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Biology is an important subject that can help students understand nature (Kisoglu, 2018; Shen, Li, & Lee, 2018). Biology learning
emphasizes student interactions and experiences to understand various things that happen in life (Wegner & Schmiedebach, 2020).
The material discussed in biology learning can generally train students' thinking skills to understand the material more deeply,
for example, the material on systems in the body because students are required to be able to understand the organs, functions, and
processes that occur within them (Santosa & Sepriyani, 2020). In reality, it is not easy for students to understand system material
on the body because it covers a wide range and is considered rote material and material concepts challenging to learn (Prasmala
& Tanggu, 2020). Biology material related to body systems is essential for students to understand because it teaches students to
appreciate the subject and see how the subject or process works and its application in everyday life (Shuaibu & Ishak, 2020).
Biology is one of the subjects that contributes to empowering 21% century skills, and these skills can be carried out through
learning (Zubaidah, 2016).

The 21%t century skills students need to possess include critical thinking, creativity, problem-solving, collaboration,
communication, and innovation (Trilling & Fadel, 2009). Critical thinking is an essential skill because it is a crucial component
of science education that aims to prepare students to think and be responsible for everything increasingly influenced by science
and technology (Vieira & Vieira, 2014). According to Facione (2015), critical thinking skills aim to prove and interpret
meaningful things and solve problems. Students need to develop critical thinking skills because it is a way to increase their
understanding of knowledge and content in learning (Johnson, 2008).

Steps to train critical thinking can be done by asking questions that require high-level thinking. It encourages students to
examine concepts further to obtain a deeper understanding (Nappi, 2017). Empowerment of students' critical thinking, especially
in biology learning, according to Bissell and Lemons (2006), can be done by asking questions related to content that encourages
thinking processes and using an assessment rubric to determine indicators of critical thinking from student answers. The research
results of Agustine, Nizkon, and Nawawi (2020) show that 59.26% of students still have low critical thinking skills in high school
biology learning. It is because students need help explaining and giving logical reasons for the questions given. The results of
Onsee and Nuangchalerm's research (2019) show that students still have an average score of less than 70% in critical thinking
skills.

The results of an interview with a biology teacher at SMAN 2 Tanggul in August 2021 showed that students' critical
thinking skills in learning biology are sufficient. It is evidenced by the results of the average initial test score of students' critical
thinking skills of 52.92% in the good category. It shows that students' critical thinking skills need to be maximized. The causative
factor (according to the results of interviews and needs analysis questionnaires) is that students rarely read the material or make
concept maps before learning. In addition, students are still embarrassed to express things that have yet to be understood, lack
group cooperation, and are less active in learning activities. Students still rely on material sources only from the teacher, and the
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teaching materials need to contain activities/questions that train critical thinking skills. Thus, students critical thinking skills still
need to be improved.

The improvement of students' critical thinking skills, according to the research results of Utami, Ramalis, and Saepuzaman
(2016), is influenced by the selection of learning models that have an impact on student learning processes. Fitriani, Zubaidah,
Susilo, and Muhdhar (2020) also said that the learning model influenced students' critical thinking skills in learning biology.
Learning models that can be used to improve student's critical thinking skills in biology learning include Problem-Based
Learning/PBL (Puspita & Aloysius, 2019); Guided Inquiry, (Makmur, Susilo, & Indriwati, 2019), Team Quiz (Astra, Susanti, &
Wulandari, 2021); Remap TmPS (Zubaidah et al., 2018); and Remap Gl and Remap Jigsaw (Zubaidah, Corebima, Mahanal, &
Mistianah, 2018). The PBL application has a weakness, for 28% of students still have low critical thinking skills. Meanwhile, the
weakness in applying Guided Inquiry, Team Quiz, Remap TmPS, Remap GI, and Remap Jigsaw is that the organization and
implementation of learning time still need to be improved to improve students' critical thinking. The results of interviews with
biology teachers at SMAN 2 Tanggul in August 2021, Team Quiz (TQ), Remap TmPS, Remap Gl and Remap Jigsaw have never
been applied in biology learning. Therefore, one learning model that is expected to improve students' critical thinking is Reading
Concept Mapping-Team Quiz (Remap-TQ). Remap-TQ refers to the Remap-Coople learning model developed by (Zubaidah,
2014) by combining reading activities and compiling concept maps (concept mapping) before learning. Then learning is carried
out in cooperative learning classes (cooperative learning) using Team Quiz.

