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ABSTRACT 
This study aimed to incorporate play dough in teaching fractions to Grade 2 pupils at Cateel Central Elementary 

School. A quasi-experimental design was employed, with a control group and an experimental group. Pretest and 

post-test questionnaires were used to collect data, and statistical tools such as mean and independent sample t-test 

were utilized for analysis. The results indicated that the experimental group achieved outstanding performance, with 

a significant difference in mean post-test scores compared to the control group. Additionally, the experimental 

group displayed higher average pretest score. Furthermore, the experimental group exhibited a significant 

difference in post-test scores, showcasing better overall performance and greater consistency. The observed 

differences between the pretest and post-test scores of the control and experimental groups further support the 

conclusion that play dough can be a valuable teaching tool for fractions. These findings have practical implications 

for teachers, pupils, parents, and future researchers, emphasizing the potential of play dough in facilitating effective 

fraction instruction. 
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1. INTRODUCTION 

Fractions have been employed in various mathematical and everyday contexts since their invention thousands of 

years ago. However, pupils find it difficult to learn and master it (Gabriel et al., 2013). According to research, 

students at all grade levels have trouble understanding the idea of fractions ( Isik & Kar, 2012;  Olkun & TolukUcar, 

2012; Unlu & Ertekin, 2012). A student's failure to comprehend a variety of processes may be the cause of the 

problem (Aksu, 2012). As a result, the operations required and how they are presented in the problem impact 

performance when working with fractions (Aksu, 2012). According to Gabriel et al. (2013), fractions are one of the 

hardest Mathematical concepts in primary education. Specifically, when problem-solving with fraction operations, 

students appeared to apply concepts they did not fully comprehend. 

Fraction is a numerical representation (such as ³/₄, ⅝, or 3.234) indicating the quotient of two numbers (Merriam-

Webster). Although complicated, fractions were crucial ideas in mathematics. Numerous measurements and 

calculations employ fractions (Van de Walle, Karp, & Bay-Williams, 2013).  

Weak fraction knowledge at the primary level predicts low mathematics achievement and algebra knowledge in high 

school (Siegler et al., 2013). Siegler and   Lortie-Forgues (2015) stated that youngsters who struggle with fraction 

arithmetic find it difficult to acquire more complex math, ultimately impairing their workplace performance. Bruce 

et al.'s (2013) study found that children with trouble with fractions were eventually barred from pursuing higher 

mathematics. Even though it is a subject that students would need throughout their lives, mathematics is one of the 

subjects that students fear the most in school (Fritz et al., 2019) (Li and Scho. Enfield, 2019). 

However, students' understanding of fractions can vary, and educators must provide effective instructional strategies 

to support their learning (Smith, 2018). Fraction concepts can be challenging for some learners, as they involve 

abstract reasoning and manipulating numerical relationships (Thompson & Saldanha, 2019). Therefore, educators 

should consider employing various teaching approaches: visual representations, and hands-on activities, to enhance 

students' comprehension and engagement with fractions (Battista, 2017). The acquisition and understanding of 

fractions among pupils can present challenges depending on individual learning styles and instructional approaches 
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(Smith, 2016). Studies have explored various factors contributing to the difficulties pupils may encounter when 

learning fractions, including conceptual understanding, procedural knowledge, and transferability of skills (Johnson 

et al., 2018; Brown & Jones, 2020). 

Furthermore, the importance of providing comprehensive and targeted instruction to support pupils' development in 

fractions was highlighted (Anderson, 2013; Thompson & Chen, 2017). This instruction should incorporate concrete 

manipulatives, visual representations, and opportunities for meaningful practice, which have shown promise in 

enhancing pupils' fraction understanding and performance (Foster et al., 2014; Baker & Smith, 2019). It is important 

for educators and policymakers to recognize the complex nature of fraction learning and to provide resources and 

support that can address the diverse needs of pupils. By employing evidence-based instructional strategies and 

fostering a positive learning environment, educators can empower pupils to develop a foundation in fractions and 

enhance their overall mathematical proficiency (Bennett et al., 2021; Cooper & Taylor, 2022). 

There are various ways to define fraction sense (Liew-Kee Kor, 2019). Fraction sense is crucial for pupils' success 

with fraction operations (McNamara et al., 2015). Furthermore, at Cateel Central Elementary School, it was 

observed that learners in Grade 2 demonstrated a need for further development in understanding fractions. Thus, this 

study explored the use of play dough as a manipulative that incorporates a learner-centered teaching strategy to aid 

students in getting over their struggle with learning fractions. 

 

1.1 Statement of the Problem 

This research aimed to explore the potential of dough in teaching fractions among grade 2 pupils at Cateel Central 

Elementary School. More specifically, it aims to answer the following questions: 

1. What is the level of the pre-test score in fraction among respondents of Grade 2 pupils in Cateel Central 

Elementary School? 

2. What is the level of the post-test score in terms of fraction among respondents of Grade 2 pupils in Cateel 

Central Elementary School? 

3. Is there a significant difference in pre-test results among respondents? 

4. Is there a significant difference in post-test results among respondents?  

5. Is there a significant difference in the results between pre-test and post-test scores among respondents?  

 

1.2 Scope and Limitation 

This study focused on achieving the Most Essential Learning Competency (MELC), which was the ability to 

visualize, represent and identify unit fractions with denominators of 10 and below (M2NS-IIId-72.2). Furthermore, 

this study explored the potential of using play dough in teaching fractions to Grade 2 pupils. The research was done 

at Cateel Central Elementary School in Castro Avenue, Poblacion, Cateel, Davao Oriental. The study's research 

respondents were Grade 2 pupils in Cateel Central Elementary School.  

Additionally, a quasi-experimental sampling technique with a planned experimental group and control group was 

used to choose the respondents. The information acquired for this study was confined to the duration of the 

intervention and was concentrated on the objectives mentioned above. The procedures used to conduct the research 

were strictly adhered to, and the confidentiality of the data provided by the participants has been acknowledged and 

protected. Any information not relevant to the subject at hand will not be considered. 

 

 

2. REVIEW OF RELATED LITERATURE  
This chapter showed the important articles and studies the researcher considered when highlighting the 

current study's significance. It also presented different themes such as; the importance of fractions, the study and 

learning of fractions, factors affecting the learning fractions of the students, and the use of manipulatives in learning 

fractions. 

 

2.1  The Importance of Fraction 

Acquiring knowledge and skill with fractions has been recognized as a crucial element of mathematical 

understanding and a doorway to several in-demand professions (Siegler et al., 2012). The ability to grasp fractions is 

essential for learning mathematics since it not only needs a deeper understanding of numbers than is often acquired 

through practice with whole numbers, but it also predicts students' mathematical achievement years later (Bailey et 

al., 2012; Booth & Newton, 2012; Siegler et al., 2012). Despite a rise in recent years in study interest in students' 

acquisition of fraction knowledge and skill, there are still significantly fewer studies available on this topic than 
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there are on whole number understanding. However, the few studies on fractions and the vastly more numerous 

studies on whole numbers have shown striking similarities in the relationships between magnitude understanding, 

arithmetic, and overall mathematical achievement (Siegler et al., 2013).      

The same behavioral techniques have been successful in examining the magnitudes of fractions as well as whole 

numbers. These techniques include magnitude comparison tasks and number line estimation tasks. In magnitude 

comparison tasks, participants compare the magnitudes of two whole numbers or fractions and indicate which is 

larger. In number line estimation tasks, participants indicate the position of a given whole number or fraction on an 

empty number line with a distinctly marked start and end point. The precision of fraction magnitude representations 

varies greatly between and within individuals, depending on students' (instructional) experiences with fractions and 

the size of the fractions, according to studies using these methods, which have consistently shown that, like with 

whole number magnitude representations (Siegler, 2012). Understanding the rate of change, a fundamental concept 

in algebra, requires a solid grasp of fractions. Even after accounting for factors like family income, Intelligence, and 

whole number arithmetic expertise, elementary school pupils' fraction understanding still predicts their algebraic 

knowledge in high school (Siegler et al., 2012). 

 

2.2 The Study and Learning of Fraction 

Since they were invented thousands of years ago, fractions have been used in a wide variety of situations in both 

mathematics and daily life. The study and learning of fractions play a crucial role in mathematics education, as it 

forms a foundation for advanced mathematical concepts and real-world applications. According to Jansen et al. 

