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Abstract 

 This action research project was designed to examine the effects of student achievement 

using concrete manipulatives versus traditional lecture style teaching in mathematics education. 

A fraction tile set of manipulatives was used to study individual’s achievement of mathematical 

understanding. While substantial evidence exists to support the empirical foundations of this 

approach, very little, if any, systematic research has been conducted on its impact on student 

learning. This project, therefore, examined the effects of concrete manipulatives on the 

acquisition and retention of new knowledge by 5 third grade special education students. The 

effects of concrete manipualtives were compared to a more traditional didactic teaching 

approach. Results suggested that concrete manipualtives were more effective than that of the 

traditional lecture style. Students were compared to themselves in terms of scores, mean and 

percent change. An identical paper and pencil pretest and posttest was given before and after 

both interventions. The findings showed that all students improved from the baseline data to the 

final posttest scores. Students’ mathematical achievement was positively impacted when students 

used concrete manipulatives during the equivalent fraction unit.   
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Introduction 

 Mathematics instruction is critical in student learning. Mathematics skills are important 

for functioning in today’s world. Mathematics abilities are not only important in school; they are 

important in our daily lives. To become competent adults, students must understand basic 

mathematics concepts such as problem solving and reasoning. This begins at a very early age in 

a person’s life. Mathematical instruction begins as early as pre-kindergarten and never ends. The 

foundation in which children learn mathematics is a critical aspect in learning. There are many 

different approaches to teaching mathematics. I will focus on the use of manipulatives in 

mathematics education, specifically using the common core. Does the use of manipulatives in 

mathematics education increase student understanding of mathematical concepts? 

 Bruner’s (1996) theory implies that a concrete model may be similar for some students to 

understand than a symbolic model. Goracke (2009) found in her action research that students 

who failed a symbolic algebra assessment, scored 100% when using manipulatives. Additionally, 

the concrete nature of manipulatives typically requires users to exert physical actions on the 

manipulatives (Cooper, 2011). McNeil and Jarvin (2007) noted that the incorporation of physical 

action has been shown to enhance memory and understanding.  

 This question is important to the mathematical field because learning that focuses on the 

common core in understanding is an important goal in mathematics education. Controversy on 

whether or not manipulative use increases student understanding is a popular issue in the 

mathematics field.  Childhood teachers around the country guide children’s mathematical 

learning through the use of manipulatives – pattern blocks, base blocks, geoboards, Unifix cubes, 

and so on. Manipulatives allow concrete, hands-on exploration and representation of 
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mathematical concepts (Rosen & Hoffman, 2009). While many teachers and educators believe 

that the use of manipulatives in mathematic instruction is essential, there are studies that support 

manipulative use being non-beneficial or having no result at all. While the use of manipulatives 

is wide spread, including endorsements from the National Council of Teachers of Mathematics 

(NCTM, 2000) in the United States, whether students benefit from their use is widely debated. 

Literature Review 

Concrete Manipulatives 

 Throughout the literature many studies used solely concrete manipulatives in the 

research. Swan and Marshall (2010) defined a manipulative as “concrete models that incorporate 

mathematical concepts, appeal to several senses and can be touched and moved around by 

students (page 13).” This definition pertains to all of the literature that focused on concrete 

manipulatives. Throughout the literature that focuses on concrete manipulatives, there were 

trends and themes that appeared within the research. 

Studies focused on characteristics of teachers and what relationships prompted teachers 

to use manipulatives or not use manipulatives. Mathematical learning that focuses on 

understanding is an important goal for school mathematics. There are many tools that teachers 

can use to help students develop mathematical understanding. Manipulatives have been widely 

used as valuable mathematical tools that provide experiential learning through concrete objects 

(Uribe-Florez & Wilkins, 2010; Burns & Hamm, 2011). Research has demonstrated that 

manipulatives generally have a positive effect on student learning and mathematical achievement 

than compared to the more traditional way of mathematics instruction, which often involves 

worksheets and computational fluency. 
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Kosko and Wilkins (2010) secondary analysis of data was collected to examine whether a 

relationship between students’ manipulative use and communication in mathematics learning 

exists. Correlational analyses found a significant relationship between students’ verbal and 

written communication and manipulative use. Data included 11,820 fifth grade students in 

different geographical locations around the United States. Data from a subsample of these 

students was collected by the students’ mathematics teachers who completed a questionnaire 

related to classroom practice and information on each individual student in their classroom that 

participated in the study.   

Studies were performed to see if concrete manipulatives has an adverse effect on student 

achievement. Swan and Marshall (2010) based their findings on a previous research study. These 

researchers found that manipulatives benefit the learning and teaching of mathematics. The 

research also found that the use of mathematics manipulatives links strongly with concept 

formation in student learning.  

