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Annotation. This research & development aims to develop and produce quality learning
models. The main product in this study is the M6 learning model which has the following syntax:
(1) focusing on initial skills; (2) justifying concepts; (3) investigating problems; (4) presenting
ideas; (5) evaluating; and (6) concluding. The results show that the M6 learning model developed
meets the validity requirements. This study concludes that the M6 learning model has met the
requirements by the assessment of experts so that it can improve students’ critical thinking skills.
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Introduction

Critical thinking skills are needed in the 21* century (Beers, 2011; Roekel 2012; Alis-
mail & Mcguire, 2015; Abed et al., 2015; Lamp, 2017). Critical thinking skills can also be
used as a very important topic in modern education which is needed to continue studies
ata higher level (As’ari, 2014). Therefore, critical thinking skills are needed to be applied
in the learning process as one of the goals of the education system (Massa, 2014). In ad-
dition, critical thinking skills are very important in many aspects, including improving
student performance in learning (Marcut, 2005); stimulating intellectual abilities and
making students actively involved in class activities (Fisher, 2003); can improve students’
understanding of mathematical concepts (Alcantara & Bacsa, 2017); and can improve
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student achievement in mathematics. In the field of natural science, critical thinking
skills can be used as a basis for creating solutions in learning (Yacoubian, 2015).

Learning that can improve critical thinking skills is very important. According to
Karakoc (2016), when critical thinking skills are developed, students will be encouraged
to think for themselves; questioning hypotheses; analyze and synthesize events; devel-
oping new hypotheses; testing hypothesesbased on facts; and evaluate information on
the right basis. In addition, through continued emphasis on developing critical thinking
skills, students have the opportunity to build knowledge and experience to learn how
to solve problems (Norris, 1985; Snyder & Snyder, 2008; Sulistiani & Masrukan, 2016).
Critical thinking skills are needed by all students to understand the information present-
ed in learning (Lambert & Cuper, 2008). Students who fail to develop critical thinking
skills will usually get lower academic scores (Quitadamo et al., 2008). Therefore, critical
thinking skills needs to be developed in mathematics learning because critical thinking
skills allow students to analyze their own thinking to make choices and draw conclusions
(Sulistiani & Masrukan, 2016).

Students’ critical thinking skills in mathematics are also not well developed. This is
evidenced by the student not being able to solve the questions well when the researcher
gives the test questions. After being researched, almost all students could not understand
the meaning of the questions given so that students did not know the steps taken to
produce the correct answer. This is in accordance with the results of Akgun & Duruk’s
(2016) research which shows that students do not have good competencies that involve
critical thinking skills. Furthermore, according to Hadi et al (2018), the indicator with
the lowest score increase is analyzing and making conclusions because students are still
not maximal in composing sentences in their own language.

Another evidence that shows that students’ critical thinking skills in mathematics
are still low is that students have not been able to solve problems related to their ability
to analyze, evaluate, and conclude. From the analysis of students’ answers, it was found
that the percentage of students who could answer questions about the ability to analyze
was 25%. The percentage of students who could answer questions about their ability to
evaluate was 18.75%. The percentage of students who can answer questions about their
ability to conclude is 9.375%. This shows that the student’s ability to solve math critical
thinking skills is still very low. Therefore, there needs to be a way to overcome these
problems so that students’ critical thinking skills can improve properly.