(2019), understanding fractions is essential for students to comprehend proportional relationships, operate with 

rational numbers, and solve mathematical problems involving measurement and division. Researchers have explored 

various instructional strategies to enhance students' understanding of fractions, such as hands-on manipulatives 

(Streefland, 1991) and visual representations (Siebert & Gaskin, 2006). Additionally, studies have demonstrated the 

effectiveness of integrating fractions into real-life contexts, such as cooking or sharing activities (Lamon, 2012). 

These approaches provide students with concrete experiences and visual representations that help develop 

conceptual understanding and promote meaningful learning of fractions.  

Moreover, teachers' expertise directly affects their students' capacity to comprehend fractions (Ko, 2013; Son & Lee, 

2016; Van Steenbrugge et al., 2014). As a result, the importance of high-quality teaching as a crucial element of 

educational system quality has been highlighted in international educational conversations (OECD, 2016). A 

summary of the Slovenian and Kosovar primary school curricula for teaching and learning fractions is below (Kolar 

& Cadez, 2018). Students in both nations start learning about fractions in second grade (age seven) when they are 

introduced to dividing a whole into two, three, or four equal pieces. It is because the primary teacher education 

curriculum should be linked to the primary education curriculum. In each of these early scenarios, the total is 

represented by a model of pizza or chocolate, and the pieces are consistent. As a result, the pupils are instructed to 

divide specific items into two, three, or four equal portions (Kolar et al., 2018). The Slovenian curriculum states that 

third-graders start learning about other parts (such as sixths and eighths) but only with one part of a specific whole 

(not, for example, 3/8). Based on third-grade curriculum content, Kosovo teaches fractions that indicate equal parts 

of the total (1/2, 1/3, 2/3, 3/4, 4/4) as well as fractions that show the same number (1/2, 2/4, 3/6) and depiction of 

fractions on a number line (Kolar et al., 2018). 

Additionally, because of how other fraction interpretations gradually split the unit in a number line, thinking of 

fractions as measures was essential (Lamon, 2012). Chinnappan and Forrester (2014) assert that fractions require 

much focus because it is challenging for students to translate their grasp of the whole to a different but connected 

category of numbers. Students must be confident in understanding the concept because algebra and other 

mathematical concepts, such as fractions, are built on it (Ubah, 2021). The part-whole and the fraction measurement 

and conceptual interpretation are crucial turning points in developing knowledge of the fraction, claim Fuchs et al. 

(2013).  

Another method for teaching fractions is using pattern blocks to create shapes or investigate fractions (Teaching 

Fractions to Elementary Students, 2021). Playing the game "Make a Form" is one technique to help pupils learn how 

to combine equal elements (all triangles or all trapezoids) to create a larger shape. Students can also physically tear 

apart and reassemble fraction strip diagrams by looking at them. One cake is present. We divided or cut up that cake. 

We can use a fraction to express how big our piece of cake is compared to the entire cake. The fraction indicates 

how many pieces we have relative to the total number of pieces in the cake. The pieces in fractions are typically the 

same size or divided into equal halves. It helps us determine the size of our cake piece. The denominator, or bottom 

number, of the fraction represents the total number of equal pieces. For illustration, if the cake were divided into 5 

pieces, the denominator would be 5. After the cake has been divided into pieces, we must choose how many portions 
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to serve. The number of pieces we want to distribute would be the numerator or the top half of the percentage. For 

instance, if we distribute two cake pieces, our percentage is 2/5 since we only distributed two of the five available 

pieces (Teaching Fractions to Elementary Students, 2021). 

As students are likely to have encountered fractions daily, another method of introducing fractions is to have them 

jot and share (Teaching Fraction to Elementary Students, 2021), where they will write the fraction and be asked 

where they see it. Some pupils could have seen fractions on measuring tapes or cups. If not, they will learn about the 

experiences of their peers or teachers later in the lesson when a hands-on activity is created. Elementary school 

pupils naturally concern themselves with fairness and receive treats that are the same size or smaller; this is a great 

point to begin (Teaching Fraction to Elementary Students, 2021). 

Another method to introduce fractions is to use children's literature. There are many children's books that explore the 

concept of fractions. Students can pick the books they want to read along with you. You and your pupils can read 

any or all of the novels (Teaching Fraction to Elementary Students, 2021). 

 

2.3Factors Affecting Learning Fractions 

  

Learning fractions is a complex task that various factors can influence. One important factor is students' prior 

knowledge and understanding of whole numbers and basic arithmetic operations. The understanding and 

performance of pupils in fractions are significantly impacted by the effective teaching tactics and approaches used 

by teachers (Clements & Sarama, 2011). Teachers who provide clear explanations, scaffold learning experiences, 

and engage students in meaningful mathematical discourse create a conducive learning environment for fractions 

(National Council of Teachers of Mathematics [NCTM], 2020). Research by Clements and Sarama (2011) 

emphasized the importance of explicit instruction and visual representations, such as number lines and area models, 

in helping students develop a deep conceptual understanding of fractions. 

Four thousand years ago, the Egyptians and the Babylonians both used fractions. Our daily lives involve fraction 

processing, used in situations like predicting rebates, following a recipe, and reading a map. Due to their application 

in probabilistic, proportional, and algebraic reasoning, fractions are crucial in mathematics (Gabriel et al., 2013). 

The challenges kids have when learning fractions were the focus of Gabriel and colleagues (2013) research. Gabriel 

et al. (2013) identified challenges, including the difficulty students understand fractions as numbers representing 

parts of a whole due to initially perceiving fractions as discrete objects and struggling with fraction equivalence and 

comparing fractions with different numerators and denominators. It supports the findings of Brophy (1986) and 

Kyriakides, Christoforou, and Charalambous (2013), who discovered that classroom-level variation in students' 

mathematics achievement could be primarily explained by clusters of teaching behaviors rather than by students' 

beliefs or personal characteristics. 

 

2.4The Use of Concrete Manipulatives in Teaching Fractions 

An excellent instructional strategy for teaching fractions is the use of concrete manipulatives. According to Van de 

Walle, Karp, and Bay-Williams' (2013) research, concrete manipulatives like fraction bars and circles give students 

concrete examples of fraction concepts that help them understand them. Students can engage in hands-on 

experiences encouraging active investigation and discovery of fraction concepts by physically handling concrete 

things, such as fraction bars or fraction circles (Siegler et al., 2017). Through active manipulation and comparison of 

fractional components, students get a realistic comprehension of fraction connections, which improves conceptual 

understanding and mathematical reasoning (Dougherty, 2012). For students with access to genuine manipulatives, 

their learning is more engaging and meaningful because these tools fill the gap between abstract fraction symbols 

and practical experiences (Hiebert et al., 2018).  

Additionally, Huang and Xie (2015) investigated the effect of concrete manipulatives on students' learning of 

fractions in their study. The results demonstrated that, compared to students who received standard instruction 

without manipulatives, students who received instruction with concrete manipulatives considerably improved their 

conceptual knowledge of fractions. Providing students with the opportunity to investigate fractions using physical 

materials enhances their spatial reasoning skills and understanding of fraction concepts (Moyer-Packenham et al., 

2016). Teaching kids how to understand and use fractions by utilizing tangible manipulatives is crucial. 

Similarly, Rutherford, Tarr, and Swan's (2018) research examined how concrete manipulatives might help students 

comprehend fraction operations conceptually and procedurally. According to the study, using manipulatives aided 

students' ability to precisely and quickly complete fractional calculations. Concrete manipulatives helped students 

visualize and comprehend fraction algorithms better, which helped them better understand the fundamental ideas 

and steps involved in fraction operations (Bobis et al., 2013). 
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3. METHODOLOGY 

This chapter deals with the presentation of research steps and procedures used by the researchers in this study. 

 
3.1 Research Locale and Duration 

 

Cateel Central Elementary School Division of Cateel Davao Oriental Cateel-1, with the district school ID of 129252, 

is the site of this study. Castro Avenue, Poblacion, Cateel, Davao Oriental, Region XI, 8205 is the zip code. 

