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This study investigates the role of representational and decorative pictures in solving one-step mathematical problems of the additive structure with the unknown in the first part (a) by primary second grade students. It also investigates pupils’ attitude towards the use and the role of pictures. For the purposes of the study, 125 pupils were asked to complete a questionnaire with two verbal problems, two problems accompanied by a representational picture and two by a decorative one. The results indicate that the presence of both the representational and the decorative picture did not have a significant impact in pupil’s performance, even though pupils’ attitude towards them is positive.

Theoretical and empirical background 
A type of external representation that is used extensively in mathematics textbooks and is considered to enhance problem solving in all the phases of the certain process is visual representations (Larkin & Simon, 1987). Visual representations play an important role as an aid for supporting reflection and as a means of communicating mathematical ideas. Many researchers consider imagistic representations as a fundamental cognitive system for mathematical learning and problem solving (De Windt-King & Goldin, 2003), while experts mathematicians as well as mathematics students perceive visual representations as a useful tool in Mathematical Problem Solving (MPS) and frequently attempt to use them (Stylianou, 2001). Furthermore, Principles and Standards for School Mathematics (NCTM, 2000) include a standard referring exclusively to representations and stress the importance of the use of multiple representations in mathematics learning. 

Although, the mental processes, and particularly the visual-spatial images, used in MPS or mathematics learning have received extensive research in the field of mathematics education (e.g., Presmeg, 1992; Gusev, & Safuanov, 2003), the role of pictorial representations or number line in MPS, has received much less attention (Gagatsis & Elia, 2004). An effort to study the function of pictorial representations was made by Carney and Levin (2002) who proposed five functions that pictures serve in text processing – decorative, representational, organizational, interpretational and transformational. Given Carney and Levin’s (2002) five functions that pictures serve in text, Theodoulou, Gagatsis & Theodoulou (2003) proposed a similar categorization for the functions of pictures in MPS. Specifically, they suggested that pictures have the following four functions in MPS: (a) decorative, (b) auxiliary-representational, (c) auxiliary-organizational and (d) informational.

Decorative pictures do not provide any actual information concerning the solution of the problem. Auxiliary-representational pictures represent part or all of the problem content, but are not necessary to be used in order to solve the problem. Auxiliary-organizational pictures help the students to solve the problem by guiding them to organize the given statements of the problem. Finally, informational pictures provide information that is essential for the solution of the problem; in other words, the problem is based on the picture. 

Recent research tried to examine the role of specific types of pictures in MPS. A first research by Gagatsis and Markou (2002) showed that the incorporation of decorative pictorial representations in unused verbal problems did not lead to a change in students’ behavior towards these problems, thus not breaching of the didactical contract. Pupils ignored the existence of pictures and their attention was detracted by the numerical data in the problem statement.
Theodoulou, Gagatsis and Theodoulou (2004) examined the role of the four different types of pictures according to their function in MPS. The results showed that the presence of decorative and informational pictures had no significant effect on students’ problem solving performance, whereas auxiliary-organizational pictures had a significant positive effect. Auxiliary-representational pictures had a significant positive effect in some cases, according to the mathematical operations needed in order to solve the problem. It was also found that the kind of mathematical operation needed in order to solve the problem had a more significant effect on students’ problem solving performance than the kind of picture that accompanied the problem. In many cases, although the children used the picture in order to solve a problem, they claimed that the picture was not useful for solving the problem. 

Elia and Philippou (2004) explored the role of pictures based on their function, in the solution of non-routine problems by pupils of Grade 6, in the context of an experimental model of communication. Findings of the particular study revealed that the representational, informational and organizational picture, but not the decorative one, had a significant effect on MPS. 
Elia, Gagatsis and Demetriou (2004) investigated the role of the four different types of representation in MPS and developed a model, which provided information about the structural organization underlying students’ processes in the solution of one-step additive problems in multiple representations. This model involved four first-order representation-specific factors indicating the differential effects of each particular type of representation and a second-order factor representing the general ability to solve additive problems. The size of the factor coefficients of the proposed model indicated that pupils’ general problem solving ability was highly associated with the abilities in solving problems in verbal form, with decorative pictures and number line. This finding suggested that students used similar processes to solve the problems in the three modes of representation, indicating that pupils overlooked the presence of the line or the decorative picture and gave attention only to the text of the problem. The decorative pictures had no impact on students’ behavior in MPS. The informational pictures had a rather complex role in problem solving compared to the use of the other modes of representation. It is possible that it required extra and more complex mental processes relative to the other modes of representation, since it involved not only pictorial but verbal information as well (Pyke, 2003). 

