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 Abstract : Many research on primary school children in Malaysia indicate an over reliance on the written 

symbols representation (Munirah, 2001; Parmjit, 2005; Munirah& Noor Azlan, 2002; Chinappan & 

Ambigapathy, 2009; Mohini & Jacinta, 2010). This is a cause for concern as researchers draw strong 

connections between the representations children use and their understanding (Lamon, 2001). Janvier (1987) 

describes understanding as a "cumulative process mainly based upon the capacity of dealing with an 'ever-

enriching' set of representations". Furthermore, representations are considered as a means in the formation of 

conceptual understanding. The ability to move smoothly between various representations of the same concept is 

seen as an indication of conceptual understanding and also as a goal for instruction (Lesh, Behrand Post, 
1987). Moreover, according to Kaput (1991), possessing an abstract mathematical concept is better regarded as 

a notationally rich web of representations and applications. This paper reports on a research that was carried 

out to investigate preschool children’s mapping of the number words onto it’s symbolic and concrete 

representation.  A total of thirty 5 and 6 year old preschool children were individually interviewed on number 

name and it’s symbolic and concrete representation.  Findings suggest that there are children who are able to 

move smoothly between the various number representations.  Pedagogical implications from the findings will be 

discussed. 
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I. INTRODUCTION 
Representations play an important and necessary role in the teaching and learning of mathematics. 

“The ways in which mathematical ideas are represented is fundamental to how people can understand and use 

those ideas” (NCTM, 2000). Representations have become one of the major aspects in the teaching and learning 

of mathematics as emphasized by many theorists. The concept of using representations as a means of 

communicating abstract mathematical ideas is a prominent focus of research in teacher knowledge and student 

learning (Borko & Putnam, 1996). Seeger, Voight, & Werschescio (1998) summarized some definitions of 

representations which include  “any kind of mental state with a specific content; a mental reproduction of a 

former mental state; a picture, symbol, or sign; symbolic tool one has to learn their language; a something “in 

place of ”something else“. The National Council of Teachers of Mathematics (NCTM) (2000) considers 
representation as both a process and a product. 

      Researchers have categorized the representations into two categories of representations; internal and 

external. Representations are conceptualized slightly different, however its refer to either internal, external or 

both. For example, to constructivists, internal representations happen inside the students’ heads, and external 

representations are situated in the students’ environments (Cobb, Yackel, and Wood, 1992; Goldin & 

Shteingold, 2001). Pape and Tchoshanov (2001) considered internal representations as mathematical ideas 

developed by the learner through experience, whereas external representations come in the form of symbols, 

equations, pictures, charts and graphs According to Goldin & Janvier (1998, p. 3), internal representations are 

defined as “individual cognitive configurations inferred from human behavior describing some aspects of the 

process of mathematical thinking and problem solving”; on the other hand, external representations can be 

described as “structured physical situations that can be seen as embodying mathematical ideas (pp.3)” Goldin 
(1998a) connected any physical situation including mathematical objects to external representations. For 

instance; a number line, illustrated relationships among numbers or a computer-based environment in which 

mathematical construct can be manipulated as external representations. Internal representations, on the other 

hand, to the learner only. This means that what students conceptualize in their minds can be labeled as internal 

representation (Goldin, 1998a). 
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II. RELATED THEORIES OF REPRESENTATIONS 
In their earlier works, Dienes (1960) and Bruner (1966) highlighted the component of representation in 

the specific stage of their theory. For Dienes (1960) students move through five levels to create a thorough 

mathematical understanding. The levels are: free play (students work with physical materials and manipulatives 
to discover basics about the concept), generalization (the student notices patterns and commonalities), 

representation (students represent the images), symbolization (the student describes their representation using 

mathematic language and symbols) and formalization (students create a set of rules and algorithms to match 

with their understanding of the concept). By using  less number of stages, Bruner (1966) proposed that students 

need three levels of engagement to fully build a complete understanding of a mathematics concept. The levels 

are as follows: enactive (students use manipulatives and other concrete materials to construct their 

understanding), iconic (students represent their understanding using pictures and graphs)  and the final level is 

symbolic (the students use numerals to represent what they know).  