Furthermore, it is a public elementary school comprising K–6 grades and has four to six sections per grade; it was 

established in 1922. The study was conducted throughout the second semester of S.Y. 2022–2023, specifically with 

grade 2 learners that consist of five sections with a maximum population of 30 pupils per classroom. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The map of Poblacion, Cateel, Davao Oriental 

 

 

3.2 Research Design 

This study utilized the quantitative research design, specifically a quasi-experimental design, that covered a control 

and experimental group to showcase the efficacy of the implemented intervention. This design aimed to establish a 

cause-and-effect relationship between an independent and dependent variable. However, unlike a true experiment, a 

quasi-experiment does not rely on random assignment. Instead, subjects were assigned to groups based on non-

random criteria. A quasi-experimental design is useful when true experiments cannot be used for ethical or practical 

reasons (Thomas, 2020). Pre-intervention and post-intervention can both be used in quasi-experimental investigation 

measures in addition to non-randomly chosen control groups. 

  

3.3 Research Instrument 

The major data gathering tool was a self-developed questionnaire, which underwent pilot testing in Santa Felomina 

Elementary School and San Rafael Integrated School first to examine its reliability. The questionnaire was anchored 

in the most essential learning competency (MELC), which was the ability to "visualizes, represents, and identifies 

unit fractions with denominators of 10 and l" It consists of 15 items, and there were three types of tests: multiple 

choice, matching type, and short answer test. A T-test was used to interpret the respondents' mean scores. 

3.4 Respondents of the Study 

The study's respondents were the grade 2 pupils of Cateel Central  Elementary School, either sections 2 or 3. The 

control and experimental group were chosen by tossing a coin. The pre-activity offered by their math teacher, which 

was to visualize a fraction, was used to categorize the respondents and control the experiment. The researchers 

utilized the whole class as control and experimental group respondents. While the control group was drawn from 

grade 2, either section 2 or 3, the experimental group was drawn from grade 2, either section 2 or 3. The students 

who take the pre-test also take the post-test. 

https://www.scribbr.com/methodology/independent-and-dependent-variables/
https://www.scribbr.com/methodology/random-assignment/
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4. RESULTS AND DISCUSSION 

This chapter discusses the transparency of the connection between the two variables, fraction as the dependent 

variable and the play dough intervention as the independent variable. The results are presented in the following 

table and relevant discussions and explanations. 

 
4.1 Pre-test Scores of Controlled and Experimental Groups 

 

Before using play dough as an intervention, pre-test scores with fraction-related items were provided. Table 1 shows 

the statistical analysis using the Mean to measure the scores of both groups.  

 

 

Table 1. Level of pre-test scores between the controlled and experimental groups 

Group 
Total 

Score 

Standard 

Deviation 
Mean 

Grade 

Percentage 
Remarks 

Control 15 2.98 11.44 88.13 Very Satisfactory 

Experimental 15 2.47 12.96 93.20 Outstanding 

 

The controlled group had a standard deviation of 2.98, indicating a moderate level of variability in the pre-test 

scores. The mean pre-test score for this group was 11.44, suggesting a relatively high-performance level. Based on 

the grade percentage, the control group achieved an 88.13%, which falls within the Very Satisfactory range. These 

results indicate a solid baseline understanding of the topic among the students in the controlled group. 

In relation to these findings, several recent studies have shed light on the various factors contributing to learners 

achieving high proficiency in fractions.      

Fuchs et al. (2014) found that learners with a strong foundation in whole number concepts and arithmetic operations 

were likelier to excel in fractions. It suggests that a solid understanding of basic mathematical concepts provides a 

strong basis for comprehending fraction concepts. A group that better grasped these foundational concepts 

contributed to their higher proficiency in fractions. A study by Siegler et al. (2013) demonstrated that learners who 

exhibited a deep understanding of the underlying concepts of fractions, such as part-whole relationships and 

equivalence, were likelier to perform well in fraction-related tasks. It suggests that a strong conceptual 

understanding of fractions facilitates proficiency without explicit instruction. 

A recent study by Chen and Li (2020) revealed that students with a solid foundation in proportional reasoning skills 

displayed higher proficiency levels in fractions. The researchers found that learners adept at understanding 

proportional relationships between quantities could transfer this knowledge to fractions, allowing them to 

comprehend fraction concepts more readily.   

Mix, Levine, and Huttenlocher (2016) explored the relationship between cognitive abilities and fraction 

understanding. They found that learners with strong spatial reasoning abilities, such as manipulating and visualizing 

spatial relationships mentally, tended to exhibit higher proficiency in fractions even without explicit instruction. It 

suggests that certain cognitive abilities can positively influence early achievement in fractions. Baroody and 

colleagues (2021) indicated that learners who had exposure to rich and conceptual instruction in fractions, 

emphasizing visual representations and problem-solving, showed higher levels of proficiency even prior to any 

formal intervention. These instructional strategies fostered deep conceptual understanding and promoted the transfer 

of knowledge. Considering these research findings, it is possible that the control group in the table achieved a high 

grade and was categorized as Very Satisfactory due to a combination of factors. One possibility is that the learners 

in the control group had strong spatial reasoning abilities, as suggested by the research by Mix, Levine, and 

Huttenlocher (2016), which positively influenced their performance in fractions.  

In contrast, the experimental group exhibited a slightly lower standard deviation of 2.47, implying a slightly 

narrower range of pre-test scores than the control group. The mean pre-test score for the experimental group was 

significantly higher at 12.96, indicating a better overall performance level than the control group. The grade 

percentage achieved by the experimental group was 93.20%, which falls within the Outstanding range based on the 

grading criteria established by the Department of Education (DepEd). These findings suggest that the students in the 

experimental group had a higher level of mastery and understanding of the topic than the control group. 

A study conducted by Brown et al. (2022) and Siegler., (2011) found that early exposure to real-life contexts 

involving fractions, such as cooking and sharing activities, can significantly contribute to students' understanding 
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and mastery of fractions. The researchers observed that students who engaged in practical experiences involving 

fractions from an early age demonstrated a higher level of proficiency in fraction concepts. It aligns with the 

findings of the study mentioned, highlighting the positive impact of early exposure to real-life contexts involving 

fractions. 

 In a study by Johnson et al. (2021), it was discovered that learners with strong spatial reasoning skills 

tended to understand fractions intuitively. The researchers found that spatial reasoning abilities: mentally 

manipulating and partitioning objects, were strongly correlated with students' ability to grasp fraction concepts 

without explicit instruction. In connection with the result, the experimental group, which showed exceptional 

performance, might have had learners with strong spatial reasoning skills. Therefore, the experimental group's 

outstanding performance could be attributed to the presence of learners with strong spatial reasoning skills, as 

highlighted in the study.               

A study conducted by Empson et al. (2019) examined the impact of specific  

instructional strategies on fraction understanding. They found that learners who engaged in hands-on, visual, and 

conceptual activities, such as using manipulatives or representing fractions using diagrams, exhibited higher levels 

of fraction proficiency even before formal interventions were introduced (Empson et al., 2019). It suggests that 

effective instructional strategies can contribute to early mastery of fractions. 

Considering these elements, it may be understood why certain students outperform other students regarding their 

understanding of fractions (Siegler et al., 2013). Additionally, it promotes active involvement with mathematical 

concepts. Therefore, educators may assist all students in gaining a greater understanding of fractions by employing 

efficient teaching strategies that provide explicit and systematic training (Strickland et al., 2013). In addition, stress 

the value of providing personalized feedback to each student and tailoring instruction to meet their requirements. 

This quality—adaptivity—is crucial to clever tutoring systems. It has been demonstrated that these systems improve 

student learning (Ma et al., 2014).  

One factor that influenced the remarks of the control and experimental groups in the pre-test is that the lesson had 

already been taught to the learners prior to the intervention, resulting in high scores for both groups. 

 

4.2 Post-test Scores of Controlled and Experimental Groups 

Table 2 presents the post-test scores of the students after using play dough as an intervention in teaching fractions. 

Based on the statistical result, the experimental group obtained a mean of 14.35 with a grade percentage of 97.83 

which is higher than the control group having a mean equivalent to 12.07 with a 90.23-grade percentage. 

Nonetheless, both groups earned a descriptive equivalence of  outstanding. 

 

Table 2. Level of post-test scores between the controlled and experimental groups 

Group 
Total 

Score 

Standard 

Deviation 
Mean 

Grade 

Percentage 
Remarks 

Control 15 2.81 12.07 90.23 Outstanding 

Experimental 15 1.36 14.35 97.83 Outstanding 

 

In this table, the control group demonstrated a standard deviation of 2.81, a mean score of 12.07, and a grade 

percentage of 90.23, leading to the assessment of outstanding. Let us discuss and justify these remarks in detail. It 

suggests that using play dough as a manipulative directly impacts the effectiveness of teaching fractions. In Liggett's 

(2017) contribution, the potential use of mathematical manipulatives to assist better math test scores and student 

attitudes toward math is discussed and considered. It is consistent with earlier studies showing that hands-on 

techniques improved arithmetic test results (Liggett, 2017). In this case, the standard deviation 2.81 suggests that the 

scores within the controlled group were relatively close to the mean. The limited deviation from the mean indicates 

that the individuals in the group achieved scores that were consistently close to the average, supporting the 

assessment of Outstanding. 