Puchner, O’Donnell and Fick (2008) conducted a collective case study that analyzed the 

use of manipulatives in math lessons developed and taught by 4 groups of elementary teachers 

(grades K-8) involved in lesson study as part of a professional development program. The 

researchers found that in three of four lessons studied manipulative use was turned into an end in 

and of itself, rather than a tool and that in the fourth lesson manipulative use hindered rather than 

helped student learning. These problems with manipulative use by teachers in the lessons provide 

helpful guidance for successful implementation of manipulatives for both teachers and 

professional developers. Most importantly, they stress the need to emphasize the link between 

pedagogy and content, not the specific use of manipulatives.    
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Lastly, studies centered on mathematic misconceptions with the types of manipulatives 

and problem-solving prompts are given to the students. Belenky and Nokes (2009) investigated 

the nature of students’ learning of math concepts when using manipulatives. This study examines 

how the type of manipulative (concrete, abstract, none) and problem-solving-prompts 

(metacognitive or problem-focused) affect student learning, engagement, and knowledge. 

Students who were given concrete manipulatives with thinking (metacognitive) prompts showed 

better transfer of a procedural skill than students given abstract manipulatives or those given 

concrete manipulatives with problem-focused prompts. Overall, students who reported low levels 

of engagement showed better learning and transfer when receiving thinking prompts, whereas 

students who reported high level of engagement showed better learning and transfer when 

getting the problem focused prompts. The results are discussed in regards to their implications 

for education and instruction. All groups showed strong evidence of learning, performing better 

than chance in choosing which formula was applied to answering the questions.  

Green and Flowers (2008) examined the impact of manipulative-based instruction on two 

independent partners of pre-service elementary teachers. The researcher discusses two different 

studies within the research. In study 1, participants were engaged in problem solving operations 

using concrete manipulatives. Study 2 replicated study 1 findings with an independent sample. 

These results indicate that manipulatives can effectively and efficiently reverse long-standing 

arithmetic misconceptions and increase arithmetic knowledge before education majors enter 

classrooms as full-time teachers. 

Uribe-Florez and Wilkins (2010) investigated the relationship between teacher grade, 

beliefs, and other background characteristics, and the interrelationship among the variable, and 

how often teachers use manipulative in their instruction. Results include the following: teachers’ 
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beliefs and what grade level they teach are important predictors of how often they use 

manipulatives in their mathematics instruction, while teacher background characteristics were 

not found to be consistent predictors of manipulative use. 

Virtual Manipulatives 

 Throughout the literature, many studies used exclusively virtual manipulatives. Though 

there is not an exact definition of virtual manipulatives in the literature, a virtual manipulative is 

any type of interactive tool used through technology. This definition pertains to the literature that 

focused on virtual manipulatives. Throughout the literature that focuses on virtual manipulatives, 

there were trends that appeared within the research. First, the effectiveness of using computer 

technology and manipulatives remains inconclusive. Next, the research reveals that incorporating 

physical manipulatives, along with virtual manipulatives may be a significant factor in student 

achievement.  Lastly, research suggests that as grade levels (of which teachers and pre-service 

teachers will give courses) proceed, their beliefs for virtual manipulatives increase (Akkan, 

2012). 

 Baki and Guven (2011) compared the effects of a dynamic geometry software and 

physical manipulatives on the spatial visualization skills of first-year pre-service mathematics 

teachers. The results had two important implications for education: that spatial visualization can 

be improved through training if it involves relevant content and that a program involving 

different types of manipulatives and multiple contexts can enhance spatial visualization skills.  

 Algahazo and Al-Awidi (2010) investigated the effectiveness of using computer 

technology and manipulatives in enhancing preschoolers’ mastery of counting skills. The 

targeted skills were forward counting, number after, number before, counting backward, skip 
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counting, one-one correspondence principle, cardinality principle, production of sets, and 

comparing quantities. Two intact sections of children each served as experimental and control 

groups. The control group was taught in the traditional way while the experimental group was 

taught with the use of computer technology and manipulatives for one semester. Results revealed 

that children in both groups have improved in all counting skills. However, the experimental 

group outperformed their counterparts in the control group in all these skills. 

 The research covers many different academic grade levels and age level among students. 

Whether the researchers were observing early childhood students or adolescent students, the 

focus was on the virtual manipulatives. While other factors contributed to the findings, it is 

important to recognize that in each situation the intervention included a virtual manipulative as 

means for determining whether the virtual manipulatives had a significant impact on the students 

learning.  

