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Abstract 
 

In this paper the effect of instrumental strategy, viz. Duval cognitive model (DCM) vs. 
Conventional group Learning (CGL) on Geometric Reasoning in mathematics on sample of 300 class 
9th students was The findings studied of the study were (a) Students studying through DCM 
achieved higher gain mean that those who were studying in a CGL situation on geometrical 
reasoning. (b) Students studying through DCM achieved higher gain mean than those who were 
studying in a CGL situation on purely configural process of geometrical reasoning. (c) Students 
studying through DCM achieved higher gain mean that those who were studying in a CGL situation 
on natural discursive process of geometrical reasoning. (d) Students studying through DCM 
achieved higher gain mean that those who were studying in a CGL situation on theoretical 
discursive process of geometrical reasoning. 
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DUVAL’S COGNITIVE MODEL 
 

According to Duval (1998), any model of learning in which different ways of reasoning are 
organized according to a strict hierarchy is inappropriate. Rather than being representative of 
higher level of thinking, he argues that different kind of cognitive activity have teir own specific and 
independent development. He explain that geometry involves three kinds of cognitive process in 
relation to discursive processes which fulfil specific epistemological function is: 

 

Visualizations process: Visualizations process with regard to space representation for 
illustration of a statement, for the heuristic exploration of a complex situation, for a synoptic glance 
over it or for a subjective verification. 

 

Construction processes: Construction processes by tools, Construction of configuration 
can work like a model in that the action on the representative and the observed results are related 
to the mathematical objects which are represented. 

 

Reasoning processes: Reasoning in relationship to discursive processes for extension of 
knowledge, for proof, for explanation. 
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GEOMETRICAL REASONING 
 

One of aspect of basic competencies in mathematics is reasoning which includes step of 
higher mathematics thinking it include’s capacity for thinking logically and systematically. 
Reasoning is a process to reach logical conclusion based on facts and relevant resources. Reasoning 
mathematically is a habit of mind, and like all habits, it must be developed through consistent use in 
many context (National council of teachers of mathematics, 2000)  

Mathematical reasoning is the ability to think coherently and logically and draw inferences 
or conclusion from mathematical facts know or assumed (Mansi 2003). 

According to Duval,”the word reasoning is in a very broad range of meanings. Any move, ant 
trial and error, any procedure to solve a difficult is often considered as a form of reasoning.”For 
developing students’ reasoning is geometry, Duval introduced three cognitive processes in 
geometry involved in proof namely 

 

“A purely configural process”- operative apprehension 
 

“A natural discursive process”- in ordinary speech through description, explanation and 
argumentation,  

 

“A theoretical discursive process”- this is performed through deduction.  

 
REVIEW OF RELATED LITERATURE 
 

Ogwuche & Kurumeh (2011) explore the effect of two problem solving models on 
student’s achievement in algebraic word problem. The study adopted a quasi- experimental design 
referred to pre test, post test control group design. Three coeducational secondary schools were 
drawn for the study using purposive and simple random sampling technique. In each of the three 
school used, two intact classes were randomly drawn from the JSS III classes. The experimental 
group was taught the algebraic word problem using Greeno and metes et.al. Problem solving 
models respectively, while the control group was taught the same topic us in the conventional 
method. A total of 260subjects were involved in the study. The result of the study revealed that 
there was a significance difference in the mean score of subjects exposed to the problem solving 
models. Out of the two models, metes et al produced a higher achievement. Based on the findings, 
the researcher recommended that both Greeno and Metes et al problem solving methods should be 
adopted in the teaching of word problem in algebra at junior secondary school levels of the 
educational system. 

 

Studies related to Geometrical Reasoning Panaoura, Elia, Stamboulides & Spyrop (2009) 
explored students constructed definition of the concept of the axis of reflection of a function in 
relation to their abilities in dealing with tasks involving different forms of representation and 
problem solving task. A major concern is also to examine interrelation between these three ways of 
thinking about or dealing with the concept of the axis of reflection. The sample of the study 
consisted of 139 students attending the second class of the lyceum (17-18 years) in Athens, Greece. 
Findings revealed student’s difficulties in giving a proper definition for the concept and resolving 
task involving conversion between diver’s modes of representation. Several inconsistencies among 
student’s constructed definitions, their competence to use different representations of the axis of 
reflection and their problem solving ability were also uncovered, indicating lack of flexibility 
between different ways of approaching the concept. 