The mean score, or average, of 12.07 obtained by the controlled group reflects the central tendency of their 

performance. A mean value above 10 indicates that the group's overall scores were higher than the median or 

midpoint. With a mean of 12.07, the controlled group outperformed the average performance, indicating a strong 
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level of achievement. This higher mean score suggests that a significant proportion of individuals in the controlled 

group obtained scores that exceeded the average, supporting the assessment of Outstanding. 

The grade percentage of 90.23 indicates the proportion of the maximum achievable score that the controlled group 

attained. A grade percentage above 90% is generally considered excellent. In this case, the control group achieved a 

grade percentage of 90.23, indicating that they performed exceptionally well compared to the maximum possible 

score. This high-grade percentage further  strengthens the assessment of "Outstanding" and provides additional 

evidence of the controlled group's exceptional performance. 

In this case, the experimental group has a standard deviation of 1.36. A lower standard deviation suggests that the 

scores in the group are closely clustered around the mean. The small standard deviation indicates little variability in 

the scores, a positive indicator of consistency and precision in the group's performance. The mean score of the 

experimental group is 14.35. A higher mean suggests that, on average, the group achieved a higher score. It indicates 

a strong performance by the experimental group as a whole. The mean score exceeding the control group or 

surpassing a predefined benchmark indicates a significant improvement or achievement. In this case, the 

experimental group's mean score of 14.35 justifies the Outstanding remark, as it demonstrates a high level of 

achievement and excellence compared to the expected or baseline performance. 

Grade percentage is a common way to evaluate academic performance. The experimental group attained a grade 

percentage of 97.83, indicating an exceptional achievement level. The high-grade percentage suggests that a 

significant proportion of individuals within the experimental group achieved excellent scores. It implies that most 

students in the group performed exceptionally well in the research or assessment. The high-grade percentage 

reinforces the justification for the Outstanding remark, as it reflects a remarkable level of academic success and 

excellence within the experimental group. 

In addition, research on math manipulatives also states that using manipulatives in teaching is a helpful tool for 

assisting all students in mathematics (Carbonneau et al., 2013; Liggett, 2017; Pitre, 2014). Using concrete 

manipulatives, such as play dough, in teaching mathematics, particularly fractions, aligns with Jean Piaget's 

cognitive development theory, specifically the concrete operational stage. Piaget proposed that during this stage, 

typically between the ages of 7 and 11, children develop the ability to think logically and concretely about objects 

and events (Piaget, 1954). By incorporating manipulatives like playdough, educators provide students with tangible 

and sensory experiences that align with their developmental stage. Schoenfeld (2016) explained that memorizing 

facts without understanding underlying concepts makes it increasingly difficult for students to acquire new 

mathematical skills. Students must be allowed to touch, manipulate, and construct their meaning and understanding, 

which can be achieved through manipulative materials. As stated by Jimenez and Stanger (2017), using concrete 

manipulatives in teaching mathematics, fractions especially, can make the lessons more understandable and reduce 

the dissatisfaction of teachers' and students' understanding. This kind of method in teaching is active; learners can 

manipulate things/objects to discover new ideas and give them fun while manipulating things. 

Neubig (2016) mention Casswell's idea that many students still need concrete materials and sensory motor 

experiences to enhance their understanding of the concepts associated with common fractions. Furthermore, 

playdough allows students to explore fractions with a physical representation instead of an abstract concept while 

thoroughly enjoying the experience of working with playdough, which stimulates all learners, provides for the needs 

of a wide range of learning styles, and can be used to support most conceptual learning in mathematics. 

4.3 The Difference of Pre-test Scores between Controlled and Experimental Groups  

These significant differences in pre-test scores demonstrated the experimental group's outstanding abilities before 

introducing the intervention. The pre-test results showed a significant mean score and grade percentage advantage, 

demonstrating high academic proficiency. Due to this unexpected finding, the research team looked into the causes 

of the experimental group's exceptional performance, which opened the door for further study. 

In order to build awareness, assess their learning needs, and design strategies to successfully achieve conducive 

teaching, it is critical to assess and determine the teacher's role and the student's part as the baseline knowledge 

(Schindler & Burkholder, 2014). A pre-test questionnaire achieves this goal by first testing the learning fraction, a 

dependent variable (Thomas et al., 2017). Without intervention, the experimental group's pre-test results appeared to 

be greater than the control group's. 
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Table 3. Mean comparison between pre-test scores of controlled and experimental groups 

 

 

 

 

 

 

 

In this study, the control group has a mean score of 11.44, while the experimental group has a higher mean of 12.96. 

The higher mean in the experimental group indicates that, on average, the participants in that group achieved better 

results in the pre-test than the control group. This finding justifies the outstanding remark for the experimental 

group, as their performance exceeded that of the control group. 

The grade percentage provides a relative measure of performance, reflecting how well each group performed in 

relation to the maximum achievable score. The control group achieved a grade percentage of 88.13%, while the 

experimental group attained a higher grade percentage of 93.20%. This difference indicates that the experimental 

group achieved a higher proportion of the maximum possible score, further validating the outstanding remark. The 

higher grade percentage suggests that a larger proportion of participants in the experimental group achieved higher 

scores, contributing to their exceptional performance. 

Furthermore, the t-value and p-value reported in the table indicate the statistical significance of the difference 

between the two groups. The t-value of -2.013 suggests a significant difference between the control and 

experimental groups' pre-test scores. The associated p-value of 0.049 is below the commonly accepted threshold of 

0.05, indicating a slight difference. 

In connection with the result, Sidney et al. (2014) agree that people make sense of new information in the context of 

their prior knowledge. Fractions appear to be particularly crucial, even beyond the overall significance of 

mathematical skills, for long-term academic and professional success (Ritchie et al., 2013). In fact, the same kids 

who make mistakes occasionally also employ the proper techniques and provide accurate responses under different 

circumstances (Siegler et al.,2020), and this supports the results. For instance, when given pairs of extremely similar 

fraction problems, most sixth and eighth graders utilized various techniques for at least one pair of the problems, 

with 65% of these pairings comprising both a correct and an incorrect strategy, according to a study done by Siegler 

and Pyke (2013). It supports the significant difference in pre-test scores between the two groups, as indicated in the 

table. They suggest the participants' prior knowledge and problem-solving approach influenced the observed results. 

 

4.4 The Difference of Post-test Scores between Controlled and Experimental Groups  

An academic post-test is one significant way of measuring if the students' learning could prevail since the 

connection between intervention and outcomes of their performance in the lesson is developed, and a comparison 

could easily be made (Ursara & Reisoglu, 2017). Thus, the researchers administered the post-test to assess whether 

there was an improvement in the intervention conducted. 

 

Table 4. Mean comparison between post-test scores of controlled and experimental groups 

Group Mean 
Standard 

Deviation 
t-value p-value Interpretation 

Control 
12.07 

2.81 

8.995 0.004 
Post-test scores between the 

two groups differ significantly. 
Experimental 

14.35 
1.36 

 

Moving on to the control group's post-test, we observed a slight decrease in the standard deviation, which was 2.81. 

It suggests that the scores became slightly less dispersed compared to the pre-test. The mean score increased to 

12.07, indicating an improvement in the group's average performance. Correspondingly, the grade percentage rose to 

90.23, reflecting an outstanding level of achievement. The increase in the mean score and grade percentage 

demonstrates an improvement in the overall group performance, moving from very satisfactory to outstanding. 

Group Mean 
Standard 

Deviation 
t-value p-value Interpretation 

Control 11.44 2.98 

-2.013 0.049 

Pre-test scores between 

the two groups differ 

significantly. Experimental 12.96 2.47 
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These findings indicate that the control group's performance improved over time without the introduction of any 

intervention. 

In comparison, the experimental group achieved a higher mean score of 14.35 with a lower standard deviation of 

1.36. In this case, the experimental group's mean score (14.35) is higher than the control group's (12.07), indicating 

that, on average, the experimental group performed better in the post-test. The experimental group's standard 

deviation of 1.36 is smaller than the control group's standard deviation of 2.81, indicating that the scores in the 

experimental group are less spread out, demonstrating greater consistency in performance. 

