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Abstract:

Developing critical and collaborative thinking skills among learners was of significant importance
in the 21st-century era. In this study, the researcher applied teaching and learning based on
Research-Based Learning (RBL) to know the level of students critical thinking skill. The number of
research samples was 30 students. This study used a triangulation research method, namely a
combination of qualitative and quantitative methods. The quantitative method was obtained by
using a learning outcome test and the qualitative method is obtained using a questionnaire and
interview. Then the data that has been collected was analyzed using a t-test. Four students were
chosen to represent critical thinking level 4, 13 students were chosen to represent Critical Thinking
level 3, and 6 students were chosen to represent critical thinking level 2, 4 students were chosen to
represent critical thinking level 1, and 3 students were chosen to represent critical thinking level 0.
More subjects would be involved until the data was saturated. Students on low critical thinking
were at Level 0. Based on the interpretation result of the t-test value, there was a significant
difference between the control class and the experimental class, proved by the 0.000 figure in the
statistical analysis. Therefore, it proved a significant difference in learning outcomes. However, the
data that we obtained present a significant difference between the control class and the
experimental class below 0.05. After we interpreted t-tabel = 2.04 on degrees of freedom 0.025, t-
count of 0.000 was evident. Thus, a hypothesis was accepted since it was below 0.025. Qualitative
methods show the results of interviews with 2 students.
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Introduction

The world continues to change as well as the world with education. Equally,
the teaching and learning of Mathematics patterns must change with the aim of the
education world to become relevant to the challenges and opportunities that occur
in real life. In the current world of work, highly skilled college graduates are
required to work in a team, solve problems, establish critical thinking skill, It
master technology without on, and communicate effectively.

In Mathematics learning, especially on problems solving of two-dimension
arithmetic, students are required to explore and demonstrate their critical thinking
skills starting from finding the differences, filling the points and finding the
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differences, finding new patterns, and re-examining the problem solving that has
been implemented. Critical thinking skills are classified as high order
competencies and it can be viewed as a continuation of basic competencies,
commonly referred in Mathematics learning. According to Tohir, Maswar,
Atikurrahman, Saiful, & Pradita (2020) said that effective mathematics learning is a
step within creative thinking for each person which will have different abilities to solve
a problem.

Critical thinking skill is the ability to analyse a situation or math problems
through a rigorous examination. According to Sutawidjaja and Jarnawi (Faizah,
Nusantara, Sudirman, & Rahardi, 2020; Haryani, Hidayatullah, Yusuf, & Asrowi,
2019; Mudayen & Dalyono, 2018), Critical Thinking is a systematic process that
allows students to formulate and evaluate their own beliefs and opinions.
Mathematical critical thinking skills have indicators. Based on Ennis
(Munawwarah, Laili, & Tohir, 2020), critical thinking has six indicators including
Focus, Reason, Inference, Situation, Clarity, and Overview. According to book P21
(Abidin & Tohir, 2019), critical thinking consists of (1) reasoning effectively, (2)
thinking systems, (3) making decisions, and (4) problem-solving skills.

This opinion is strengthened by Tohir, Abidin, Dafik, & Hobri (2018) said that
The guided research-based learning method, when integrated into Combinatorics,
can successfully lead to the improved level of students critical thinking skills.
These opinions are in accord with the research results obtained by Suntusia, Dafik,
& Hobri (2019) showed that the implementation of Research-Based Learning is
proven effective in improving students learning achievement in solving two-
dimensional arithmetic problems according to research Suntusia, Dafik, & Hobri
(2019) showed that the implementation of Research-Based Learning is. This
approach encourages students to understand and comprehend the relationship
between learning science on campus and conducting scientific studies.