     About three decade later Pirie & Kieren, (1994b) introduced a theory related to how student’s mathematical 

understanding grows and develops concerning a specific mathematical concept or topic. Representation is also 

included in the theory.  Pirie-Kieren theory provides eight potential levels of student understanding based on the 

cognitive changes that occur during the processes of learning mathematics. The consecutive layers are described 
below. 

(a) Primitive Knowing refers to the knowledge that an individual brings to a setting or previous knowledge.  

(b) Image Making refers to the level where the student can use Primitive Knowing in new ways that involve 
actions and activities with that knowledge. 

(c)  Image Having layer shows a student ability to use a mental construct of a concept without the need for 
the activities that contributed his or her Image Making. 

(d) Property Noticing happens when a student construct contextually relevant properties that are related to 
his or her Image Having by connecting, manipulating or combining aspects of those images  

(e) Formalizing At this level student is abstracting the formal mathematical characteristic or properties of the 
images, forming a concept and then enunciating a formal definition or algorithm 

(f) Observing requires a student to reflect on and use his or her formal understanding as theorems and can 
make predictions without the need for actions. 

(g) Structuring refers to the student ability to justify mathematical arguments through logic and proof 
without the need for physical or algorithmic actions by considering formal observations as theory and 

taking the inter-connections between theorems into account. 

(h) Inventising is the highest level, where a student does not depend on the ideas and images that contributed 
to the understanding. The student displays a strong understanding and now able to create new 

mathematical questions that can potentially lead to a new concept. 

 

      In the Pirie-Kieren theory, the levels of Image Making, Image Having and Property noticing are 
closely related to representations. In summary, all theories deal with internal and external representations. 

 

III. The Concept Of Multiple Representations 

Moving from external and internal representations, the concept of multiple representations takes into 

account various representations and the interconnectedness between them. Owens and Clements (1998) 

characterized the theory of multiple representations as follows: “(a) identifying a mathematical idea in a set of 
different representations, (b) manipulating the idea within a variety of representations, (c) translating the idea 

from one representation to another, (d) constructing connections between internal representations in one’s 

network of representations, (e) being able to decide the appropriate representation to use in a given problem, and 

(f) identifying the strengths and weaknesses, differences and similarities of various representation of a concept 

(p.203)”. By using multiple representations, students can deepen their mathematics understanding, especially if 

they can easily transfer from one representation form to another representation form (Suh & Moyer, 2007). If a 

student is only capable of using one form, it means that the student has only made a limited number of 

connections associated to that type of form or even worse, they may have memorized the procedure of how to 

use the form but not truly understand the concept that the form represents. Using multiple representations should 

get the student to think about how the concept relates to the real world, justify their thought processes and 

clarify their thinking (Pape & Tchoshanov, 2001). The representation form should be used to strengthen the 

connections that they have made in the construction of knowledge. 
         The theory of multiple representations which is called Lesh Multiple Representations Translations 

Model (LMRTM) has been proposed by Richard Lesh (1979). Lesh, Post and Behr (1987b) viewed both internal 

and external representations as crucial elements for understanding mathematical concepts and both are inter-

related. since “external (and therefore observable) embodiments of students’ internal conceptualizations” (Lesh, 



Preschool Children’s Understanding Of Numbers From The Multiple Representation Perspective 

www.iosrjournals.org                                                             95 | Page 
"Acknowledgement to USM Research University Grant (1001/PGURU/816166)" 

et al.1987b, p. 34). This model argues that the ability of making translations between and within modes of 

representations would reflect the student’s understanding of a concepts. He described five distinct modes of 

representations (see Figure 1) that occur in mathematics learning and problem solving; they are “(1) real-world 

situations –in which 

 
Fig.1: Lesh Multiple Representations Model (LMRTM) 

knowledge is organized around “real world” events; (2) manipulatives –in which the “elements” in the system 

have little meaning but the “built in” relationships and operations fit many everyday situations; (3) pictures or 

diagrams –static figural models; (4) spoken symbols –it can be everyday language; (5) written symbols –in 

which specialized sentences and phrases take place” (Lesh, et al. 1987b, p. 38). 

