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  Abstract—This research seeks to address the effect 

of extended triad learning model on the abilities of 

mathematical representation and to prove theorem when 

controlled by cognitive style covariate. This research 

applied the quasi-experimental method with a 2x2 

factorial design. Data were analyzed by covariate 

analysis. The result of this research was: 1) The influence 

of extended triad model to student's mathematical 

representation of the real analysis more better than the 

conventional learning model when controlled by 

cognitive style covariate; 2) The influence of extended 

triad learning model on the students' proofing theorem 

ability of the real analysis more better than the 

conventional learning model when controlled by 

cognitive style covariate.  
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I. INTRODUCTION 
Several studies highlight that majority of students' 

real-time analytical skills are still at a low level [1-4]. 
Research data conducted by Widada & Herawaty 
shows about 49.5% of students were the bottom level 
[1]. The level that they were capable of is in separating 
actions or objects, but they cannot establish 
relationships of actions, processes or objects, and the 
rest of them can only perform actions and actions 
separately and unable to reach processes or objects [2-
3, 5-14]. The students were an intra level [15]. 
According to the personal experience as a lecturer of 
real analysis, the low level of cognitive level of 
students in understanding the concepts and principles 
of real analysis is caused by the difficulties of students 
in the process of mathematical representation and the 
weakness of the students' ability in the process of 
proving the theorem. Also found students made 

mistakes such as misinterpreting phrases, field axioms 
or order of operations and others [16]. Although the 
actual proofs of principles in mathematics have been 
introduced since high school at different levels [17], 
there are still many student errors in the proofing 
process. Therefore, learning improvisation is needed. 
Knuth states that one method for teaching proofs calls 
for the clarification of the difference between proofs 
that explain and proofs that merely prove [18]. The 
cognitive structure-based learning model conflicts 
with the weaknesses of students' cognitive processes 
[12].  

Cognitive theories viewed the individual as an 
active information processor, so that the individual is 
able to represent each information according to the 
level of knowledge possessed, and create it as a 
representative structure of knowledge in the form of 
frames or in the form of schemes, or in the form of 
scripts stored in memory [19-22]. The structure of the 
representation of mathematical knowledge can be seen 
in the mental construction of a person who is made to 
achieve and understand the concepts and principles of 
mathematics. An understanding of mathematical 
concepts is the result of the construction or 
reconstruction of mathematical objects. Construction 
or reconstruction was done through activities in the 
form of math actions, processes, objects organized in 
a scheme to solve a problem. It can be analyzed 
through a genetic decomposition analysis as an 
operationalization of APOS theory [8].  

Regarding the literatures which states a mature 
scheme of a mathematical fragment is a coherent 
system of actions, processes, objects, and other 
schemes that have been previously built, coordinated 
and synthesized by individuals in the form of 
structures used to deal with a particular problem 

First International Conference on Science, Mathematics, and Education, (ICoMSE 2017) 

Copyright © 2018, the Authors. Published by Atlantis Press. 
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 

Advances in Social Science, Education and Humanities Research, volume 218

89

mailto:wahyu.unib@gmail.com
mailto:dewiherawaty71@gmail.com


situation [5-10]. Certain mathematical passages in this 
regard have broader meanings of mathematical objects 
(such as facts, concepts, principles, and rules) but 
include the conception of mathematical objects, as 
well as other fragments related to problem-solving.  

Therefore, to teach students to reach a high level of 
proof of the theorem and mathematical representation 
requires a learning model that matches the character of 
the student. The learning model is the extended triad 
model [3,14]. De Villiers [23] states that the role of 
experimentation in learning about mathematical 
proofing is an application of the conceptual framework 
in developing mathematics education curriculum and 
as a basis for evaluating learning activities and 
curriculum. The application of the learning model 
above will have a positive impact on the increase in 
student abstraction ability level. According to Widada 
there were six levels of abstraction performed by 
students in understanding mathematical objects, 
namely Level 0 (Concrete Objects), Level (Semi-
concrete Models), Level 2 (Theoretical Models), 
Level 3 (Languages in Sample Domains), Level 4 
(Math Language), and Level 5 (Inference Model) 
[4,24]. 