This study aims to compare the study between the experimental class and the
control class. Comparing the level of critical thinking skills of students.
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Figure 1. Revised Draft of the Critical Thinking Skills Level (CTSL) of Students

The adjustment indicators were used as the reference for the analysis. The
indicators were adapted from Research-Based Learning (RBL) syntax and critical
thinking rationale. The following is the formula operative in the study:

Critical Thinking SKkill Level The characteristics are adapted to
learning under RBL

Critical Thinking Skill Level 0-1 able to identify and solve problems
that are local generalization and
global generalization that are not
clear and limited. Students are
difficult in carrying out most of the
learning syntax.

Critical Thinking SKkill Level 2 (fairly able to identify and solve problems

critical) that are local generalization and
global generalization that are clear
and limited. The syntax of students is
capable of design to the global
generalization  but  there are
difficulties in applying it.

Alifmatika: Jurnal Pendidikan dan Pembelajaran Matematika, June 2021, Vol. 3, No. 1 |
57



The Level of Critical Thinking Skill on Solving Two-Dimensional....

Critical Thinking Skill Level 3 able to analyse and actively solve

(Critical thinking ) local problems of generalization and
global generalization. Students are
able to arrange the analysis results
without drawing the conclusions.

Critical Thinking Skill Level 4 Students are able to analyse and be
active in solving the problems of local
and global generalization. Students
are able to develop analysis results
and draw conclusions.

lakovos (2011) explains that critical thinking has an important role in
education and there are four important components of main objectives in learning
to develop the students’ ability: (a) explaining and clarifying; (b) asking and using
the right questions to clarify or challenge; (c) considering the source of credibility;
(d) problem solving and drawing conclusions. Forawi's study (2016) entitled,
"Standard Based Science Education and Critical Thinking", posits that the results of
his study are aimed to identify the content goals in science that require critical
thinking from the perspective of pre-service teachers. In addition, Chen, Tolmie, &
Wang (2017) entitled "Growing the Critical Thinking of School Children in Taiwan
using Analects of Confucius” points out that the result of her study is aimed to
cultivate critical thinking in school children in Taiwan using Analects Confucius.
Based on his research, the value of critical thinking in the context of learning
dialogue is a strategic approach to critical thinking. According to Tohir 2019 this
study results from the fact that Indonesia has released the achievement of the
Program for International Student Assessment (PISA). This release is conducted
together with 72 countries participating in the PISA survey. The 2015 survey
results, on Tuesday, December 6, 2016, showed a significant increase in
educational attainment in Indonesia by 22.1 points. The result puts Indonesia in
fourth place in case of student achievement improvement compared to the
previous survey results in 2012, from 72 countries taking the PISA test. The rank
was lower (69 out of 79 countries) than PISA 2015 (Pradita, Maswar, Tohir,
Junaidi, & Hadiyansah, 2021; Anggraena, 2019). Meanwhile, Indonesia's PISA
results in 2018 fell compared to PISA results in 2015, namely for the mathematics
category, Indonesia was ranked 7th from the bottom (73) with an average score of
379. Meanwhile, in 2015 Indonesia received an average score of 386 out of 70
Countries (Pradita et al., 2021; Tohir, 2019).

The syntax model of Research-Based Learning adopted from Arifin (2017), as
there are three main steps that should be grouped in the stages of Research-Based
Learning, involving the followings:

1) Exposure stage, which means that collecting information based on inquiry
and searching the literature on a particular topic (focused topic),

2) Experience stage, which alludes to identifying and formulating problems
based on literature studies and experimental experiences,

3) Capstone, which means a stage of conveying a plan or idea in giving solution
problem or measurement or computation method.
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RBL is a very important technique for learning and teaching by using
research element in the learning process. As we know that new knowledge rapidly
occurs in the world in the period of technology and influence information come
from around the world. RBL is very important which be increase not only
knowledge but be increase cognitive, ability to think, consideration and creative
learning (Sota & Peltzer, 2017). A person's thinking ability in identifying and
constructing mathematical formulas is needed to foster students' understanding of
the material and produce meaningful learning (Ula, Meliyana, Ilahiyah, & Tohir,
2020; Tohir etal., 2018).