 

IV. Review Of Related Research 
Research on representations has been conducted across all levels of years ranging from preschool up to 

higher education level. This paper reviews the related research with respect to preschool ages. Thomas, 

Mulligan, and Goldin (2002) conducted a research on children’s internal representations. The study involved 

children’s drawings and explanations of the numbers from 1 to 100. By using 172 children from the grades K to 

6 as samples, the study aimed to infer children’s internal representations from their external representations. 

During the interviews, the children were asked to describe their understandings of numeration. They provided 

89 different tasks in five categories: counting, grouping, place value, structure of numeration, and visualization. 

The visual task was first assigned, in order not to let children to be influenced the external representations before 

they create their internal representations. A total of 264 interview scripts, together with the external pictorial and 
notational representations were collected from this sample. Based on the findings, the researchers concluded that 

the children cognitive representations of numeration can be developed over time. From the children’s ability to 

deal with external representations, the findings showed that the children used a variety of representations of the 

numerals 1–100 than the researchers expected. Another interesting finding was that their representations were 

highly unconventional. The children also tend to code formal number representations in a shape of spiral, or 

flashing cards. The researchers concluded that their external representations would be more coherent and well-

organised, and so as to their numerical understandings provided children have more developed internal 

representations.  

      In another study, Ainsworth and van Labeke (2002) studied the factors that have effects on the 

translations among representations of learners. This experimental study involved three experiments including 

four groups of children who were five-year-old. The first group received pictorial representations, the second 

group received only mathematical representations, the third group received mixed representations including 
pictorial and mathematical representations, and the fourth group had no intervention as a control group. The 

study used the specific software called CENTS to provide a computer-based environment. In using the CENTS, 

students are required to deal with external mathematical representations in order to improve their computational 

skills with numbers. To measure the children achievement, an instrument called “Think and Solve Mental Math” 

was administered in a pre and post test. The findings of this study showed that, children were able to translate 

from pictorial representation to the mathematical representation. However, they failed to make translations in 

reverse. Furthermore, even children who did well on translations between pictorial and mathematical did not get 

the highest score on post test. The study noticed that the children who preferred mostly the mathematical 

representations got significantly higher scores on post test administration. These findings led researchers to the 

notion that dealing with different representations and being able to make translations among them might not be a 

guarantee a good performance on mathematics tests. The researchers hypothesized that if two external 
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representations support the same concept, the translations between those external representations are easy and 

beneficial for mathematics learning, whereas if the external representations are dissimilar, the students have 

difficulty in making translation between them.  

 

 

V. Problem Statement 
Theoretically, multiple representations demand the understanding of a mathematical concepts 

in the form of different representations. The ability to move from one representation to another (Lesh, 

Post and Behr, 1987)  provides an indicator of how much learning of a mathematical concept take 
place. In addition, learning also depends on the maturity of the children. As described by Piaget 

(1972), preschool children of ages between two and six-years-old are belong to the preoperational 

stage. At this stage, the children develop their language, become increasingly adept at using symbols 

and able to practice role play. On the other hand, children do not yet understand concrete logic, cannot 
mentally manipulate information, and are unable to take the point of view of other people.   However, 

the use of multiple representations among children of preoperational stage requires further 

explanation with respect to their ability. 
 

VI. Research Objective 

The objective of the study was to describe the ability in using different representations among 
preschool children. 