The increasing of the abstraction level it leads to a 
positive understanding of mathematical concepts and 
principles [24]. Along with the improvement of 
understanding of concepts and principles, the ability to 
perform the process of a proof theorem and 
mathematical representation will also increase. The 
improvement of an improvement in the network of 
students' knowledge representation structures as stated 
in the extended triad levels [1,3,4,14]. According to 
Widada, the syntax of the extended triad learning 
model include (1) Problem-Giving Phases in 
accordance with the Student Scheme, (2) Thinking 
Phase, (3) Phase Pair, (4) Exploration Phase, (5) 
Exploration Discussion Phase, (6) Conclusion Phase 
[25]. In the learning process that involves student 
cognition actively, the cognitive style becomes the 
accompanying variable. Pretz, JE et al. found that 
individual differences in both cognitive ability and 
cognitive style were associated with variability in 
implicit learning scores [26]. According to Witkin, et 
al. cognitive styles can be distinguished, i.e., 
independent field and field dependent [27]. Cognitive 
style field dependence/independence is the only 
variable influencing the achievement in mathematics 
and Slovene language in co-operative learning. The 
highest were gains in field-dependent students, then 
gains in field-independent students [28]. Based on 
[29], the students' results of mathematical problem-
solving learning acquired who had cognitive style field 
independent (FI) was more excellent than the students 
who had the cognitive style of field dependent (FD). 

There was an interaction effect toward the learning 
strategy by using the cognitive style on mathematical 
problem-solving learning outcomes. Ratumanan 
found that the result of learning the mathematics field 
independent students better when compared with the 
field dependent one [30]. Properly structured 
cooperative learning can be beneficial to all students, 
regardless of their level of ability, gender or cognitive 
style [28].  

Based on the description above, this paper 
discussed the "Influence of Extended Triad Learning 
Model and Cognitive Style on Mathematical 
Representation Ability and Proving Theorem." 

II. METHODS 
This research applied the quasi-experimental 

method with a 2x2 factorial design. This design aims 
to examine the similarity between groups, and 
cognitive style as a covariate as a statistical control.  

The population of this research was all students of 
mathematics education of Bengkulu University and 
Muhammadiyah University of Bengkulu academic 
year 2016/2017. The sample of this research were 126 
students selected with an intact group. There are two 
dependent variables: the ability to prove theorems and 
the ability of mathematical representation. The 
cognitive style acts as a covariate, and the learning 
model as the independent variable. The extended triad 
learning model was applied to the experimental class 
and the conventional learning model for the control 
class.  

The instrument of this study there were three, 
namely the Cognitive Style Test by using the Group 
Embedded Figure Test [31] ; Ability Test Proving 
Self-developed theorem with high reliability (0. 897); 
Mathematical Representation Capability Test is also 
self-developed with high reliability also (0. 853). Data 
were collected by students' ability test after real-time 
learning process was carried out, both experiment and 
control class. The data of this study were analyzed by 
analysis of covariance (ANCOVA).  

III. RESULTS AND DISCUSSION 
Based on the analysis of research data, obtained a 

description of the ability profile to prove the theorem 
and mathematical representation of Mathematics 
Education students in Bengkulu. Students must have 
the ability to prove if reaching 85% completeness, as 
well as the ability of mathematical representation. 
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Fig. 1. Percentage Ability to Prove Students Based on Cognitive Structure 

Information: 

1) Pre-Intra Level with a concrete object (Level 0) 
2) Intra level with concrete objects (Level 1) 

3) Semi-concrete level with Semi-concrete Model (Level 2) 

4) Interlevel with the theoretical model (Level 3) 
5) Semi-trans Level with Language in Domain instance (Level 4) 

6) Trans Level with Math Language (Level 5) 

7) Extended Level- Trans with Inference Model (Level 6) 
  

