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Abstract. This study compates Learning Start with a Question (LSQ) with
traditional learning to investigate how to improve mathematical critical thinking
skills. Quantitative research methods are used in a quasi-expetimental way. The
sample of this study was 83 junior high school students in Ternate City,
Indonesia. An essay test was used, with questions based on mathematical critical
thinking skills. Inferential statistics and an independent sample t-test were used
to analyze the data. Based on the study's results, with the application of LSQ
learning, most students can solve problems in critical mathematical thinking
correctly, assisted by steps and indicators of completeness of mathematical
critical thinking skills. Students who use LSQ learning have a higher average test
score than traditional learning students. The results of the t-test calculation
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show that students who learn to use LSQ learning have differences in increasing
mathematical critical thinking skills with students who follow traditional
learning.
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INTRODUCTION

Mathematics is a subject that can change the way students think, from the irrational to the
rational (Rijal et al., 2021; Ibrahim et al., 2021). A well-formed way of thinking will create logical
reasoning and thinking. Learning mathematics requires the ability to reason and think. Rifqi et al.
(2021) stated that students who learn mathematics well would have good critical thinking skills. In
addition, Sari and Caswita (2020) also stated that the benefits of critical thinking would stick for
life, supports students in setting learning abilities and further empowers them to think actively.
Mathematical critical thinking skills are higher-order thinking abilities that can be honed through
the study of mathematics (Hobri et al., 2021).

In teaching mathematics, teachers are expected to develop students' critical thinking skills
(Blomeke et al., 2020). According to Indonesian legislation, one of the fundamental abilities of
teachers is to strengthen students' skills and actualize them in dealing with diverse situations, as
outlined in the Minister of National Education's Regulation. This competency directs teachers to
provide various learning activities that encourage students to develop and actualize their abilities
in critical thinking (Shin & Shim, 2021). This ability is inseparable from the teacher's efforts so that
students are expected to have critical thinking skills to support the mathematics learning process
(Jusoh et al., 2019; Sukestiyarno et al., 2021).

Someone with the ability to think critically will ponder and work more fully. Students must
think critically, test, question, relate, and assess all parts of the circumstance or topic that prompts
them in order to learn mathematics (Sachdeva & Eggen, 2021). The critical thinking ability of
students is beneficial in learning mathematics. Likewise, mathematics learning can train students
in critical thinking processes. Critical thinking skills can help someone sort out relevant
information on math problems or outside mathematics. Therefore, learning mathematics must be
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maximized in order to improve critical thinking skills (Susanti & Retnowati, 2018; Cipta et al.,
2019).

Most of us encounter in class that learning mathematics cannot improve students' ability in
higher-order thinking, one of which is thinking critically mathematically. Furthermore, the teacher
is unable to connect mathematics to real-life situations (less applicability, less grounded, less
realistic, or less contextual) (Wulandari et al., 2020). This could be due to a scarcity of qualified
teachers who can help pupils improve their critical thinking skills during the learning process. To
avoid all of this, it would be better if the teacher was given a briefing in the form of training on
the introduction of learning models. Presumably, steps like this can help teachers improve higher-
order thinking skills in students (As’ari et al., 2017).

The efforts that students must make to acquire higher-order thinking skills must arise from
within the students themselves. Students are motivated to learn to show high interest, enthusiasm,
and perseverance, without dependence on the teacher (Setyawati et al., 2020). Likewise, with
learning mathematics, students who are motivated to learn mathematics significantly affect the
improvement of their mathematics learning achievement (Susilo, 2022). According to motivation
theory, students who are positively motivated towards their achievements are classified as intrinsic
motivation. This means that students who have intrinsic motivation (motivation that comes from
within) will be more involved in learning than students who have extrinsic motivation (motivation
that arises because of the desire to get rewards or prizes). Intrinsic motivation that students have
will have an impact on the success of students themselves (Suherman et al., 2021; Nur’azizah et
al,, 2021).

LSQ learning is student-centered learning that begins with questions. LSQ learning is a type
of active learning in asking questions; Students are asked to learn the material to be studied by
reading first. This learning can be used to increase learning activities and create active student
learning conditions. With LSQ learning, students can ask questions about ideas before the teachet's
explanation. Learning something new will be more effective if students actively ask questions
rather than just accepting what the teacher teaches. One way for students to learn actively is to
make them ask questions about the subject matter before there is an explanation from the teacher
(Nuraina & Mursalin, 2018).

