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1. Introduction 
Over the centuries, the concept of concrete manipulatives assisting students’ learning 
and their advantages are successfully embedded in educational theories, research and 
practice especially in mathematics education. While such widely accepted notions often 
have a good deal of truth behind them, they can also become immune from critical 
reflection. According to Gujarati (2013), it has sometimes been unclear in research 
studies how much benefit students derive specifically from using concrete manipulative 
materials in learning mathematics as opposed to other features of representation. The 
present study aimed to critically investigate the use of concrete manipulatives by Year 
10 students to find the effect it devises on the students’ performance and participation in 
the group learning activity.  

 
 Consequently, the objective of this research was to find out whether concrete 
manipulatives is the best representation for today’s students even though it has been 
proven successful in the past. More specifically, the current study was guided to address 
and answer the following research questions: Is there any significant improvement in 
Year 10 students’ performance in a secondary school in Brunei while using concrete 
manipulatives? Does using concrete manipulatives as exploration tools in a mathematics 
classroom have any effect on students’ participation in classroom-based activities? Can 
concrete manipulatives serve as a catalyst for deepening students’ 3-Dimensional 
understanding? 
 
2. Review of the literature 
Marshall and Swan (2008) conducted a study exploring the key issues in the use of 
mathematics manipulative materials in the teaching of mathematics. They elaborated 
that the students’ use of concrete manipulatives in the classroom needs to be monitored 
closely because teachers should know how students decipher the materials. Hence, 
guidance from the teacher is needed so that the students may reach the desired learning 
goals. Marshall and Swan also suggested that teaching using concrete materials should 
initially start with activities that allow the students to explore the materials freely for the 
purpose of knowing about the concrete materials more. They elaborated that this 
suggestion can fulfill two purposes i.e. it helps the students who are not advanced 
enough to participate in the lesson without being left behind and it guarantees that 
students will gain a deeper understanding of the topic through the activities designed 
and assisted by the teachers. 
 

According to Moyer-Packenham, et al. (2013) when concrete manipulative materials 
are handled in a correct manner, they become a strong tool to help in the understanding 
of mathematics concepts. The study took a fresh look at the type of materials 
knowledgeable and experienced manipulative user-teachers’ use in terms of 
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mathematical content, grade level appropriateness and pedagogy during lessons. From 
their study, Moyer-Packenham and colleagues found that 49% of the knowledgeable and 
experienced teachers of manipulative users used concrete materials in their geometry 
lessons, quite a significant percentage as compared to 24% of the knowledgeable and 
experienced teachers of manipulatives who preferred using virtual manipulatives such as 
computer applications and programs. The remaining 19% preferred using pictorial 
representations. 

 
3. Methodology 
The study used a convenient form of sampling with respect to where the first author was 
assigned for her teaching placement whilst enrolling in a graduate teaching programme 
in the university. The participants for this study were 27 Year 10 students from one class 
in one of the secondary schools in Brunei. The sample consisted of 12 boys and 15 girls. 
The topic in focus during the study was 3-Dimensional Trigonometry word problems, 
which involved tackling tasks using two different strategies. The two strategies were 
using a more traditional method of using pictorial representation, and using the 
Concrete-Pictorial-Abstract (CPA) approach, in which both pictorial and concrete 
representations were used.  
 

The CPA approach was used in this study to support the use of two different 
representations. It was utilized in this study with the intention to foster a more profound 
understanding of mathematics so that the students achieve greater conceptual knowledge 
rather than mere procedural knowledge. Gujarati (2013) mentioned that the CPA 
approach involves tackling the problems using three types of representations: concrete, 
pictorial and abstract representations. Reinforcement was to be achieved by going back 
and forth between these representations. The two strategic approaches utilized in this 
study were used to solve 3-Dimensional Trigonometry questions in two different 
intervention sessions. Hence, the researchers decided to divide the two strategies into 
two different phases of the study as shown in Figure 1 and Figure 2.  
 
 
 
 
 
 
 
 

 
 
 
  
 

 
Referring to Figure 1, Phase 1 of the study involved the students using pictorial 

representation (by drawing diagrams) to solve the Trigonometry word problems. 
Meanwhile, Phase 2 of the study (as indicated in Figure 2) involved the students using 
both pictorial and concrete representations (by drawing diagrams and manipulating the 
concrete models) to solve the problems. The time lapse between Phase 1 and Phase 2 of 
the study was about one week.  

