematics. This is a result of the hands-on, 

experiential learning activities that students engage in when using 

physical learning instruments (Baah-Duodu et al., 2020). 

Studies have indicated that children who have the opportunity to 

work with manipulatives in particular mathematics courses, such as 

algebra and fractions, among others, are more likely to succeed than 

students who do not (Chappell & Strutchens, 2001; Sebesta & Martin, 

2004). Empirical research have demonstrated that consistent use of 

manipulatives, particularly in the teaching and learning of mathematics, 

results in the following benefits: 

1. Communicating mathematical ideas and concepts, discussing 

mathematical ideas and concepts, and connecting mathematical 

symbolism to real-world problems. 

2. Working cooperatively and using divergent thought to come 

up with a number of solutions to difficulties. 

3. Making presentations, using a range of mathematical symbols 

to convey issues and solutions, and taking responsibility for 

their learning experiences. 

4. Growing self-assurance in their ability to solve mathematical 

problems using their own approaches without following the 

teacher’s instructions (source: info@hand2mind.com). 

How Manipulative Support Fractions Education and Learning? 

By portraying mathematical concepts in various ways, 

manipulatives aid students in developing a conceptual knowledge of 

mathematics, claims (Shaw, 2002), which leads to a number of 

advantages. Manipulatives can offer visual representations of ideas, just 

as a picture can be worth a thousand words, assisting children in 

recognizing and comprehending the notion of fractions. 

The use of manipulatives improves students’ reasoning and 

communication skills at all grade levels. Utilizing manipulatives helps 

students retain and use the material in fresh contexts for problem-

solving, which increases their comprehension of fractions ideas (Shaw, 

2002). Again, Shaw (2002) asserts that one strategy to resolve students’ 

misconceptions about fraction concepts is to teach fractions using 

manipulatives. Additionally, students actively participate in developing 

conceptual understanding through the use of manipulatives. 

Additionally, the promotion of manipulatives is based on the 

learning theories of Piaget, Bruner, and Montessori, which state that 

knowledge is developed and built as pupils’ progress from concrete 

experiences to abstract thought (McNeil & Jarvin, 2007). 
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Bruner’s hypothesis is supported by using manipulatives, which has 

pupils begin learning new information by executing activities on 

tangible things. 

By enabling pupils to transition from tangible experiences to 

abstract reasoning, manipulatives aid in learning (Heddens, 1986; 

Reisman, 1982; Ross & Kurtz, 1993). According to educational 

specialists, this learning occurs in three stages. 

METHODOLOGY 

A quasi-experimental design was used for the study for practical 

and ethical reasons. According to Collom (2021) and Shadish et al. 

(2002), a quasi-experimental design involves a non-random assignment 

of participants to conditions in a study. The type of quasi-experimental 

design adopted by the researcher is- a group pretest-posttest design. An 

intervention design was rolled out after the pre-test.  

Population and Sample 

The study population was the Ampabame Junior High School 

students in Atwima Kwanwoma District in the Ashanti Region of 

Ghana. The school has a numerical strength of 135, comprising 42 

forms one student, 50 forms two students, and 43 forms three students. 

The sample size was 50, comprising the form two school students. The 

students comprised 30 males and 20 females. This research used the 

purposive sampling method to get the sample size. Purposively, form 

two students were selected because they have had more extensive 

tuition in fractions than the form one students. The form three students 

could not be used since they were busy preparing for their BECE. 

According to Etikan and Bala (2017), purposive sampling is a form of 

non-random sample method whereby the researchers use their 

judgment in choosing participants for the study.  