Learning with LSQ involves six drivers or motives. The six drivers are meaningfulness,
confidence, relevance, enjoyment, social relationships, and targets. The essence of this strategy is
meaningfulness or meaningful Learning. Mathematical subjects are understood and interpreted,
conceptually, procedurally, and rationally for students. Students are more driven to finish the
session because they are shown the significance of mathematics (Huincahue et al., 2021; Samura
et al., 2020).

According to Nuraina and Mursalin's (2018) study, students who learn to use LSQ learning
with modules have more vital mathematical communication skills than students who learn to use
traditional learning. Similarly, Ibrahim et al. (2021) discovered that students with an advocate
approach to mathematics learning who were given open-ended questions performed better than
students who were given traditional learning.

This study examines the improvement of mathematical critical thinking skills using LSQ
learning. Taking into account the descriptions stated above, the problems in this study can be
formulated: Can LSQ learning improve mathematical critical thinking skills?

Based on the explanation above, the researcher thinks a comprehensive study is needed
about students' mathematical critical thinking skills by applying the LSQ. For this reason, the
researcher raised research entitled "Improving Students' Mathematical Critical Thinking Ability
using Learning Star with a Questions" to obtain a comprehensive study.

METHOD

This study uses a quantitative approach. The purpose of using a quantitative approach is to
enable researchers to measure the effect of a treatment. The research was designed by experimental
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pretest-posttest control group design, by applying Learning starts with a question in mathematics
learning. The pretest-posttest control group design extends the one-group pretest-posttest design
in two ways: a second group is added, called the comparison or control group, and subjects were
randomly assigned to each group (Diaz-Kope et al., 2019), as shown in Figure 1.

Random determination Group Pretest Treatment Posttest

A 8] X O

R/

Figure 1. Design of pretest-posttest control group

Research subjects were not taken randomly but were then placed in the experimental class
and the control class. Research subjects were given a pretest; they were given LSQ learning for the
experimental class and traditional learning for the control class. Posttest is given after LSQ learning
and traditional learning. The purpose of giving pretest and posttest is to see whether LSQ learning
can affect the improvement of mathematical critical thinking skills.

Sample

The research sample was taken at State Junior High School 6 Ternate City, Indonesia. The
research was carried out in the 2020/2021 academic year. Class VIII was used as the research
sample with a total of 83 people, grouped into two classes; 42 people for the Experiment class and
41 people for the control class.

Instruments

The questions were set in the form of critical thinking skills, and the essay test was applied.
The instrument's objective is to assess pupils' mathematical critical thinking abilities. The content
of linear equation was included in the mathematical critical thinking ability test in this study. There
were five questions in the form of a description with a processing time of 2 x 40 minutes. When
the entire learning process had been completed, the test was given (Pitkdniemi, 2020).

Procedure

Formulating research problems, next steps; compose learning instruments and tools. Several
mathematics subject teachers were selected to validate learning instruments and devices. Following
the validation results, a modest trial with a large number of students was undertaken to establish
the instrument's degree of language readability and whether it could be used for data collecting.
Following validation and a small trial, more improvements and analyses were carried out in order
to produce better learning instruments and tools.

At this stage, the researcher took one of the schools to be used as a research location. The
first stage is to make a research letter to the related parties. After the letter was obtained from the
relevant person, observations were made of the research location and coordination with subject
teachers regarding the placement of the experimental and control groups. Learning and data
collection began when the experimental and control groups were assigned. Figure 2 illustrates the
research process.

Students in the experimental class were taught using LSQ, and students in the control class
were taught using traditional learning. Data were obtained from the pretest and posttest results in
both classes. The data is analyzed, and the results of the data analysis are discussed in the findings
and discussion section (Stoecker & Avila, 2021).
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Figure 2. Research flow

Data analysis
The following are the steps in data processing. Data were analyzed using independent sample
t-test. Prior to the t-test, the normality and similarity of the data were first tested, the purpose of
which was to see the normality and homogeneity of variance (Albers, 2017).
e The increase in students' mathematical critical thinking skills was calculated using the
normalized gain formula. The difference between the pretest and posttest scores was compared
with the ideal maximum and pretest scores to obtain a normalized gain value:

posttest score—pretest score

Normalized gain (g) =

ideal maximum score—pretest score

Table 1 shows the criteria for the gain index.

Table 1. Criteria for normalized gain scores

Gain Score Normalized (g) Interpretation
g = 0,70 High
0,30 = g<0,70 Medium
g<0,30 Low

e Descriptive statistics were calculated, including the average value of pretest, posttest, and
normalized gain.