The aim of the study by Pittalis & Christon ( 2010 ) was to describe and analyze the 
stricter of 3D geometry thinking by indentifying different type of reasoning and to examine their 
relation with spatial ability. To achieve this goal, two tests were administered to students in grades 
5 to 9. The result of the study showed that 3D geometry thinking could be describe by four distinct 
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type of reasoning which refer to the representation of 3D Objects , spatial structuring, 
conceptualization of mathematical properties and measurements. The analysis of the study also 
showed that 3D geometry type of reasoning and spatial ability should be modeled as different 
construct. Finally, it was concluded that student’s spatial abilities, which consist of spatial 
visualization, spatial orientation and spatial relation factors, are a strong predictive factor of the 
four type of reasoning in 3D geometry thinking.  

 

OBJECTIVES OF THE STUDY 
 

1. To develop instruments material based upon duval’s cognitive model. 
2. To study the effect of instrumental strategy (DCM vs. CGL) on geometrical reasoning. 
 

HYPOTHESES 
1. There is no significant difference in gain mean of students on geometrical reasoning 

(total) studying through DMC and CGL. 
2. There is no significance difference between in gain mean of students on purely configural 

process of geometrical reasoning studying through DCM and CGL. 
3. There is no significance difference in gain mean of students on natural discursive process 

of geometrical reasoning studying through DCM and CGL. 
4. There is no significance difference in total gain mean of students on theoretical discursive 

process of geometrical reasoning studying through DMC and CGL. 
 

TOOLS USED 
 Entry Geometry test ( objective , Subjective) 
 Instructional Package 
 Geometrical Reasoning test 

ANALYSIS 
 

H01:  There is no significant difference in gain mean of students on geometrical reasoning (total) 
studying through DMC and CGL. 
 Geometrical reasoning (total) gain score were subjected to 2X3 ANOVA. The mean 

sum of square, sum of square and f- ratio for two main effects and their interaction effects were 
computed through computer and have been presented in table 1.1. 

Table 1.1: Summary of two- way ANOVA (2X3) on geometrical Reasoning (Total) Gain 
Scores 

Source of variation Sum of 
Square 

df Mean of 
Square  

F-ratio Level of 
significance 

Main effect 
I: Instructional Strategies 

DCM and CGL 

14081.41 1 14081.41 495.17** .01 level 

Error value 6796.4 239 28.44   
Total 325541.00 245    
Corrected total 25135.935 244    

**Significance at the 0.01 level of confidence 
Main effect: I 
 

Instructional Strategies (DCM and CGL)  
 It may be observed from the table 1.1 that, F-ratio for the difference in total gain 

mean of geometrical reasoning for two instructional strategies viz. DCM and CGL was found to be 
significant at the 0.01 level of confidence, indicating that two group differ significantly on their gain 
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mean as measured by the geometrical reasoning ( total). Hence the hypothesis H07 Stating that 
there is no significant difference in gain mean of students on geometrical reasoning (total) studying 
through DMC and CGL were rejected at specified level.  

Table 1.2 Mean and t- ratio for difference in gain mean of total scores for DCM and 
CGL. 

DCM CGL 
M= 43.10 
SD= 7.20 
N=124 

M=26.73 
SD=4.40 
N=121 

SE=.765 
T- ratio= 21.41** 

Significant at the 0.01 level of confidence 
 

 It may be concluded from the table 1.2 that the t- ratio for the difference in 
geometrical reasoning gain score of DMC and CGL (t= 21.41) were found to be significant at the 0.01 
level of confidence, suggesting that the, means of geometrical reasoning (total) gain mean score of 
students learning through two instructional strategies differed beyond the contribution of chance 
factor. An examination of their corresponding means suggested that DCM yields geometrical 
reasoning gain means (M=43.10) than CGL (M=26.73).  

  Mean gain scores of main effect corresponding to instructional strategies (DMC and 
CGL) on geometrical reasoning are depicted through bar diagram figure 1.1. 

