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The current study discusse the relation between thinking style of and their modelling process and routs. For this aim 35 eighth students were examined. At first the students solve word problem and according to their solutions they grouped in two groups, visual thinking style group and analytic thinking style group. The two groups engaged in three modelling activities. The findings indicate about difference in the modelling process of the two groups in the three activities, main differences in the modelling process were in the simplifying, mathematizing and the mathematical model. In addition, the analytic thinking group skipped on the real model phase in the three activities, while the visual group build real model in each activity. Furthermore, the modelling rout of the visual group were more sequential than the analytic group. 
Introduction

Thinking style and cognitive methods strongly affect students' performance in many areas and therefore they largely determine the large differences in their performance as demonstrated by empirical cognitive psychology studies (e.g., Cakan, 2000). Therefore, an attention must be given to students’ different thinking style in order to appropriate the education for all of them (Sternberg & Zhang, 2005). Specifically, when students solving modelling activities that offer students the opportunity to meet everyday challenges and requirements; and provide them the abilities and competences to deal with complex system and real word situation (Lesh & Doerr, 2003). The process of translating between the real world and mathematics referred as modelling process (Blum & Borromeo-Ferri, 2009). Knowledge about students’ modelling process will affect their teachers’ intervention to more effective (Blum & Leib, 2005). Therefore, modelling process have been studied widely (e.g. Blum & Borromeo-Ferri, 2009). However, very few research (e.g. Borromeo-Ferri, 2010) examined the modelling process of individuals with different thinking style. And almost no researches emphasized the modelling process with respect to thinking style of groups -when all modellers in each group with the same thinking style-. This study will shed the light on the influence of group’s thinking style on their modelling process and modelling rout while they engaged in modelling activities. 

Framework

Mathematical thinking Style 
A style is a way of thinking; it is not an ability but a preferred way of using one's abilities (Sternberg, 1997). Mathematical thinking styles are how the individuals prefer to learn mathematics and not assess his understanding of mathematics. In addition, it also included how the individual prefer to proceed the mathematical task (Sternberg, 1997). Klein (as cited in Borromeo-Ferri & Kaiser, 2003) suggested three different thinking styles: the philosopher who can constructs on the basis of concepts, the analyst who can operates with a formula and the geometer who has a visual starting point. Similarity, based in empirical study of Borromeo-Ferri and Kaiser (2003), they suggested three thinking styles the analytic, visual and the integrated. In the current study we will follow the last identification and focus the visual and the analytic. The visual thinking style defined as thinking based on the shapes, drawings and images presented in the real situations and relationships involved (Campbell, Collis &Watson, 1995). Students with visual thinking style is strongly image-oriented way of thinking when solving mathematical problems, which help them to obtain, represent, interpret, perceive and memorize information, and express it (Borromeo-Ferri & Kaiser, 2003). The analytic thinking style identified as thinking symbolically and formalistically, it involves sorting and separating elements from context, a tendency to focus on the properties of objects and elements for classification into categories, preferring to use rules about categories and predicting behaviour (Monga & John, 2007). 
Modelling
Mathematical modelling means solving complex, realistic and open problems with the help of mathematics, the process that students develop and use during solving such problems referred as modelling process. The modelling process is a cyclic in which translating between the real world and mathematics takes place in both directions (Blum & Borromeo-Ferri, 2009). The modelling processes from cognitive perspective identified phases and transition (Blum & Leib, 2005) the phases include: a situation model; real model; mathematical model; mathematical results and real results that include the results of the interpretation of the mathematical results in reality. The transitions include: understanding the problem and simplifying a situation model; presenting a real model; mathematizing, which leads to constructing a mathematical model; applying mathematical procedures; interpreting the mathematical results and validating in which mathematical results is validated in real task. Various visual description to the cyclic process- modelling cycle- found in the literature. In the current research we will based on Blum & Leiß (2005) modelling cycle. The denoting of modelling process in detail, referring to the various phases of the modelling cycle on an internal and external level referred as modelling route (Borromeo-Ferri, 2007). 
Research aim and question:

Dose and how group of students with different thinking style (visual and analytic) are different in their modelling process and their modelling routs while they working in sequence of modelling activities?
Method
Research participants and procedure
Initially questionnaire for identifying the thinking style was administered to 35 eighth grade class, then students classified according to their solving process of the tasks in the questionnaire. They classified to 14 aanalytic, 11 visual and 10 integrated thinking style groups. In the current study, we focused the only the analytic and visual thinking style. Then we grouped students with the same thinking style with the same group. We choose 5 students with the help of their mathematics teacher in order to keep similar variables (such: gender, mathematics abilities, socioeconomic status) between the two groups. Each group (analytic and visual) engaged in three modelling activities, along three weeks, one activity each week. The context of the modelling activities is not of the focus of the current research. However, the modelling activities we adapted from the literature (e.g., Blum & Borromeo –Ferri, 2009). 
Data sources and analysis
Questionnaire: The questionnaire included 8 tasks for classifying students according to their thinking style. Some of the tasks were adapted from other studies (e.g. Lowrie & Clements, 2009) and some were designed by the researchers, the tasks selected to present different topic areas and can be solved by different strategies. An example of one task is the Turf problem (Lowrie & Clements, 2009): A husband and wife wanted to turf their backyard (put grass squares down). Before purchasing the turf, they had a ground pool put in their backyard. The pool was 3m wide and 5m long. Sensibly they also paved an area 1m wide around the pool. If turf costs $10 per square meter, how much would it have cost to turf the backyard (150 m² in total) once the pool and the paving were finished.
Video recordings:  Video recording of the two groups working on the three modelling activities that were transcribed verbatim.
The questionnaires analyses: We used the constant comparison method (Glaser & Strauss, 1967) to analyze the problem-solving processes for each task in the questionnaire, for each student. We did that taking into account the categories described by Borromeo-Ferri and Kaiser (2003, p.12): The visual thinking group “when information from a given problem is sketched, drawn or graphed, or mental images are used and described”. In this category were students that all their solution included a graphical way, using tables and drawings in different form. The analytical thinking style characterized “as a formula-oriented way of mathematical thinking when solving mathematical problems. That means that information from the text of a given problem, from a graph or something similar, is expressed by means of equations”. Following an example of students’ answers classification for the Turf problem:
	Analytic style:
	3+2=5m; 5+2=7m               7

7*5=35;                     5  
	150-35= 115m2; 

115*10= 1150$

	Visual style:
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	5*7=35m2
150-35=115m2
115*10=1150$     


Video recordings analyses: We used the constant comparison method (Glaser & Strauss, 1967) to analyse the students modelling processes in three modelling activities, we did that taking into account the cognitive aspect of modellers’ modelling cycle of Blum and Leib (2005). 
Findings

Modelling process between analytic and visual groups
The findings indicated that the analytic and visual groups, each separately have similar features in working in the three modelling activities, while the two groups differed in modelling process between them. Table 1 presented general findings about the two groups’ modelling process. 

Table 1: modelling process of the analytic and visual groups in the three activities

	Group
	Analytic
	Visual

	Modelling process
	Simplifying
	Real model
	Mathematizing
	Mathematical model
	Working mathematically
	Mathematical results
	Interpreting
	Real results
	Validating
	Simplifying
	Real model
	Mathematizing
	Mathematical model
	Working mathematically
	Mathematical results
	Interpreting
	Real results
	Validating

	First activity Modelling cycle
	1
	-
	-
	√
	√
	√
	√
	-
	-
	-
	√
	√
	√
	√
	√
	√
	-
	-
	-

	
	2
	-
	-
	√
	√
	√
	√
	√
	√
	√
	-
	√
	√
	√
	√
	√
	√
	√
	√

	
	3
	-
	-
	√
	√
	√
	√
	√
	√
	√
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Second activity Modelling cycle
	1
	-
	-
	-
	-
	√
	√
	√
	√
	-
	√
	√
	√
	√
	√
	√
	√
	√
	√

	
	2
	-
	-
	-
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√

	
	3
	-
	-
	-
	√
	√
	√
	√
	√
	√
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Third activity Modelling cycle
	1
	-
	-
	√
	-
	√
	√
	-
	-
	√
	√
	√
	√
	√
	√
	√
	-
	-
	√

	
	2
	-
	-
	√
	√
	-
	-
	-
	-
	-
	√
	√
	√
	√
	√
	√
	√
	√
	√

	
	3
	-
	-
	√
	√
	√
	√
	√
	√
	√
	-
	-
	-
	-
	-
	-
	-
	-
	-


The analyses of the modelling processes of the two groups in the three activities indicated that the major differences between them, were in the real model, simplifying, mathematizing and mathematical model. Table 2 presents the differences between the two groups with exemplifying from students’ discourse. 
Table 2: differences in modelling process between analytic and visual groups 

	Modelling process 
	Visual group
	Analytic group

	Simplifying 


	Students try to illustrate the   information in the situations by drawing and illustration. Ex. 

[5] Students 1: I can explain the situation; we have information about... [they drew illustration of shoes and body] 

[ 6] Student 1: we can find the relation between us and the giants
	Students simplified the situations by mathematizing, with skipping real model for the situations. Ex.
[5] Student 2: we can calculate by ratio between width and length

[32] Student 3: The ratio between the length of the shoes and height of person.

	Mathematization
	Students mathematize the situation by working in tables and lists.  Ex. 