 

VII. Research Questions 

The study was carried out to address the following question; 
To what extent do preschool children use multiple representations in learning numbers (1 to 10)? 
 

VIII. Method 
8.1 Participants 

Thirty children were selected from a kindergarten in Penang, a state in Malaysia,  as 
participants. We grouped them into two groups: 15 children of five-year-old and 15 children of six-

year-old. 
 

8.2 Procedure 
The children were interviewed individually and were tested on four different tasks. For the first task, 

Arabic digits from 1 to 10, was randomly presented on separate cardboards and the children were asked to say 

the number name aloud without receiving feedback. The score of 1 point for each correct item was given. In the 

second task, they were asked to count one to ten using their fingers. The correct and wrong responses were 

recorded. Next, for the third tasks they were asked to count a set of marbles based on numbers given by the 

researcher. Sets of marbles are categorized into two categories; small quantity (comprised 2, 3 or 4 marbles) and 

big quantity (comprised 8, 9 or 10 marbles). Lastly, in task 4, they were tested on a dot numeration task. The 

children were then had to name aloud the quantity of the dots that were displayed by the researcher. The 

children were allowed to use any strategy before enumerate the dots.  

     Prior to actual data gathering, a pilot study was conducted. The purpose of the pilot study was to 

ensure the children understand the direction given by the researcher. The researcher asked them informally 
related to the tasks to be given. We found that the children were able to understand the direction and tried to 

response to the questions. The finding from the pilot study led us to improve the method to give direction and 

add additional questions to produce reliable data. 

 

IX. Results Of The Study 
The results of the study are reported according to tasks as follows; 

9.1 Task 1: Say the number names 
 

 

Number Shown 

Correct response 

5 years old 6 years old 

n % n % 

1 14 93.3 15 100 

2 14 93.3 15 100 

3 14 93.3 15 100 
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Table 1: Number and percentages of children’s who responded correctly in 

saying number 1 to 10. 

 

     Data of the first task in term of correct response with respect to age is shown in Table 1 above. The results 

show that all six-year-old children (n=15, 100%) were able to say the number names (1-10) correctly. However, 

the five-year-old children show different ability in saying number 1-10. A total of 14 (93.3%) children were able 

to say number names (numbers 1, 2, 3, 5) correctly. The number of children answer correctly decreases when 

saying numbers 4, 7, 8, and 10. The number 9 becomes a great challenge to five-year-old children when almost 

half (n=8, 53.3%) of them were able to say correctly. For number 8, nine (64.3%) children managed to answer 

correctly. For number 6, a total of 13 (86.7%) children answered correctly. There were 12 (80%) children 
provided correct response to numbers 4, 7, 10.  

 

9.2 Task 2: Using fingers to count numbers 1-10 

 

Age 
Say and count 

correctly 

Say correctly but 

use fingers incorrectly 
Unable to count 

 n % n % n % 

5 years 12 80 2 13.3 1 6.7 

6 years 15 100 0 0 0 0 

Table 2: Saying and counting responses (numbers 1-10) with respect to age 

Table 2 shows that all six-year-old children (n=15, 100%) were able to say the numbers (1-10) and count with 

fingers correctly. However, not all five-year-old children (n=12, 80%) managed to response correctly for both 

skills. There were two children (13.3%) able to say correctly but use their fingers to count incorrectly. There 

was only one child who unable to say and count by using fingers correctly.  

 

9.3 Task 3: Counting a set of marbles based on numbers given  
 Age Count correctly Unable to count 

  n % n % 

Small quantity 
5 years 13 86.7 2 13.3 

6 years 15 100 0 0 

Big quantity 
5 years 4 26.7 11 73.3 

6 years 14 93.3 1 6.7 

Table 3: Number and percentages of children who count a set of marbles correctly 
In Task 3 the children were asked to count the number of marbles in different sets of marbles. Again as shown 

in Table 3 below, all six-year-old children were able to count the small and big quantities correctly. 