 

                    
            Figure 1.1: Gain mean score of geometrical reasoning 
 
Figure 1.1 Shows that mean gain score of group taught through Duval’s cognitive model is 

more than group taught through conventional learning on geometrical reasoning. 
H02: There is no significance difference between in gain mean of students on purely configural              

process of geometrical reasoning studying through DCM and CGL. 
Purely configural process of Geometrical reasoning (total) gain score were subjected to 2X3 

ANOVA. The mean sum of square, sum of square and f- ratio for two main effects and their 
interaction effects were computed through computer and have been presented in table 2.1. 
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Table 2.1: Summary of two- way ANOVA (2X3) on geometrical Reasoning (Total) Gain 

Scores 
Source of variation Sum of 

Square 
df Mean of 

Square  
F-ratio Level of 

significan
ce 

Main effect 
I: Instructional Strategies 

DCM and CGL 

1210.09 1 1210.09 304.22** .01 level 

Error value 950.67 239 3.98   
Total 28889.00 245    
Corrected total 2327.363 244    

**Significance at the 0.01 level of confidence 
*Significant at the 0.05 level of confidence 

NS- Not- Significant 
 

Main Effect: I 
 
Instructional Strategies (DCM and CGL)  
 It may be observed from the table 2.1 that, F-ratio for the difference in purely 

configural process gain mean of geometrical reasoning for two instructional strategies viz. DCM and 
CGL was found to be significant at the 0.01 level of confidence, indicating that gain mean score of 
student learning through these two strategies were different beyond the contribution of chance. 
Hence the hypothesis H02 Stating that there is no significance difference between in gain mean of 
students on purely configural process of geometrical reasoning studying through DCM and CGL were 
rejected at specified level.  

 
Table 2.2 Mean and t- ratio for difference in gain mean of total scores for DCM and 

CGL. 
DCM CGL 
M= 12.69 
SD=2.24  
N=124 

M=8.07 
SD=1.83 
N=121 

SE=.262 
T- ratio= 17.64** 

Significant at the 0.01 level of confidence 
 

It may be from the table 2.2 that the t- ratio for the difference in purely configural process 
geometrical reasoning gain score of DMC and CGL ( t= 21.41) were found to be significant at the 
0.01 level of confidence, suggesting that the ,means of geometrical reasoning (total) gain mean 
score of students learning through two instructional strategies differed beyond the contribution of 
chance factor. An examination of their corresponding means suggested that DCM yields geometrical 
reasoning gain means (M=12.69) than CGL (M=8.07).  
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Figure 2.1: gain means score of purely configural process 

 
Figure 2.1 Shows that mean gain score of group taught through Duval’s cognitive model is 

more than group taught through conventional learning on purely configural process of geometrical 
reasoning. 
H03:  There is no significance difference in gain mean of students on natural discursive process of 

geometrical reasoning studying through DCM and CGL 
Natural discursive process of Geometrical reasoning gain score were subjected to 2X3 

ANOVA. The mean sum of square, sum of square and f- ratio for two main effects and their 
interaction effects were computed through computer and have been presented in table 3.1. 

Table 3.1: Summary of two- way ANOVA (2X3) on geometrical Reasoning (Total) Gain 
Scores 

Source of variation Sum of 
Square 

df Mean of 
Square  

F-ratio Level of 
significan
ce 

Main effect 
I: Instructional Strategies 

DCM and CGL 

2126.25 1 2126.25 275.05** .01 level 

Error value 1847.55 239 7.73   
Total 56885.00 245    
Corrected total 4719.184 244    

**Significance at the 0.01 level of confidence 
 

Main Effect: I 
 

Instructional Strategies (DCM and CGL)  
 It may be observed from the table 3.1 that, F-ratio for the difference in total gain 

mean of Natural discursive process of geometrical reasoning for two instructional strategies viz. 
DCM and CGL was found to be significant at the 0.01 level of confidence, indicating that gain mean 
score of student learning through these two strategies were different beyond the contribution of 
chance. Hence the hypothesis H0 Stating that there is no significance difference in gain mean of 
students on natural discursive process of geometrical reasoning studying through DCM and CGL were 
rejected at specified level.  
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Table 3.2 Mean and t- ratio for difference in gain mean of total scores for DCM and 
CGL. 

DCM CGL 
M= 17.74 
SD=3.56 
N=124 

M=11.36 
SD=2.37 
N=121 

SE=.387 
T- ratio= 16.49** 

Significant at the 0.01 level of confidence 
 

It may be observed from the table 3.2 that the t- ratio for the difference in natural discursive 
process geometrical reasoning gain score of DMC and CGL ( t= 15.43) were found to be significant 
at the 0.01 level of confidence, suggesting that the ,means of geometrical reasoning  gain mean 
score of students learning through two instructional strategies differed beyond the contribution of 
chance factor. An examination of their corresponding means suggested that DCM yields geometrical 
reasoning gain means (M=17.74) than CGL (M=11.36).  