Fig. 1. showed that the of significant in the ability 
to prove the theorem. The increasing happened after 
students follow real analysis by applying the extended 
triad model. There are 85.88% of students complete 
the theorems in the real analysis lecture. The student's 
completion percentage was divided into no students 
are at the Pre-Intra Level with concrete objects; 0.59% 
of students residing in the Intra Level with concrete 
objects; 176% of students who are at semi-inter level 
with Semi-concrete Model, 8.82% of students are at 

Inter Level with theoretical model, 18.82% of students 
are at semi-trans level with Language in Domain 
example, 24.12% Level Trans with Mathematics 
Language, and 34.12% of students are at Extended 
Level- Trans with Inference Model. It is appropriate 
for the research of Widada and Herawaty [1].  

Furthermore, the percentage of student 
completeness in showing the ability of mathematical 
representation can be seen in Fig. 2.

  

 

Fig. 2. Percentage of Student Mathematical Representation Ability Based on Cognitive Structure 

(Information 1-7 according to Fig. 1.) 

  

Based on Fig. 2, 88.82% of students have complete 
mathematical representation capability. This level of 
completeness was achieved after the students follow 

the extended triad learning. The students who were 
thoroughly divided into the following levels of 
cognitive structure. Students who were at Level 0 do 
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not have a complete mathematical representation. In 
succession, the number of completed students at Level 
1, Level 2, Level 3, Level 4, Level 5 and Level 6 are 
1.18%, 2.35%, 7.06%, 20.00%, 26. 47%, and 35.29%. 
The results of this study confirm the results of previous 
research conducted by Widada and Herawaty [1].  

The description above of the data showed that the 
application of the extended triad learning model could 
improve the ability to prove the theorems and 
mathematical representations in real-time lecture 
analysis. It is supported by the following descriptive 
statistics.

 

Table 1 Descriptive Statistics Ability to Prove 

Learning model Mean Std. Deviation N 

Extended Triad Model 78.219 5.464 64 

Conventional Model 27629 14910 62 

Total 53325 27718 126 

  

Table 1 showed that the students of the extended 
triad model have average ability to prove theorem 
greater than the conventional model students, the 
average score is 78.219 and 27.629 respectively. 

Furthermore, the following table presents the average 
ability of students' mathematical representation of real 
analysis.   

 

Table 2 Descriptive Statistics of Mathematical Representation Ability 

Learning model Mean Std. Deviation N 

Extended Triad Model 79094 5.517 64 

Conventional Model 37.290 15473 62 

Total 58524 23.926 126 

  

Based on Table 2, the mathematical representation 
ability of the extended triad model was 79.094, and the 
conventional model student is 37.290. This result 
indicates that the students of the extended triad model 
have superior mathematical representation 
capabilities. To give a belief in the superiority of the 

extended triad learning model, the following is an 
inferential statistical test through ANCOVA. Levene's 
test in Table 3 tested the similarity of the error score 
of the ability to prove the theorem and the ability of 
mathematical representation.  

 

Table 3 Levene's Test of Equality of Error Variances 

Dependent 

Variable 
F df1 df2 Sig.  

Ability to Prove .098 1 124 .367 

Representational 

Ability 1.870 1 124 .152 

     

 

 Based on Table 3 showed that the variant of the ability scoring error proves for two sets of learning models (extended 
triads and conventional) is the same, with F = 0.098 and sig. = 0.367> 0.05. The same thing happens for the variant 
of the error score of the ability of mathematical representation. There is no difference in the variant error score of 

mathematical representation ability for extended triad model and conventional model group. 
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Table 4 Tests of Between-Subjects Effects 

Dependent Variable: Ability to Prove   

Source 
Type III Sum of 

Squares df Mean Square F Sig.  
Corrected Model 83046.492 a 2 41523.246 393. 080 .000 

Intercept 76847.970 1 76847.970 727482 .000 
GK 148.239 1 148.239 1.403 .265 
MP 55403.537 1 55403.537 524.478 .000 