According to the studies of Deliyianni, Gagatsis and Koukkoufis (2003), and Gagatsis and Andronicou (2004), similar results occurred in the case of representational pictures. To be specific, it appeared that pupils certain times did not take them into consideration since their use was not essential for MPS. Thus, representational pictures were very often tackled in a way similar to that in which the verbal problems were tackled, presenting, as a consequence, the same degree of difficulty. On the other hand, the problems accompanied with organizational pictures seemed to be solved more easily by the pupils. Nevertheless, the presence of organizational pictures in the context of some problems made the solution of them more complicated. That is because the pupils could resolve these problems successfully without any picture. Certain times organizational pictures provided pupils with unnecessary directions for drawing or written work. Besides, even though some pupils partly drew and wrote correctly what was asked for in the organizational picture, they were still unable to go on to the correct mathematical equation. A likely explanation is that no one can guarantee that pupils will conceive the symbolic relation between the representation and the entity in which it corresponds (DeLoache, Uttal & Pierroutsakos, 1998). 

To sum up, in a comparative article of a number of studies related to the contribution of pictures and number line in MPS, Gagatsis and Deliyianni (2004), provided evidence for the non-significant role of the decorative picture, the negative effect of the informational picture, the ambiguous role of the representational picture and the positive influence of the organizational picture on students’ performance in MPS. The aforementioned studies seem to concur with the view that the use of visual representations in mathematics understanding and learning should be conducted with great attention (Seeger, 1998) and that reading and using images constitute skills that should not be left to chance, but should be taught and learned systematically (Dreyfus & Eisenberg, 1990). 

Regarding the role of pupils’ sentiments and attitudes towards the use of pictures in MPS, De Bellis & Goldin (2006) supported that the sentimental sector constitutes an internal system of representation. According to their model, the person’s ability to solve mathematical problems is based on five types of internal systems of representation which interact. One of these systems is the Sentimental, which refers to the person’s sentiments, attitudes, beliefs, values and habits. In the research they conducted, De Bellis & Goldin (2006) found that the sentimental sector can enhance or undermine pupils’ performance in Mathematics. 

THE STUDY

Purpose

The purpose of this study was to investigate the role of three different modes of representation (decorative picture, representational picture and verbal description – text) in MPS. More specifically the aim of the study was to explore and compare the effects of decorative and representational picture in the solution procedures of one-step problems of the additive structure. Furthermore, the study aimed to identify the pupils’ attitude towards the use and the role of pictures in MPS.   
METHODOLOGY

Participants

The sample of the research consisted of 125 second grade (7 to 8 years old) students (70 boys and 55 girls) from four elementary schools in two districts of Cyprus. The sample was selected with convenience sampling method. The students were acquainted with one-step problems of the additive structure from the first grade of elementary school. Also, they were exposed to teaching using verbal, decorative and representational pictures before through their textbooks and school materials. 
Data collection

In order to collect the data needed for this study, a questionnaire was constructed. The questionnaire consisted of 6 one–step grouping (part – part – whole) problems with additive structures (a+b=c), based on the classification of problems with additive structures proposed by Vergnaud (1982). More specifically, the focus was on situations with the placement of the unknown in the first part (a) because, in this case, the problem is considered to be more difficult. The problems were accompanied with or represented in different representational modes. All the categories of problems are presented in the following table. 

	Type of representation
	Problem
	Example

	Verbal
	1, 4
	[image: image14.wmf]Helens’ classroom has some boys and 7 girls. All the children are 13. How many boys are there in Helens’ classroom?
boys

	Representational picture
	2, 5
	Costas cut some roses and 5 marguerites. All the flowers he cut were 11. How many roses did he cut? 
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                                                          roses

	Decorative picture
	3, 6
	At the birthday party of Carina were some red and 9 yellow balloons. All the balloons were 13. How many red balloons were at the party?

                                                       red balloons


Table 1: Specification Table of the problems included in the test

Furthermore in the test, there were questions relative to the students’ attitude towards the presence and the role of the different representational modes in MPS. Those questions were answered by choosing either “Yes” or “No”. 
Procedure

The written questionnaire was administered to the students in usual classroom conditions. Students were asked to solve all the items explaining their solution strategies. They were not obliged to use the pictures that accompanied the problems. Actually, they were instructed to use the representations if they believed that they could help them resolve the problems.  Students were given 40 minutes to solve the problems. After the completion of the problem tasks, the questionnaires were collected.  

Scoring of the tasks

Problem tasks were scored as follows: 0=wrong answer or no answer, 1=correct answer. Relatively to the questions which concerned the use of the pictures by the students and their attitude towards them, affirmative answers were marked as 1 and negative answers were marked as 0. 