 

 3.1                         
Figure 3.1: gain mean score of natural discursive process 

 
Figure 3.1 Shows that mean gain score of group taught through Duval’s cognitive model is 

more than group taught through conventional learning on natural discursive process of geometrical 
reasoning 

 

H04:  There is no significance difference in gain mean of students on theatrical discursive 
process of geometrical reasoning studying through DCM and CGL. 

Theatrical discursive process of Geometrical reasoning gain score were subjected to 2X3 
ANOVA. The mean sum of square, sum of square and f- ratio for two main effects and their 
interaction effects were computed through computer and have been presented in table 3.1. 
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Table 4.1: Summary of two- way ANOVA (2X3) on geometrical Reasoning (Total) Gain 

Scores 
Source of variation Sum of 

Square 
df Mean of 

Square  
F-ratio Level of 

significan
ce 

Main effect 
I: Instructional Strategies 

DCM and CGL 

1532.264 1 1532.264 224.908** .01 level 

Error value 1628.269 239 6.813   
Total 28717.000 245    
Corrected total 3754.841 244    

**Significance at the 0.01 level of confidence 
 

Main Effect: I 
 

Instructional Strategies (DCM and CGL)  
 It may be observed from the table 4.1 that, F-ratio for the difference in total gain 

mean of theatrical discursive process of geometrical reasoning for two instructional strategies viz. 
DCM and CGL was found to be significant at the 0.01 level of confidence, indicating that gain mean 
score of student learning through these two strategies were different beyond the contribution of 
chance. Hence the hypothesis H0 Stating that there is no significance difference in gain mean of 
students on theatrical discursive process of geometrical reasoning studying through DCM and CGL 
were rejected at specified level.  

 

Table 4.2 Mean and t- ratio for difference in gain mean of total scores for DCM and 
CGL. 

DCM CGL 
M= 12.81 
SD=3.20 
N=124 

M=7.31 
SD=2.30 
N=121 

SE=5.51 
T- ratio= 15.43** 

Significant at the 0.01 level of confidence 
 

It may be observed from the table 4.2 that the t- ratio for the difference in theatrical 
discursive process geometrical reasoning gain score of DMC and CGL ( t= 15.43) were found to be 
significant at the 0.01 level of confidence, suggesting that the ,means of geometrical reasoning  gain 
mean score of students learning through two instructional strategies differed beyond the 
contribution of chance factor. An examination of their corresponding means suggested that DCM 
yields geometrical reasoning gain means (M=12.81) than CGL (M=7.31).  
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                         Figure 4.1: Gain mean score of theatrical discursive process 
 

Figure 4.1 Shows that mean gain score of group taught through Duval’s cognitive model is 
more than group taught through conventional learning on theatrical discursive process of 
geometrical reasoning 

 

RESULTS 
 

Result based on the analysis of gain means score of geometric reasoning (total) 
 

 Students studying through DCM achieved higher gain mean that those who were studying in 
a CGL situation on geometrical reasoning. 

 High geometry self-efficacy of student did not yield signified different geometrical 
reasoning gain mean when compared with that of intermediate geometry self- efficacy. 

 The students of high geometry self-efficacy yielded higher geometrical reasoning gain 
means that low geometric self-efficacy. 

 The students of intermediate geometry self-efficacy yielded higher geometrical reasoning 
gain means than low geometric self-efficacy. 

 Through DCM, the difference in geometrical reasoning gain means for high geometry self-
efficacy and intermediate self-efficacy. 

 Through DCM, the difference in geometrical reasoning gain means for high geometry self-
efficacy and low self-efficacy were significantly different. 

 Through DCM, intermediate geometric self-efficacy scored higher gain means self-efficacy. 
 Through CGL, with high intermediate and low geometry self- efficacy achieved equal 

geometrical gain means. 
 Students with high geometric self-efficacy achieved higher geometrical reasoning gain 

means through DCM than CGL. 
 Students with intermediate geometry self-efficacy achieved higher geometrical reasoning 

gain means through DCM and CGL. 
 Students with low geometry self-efficacy achieved higher geometrical reasoning gain means 

through DCM as compared to their counter parts in the CGL situations. 