Team Quiz is a cooperative learning model and includes active learning, which can increase student responsibility for
something learned (Silberman, 2006). The application of Quiz Teams in learning can help build learning communities, improve
life skills, increase knowledge, and improve learning outcomes (Ludwig, 2021). The Quiz Team learning model has several steps:
selecting learning topics, forming groups, delivering learning formats and learning materials, group quizzes, and providing
conclusions (Suprijono, 2009). Team-based learning can train students to learn independently and be actively involved in groups
(Girirajan, Joseph, Prasad, & Chakradhar, 2020). Group quiz activities in the Team Quiz learning model invite students to create
and answer questions. According to Nappi (2017), this activity can train students' critical thinking skills. Previous research by
Hasugian and Aryeni (2017) proved that the application of the Quiz Team learning model was effectively used in high school
biology learning. Using the Quiz Team learning model based on research conducted by Haya, Yohanita, Iwan, and Ruslan (2018)
can foster student enthusiasm to compete and be active in learning. In addition, it also encourages students' thinking memory so
that biology material considered rote becomes easier to understand.

The application of the Quiz Team learning model has drawbacks, including only students who are considered intelligent
in groups can answer questions during quizzes. Besides, the activities must be fast to shorten discussion opportunities (Sakdiah,
2021). Therefore, additional activities such as reading and making concept maps are needed. According to Wang (2012) and Xu
and Pang (2020), this activity can help students gather and expand their knowledge. The provision of knowledge previously
obtained is expected to assist students in making/answering questions and launching discussion activities. Thus the Quiz Team
(TQ) can be combined with Reading-Concept mapping (Remap) activities which can be carried out before learning so that students
are better prepared when learning in class takes place (Zubaidah, Mahanal, Sholihah, Rosyida, & Kurniawati, 2020). The results
of this combination become the Reading Concept Mapping-Team Quiz (Remap-TQ) learning model.

The first activity in Remap-TQ is reading. Biology has a broad and complex range of material, so students need to read it
first to make it easier to understand the content or information of the material being studied. According to Rintaningrum (2019),
reading activities include an effective way of obtaining information and knowledge. Reading has significant benefits besides
getting references. It also trains self-development and confidence, helps solve problems, and increases concentration power.
Reading activities can also help develop students' thinking skills if done in a structured manner (Kohzadi, Azizmohammadi, &
Samadi, 2014). The next activity after reading is concept mapping. The scope of biology material is extensive, complex, and
considered to require memorization. Hence, students need to make concept maps so that it is easy to understand the essential
concepts of the material and easy to remember for a long time. Making concept maps in biology learning can train students to
think at a higher level (Lalor & Rainford, 2014). Making concept maps helps students learn meaningfully by visualizing scientific
concepts from learning content so that the material is easier to remember for a long time (Dhull & Verma, 2020). According to
Machado and Carvalho (2020), this activity helps develop students' critical thinking, integrating theory and practice, obtaining
meaningful learning, and encouraging collaboration. The activity in Remap-TQ after making a concept map is conducting
classroom learning using the Team Quiz model. Thus, the Remap-TQ Learning model, which refers to Remap-Coople, is expected
to be a solution to improve student's critical thinking skills.

Several previous studies have proven that Remap Coople has the potential to improve student's critical thinking in biology
lessons, including Remap CS (Kurniawati, Zubaidah, & Mahanal, 2016), Remap TmPS (Rosyida, Zubaidah, & Mahanal, 2016),
Remap RT (Sholihah, Zubaidah, & Mahanal, 2016), Remap Gl and Remap Jigsaw (Zubaidah et al., 2018). However, the potential
of Remap-TQ to improve students' critical thinking in biology learning still needs to be discovered. Therefore, this study aimed
to determine the increase in students' critical thinking in biology learning through Reading Concept Mapping-Team Quiz.
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METHOD

This type of research is a quasi-experiment. The research design used a pretest-posttest non-equivalent control group design.
The research was conducted in October-December 2021, the odd semester of the 2021/2022 academic year, at Tanggul 2 Public
High School, Jember Regency, East Java, Indonesia. The population consisted of all students of class XI MIPA SMAN 2 Tanggul
consisting of seven classes, and then a class equivalence test was carried out. The results of the equivalence test showed that the
seven classes had the same criteria (equivalent), and then a random selection of research classes was carried out. The selected
class consisted of three classes, totalling 105 students. The three classes include XI MIPA 3 (experimental class, taught by Reading
Concept Mapping-Team Quiz, N = 35 students); XI MIPA 4 (positive control class, taught with Team Quiz, N = 36 students); XI
MIPA 1 (negative control, taught by conventional learning models, N = 34 students).