RESULTS AND DISCUSSION

At the end of the next lesson, a final test is carried out, called the posttest. The purpose of
the posttest is to find out about improving students' critical thinking skills by comparing them to
the pretest. In the following, some descriptions or examples of the results of student work on the
mathematical critical thinking ability test are given. Two questions and the students' answers were
taken as samples of analysis on research findings, which were representative of several students.
The evaluation results showed that the number of students who answered questions about critical
thinking skills correctly was above average after being given the LSQ treatment. So, it can be said
that the application of LSQ learning can help students improve their critical thinking skills. Here
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are some examples of student work on mathematical reasoning on the subject of straight-line
equations:
Consider the line segment AB in Figure 3, and determine the equation of the line!

v

Figure 3. Graph of coordinates between lines A and B-

The answers to the questions above can be shown in Figure 4 as follows:

Figure 4. Students can determine the equation of a line by paying attention to the line segment

Based on the results of student work from the problems above, it can be illustrated that
students have understood the indicators of completion of mathematical thinking skills in
determining the equation of a straight line by paying attention to the graph that has been
determined. Students can solve problems correctly, based on structured completion steps, by
paying attention to signs of critical thinking ability in mathematics.

Determine the straight-line equation that goes through the point R (3,2) and has a gradient
of 41

Figure 5 depicts the answers to the above-mentioned questions:

Figure 5. Students can work out the equation for a straight line with a percent gradient. Using
the letter R (3,2)
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By paying attention to the students' answers to the questions in this section, it can be seen
that students master the indicators of completion of mathematical critical thinking skills. The
solution is to determine the line equation with known gradients and points; students can solve it
using the steps in critical mathematical thinking.

Critical Mathematical Thinking Ability

The pretest and posttest results can be used to see whether students' mathematical critical
thinking skills have increased. Based on the pretest and posttest data, the N-Gain test can be said
to increase critical thinking skills. With the content of straight-line equations, five questions are
aimed at assessing mathematical critical thinking skills in the form of descriptions. The description
of N-Gain experimental data and N-Gain control data for learning-based mathematical reasoning
abilities is presented in Table 2 to get a complete picture of data on increasing mathematical critical

thinking skills.

Table 2. Description of the N-Gain Data for Reasoning Ability Mathematics based on Learning

Statistics N_Gain Experiment N Gain Control
Maximum 0,18 0,2
Minimum 0,04 0,04
Mean 0,1052 0,0973
Std. Deviation 0,03776 0,03668

Table 2 demonstrates that students who received LSQ) learning improved their mathematical
critical thinking skills by an average of 0.1052 (N-Gain). Similarly, students in traditional classes
improved their mathematical critical thinking skills by an average of 0.0973 (N-Gain). Fach
learning group's data distribution on improving mathematical critical thinking skills is nearly
identical. This suggests that students in both study groups have improved their ability to reason
mathematically.

Avwerage 1.SQ Improvements vs. Conventional 1 earning Inmprovements

Table 2 shows that students who take LSQ learning have a higher average value for
improving their mathematical critical thinking skills than students who take traditional learning. As
demonstrated in Figure 6 below, the average increase in mathematical critical thinking skills based
on learning groups;

Normality test

The goal of the normality test is to determine if a sample of the population is normally
distributed (Yasin et al., 2020). The range of research data is between 20 < n = 1000, the test was
carried out using the Kolmogorov-Smirnov test. The importance of the two lessons, namely
learning With LSQ and Conventional on N-Gain, is more than, as shown in Table 3 below, as
assessed by the Kolmogorov-Smirnov test using the SPSS output.

Table 3. Kolmogorov-Smirnov normality tests
Class Statistics df Sig.
Experiment 0,093 42 .200

NGain S
atn score Control 0,084 41 200

The significance value of the two lessons, namely learning With LSQ and Conventional on
N-Gain, is greater than, as shown in Table 3 below, as assessed by the Kolmogorov-Smirnov test
using the SPSS output.
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N Gain Control -‘GST“I3
N_Gain Experiment —

0,0%2 0,094 0,05 0,098 0,1 0,102 0,104 0,106

Figure 6. Comparison of the Average Improvement of Thinking Ability Mathematical Critical by
Learning Group

Test for homogeneity

The homogeneity test was used to determine whether the data from traditional LSQ learning
had the same variance. The homogeneity test decision-making tool refers to the significant results
of the Test of Homogeneity of Variances. For students that received LSQ and Conventional
Learning, the significance value (Sig.) of the learning outcome variables was greater than alpha
(based on the significance of the Test of Homogeneity of Variances results). Table 4 shows what
was brought.