Virtual and Concrete Manipulatives 

 Finally, there was literature that used a combination of concrete manipulatives and virtual 

manipulatives; Swan and Marshall (2010) defined a manipulative as “concrete models that 

incorporate mathematical concepts, appeal to several senses and can be touched and moved 

around by students.” This definition pertains to all of the literature that focused on concrete 

manipulatives. While virtual manipulatives is any type of interactive tool used through 

technology. The literature that focused on the combination of the two manipulatives had similar 

tendencies.  

 Burns and Hamm (2011) primary purpose of a classroom experiment was to examine the 

effectiveness of concrete (hands-on) manipulatives as compared with virtual (computer-based) 
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manipulatives. Results suggest that student learning was unchanged by lesson condition. Yuan, 

Lee and Wang (2010) developed virtual manipulatives, polyominoes kits for junior high schools 

students to explore polyominoes. Students in the virtual environment paid much more attention 

to exploring the virtual problem than those of the concrete manipulatives group.  

 Several research studies show that there are many similarities and differences throughout 

the research based articles. There was many similarities and generalization that were found 

across the literature that was reviewed. The differences that were found throughout the literature 

seemed to be somewhat surprising, and most certainly interesting.  

 Students generally are more engaged in mathematics instruction when manipulatives are 

being used as a learning tool. Virtual manipulatives stimulated the students’ motivation and 

confidence in mathematics learning. Children’s engagement and interest were evident in the 

experimental class as observed by one of the authors. The majority of responses throughout the 

articles indicated that the student’s experiences with manipulatives were positive (Alghazo & Al-

Awidi, 2010;  Yuan, Lee, & Wang, 2010). In some of the literature it was noticed that students in 

manipulative groups were excited to use the virtual manipulatives and displayed their confidence 

in solving the problem. They considered the [virtual] manipulatives easy to use and felt that it 

helped them understand the problem and find the solution (Baki & Guven, 2011; Yuan, Lee & 

Wang, 2010). Research results have also showed that using physical manipulatives have a 

positive effect on the development of spatial visualization skills. 

Conceptual Understanding  

 Researchers have found that manipulatives increase students’ conceptual understanding. 

Taking into account the correlations represent a range of effective and ineffective use of 



 
12 CONCRETE MANIPULATIVES AND STUDENT ACHIEVEMENT 

manipulatives and mathematics communication by students, the size of the correlations is 

impressive and the relationship they indicate should be considered important. Results show that 

manipulatives benefit the learning and teaching of mathematics (Belenky & Nokes, 2009; Kosko 

& Wilkins, 2010). Researchers suggested that young children learn best by exploring their 

surroundings, mostly through playing, during which they construct mental representation of the 

world. Prior to Piaget’s formal operational stage, young children need concrete, hands-on 

experiences rather than abstract concepts to learn, develop, and think. Learning with 

manipulatives was found to correlate positive development of mental mathematics, and produce 

better achievement, and conceptual understanding than do traditional teaching techniques. The 

majority of the findings show that manipulatives assist learning, causing an increase in student 

achievement in math education (Alghazo & Al-Awidi, 2010; Swan & Marshall, 2010). 

 Some results differ depending on what and how manipulatives are used in learning 

situations, learning with manipulatives is correlated positively, with late development of mental 

mathematics, achievement, and understanding (Green & Flowers, 2008; Swan & Marshall, 

2010). For example, base-10 blocks (a popular mathematics manipulative that contains small 

units for ones, thin rods for tens and ten by ten flats for hundreds, and a large ten by ten by ten 

block for thousands place values) improves students’ conceptual understanding.  

Teachers’ Beliefs 

 Manipulatives are typically found to be used most frequently in the early childhood and 

childhood grade levels. Kindergarten teachers were found to use manipulatives more often than 

the other grade-level teachers, and teachers in grades 3-5 were found to use manipulatives least 

often. Research suggests that teachers’ beliefs about manipulatives and the grade level that they 
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teach are important predictors of how often elementary teachers use manipulatives in their 

mathematics instruction (Uribe-Florez & Wilkins, 2010; Swan & Marshall, 2010). Uribe-Florez 

(2010) suggested that teachers reported a decrease in the use of mathematics manipulative 

materials from kindergarten to year 6. Teachers tend to use manipulatives in different ways at 

different year levels, but tend to use less and less manipulatives as grade level increases.  

Student Perception  

 Baki and Guven (2011) discussed the differences on learning achievement with the use of 

manipulatives verses the traditional teacher instruction. The research clearly states that results 

show that the scores of the students in the computer and manipulative group were significantly 

higher at the end of the semester than at the beginning verses the students who had the traditional 

non-manipulative use of mathematic instruction. Several studies have shown that spatial 

visualization skills can be developed through using virtual manipulatives. The results of most 

students that have compared computer-based instruction with other methods are inconclusive.

