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teach in ways that make students memorize lessons. A learning model is
needed that can support students to think critically. One of the learning
models that can support students to think critically is through guided

20.06.2021 discovery learning model with argument mapping. This study aims to
find out the influence of guided discovery learning models with an

'2“7‘3‘(3)?;%‘;:1 argument mapping to develop critical thinking skills. The research
B method used was quasi experimental and pretest-posttest control group
Key words: design, the sample of the study consisted of 66 students drawn from 89
Argument mapping, Senior High School Jakarta. This sample was divided into two groups to

Critical thinkin

g skills, assign the experimental and control group. The experimental group was

Guided discovery. exposed to guided discovery learning and argument mapping, while the

control group with conventional learning. The result of independent
sample t-test with a significance level of a = 0.05 experimental group
showed that p-value was 0.000. It can be concluded that there is the
influence of the guided discovery learning with argument mapping on
senior high school students’ critical thinking skills. The result of
Normalized gain also show that the experimental group was effective to
develop critical thinking skills (N-gain = 0.45). Furthermore, the study
found out that N-gain for each indicator of critical thinking skills in the
experimental group was higher than the control group. Basic clarification
(N-gain = 0.31), bases for decision (N-gain = 0.68), inference (N-gain =
0.19), and advance clarification (N-gain = 1.2) were reported. Guided
discovery learning with argument mapping should be an alternative
learning medium to develop critical thinking skills.
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Introduction

Guided discovery learning (GDL) implementation in biological instruction aims to
have students be capable of building their knowledge independently. GDL in biological
instruction prioritizes student activities to develop knowledge integrally through teacher
guidance and peer groups (Martineau, Traphagen, & Sparkes, 2013; Pujiastuti & Haryadi,
2020; Styers, Van Zandt, & Hayden, 2018). Through the GDL model, biology teachers play a
role as a motivator and instructor to assist students in finding biological concept in learning
activities (Noviyanti, Rusdi, & Ristanto, 2019; Styers et al., 2018). The GDL assists students
up to two important criteria, namely: activation or construction of available knowledge to be
utilized in creating new knowledge and integration of new information with prior information
(Ristanto, Zubaidah, Amin, & Rohman, 2017; Sartono, Rusdi, & Handayani, 2018). Students
require GDL learning model to deal with a case and identify core problem and questions to be
answered (GroBmann & Wilde, 2019; Reynolds & Chiu, 2013). The process of learning
science in high school students will be better with the help of the teacher (GroBmann &
Wilde, 2019; Suparini, Rusdi, & Ristanto, 2020). Teacher assistance in solving cases and
problem formulation helps students to achieve learning objectives through GDL (Harahap,
Ristanto, & Komala, 2020; Noviyanti et al., 2019).

The GDL process in the biological instruction also has positive impacts on students’ critical
thinking development and facilitates them to cultivate intellectual abilities and skills
(Noviyanti et al., 2019; Reynolds & Chiu, 2013). Moreover, it is proven to be able to enhance
curiosity and skills of looking for the answers to high level problems (Miarsyah & Ristanto,
2019; Sartono et al., 2018). Additionally, it is believed to be able to encourage students to
analyze their knowledge (DeDonno, 2016; Ostrovsky, Poole, Sciortino, Eugene Stanley, &
Trunfio, 1991). It assists students in building and finding new biological concepts (Goode &
Halbritter, 2019; Lee, Reed, & Laverty, 2012; Roth, 2008). Through the GDL
implementation, students are trained to develop thinking skills that focus on comprehension
(GroBBmann & Wilde, 2019; Ramanujan, Zhou, & Ramani, 2019). These skills are trained
through problems solving (Casanoves, Salvadé, Gonzalez, Valls, & Novo, 2017; Orozco &
Yangco, 2016).

Critical thinking skills connect teacher and student interaction as reciprocal interaction and
horizontal communication should exist in the learning process (Bustami, Riyati, & Julung,
2019; Giindiiz, Alemdag, Yasar, & Erdem, 2016; Ristanto, Djamahar, Heryanti, & Ichsan,
2020). Content in biology on critical thinking skills involve analysis, synthesis, and
evaluation of biological concepts (Bustami, Syafruddin, & Afriani, 2018; Muhlisin, Susilo,
Amin, & Rohman, 2016; Setiawati & Corebima, 2017). It is important to teach critical
thinking skills as critical thinking is a mental process (Duron, Limbach, & Waugh, 2006;
Mulnix, 2012; Saadé, Morin, & Thomas, 2012). Students as individuals should be active and
skillful in conceptualizing, applying, analyzing, synthesizing, and evaluating information to
reach an answer or conclusion (Astuti, Wihardi, & Rochintaniawati, 2020; Kuhn, 2007; Kurt,
Ekicl, Aksu, & Aktas, 2013). Findings from various studies indicate that problem solving
skills through learning like GDL contributes to students’ critical thinking skills (Camacho &
Legare, 2015; Noviyanti et al., 2019; Setyorini, Sukiswo, & Subali, 2011).

