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Abstract. Combinatorial thinking skill is one of the skills that someone should have. Combinatorial
thinking process provides the systematic steps in solving a problem. The purpose of this research
was to analyze the level of the students’ combinatorial thinking based on their cognitive styles. This
research used a mixed method that combined qualitative method and quantitative method. The
research subject consist of two classes, namely control class with 41 students and experimental class
with 43 students. The data collection techniques in this research used GEFT (Group Embedded
Figures Test), combinatorial thinking tests (pretest and posttest), and interview. After solving the
problem, we analyzed the students' level of combinatorial thinking skill, namely low, good, and high
while the cognitive style we categorize into Field Dependent and Field Independent and we applied
research based learning to improve the level of combinatorial thinking skill. The research results
showed that based on the results of the implementation of research based learning, 12% of students
were categorized in the level of low combinatorial thinking skill, 53% were categorized in the level
of good combinatorial thinking skill, and 35% in the level of high combinatorial thinking skill. The
inferential statistical results of the independent sample t-test on the posttest results showed that the
sig (2-tailed) value was 0.006 (p < 0.05) so that it was significant. This showed that there was a
significant difference between the control class and the experimental class from the results of
students’ test after the implementation of research based learning. It can be concluded that the
application of research based learning can improve the students' combinatorial thinking skills based
on their cognitive styles in solving the total rainbow connection problem.

1. Introduction

Combinatorial thinking process is one of the thinking processes that must have by the students. According
to [12] combinatorial thinking process is the essential part of mathematics thinking process. [6] states that
combinatorial thinking process is different from other mathematics thinking process because this thinking
process develops students’ knowledge by using simple approach namely sign or semiotic approach. There
are five indicators indicate that someone has combinatorial thinking ability which is understanding problem
well, changing problem into mathematics symbol, creating strategy to solve problem, drawing conclusion,
and explaining the obtained conclusion. The first step is the important process that is not only solving the
combinatorial problem but also solving other mathematical problems. The second until fifth steps at glance
are the same with the steps in other mathematics problem solving yet the processes are different [8].
Whereas, according to [7], there are five indicators which influence combinatorial thinking skill in which
each indicator has some different sub-indicators. The first indicator of combinatorial thinking ability is (1)
identifying some cases, the success of this indicator covers two sub-indicators that are (a) identifying the
characteristic of a problem, and (b) implementing the characteristic into some cases, the second indicator is
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(2) recognizing the pattern of the case, the success of this indicator covers two sub-indicators that are (a)
identifying the pattern of the problem solution, and (b) broadening the pattern of the obtained solution of
the problem, the next is (3) implementing the pattern of mathematics symbol, the success of this indicator
covers three sub-indicators that are (a) implementing the mathematics symbol, (b) calculating the
cardinality, and (c) developing the algorithm, the fourth indicator is (4) proving mathematically, the success
of this indicator covers five sub-indicators that are (a) doing the calculation of the argument, (b) testing the
algorithm, (c) developing the bijection, (d) testing the bijection, and (e) implementing the inductive,
deductive, and qualitative proves, then the indicator of the last combinatorial ability is (5) considering the
another combinatorial problem with the sub-indicators (a) interpreting, (b) proposing the open problem, (c)
knowing the new combinatorial problem, and (d) finding the potential application.

One of the learning models which lead to the ability of combinatorial thinking is Research Based
Learning model. [11] explains that: “Research based learning is a learning system that use authentic-learning
(Learning by using real example), problem solving, cooperative learning, contextual (hand on and mind on)
as well as inquiry approach (finding something) based on the philosophy of constructivism (students’ self-
development which is continuous and sustainable)”. In the level of higher education, the aim of Research
based learning method is to help students to build strong intellectual ability and practical connection between
the limitation of research and their own learning. Research based learning can improve academic
achievement, promotes learning strategy and building new knowledge by itself [4]. This ability is essential
in education especially on 21 century.

According to [17] RBL is a learning method that use contextual learning, authentic learning, problem-
solving, cooperative learning, hands on and minds on learning, and inquiry discovery approach. The target
of the implementation of RBL is encouraging the creation of higher level thinking skill in lecturers and
students. The students are not only given the information and new knowledge but also should be taken into
the higher level namely creating or communicating.