Several studies have developed learning models to improve critical thinking skills
including Yeh (2009), Wannapiroon (2014), Buhaerah (2016), Muhlisin et al. (2016), and
Samo etal. (2017). Yeh (2009) developed a direct learning model consisting of preliminary
activities (reviewing previous material, conveying learning objectives, focusing students’
attention on the topic to be discussed), presentations, and the teacher guiding in making
conclusions. Based on the findings, the shortcoming in this model is that at the time of
presentation, the teacher still conveys material to students so that students are less able
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to develop their critical thinking. Wannapiroon (2014), developed a Research-Based
Blended Learning (RBBL) learning model which consists of the following steps: compiling
and analyzing a problem; designing and planning investigations; interpret and evaluate
problems; and presentation of research results. The disadvantage of this learning model is
that students conduct problem solving investigations individually so that other students
are less than optimal in critical thinking. Buhaerah (2015) developed a PMBK learning
model with the steps of this learning model, including: identifying concepts and justifying
concepts; solve the problem; and generalize; and analyze algorithms. Based on the find-
ings, it can be stated that the shortcomings of this model are that the teacher only divides
groups without paying attention to students’ abilities so that students’ critical thinking
skills do not increase evenly. Muhlisinet et al. (2016), designed an RMS (Reading, Mind
Mapping and sharing) learning model consisting of the following steps: reading; create
concept maps; and share ideas. The weakness in this learning model lies in the sharing
step, the teacher immediately provides feedback when students present in front of the
class so that students are less able to develop critical thinking skills. Samo et al. (2017),
developed a contextual thinking learning model consisting of the following steps: pre-
senting contextual problems; ask critical and analytical questions; individual and group
investigations; presentations and discussions; reflection; and test. The weakness in this
learning model is that when asking critical questions and analysis, the teacher’s role is
too dominating so that it will hinder the ideas possessed by students. From the study of
these learning models there are several shortcomings so that the increase in students’
critical thinking skills is not optimal. Therefore, it is still necessary to improve the steps
of the existing learning model so that the objectives of learning can be maximized. This
is done in order to produce a new quality learning model that meets the validity criteria
to improve critical thinking skills in mathematics.

Focusing on initial abilities can develop students’ critical thinking skills. This is
reinforced by the opinion of Yeh (2009) and Marashi & Noochiwani (2011), that initial
abilities can develop students’ critical thinking skills. Initial abilities are also very neces-
sary for students to connect the achievements of the next material so that they get good
results (Safdar et al., 2012; Clement, 2013; Salam et al., 2019). In addition, initial abilities
are the raw material needed in learning to teach students new materials to be studied so
that they can achieve learning objectives (Sa’dijah, 2007; Dehghani et al., 2011; Karbalaei,
2014; Cooper et al., 2018). The low initial ability of students will result in difficulty in
learning mathematics so that learning outcomes will be low (Acharya, 2017). Therefore,
the teacher must link the initial abilities students have with the material to be studied so
that they can train students to develop students’ critical thinking skills in mathematics.

Justifying the concept is the first step in building knowledge in critical thinking. This
is reinforced by Bajracharya (2010), that to build knowledge in critical thinking requires
activities to justify concepts. Justifying the concept consists of reading and questioning
the concepts being studied (Ennis, 2008; Bajracharya, 2010). Reading activities can build
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meaning in learning and build relationships between concepts so that they can empower
students’ critical thinking skills (Yu-hui et al., 2010; Wang, 2012; Akin et al., 2015; Maha-
nal etal., 2019). In addition, the existence of concept building activities can make it easier
for students to understand what is being learned so that teachers must give students the
opportunity to understand concepts in learning mathematics in class (Ahuna et al., 2014;
Kusaeri et al., 2019; Mahanal et al., 2019). Choosing the right concept from students will
have a good impact in developing students’ critical thinking skills (Hussain & Munshi,
2011). Mastery of mathematical concepts will have a relationship with the development
of students’ critical thinking skills (Chukwuyenum, 2013; Radulovic & Stancic, 2017).

Learning processes that can improve critical thinking skills include identifying prob-
lems, analyzing problems, group discussions, asking questions that stimulate critical
thinking skills, making conclusions from various sources, evaluating findings, providing
feedback, and learning assessments that stimulate students critical thinking skills (Walker,
2003; Duron et al., 2006; Qatipi, 2011; Lee et al., 2012; Peter, 2012; Aktas&Unlu, 2013;
Zhao et al., 2016; Vong & Kaewurai, 2017). Investigating problems in critical thinking
requires analyzing, evaluating, and making conclusions (Sendag & Ferhan, 2009; Hagh-
parast et al., 2013; Paul & Elder, 2014; Gholami et al., 2016; Vong & Kaewurai, 2017).
Other activities that support critical thinking skills include: identifying problems and
presenting supporting evidence (Innabi, 2003). Students can also develop mathematical
critical thinking skills when facing mathematical problems, identify possible solutions,
and justify reasons for an outcome (Huang et al., 2016). The critical thinking skills also
involve a reason and logical consideration in deciding or evaluating a problem at hand
(Marin & Halpern, 2011; Thomas, 2011; Fahim & Pazesk, 2012).