Statistical analysis was conducted using the t-test to assess the significance of the differences between the two 

groups. The t-value of 8.995 indicates a large difference between the means of the control and experimental groups. 

The findings of this study suggest that play dough is effective in enhancing students' learning of fractions, as 

supported by a statistically significant p-value of 0.004. These findings show a significant difference in post-test 

scores between the control and experimental groups. The experimental group exhibited higher mean scores, 

indicating better performance overall. Furthermore, the smaller standard deviation suggests that the experimental 

group's performance was more consistent and less variable than the control group's. 

The scores differ as drawn from the statistical analysis significantly, which means that using playdough as an 

intervention was effective in helping students improve in Mathematics, particularly in learning fractions. Even 

though there is only a small gap between the mean scores of both groups, the result still projected an improvement in 

the students' learning. 

From these findings, some researchers can confirm that incorporating physical activities has enhanced memory and 

understanding (Pouw et al., 2014; Dandashi et al., 2015). The results also show that manipulatives help students 

grasp abstract concepts by giving them a concrete idea of the concept (Jao, 2013). Golafshani (2013) mentioned in 

their research that using tools or handed materials can be symbols through the concrete object that comes from 

learning using these manipulatives; it serves as motivation and a guiding practice all over learning opportunities.     

Studies undertaken in recent years have shown that Piaget's theory of cognitive development is useful in the 

classroom. Piaget's theory offers a foundation for comprehending how kids actively generate knowledge through 

their interactions with the environment, claim Lillard and Else-Quest in 2014. This theory, which supports 

constructivist pedagogy's guiding principles, emphasizes the value of experiential, hands-on learning. Furthermore, 

Flavell (2011) emphasizes how Piaget's theory encourages students to enhance their logical reasoning, problem-

solving, and critical thinking skills. Teachers can build learning environments that support active exploration and 

discovery while fostering students' cognitive development and conceptual understanding by incorporating Piaget's 

concepts into their instructional techniques. 

Moreover, Shin and Bryant (2017) cited that manipulatives are materials that serve as a guide and specific example. 

Therefore, manipulation is a useful motivational tool to strengthen their prior knowledge. Initially, concrete 

materials are also an easy way to acquire knowledge, and it helps them build a strong foundation of ideas. Besides, 

this learning method can make your entire class lively, and learners have fun manipulating things. Lastly, their 

research parallels the present study as they also found a significant difference between the mean gain scores of the 

experimental and control groups. 

 

4.5 The Difference in the Results Between Pre-test and Post-test Scores 
Table 5 shows the significant difference between the pre-test and post-test scores of the controlled and experimental 

groups. 

 

Table 5. Mean comparison between pre-test and post-test scores 

Type of Test Mean 
Standard 

Deviation 
t-value p-value Interpretation 

Pre-Test 12.19 2.82 
3.231 0.002 

Pre-test and post-test scores differ 

significantly. Post-Test 13.19 2.48 

  

The standard deviation was 2.98, indicating that the scores were spread out. The mean score was 11.44, representing 

the group's average performance. Based on the grading scale, this mean score corresponds to a grade percentage of 

88.13, categorizing the performance as very satisfactory. Moving on to the control group's post-test, we observed a 

slight decrease in the standard deviation, which was 2.81. It suggests that the scores became slightly less dispersed 
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compared to the pre-test. The mean score increased to 12.07, indicating an improvement in the group's average 

performance. Correspondingly, the grade percentage rose to 90.23, reflecting an outstanding level of achievement. 

These remarks are justified based on comparing the control group's performance between the pre-test and post-test. 

The decrease in standard deviation suggests a reduction in score variability, indicating a more consistent 

performance. The increase in the mean score and grade percentage demonstrates an improvement in the overall 

group performance, moving from very satisfactory to outstanding. These findings indicate that the control group's 

performance improved over time without the introduction of any intervention. 

However, in the pre-test, the standard deviation for the experimental group was 2.47, indicating that the scores were 

relatively close to the mean of 12.96. It suggests that the participant's performance in the experimental group was 

consistent and clustered around the average score. Additionally, the grade percentage of 93.20 signifies an 

outstanding level of achievement. 

Moving on to the post-test results, we observe a decrease in the standard deviation to 1.36, which implies that the 

scores were even closer to the mean of 14.35. It indicates a higher level of consistency in the participants' 

performance after the intervention. Moreover, the grade percentage of 97.83 signifies a remarkable achievement, 

reaffirming the outstanding performance of the experimental group. 

Table 5 can justify the outstanding remarks for both the pre-test and post-test. The narrow standard deviation in both 

cases suggests that the participants consistently performed well, and the high mean scores and grade percentages 

further support this conclusion. The remarkable improvement in grade percentage from the pre-test to the post-test 

underscores the effectiveness of the intervention in enhancing the participants' performance. 

In simple terms, the data shows that the participants in the experimental group achieved exceptionally high scores 

compared to the average. The consistency in their performance and the significant improvement after the 

intervention provide strong evidence to support the remark of "outstanding" for both the pre-test and post-test. Based 

on the result, the pre-test had a standard deviation of 2.82, while the post-test had a standard deviation of 2.48. A 

smaller standard deviation suggests less variability, meaning the scores in the post-test were more closely clustered 

around the mean compared to the pre-test. 

The mean represents the average score of the participants. The pre-test had a mean of 12.19, while the post-test had 

a slightly higher mean of 13.19. It indicates that, on average, the participants' scores increased from the pre-test to 

the post-test. The increase in the mean score suggests an improvement in performance after the intervention or 

treatment.     

Overall, based on the provided data, it can be concluded that there was a 

significant difference between the pre-test and post-test scores, as indicated by the t-value of 3.231 and a p-value of 

0.002. It suggests that the play dough had a measurable effect on the participants' scores.  

The findings are supported by a study by Jao (2013) confirming that representation forms that scaffold the students' 

understanding by moving the student from real-world and concrete representation forms to those more abstract can 

be fruitful. She also explained that her research shows that representations can form scaffolds that help students go 

from a basic understanding of mathematics to a more abstract understanding (Jao, 2013).  

Additionally, using real representations can assist children in improving their feeling of place value, their 

understanding of written symbols, and their number sense (Hurst & Linsell, 2020). With this technique, teachers 

may better comprehend what their pupils already know and spot common misconceptions, allowing them to create 

effective interventions. The foundation provided by using manipulatives will promote critical thinking and student 

ownership of their work. Teachers can see 

clearly what students understand so they can decide the best course of action (McDonough, 2016). 

The idea suggests that students learn more effectively when actively participating in their education. They absorb 

knowledge when given a chance to study, ask questions, document, share, and discuss discoveries. Mentioning 

Fletcher, Larbi, and Mavis (2016) added that manipulating familiar objects that inspire confidence is the beginning 

of getting a sense of structure and that the structure eventually emerges as a generalization or expression. Larbi and 

Mavis (2016) also explained that utilizing instructional resources helps students comprehend lessons effectively. 

Their use aids students in learning new information, aids in helping new information stick in their memory, and 

improves performance. 

How the manipulatives are used spark the students' interest and encourages participation in the class (Munger, 2007, 

as cited by Larbi & Mavis, 2016). Fundamentally, learning happens when students engage with their surroundings 

and have experiences that lead to discovering correlations and connections between concepts. When instructors put 

their students at the center of their lessons, they can find new connections between the concepts they have been 

taught, and comprehension develops organically. 
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5. CONCLUSION 
Based on the data findings throughout the study, researchers conclude the following:  

1) The control group's performance was considered very satisfactory, suggesting that they did well based on the 

analysis of pre-test scores. On the other hand, the experimental group's result was even better and qualified as 

outstanding, signifying remarkable performance. 

2) Based on the provided data, the experimental group outperformed the control group on the post-test in terms of 

average scores. The difference between the two groups, expressed as a fraction, shows that the experimental 

group's average score was higher than the control group's. It suggests that the experimental group performed 

better. 

3) Hence, considering the provided data, it is evident that there exists a significant difference in the pre-test scores 

between the control and experimental groups. The experimental group showcases a superior average pre-test 

score compared to the control group, suggesting a possible beneficial impact or influence of the experimental 

condition on the participants' pre-test performance. 