Two-dimensional arithmetic is needed to solve problems employing critical
thinking. Based on Tohir et al. (2018), the arithmetic sequence is the sequences of
numbers, the differences among which exist between two consecutive terms are a
fixed number. The difference of two consecutive tribes signifies difference, in this
study denoted by d. Arithmetic sequence is known by Uy, Uz, U3, ..., Uy, ..which is
consecutive from a arithmetic sequence Uy + Uz + Uz + ... + U + .. with ()

To measure the students' critical thinking skill, it is needed an instrument
that complies with the indicators used. The researchers arranged the newest and
most difference on test instrument of the previous researches. The instrument
used elaborates two-dimensional Arithmetics that consist of columns and rows, to
be precise column j and i. N means the number of columns and m is the number of
rows. The differences between the first number and the before next number are
expressed differently. The following table is the elaboration.

n is the number
of columns

m is the number
of rows

The differences horizontal (first
are on the same 2 2 | 4 6 pattern)

significance (d = Column sequence
Sum 5 7 9

{ 1 1] 3 5 The number pattern is

— formsan

d: +2 ¥2 arithmetic

RESEARCH METHODS

This study used a triangulation research method, namely a combination of
qualitative and quantitative methods. According to Saryono (M Tohir, Maswar,
Mukhlis, Sardjono, & Selviyanti, 2021), qualitative research is a research that is
used to investigate, describe, explain, discover the quality or features of social
influence that cannot be explained, measured, or illustrated through a quantitative
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approach. The quantitative method is obtained by using a learning outcome test
and the qualitative method is obtained using a questionnaire and interview. there
are 3 questions pre-test and 3 post-test.

The research design was a complete experimental design in that the random
sampling was operative for determining control and experiment groups from the
certain population on design Pre-test and post-test only control design. The research
subjects were the students of XI IPA 1 and XI IPA 2 of Senior High School
Muhammadiyah Bondowoso, East Java, Indonesia, each class consists of 30
students.

The form of research design is true experimental design, the main
characteristic is that the sample used for the experiment and as a control group is
taken randomly from a certain population with a pretest and post-test only design,
design Pre-test and post-test only control design.

R O; x O

R O; -0,

(Sugiyono, 2017: 212)

R = The experimental and control groups were taken randomly

01&03 = Both groups were observed using a pretest to determine their initial
workability. What is expected that the initial workability is the same?.

02 = The results of the experimental class post-test

04 = Post-test results for the control class

In this design, there are two groups, each of which is randomly selected (R).
The first group was given treatment (X) and the other group was not. The treated
group is called the experimental class and the untreated group is called the control
class. The effect of treatment is (01: 02), in actual research, the effect of treatment
is analyzed using t-test statistics. In Sugiyono (2017: 114). Figure 1 shows a
triangulation model in which qualitative data is triangulated with quantitative data
to determine the impact of Research Based Learning on a two-dimensional
arithmetic sequence.
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Gambar 1: Triangulation model (Hobri, Dafik, & Hossain, 2018: 488)

The test results were checked using an answer key and referring to the
critical thinking skill indicators that the researchers had made. Then, those critical
thinking skills were categorized into level 4, level 3, level 2, level 1 and level 0.

The subjects were chosen based on the following considerations. 4 students
were chosen to represent critical thinking level 4, 13 students were chosen to
represent critical thinking level 3, and 6 students were chosen to represent critical
thinking level 2, 4 students were chosen to represent Critical Thinking level 1, and
3 students were chosen to represent critical thinking level If the data were not
saturated, 4 subjects would be possibly taken in accordance of the students’ ability.
This process was done until the whole data were saturated. The saturation criteria
in this study were when 2 students who had the same critical thinking level
belonged to the same level of critical thinking skills. The data analysis used the
SPSS 20 application for quantitative data and ualitative data using interviews.