According to Peter (2012), one way that teachers can develop critical thinking skills
in mathematics at the high school and post-secondary levels is to use learning strategies
that actively involve students in the learning process. Learning strategies that can be
carried out include group discussions and debates about the ideas expressed (Avsec &
Kocijancic, 2014). Furthermore, according to Vong & Kaewurai (2017), Hadi et al (2018),
and Prayogi et al (2018), the steps of a learning model that can improve critical thinking
skills include: 1) identifying the problem given; 2) investigating related problems; 3) dis-
cussing the problems found; 4) evaluating the problems found; 5) creating solutions to
the problems given, and 6) presenting solutions. Providing the right questions in group
discussions, gathering feedback from students, and providing feedback to students that
will make students active in identifying problems, analyzing problems, concluding
problems, and evaluating problems so that they can develop students’ critical thinking
skills (Duron et al., 2006; Peter, 2012; Zhao et al., 2016). Furthermore, according to Peter
(2012), critical thinking must be based on activities that include unstructured problems
so that students can practice evaluating problems and concluding. Giving problems,
gathering sufficient evidence, making hypotheses, making comments from the results of
presentations are activities that can train students to identify problems, analyze problems,
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conclude problems, and evaluate problems so that they can develop critical thinking
skills (Duran & Dokme, 2016).

Based on the description, which is accompanied by some evidence of research con-
ducted previously, further researchers want to conduct research on the development of the
M6 learning model that meets the valid criteria by experts so that it can be implemented
in improving students’ critical thinking skills.

Method

General Background

The type in this research is Research and Development (R & D). The purpose of this
study is to produce an M6 learning model that meets the validity criteria in improving
critical thinking skills. The M6 learning model is taken from the acronym which consists
of: (1) focusing on initial abilities (Memfokuskan); (2) justifying the concept (menjusti-
fikasi); (3) investigate the problem (Menyelidiki); (4) presenting ideas (Mempresentasikan);
(5) evaluate (Mengevaluasi); and (6) conclude (menyimpulkan). The product produced
in this research is in the form of a M6 learning model book. This model book consists of
(a) rational development of the M6 learning model; (b) the theoretical basis of the learning
model; (c) M6 learning model; (d) instructions for implementing the M6 learning model;
and (e) bibliography. The model book that has been produced will assess the quality of
the M6 learning model using the instruments that have been developed. The developed
instrument was tested for validity and reliability. The focus of this research is the validity
of the M6 learning model which meets the requirements by the assessment of experts
which can improve students’ critical thinking skills in mathematics.

Instruments and Research Prosedures

The development process in this study follows the steps of the development model
proposed by Plomp (2013), then supported by including the components of the learning
model proposed by Joyce and Weil (2009), and the product quality criteria proposed by
Nieveen (2013). The process of developing the M6 learning model according to Susandi
et al. (2020), can be seen in Picture 1.
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Picture 1
Flow of Learning Model Development Activities M6
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Preliminary research was conducted to collect related data: (1) problem identification
and needs analysis regarding existing learning models; (2) problem identification and
needs analysis on learning theory; (3) problem identification and needs analysis on critical
thinking theory; and (4) problem identification and needs analysis regarding the current
conditions of mathematics learning. The result of this preliminary study is a model design
in the form of a draft M6 Learning model. The results obtained in the literature study
and preliminary studies are used as materials for developing learning device products as
an operational form of the M6 Learning model. The steps in developing the M6 learning
model are: a) the development of the M6 learning model; b) the realization of the M6
learning model; ¢) the preparation of the M6 learning model; and (d) validation of the
M6 learning model device by the assessment of experts. The instrument for assessing the
quality of the M6 learning model was filled by three education experts who examined and
assessed the learning model developed by the researcher. One validator is a professor in
the field of learning model development; one validator is an expert in the field of math-
ematics, and one validator is a senior mathematics teacher at a school.This was done to
obtain data about the validity of the M6 learning model. The quality of the M6 learning
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model is assessed by the content validity and construct validity (Nieveen et al., 2013).
The results of the assessment are used as a reference for revising the M6 learning model
developed. For content validation, it is assessed by the researchers themselves whether
the M6 learning model has met Plomp’s (2013) procedure and the characteristics of the
learning model developed or not. Validation of constructs used a validation sheet. Con-
struct validation is seen based on the relationship and suitability of each component in
the M6 learning model with the learning theory used as a basis for model development.