Figure 1: Pictorial-Abstract approach 



  Morsidi & Shahrill 

7th ICMI-East Asia Regional Conference on Mathematics Education 
11-15 May 2015, Cebu City, Philippines	  

469	  

 
 
 
 
 
 
 
 
 
 
 
 

 
The concrete materials used during the intervention included 3-Dimensional objects 

such as cube, cuboid and square-based pyramid. The concrete models were designed by 
the researchers using other objects to help with the manipulation of the models. 
According to Abdullah (2009), using manipulatives does not work in total isolation; it 
involves other forms of external representations. The other objects that were used as an 
external representation to help the students manipulate the concrete models include 
scissors, cello tape, strings and blu-tack. The objects can be manipulated by attaching 
strings to the models to create 3-dimensional right-angle triangles. The strings allowed 
the students to see the right-angle triangle formed by interconnecting it at three different 
points. Strong emphases on the importance of producing a sketch in their work were 
conveyed to the students. The sketch can be incorporated as part of the external 
representation used with the provided concrete manipulative materials. 
 

In this present study, data were collected by means of a pre-test, two post-tests, 
video recordings of the lessons, and students’ interviews using video-stimulated recall 
interview. The pre- and post-tests were used to find if there is any significant difference 
in students’ scores after each intervention. In addition, the content of the pre- and post-
tests questions was checked and approved by two experienced mathematics teachers 
from the participating school for content and face validity purposes. Analyses of data 
collected rigorously examined both the qualitative and quantitative data, and adhered to 
action research methodology.  
	  
4. Results 
From the post-test data findings, the highest mark obtained was 100%, which 
subsequently refers to the student’s mark after the second phase of the intervention 
lesson using concrete manipulative materials. Meanwhile, the lowest mark was 15%, 
which refers to the student’s post-test mark after the second phase of the intervention 
lesson. Table1 below shows the frequency distribution of the students’ marks from the 
two collected post-tests. 
 
 In reference to the results shown in Table 1, the number of students achieving a pass 
in the post-test was greater after the second phase of the intervention lesson. In post-test 
1 there were 37% failures and 63% passes, whereas in post-test 2 there were 3% failures 
and 97% passes. The failing rate decreased by more than half after the second phase of 
the intervention lesson. However, the number of failures still existed even after the 

Figure 2: Concrete-Pictorial-Abstract approach 

	  



 Investigating the use of concrete manipulatives in 3-Dimensional problem solving 

7th ICMI-East Asia Regional Conference on Mathematics Education 
11-15 May 2015, Cebu City, Philippines 

470	  

second phase of the intervention lesson in which the students had the chance to explore 
the concrete manipulative materials in their group activity.  
 
Table 1: Frequency distribution of students' marks on the post-tests 

Marks Rate (%) Post-test after Phase 1  
(Pictorial representation) 

Post-test after Phase 2  
(Concrete representation) 

81-100 3 6 
61-80 5 9 
41-60 9 10 
21-40 8 2 
0-20 2 0 
Total 27 27 

	  
Table 2 below shows the mean and standard deviation of the students’ scores on the 

two post-tests. There was a difference between the post-test average scores after phase 1 
(M=52.96, SD=20.11) and after phase 2 (M=66.67, SD=18.50). The results indicated 
higher mean scores for the post-test after the second phase of the intervention lesson 
compared to the mean score of the first phase. A lower standard deviation in the second 
post-test shows less dispersion from the mean whereas the first post-test shows greater 
standard deviationindicating more dispersion away from the mean value. 
	  
Table 2: The mean and standard deviation of students' scores on the post-tests 

 Post-test after Phase 1 
(Pictorial representation) 

Post-test after Phase 2 
(Concrete representation) 

Mean 52.96 66.67 
Standard Deviation 20.11 18.50 

 
The paired differences between the post-test 2 and post-test 1 scores are given in 

Table 3 below. From the results, the t statistic can be observed where t-value = 5.308 
and p-value = 0.000. Since p < 0.05 (in fact p = 0.000), this shows that there was a 
significant difference between the students’ mean post-test marks after phase 1 and 
phase 2 of the intervention. ES in the table represents ‘effect size’ where it is a measure 
of how meaningful or important a significant difference is. Since the ES > 0.14, this 
shows that the difference between the post-test 1 and post-test 2 is large. This suggests 
that there was a meaningful increase in the students’ performance in the 3-Dimensional 
Trigonometry topic after phase 2 of the intervention lesson. 

 
Table 3: Paired Samples Test (post-test 2 – post-test 1) 

 Mean Std. 
Deviation 

Std. Error 
Mean t df Sig (2-

tailed) ES 

Post-test 1 –
Post-test 2 

13.70
4 13.416 2.582 5.308 26 0.000* 0.520 

Note: If *p < 0.05 the difference between the two paired tests is significant Cohen (1988).  
If 0.01 < ES < 0.06 the significance is small. If 0.06 < ES < 0.14 the significance is medium. 
If 0.14 < ES < 0.99 the significance is large. 
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Students’ interviews  
One of the common themes found in the interviews was the students’ general feeling 
about the use of concrete manipulative materials during the activity. Interviews with the 
students detected both positive and negative perceptions about using concrete 
manipulatives to solve 3-Dimensional problems in the classroom, and these are given 
below. Note that the names used below are pseudonyms of the students. 