Result based on the analysis of gain means score on purely configural process of 
geometrical reasoning 

 

 Students studying through DCM achieved higher gain mean than those who were studying 
in a CGL situation on purely configural process of geometrical reasoning. 
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 High geometry self-efficacy of student did not yield signified different purely configural 
process of geometrical reasoning gain mean when compared with that of intermediate 
geometry self- efficacy. 

 The students of high geometry self-efficacy yielded higher purely configural process of 
geometrical reasoning gain means that low geometric self-efficacy. 

 Intermediate geometry self- efficacy of students did not yield significantly different purely 
configural process gain means when compared with that of low geometry self-efficacy. 

 For gain means score of purely configural process, the two variable under study were 
independent of each other. 

Result based on the analysis of gain means score on natural discursive process of 
geometrical reasoning 

 

 Students studying through DCM achieved higher gain mean that those who were studying in 
a CGL situation on natural discursive process of geometrical reasoning. 

 High geometry self-efficacy of student did not yield signified different natural discursive 
process of gain mean when compared with that of intermediate geometry self- efficacy. 

 The students of high geometry self-efficacy yielded higher natural discursive process of 
geometrical reasoning gain means that low geometric self-efficacy. 

 The students of intermediate geometry self-efficacy yielded higher natural discursive 
process of geometrical reasoning gain means than low geometric self-efficacy. 

 Through DCM, the difference in geometrical reasoning gain means for high geometry self-
efficacy and low geometry self-efficacy. 

 Through DCM, the difference in natural discursive process of geometrical reasoning gain 
means for high geometry self-efficacy and low self-efficacy were significantly different. 

 Through DCM, intermediate geometric self-efficacy scored higher gain means self-efficacy. 
 Through CGL, with high intermediate and low geometry self- efficacy achieved equal natural 

discursive process of geometrical gain means. 
 Students with high geometric self-efficacy achieved higher natural discursive process of 

geometrical reasoning gain means through DCM than CGL. 
 Students with intermediate geometry self-efficacy achieved higher natural discursive 

process of geometrical reasoning gain means through DCM and CGL. 
 Students with low geometry self-efficacy achieved higher natural discursive process of 

geometrical reasoning gain means through DCM as compared to their counter parts in the 
CGL situations. 

Result based on the analysis of gain means score on theoretical discursive process of 
geometrical reasoning 

 

 Students studying through DCM achieved higher gain mean that those who were studying in 
a CGL situation on theoretical discursive process of geometrical reasoning. 

 High geometry self-efficacy of student did not yield signified different theoretical discursive 
process of gain mean when compared with that of intermediate geometry self- efficacy. 

 The students of high geometry self-efficacy yielded higher theoretical discursive process of 
geometrical reasoning gain means that low geometric self-efficacy. 

 The students of intermediate geometry self-efficacy yielded higher theoretical discursive 
process of geometrical reasoning gain means than low geometric self-efficacy. 

 Through DCM, the difference in geometrical reasoning gain means for high geometry self-
efficacy and low geometry self-efficacy. 

 Through DCM, the difference in theoretical discursive process of geometrical reasoning gain 
means for high geometry self-efficacy and low self-efficacy were significantly different. 
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 Through DCM, intermediate geometric self-efficacy scored higher gain means self-efficacy. 
 Through CGL, with high intermediate and low geometry self- efficacy achieved equal 

theoretical discursive process of geometrical gain means. 
 Students with high geometric self-efficacy achieved higher theoretical discursive process of 

geometrical reasoning gain means through DCM than CGL. 
 Students with intermediate geometry self-efficacy achieved higher theoretical discursive 

process of geometrical reasoning gain means through DCM and CGL. 
 Students with low geometry self-efficacy achieved higher theoretical discursive process of 

geometrical reasoning gain means through DCM as compared to their counter parts in the 
CGL situations. 

EDUCATIONAL IMPLICATIONS 
 

The results of the present study supported that the dual cognitive model may be used to 
enhance the geometric reasoning of students in math as compared to the traditional method of 
teaching. It is evident from the research that if teachers try to switch over to dual cognitive model of 
teaching, not only ability of reasoning will improve will also improve learning outcomes of the 
students in mathematics. 

The school administrators and teachers can use this cognitive teaching model in furtherance of 
mathematics education and secondary stage, since dual cognitive model was found to be the most 
effective model of teaching geometry, the mathematics teachers should be provided intensive 
training in then use of cognitive model and in the development of instructional material to be 
employed while using the dual cognitive model. National Ministry of Education should provide in 
service training for teachers to introduce this model to teach mathematics.  
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