Study Tool 

The primary tools for gathering data were pre- and post-test. The 

tools were created for convenient data capture, interpretation, analysis, 

and organizing. The purpose of the pre-test, which consisted of 10 

questions, was to identify the relative strengths and weaknesses of the 

students’ understanding of or assimilation of the idea of fractions, 

particularly the operations on fractions. The survey included questions 

on adding and subtracting fractions with both common and unusual 

denominators. Additionally, it included fraction division and 

multiplication exercises. The purpose of the post-test tool, which 

comprised 10 test items, was to gauge how much knowledge the 

students had gained regarding the idea of fractions, particularly the 

operations on fractions. Thus, the effectiveness of the rollout of the 

intervention was evaluated using the post-test method. Questions on 

fractional addition, subtraction, multiplication, and division as well as 

their use in word problems were included in the test items. 

Fraction bars were employed as manipulatives in the teaching and 

learning of addition, subtraction, multiplication, and division of 

fractions during the implementation of the intervention. Each group of 

five pupils had a number of fraction bars, including wholes, halves, 

thirds, fourths, and so on. The pupils were initially led by the 

manipulatives to investigate how the component parts fit together to 

form a whole. For instance, two one-halves placed side by side have the 

same length when combined. The kids were able to recognize that each 

portion is equal to one when a whole is divided into two pieces. In 

addition, four quarters that are placed side by side have the same overall 

length. The pupils recognized that each part, when divided into four 

equal pieces, constitutes one-fourth of the whole. Additionally, the 

pupils were able to recognize that two one-fourths was equivalent to 

one half. The kids gained an understanding of fractions as pieces of a 

whole via these activities. 

Students were assisted in exploring and appreciating equivalent 

fractions while utilizing the manipulatives. For instance, when two-

thirds and four-sixths were instructed to be placed side by side, students 

noticed that the two different fractions took up the same amount of 

space. They were able to recognize and comprehend that the two 

fractions were equal in this way. Students were helped in investigating 

and comprehending which fractions are greater among various 

fractions while utilizing the manipulatives. Students were instructed, 

for instance, to align fraction bars representing the one-fourth and one-

sixth fractions. They noticed that a quarter was larger than a sixth in 

terms of size. They were able to recognize that one-fourth is greater 

than one-sixth when comparing the two fractions. 

Fractional Addition and Subtraction 

The fraction bars served as a guidance for the students in each 

group as they added and subtracted fractions. They started by learning 

how to add and subtract fractions with the same denominator. Adding 

one-eighth and three-eighths is an illustration. The pupils had the 

option of choosing one eighth of a fraction bar and three additional 

eighths of a fraction bar. When they fitted everything together, they 

found that the fraction bars were all the same, resulting in four pieces 

of one-eighth. The pupils discovered that one eighth plus three eighths 

equals four eighths by using the fraction bars. They were also able to 

recognize that one-eighth minus three-eighths yields the result as 

minus two-eighths when the operation’s sign was altered. The pupils 

were provided additional examples to practice on. 

Students once more investigated utilizing the fraction bars to add 

fractions with unusual denominators. Using their prior understanding 

of equivalent fractions, they were led. For instance, multiplying by half 

and quarter. One-half and two-fourths are the same size when placed 

side by side, therefore students were prompted by the bars to recognize 

this relationship. The students understood that the result of one-half 

plus one-fourth is three-fourths. The students were also able to 

recognize that one-half less one-fourth equals one-fourth when the 

operation’s sign was changed to minus. More examples were used as 

practice by the pupils. 

Division of Fractions 

The students were helped to realize that multiplication, taken 

literally, refers to how many times a quantity is multiplied. They were 

instructed to experiment with utilizing the fraction bars to multiply 

fractions. for instance, four times one-half. The pupils were instructed 

to choose four one-half fraction bar pieces to represent one-half times 

four. They were able to calculate that they had four halves in total, 

which meant that multiplying four by one-half would result in four 

halves. The same was true when students were asked to multiply one-

fourth by five. They were able to choose five sections of the fraction 

bar, which gave them five-fourths when added together. 