 Though it is apparent that manipulatives increase students’ conceptual understanding 

there is indeed gaps in the research that need to be identified. First and foremost, according to 

Uribe-Florez and Wilkins (2010) teachers feel that they do not have enough knowledge as to 

how to incorporate and teach using mathematic manipulatives. Next, studies should focus on 

different variables that contribute to why teachers do or do not use manipulatives in math 

education. Additionally, student and teacher perceptions of manipulatives use should be explored 

as perceptions that may impact student performance.  

 Research suggested that the interrelationship among previously studied variables related 

to manipulative use were better able to determine the variables that are more likely to add to the 
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understanding of teachers’ manipulative use with further study; that is, based on research, 

teacher beliefs and teacher grade level. Further studies, in general, should focus on why grade 

level makes a difference. For example, there may be grade-level curricular differences that 

influence the use of manipulatives. However, findings show that a relationship between teachers’ 

beliefs and the grade level that they teach correspond. Further studies should include a better way 

to understand why teachers choose to use manipulatives in their classrooms (Uribe-Florez & 

Wilkins, 2010). 

Methodology 

 The research question that guided my study was: Does the use of concrete manipulatives 

in Mathematics Education improve student achievement? This study took place over two weeks. 

The treatment group completed activities after whole group math instruction using curriculum 

based instruction followed by math instruction using concrete manipulatives. Participants were 

assessed using pre-tests and post-tests that were collected and analyzed to interpret the impact 

that concrete manipulatives had on students’ mathematical achievement.  

Setting 

 This study was conducted in a small, suburban, elementary school in Western, New 

York. The elementary school houses approximately 530 students. The elementary school was 

comprised of 86% White, 0% American Indian or Alaska Native, 1% Black or African 

American, 1% Asian or Native Hawaiian/Other Pacific Islander, and 3% Multiracial. 

Approximately 37% of the students at the elementary level are eligible for free or reduced lunch 

(New York State Education Department Report Card, 2012). This studied was conducted in one 

third-grade self contained 1:12:1 direct math instruction setting. 



 
15 CONCRETE MANIPULATIVES AND STUDENT ACHIEVEMENT 

 The third-grade classroom has enough manipulatives to supply each student with their 

own set. For this study, only one of the third-grade classes participated. The class was not split 

into groups. The students’ pretest scores were compared their posttest scores, causing the study 

to be a correlational study. The study conducted was not out of my ordinary teaching practice, 

therefore student and parental consent was not required.  

 The study began in March and lasted two weeks. The mathematics concepts taught in this 

study was brand new to the students, therefore, they knew little to no information on the topic. 

The students have never used the tools that were implemented in this study. Students participated 

in a two week long study during the math unit of fractions, specifically, fractions on a number 

line and equivalent fractions.    

Participants  

 Participants in this study included third-grade students from one classroom. The group 

consisted of five third-grade, special education students. Since I work in this school district, I 

decided to choose this population for the study. Administrators were informed that I studied the 

effectiveness of concrete manipulatives on the mathematics knowledge of elementary school 

students, with a non-directional hypothesis. Participants ranged in age from 8 to 9 years old. All 

five participants had Individualized Educations Plans (IEPs). At the time of study, the students 

learned how to identify equivalent fractions. Participants in the group were not compared to 

another group; rather, their test scores were compared to their own scores of the pre- and 

posttests. The group practiced learning skills using the McGraw-Hill MyMath curriculum 

textbook (McGraw-Hill, 2013) and using concrete manipulatives. Formal data was collected 

from all the students involved in the study, which is typical teaching practice.  
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Design   

 The study applied an action research learning, pretest-posttest design to compare student 

achievement during a fraction unit using the NYS Common Core standards between a 

curriculum instruction approach to teaching the lesson and a concrete manipulative approach to 

teaching the lesson in a typical learning instruction group. This design is not out of my ordinary 

teaching practice. A 2 x 2 (pretest-posttest by control experiment) model was conducted to 

examine changes from pretest to post-test. Action research allowed the practitioner to identify 

any trends and patterns in a normal classroom setting and environment. My class grade book, 

students’ worksheets, and their interviews were collected to analyze the different problem-

solving strategies, behaviors and interactions in the curriculum based teaching environment and 

concrete manipulative environment.  