Data Analysis

The data on the validity of the M6 learning model are obtained from the validation
sheet that has been filled in by the validator. Before analyzing the validation results, the
validation sheet reliability test was conducted. To determine the percentage of instrument
reliability in this study, the percentage of agreement developed by Emmer and Millett
(in Borich, 1994) was used with the terms of the agreement if the difference between the
validators’ assessments of item i was matched. In other situations, it is said to be disagree.
Emmer and Millett’s percentage of agreement formula:

A—
R = [1 — X 100%
+
Information:
R: coeflicient (degree) of instrument reliability.
A: the maximum rating of the indicator is observed by the validator.

B: the minimum assessment of the indicators observed by the validator.

According to Borich (1994), the research instrument is said to be reliable if the R value
for all indicators is After checking the reliability of the validation sheet, the next step is
to analyze the validity data of the M6 learning model. The steps in analyzing the model
validity data are as follows: (1) recap the scores of the three validators; (2) calculating
the average score of the three validators on each indicator ; (3) calculating the average
score of indicators in each aspect ); (4) calculating the average score of all aspects );and
(5) make conclusions about the validity of the M6 learning model, learning tools, and
instruments. The criteria for the validity of the M6 learning model are shown in Table 1.

Table 1
Criteria for the Validity of the Learning Model M6
Score Criteria Meaning
Valid Products can be tested

Enough Valid  There are still small parts that are revised

Invalid Total product revision
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Based on Table 1, if the conclusions obtained are valid, the resulting product can be
tested. If the conclusion is valid enough, it indicates that there are still small parts that
need revision. If an invalid conclusion is obtained, a total revision is needed. This revi-
sion may be on the model or on the device. If a model revision results in a revision of
the device, then the device is immediately revised so that the model and device remain
consistent. In addition, it is necessary to pay attention to whether there are revisions in
the form of notes, suggestions, or comments from the validator. If a total revision must
be made, the revised model and equipment must be re-validated again.

Results and Discussion

Rational Development of Learning Model M6

The rationality of each sequence of steps in the M6 learning model is based on the
researcher’s argument, theoretical studies, and empirical studies. The first step is to
focus on initial skills. At the beginning of learning the teacher first explains the topics,
objectives, learning outcomes to be achieved, and motivates students to the topics to be
discussed. This is because motivation affects the success of each student’s problem solving
(Keller, 2010). Furthermore, the teacher formed a heterogeneous group. Heterogeneous
group formation is based on Vygostsky’s social constructivism in those students share
ideas with other students to build mutual understanding that is impossible to build in-
dividually so as to help students foster critical thinking skills (Avsec & Kocijancic, 2014;
Shieh & Chang, 2014). In addition, peer interaction in groups with high potential can
develop students’ critical thinking skills (Lim et al., 2011; Sofroniou & Poutos, 2016).
Furthermore, according to Maricica & Spijunovicb (2015), the same role in group work
will affect the development of students’ critical thinking skills. Then the teacher asks
questions in order to explore students’ initial abilities related to the material to be stu-
died. This is done because initial ability is a prerequisite for mastering further learning
in order to get better results (Salam et al., 2019). In addition, initial knowledge can build
students’ critical thinking skills (Yeh, 2009). Based on the rationality study, the first step
in the M6 learning model is to focus on initial abilities.

The second step is to justify the concept. The activity of justifying the concept is the
first step to building knowledge in critical thinking (Bajracharya, 2010). In this step, the
teacher assigns students to read and understand the contents of the book and determine
concepts related to the problem topic being discussed. This is done because the activi-
ties of observing, memorizing, and building concepts can make it easier for students
to understand what is being learned (Mahanal et al., 2019). Then the teacher appoints
representatives of each group to question concepts that are not yet understood. This is
because students are required to have the ability to choose the right concept so that it has
a good impact ondeveloping students’ critical thinking skills (Hussain & Munshi, 2011).
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In addition, formulating questions and asking questions are activities that can develop
critical thinking skills (Ennis, 2011). Based on the rationality study, the second step in
the M6 learning model is to justify the concept.