Fractional Division 

The fraction bars were once more used to guide the pupils as they 

investigated how to split fractions. The pupils were given instructions 

on how to recognize that division in this sense denotes sharing. For 
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instance, the number of twos in four can be calculated by dividing it by 

two. To help them understand the idea of fractional division, the 

students were instructed to use the fraction bars. For instance, divide 

one-half by four. They understood that the question was asking, “how 

many one-fourths are in a half?” The pupils’ task was to choose a one-

half fraction bar and calculate how many one-fourth fraction bars 

would fit in the same space when placed side by side. They saw that a 

one-half bar and two pieces of one-fourth bar had the same length. On 

this basis, they were taught to recognize that the result of half divided 

by a fourth is the entire number two. The similar exercise was used with 

the pupils to arrive to the conclusion that three-fourths divided by one-

eighth equals a whole number, which is six. The pupils were 

encouraged to perform further examples like this. 

Data Gathering 

The pre-presentation stage was the initial stage. To help 

communicate the information by inspiring the students to learn and 

value mathematics in practical tasks, the researcher gathered enough 

tools, techniques, and tactics. In addition to several materials and 

resources created to improve the usage of the manipulatives, lesson 

notes were also provided. The presentation stage served as the second 

face and was where the actual lessons were taught. In order to develop 

their knowledge, students were free to explore, browse, and alter 

teaching tools and other resources. To demystify the notion of fractions 

and make it more alive, realistic, and interesting, this took a variety of 

forms, including self-learning, group discussions, role playing, contests, 

and speed tests. 

The post-test was given in the third and final phase to gauge how 

well the intervention had worked. The test items were created by the 

researcher, hence content and construct validity were achieved. The 

test questions were all modified from former West Africa Examinations 

Council (WAEC) examinations as well as TIMSS and other 

standardized test questions. The post-exam had 10 theory test questions 

that were to be answered in 45 minutes. The students’ grasp of adding 

fractions with the same denominator and fractions with unusual 

denominators was tested with four questions. They were put to the 

exam on their knowledge of fractional subtraction by way of two 

questions. Additionally, there were two questions on division of 

fractions and two more on multiplication of fractions among the test 

items. After getting the questions, measures were taken to have some 

other students attempt the items so they could rephrase or delete as 

necessary. In addition, the problems were reviewed by a senior 

mathematics teacher from the Ampabame Junior High School. The 

test’s reliability was assessed using the test-retest reliability method. 

The test yielded a reliability coefficient of r=0.86. Therefore, it is 

possible to consider the study’s test to be reliable.  

Each student’s performance on both tests was entered into the 

statistical package for the social sciences (SPSS) version 22.0 software’s 

data view in order to analyze the data gathered. Charts were utilized to 

answer the study’s research questions once the data entered into the 

software were transformed into frequency counts and percentages. 

Mann Whitney’s independent samples. The U test was also utilized to 

look into gender differences in test results between the pre- and post-

tests. 

RESULTS 

The analysis of the results has been presented in order of the 

research questions.  

Research Question One: What is the Impact of Manipulatives 
on Students’ Conceptual Understanding of Operations on 
Fractions? 

Tests conducted were the main avenue to answer research question 

one. The scores of the tests were presented as shown in Table 1. Table 

1 presents the raw scores obtained from the pre- and post-test. A close 

observation reveals that the post-test performance is better than the 

pre-test results. 

In order to give a visual impression of the impact of the use of 

manipulatives on the students’ understanding and performance, a 

histogram was also used to compare the students’ performance for both 

the control and experimental modes. It is practically clear from Figure 

1 that none of the students scored above 60% in the pre-test, but the 

post-test had more than half of the students scoring 60% or more.  

Furthermore, out of the 50 students who took the pre-test, 13 

scored 30% or below, indicating very abysmal performance. A 

whooping 25, representing half of the students scored between 31% and 

50% inclusive, and only 12 of the students could score 50% and above 

but not more than 60%. As outlined, the students’ performance has 

increased tremendously mainly because of the manipulatives in 

teaching the operations on fractions. It is worth noting that out of the 

50 students, only three scored 30% or below. This is quite an enormous 

improvement from the pre-test. Also, only six students fall in 31% and 

40%, and seven in 41% and 50%. This means that out of the 50 students, 

16 of them scored 50% or below, and the rest scored a mark of more 

than 50%. A close observation of Figure 1 shows the physical and 

practical adaptability of the students to interventional design, which has 

manifested in the outstanding results observed herein.  