The instrument for measuring critical thinking skills is a question in the form of a description equipped with a scoring
rubric, according to Greenstein (2012), which includes indicators of the ability to apply, evaluate, and uses data to develop critical
insight, analyze, and synthesize. This instrument has previously been tested so that it shows valid results because the value of r
count (0.665) > r table (0.294), and the results are reliable because Cronbach's alpha value is 0.891. This question is then used in
the pretest and posttest. The treatment instruments include a syllabus, RPP (Learning Implementation Plan), and LKPD (Student
Activity Sheet).

The research was conducted in seven meetings on the material of the circulatory system and digestive system. The pretest
was carried out before the treatment, while the posttest was carried out after the treatment. The observer observes the continuity
of the learning process, including teacher and student activities, to assess the implementation of the learning model syntax. The
syntax of the Remap-TQ learning model can be seen in figure 1.

The Syntax of the Remap-TQ

Remap - Reading
- Concept Mapping
At home l
Team Quiz - Selection of Learning Topics
- Group Formation
In the - Submission of Learning
classroom Formats and Learning
Materials
- Group Quiz
- Giving Conclusion

Figure 1. Remap-TQ Learning Model Syntax
The increase in critical thinking is known from the percentage of students' pretest and posttest scores on each indicator of
critical thinking. The results of the percentage scores are then categorized based on the level of mastery of students' critical
thinking according to Aminudin, Rusdiana, Samsudin, Hasanah, and Maknun (2019), which can be seen in table 1.

Table 1. Level of Students’ Critical Thinking

Range Value Critical Thinking
Category
81 <x<100 Excellent
61 <x<80 Good
41 <x<60 Enough
21 £x<40 Less
<20 Very Less

Source: Aminudin et al., (2019)

RESULTS
The pretest and posttest percentage scores of students' critical thinking skills were calculated for each treatment and for
each critical thinking indicator. The results of these calculations are then classified based on the level of mastery of students'
critical thinking to determine the category of increasing students' critical thinking from the results of the pretest to posttest scores.
Data on students' critical thinking skills test results can be seen in table 2.
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Table 2. Student Critical Thinking Skills Test Results

Category Experiment Class Control Class (+) Control Class (-)
(Remap-TQ) (TQ) (convensional)
Percentage (%)
Pretest Posttest ~ Pretest  Posttest  Pretest  Posttest
Excellent 11,43% 65,71% 0 25,00% 0 14,71%
Good 31,43% 31,43%  19,44% 50,00%  14,71%  32,35%
Enough 48,57% 2,86% 63,89%  2500% 82,35%  50,00%
Less 8,57% 0 16,67% 0 2,94% 2,94%
Very Less 0 0 0 0 0 0
Average Value 60,14 84,29 54,44 72,92 56,76 65,15

Based on table 2, the test results show that the percentage scores and categories of students' critical thinking skills in the
posttest are higher than in the pretest. The results showed that out of 35 students, 65.71% of students taught with the Remap-TQ
model had an excellent critical thinking category, 31.43% good, and 2.86% enough. Of students taught with the TQ model, out
of 36 students, as many as 25% have excellent critical thinking categories, 50% are good, and 25% are sufficient. For students
taught through conventional learning, out of a total of 34 students, 14.71% had critical thinking skills in the excellent category,
32.35% good, 50% sufficient, and 2.94% less. Overall, students taught using the Remap-TQ learning model have a more
significant increase in critical thinking. It is evidenced by the posttest mean score of students' critical thinking taught with the
Remap-TQ model, which was higher, namely 84.29, compared to the TQ model of 72.92 and conventional learning of 65.15.