The third step is to investigate the problem. In this step the teacher presents problems
about analyzing, evaluating, and concluding; students create hypotheses, collect data,
and test hypotheses in group discussions. This is done because critical thinking skills
requires activities to analyze, evaluate, and make conclusions in investigating problems
(Sendag & Ferhan, 2009; Paul & Elder, 2014). Furthermore, students immediately identify
problems, formulate hypotheses, record observations and ideas, and test hypotheses in
group discussions. Active participation and organizing work with small groups in students
can develop critical thinking skills (Florea & Hurjui, 2015; Maricica & Spijunovicb, 2015).
In this step, face-to-face social interaction also occurs which allows students to share
alternative views or ideas and helps students see ideas differently so that critical thinking
skills can develop (Rusmansyah et al., 2019; Saputra et al., 2019). In this step, the teacher
also provides scaffolding to students who have difficulty solving the questions given. The
scaffolding given is feedback in the form of questions that require students to find their
own answers so that students can be trained to improve critical thinking skills. This is
in accordance with the opinion of Wartono et al. (2018) that the critical thinking skills
can be empowered by teachers by giving questions or problems that challenge students’
thinking. Based on the rationality study, the third step in the M6 learning model is to
investigate the problem.

The fourth step is to present the idea. In this step, a presentation of the ideas that
have been obtained during group discussions in front of the class is carried outbygroup
representatives appointed by the teacher. During the presentation, students explain the
ideas from the results of group discussions. In addition, students who did not present
could judge ideas from other groups and then come up with new ideas based on the right
reasons. This is because activities conveying ideas from group work can develop critical
thinking skills (Florea & Hurjui, 2015). Then in this step,the teacher only provides scaf-
folding in the form of questions so that students return to the problems being discussed
and find the correct answers when there is a debate that is far from the context of the
problems being discussed. The purpose of scaffolding is given to students so that students
can solve the problems they are facing (Maharani & Subanji, 2018). This is reinforced by
the opinion of Dewaelsche (2015), that questions can be an effective tool in developing
critical thinking skills. Based on the rationality study, the fourth step in the M6 learning
model is to present ideas.

The fifth step is to evaluate. In this step,the teacher instructs students to correct the
answers obtained during the presentation. After students find wrong answers, then the
teacher invites students to reveal the reasons for the wrong answers. This is because
evaluating findings is one of the goals of critical thinking (Vong & Kaewurai, 2017). In
addition, evaluating activities in critical thinking involves activities to assess various
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kinds of ideas by looking for clear reasons (Duron et al., 2006; Taleb& Chadwick, 2016).
Furthermore, according to Irwanto et al (2018), students should be encouraged to express
and protest opinions, identify and clarify problems, and respond to and present various
solutions to the problems at hand. Based on the rationality study, the fourth step in the
M6 learning model is to evaluate.

The sixth step is concluding. In this step, students are required to formulate conclusions
from what was obtained in the evaluation step. In this step, the teacher also appoints
several students to express the conclusions obtained from the results of the evaluation
that has been carried out. Then the teacher corrects the conclusions of the students who
have been appointed and the teacher concludes in general from the results of the stu-
dent’s answers. After that, students make conclusions in their own language that is easy
to understand. This is because one of the abilities students must have in order to have
good critical thinking skills is that students have the ability to draw conclusions well
(Ghazivgawai et al., 2014; Boa et al., 2018). Based on the rationality study, the sixth step
in the M6 learning model is to conclude.

Assessment of the Quality of Learning Model M6

Before analyzing the results of the model book validation, first the reliability is cal-
culated for the model validation sheet. Based on the results of the calculations, it was
found that the price of R was greater than 75%, namely R = 86.26%. According to the
established instrument reliability criteria, the model book validation sheet is said to be
reliable. The data analysis of the learning model book was carried out based on four aspects
on the validation sheet, namely the rational development of the M6 learning model, the
theoretical basis, the model components, and the model implementation instructions.
The summary of the results of the model book validity can be seen in Table 2.

Table 2
Model Book Validation Results

The average score of the validator

Rated aspect Average

| II 111
Rational development of the
M6 model 3.33 3.00 4.00 3.44
Theoretical basis 3.80 3.00 4.00 3.60
Model components 3.87 3,00 3,60 3’49
Model implementation
. . 3.33 3.00 3.67 3.33
instructions
Average 3.59 3.00 3.82 3.47
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Based on the data analysis of the results of the model book validation in Table 2. M6
learning model book has met the validity criteria with an average value of 3.47. This means
that the M6 learning model has met the valid criteria so that the model can be tested.