Variables of the study

The variables of the study were the following:

V1, V2: Verbal problem   

Iv1, Iv2: Problem solving by drawing a representational picture 

Sv1, Sv2: Problem solving by using mathematical symbols 

R1, R2: Problem accompanied with representational picture

Ir1, Ir2: Problem solving by using representational picture

D1, d2: Problem accompanied with decorative picture

Id1, Id2: Problem solving by using decorative picture

Idr1, Idr2: Students solve the problem which is accompanied with decorative picture by drawing a representational picture

A1: Students’ attitude towards the pictures

Be1: Students’ opinion about the assistant role of the pictures in MPS
Method of analysis

Multiple methods of analysis were performed, using the collected data, including Descriptive Statistics Analysis by using the computer software SPSS and Gras’s Implicative Analysis by using the computer software C.H.I.C (Classification Hiérarchique, Implicative et Cohésitive) (Bodin, Coutourier & Gras, 2000). Gras’s Statistical Model is a method appropriate for collecting and analyzing data in order to reinforce or refute hypotheses and draw conclusions. This method determines the connections and the implicative relations of factors. The similarity diagram allows for the arrangement of tasks into groups according to their homogeneity. The implicative method gives the implicative graph, which represents the implicative relations among all variables which indicate whether success in one task entails success in another task related to the former one. The implications are valid at a level of significance of 99%, 95% or 90 %. 

RESULTS 

Students’ performance on problem tasks accompanied with different representational modes. 

A basic aim of the study was to examine whether different modes of representation (decorative picture, representational picture and verbal description – text) affect second grade students’ performance in solving one-step problems of the additive structure. Table 2 shows the students’ performance on the six problem tasks of the questionnaire. The highest percentage (95%) is observed when the problem is accompanied with representational picture (R1), whilst the lowest percentage (76%) refers to the verbal problem (V2) and to the problem which is accompanied with decorative picture (D2). The results show that the percentages are high in all the problem tasks. Therefore, students’ performance is not altered by the mode of representation used.
	Variables
	V1
	V2
	R1
	R2
	D1
	D2

	Percentage of Success
	82 %
	76 %
	95 %
	78 %
	77 %
	76 %


 Table 2: Students’ performance on addition problems accompanied with different representational modes. 

Use of decorative and representational pictures 

A second aim of the study was to examine whether students use the decorative and representational pictures when they solve one-step grouping (part – part – whole) problems of additive structure. Table 3 shows the percentages of students who declare that they used pictures to solve the mathematical problems. Students mention that they used more the representational pictures (Ir1 =67%, Ir2 = 62%) and less the decorative ones (Id1=31%, Id2=32%). From Table 3 it is also evident that few students draw a picture on verbal problems (Iv1= 2%, Iv2=3%) or solve problems which are accompanied with decorative picture by drawing a representational picture (Idr1= 3%, Idr2= 4%).
	Variables
	Iv1
	Iv2
	Ir1
	Ir2
	Id1
	Id2
	Idr1
	Idr2

	Percentage of use
	2 %
	3 %
	67 %
	62 %
	31 %
	32 %
	3 %
	4 %


Table 3: Percentages of picture use.

Students’ attitude towards decorative and representational pictures

The study also aimed to investigate students’ attitude towards decorative and representational pictures. As shown in Table 4, students seem to have a positive attitude to the presence and the role of decorative and representational pictures in MPS. 

	Variables
	A1
	Be1

	Percentage
	71 %
	73 %


Table 4: Students’ attitude towards decorative and representational pictures.

Similarity between the tasks
The Similarity Diagram (Figure 1) shows how tasks are grouped according to the similarity of the ways in which they have been solved. The similarities in bold color are important at level of significance 99%. 
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Figure 1: Similarity diagram of students’ responses to the tasks

According to the Similarity Diagram (Figure 1), two groups are clearly distinguished. The first group consists of the variables V1, D1, V2, R2, D2, Sv1, Sv2 and R1, which represent students’ efficiency in solving the problem tasks and using mathematical symbols. The variables Iv1, Idr1, Idr2, Iv2, Ir1, Ir2, Id1, Id2, A1 and Be1 are included in the second similarity group that concerns solving the problem tasks by using pictures and also students’ attitudes and beliefs towards pictures. 

In the first group, two subgroups are distinguished. The first subgroup consists of the variables V1, D1, V2, R2 and D2 which represent the students’ efficiency in solving the addition problems. The second subgroup consists of the variables Sv1, Sv2 and R1. The connection between Sv1 and Sv2 is not surprising, as these variables represent students’ tendency to solve verbal problems by using mathematical symbols and equations. 

In the second group two subgroups are also distinguished. The first subgroup consists of all problem tasks which students solved by using decorative and representational pictures (Iv1, Idr1, Idr2, Iv2, Ir1, Ir2, Id1and Id2). The second subgroup consists of the variables which represent students’ attitudes and beliefs towards pictures (A1, Be1).