Table 2 shows the descriptive statistics of the pre- and post-test. It 

is observed that the post-test had a better mean score of 60.48 with a 

standard deviation of 15.83 compared to the pre-test mean score of 

40.80 with a standard deviation of 12.66. This indicates that the 

students had a better conceptual understanding of operations on 

fractions after the intervention roll out and this was as a result of the 

use of the manipulatives in the teaching and learning activities. 

Table 1. Frequency distribution for pre- & post-test scores 

Marks 
Frequency 

Pre-test scores Post-test scores 

11-20 4 0 

21-30 9 3 

31-40 10 6 

41-50 15 7 

51-60 12 11 

61-70 0 10 

71-80 0 10 

81-90 0 3 
Total 50 50 
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Research Question Two: To What Extent Does Use of 
Manipulatives to Teach Concept of Operations on Fractions 
Improve Students’ Performance? 

To find the answer to the research question two, steps were taken 

to determine the extent of improvement in students’ performance after 

the intervention and check if there was any statistical significance. As a 

result, the following hypothesis was tested. 

1. H0. There is no statistically significant improvement in 

students’ performance after using the manipulatives. 

2. Ha. There is a statistically significant improvement in students’ 

performance after using the manipulatives. 

Table 3 provides a statistical perspective to bring out clearly, the 

improvement in the students’ performance. Table 3 shows that the 

mean performance of the students after the intervention is better than 

their performance in the control mode. A mean score of 60.48 with a 

standard deviation of 15.83 in the post-test is far better than the mean 

and standard deviation of 40.80 and 12.66, respectively, in the pre-test. 

Therefore, it is prudent to reject the null hypothesis and conclude that 

there was a statistically significant improvement in the post-test scores 

of the student. 

From Table 4, it can be deduced that there was a significant 

difference between the means of the test conducted before the 

intervention and the one that was intervened after the training. Since 

the p-value or the significant value is less than 0.05, it indicates a 

statistically significant improvement in the students’ performance. We, 

therefore, reject the null hypothesis and conclude that there was a 

statistically significant improvement in the mean score of the post-test. 

Independent-samples Mann-Whitney U test was used to test the 

distribution of the scores of the pre- and post-test across the male and 

female students. This was used to examine if there was a significant 

difference between the male and female students’ scores in the pre-test 

as well as the post-test as indicated in Table 5 there was no statistically 

significant difference between the scores obtained by male and female 

students in the pre-test (male: mean rank=24.70, n=30; female: mean 

rank=26.70, n=20; U=324.00, Z=0.476, p=0.634>0.05). Similarly, the 

difference between the male and female students’ scores in the post-test 

was not statistically significant (male: mean rank=23.62, n=30; female: 

mean rank=28.33, n=20; U=356.50, Z=1.123, p=0.261>0.05 ).  

From Table 6, we reject the null hypothesis and conclude that there 

was no statistically significant difference between the scores of the 

males and their female counterparts in the pre-test. Much the same way 

we reject the null hypothesis and conclude that no significant difference 

was found between the scores the male students obtained in the post-

test and that of the female students. 

DISCUSSION 

Research question one was to find out the impact of the use of the 

manipulatives in teaching the concept of operations on fractions. As 

analyzed, the results from the post-test have proven that the 

manipulatives positively impact students’ conceptual understanding. 