According to [7] he states that research based learning has feature for the students such as : Improving
learning motivation, encouraging the ability to do the important work, improving the ability of problem
solving especially on a complex problem. Making the students to be more active and successful in solving
complex problem, generating fun learning atmosphere, increasing cooperation, interactivity, and feedback
collaboration, developing and practicing communication skill, improving the students’ source management,
giving the experience of organizing project, time allocation, and other resources to finish the task, Providing
the learning experience which involves the students in complex and designed to develop appropriately in
the real world, involving the students to learn collecting information, processing information based on their
own knowledge, then implementing it to the real world. In this learning process, the students are more
involved in it and the lecturer is only being a facilitator.

The syntax of research based learning according to [2] consists of three categorization of the main step
that must be in the research based steps that are: (1) Exposure stage, collecting the information based on the
inquiry and finding the literature in a particular topic (focused topic), (2) Experience stage, identifying and
formulating the problem based on the literature study and experimental experience, (3) Capstone stage,
delivering the plans or ideas in giving the solution of a problem or the method of measurement or
computation.

Based on two syntaxes of RBL mentioned by [2] and [7], I have combined it into: (1) collecting the
information about the problem and finding its literature (2) the students are encouraged to identify and
formulate the problem to develop the strategy in order to solve the problem based on the experimental
experience and literature study (3) The analysis of the data by studying the pattern of total rainbow
connection coloring to every different n.
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Figure 1. The Stages Chart of The research based learning Implementation[7]

However, it is not only the learning model, the students’ unique characteristics also influence the
learning process. Generally, the students showed different responses while facing the learning situation and
condition, there are some who is enthusiastic and some who is less enthusiastic. According to [20], the
different of the responses is emerged by someone regarding to the differentiation of their perception and
intellectual characteristic approaches which take them to give response to a particular situation they faced,
this difference is called as cognitive style differentiation. Some experts argue that cognitive style is a bridge
between cognition and action that shows someone’s personality [16]. [3] reveals that cognitive style is the
process or control style which emerges on the students’ self in which in a situation can determine the
consciousness of activity of the students in organizing, regulating, accepting, and delivering information
and deciding the students’ attitude. Thus, cognitive style can be mentioned as the way students catch
information, process it, and execute it in an action or attitude during the process of learning consistently.

Cognitive style can be differentiated into some ways of categorization, one of them is by [20] who
identifies and categorizes someone based on the continuum characteristic of global analytic. Based on this
way of categorization, Witkin divides cognitive style into two groups namely field dependent and field
independent. Someone with field dependent cognitive style is a person who thinks globally; accept structure
or the provided information, has social orientation, choose profession which is a social skill, tend to follow
goals and the provided information, and tend to prioritize external motivation, while field independent
cognitive style is a person who is able to analyze object separated from its environment, able to organize
objects, has impersonal orientation, choose profession which is individual, and prioritize internal
motivation.
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The aim of this research was to analyze the ability of combinatorial thinking based on the students’
cognitive style under the implementation of research based learning on the study of total rainbow
connection.

Total rainbow connection has definition as follow.

Defines.

The total-colored graph of G is a total-connected rainbow of any two vertices which are connected by at
least, one total rainbow path which is the edges and internal vertices which have distinct colors. The total
rainbow coloring is a natural extension of edge rainbow coloring and vertex rainbow coloring. The total
rainbow connection number of G, denoted by trc(G), is the smallest number of colors required to color the
edges and vertices of G in order to make G total rainbow connected.

The Example of Total Rainbow Connection Coloring could be seen in Figure 2.

Figure 2. Example of Total Coloring Rainbow Connection
2. Methods
2.1. Research Scope
This research focused on the analysis of the ability of combinatorial thinking in solving the problem of total
rainbow coloring based on the cognitive style. This research was intended to the students of Mathematic
Education in the third semester in 2018/2019 academic year.
2.2. Sample
The subjects of the research were the third semester students of class A and B, mathematics study program
of FKIP, University of Jember. Class A used as the experimental class, in which the number of the students
in class A were 43 students, while the class B used as the control class with 41 students.
2.3. Instrument and Procedure
The instrument of collecting the qualitative data were GEFT test (Group Embedded Figure) to analyze the
students’ cognitive styles that then was continued by giving pre-test in the form of question test to analyze
the combinatorial thinking skills. The collecting of qualitative data were in the form of interview to deepen
the students’ thinking skills used to create the potrait phase.