RESULTS AND DISCUSSIONS

Firstly, the preliminary study was done on 30 students of XI.IPA.2 and 30
students of XI.IPA.2. Based on the test and interview, it gathered that the data was
saturated, so it was not necessary to take the participants twice. The study based
the analysis on the questionnaire and test on each participant.

The results proved that the students at high critical thinking skills in solving
Arithmetics problems of two dimensions reached conceptual thinking. Based on
the Critical Thinking Ability Level (CTAL), they were in CTAL 3 or defined critical.
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Level 0 (CTAL 0) is called non-reflective thinking (unreflective thinking). The
students were characterised in identifying and solving problems that were at the
local generalization and global generalization, which was unclear and limited.
Level 1 (CTAL 1) is also called the thinking challenged (character thinking) that
thinking process, which was also found limited so they had weaknesses concering
critical thinking. Thus, the error in solving the problem that was related to the
local generalization and Global generalization was clear but limited. Level 2 (CTAL
2) is called start thinking (Beginning thinking) characterised by the students being
able to recognize the relationship between what is known and what is questioned
on the problem faced. Therefore, they were able to solve problems related to the
local generalisation but they had not been able to solve problems on global
generalization. Level 3 (CTAL 3) is called thinking practice (Practicing Thinking)
characterised by the students’ thinking ability to analyse activity in solving
problems of local generalization and Global generalization. Level 4 (CTAL 4), which
was referred to as advanced thinking characterised by the students’ thinking
ability to analyse activity in solving deep problems about local generalization and
Global generalization.

Questionnaire Result on Critical
Thinking Skill Based on RBL Syntax

3 M Participant
o[ .

35-36 37-38 39-40 41-42

Figure 2. Questionnaire results on Students’ Ability

From the 30 questionnaires distributed, the experimental results obtained
data from respondents 62% strongly agree, 82% agree, Neutral 86%, disagree
62%, strongly disagree 23%. So that you can see the characteristics of each
student. shown in table 1 below

Table 1. Summary of Research Results on 30 Participants:

Participants’ Answers Percentage
Strongly Agree ( SA) 62%
Agree (A) 82%
Neutral ( N) 86%
Disagree (D) 62%
Strongly Disagree ( SD ) 23%
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Table 2. The following criteria interpreted the students’ critical thinking skills
based on interval.

Percentage

Level

0%-19,99%
20%-39,99%
40%-59,99%
60%-79,99%

80%-100%

Level 0

Level 1
Level 2
Level 3

Level 4

From Table 2 Based on questionnaires results on Level 0 and 1, 7 students
were on moderate ability in solving Arithmetic problems of two dimensions that
were seen from the thinking process belonging to the semi-conceptual part,
especially the Critical Thinking Ability Level (CTAL) on CTAL 1 (hardly critical).
While students on low ability in solving Arithmetics problems of two-dimension
figures were seen from the thinking process belonging to the computational part,
especially the Critical Thinking Ability Level (CTAL) on CTAL 0 (Not Critical). This
level is characterized by students’ being able to only grab the data at the stage of
sorting out what was known and asked. Otherwise, it seems like the students were
also capable of implementing the plan and checking back the students work. 6
students achieved level 2, 13 students achieved level 3, and 4 people gained level 4.
The following is the student's results on pretest.

1 1
1 1
i11]2]3|a]s5]| | able !
1 1
P — = n 1 1 1
1 1
| Level | 2 | & g /o
[ 1 6] 7 3
) 4 |48 { 20
d= +1 +1 jmil 38 | 40| 42 | 44 46
. d]f; t from that you have done before ) with condition that —~ " T T T T T T TS
2. Make one new artmethic ( differen " Students are able
can give result: I
2. Row column form an aritmatic sequence  to
b. Diffrent (d) the same value O
c. Andcolored according the example of table givenabove
1 1
i 1 Students are able to
RS — il112]3 2 1{2|3[4]5 1 i
' Level | > H 1= i T B> :
1 Level W AVAYAL | Tt /A . arrange the new |
b= 21415 1¢ Ll:e_v_e___ 2 le |7 |89\ 1 1
m| & 7 3 | Y |13]14ps : patterns and !
m
. < 4 [te|ip|B8|U |2 B e T
jmi | 38 28| 42 | 44 |50

n=3danm=2

Students are

Figure 3. the student's results on pretest.
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The following is the students’ results on post-test.