This goes a long way to confirm the recommendations made by modern 

researchers (Adendorff et al., 2018; Andamon & Tan, 2018; Bartolini & 

Martignone, 2020; Sulistyaningsih et al., 2017). Therefore, effective use 

of manipulatives enhances students’ conceptual understanding and 

must therefore be encouraged. This is because students get the 

 

Figure 1. Histogram showing comparison between pre- & post-test 

scores (Source: Authors) 

Table 2. Outputs of descriptive statistics mean, standard deviation, & 

standard error of mean 

 Gender Pre-test Post-test 

n 
Valid 50 50 50 

Missing 0 0 0 

Mean 1.40 40.80 60.48 

Standard error of mean .070 1.791 2.239 

Median 1.00 40.50 60.00 

Mode 1 40a 60 

Standard deviation .495 12.664 15.832 

Note. aMultiple modes exist & the smallest value is shown 

Table 3. Paired samples statistics 

 Mean n Standard deviation 

Pre-test score 40.80 50 12.664 

Post-test score 60.48 50 15.832 
 

Table 4. Paired samples test 

 
Paired differences 

t df 
Significance 

Mean difference Standard deviation Standard error 
95% confidence interval of difference 

One-sided Two-sided 
Lower Upper 

Pre-/post-test 19.680 8.672 1.226 17.215 22.145 16.04 49 <.001 <.001 
 

Table 5. Mann-Whitney U test for gender differences for pre- & post-

test 

Variable Pre-test Post-test 

Total n 50 50 

Mann-Whitney U 324.000 356.500 

Wilcoxon W 534.000 566.500 

Mean rank (male, n=30) 24.70 23.62 

Mean rank (female, n=20) 26.70 28.33 

Test statistic 324.000 356.500 

Standard error 50.426 50.292 

Standardized test statistic .476 1.123 

Asymptotic Sig. (2-sided test) .634 .261 
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opportunity to interact with materials and with their peers to find 

solutions to problems by themselves. They tend to understand the 

concepts better, retain the knowledge acquired, and apply it to new 

situations. 

In respect of the research question two, which sort to find out the 

extent to which the use of the manipulatives can enhance students’ 

performance, the analyses have proven beyond doubt that the effect size 

was good enough; this makes it clear enough to conclude that the 

statistical significance in the students’ performance was appreciable. 

We can, therefore, prudently conclude that using the manipulatives in 

teaching the concept of operation on fractions is indeed grounded, as 

observed by various researchers (Adendorff et al., 2018; Cramer & 

Henry, 2002; Shaw, 2002).  

The comparison of students’ pre- and post-test scores with respect 

to gender showed that both the male and female students in the class 

were at the same level in terms of their conceptual understanding of 

operations on fractions. Neither category of students could outperform 

the other. This revelation confirms scores of work done by some 

researchers who had similar results (Ajai & Imoko, 2015; Alkhateeb, 

2001; Armah et al., 2020)  

Implications 

Ghana’s educational system seeks to ensure students’ academic 

growth and a conceptual understanding of concepts especially in the 

fields of mathematics and science. This can be achieved by way of using 

a multidisciplinary approach in teaching in order to meet the needs of 

diverse students. Teaching methods that make use of concrete teaching 

aids such as manipulatives should be employed when teaching abstract 

concepts to help in students’ conceptualisation. The is re-echoed by 

NCTM (2000), which encourages the use of manipulatives in teaching 

abstract concepts across grade levels. In light of this the mathematics 

curriculum has to be reviewed to incorporate activities that make 

concepts realistic than abstract in the teaching and learning activities. 

Furthermore, the goal of teachers should be to make use of these 

concrete, hands-on manipulatives during teaching and learning of 

mathematics to facilitate students’ academic growth and ultimately 

achieve better student performance. 

CONCLUSIONS 

As per the study findings, the researcher wishes to conclude that 

heads of junior high schools encourage manipulatives in teaching 

mathematics, especially fractions. By so doing, the mathematics lessons 

become so realistic and practical. Teachers should also try to have a 

conceptual understanding of every topic before they attempt teaching 

it. This will help them to relate the lesson to real-life activities.  

Learners, on the hand, will appreciate the subject very well if they 

know the impact and implication of mathematics in their daily 

activities. As a result, the school authorities must ensure that teaching 

and learning materials are available for teachers to enhance smooth 

interaction. 
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