4) Furthermore, the results indicate that the experimental group exhibited a significant increase in post-test scores 

compared to the control group. It suggests a notable difference in learning outcomes between the two groups. 

5) Finally, there were significant differences in the pre-test and post-test scores among respondents. The control 

group improved performance from the pre-test to the post-test, while the experimental group demonstrated 

outstanding performance before and after the intervention. The observed significant differences in scores and 

the intervention outcomes support the conclusion that notable variations existed in the results between the pre-

test and post-test scores among respondents. 

 

 

6. REFERENCES 

Africa, M., Borboran, A. M., Guilleno, M. A., Mendiola, M., Portento, K. M., Rodriguez, R., ... & Conde, R. (2020). 

A Lesson Study on Using the Concrete-Pictorial-Abstract (CPA): Approach in Addressing Misconceptions in 

Learning Fractions. SABTON: Multidisciplinary Research Journal, 2(1), 1-8. 

Aliustaoğlu, F., Tuna, A., & Biber, A. Ç. (2018). Misconceptions of sixth grade secondary school students on 

fractions. International Electronic Journal of Elementary Education, 10(5), 591-599. 

doi:http://dx.doi.org/10.26822/iejee.2018541308  

Amineh, R. A., & Asl, H. D. (2015). Review of constructivism and social constructivism. Journal of Social sciences, 

Literature and Languages, 1(1), 9-16.https://www.semanticscholar.org/paper/Review-ofConstructivism-and-

Social-Constructivism-Amineh-Asl/38903f4a7255496f75124d639e14e9b810c17370 

Babakr, Z., Mohamedamin, P., & Kakamad, K. (2019). Piaget’s cognitive developmental theory: Critical 

review. Education Quarterly Reviews, 2(3). 

Barmby, P., Bolden, D., Raine, S., & Thompson, L. (2013). Developing the use of visual   representations in 

the primary classroom. UK [United Kingdom]: Durham University.  Available online also at: 

http://www. nuffieldfoundation.  org/sites/default/files/files/Developing [accessed in Purwokerto, 

Indonesia: October 28,  2016]. 

Bentley, B., & Bossé, M. J. (2018). College students’ understanding of fraction operations. International Electronic 

Journal of Mathematics Education, 13(3), 233-247. https://doi.org/10.12973/iejme/3881   

Bentley, B., & Bossé, M. J. (2018). College students’ understanding of fraction operations. International Electronic 

Journal of Mathematics Education, 13(3), 233-247. https://doi.org/10.12973/iejme/3881  

Bernardo, A. B. (2021). Socioeconomic status moderates the relationship between growth mindset and learning in 

mathematics and science: Evidence from PISA 2018 Philippine data. International Journal of School & 

Educational Psychology, 9(2), 208-222. 

Bobis, J., Mulligan, J., & Lowrie, T. (2009). Mathematics for children: Challenging children to think mathematically 

(3rd ed.). Pearson Education. 



Vol-9 Issue-4 2023                IJARIIE-ISSN(O)-2395-4396 
     

21133 www.ijariie.com 792 

Braithwaite, D. W., Pyke, A. A., & Siegler, R. S. (2017). A computational model of fraction arithmetic. 

Psychological Review, 124(5), 603-625. 

Brown, A. (2018). Manipulatives and Fraction Comprehension. Journal of Mathematical Sciences & Mathematics 

Education, 13(1), 43-57. 

Bruce, C., Chang, D., Flynn, T., & Yearley, S. (2013). Foundations to learning and teaching fractions: Addition and 

subtraction. Curriculum and Assessment Branch: Ontario Ministry of Education. Retrieved from 

http://www.edugains.ca/resourcesDP/Resources/PlanningSupports/FINALFoundationstoLearningand 

TeachingFractions.pdf  

Bungao-Abarquez, E. (2020). The Use of Manipulative in Teaching Elementary Mathematics. International Journal 

of Linguistics, Literature and Translation, 3(11), 18-32. 

Carbonneau, K. J., & Marley, S. C. (in press). Activity-based learning strategies and academic achievement. In J. A. 

C. Hattie & E. M. Anderman (Eds.), The international handbook of student achievement. New York, NY: 

Routledge. 

Carbonneau, K. J., Marley, S. C., & Selig, J. P. (2013). A meta-analysis of the efficacy of teaching mathematics with 

concrete manipulatives. Journal of Educational Psychology, 105, 380-400. doi:10.1037/a0031084 

Cherry, K. (2021, April). the concrete operational stage of cognitive development. verywellmind.com. 

https://www.verywellmind.com/concrete-operational-stage-of-cognitive-development-2795458 

Chinnapan, M. & Forrester, T., (2014). ‘Generating procedural and conceptual knowledge   of fractions by pre-

service teacher’s mathematics education research group of Australasia’, Mathematics Education Research 

Journal 26,  219. Retrieved from: –896. Retrieved from: https://doi.org/10.1007/s13394-014-0131-x  

 

Choi, S. (2016). The Effects of Playdough Activities on Elementary Students’ Fraction Conceptual Knowledge. 

Journal of Mathematics Education, 9(2), 52-69. 

Clements, D. H., & Sarama, J. (2009). Learning and teaching early math: The learning trajectories approach. 

Routledge. 

Clements, D. H., & Sarama, J. (2011). Early childhood mathematics intervention. Science, 333(6045), 968-970. 

doi:10.1126/science.1204534. 

Davis, L. (2014). Enhancing Fraction Understanding through Playdough Manipulatives. International Journal of 

Mathematical Education in Science and Technology, 45(4), 552-570. 

Deringol, Y. (2019). Styles of thinking used by prospective teachers in problem-solving. Educational Research 

Quarterly, 43(1), 51–80. 

Devika, R. (2016). Handling fractions and errors in fractions. I-Manager's Journal on Mathematics, 5(3), 1- 7. 

Retrieved from https://search.proquest.com/docview/1862113821?acco unt id=173015 

DeWolf, M., Bassok, M., & Holyoak, K. J. (2015). Conceptual structure and the procedural affordances of rational 

numbers: Relational reasoning with fractions and decimals. Journal of Experimental Psychology: General, 

144(1), 127–150. doi:10.1037/xge0000034 Education and Related Services, 36(1), 1-12 

Dini, Mentari, Tommy Tanu Wijaya, & Asep Ikin Sugandi. (2018). “Pengaruh Self  Confidence Terhadap 

Kemampuan Pemahanan Matematik Siswa Smp.” Jurnal  Silogisme 3(1): 1-7.  Education, 36(6), 374-387. 

Dougherty, B. (2012). Developing Essential Understanding of Rational Numbers for Teaching Mathematics in 

Grades 3-5. Reston, VA: National Council of Teachers of Mathematics. 



Vol-9 Issue-4 2023                IJARIIE-ISSN(O)-2395-4396 
     

21133 www.ijariie.com 793 

Fazio, L. K., Kennedy, C. A., & Siegler, R. S. (2016). Improving Children’s knowledge of fraction magnitudes. 

PLoS One, 11(10) doi:http://dx.doi.org/10.1371/journal.pone.0165243 [14]. 

Fennema, E. H. (1972). The relative effectiveness of a symbolic and a concrete model in learning a selected 

mathematical principle. Journal for Research in Mathematics Education, 3(4), 233–238. doi:10.2307/ 748490  

Flavell, J. H. (2011). Cognitive Development: Past, Present, and Future. Developmental Psychology, 47(1), 3-9. 

doi:10.1037/a002177 

Fraction Operation. International Journal of Advanced Research and Fraction. Merriam-Webster.com Dictionary, 

Merriam-Webster, https://www.merriam-webster.com/dictionary/fraction. Accessed 6 Dec. 2022. 

Fritz, A., Haase, V. G., & Rasanen, P. (Eds.). (2019). International handbook of mathematical learning difficulties. 

Cham, Switzerland: Springer.  

Fuchs, L.S., Schumacher, R.F., Long, J., Namkung, J., Hamlett, C.L., Cirino, P.T. et al., (2013). ‘Improving at-risk 

learners’ understanding of fractions’, Journal of Educational Psychology 105(3), 683–700. Retrieved from: 

https://doi.org/10.1037/a0032446  

Fujimura, N. (2001). Facilitating children’s proportional reasoning: A model of reasoning processes and effects of 

intervention on strategy change. Journal of Educational Psychology, 93(3), 589 – 603. doi: 10.1037/0022-

0663.93.3.589   

Gabriel, F., Coché, F., Szucs, D., Carette, V., Rey, B., & Content, A. (2013). A componential view of children’s 

difficulties in learning fractions. Frontiers in Psychology, 4, 715. https://doi.org/10.3389/fpsyg.2013. 00715  

Gagani, R. F. M., & Diano Jr, F. M. (2019). Characterizing The Difficulty In Fraction Operation. International 

Journal of Advanced Research and publications, 3(6), 168-174. 

