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Abstract 
While teachers use manipulatives frequently and extensively to teach math at the elementary level, 
teachers’ use of manipulatives in teaching math at the upper grade levels gradually and dramatically 
decreases. The current research explores middle school teachers’ beliefs about the use of 
manipulatives in teaching math. In this study, we considered two types of manipulatives–physical and 
virtual manipulatives–to explore teachers’ beliefs in their classrooms. A case study was used to 
explore teachers’ beliefs manipulatives in middle school mathematics classrooms. We conducted 
semi-structured interviews with each teacher in order to explore his or her beliefs about teaching 
mathematics using manipulatives. This study found teachers’ beliefs about the hindrances of using 
manipulatives in general class management. For example, some of them considered particular 
hindrances of using physical manipulatives, such as (a) excessive learning time or (b) management 
difficulty. These issues seemed to make the teachers hesitate to use physical manipulatives in the 
classrooms. However, we also found more teachers’ beliefs of the helpfulness of using manipulatives 
in teaching middle grades math. For example, the teachers believed that using manipulatives helped 
students (a) build deeper understanding; (b) visualize mathematics concepts; (c) create active 
learning; (d) be more motivated to learn mathematics; and (e) understand mathematics more 
effectively, particularly those who are lower achieving. The teachers also believed that virtual 
manipulatives were more effective to use in a large classroom than physical ones. As some of the 
teachers believed the development and use of virtual manipulatives could be a way to improve the use 
of manipulatives in teaching math at the middle grades level and ultimately to support more 
conceptual understanding of middle grades math. In spite of these teachers’ beliefs about the 
helpfulness of using manipulatives, the use of manipulatives in teaching middle grades math seemed 
to be more strongly influenced by their beliefs about the hindrances of using manipulatives. It seemed 
that the teachers needed to have a better understanding or more opportunities of using physical or 
virtual manipulatives in their classrooms so that they could be familiar with the use and thus efficiently 
manage class time and students’ engagement. The results will help educators develop manipulatives 
for the upper grade levels while reducing the hindrances indicated in this study. 
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1 INTRODUCTION 
Several research studies have explored the effectiveness of teaching math with manipulatives at every 
grade level. Research has found that the use of manipulatives in teaching math at all grade levels 
gives students the motivation to learn math with less math anxiety ([1]). Furthermore, many studies 
have suggested that the use of manipulatives in teaching math guides students to develop conceptual 
understanding, critical thinking, and situational application, as well as problem-solving ability ([6]). For 
example, the use of manipulatives helps students make translations among multiple representations 
([5]). Students’ ability of translating among multiple representations could make students have more 
conceptual understanding in mathematics ([5]). However, while teachers use manipulatives frequently 
and extensively to teach math at the elementary level, teachers’ use of manipulatives in teaching math 
at the upper grade levels gradually and dramatically decreases ([4]). 

To understand this issue, the current research explores middle school teachers’ beliefs about the use 
of manipulatives in teaching math and translations within and between multiples representations, 
which are manipulatives, pictorial, symbolic, language, and realistic modes of representation, 
described in the Lesh Translation Model (see Fig. 1). The Lesh translation model is a framework to 
represent the understanding of conceptual mathematical knowledge ([10]). We adopted this multiple-
representations model because manipulatives is a component of the model and, in particular, 
opportunities to translate within and between the different modes of representation are emphasized for 
effective teaching. 
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Figure 1. The Lesh translation model. 

This study furthers our understanding about teachers’ use of manipulatives in their classrooms, 
because teachers’ practices are heavily influenced by their beliefs. Teachers’ beliefs and their 
classroom practices are the most essential components to improve students’ achievement in math 
([3]). 

In this study, we considered two types of manipulatives–physical and virtual manipulatives–to explore 
teachers’ beliefs and practices in their classrooms. We used a definition of physical manipulatives as 
concrete objects, which students use to explore mathematical ideas through the students’ visual and 
tactile senses ([7]). On the other hand, virtual manipulatives is defined as an interactive, web-based 
visual representation of a dynamic object that presents opportunities for constructing mathematical 
knowledge ([9]). 

Two research questions are investigated to understand teachers’ beliefs about the use of 
manipulatives in teaching math at the middle grade level:  

1 What are teachers’ beliefs about the use of manipulatives in teaching mathematics?  

2 What are teachers’ beliefs about translations within and between multiple representations 
described in the Lesh Translation Model? 

2 METHODOLOGY 
A case study was used to explore teachers’ beliefs and practices about manipulatives in middle school 
mathematics classrooms. Six seventh-grade mathematics teachers were recruited from two schools 
(see Table 1). 

Table 1.  Information about the participants. 

School 
Type 

of 
school 

Curriculum Teacher Teaching 
experience 

Class size (number of 
students)* Level of students* 

A Public  
Connected 
Mathematics 
(7th grade) 

Ben 14 years 32  High achievement 

Sara 3 years 25 Low achievement 

B Public  

McDougal 
Littell 
Curriculum 
(7th grade) 

Nick 34 years 32 High achievement 

Holly 12 years 37 High achievement 

Mary 21 years 30 Low achievement 

Pam 6 years 33 High achievement 

*Classroom size and level of students represent the classes observed for this study. Classroom size 
represents the number of students the teacher taught in the observed class, and level of students 
represents students’ level of achievement in mathematics.  
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We conducted semi-structured interviews with each teacher in order to explore his or her beliefs about 
teaching mathematics using manipulatives and translating between manipulatives and other 
representations, such as pictorial, symbolic, language, or realistic representations. The first three 
interview questions were adapted from the “teacher beliefs interview” ([2]) that was used in the open-
ended teacher beliefs survey. The other seven questions were created in order to discover teachers’ 
beliefs about the Lesh translation model. For example, some questions were as followed: What do you 
think about using manipulatives, pictorial, symbolic, language, or realistic representations in your 
class?; How do you think about connections of multiple representations to represent a mathematical 
idea in your mathematics class?; In addition, what are teachers’ roles?; and What to teach and how to 
maximize learning? The interviews were audiotaped and then transcribed. 