The method used in this research was the mixed-method, that is by using quantitative and qualitative
approaches. The researchers collected the quantitative data as the main information, then the qualitative data
were used as the supporting data. Research based learning was implemented in the experimental class while
the conventional learning was implemented in the control class.

Table 1. Research Design

Group Pre-test Treatment Post-test
Control Class P, Conventional P,
Experiment Class P, RBL P,
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To know the students’ combinatorial thinking skills level based on their cognitive style and to find out
the improvement of the students’ combinatorial thinking skills level, the researchers analyzed the results of
the pre-test, post-test and interview guidance in two kinds of research and the learning process.

2.4. Data Collection and Data Analysis
Both classes, experimental and control classes were given the same GEFT test, pre-test and post-test. The
quantitative analysis used Independent Sample T-test. Qualitative data gained from the process of interview
and was analyzed from the ordinal data.

Description and inferential statistics were implemented to analyze the quantitative and qualitative data.
The data information, such as frequency, mean and standard deviation were used to describe the statistical
data, especially inferential statistics to know the influence of RBL by using Independent Sample T-test in
both experimental and control classes [9][13]. Independent Sample T-test used to compare the mean
between two classes, by looking at the significant differences with 0.05 level. The data resulted were going
to be analyzed by using SPSS 17.0. program.

The analysis of the students’ answers in the scope of combinatorial thinking skills for each dimension
consisted of (1) Identifying several cases, (2) Recognizing the pattern of all cases, (3) Generalizing all of
the cases, (4) Proving mathematically, (5) Considering other combinatorial problems. The assessment of
combinatorial thinking for each sub-indicator was scored as “good” with 3 points, “average” with 2 points
and “poor” with 1 point. The points would be changed in the form of scale 1-96. The processing of the
students’ answers, as follows: The answer in the scope of combinatorial thinking skills for each dimension
is categorized based on the assessment scale that consists of high combinatorial skills, good combinatorial
skills, and low combinatorial skills [19]. In this research, the range scores of high combinatorial skills was
76 < x < 96, good combinatorial skills was 54 < x < 76, and low combinatorial skills was 32 < x <

54. The analysis of the students’ answers in the scope of cognitive style were divided into two categories
that are (1) Field Dependent with the range score of (0 < x < 9 ) and (2) Field Independent with the range
score of (10 < x < 18).

2.5. Students’ Task

The purpose of this task was to enable the students to make the total coloring rainbow connection given the
exercises in the Figure 4 and identify the correctness of the pattern of total coloring rainbow connection by
using a table.

1 1 11
x (x2) (x3) (x2) (x3) (xe) 7
@ 1 p . N 3 N4 4 N 6\9 @
Initial Point End Point Rainbow Path The Color of Rainbow Path
X1 X2
X1 X3
X1 X4

Figure 3. One of the task for students
3. Research Findings
The initial research done the quantitative method that were validity and reliability tests in the post-test
questions that were given to the students. The aim of validity and reliability was to know how far the validity
of the assessment instrument to do its measurement function. The following were the results of validity and
reliability tests had been conducted in the research subject. The samples used in the validity and reliability
tests were as many as 45 students.
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Table 2. The Results of Validity Test

TOTAL_
PROB_I PROB2 PROB3 PROB4 ¢ lhv

PROB_1 Pearson 072 039 201 572

Correlation

Sig. (2-tailed) 637 802 185 000

N 45 45 45 45 45
PROB_2 Pearsop 072 | 131 149 557

Correlation

Sig. (2-tailed) | 637 390 329 000

N 45 45 45 45 45
FROB_3 Poggson’ 039 131 1 149 580

Correlation

Sig, (2-tailed) . 802 390 328 000

N 45 45 45 45 45
PREYE/ 4 jFCarsong 201 149 149 I 625

Correlation

Sig.(2-tailed) | 185 329 328 000

N 45 45 45 45 45
TORAL_SCORE  Peufigy 572 557 580 625 1

Correlation

Sig. (2-tailed) 000 000 000 000

N 45 557 45 45 45

From the output in the table 2 the 1, value on the question 1 was 0,572; 1.9, On the question 2 was
0,557; 1ount on the question 3 was 0,580; and 7., On the question 4 was 0.625, while 1;4;;, forn = 45
was 0,294. Therefore, it can be concluded that 7,,,,,+ on the questions 1-4 >3, SO that all of the questions
were valid.