The instructional strategy (curriculum-based lesson and concrete-based lesson) was the 

independent variable. The same test was distributed for each pretest and posttest. I began by 

administering a pretest before any instruction was delivered to the students. Next, I taught the 

lesson out of the McGraw-Hill MyMath Curriculum, without the use of aids or concrete 

manipulatives, but solely using the workbook pages as a guide to my instruction. I then 

administered a posttest and compared the student achievement from the pretest. The posttest 

served as the pretest for the concrete manipulative lesson. Next, I taught the same lesson using 

corresponding worksheets with concrete manipulatives as my teaching approach. After the 

lesson, the students took the final posttest. I then compared the initial pretest to the 

posttest/pretest and then finally to the posttest. Both lessons targeted identical learning objectives 

and engaged in the same learning activities. The only difference was the manner in which the 

instruction was delivered: curriculum based approach versus the use of concrete manipulatives. 
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Instruments 

Pretest and posttest 

 For testing purposes, a curriculum-based pretest and posttest was used to measure the 

students’ knowledge in the math concepts of interest for the group. All pretests were 

administered by the researcher on the day prior to the lesson, and the post-tests were 

administered by the researcher on the day following the lesson. The lesson was delivered by the 

researcher, as I am the primary teacher. The pretest measured students’ problem-solving 

performance in equivalent fraction exploration before the instructional program. The posttest 

measures students’ problem-solving performance in algebraic expressions exploration after the 

instructional program. The posttest is identical to the pretest. Students’ test scores were 

dependent upon the correctness and accuracy of each problem. 

Fraction Tiles 

 Fraction tiles are known as mathematical manipulatives that allow students to better 

understand the concept of fractions. Fraction tiles are meant to help children understand how 

parts of a fraction make a whole. These manipulatives can be used for a variety of topics about 

fractions.  

Independent and Dependent Variables 

I delivered all instruction to the students. The study took place over a two week period, 

during which the same group of students were involved. During the study, the independent 

variable was the teaching approach. The dependent variable was the students’ test scores. 

Procedure 
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 Students did not encounter tasks related to the equivalent fraction tile manipulatives, 

which is described in the Fraction Tiles section below, and did not know the solution methods in 

the beginning. Therefore, these learning tasks were non-routine problems for the students and 

provided opportunities to integrate their problem-solving skills and apply their pattern finding 

ability into the context of the fraction equivalence problem. The learning materials were 

composed of the following five activities: 

Activity 1: Pre-test: Throughout the study the pretest in activity 1 will be referred to as P1. The 

students were given the pretest before the lesson. The P1 is included as Appendix A. Students 

had no previous knowledge about these about the topic of equivalent fractions. 

Activity 2: After the pretest, the lesson on equivalent fractions was delivered. The students 

engaged in a lesson directly from the McGraw-Hill MyMath fractions unit, which was 

accompanied by a corresponding worksheet. 

Activity 3: Posttest/pretest: Throughout the study the posttest/pretest in activity 3 will be referred 

to at P2. The students were given the same test as the pretest for the posttest after the completion 

of the McGraw-Hill MyMath fractions lesson. The posttests served as the pretest for the 

manipulative based teaching approach.  

Activity 4: The students engaged in a lesson using Fraction Tile manipulatives, which was 

accompanied by a corresponding worksheet and targeted the same learning goals as the lesson in 

activity 2. 

Activity 5: Finally, the students were given the posttest after the lesson using Fraction Tile 

manipulatives. Throughout the study the posttest in activity 5 will be referred to as P3. At this 

point in the study students now had two different approaches to learning the target objectives.   
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Data Collection 

 The data collected from this study were the test scores from the student participants. 

Testing accommodations were provided for all the students in correspondence to the 

Individualized Education Programs. The scores were collected from all the pre and posttests of 

the student participants. The pretests and posttests were provided from the publishers of the 

textbook. During the first activity of the unit, all of the students from the group completed the 

same pretest prior to instruction. The pretest was comprised of 11 questions that addressed the 

objectives of the unit  

Following the instruction on the Mc-Graw Hill MyMath curriculum lesson, students in the 

group were given a posttest. Again, the posttest was comprised of the exact same 11 questions as 

the pretest that addressed the objectives from the unit. This posttest of the first delivery of 

instruction served as the pretest of the concrete manipulative based lesson instruction. Following 

the concrete manipulative based lesson, a final posttest was given that addressed the learning 

objectives. The scores from the pretest in activity 1 were compared to the pretest/posttest in 

activity 3, which were then compared to the final posttest in activity 5. Students were compared 

to themselves, rather than to another group.  