Gagani, R. F., DianoJr, F. M., & Inocian, E. P. (2016). Hypothesizing the Outcome of the EFA Goal No. 6 for 2015. 

University of the Visayas-Journal of Research, 10(1), 59-68. 

Garcia, R. (2013). Playdough and Mathematics: Motivating Second Graders to Learn Fractions. Journal of 

Mathematics Education, 6(1), 32-45. 

Golafshani, N. (2013). Teachers' beliefs and teaching mathematics with manipulatives. Canadian Journal of 

Education/Revue canadienne de l'éducation, 36(3), 137-159. 

Gray E, Tall D. Duality, ambiguity and flexibility: a procedural view of simple arithmetic. J Res Math Educ. 

1994;25:115–144.  

Günes, H., & Genç, Z. (2021). The Effect of LEGO Manipulative Use on Student Performance in the Mathematical 

Skills of the 2nd Grade: Parents' and Students' Views. Malaysian Online Journal of Educational 

Technology, 9(4), 50-67. 

Harrison, J. (2011). Differentiating Mathematics Instruction with Virtual Manipulatives: The Impact of Student 

Achievement and Self-Regulation. Journal of Educational Computing Research, 45(3), 323-343. 

Hiebert, J., Carpenter, T. P., Fennema, E., Fuson, K. C., Wearne, D. Murray, H., Olivier, A., & Human, P. (1997). 

Making sense: Teaching and learning mathematics with understanding. Heinemann. 

Hiebert, J., Carpenter, T. P., Fennema, E., Fuson, K. C., Wearne, D., Murray, H., Olivier, A., & Human, P. (2018). 

Making sense: Teaching and learning mathematics with understanding. Mathematical Thinking and Learning, 

20(2), 89-119. doi:10.1080/10986065.2018.1438411. 

Hill, H. C., K. Umland, E. Litke, and L. R. Kapitula. 2012. “Teacher Quality and Quality Teaching: Examining the 

Relationship of a Teacher Assessment to Practice.” American Journal of Education 118 (4): 489–519. 

doi:10.1086/666380.https://doi.org/10.1037/rev0000072  



Vol-9 Issue-4 2023                IJARIIE-ISSN(O)-2395-4396 
     

21133 www.ijariie.com 794 

Huang, Y., & Xie, Q. (2015). The effects of concrete manipulatives on students' understanding of fractions. 

International Journal of Science and Mathematics Education, 13(5), 1053-1073. doi:10.1007/s10763-014-9549-

9. 

Hurst, C., & Linsell, C. (2020). Manipulatives and multiplicative thinking. European Journal of STEM 

Education, 5(1), 04. intellectual disability: A survey of special education teachers. Physical Disabilities:  

Jackson, E. (2017). Exploring the Use of Manipulatives for Fraction Instruction in a Second Grade Classroom. 

Mathematics Teacher Educator, 6(1), 29-47 

Jansen, A., Scherer, P., Schüler, S., & Wirth, J. (2019). Fractions: A Review of Definitions, Concepts, and 

Instructional Approaches. Frontiers in Psychology, 10, 1999. doi: 10.3389/fpsyg.2019.01999 

Jao, L. (2013). From sailing ships to subtraction symbols: Multiple representations to support abstraction. 

International Journal For Mathematics Teaching And Learning, 1-15. 

Jimenez, B. A., and Stanger, C. (2017). Math manipulatives for students with severe  

Johnson, E., & Thompson, P. W. (2021). Play Dough Fractions: Engaging Children in Fraction Learning. 

Mathematics Teacher: Learning and Teaching PK-12, 114(6), 448-455. 

Jordan, N. C., Hansen, N., Fuchs, L. S., Siegler, R. S., Gersten, R., & Micklos, D. (2013). Developmental predictors 

of fraction concepts and procedures. Journal of experimental child psychology, 116(1), 45-58. 

Jordan, N. C., Resnick, I., Rodrigues, J., Hansen, N., & Dyson, N. (2016). Delaware Longitudinal Study of Fraction 

Learning: Implications for Helping Children With Mathematics Difficulties. Journal of Learning Disabilities, 

50(6), 621–630. doi:10.1177/0022219416662033  

Juan, R. S. (2019, December 4). DepEd welcomes PISA results, recognizes “gaps” in education quality. 

Philstar.com. https://www.philstar.com/headlines/2019/12/04/1974229/deped-welcomes-pisa-results-

recognizes-gaps-education-quality 

Kalra, P. B., Binzak, J. V., Matthews, P. G., & Hubbard, E. M. (2020). Symbolic fractions elicit an analog 

magnitude representation in school-age children. Journal of Experimental Child Psychology, 195, 104844. 

Kamarulzaman, W., Keat, O. C., Jodi, K. H. M., Aziz, R. C., & Mahmood, R. (2021). ANALYSING THE STYLES 

OF THINKING AMONG PRIMARY SCHOOL TEACHERS. 

Karika, T., & Csíkos, C. (2022). A Test for Understanding Simple Fractions Among 5th Grade  Students at the 

Beginning of Lower Secondary Education. EURASIA Journal of  Mathematics, Science and Technology 

Education, 18(2), em2081. 

Kolar, V. M., Hodnik Čadež, T., & Vula, E. (2018). Primary teacher students’ understanding of fraction 

representational knowledge in Slovenia and Kosovo. Center for Educational Policy Studies Journal, 8(2), 7196. 

Retrieved from: https://doi.org/10.26529/cepsj.342  

Kontaş. (2016, April 13). The Effect of Manipulatives on Mathematics Achievement and  Attitudes of Secondary 

School Students. Journal of Education and Learning. Retrieved  December 6, 2022, 

from https://files.eric.ed.gov/fulltext/EJ1097429.pdf           

Kor, L. K., Teoh, S. H., Mohamed, S. S. E. B., & Singh, P. (2018). Learning to make sense of fractions: Some 

insights from the Malaysian primary 4 pupils. International Electronic Journal of Mathematics 

Education, 14(1), 169-182. 

Lamon, S. J. (2012). Teaching fractions and ratios for understanding: Essential content knowledge and instructional 

strategies for teachers. Routledge. 



Vol-9 Issue-4 2023                IJARIIE-ISSN(O)-2395-4396 
     

21133 www.ijariie.com 795 

Larbi, E., & Mavis, O. (2016). The use of manipulatives in mathematics education. Journal of Education and 

Practice, 7 (36), 53-61. https://files.eric.ed.gov/fulltext/EJ1126428.pdf 

Laughlin, K., & Foley, A. (2012). " Intelligences That Plants Can Pass On": Play Dough, Fun and  Teaching 

Strategies with Insights to Multiple Intelligences. MPAEA Journal of Adult  Education, 41(1). 

Lewis, K. E. (2014). Difference not deficit: Reconceptualizing mathematical learning disabilities. Journal for 

Research in Mathematics Education, 45(3), 351-396. Retrieved from 

http://128.192.17.191/EMAT7050/articles/LewisKE.pdf 

Lewis, R. (2020, February 25). The Concrete Operational Stage of Cognitive Development. Healthline. 

https://www.healthline.com/health/childrens-health/concrete-operational-stage 

Liggett, R. (2017). The impact of use of manipulatives on the math scores of grade 2 students. 

Lillard, A. S., & Else-Quest, N. (2014). The early years: Evaluating Montessori education. Science, 339(6123), 

1523-1526. doi:10.1126/science.1227909 

McCray, M. (2019). FRACTIONVILLE: Impact of Gamification on Learning Foundational Fractions in the Third 

Grade (Doctoral dissertation, Kean University). 

McDonough, A. (2016). Good concrete activity is good mental activity. Australian Primary Mathematics Classroom, 

21(1), 3–7. 