Table 4. Test for homogeneity of variances
NGain Score
Levene Statistics dfl df2 Sig.
0,013 1 81 0,911

According to the homogeneity test decision-making principles, the variation of mathematics
learning outcomes of students who receive LSQ learning with traditional learning is the same or
homogeneous. An independent sample t-test was used to assess the outcomes of the Equal
variance’s assumption.

T-Test with Independent Sanmples

The difference in mathematics critical thinking skills between pupils who received LSQ and
those who received traditional Learning was tested using a T-test (Nur et al., 2020). The results of
the independent sample t-test are shown in Table 5

Table 5. Independent samples t-test for equality of means
Ngain_Score LSQ and Conventional

Statistics Equal variances assumed Equal variances not assumed
t 0,928 0,928

df 81 80,953

Sig. (2-tailed) 0,356 0,356

Mean Difference 0,00744 0,00744

Std. Error Difference 0,00801 0,00801

The value of Sig. (2-tailed) More than = 0.05, while tcount = 0.928, is explained in Table 5. For df
= 81, the value of ttable = 1.664 is obtained. Pay attention to the value of Sig. (2-tailed) which is
more than the level of significance («), and the result of the calculation of tcount, which is less
than ttable. As a result, there is no difference in the average development in mathematical critical
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thinking skills between students who study with the LSQ model and those who study with the
conventional model.

Students look enthusiastic and active in the learning process with LSQ. Students
communicate with each other by asking questions, and students in other groups quickly respond
to questions submitted. For every question submitted, all students analyze to find a set of solutions
using critical thinking skills.

During the LSQ learning, the students in the experimental class looked very active. Each
group discussed with each other the problems asked. During the lesson, each group was allowed
to ask questions. Questions revolve around the subject being studied. From these questions, it
becomes a problem to be discussed together. In learning activities, the teacher acts as a facilitator,
not fully involved in explaining the material or problems that arise through the questions submitted
by students. It can be seen that LSQ learning is beneficial for students (Munadliroh & Anggraini,
2022). Every problem solving is always solved together in groups.

LSQ learning can solve various challenging problems. Problems that are challenging in
nature can build aspects of mathematical critical thinking skills, namely self-confidence in solving
problems. When students can solve problems and provide solutions, students self-confidence will
grow. The more accustomed to using mathematical critical thinking skills, it will be able to form a
confident attitude toward solving problems in mathematics. In line with the philosophy of
constructivism, Veyis (2020) says constructivism assumes that students must construct their
knowledge. Such habits allow students to be able to develop the potential of their critical and
creative thinking skills.

LSQ learning can explore student activities by increasing problem-solving ideas well
(Parmithi & Wahidin, 2016). The activity of reflecting on the suitability or correctness of the
answer also encourages students to interpret the solution appropriately. As stated by Polya, this
activity is the stage in the ability to think critically and mathematically. They explain how learning
with LSQ can improve mathematical critical thinking skills (Salahuddin & Ramdani, 2021). The
results of the study explain that learning with LSQ has a significant effect on increasing
mathematical critical thinking skills.

According to the posttest results, students who study with LSQ learning are able to answer
or complete the questions. The number of questions is five; most students can complete or work
on problems or questions ideally based on mathematical critical thinking rules. Students can master
the steps and indicators in solving mathematical critical thinking questions, the results of student
work attest to this.

N-Gain data can be used to assess mathematical critical thinking abilities. The N-Gain
calculation evaluates the development of mathematical critical thinking skills in LSQ learning.
Students who attend LSQ courses have an average difference in gaining mathematical critical
thinking skills compared to students who complete traditional learning, according to the N-Gain
data on mathematical critical thinking skills, as shown in Table 2. The distribution of data
possessed by students in the two lessons is same. As a result of the two lessons, mathematics
critical thinking skills have improved.

Table 2 also compares mathematical critical thinking skills from the two learnings, LSQ and
Conventional Learning. The average value that .SQ learning is higher than conventional Learning,
as shown in Figure 3 above. The findings of the t-test calculations in Table 5 show that students
who study using the LSQ model have no difference in increasing mathematical critical thinking
skills compared to students who study conventionally.

CONCLUSIONS

Based on the findings and discussions, it can be concluded that students who learn using
LSQ can improve their ability to think critically mathematically. The average difference between
LSQ learning and traditional learning is insignificant. The results of this research have limitations;
that is, the subject of the research is only high school students, and the findings in this study still
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need to be re-examined in order to be generalized to the lower or higher school level. This research
study focuses only on the ability to think critically mathematically, so the study of other students’
mathematical abilities needs to be followed up. As advice to practitioners of further education and
research, the application of LSQ can be used as one of the alternative changes in the
implementation of mathematics learning in schools.
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