Besides GDL learning model, argument mapping application could also help empower
critical thinking (Butchart et al., 2009; Kunsch, Schnarr, & van Tyle, 2014). Argument
mapping is a technique that facilitates its users in visualizing premises on which to draw
conclusion in a logic (Eftekhari & Sotoudehnama, 2018; Kunsch et al., 2014). The
implementation of argument mapping could enhance critical thinking as well as recall better
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memories compared to learning without argument mapping (Harrell, 2008). Students are
expected to acquire writing experiences by identifying main problems and searching for data
in the form of facts, evidences, or information (Genlott & Gronlund, 2013; Servik & Mork,
2017).

The current learning objectives support learners to empower critical thinking skills that could
be exerted in solving global issues (Akgay, 2009; Bustami et al., 2018). The issues are life-
related issues, such as climate change. The content of environmental changes is studied by
students in Indonesia at grade 10. The objectives of the subject is that after learning the
subject it could have positive impacts in sharpening critical thinking skills to solve natural
events-related issues (Arozaq, Aman, & Sunarhadi, 2016; Stevenson, Nicholls, &
Whitehouse, 2017). Competence must be achieved by learners referring to the National
Education Standards Board in Indonesia i.e., students could analyze data of environmental
changes, the causes and impacts on life, and formulate an idea of solving problems of
environmental changes that occur in the surrounding environment. Critical thinking skills are
essential for learners in mastering, encountering, and solving environmental change issues.
The GDL stages from several research results show that they can improve students' critical
thinking skills (Noviyanti et al., 2019; Suparini et al., 2020). There are no studies that test the
integration of GDL and argument mapping and its influence on critical thinking skills. This
research aims to analyze the influence of GDL model with argument mapping (GDL-AM) on
critical thinking skills of environmental changes.

Methods

Research Design

This research utilized a quasi-experimental method. The research design was pretest-
posttest control group design (Sugiyono, 2012). The research independent variables consisted
of GDL-AM learning model for experimental class and conventional learning, which is a
learning model that is commonly applied in the content of environmental change, for the
control class. The dependent variable was critical thinking skills of environmental changes.
The research design is elaborated in Table 1.

Table 1. Pretest-Posttest Control Group Design

Group Pretest Treatment Posttest
Experimental Class 01 X Os
Control Class 0, C O4

Population and Sample

The research population included Grade 10 students of MIPA of Senior High School
89 Jakarta, Indonesia in an even semester of 2018/2019 academic year. The research samples
were taken using random sampling method and 2 classes of Grade X MIPA were selected.
One class assigned as an experimental class and the other as a control class. The class
assignment carried out randomly with the assistance of the class biology teachers. The simple
random sampling that resulted in 66 students of 72 students in each class was obtained from a
calculation using Slovin formula. The equivalence of the experimental and control classes
was carried out before determining the class, by using the average value of biology in the
previous semester through the average test in each class.
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Instrument

Instruments utilized to measure students’ critical thinking skills were in the form of an
essay test that consisted of 13 questions with scores ranged from 0 to 5. The instruments
tested 36 students. Validation results using Pearson Product Moment generated 11 valid
question items. The instrument reliability was calculated using Alpha coefficient formula
(Cronbach’s Alpha). Based on the calculation results, the instrument reliability value was
0.631, which is a high criterion. The grids of critical thinking skill instruments on
environmental changes is described in Table 2. In addition to critical thinking skill test
instruments, the research also developed questionnaires on learning implementation for
teachers and students as well as response to GDL-AM learning for students in the
experimental class.

Table 2. Instrument Grids of Critical Thinking Skill Test

Sub-aspect

Aspect Indicator

Z Questions
1

Identify or formulate possible 1
answer criteria
Identify conclusion 1

Basic clarification Focusing the questions Identify or formulate questions

Analyze arguments

Identify existing/mentioned 1
reasons
Identify ~ reasons not yet 1
mentioned

Ask or answer questions on an  Ask “why” questions 1

explanation to understand the
clarification and its relations

Consider the Consider the credibility of a Consider opinions and provide 2
credibility of source by observing and argumentation
sources used (bases contemplating the observation
for decision) results
Draw  conclusion Make an induction/deduction Interpret questions and make a 1
(inference) and consider the generalization
induction/deduction results
Make and consider the Provide reinforcement 2
decision results Think about alternatives 1
Advance Identify terms and definitions Analyze definitions and terms 1
clarification mentioned
Make examples required for 1
advance clarification from the
existing terms
Procedures