 
 The negative responses captured from the interviews with Ali, Anne and Musa are as 
follows: 

Ali: It’s harder and it’s more confusing for me when I use the models…diagrams are    
much more simple. 

Anne: (…) it’s not necessary to use models; it takes a lot of time to manipulate the 
models when we can find the answer straight away. 

Musa: We can easily find the answers without the models; it’s more complicated if 
using the models I think. 

 
 The positive responses captured from the interviews with Abu, Kim and Ahmad are 
as follows: 

Abu: I prefer using models because…it’s easy to see the 3-Dimensional shapes from 
the problems you asked us. 

Kim: (…) you also provided us with strings and blu-tack so we can manipulate the 
models…it is easier to identify what we’re supposed to find that way. 

Ahmad: I think it’s much more accurate using model than working on the problems 
based on a paper. 

 
The present study also seeks to find if the use of concrete manipulative materials 

poses any effect on the students’ participation. Ideally, the goal of increasing class 
participation is not necessarily narrowed down to have every student participate in the 
same way. Instead, it is to create an environment where students can discuss freely and 
explore ideas from a variety of viewpoints. From the students’ interviews, the first 
author led the students to comment on the other group members’ participation during 
the group activity to find out if such environment exists in their own group.  
 
No full participation  
Ali described his experience working in a group where one member did not give full 
cooperation. He stated: “We lack communication within the group, I remember Musa 
doing it by himself. Only me and Siti were discussing and Musa was finding the 
answers using the models by himself.” Ali also believed that it was hard to be 
cooperative because there were too many people in the group. He went on adding: “I 
think two people in a group is just enough because we were only given one model to 
work with.” 
 
Active participation due to other influence  
Kim expressed that she liked working in the second activity more than she did in the 
first activity because she was assigned a different partner. As she stated: “I think we 
discuss the questions more in activity 2 using the models (…) because me and Sarah are 
good friends and I am closer with her than Anne during activity 1 so we were able to 
discuss more.” She went on: “It’s easier to work with Sarah because we took turn using 
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the models so it’s fair (…) if she’s manipulating the models, I was doing the calculation. 
We take turns.” 
 
Active participation  
Salwa acknowledged that the concrete manipulative materials made her and the group 
members more attentive during the group activity. She commented as follows: “(…) we 
work together. We need each other to solve the problems given.” She added: “We have 
to…because with the models it’s not possible to complete the work on time just by on 
our own.” When asked what she thinks is the most important thing when working in a 
group, she commented: “It’s important to have supportive team members, if you don’t 
get along well then we can’t use the models fully because communication is not good.” 
 
5. Conclusion	  
This study’s attempt to incorporate concrete manipulative materials into the group 
activity proves to be worthwhile and also beneficial because the students did show a 
significant improvement in their procedural knowledge from post-test 1 to post-test 2. 
The Effect Size calculated between the two post-tests is an indication of this. These 
findings concur with the procedural analogy theory proposed by Ohlsson and Hall 
(1990) where the bridging between the students’ declarative and procedural knowledge 
was evident from their group activity. These findings also supported the beliefs of those 
Marshall and Swan (2008), Stein and Bovalino (2001) and Clements (1999), that the use 
of concrete manipulative materials should be facilitated fully by teachers which was 
exactly done during the students’ group activity. 	  
	  

All of the students that were interviewed expressed their confidence about the 
importance of getting along with their group members to complete the tasks. In addition 
they also acknowledged the usefulness of the manipulatives in encouraging their 
participation in the group activity. This was highlighted by Meira (1998) who viewed 
that different manipulatives have varying levels of effectiveness mediated by the 
students’ participation in activities with those manipulatives. Finally, concrete 
manipulative materials may be concluded to catalyze the students’ learning from the two 
positive findings: the students’ improvement in their achievement and also the positive 
effect on students’ participation, which shows the effectiveness of the materials used in 
the study. These findings supported the study by Hall (1998) who believed that students 
are able to progress quickly using concrete representations in their lessons, and similarly 
the findings of Clements (1999) who considered manipulatives to be suitable for 
students from all grade levels. 
 
6. Limitations of the Study 
There are several limitations that affect the results of this study. Firstly, the participants 
in this study consisted of a convenient sample of 27 students from one Year 10 class. It 
would have been desirable to have more classes from different grade levels. However, a 
small sample size of 27 coming from only one class assigned by the school, limits the 
generalizing of results. Secondly, the concrete models used in this study were designed 
by the researchers and were just some of the many manipulative materials convenient to 
use. Readers are reminded about this fact to avoid over-generalizing from the study. 
Thirdly, the focus topic 3-Dimensional in Trigonometry in this study involves word 
problems. Consequently, the students’ performance might have been affected by their 
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English language proficiency as well. Finally, data was collected within the time frame 
of three weeks, which was the time allowed to complete the topic in this particular 
school. Results obtained and analysed were therefore limited by time constraints in this 
present study.  
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