Interestingly, a total of 13 children (86.7%) of 5-year-old counted the marbles of small quantities correctly. 

However, only 4 of them (26.7%) were able to count the marbles of big quantities correctly. Only one 6-years 

old child could not count correctly. 

 

9.4 Task 4: The strategies used to say the number that represents the dots 

In Task 4, the children were encouraged to employ a strategy before saying the number that represents 

the dots shown to them.  As shown in table 4, the children used three main strategies; subitizing, counting in 
ones and guessing. Subitizing is the ability to rapidly determine the quantity of a small array of objects without 

counting. Subitizing and counting in ones are two favourite strategies. 

      For both groups, the number of children who used the subitize strategy decreases when the numbers of 

dots increase (see Diagram 1 and Diagram 2). For example, 14 (93.3%) children of year six used to subitize one 

dot to represent 1 and one child (6.7%) subitize eight dots. For seven, nine and ten dots, none of the six-years-

old children subitized them. Interestingly, there were representatives of five-year-old children who subtized all 

4 12 80.0 15 100 

5 14 93.3 15 100 

6 13 86.7 15 100 

7 12 80.0 15 100 

8 9 64.3 15 100 

9 8 53.3 15 100 

10 12 80.0 15 100 



Preschool Children’s Understanding Of Numbers From The Multiple Representation Perspective 

www.iosrjournals.org                                                             98 | Page 
"Acknowledgement to USM Research University Grant (1001/PGURU/816166)" 

dots. In this group 10 (66.7%) of them subitized one dots and decrease to 1 (6.7%) child for ten dots. Both 

groups tended to subitize the number less than seven the dots.  

      Next, the children of both ages used counting in one strategy for all dots. However, several patterns 

appear. First, all six-year-children who did not utilize subitizing strategy, chose counting in one as their 

favourite strategy. None of them guessed to represent the dots. One the same child (n=1, 6.7%) counted in one 

incorrectly. For five-yea- old children, apart from subitizing, counting in one became a popular strategy among 

them and only a maximum of 2 (13.3%) guessed wrongly. 
 

 

 

 
No. of 

Dots  
Subitize 

count in ones / 

correct  

count in ones / 

wrong 
Guess/ wrong Don't know  

 
Age n % n % n % n % n % 

1 
5 10 66.7 5 33.3 0 0.0 0 0.0 0 0.0 

6 14 93.3 1 6.7 0 0 0 0 0 0 

2 
5 6 40.0 8 53.3 0 0 1 6.7 0 0 

6 8 53.3 7 46.7 0 0 0 0.0 0 0 

3 
5 6 40.0 9 60.0 0 0 0 0.0 0 0 

6 8 53.3 7 46.7 0 0 0 0.0 0 0 

4 
5 4 26.7 7 46.7 3 20.0 1 6.7 0 0 

6 9 60.0 6 40.0 0 0 0 0.0 0 0 

5 
5 3 20.0 8 53.3 4 26.7 0 0.0 0 0 

6 5 33.3 9 60.0 1 6.7 0 0.0 0 0 

6 
5 1 6.7 11 73.3 3 20.0 0 0.0 0 0 

6 1 6.7 14 93.3 0 0.0 0 0.0 0 0 

7 
5 2 13.3 9 60.0 3 20.0 1 6.7 0 0 

6 0 0.0 15 100.0 0 0.0 0 0.0 0 0 

8 
5 0 0.0 10 66.7 2 13.3 1 6.7 2 13.3 

6 1 6.7 10 66.7 4 26.7 0 0.0 0 0 

9 
5 2 13.3 4 26.7 9 60.0 0 0.0 0 0 

6 0 0.0 14 93.3 1 6.7 0 0.0 0 0 

10 
5 1 6.7 6 40.0 6 40.0 2 13.3 0 0 

6 0 0.0 14 93.3 1 6.7 0 0.0 0 0 

Table 4: The strategies used to say the numbers that represent the dots 

 

 
Diagram 1: The strategies used by 5-years old children 
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Diagram 2: The strategies used by 6-years-old children 

      Second, the number of children of both groups who used this strategy increases (including wrong and 

correct response) when the number of dots increases. For example, 5 (33.3%) of five-year-old children counted 

in ones for one dot and 12 (80%) for ten dots. Among six-year- old children, only 1 (6.7%) child counted in one 

for one dot and the number increases to 15 (100%) children for ten dots.  