The product objective of the M6 learning model is to improve students’ critical
thinking skills in mathematics. The product of the M6 learning model was developed
in accordance with the stages of the Plomp development model (2013). The M6 learning
model was developed based on a preliminary study, namely literature study and field
observations which showed that the learning model applied in schools and the books
used for student learning had not explored more deeply about students’ critical thinking
skills in mathematics. Whereas the critical thinking skills in mathematics is important
for students to have in learning mathematics. This was also expressed by several previ-
ous researchers, including As’ari (2016); Susandi et al. (2018); Susandi et al. (2019a); and
Susandi et al. (2019Db).

The prototypes produced in this study were in the form of a model book, a lesson plan
(RPP), a student book, a teacher’s book, and a mathematics critical thinking skill test. The
preparation of this prototype considers the characteristics of students to practice critical
thinking skills in mathematics. In the ongoing learning, it can be seen that students who
have the critical thinking skills in mathematics are good when faced with a problem,
then these students collect various information and analyze information, and use their
thinking to find linkages between one information and another. In the end,students
will get the right conclusions about the problems they face. The behavior that is often
seen when students face a problem is that students look for several alternative solutions,
evaluate them, and finally decide on the choice of solution. When looking for solutions,
students’ critical mathematical thinking skills play a role in producing correct problem
solving. Furthermore, these activities are linked into a complete structure in syntax, so-
cial system, reaction principle, support system, instructional impact, and accompanying
impact. These components are in the M6 learning model that the researcher developed.

The M6 learning model has six syntaxes. In the first syntax begins by focusing on
initial capabilities. In this step the teacher first divides students into several groups
heterogeneously. This is done because teaching students in a group can improve critical
thinking skills (Elder & Paul, 2010; Kelemen, 2014). The formation of heterogeneous
groups is based on social constructivism by Vygotsky, that students will share ideas with
other students to build mutual understanding that is impossible to build individually
(Moreno, 2010). In groups there will be interactions that make students exchange ideas
so that students’ critical thinking skills can be trained. This is in accordance with the
opinion of Costley (2016), that interaction in groups can improve critical thinking skills
because the learning environment becomes more controlled. Interaction between students
can also train students to be involved in learning and can improve critical thinking skills
(Hussin et al., 2019). Then after the group has been formed, the teacher asks questions
related to the students’ initial abilities related to the material to be discussed. Early
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abilities are important in learning because initial abilities are the raw materials needed
in learning to direct students to new information to be learned (Dehghani et al., 2011;
Cooper et al., 2018). The questions posed by the teacher about students’ initial abilities
can train students to improve critical thinking skills (Pithers & Soden, 2000). Questions
that lead students to practice critical thinking using Bloom’s Taxonomy indicators. This
is reinforced by the opinion of Pappas, et al. (2013), that questions for training critical
thinking can be measured using the Bloom Taxonomy indicator.

The second syntax is to justify the concept. In this step, the teacher assigns students
to read and understand the contents of the book and determine concepts related to the
problem topic being discussed. This is done because reading is not only about expressing
what is in the text but also includes the process of building meaning in learning (Akin
et al.,, 2015; Yu-hui et al., 2010). Reading also involves the coordination of affective and
cognitive components such as observing, focusing, having perceptions, memorizing,
building relationships, analyzing, and interpreting which can empower students’ critical
thinking skills (Mahanal et al., 2019). Then the teacher appoints representatives of each
group to question concepts that are not yet understood. This is done so that students
are right in choosing the concepts used so that they have a positive impact on the devel-
opment of students’ critical thinking skills (Karagol & Bekmezci, 2015). The ability to
master concepts also has a relationship with the level of students’ critical thinking skills
in mathematics (Chukwuyenum, 2013; Radulovic & Stancic, 2017). Formulating questions
and asking questions can also train students to have critical thinking skills (Vieira et al.,
2011). Furthermore, according to Lubliner (2004), asking questions is a tool that can be
used to improve students’ thinking skills.