Table 3. The Results of Reliability Test
Reliability Statistics
Cronbach’s Alpha N of items
.357 4

Based on the table 3, the reliability value was 0.357 and 145, from the significant level was 0.05 with
df =N —1 =44, ry4p1e = 0,297. Thus, because 7oy nt > Trapie therefore, the instrument was reliable.

Based on the results of GEFT test, in the control class with the research subjects as many as 41 students,
18 of them belonged to the category of field dependent and 23 others belonged to the category of field
independent. Whereas, in the experimental class with the research subjects as many as 43 students, 17
students belonged to the field dependent category and 26 students belonged to the field independent
category. The results of cognitive style distribution attached in the Figure 5 and the results of distribution
of combinatorial thinking based on the cognitive style attached in the Figure 6.


http://repository.unej.ac.id
http://repository.unej.ac.id

ICCGANT 2018 IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1211 (2019) 012088  doi:10.1088/1742-6596/1211/1/012088

Cognitive Style Distribution

Field
Independent

Field Dependent

H Control Class 18 23
B Experimental Class 17 26

Figure 4. The Distribution of Cognitive Style in the Control and Experimental Classes

Control Class Experimental Class
B low M Good mHigh N Llow M Good [ High
16 17
14
12
2
0 0 0 o0 0
Field Dependent  Field Independent Field Dependent  Field Independent

Figure 5. The distribution of combinatorial thinking based on the cognitive style

From the results of the pre-test work of students from the two cognitive style groups above, it can be
concluded that, the field independent group students from the control class and the experimental class had
better combinatorial thinking skills than the students in the field dependent group from the control class and
experimental class. This can be seen from Figure 5 where there are very few students with good
combinatorial thinking skills from the field dependent group and no students with good combinatorial
thinking skills from the field dependent group in the control class. The situation is very different from the
field independent group where students with good combinatorial thinking skills are more than students with
low combinatorial thinking skills.

The results of the pre-test among two classes showed that both classes had the same variant. The results
of the research showed that the combinatorial thinking ability skills in the control class that there was no
student who had high combinatorial thinking skills, 34 % or as many as 14 students had good combinatorial
thinking skills, and 66% or as many as 27 students had low combinatorial thinking skills while in the
experimental class, 33% or as many as 14 students had good combinatorial thinking skills, and 67% students
or 29 students had low combinatorial thinking skills, similar with the control class, in the experimental class
there was no student who had high combinatorial thinking skills. The results of the control class can be seen
in the Figures 7, while for the experimental class can be seen in the Figures 8.
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Control Class 45
40
=LOW ®=GOOD = HIGH gg
0% 25
20
15
10
5
0 = A
Recognizin Provin Considering
Identifying g the Generalizin Wiathe iic Other
Some Cases| Pattern of | g All Cases all Combinator
All Cases y ial Problems
ELow Combuéai(tﬁ{lal Thinking 14 71 34 41 A1
® Medium Combinatorial
Thinking Skill 27 2l < g 0
= High Comblnatf)nal Thinking 0 0 0 0 0
Skill
Figure 6. The Distribution of Combinatorial Thinking in the Control Class before the Implementation of
RBL
Experi 50
perimental Class 45
mLOW ®=GOOD = HIGH ‘3“5)
0% >
20
15
10
5
0 = P
Recognizin Provin Considering
Identifying g the Generalizin Mathemagtic Other
Some Cases| Pattern of | g All Cases all Combinator
All Cases y ial Problems
®mLow Combu;ai:ﬁ?al Thinking 13 21 38 43 43
® Medium Combinatorial
Thinking Skill <1 2 8 0 0
= High Comblnatf)rlal Thinking 0 0 0 0 0
Skill

Figure 7. Distribution of Combinatorial Thinking Skill in Experimental Class before the Implementation
of RBL
From the research results, it was found effective findings from the use of independent sample t-test in
research based learning using t-test analysis obtained through the average score of the pre-test and post-test
in the experimental class and control class, and the normality test performed. The number of respondent
was 84 students.
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Table 4. The Homogeneity Test of Pre Test

Test of Homogeneity of Variances

Class

Levene Statistic df1 df2 Sig.