2, AMW“W%&M&WMMMMMW#&

misstrated the reason and indicates what it should be! ! i TF: = -
A L — N 23 Reason if Wrong : : Students are :
YN zl 19 L1 4 Thire are errors m m and ; able to deliver 1
Rer Ve 2 s od fure are also nuwbels | Ly ihe reasons in |
! THE gt evral wowler i Py e 3|8 /1017 i e Hable that ldying is ! the statements !
2 1413 Tt w1 roh et s ]9 mot apropriate that 15 Hhe X i
31516 ml| 24 |« | 28 number 7 and 8- | 1
[ ENE] 1
s o ]w il " B} : !
) P, : I 1
P ANE ' 1|23 . I
2 1514 : 1 4 ! :
3156 | 2| ¢ ¢ X i
: ; 'w 1 3l7[wle I !
} sluwlglmw| | =mmmmm-m-- !
?’ ‘ jml | 24 |26 |28
5 |
a
J -------- t ------------------- ‘
T I Students are able to correct the errors on |
I I
___________________ | Level 3 |
Students are able to I :

correct the errors on Level

___________________

Fogure 4. the students’ results on post-test

Interview Transcriptions

Researcher : After you read these questions, what do you comprehend
through these questions?

Student : Actually, if the colour and number are the sequences, the
other colour can be understandable.

Researcher : What did you get after you did the questions?

Student : Oh. After I completed the questions, I found out that the
differences were not evident. Then, the arrow was followed by
the sequence number on the right.

Researcher : How did you accomplish question number 2?

Student : [ arranged the simple patterns then [ added it to the bottom
and sideways.

Researcher : How could you comprehend the post-test?

Student : Basically, it was the same as t pre-test Mom. But, | needed to be more
concerned about the right and wrong statements and I could give
reasonable elaborations.

In the One-Sample statistic output Table it is clear that the research sample
(N) = 30 people on average on learning achievement for control class achieved
71,9333 and experimental class gained 74,0333. For the standard deviation,
10,8254 is on the control class and 9,03817 is for the experimental class. The
standard error for the experimental class is 1.6501, while the control class is
2,00513with regard to the pre-test value.
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Table 3. One-Sample Statistics

Std. Std. Error
N Mean Deviation Mean
Control Class 30 71.9333 10.98254 2.00513
Experiment Class 30 74.0333 9.03817 1.65014

Table 4. One-Sample Test

Test Value = 30

95% Confidence Interval of
the Difference

t df  Sig.(2- Mean Lower  Upper
tailed)  Difference
Control Class 20913 29 .000 41.93333  37.8324 46.0343
Experiment Class 26.685 29 .000 44.03333  40.6584 47.4082

This study could not be accomplished through this new type of test. The
researchers expected the students with high critical thinking ability to generalize
the patterns that had been found. Next, students with medium critical thinking
ability were able to achieve the shading aspects. Those with low ability were able
to reach the new pattern aspects. Based on the interpretation of the result of in t-
test value on SPSS, there is a significant difference between the control class and
the experimental class proved by 0,000, and then there is a significant difference.
The data that we got was significant between the control class and the
experimental class below 0.05. After we interpreted in t-table, we found a figure of
2.04 with freedom degrees of 0.025 and results from t-count 0.000. Thus, the
hypothesis was accepted since it was below 0.025.