According to the similarity diagram, the most significant similarity relationships can be observed between the variables of the second group.  For example the variables Id1 and Id2 are connected with the most significant relationship. Thus, students justifiably behaved in a similar way when they solved the addition problems which were accompanied with a decorative picture. Furthermore, the variables Id1 and Id2 are significantly connected with the variables Ir1 and Ir2. This connection is not surprising because some of the students who declared that they used the decorative pictures to solve the problem tasks, they did the same for the representational pictures. 

Moreover, significant similarity relationship can be observed between the variables Idr1, Idr2 and Iv2 which represent the cases in which students solved the verbal problems or the problems which were accompanied with decorative picture, by drawing a representational picture. This behavior can be considered as systematic because, students who need and draw representational pictures to solve verbal problems, do the same for the problems which are accompanied with decorative picture. However, as shown in Table 3, this behavior can be observed rarely.  

Considering the similarity diagram, there is a similarity connection between the variables Iv1, Idr1, Idr2, Iv2, Ir1, Ir2, Id1, Id2 (group 1) and the variables A1, Be1 (group 2). This connection is expected, because students who use pictures to solve addition problems, have a positive attitude towards them. 
Furthermore, as shown in the Similarity Figure, there is no similarity relationship between the two groups. This finding indicates that picture use and students attitudes towards them are not connected with students’ performance in solving one-step problems of the additive structure.  

Implicative Graph

The Implicative Graph (Figure 2) shows the implications between problem tasks, questions which referred to picture use and questions which referred to students’ attitude towards pictures. The implications are important at level of significance 90%, 95% and 99%, according to the thickness of the line. 
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Figure 2: Implicative graph of students’ responses to the tasks

According to the Implicative Graph (Figure 2), variables which referred to the picture use on problem tasks which were accompanied with representational and decorative image (Id1, Id2, Ir1, Ir2), are connected with implicative relationships. From Figure 2 it can be concluded that students who use the decorative pictures (Id1, Id2), use also representational pictures (Ir1, Ir2) to solve the addition problems. This finding is in agreement with the percentages shown in Table 3 which indicate that more students use representational than decorative pictures.    

It is also evident that picture use (Id1, Id2, Ir1, Ir2) entails positive attitude towards them (A1, Be1).  Concretely, students who solve the problem tasks by using either decorative or representational picture, refer that they like pictures because they help them in problem solution.  
DISCUSSION

The gap in the research literature on the role of pictures in MPS (Gagatsis & Elia, 2004) contributed to conduct this study. Based on the functions that pictures serve in text processing, as proposed by Carney and Levin (2002), this study attempted to examine the role of decorative and representational picture in solving mathematical problems of the additive structure with the unknown in the first part (a). Moreover, considering that the sentimental sector can enhance or undermine pupils’ performance in Mathematics (De Bellis & Goldin, 2006), we also focused on the role of pupils’ sentiments and attitudes towards the use of pictures in MPS.
A basic aim of the study was to investigate the role of decorative and representational pictures in solving one–step grouping (part – part – whole) problems with additive structures. As the results have shown, students’ performance in MPS is not affected by the presence and use of decorative and representational pictures. This finding coincides with the findings of a previous study by Gagatsis et al (1999), which showed that different modes of representation, such as pictures, do not always assure successful overlapping of cognitive difficulties in Mathematics. 

In this study we also examined the relation between students’ performance and the nature of the representation (decorative or representational pictures) used. It is evident that the success percentages are high enough in all the problem tasks. Therefore students’ performance is not altered according to the mode of representation used. This finding is in agreement with the results of a previous study by Gagatsis and Marcou (2002) which showed that decorative pictures did not lead to a change in students’ behavior towards non-routine verbal problems. These results also support Theodoulou, Gagatsis and Theodoulou’s (2004) conclusions that auxiliary-representational pictures had a significant positive effect only in some cases. 

As regards the decorative picture, it seems that decorative pictures have no impact on pupils’ behavior in MPS. It is also remarkable the fact that pupils sometimes draw a representational picture in order to solve a problem which is accompanied with decorative picture. Thus, Carney and Levin’s (2002) opinion that decorative pictures do not enhance any understanding or application to the text appears to extend itself in the case of mathematical problems.  
The results have also shown that students’ attitudes towards the role and use of pictures is not connected with their performance in MPS. Further research is needed to investigate the relationship between pictorial representations and the Sentimental system of representation which is proposed by De Bellis and Goldin (2006), in order to conclude that the sentimental sector can enhance or undermine pupils’ performance in Mathematics. 
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