139 1 82 710

Table 4. The homogeneity test results from the pre-test, the value (Sig.) On the Homogeneity Variances
Table Test was 0.710 so it can be concluded that the assumption of homogeneity of variance was fulfilled.
Since the significance value obtained was more than 0.05, the data had the same or homogeneous variance
value.

Table 5. Pre-test result and mean scores between control class and experimental class

Report

Group N Mean Std. Deviation Std. Error Mean
The Pre-test Score of Control Class 41  48.0000 10.10940 1.57882

The Pre-test Score of Experimental Class 43  44.9767 10.09830 1.23998

The reliability of the pre-test results distribution was 0.05. The average score in the control class was
48.0000 (SD = 10.10940) while in the experimental class was 44.9767 (SD = 10.09830). The difference
between the pre-test achievement in the control class and the experimental class score of 2 groups was [t
(84) =0.213, p> 0.05], which means that the average difference between the two classes was not significant.

Table 6. The data below presents the comparison of pre-test score of experiment class and control class
score using independent sample t-test

Levene's

Test for t-test for Equality of Means
Equality of

Variances

95% Confidences
Interval of the
Difference

Sig.

. Mean Std. Error

. g f S W . Difference S Upper
tailed)

Equal
variances .139 710 1.371 82 174 3.02326 2.20544 -1.36406 7.41057
assumed

Sco

re Equal

Zi?ances 1371  81.801 .174  3.02326 2220550  -1.36434 7'415108

assumed

Table 6 also shows that the results of the t-test indicated that the sig value. (2-tailed) from the
independent sample the pre-test t-test was 0.710 (p>0.05), so it was not significant. This implies both classes
were homogeneous on the results of the students' pretest.

Table 7. Test the normality of both class from the post test

Test of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Statistic  df Sig.  Statistic df Sig.

Group

Score g‘:sf"s“e“ Score of Control ;5 41 2000 972 41 398
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The Post-test Score of
Experimental Class

a. Lilliefors Significance Correction

*_ This is a lower bound of the true significance.

.093 43 200 957 43 112

The results of the normality test of each class obtained a significance value of each, namely post-test in
the control class of 0.398, and post-test in the experimental class of 0.112. The significance of the values of
the two classes was greater than the value of a (0.05), which means that the two classes of research samples
were normally distributed.

Table 8. Results of the post-test and the average score between the control class and the experimental

class
Report
Group N Mean Std. Deviation  Std. Error Mean
The Post-test Score of Control Class 41 62.1951 9.90762 1.54731
The Post-test Score of Experimental Class 43 68.5116 10.52971 1.60577

Table 8. Presents the results of the control class post-test, marked at 61.9429 (SD = 10.06433), while
the experimental class obtained 66.9000 (SD = 10.52421). Table 7. Shows there were significant differences
between the two classes as indicated by [t (75) = -2,077, p <0.05].

Table 9. This was the comparison between post-test scores between experimental class and control class
by using an independent t-test

Levene's
Test for t-test for Equality of Means
Equality of

Variances
95% Confidences
Interval of the
Difference
Std.
: Sig. (2- Mean Error
i SEFT i tailed) Difference  Differen rower Upper
ce
Equal ) - -
variances .107  .745 82 .006 -6.31651 2.23322  10.7590 1.873
2.828
assumed 8 93
Scor
Equal
¢ ariances - 81.98 . b
M ’ .006 -6.31651 2.22995 10.7525 1.880
not 2.833 7
9 42
assumed

Table 9 shows that the results of the t-test indicated the sig. value (2-tailed) from the independent sample
post-test t-test was 0.006 (p < 0.05), so it was significant. This implies that the two classes were having
differences in terms of students’ achievement tests after the implementation of research based learning.

According to these results we can conclude that there is a significant impact from the application of
research based learning to the students’ combinatorial thinking skills in solving total rainbow connection
problems.