The third syntax is to investigate the problem. In this step the teacher presents problems
about analyzing, evaluating, and concluding; students create hypotheses, collect data,
and test hypotheses in group discussions. The presentation of the problem is carried out
with the aim of stimulating students to solve problems from the information obtained
(Dwyer et al., 2014; Fajrianthi et al., 2016). Furthermore, according to Rahaju, et al (2019),
in mathematics learning, critical thinking can be developed by means of mathematical
problem solving activities. Problems used to improve critical thinking skills are ana-
lyzing, evaluating, and concluding (Haghparast et al., 2014; Vong & Kaewurai, 2017).
Furthermore, students immediately identify problems, formulate hypotheses, record
observations and ideas, and test hypotheses in group discussions. Group discussions
conducted by students in solving problems can improve critical thinking skills (King et al.,
2013; Schoenberger & Spiller, 2014; Sofroniou & Poutos, 2016). In this group discussion
activity students are required to understand the problem so that their critical thinking
skills can increase. This is done because understanding problems can lead students to
critical thinking processes (Aljaberi, 2015). In this group discussion there was social in-
teraction between students to share different views or ideas so that students were active
in developing critical thinking skills in mathematics (Saputri et al., 2019). In this step,
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the teacher also provides scaffolding to students who have difficulty solving the questions
given. The scaffolding given is feedback in the form of questions that require students to
find their own answers so that students can be trained to improve critical thinking skills.

The fourth syntax is presenting ideas. In this step, a presentation of the ideas that have
been obtained during group discussions in front of the class is carried out from group
representatives appointed by the teacher. This is done because students can improve their
critical thinking skills by expressing student opinions and challenging other students’
ideas in order to obtain solutions to the problems given (Brindley et al., 2009). During
the presentation, students explain the ideas from the results of group discussions. In
addition, students who did not present could judge ideas from other groups and then
come up with new ideas based on the right reasons. This is done because it assesses ideas
with reasons and provides alternative solutions for activities that can improve critical
thinking skills (Florea & Hurjui, 2015; Monteleone et al., 2018). Furthermore, according
to As’sari (2014) teaching critical thinking can be done by asking students to consider
alternative ideas then asking students to think about the reasons. In this step, students
are actively involved in learning so that they can improve their critical thinking skills
in mathematics (McCormick et al., 2015; Killian & Bastas, 2015). Then in this step the
teacher only provides scaffolding so that students return to the problems being discussed
and find the correct answers when there is a debate that is far from the context of the
problems being discussed.

The fifth syntax is to evaluate. In this step, the teacher instructs students to correct
the answers obtained during the presentation. This is done because students are actively
involved in the learning process to agree or disagree with information, assess to determine
the truth, change wrong information to create new ideas, and compare various infor-
mation to get conclusions (Florea & Hurjui, 2015; Husnaeni, 2016; Susanti & Hartono,
2019). Through such learning activities, students can learn to think critically (Michalsky
& Kramarski, 2015). After students find wrong answers, then the teacher invites students
to reveal the reasons for the wrong answers. This is done because assessing the reasons
correctly or identifying the wrong opinion of a particular problem can train students
critical thinking skills (Mason, 2008; Fahim & Ahmadi, 2012).

The sixth syntax is to conclude. In this step, students are required to formulate con-
clusions from what was obtained in the previous step. This is because making the right
conclusions is part of the critical thinking skills (Moon, 2008; Eggen & Kauchak, 2012;
Dwyer et al, 2014). In this step, the teacher also appoints several students to express the
conclusions obtained from the results of the evaluation that has been carried out. The
purpose of this step is for students to focus, find reasons, and carry out a comprehensive
analysis to make conclusions correctly (Karakoc, 2016; Ulger, 2018). Then the teacher
corrects the conclusions of the students who have been appointed and the teacher con-
cludes in general from the results of the student’s answers. After that students make
conclusions in their own language that is easy to understand.
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The validity of the M6 learning model product is tested through the expert validation
stage, the practitioner’s assessment, and students as a small group of product users. The
product of developing the M6 learning model before it is validated is called prototype-I.
Then the prototype-I was validated by experts to assess its validity. The results of expert
validation on the product of the M6 learning model (prototype-I) show that there are still
many weaknesses and shortcomings. It is indicated that the product of the M6 learning
model is not yet feasible to be tested. Therefore, it must be revised beforehand until it
really is said to be feasible to be tested in a small group. According to Nieveen (2013), the
learning device developed is said to be of quality if it meets the validity requirements,
which are suitable for use in the learning process. The product of the first revised M6
learning model produces prototype-II which is then re-validated by the experts. Based
on the validation results, it was found that the development of model books and learn-
ing tools carried out in the lesson plans, teacher books, and student books were in the
validity criteria with the “valid” category and could be applied. Therefore, based on a
review of all aspects of the quality assessment of the M6 learning model, it shows that
the M6 learning model meets valid requirements so that it can be used as a solution to
improve critical thinking skills in mathematics.