Pretest and posttest answers and scores were kept on a confidential Microsoft Excel® 

document on the researcher’s personal computer that was protected by a secure password. The 

hard copies of the pretest and posttest scores and answers were kept in a locked filing cabinet; 

the students’ names were blacked out to protect the student participants’ identities. As stated 

previously, test scores were used to compare the students to their own performance. The scores 
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were used to show if the use of concrete manipulatives during the fraction unit improved student 

achievement for 3
rd

 grade special education performance.  

 The answers collected from the pretests and posttests were graded to see what problems 

were answered incorrectly and correctly. Item analysis was done to determine whether there 

were any commonalities between the students’ incorrect answers. This allowed the researcher to 

identify where the students’ understandings may have been uncertain or not clarified. At the 

conclusion of the study, the data, including test scores, worksheets and any other identifiable 

paperwork remained in the locked filing cabinet and password secured computer. After two 

years, the data will be destroyed. 

Data Analysis  

The pre test and posttest scores were analyzed using descriptive statistics (percents, 

means and percent changes). The pretests answers of each student were graded to analyze the 

number of questions that were answered incorrectly and correctly were then compared to the 

posttest answer for each student in both types of learning approaches.  

Findings 

 The data collected from the study was analyzed and organized into tables. Using 

Microsoft Office Excel®, the P1, P2 and P3 were analyzed of the 5 participants. A student 

survey was also conducted, so information from that also impacted the findings of this action 

research for the educator practitioner. There was also a student response tally sheet that tallied 

the number of correct and incorrect responses. The incorrect answers, in conjunction with the 

correct answers were used to better understand that use of concrete manipulatives. While 
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reviewing and analyzing the data, there we three major findings that aimed towards the guiding 

question of this study. 

Student performance on the pretest (P1), posttest/pretest (P2) and posttest (P3) can be 

seen in Table 1. The P1 scores ranged from 18% to 55%., scores for the P2 ranged from 9% to 

73%, and score for the P3 ranged from 64% to 100%. The mean of the scores of all five students 

ranged from 30.3% to 69.6%. 

The percent change is the extent to which something gains or loses value. Percent change 

is calculated by taking the first value and subtracting the second value from it. Next divide the 

difference by the first value and multiply the quotient by 100. The percent change between P1 

and P2 of the five students ranged from -50.9% to 62.2%. The percent change between P2 and 

P3 of the five students ranged from 24.6% to 611.1%. The percent change between P1 and P3 of 

the five students ranged from 32.7% to 270.37%. Each student had a positive percent change 

between P2 and P3 and between P1 and P3. As shown charts 1-5, all five students had an 

increase in percent change between P1 and P3. 

Table 1 

Individual Findings 

Student 
Pretest 

(P1) 
Posttest/Prestest 

(P2) 
Posttest 

(P3) Mean 
Percent Change 

(P1&P2) 
Percent Change 

(P2&P3) 
Percent Change 

(P1&P3) 

1 45% 73% 91% 69.6 62.2 24.6 102.2 

2 18% 9% 64% 30.3 -50 611.1 255.5 

3 27% 18% 82% 42.3 -33.3 355.5 203.7 

4 55% 27% 73% 51.6 -50.9 170.3 32.7 

5 27% 36% 100% 54.3 33.3 177.7 270.37 

 

Students’ incorrect responses on the posttest were tallied to show the number of students 

that answered each question incorrectly and the incorrect answers when compared to the correct 

answer as shown in Table 2. Questions number 7 gave students the most difficulty. Three out of 
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five students who answered this question answered it incorrectly. When looking at the posttest 

the three students who answered this question incorrectly also had at least one other question 

incorrect. It is interesting to note that out of the five questions that were answered incorrectly; 

the students answered four out of the five questions incorrectly with the same answer. This could 

potentially mean that the students had a similar misconception for part of the objective. In 

addition to each student improving from the initial pretest to the final posttest, it is interesting to 

understand that four out of the three students scored dipped lower than the baseline after the 

traditional lecture style was taught; after the manipulative approach was used, all scores 

increased.  

Table 2 

Student Incorrect Responses on the Posttest 

 

Math Problem 

Number of students 

who answered 

incorrectly 

Student incorrect 

answer 

Correct Answer 
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 Chart1, Chart 2, Chart 3, Chart 4 and Chart 5 shows students pretest and posttest scores 

and percent change of the scores, for each of the five third-grade participants of the study. Chart 

6 shows the total mean of all the student scores. Most students’ P2 was lower than their first, but 

increased after the final intervention of the concrete manipulatives. Overall, students had a 

positive percent change from the initial pretest to the final posttest. At the beginning of the study, 

students showed no knowledge of the content. 