The increase in the percentage of critical thinking indicators can be seen in more detail in figure 2 regarding the increase
in the percentage in the experimental class (Remap-TQ), Figure 3 regarding the increase in the percentage in the positive control
class (TQ), and figure 4 regarding the percentage increase in the negative control class (conventional).
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Figure 2. Percentage of Increase in Students' Critical Thinking Indicators in the Experimental Class (Remap-TQ)

Figure 2 shows an increase in each indicator of critical thinking skills in the experimental class from the pretest to the
posttest. It is evidenced by the difference in the percentage increase from pretest to posttest, including the ability to apply has a
difference of 30.71%, evaluate is 29.28%, using data to develop critical insight is 30%, analyze is 18.57%, and synthesize by

12.14%.
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Figure 3. Percentage of Increase in Students' Critical Thinking Indicators in the Positive Control (TQ) Class



Cahya, Zubaidah, Munzil, Wicaksono, Improving Students' Critical... 470

Figure 3 shows an increase from the pretest to the posttest in the positive control class, but the increase was lower than in
the experimental class. It is evidenced by the difference in the percentage increase from pretest to posttest, including the ability
to apply has a difference of 13.19%, evaluate is 20.84%, using data to develop critical insight is 12.5%, analyze is 25.7%, and
synthesize by 20.14%. Figure 4 shows that the increase from the pretest to the posttest in the negative control class is lower than
in the experimental and positive control classes. It is evidenced by the difference in the percentage increase in each indicator of
critical thinking, including the ability to apply by 22.06%, evaluate by 2.21%, uses data to develop critical insight by 5.14%,
analyze by 11.03%, and synthesize by 1.47%.
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Figure 4. Percentage of Increase in Students' Critical Thinking Indicators in Negative Control Class (Conventional)

Figure 2, Figure 3, and Figure 4 show that, overall, the percentage of students' critical thinking indicators in the
experimental class (Remap-TQ) has a higher increase compared to the positive control (TQ) and negative control (conventional)
classes. It proves that the Remap-TQ learning model can increase students' critical thinking in biology learning.

DISCUSSIONS

Increasing students' critical thinking is influenced by the learning model applied by the teacher in learning. It is evidenced
by the difference in percentage values and categories of students' critical thinking achievement levels resulting in the three
treatments applied in biology learning (Remap-TQ, TQ, and conventional). Students taught with the Remap-TQ model have
higher posttest percentage scores and categories of achievement levels of critical thinking than those taught with the TQ model
or conventional learning. Thus, it is proven that applying the Reading Concept Mapping-Team Quiz (Remap-TQ) learning model
can improve high school students critical thinking in biology learning. It is in line with the results of research conducted by
Kurniawati et al. (2016); Rosyida et al. (2016); Shalihah et al. (2016); and Zubaidah et al. (2018), which states that students'
critical thinking can be improved through the Coople Remap learning model.

Increasing students' critical thinking is influenced by the student learning process supported by the learning model applied
by the teacher. The three learning models that have been applied provide different improvements in critical thinking. The steps of
the Remap-TQ learning model in the experimental class, which includes reading activities, making concept maps (concept
mapping), and Team-Quiz, can increase critical thinking. It is because, in the first stage of Remap-TQ, students carry out reading
activities before learning. Reading activities help students to have the provision knowledge, which is the basis for critical thinking.

So that students can make concept maps well according to their understanding. Besides that, students can also answer and
explain more deeply during group question-and-answer activities and questions contained in LKPD and during discussions during
learning. It is in line with the statement, according to (Mahanal, Zubaidah, Sumiati, Sari, and Ismirawati (2019), that reading
activities can support increased students' critical thinking.