In the one-sample statistic output table, it is obvious that the research
sample (N) covers 30 students. The average learning achievement for the control
class is 75.3000 while the experimental class is 80.1333, with means of standard
deviation of 10.90761 for the control class and 8,993 23 for the experimental class.
Additionally, the standard error for the experiment class is 1.64193 while the
control class is 1.99145 for the post-test value.

Table 5. One-Sample Statistics

N Mean Std. Std. Error
Deviation Mean
Control Class 30 75.3000 10.90761 1.99145
Experiment Class 30 80.1333 8.99323 1.64193

Based on table 5, it has fulfilled the parametric t-test analysis because the
number of samples for each class is 30 students.
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Table 6. One-Sample Test

Test Value = 30

95% Confidence Interval
of the Difference

t df Sig. (2- tailed) Mean Lower  Upper
Difference
Control Class 22.747 29 .000 45.30000 41.2270  49.373
0
Experiment Class 30.533 29 .000 50.13333 46.7752 53.491
5

The results in the study were in line with Forawi's study (2016) entitled
"Standart Based Science Education and Critical Thinking" aimed to identify the
content goals of science. It is required on critical thinking from the perspective of
pre-service teachers. On the other hand, Chen et al. (2017) entitled "Growing The
Critical Thinking of School Children in Taiwan Using Analects of Confucius" proved
that on cultivating critical thinking in school children in Taiwan using Analects
Confucius. According to his research, the critical thinking value in the context of
learning dialogue is a strategic approach to critical thinking. However, this study
used the subject class of XI IPA 1 (a second-grade science class at senior high
school) and XI [PA2 (another second-grade science class at senior high school) at
SMA Muhammadiyah Bondowoso through Arithmetic materials, especially
Arithmetic Two Dimensions on a new type of problem. The interpretation result of
the value is high which means the research is successful. Therefore, a person's
critical thinking skills need to be continuously honed and improved for all levels of
education (Munawwarah et al., 2020). Because students are able to think critically
will be able to solve problems effectively (Arifani, As’ari, & Abadyo, 2017,
Chukwuyenum, 2013; Peter, 2012). A person who has the able to think critically will be
very influential in his daily life, that is, he will always make the right and good
decisions (Tohir et al., 2020). This is reinforced by the opinion of Ennis (Munawwarah
et al., 2020) which states that critical thinking is logical and reflective thinking that is
focused on making decisions about what to believe or what to do.

CONCLUSIONS

Based on the analysis, the study has concluded that 6 students test results
have met the indicators of critical thinking skills. The subjects were classified into
various levels of critical thinking skills. 8 students were at critical thinking level 4,
6 students were at critical thinking level 3, and 6 students were at critical thinking
level 2, 5 students were critical thinking ability level 1, and 5 students were at
critical thinking level 0. If the data were not saturated, then 4 more subjects would
be involved it accordance with the students' ability until the data was saturated.
Students with low critical thinking skill were at Level 0 indicating quality of being
hardly creative since it was classified as the criteria of non-reflective thinking.
There is a significant difference between the control class and the experimental
class. This current study cannot be achieved through this new type of test. The
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researchers expect students with high critical thinking ability to generalize the
patterns that have been found. Students are can reach the shading aspects.
Students on low ability are able to touch upon the new pattern aspects. The
interpretation result of the t-test value with SPSS proves that there is a significant
difference between the control class and the experimental class is proved by a
figure of 0,000 and there is a significant difference. While the data that we get are
significant between the control class and the experimental class, indicated by a
figure below 0.05. After it has been interpreted on the table through 2.04 with
freedom degrees of 0.025, t-count is evident at 0.000. So the hypothesis is accepted
because it is below 0.025.

Suggestions for teachers are expected to provide more practices or more
creative learning materials to develop the critical mindset of students. Also, the
students should be encouraged to do the exercises on a challenging problem to
hone their mindset and they should not easily give up trying on finding a solution
when they are having difficulty.

Recommendations For Further Research
Create thesis subject with research-based learning. Study the different
research methodology for an appropriate technique of research based learning
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