[10] Student 3: make a table

[16] student 3: your shoes 26 cm, here I write 26 cm [in the column of the shoes’ length] your height is 160
	Students mathematize the situation by searching about formulas. Ex.
[9] Student – the ratio between the length and the width … length 32 and width 12 [length and width of their shoes].

[11] Student –we should simplify  the ratio … 32:12

	Mathematical model
	The mathematical model illustrated by tables and formula.
	The mathematical model presented by formula.


Modeling cycles and routs in the analytic and visual groups

Analyses of the modelling processes of the two groups in the three modelling activities indicate that the analytic group went through more modelling cycle in each activity in order to get the final model than the visual group as presented in Table 1. In addition, the analyses of modelling process indicated that the visual group had more skipping in modelling phases than the visual group. We will present the modelling process in each group in on activity the giants’ shoes activity (Blum & Borromeo –Ferri, 2009) (due of space limitation). The modelling process of the analytic group can separate to three modelling cycle. The first cycle (C1.1, C1.2, C1.3, C1.4); The second modelling cycle (C2.1, C2.B) and the third modelling cycle (C3.1, C3.B, C3.3, C3.C, C3.4, C3.D, C3.5). Table 3 presented modelling process and Figure 1 illustrate modelling route of analytic group.
Table 1: Modelling process of the analytic group in the giant’s shoes

	Modelling cycle
	Process
	Explanation

	The first cycle
	C1.1
	Understanding the situation, simplifying through mathematizing by think about the relation between the width and the length of shoes 5.29: 2.37

	
	C1.2
	Working mathematically: Find the ratio between the width and the length of one students; 32:12

	
	C1.3
	Mathematical result: The ratio 8:3

	

	C1.4
	Validating: it is not help in solving the situation

	The second cycle
	C2.1
	Return to the situation, simplifying through mathematizing: Find the ratio between the length of student’s shoes and her length.

	
	C2.B
	mathematical model:  The length of person is 4 times the length of shoes.

	The second cycle
	C3.1
	Return to the situation, simplifying through mathematizing: Find the ratio between the average of their  length of their shoes.

	
	C3.B
	mathematical model:  The length of person is 5 times the length of shoes.

	
	C3.3
	Applying the models: 5.29*5 

	
	C3.C
	Mathematical results, the height of the giants is 26.45.

	
	C3.4
	Interpreting to reality, it is almost 27 m  

	
	C3.D
	Realistic results 27 m

	
	C3.5
	Validating the results in the situation, 27 m 
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Figure 1: Modelling routs of the analytic group in the giant’s shoes

The visual group go through two modelling cycle, they started with simplifying the situation used drawing, they try to draw a figure of shoes through their simplification, they get a real model )A( and think about the relation between the length of the giant and the length of the shoes and this relation may be equal to people (C1.1); They start to mathematizing by ordering their dimension (length of the shoes and the heights of each one of them) and the ratio between these dimension through table (C1.2); then elicited mathematical model that the ratio between the length of the shoes and the height is like their ratio (C1.B), applied in it (C1.3) and get mathematical results , they have different results because they have different ratio (C1.C), these results didn’t answer the situation (C1.4). The second cycle start with mathematical model that is the average of their results mathematical (C2.B), they applied their data (C2.3) and get 32 (C2.C), the realistic result giants height is 32m (C2.D); they accepted this result (C2.5). 
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Figure 2: Modelling cycle of the visual group in the giant’s shoes
Discussion
The current study examined the modelling process and routs of two groups of eight grade students, one group classified as analytic thinking style and the second group as visual group. The findings indicated about major difference in modelling process between the two groups. The analytic group try to simplify the three activities by mathematizing, while the visual group try to simplify the activities by drawing and illustration. In addition, the findings indicated about difference in the mathematizing process and in the illustration of the mathematical model. The differences that characterize the analytic group are similar to characterises in routine word problems, Klein (as cited in Borromeo-Ferri & Kaiser, 2003) reported that students with analytic thinking style tending more to search for structures, patterns or formulas and its application or briefly operate with formulas. According to the modelling cycle we identified that analytic group had more skipping in modelling phases, in the three activities they skipped the real model, while this phase was addressed in the visual group. These findings supported Borromeo-Ferri’s (2012) findings, she indicated that when analytic thinkers dealing with modelling tasks, they preferred to change the real world model to a mathematical model and worked in a formalistic way, while visual thinkers thought more terms of the real world rather than of formal solutions, they tended to present their thinking by pictures and graphic drawings. 

Finally, it is important to be aware for the thinking style of students, teachers’ awareness will be an indicator for the effective intervention. We suggested to expanded our work by examined more than one group from each style in order to have more information about modelling process and routs of students with different thinking style.
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