Error 12993.167 123 105.636     
Total 454333.000 126       

Corrected Total 96039659 125       
a. R Squared =. 865 (Adjusted R Squared =. 863) 
      

The influence test between the subjects in Table 4 
showed that the covariate analysis model (ANCOVA) 
constructed is feasible. In the corrected model line 
produced F = 393.080 which is very significant with 
sig. = 0.000 <0.05. So the statistical test is continued 
by testing the role of covariate "cognitive style = GK" 
in determining the effect of two learning models on the 
ability to prove the theorem of real analysis. The GK 
row in Table 4 shows the significance number 
0.265>0.05 with F = 1.403. This figure suggests that 
the role of cognitive-style covariates in determining 
the average difference of ability to prove theorems is 
insignificant. In other words, cognitive style variables 

do not significantly influence the average difference in 
the ability to prove the theorems of the two groups of 
extended triad model students and conventional model 
students. Prastiti's research [32] found that the ability 
of mathematical understanding was influenced by the 
learning approach. Therefore, consider the line MP (= 
Learning Model) in Table 4 showed a significant 
number of 0. 00<0. 05 with F = 524. 478. Thus, the 
influence of the extended triad learning model on the 
ability to prove the student theorem of real analysis is 
better than the conventional learning model when 
controlled by cognitive style covariates.

  

Table 5 Tests of Between-Subjects Effects 
Dependent Variable: Mathematical Representation   

Source 
Type III Sum of 

Squares df Mean Square F Sig.  
Corrected Model 56162. 151 a 2 28081. 075 224. 382 . 000 
Intercept 54179. 196 1 54179. 196 432. 919 . 000 
GK 1128. 934 1 1128. 934 9. 021 . 163 
MP 30104. 405 1 30104. 405 240. 549 . 000 
Error 15393. 278 123 125149     
Total 503110. 000 126       
Corrected Total 71555. 429 125       
a. R Squared =. 785 (Adjusted R Squared =. 781) 
      

Table 5 test of influence between subjects showed 
that the corrected model line is generated very 
significant number 0.00<0.05 with F = 224.382. This 
figure indicates that the model of the ANCOVA made 
is correct. The statistical test of the role of the GK 
covariate in determining the difference of the effect of 

the two learning models on mathematical 
representation ability can be seen in the GK line. The 
table is showing the significance of 0.163> 0.05 with 
F = 9.021, which means that the role of cognitive style 
covariates is not significant in determining the average 
difference in the mathematical representation 
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capabilities of the two groups of extended triad model 
students and conventional model students. Notice the 
MP row in Table 5, ANCOVA shows F = 240.549 
with significant number 0.00<0.05. Thus, the 
influence of the extended triad learning model on 
students' mathematical representation of real analysis 
more better than the conventional learning model 
when controlled by cognitive style covariates. The 
same thing found Sudarman et al., on the influence of 
learning strategies and cognitive styles on 
mathematical skills (such as problem-solving skills), 
as well as Prastiti on the influence of learning 
approaches and prior ability to the comprehension of 
mathematics [29,32]. The ability of understanding of 
mathematics in this research there are two that are 
reviewed is the ability to prove the theorem and the 
ability of mathematical representation. 

IV. CONCLUSIONS 
The findings of this study indicate that the 

application of extended triad learning model can 
improve the ability to prove the theorems and 
mathematical representation in the lecture of real 
analysis convincingly. The result of covariance 
analysis showed that the effect of extended triad 
learning model on students' mathematical 
representation ability of real analysis more better than 
the conventional learning model when controlled by 
cognitive style covariate. The last conclusion, the 
effect of the extended triad learning model on students' 
ability of proofing theorem more better than the 
conventional learning model when controlled by 
cognitive style covariates. Based on the conclusions, 
the extended triad learning model is well worth 
replacing the conventional learning model. Finally, we 
would like to thank all the leaders of Bengkulu 
University, and the Director General of Research and 
Development, Ministry of Research, Technology and 
Higher Education of the Republic of Indonesia as a 
funder of this research.  
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