10
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Based on the results of the post-test analysis between the two classes, it could be seen that the
experimental class was superior to the control class. The result showed combinatorial thinking skills in the
control class, the students who had low combinatorial thinking skills were from 66% to58 %, while students
who had good combinatorial thinking skills were from 34% to 32%, and students who had high
combinatorial thinking skills were from 0% to10%. The change in the results of students’ combinatorial
thinking skills in the experimental class was very significant, students who had low combinatorial thinking
skills which were from 67% decrease to 12%, while students who had good combinatorial thinking skills
which were from 33% to 53%, and students who had combinatorial thinking skills was very good which
were from only 0% increased to 35%. The results of the two classes can be seen in Figure 8 and Figure 9
below:

Control Class 45
40
= LOW =GOOD = HIGH 2(5)
10% 25
20
15
10
5
0 - .
Recognizin Provin Considering
Identifying g the Generalizin Math % Other
Some Cases| Pattern of | g All Cases a ﬁma '“| Combinator
All Cases ay ial Problems
m Low Comblnatf)rlal Thinking 13 17 30 38 40
Skill
® Medium Combinatorial
Thinking Skill gz &l 7 3 !
High Comblnatprlal Thinking 6 6 4 0 0
Skill

Figure 8. Distribution of Combinatorial Thinking Skill in Control Class after the RBL Implementation

Furthermore, from the observations result, it shows that students combinatorial thinking skills of the
control class and experiment class are as follows. The student's works are showed when the research-based
learning was applied. The researcher takes three student’s works as illustrations of the student's activities
under the research based learning. The first work shows the students with low combinatorial thinking skill
level, second work shows the students with good combinatorial thinking skill level, and the last work shows
the students with high combinatorial thinking skill level.

11
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Experimental Class 35
30
mLOW mGOOD = HIGH 55
12% 20 el
15 =
10 e
. i
|
Recognizin Provin Considering
Identifying g the Generalizin Mathemagtic Other
Some Cases | Pattern of | g All Cases all Combinator
All Cases y ial Problems
= Low Combmatpnal Thinking 3 5 5 7 1
Skill
® Medium Combinatorial
Thinking Skill 10 - P 4 A
High Comblg?:i?flal Thinking 30 13 23 15 5

Figure 9. Distribution of Combinatorial Thinking Skill in Experimental Class after the RBL
Implementation
The first work shows how students begin to set colors for each road as a edge and home as a vertex .
Many of the colors given by these students are minimum, while that these students cannot generalize the
housing plan and cannot make the coloring function in general for a wider housing plan.

Figure 10. The students work on low combinatorial thinking skill level (S1)

To know deeply the student activities of their combinatorial thinking process, we use a potrait phase.
The portrait phases are taken to draw the graph of their combinatorial thinking proces under the
implementation of research based learning. By interviewing the student S1, we can explore their thinking
from the first step, following the step and the last step that the student has done. We draw a directed line to
go from the previous step to the next step. We finally can depict the graph representation of their
combinatorial thinking process in the following portrait phase, see Figure 11. Figure 10 shows the process
of combinatorial thinking the skill of subject 1 in solving total rainbow connection problem. In step la to
stage 1b, subject 1 identifies the characteristic of total rainbow connection, can identify the minimum color

of the graph and applies some case. S1 goes ahead to the step 2a and stop, this mean S1 cannot generalize
the pattern.
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Figure 11. The students work on low combinatorial thinking skill level (S1)

The second work shows how students begin to set minimum colors on each road as a edge and house as
a vertex and can be used for a wider housing plan or can find a more general coloring pattern for total
rainbow connections, but students cannot determine the function coloring for the broader pattern.
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Figure 12. The students work on good combinatorial thinking skill level (S2)

To know deeply the student activities of their combinatorial thinking process, we use a potrait phase.
The portrait phases are taken to draw the graph of their combinatorial thinking proces under the
implementation of research based learning. By interviewing the student S2, we can explore their thinking
from the first step, following the step and the last step that the student has done. We draw a directed line to
go from the previous step to the next step. We finally can depict the graph representation of their
combinatorial thinking process in the following portrait phase, see Figure 13. Figure 12 shows the process
of combinatorial thinking the skill of subject 2 in solving total rainbow connection problem. S2 starts from
la jump to 2a, and continue to 2b. However S2 goes back to 1b and jump to 3b and stop. S2 identifies the
characteristic of total rainbow connection, can identify the minimum color of the graph and applies some
case, 2b means S2 can genelize the pattern. S2 didn’t sign the symbol but can find the cardinality. S2 also
cannot find the bijection function of total rainbow connection for the expansion of housing plan.
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Figure 13. The students work on good combinatorial thinking skill level (S2)