For analysis, we coded teachers’ beliefs related to using manipulatives in math classes (e.g., teachers’ 
beliefs about help or hindrance of using manipulatives), and analyzed teachers’ beliefs about the 
translations within manipulatives and the translations between manipulatives and other 
representations (e.g. pictorial, symbolic, language, or realistic representations) in the Lesh Translation 
Model (see Fig. 1). 

3 RESULTS 
Overall, the teachers said that it was important for students to use each mathematical representation 
such as manipulatives (physical and virtual ones), pictorial, symbolic, language, and realistic 
representations. The teachers elaborated that translations within or between mathematical 
representations were helpful in enhancing students’ mathematical conceptual understanding. Their 
responses indicated that their beliefs were aligned with the teaching and learning aspects emphasized 
in the Lesh translation model. The following paragraphs are the six teachers’ beliefs regarding the use 
of manipulatives (physical and virtual ones) described in the Lesh translation model. 

3.1 What Teachers Believe About Manipulatives 
All of the six teachers stated that manipulatives helped students easily make connections with the 
visuals. They explained how students could better visualize mathematical concepts with 
manipulatives, such as algebra tiles or chips. However, Pam added that seventh-grade students need 
to go beyond hands-on concrete models. She also said that they should be able to think about 
mathematics concepts more abstractly than concretely. Most teachers, except for Holly, also 
mentioned that manipulatives could help students develop their conceptual understanding. However, 
Nick and Holly said that manipulatives could slow down the learning pace of students who already 
understand abstract concepts. Holly, Mary, and Pam believed that these manipulatives could create 
an active learning environment. Sara, Holly, Mary, and Pam said that they considered using physical 
or virtual manipulatives when deciding upon their lessons. In addition, Mary said that it was easier to 
manage her classes when using virtual manipulatives than physical ones. Nick and Mary said that 
manipulatives were helpful for lower-achieving students to improve their mathematical understanding. 
Holly and Mary stated that using manipulatives could maintain students’ interests and motivate them 
to do more mathematics. Nick and Mary said that there were management issues involved in handling 
all students, which was a hindrance in using manipulatives.  

All six of them talked about the hindrances of using physical manipulatives (e.g., algebra tiles), such 
as excessive learning time or management issues. Furthermore, Holly and Mary seemed to believe 
that virtual manipulatives could reduce those hindrances in the classrooms. Fig. 2 summarizes how all 
six of the teachers pointed out the helpfulness and hindrances of using manipulatives in their teaching. 
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Figure 2. Teachers’ beliefs about manipulatives. 

3.2 Translation Within and Between Manipulatives and Other Representations 
All six of the teachers talked about translating within or between mathematical representations when 
they answered the three interview questions about what teachers’ roles are, what to teach and how to 
maximize learning. Sara and Holly talked about using translations between manipulatives and 
symbols, respectively, as a role of mathematics teachers.  Sara, Holly, Mary, and Pam explained that 
they thought about various physical or virtual manipulatives when they decided what or what not to 
teach.  Holly considered translating between virtual manipulatives and pictorials when deciding upon 
her lessons. Sara elaborated that connecting between manipulatives and language was important in 
deciding what to teach.  

In sum, all six teachers believed that using translating within each mathematical representation or 
between multiple representations was a key means to teach mathematics as mathematics teachers, to 
decide on teaching strategies, or to maximize students’ learning. The teachers especially maintained 
that they considered translations within language representations, and translations between multiple 
representations to teach mathematics effectively. However, most teachers, except for Sara and Mary, 
did not identify representations when they talked about translations between representations. 

4 CONCLUSIONS 
Moyer (2001) found that teachers who teach math in the upper grade levels do not want to use 
manipulatives, because they believe that manipulatives are useful and helpful for only lower level or 
younger students, not for older students. Thus, older students may not have opportunities to support 
their learning process through the use of manipulatives. This study found teachers’ beliefs about the 
hindrances of using manipulatives in general class management. For example, some of them 
considered particular hindrances of using physical manipulatives, such as (a) excessive learning time 
or (b) management difficulty. These issues seemed to make the teachers hesitate to use physical 
manipulatives in the classrooms.  

However, we also found more teachers’ beliefs of the helpfulness of using manipulatives in teaching 
middle grades math. For example, the teachers believed that using manipulatives helped students (a) 
build deeper understanding; (b) visualize mathematics concepts; (c) create active learning; (d) be 
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more motivated to learn mathematics; and (e) understand mathematics more effectively, particularly 
those who are lower achieving.  

In spite of these teachers’ beliefs about the helpfulness of using manipulatives, the use of 
manipulatives in teaching middle grades math seemed to be more strongly influenced by their beliefs 
about the hindrances of using manipulatives. It seemed that the teachers needed to have a better 
understanding or more opportunities of using physical or virtual manipulatives in their classrooms so 
that they could be familiar with the use and thus efficiently manage class time and students’ 
engagement.  

The teachers’ beliefs about translations between manipulatives and other representations (e.g., 
pictorial, symbolic, language, and realistic representations) well revealed their recognition of the need 
for using manipulatives in teaching middle grades math. As some of the teachers, Holly and Mary, 
believed, the development and use of virtual manipulatives could be a way to improve the use of 
manipulatives in teaching math at the middle grades level and ultimately to support more conceptual 
understanding of middle grades math. 
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