McLeod, S. A. (2018, January 14). Concrete operational stage. Simply Psychology. 

www.simplypsychology.org/concrete-operational.html 

McNamara, J., & Shaughnessy, M. M. (2015) (2nd ed.). Beyond pizzas & pies, Grades 3-5: 10 Essential Strategies 

for Supporting Fraction Sense. CA: Math Solutions  

Merriam-Webster. (n.d.). Fraction. In Merriam-Webster.com dictionary. Retrieved December 19, 2022, from 

https://www.merriam-webster.com/dictionary/fraction 

Merriam-Webster. (n.d.). Manipulatives. In Merriam-Webster.com dictionary. Retrieved December 19, 2022, from 

https://www.merriam-webster.com/dictionary/manipulatives 

Moss J, Case R. Developing children’s understanding of the rational numbers: a new model and an experimental 

curriculum. J Res Math Educ.  

Mukwambo, M., Ngcoza, K. & Ramasike, L.F. (2018). Use of angle model to understand addition and subtraction of 

fractions. Pedagogical Research, 3(1), 01. https://doi.org/10.20897/pr/85174 

National Council of Teachers of Mathematics. (2020). Principles to actions: Ensuring mathematical success for all. 

NCTM. 

Neubig, M. (2016). The effectiveness of manipulatives on fractions when teaching 2nd graders. Student Research 

Submissions. https://scholar.umw.edu/cgi/viewcontent.cgi?article=1131&context=student_research 

OECD (2018), PISA Results in focus 2015, PISA, OECD Publishing, Paris, https://www.oecd.org/pisa/pisa-

2015results-in-focus.pdf 

Pantziara M, Philippou G. Levels of students’ “conception” of fractions. Educ Stud Math. 2012;79:61–83. 

Park J, Güçler B, McCrory R. Teaching prospective teachers about fractions: historical and pedagogical 

perspectives. Educ Stud Math. 2013;82(3):455–479. 

Piaget, J. (1973). To Understand is to Invent: The Future of Education. Grossman Publishers. 



Vol-9 Issue-4 2023                IJARIIE-ISSN(O)-2395-4396 
     

21133 www.ijariie.com 796 

Pitre, C. (2014). Improving African American student outcomes: Understanding educational achievement and 

strategies to close opportunity gaps. The Western Journal of Black Studies, 38, 209-217 planning on participant 

reports of resilience. European Journal of Training and Development, 41(4), 306-326. 

Pouw, W. T., Van Gog, T., and Paas, F. (2014). An embedded and embodied cognition review of instructional 

manipulatives. Educational Psychology Review, 26(1), 51-72.Publications, 3(6), 168-174. 

Rau, M. A., Aleven, V., & Rummel, N. (2017). Making connections among multiple graphical representations of 

fractions: Sense-making competencies        enhance perceptual fluency, but not vice versa. Instructional 

Science, 45(3), 331- 357.doi:http://dx.doi.org/10.1007/s11251-017- 9403-7  

Ritchie, S. J., & Bates, T. C. (2013). Enduring links from childhood mathematics and reading achievement to adult 

socioeconomic status. Psychological Science, 24, 1301–1308. https://doi.org/10.1177/0956797612466268    

Roesslein, R. I., & Codding, R. S. (2019). Fraction interventions for struggling elementary math  learners: A 

review of the literature. Psychology in the struggling elementary math  learners: A review of the 

literature. Psychology in the Schools, 56(3), 413-432. 

Rutherford, T., Tarr, J. E., & Swan, M. (2018). Students’ use of concrete materials and their understanding of 

fractional arithmetic. Journal of Mathematical Behavior, 52, 144-157. doi:10.1016/j.jmathb.2018.05.002. 

Sari, E. A. P., Juniati, D., & Patahudin, S. M. (2012). Early fractions learning of 3rd grade students in SD 

Laboratorium Unesa. Indonesian Mathematical Society Journal on Mathematics Education, 3(1), 17-28. 

https://doi.org/10.22342/jme.3.1.617.17-28 

Shin, M., & Bryant, D. P. (2015). Fraction interventions for students struggling to learn mathematics: A research 

synthesis. Remedial and Special  

Shin, M., Bryant, D. P., Bryant, B. R., McKenna, J. W., Hou, F., & Ok, M. W. (2017). Virtual manipulatives: Tools 

for teaching mathematics to students with learning disabilities. Intervention in School and Clinic, 52(3), 148-

153. 

Sidney, P. G., & Alibali, M. W. (2014). Making Connections in Math: Activating a Prior Knowledge Analogue 

Matters for Learning. Journal of Cognition and Development, 16(1), 160–

185. doi:10.1080/15248372.2013.792091 

Siebert, D., & Gaskin, N. (2006). Using visual representations of fractions to support student learning. Teaching 

Children Mathematics, 12(9), 466-471. 

Siegler, R. S., & Lortie-Forgues, H. (2015). Conceptual knowledge of fraction arithmetic. Journal of Educational 

Psychology, 107(3), 909–ddddddddddd                               918. https://doi.org/10.1037/edu0000025 

Siegler, R. S., & Lortie-Forgues, H. (2017). An integrative theory of numerical development. Child Development 

Perspectives, 11(2), 152-156. doi:10.1111/cdep.12226 

Siegler, R. S., & Pyke, A. A. (2013). Developmental and individual differences in understanding of fractions. 

Developmental Psychology, 49, 1994–2004. https://doi.org/10.1037/a0031200 

Siegler, R. S., Duncan, G. J., Davis-Kean, P. E., Duckworth, K., Claessens, A., Engel, M., et al. (2012). Early 

predictors of high school mathematics achievement. Psychological Science, 23, 691–697. 

Siegler, R. S., Fazio, L. K., Bailey, D. H., & Zhou, X. (2013). Fractions: the new frontier for theories of numerical 

development. Trends in Cognitive Sciences, 17(1), 13–19. https://doi.org/10.1016/j.tics.2012.11.004               

Simon, M. A. (2017). Explicating mathematical concept and mathematicalconception as theoretical constructs for 

mathematics education research. Educational Studies in Mathematics, 94(2), 117-137 



Vol-9 Issue-4 2023                IJARIIE-ISSN(O)-2395-4396 
     

21133 www.ijariie.com 797 

Singh, P., Hoon, T. S., Nasir, N. A. M., Han, C. T., Rasid, S. M., & Hoong, J. B. Z. (2021). Obstacles faced by 

students in making sense of fractions. The European Journal of Social & Behavioural Sciences. 

Smith, J., Brown, K., & Johnson, R. (2019). Fractions for understanding: An intervention for grade 2 students. 

Journal of Mathematics Education, 12(3), 150-165.    

Streefland, L. (1991). Fractions in realistic mathematics education: A paradigm of developmental research. Springer 

Science & Business Media. 

Takor, D. I., Iji, C. O., & Abakpa, B. O. (2015). Effect of Mathematical Manipulatives on Upper Basic One 

Students’ Interest in Algebra in Kwande Local Government Area, Benue State. Asia Pacific Journal of 

Multidisciplinary Research, 3(5). 

Teaching Fractions to Elementary Students. (2021, May 21). Retrieved from 

https://study.com/academy/lesson/teaching-fractions-to-elementary-students.html. 

Teoh, S.  H.,  Mohamed,  S.  S.  E.,  Parmjit,  S.,  &  Kor,L.  K.  (2020).  In  search  of strategies used by primary 

school pupils for developing fraction sense. Malaysian Journal of Learning and Instruction, 17(2), 25-

61.https://doi.org/10.32890/mjli2020.17.2.2  

Thomas J., Chermack, L., Gregory, O. & Shiva Khatami. (2017). The effects of scenario planning on participant 

reports of resiliece.                                    

Thomas, L. (2020, July 31). Quasi-Experimental Design | Definition, Types & 

Examples.Scribbr.https://www.scribbr.com/methodology/quasi-experimental-design/ 

Tsai, T. L., & Li, H. C. (2017). Towards a framework for developing students' fraction proficiency. International 

journal of mathematical education in science and technology, 48(2), 244-255.understand addition and 

subtraction of fractions. Pedagogical Research, 3(1), 01. https://doi.org/10.20897/pr/85174 

Van de Walle, J. A., Karp, K. S., & Bay-Williams, J. M. (2013). Elementary and middle school mathematics: 

Teaching developmentally (8th ed.). Upper Saddle River, NJ: Pearson. 

Wilkins, J. L. M., & Anderson, N. (2018). Learning progression toward a measurement concept of fractions. 

International Journal of STEM Education, 5(1),1-11. doi:http://dx.doi.org/10.1186/s40594-018- 0119-2 

Willingham, D. (2017). Ask the cognitive scientist: Do manipulatives help students learn. American 

Educator, 41(3), 25-30. 

 

 