      Third, the children of five-year-old used to count in one wrongly for four up to ten dots. The maximum 

number of five-year-old children who counted in ones wrongly was for nine dots (n=9, 60) followed by ten dots 

(n=6, 40%), five dots (n=4, 26.7%), and four, six and seven dots (n=3, 20%) respectively. The wrongly used 

count in one strategy among six years old children happened for eights dots (n=4, 26.7%), and for five, nine and 

tens dots (n=1, 6.7%) respectively. 

 

X. Discussion 
Saying the number names is one of the ways to represent numbers. The findings show that the older 

children did better than the younger. In general, the five-year-old children were good at saying lower numbers (1 

to 5) and faced problems representing greater numbers (6 to 10) even though some were good. The children 

have the ability to represent the number (say the number name) and it occurs developmentally since the children 

take time to associate the symbols or numeral and number names. Thus, the inability to say the number names 

for greater numbers (6 to 10) is a temporary problem and can be solved by drilling and practice more frequently. 

      Using objects is another way to represent numbers. In the study, most of the children did not have the 

problem in saying the number and counting the fingers simultaneously except for three year-old-five children. 
Representing numbers using objects looks easier as compared to say the number names. The findings support 

the Piaget (1972) of Cognitive Developmental Theory where the children learn through the concrete operational 

stage. Representing number by saying the number names look more abstract. 

     Saying number to represent a number of objects is another form representation. Almost all six-year-old 

children were able to say the number correctly when groups of objects of small (2, 3, and 4) and big (8, 9, and 

10) quantities were displayed. Whereas, the five-year-old children were good at saying number names with 

respect to objects of small quantity only. The findings are consistent with the earlier representation (saying 

number names to represent numbers). Here the “complexity” of the object of big quantity places the greater 

challenge in saying the numbers. 

      The children require strategies to represent a group of objects correctly. In our study, subitizing (look 

and say rapidly) and counting in ones are two favorite strategies use to say the number related to number of dots 

given. Subitizing differs from guessing in the sense that during guessing the children are not really confident 
and take longer time to provide the answer.  Children prefered to subitize for fewer number of dots and opted to 

count in ones for a larger numbers of dots (6 to 10). The findings support other results of the study (Piazza,  

Mechelli, Butterworth & Price, 2002; Benoit, Lehalle & Jouen,2004)  study.  However, more six-year-old 

children did better in subitizing compared to five-year-old children. Hence the results also agree with the view 

that “subitizing appears to be the  developmental pathway for acquiring the meaning of the first few number 

words, since it allows the child to grasp the whole and the elements at the same time. Benoit, Lehalle & Jouen, 

2004, p291”. The children’s selection of counting in ones when they were not confident enough to subitize 

particularly for a greater quantity was also mentioned in other study. However, the use of counting in ones 

remains an effective strategy when the almost all six-year-old children manage to provide correct 

representations.  
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XI. Conclusion 
Pre-school children are able to conceptualize numbers using multiple representations In the study the 

most of the children were able say the number names that represent the numerals (1-10). They were also manage 

to count the number of objects (fingers and marbles) to represent the numbers. In order to represent the number 
dots in numbers correctly the children employed three main strategies; subitizing, counting in ones and 

guessing. Subitizing and counting are effective strategies for pre school children. Multiple representation plays a 

vital roles in learning and it invites the children to utilize the strategy they are confortable with. 
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