The prototype-II, which has been valid, then simulates small group trials of the model
teacher and observers. The purpose of this simulation is for the model teacher and ob-
servers to understand the steps that must be taken when carrying out the learning model
process in the classroom by applying the M6 learning model. In addition to simulating
the model teacher and observer, a student book readability test was also carried out. The
purpose of the readability test is to get input and suggestions that the student book can
clearly be read, understood, and can be implemented in a class that is the subject of a
large group trial. The results of the assessment of practitioners and students in the small
group trial showed that the product of the first revision of the M6 learning model, namely
prototype-II, was in accordance with the developed objectives because it was included
in the “feasible” category. However, there are some inputs from practitioners (teachers)
on the M6 learning model product, resulting in revision. In student assessments based
on student response questionnaires to small group trials, it shows that student books
are effectively applied to learning in small classes so that they can be continued to large
group testing (large scale). The product of the M6 learning model which was revised
from the readability of the small group trial produced prototype-III which was then
tested in large groups. A valid learning model can be used to see the next aspect, namely
the practicality and effectiveness of the model being developed (Limatahu et al., 2018;
Madeali & Prahani, 2018; Plomp, 2013).
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Conclusion

Learning Model M6 is a learning model designed to improve critical thinking skills
in mathematics. The M6 learning model consists of six syntax, namely: (1) focusing on
initial abilities, (2) justifying concepts, (3) investigating problems (4) presenting ideas,
(5) evaluating, and (6) concluding. The results showed that the M6 learning model
has a reliability value of 86.26% which means it has a high reliability value. While the
average value of the validity is 3.47, which means that the M6 learning model has met the
validity criteria of the model. It can be concluded that the M6 learning model meets the
requirements (valid in content and construct, and reliable) by experts. The implication
of this research is that the quality M6 learning model can be used to improve students’
critical thinking skills in mathematics. This study has limitations, namely the M6 learn-
ing model has not been tested for its practicality and effectiveness.The focus of further
research is needed to test the practicality and effectiveness of the M6 learning model to
improve students’ critical thinking skills in mathematics.
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Santrauka

Sio tyrimo tipas yra moksliniai tyrimai ir plétra (angl. R&D). Sio tyrimo tikslas - sukurti M6
mokymosi modelj, atitinkantj matematinio kritinio mastymo jgudziy tobulinimo tinkamumo
kriterijus. M6 mokymosi modelis yra sukurtas i§ akronimo, kurj sudaro: 1) démesys pradiniams
gebéjimams (indonez. Memfokuskan); 2) sampratos pagrindimas (indonez. Menjustifikasi);
3) problemos istyrimas (indonez. Menyelidiki); 4) idéjy pristatymas (indonez. Mempresentasikan);
5) jvertinimas (indonez. Mengevaluasi) ir (6) i$vady darymas (indonez. Menyimpulkan). M6
mokymosi modelio kokybés vertinimo instrumentg iSnagrinéjo ir jvertino trys $vietimo
ekspertai: mokymosi modelio karimo srities profesorius, matematikos srities ekspertas ir
vyresnysis matematikos mokytojas mokykloje. Mokymosi modelio kokybei vertinti pirmiausia
buvo apskaic¢iuota patikimumo reik§mé, o po to buvo apskai¢iuojamas vidutinis validumo
balas. Rezultatai rodo, kad M6 mokymosi modelio patikimumo reik§mé yra 86,26 proc., tai
reiskia, kad jo patikimumo reik§mé yra didelé. Vidutiné validumo reik§meé yra 3,47, tai reiskia,
kad M6 mokymosi modelis atitiko modelio validumo kriterijus. Galima daryti i$vada, kad M6
mokymosi modelis atitinka eksperty keliamus reikalavimus (validus turinio ir konstrukto
atzvilgiu bei patikimas).

Esminiai ZodzZiai: M6 mokymosi modelis, matematinio kritinio mgstymo jgudZiai.
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