The third work shows how students begin to set minimum colors on each road as a edge and each house
as a vertex. These students can expand the coloring of the housing plan and can determine the bijective
function of the coloring for the total rainbow connection on the housing plan or the results of its expansion.
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Figure 14. The students work on high combinatorial thinking skill level (S3)
To know deeply the student activities of their combinatorial thinking process, we use a potrait phase.
The portrait phases are taken to draw the graph of their combinatorial thinking proces under the
implementation of research based learning. By interviewing the student S3, we can explore their thinking
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from the first step, following the step and the last step that the student has done. We draw a directed line to
go from the previous step to the next step. We finally can depict the graph representation of their
combinatorial thinking process in the following portrait phase, see Figure 15. Figure 14 shows the process
of combinatorial thinking the skill of subject 3 in solving total rainbow connection problem. S3 starts from
1a, he goes to 1b, jump to 2b and go ahead to 3a, 3b, 3c and jump two steps to 4c, goes to 4d. S3 has higher
combinatorial thinking than S1 and S2 because S3 can find the bijection function of total rainbow connection
and while interview S3 knows the aplication of total rainbow connection and find a new problem, that means
S3 jump to 5d and goes back to Sc .

® @ O ®

Figure 15. The students work on high combinatorial thinking skill level (S3)

Finally, we understand how easy to have a best total rainbow connection solution through the
implementation of the research based learning. We also notice that there is a significant impact of the
implementation of research-based learning in improving the student's combinatorial thinking skills in
solving a total rainbow connection problem. It is in line with [10] and [17], they found that there is a
significant influence of the research-based learning implementation to the student's achievement.

Student’s activities show a positive trend. The distribution of students activities during the
implementation of research based learning in the experimental class shows 4% of students are very inactive,
5% of students is inactive, 9% of students hesitates, 37% of students are active, 45% of students are very
active. The fact shows the linearity this research with other research about the implementation or research-
based learning holds, see [15]

Based on Figure 16 it reveals that students became competent in manipulating the color such that they
can get a best total rainbow connection. This competence developed during the implementation of research
based learning. It indicates the research based learning can be used as an alternative model for having a
good combinatorial thinking skills of the students in such a way the students can contribute a novelty of
knowledge during the class process. This also meet with the reseach carried out by [18] stated that the
reserach based learning can enhance the research skill of the students. Finally we recommend the use of
research based learning in every advance subject courses.
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Figure 16. The Observation results distribution of all subjects in the experimental class

4. Discussion

This research was conducted to analyze the effect of research based learning on the students' combinatorial
thinking skills based on their cognitive style. The findings of this study indicated that the implementation
of research-based learning had a significant effect on the students’ combinatorial thinking skills in the
experimental class.

The students in the experimental class showed that their combinatorial thinking skills were higher
compared to the control class. The results showed that the improvement on the learning outcomes and
students' combinatorial thinking skills were seen in the post-test. Experimental class scores were
significantly better as Research Based Learning was implemented in the experimental class to improve
combinatorial thinking skills. The students in the experimental class were taught by using Research Based
Learning, in which they had an understanding of the concepts to help each other, therefore, Research Based
Learning was great in improving the students' combinatorial thinking skills

The results of this study are in line with the research carried out by [1], she pointed out that the
achievement of the average cognitive results from a class in which Research Based Learning technique was
used, was found to be significantly higher rather that the average scores in control class. Based on these
findings, it can be confirmed that the project technique was effective in achieving the targets in cognitive
outcomes. The results of this study are also in accordance with the research done by [5], who mentioned
that Research Based Learning Method was very helpful for the students to pass the determined standard.
These results showed us that the learning objectives also played an important role in solving the students’
problems. This learning objective could also be stated as the objectives of mastery and achievement [14].
According to the learning objective, the students focused on learning, mastery, appropriate with the
standards, improving new skills, improving or developing competencies, trying to solve something
challenging and trying to increase the understanding and the knowledge [15]. Research Based Learning
must be applied in many departments to expand the researches in all institutions, and to apply the researches
in education, the relationship between the research and teaching.
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5. Conclusion

Based on the research that was conducted, it shows that the application of Research Based Learning had a
significant effect on the students' combinatorial thinking skills in the experimental class. The students’
combinatorial thinking skills in the experimental class were compared to the control class. The results
showed that the improvement on the learning outcomes and students' thinking combinatorial skills were
seen from the post-test. The experimental class scores were better since it is supported by Research Based
Learning in improving combinatorial thinking skills. Hence, Research Based Learning was great to improve
the students' combinatorial thinking skills.
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