Student 1 

As shown in Chart 1, Student 1 had a score of 45% on P1. The students score increased 

on P2, with a score of 73%. After Activity 4, student 1’s score increased again with a final score 

of 91%. Student 1’s percent change between P1 and P2, P2 and P3, and P1 and P3 are as follows, 

respectively: 62.2%, 24.6% and 102.2%.   

Chart 1 

 

 

 

 

Student 2 

As shown in Chart 2, Student 2 had a score of 18% on P1. The students score decreased 

on P2, with a score of 9%. This could be attributed to confusion during Activity 2. After Activity 

4, student 2 score increased, with a score of 64%. Student 2’s percent change between P1 and P2, 
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P2 and P3, and P1 and P3 are as follows, respectively: -50%, 611.1% and 255.5%. 

Chart 2 

 

 

 

 

Student 3 

As shown in Chart 3, Student 3 had a score of 27% on P1. The students score decreased 

on P2, with a score of 18%. This could be attributed to confusion during Activity 2. After 

Activity 4, student 3’s score increased immensely, with a score of 82%. Student 3’s percent 

change between P1 and P2, P2 and P3, and P1 and P3 are as follows, respectively: -33.3%, 

355.5% and 203.7%. 

Chart 3 
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Student 4 

As shown in Chart 4, Student 4 had a score of 55% on P1. The students score decreased 

on P2, with a score of 27%. This could be attributed to confusion during Activity 2. After 

Activity 4, student 4 score increased, with a score of 73%. Student 4’s percent change between 

P1 and P2, P2 and P3, and P1 and P3 are as follows, respectively: -50.9%, 170.3% and 32.7%. 

Chart 4 

 

 

 

 

Student 5 

As shown in Chart 5, Student 5 had a score of 27% on P1. The students score increased 

on P2, with a score of 36%. After Activity 4, student 5 score increased immensely, with a perfect 

score of 100%. It can be said that this student had extreme understanding on the concept. Student 

5’s percent change between P1 and P2, P2 and P3, and P1 and P3 are as follows, respectively: 

33.3%, 177.7% and 270.37% 

Chart 5 
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 Student 5 showed the most growth between the initial baseline and the final posttest. 

Student 4 showed the least growth between the initial baseline and the final posttest. All students 

started the study with a failing score on their pretest. After all lessons were taught all students 

had a passing score. Chart 6 shows the students score means. The overall mean scores of P1, P2 

and P3 of the five students ranged from 30.3% to 69.6%. When comparing means, Student 1 had 

the highest average of test scores and Student 2 had the lowest average of test scores.  The 

findings from this study suggest that gains would be significant and rewarding for these students.   

Chart 6 

 

 

 

 

 

Discussion 

The guiding question for this action research study was: Does the use of concrete 

manipulatives in Mathematics Education improve student achievement? As the results indicate, 

all five of the students showed improvement between the initial pretest and the final posttest, 

after the lesson using the Fraction Tile manipulatives. The traditional lecture learning style 

seemed to actually have a negative effect on student learning and achievement, whereas the 
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manipulative based approach showed a positive effect on student learning and achievement. 

There is hope that, with simple, cheap, improvised manipulatives, they could improve student 

understanding and mastery and can easily be adapted in the classroom (Akkan, 2012).  

 Although the use of Fraction Tile manipulatives to demonstrate equivalent fractions may 

seem complex when described in words, in actual practice, students quickly grasp the principles 

as the teacher demonstrates. The principles of the Common Core State Standards (CCSS) for 

third grade Number and Operations – Fractions can be easily applied to the use of Fraction Tiles 

to meet each standard.   

 The findings of this study revealed that concrete manipulatives has a positive impact on 

the 3
rd

 grade students’ mathematical achievement and performance. The findings  on the 

different teaching styles indicate that concrete manipulatives can help students understand 

complex mathematical concepts when finding equivalent fractions. Heddens and Speer (2001) 

suggest that developing ideas from concrete to semi-concrete, semi-abstract, and finally abstract 

levels is a well-documented and known pedagogy for teaching mathematics to elementary school 

children.  

 The findings showed that there was a significant difference between the pretest and 

posttest scores when the students were taught in the traditional lecture style and between the 

pretest and posttest score when the students were taught in the manipulative based style. Arcavi 

(2003) notes that, proving students with opportunities to visualize fraction amounts can support 

students’ thinking about the fraction concepts they are studying. The positive gains of the 

students using the concrete manipulatives show that Fraction Tiles are an effective concrete 

manipulative to help students understand the concept of equivalent fractions. According to 
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Moyer-Packenham, Ulmar & Anderson 2012, both static and dynamic forms of pictorial 

representations can positively influence learning for low-achieving students when learning 

fraction concepts.   