In contrast to students taught using the TQ model (in a positive control class) or with conventional learning ( in the negative
control class), the increase was still lower than the Remap-TQ. It was seen when students did not actively participate in giving
opinions during group discussion activities. It was evidenced by the percentage value of student activity in the positive control
class of 70% and the positive control class negative control of 65%, which means that both are lower than the percentage of
students' activeness in the experimental class of 90%. Students are also less able to provide deeper explanations when there are
questions during question-and-answer activities and working on LKPD. The average value of students' LKPD work in the control
class (+) is 77, control class (-) is 74, meaning both classes in the control group had a mean value less than the experimental class
of 81. This problem was caused by the absence of reading activities in the control class, so students needed to gain important
knowledge to use as a basis for critical thinking.
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In the next Remap-TQ stage, students compile concept maps to strengthen the results of reading activities. The preparation
of concept maps was carried out by students who were taught using Remap-TQ in the experimental class. Students who have read
well will be seen by their ability to make concept maps. Students make different concept maps at each learning meeting according
to the topic of the material being studied. An example of a concept map made by students can be seen in Figure 5 regarding the
circulatory system material (blood circulation in humans). Figure 5 shows that students carried out three main processes to
construct a concept map. In the first process, students see the consistency of each sequence of concepts from a higher order to a
lower order, which requires students' accuracy to adjust the concept links horizontally and vertically using straight line marks. In
the linear position of the concept map, students use the second process to identify the most common concepts and write them at
the very top of the circulatory system sub-material. Students then re-identify more specific concepts related to general concepts,
which are connected based on the classification in the sub-topics section. Students divide the central concept into three main sub-
sections: the function of the circulatory system, the constituent components of blood, and the mechanism of blood clotting. The
preparation of the concept map is continued by reviewing how to classify each derivative from the three main sub-sections, which
cover various functions of the circulatory system, types of blood components and their shapes, as well as the occurrence of the
blood clotting process. In the last process, students connect general and specific concepts using lines and shapes that are
unique/different for each concept. Students can generally represent their ideas and knowledge by making key concepts. Then
connecting between concepts using lines and making different shapes and colours to distinguish between concepts on each topic
and sub-topic so that they can be easily read, understood, and remembered for a long time.
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Concept mapping can train students' critical thinking. It enables students to make key concepts, link between concepts
properly, and summarize the studied material. So, biology material considered too broad, memorized a lot, and complex can be
easily understood by students and remembered for a long time. Students who have made concept maps are seen to be active in
providing feedback in learning activities. Besides that, they are also fluent in giving opinions in group discussion activities and
can answer questions that arise during learning. According to Canas, Reiska, and Mollits (2017) and Tseng (2019), it is supported
by statements that concept mapping activities can develop critical thinking because students can identify main ideas, design
concepts and summarize the information obtained. In contrast to students who were in the positive and negative control classes.
They did not get concept mapping activities, so during learning activities, students were less active in providing feedback because
they needed to understand biology material with a broad and complex scope.

In the next stage, students learn in class using Team Quiz (TQ), both in the experimental and positive control classes,
which has a different effect on increasing students' critical thinking. Applying the TQ learning model can help students learn to
make questions and answer questions that involve critical thinking skills. Students in the experimental class had a more significant
increase in critical thinking than in the positive control class. It is because students in the experimental class received additional

Figure 5. Circulatory System Material Concept
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activities in the form of REMAP. In contrast, there were no REMAP activities in the positive control class, so they only used the
TQ learning model. Students who were taught only with TQ seemed less able to understand the material, so during group quiz
activities, students needed help making questions and giving answers. According to Sakdiah (2021), the application of TQ has
areas for improvement, including only students who are considered competent who can answer questions during quizzes. Besides
that, the activities are also required to be fast so that the opportunity for discussion is short. Therefore, an additional activity in
the form of REMAP is a solution to overcoming the weaknesses of TQ. Remap activities help students provide knowledge and
concepts related to learning materials. When learning in class using TQ, students find it easier to understand the material and
answer questions even though discussion time is limited. In contrast to students taught by conventional learning, they tend to be
passive when asked to ask or answer questions that arise. It is because learning places less emphasis on student activities, resulting
in an increase in students' critical thinking, which is lower than that of students in other classes. The results of research by Nuryanti,
Zubaidah, and Diantoro (2018), also show that the application of learning models, which teachers still dominate, needs to train
students' critical thinking skills.

Educators need to develop critical thinking skills for high school students, especially in learning biology. Biology material
has a broad and complex scope. It requires much memaorization, so choosing a suitable learning model is an educator's strategy to
make it easier for students to understand the learning material. The application of the Remap-TQ learning model needs fixing,
especially when using Team Quiz for classroom learning. This obstacle is that some students still show a lengthy response to
asking questions during group quiz activities because they wait for students to give questions to students in other groups. So group
quiz activities become hampered and require more extended than the allotted time. Therefore, to overcome these obstacles,
educators need to pay attention to time and, if possible, add time to group quiz activities by reducing time allocation in other
activities. So that group quiz activities and student learning processes become optimal, and the learning material obtained becomes
more meaningful, not just a rote lesson.

CONCLUSIONS
The Reading Concept Mapping-Team Quiz (Remap-TQ) learning model can improve students' critical thinking in biology
learning. The increase in students' critical thinking can be seen from the difference in the posttest mean scores of students who
are taught with higher Remap-TQ, which is 84.29, compared to the TQ model of 72.92, and conventional learning of 65.15. Thus,
teachers can use Remap-TQ as an alternative learning model to train students' critical thinking in biology learning. For further
research, educators should pay more attention to time allocation in implementing learning models so that the implementation of
learning becomes more optimal.
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