 As I worked with these students, I paid careful attention to their needs and responses to 

both types of instruction. The students appeared to be extremely aggravated and stressed during 

the traditional lecture style due to the lack of aids and support. It is crucial to understand that all 

of the students in the study have Individualized Education Plans and benefit immensely from 

hands- on learning. Students’ reactions to the traditional teaching approach were what the 

researcher expected. When the students were taught using the manipulative-based approach, it 

was obvious that they were much relieved by the approach to the topic. Several students 

experienced “the light bulb turning on” moments as they learned how to use the concrete 

manipulatives. Teachers must assess their current programs and the amount of time they 

currently spend re-teaching concepts, and then carefully reflect on how they could properly 

introduce and use manipulatives (Moch, 2001). 

Limitations 

There were many limitations in this study that could impact the data. One limitation was 

the sample size comprised of five 3
rd

-grade students from one suburban elementary school. 

Another limitation found was the sample size was comprised only of special education students. 

A study with the general population and special education students combined may show different 

results. One last limitation is that the students were not selected at random, the students were 

chosen based on one class and chosen by the researcher. If these limitations are addressed in 
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future research the study may have results that confirms or refute this study’s findings and 

results. 

 There are some limitations to this study design. The population of students receiving 

mathematics instruction was limited to a small sample size comprised of third-grade students. 

The sample size consisted of five, researcher-selected third grade special education students. The 

participants were limited to students from one specific elementary school. These limitations 

minimize the ability to make generalizations about student achievement depending on the 

delivery of instruction. With these limitations in mind, the researcher analyzed pretest and 

posttest scores, as well as observation and students’ feelings towards fraction tiles. 

Implications for Practice 

 There are implications for practice when discussing concrete manipulatives in elementary 

schools. Concrete manipulatives can be used school-wide with all grade levels for consistency 

and effectiveness. Administrators and instructional grade level leaders can encourage and/or 

recommend elementary teachers to use concrete manipulatives during mathematics instruction. It 

is imperative that students understand how the tool works to teach the topic, not that the tool in 

itself teaches the topic. According to Boulton-Lewis (1998), it is through their use as tools that 

students have the opportunity to gain insight into their experience with them. Research has 

shown that for children to use concrete representations effectively without increased demands on 

their processing capacity, they must know the materials well enough to use them automatically. 

It is important to consider the significance of manipulatives as potential tools and their 

significance as a function of the task for which a teacher conceives them being used (Moyer, 

2001). Administrators and school districts can provide teachers with professional development to 
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help understand the specific uses for manipulatives, so teachers have a thorough understanding 

about how they work. This study did not use virtual manipulatives, nevertheless, using virtual 

manipulatives may be something to research and possibly use in conjunction with the concrete 

manipulatives. 

 There are also many implications for practice for elementary teachers. Teachers can use 

concrete manipulatives as an effective instructional tool to improve students’ mathematical 

achievement. These tools can be used to support students who thrive from visual learning as well 

as building visualization skills. Allowing students to make a connection using these instruments 

can help improve student grades and confidence in the subject area. Teachers can incorporate 

these tools into their classrooms in a variety of ways. Depending on the grade level, teacher can 

have independent learning centers with concrete manipulatives to reinforce and practice already-

taught concepts. Teachers can also use manipulatives as a supplementary aid to the instruction. 

These implications for practice are suggestions for administrators and teachers on how to use and 

incorporate manipulatives into elementary classrooms. 

Further Research 

Further research should examine the teachers’ and students’ perceptions about the use of 

manipulatives. Certain perceptions can impact the students’ performance when using concrete 

manipulatives. For example, a student may have tactile issues, and another approach to learning 

may be appropriate. On the contrary, students may need more hands on tools and instruments to 

fully understand a concept. Thought indirect observations were made, formal qualitative data 

could be beneficial to the study.  
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Interviews and questionnaires could be used to further understand teachers and students 

feelings about manipulatives. Teacher beliefs and thoughts about concrete manipulatives, as well 

as number of years teaching and concentration or specialty area should be addressed on the 

survery. Student surveys would be beneficial to gather students’ feelings and opinions about 

manipulatives. In order to have better results and data collection, the subjects should be selected 

at random and the sample size should be increased considerably.  

Further research can be done to determine how manipulatives can be incorporated using 

the Common Core State Standards, as well as the curriculum used by the school district. The use 

of manipulatives, as well as regular teacher practice can help teachers reflect on their delivery of 

instruction.  
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Appendix A 

Pretest and Posttest 
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Appendix B 

Activity 2 Worksheet 
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Appendix C 

Activity 4 Worksheet 
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Appendix D 

Photographs of Practice 
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