The research consisted of three stages, namely: preparation, implementation, and data
processing. The first stage, preparation stage, included developing research instruments in the
form of valid and high reliable critical thinking skill tests; compiled syllabus learning tools,
learning plan, student worksheet, observation sheet of GDL-AM learning model
implementation for teachers and students, and response questionnaires for students after the
biological instructional process; and carried out sampling to be assigned as experimental and
control classes. Data collection through pretest and posttest uses 14 critical thinking questions
with indicators according to Table 2, while student responses are measured by providing a
response questionnaire to GDL-AM learning with a total of 15 statements consisting of
positive and negative statements.
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The initial implementation stage carried out by providing pretest for experimental and control
classes. The pretest was intended for identifying the initial condition of students’ critical
thinking skills in relation to the content of environmental changes. It is followed by teaching
students using GDL-AM in the experimental class. The GDL-AM learning stages are
illustrated in Figure 1.

+ Argument
Mapping + Argument

* Argument
Mapping

+ Atpument
Mapping

* Arpument
Mapping

Mapping

Figure 1. GDL-AM Stages

Figure 1 explains student learning using the GDL that consists of the following learning
stages: stimulation, problem statement, data collection, data processing, verification, and
generalization. Argument making was initiated in the problem statement stage and continued
in the following stages. Once the learning process of the environmental changes completed,
posttests were given to students in the experimental and control classes. The posttest aimed to
find out the results of students’ critical thinking skills concerning environmental changes.
Thus, the influence of guided discovery learning model with argument mapping could be
identified. The third stage was data processing elaborated in the analysis data section. The
research process was carried out for four weeks, namely in the first week a pretest was carried
out to students and provided information related to the preparation for the implementation of
biology learning with GDL-AM, in the second and third weeks learning was carried out in the
experimental and control classes. In the third week, post-test and student responses to learning
were carried out.

Data Analysis

Data analysis utilized in the research comprised descriptive analysis technique in the
form of calculation of mean, standard deviation, maximum value, and minimum value of each
class. The percentage of learning implementation and the attainment of minimum
completeness criteria value were also calculated in the research. The minimum completeness
criteria is a minimum limit must be achieved by students in learning. The pretest and posttest
results were analyzed to identify the influence of the GDL-AM learning model on critical
thinking of environmental changes. Data obtained were analyzed using pre-requisite tests
consisted of normality and homogeneity tests. The results of normality test using
Kolmogorov-Smirnov and homogeneity test using F-test (0=0.05) are presented in Table 3.
The normalized gain test was used to find out the enhancement of students’ critical thinking
skills and the hypothesis testing used statistical analysis of t-test used SPSS version 23
application.
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Table 3. Summary of normality test and homogeneity test results

Test Class Test results p value o Description
Normality Experiment Pretest 0.203 0.05 Normal
Posttest 0.135 0.05 Normal
Control Pretest 0.199 0.05 Normal
Posttest 0.201 0.05 Normal
Homogeneity Experiment Pretest 0.920 0.05 Homogeneous
Posttest 0.488 0.05 Homogeneous
Control Pretest 0.920 0.05 Homogeneous
Posttest 0.488 0.05 Homogeneous

Results and Discussion

The results of students’ critical thinking skill test of environmental changes could be
observed from the pretest and posttest scores. Summary of the descriptive test is displayed in
Table 4 that indicates the lowest and highest scores, mean score, standard deviation, and
normalized gain.

Table 4. Data of Students’ Critical Thinking Skill Test

Data GBL-AM Control

Pretest Posttest Pretest Posttest
Lowest score 36.00 47.00 16.00 39.00
Highest score 82.00 93.00 74.00 82.00
Mean 53.24 75.21 39.33 63.30
SD 12.33 10.53 15.09 9.79
Normalized Gain 0.45 0.36

The calculation results of pretest and posttest scores against the minimum completeness
criteria value of the environmental change learning in Senior High School Jakarta, Indonesia
was 75. Based on the minimum completeness criteria value, it could be inferred that the
percentage of the students’ critical thinking skill of environmental changes in the GDL-AM
class was higher than those in the control class. Summary of the grouping of completed (score
>75) and non-completed (score <75) percentage in the pretest and posttest is illustrated in
Figure 2.

120,00
100,00
100,00 94,44
88,88
80,00
60,00 52,770
47,00
40,00
20,00 11,110
5,550
000 [ | MR ||

Prestest GDL-AM Pretest Postest GDL-AM Postest Prestest GDL-AM Pretest Postest GDL-AM Postest
Conventional Conventional Conventional Conventional

<75 75
= Persentase 94,44 100,00 47,00 88,88 5,550 0,000 52,770 11,110

Figure 2. Percentage of Minimum Completeness Criteria of Pretest and Posttest Scores of
Critical Thinking Skill of Environmental Changes in Experimental and Control Classes
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There were four critical thinking skill aspects of environmental change assessed in the
research. The four aspects consisted of basic clarification, base for decision, inference, and
advance clarification. Figure 3 indicates that the achievement of these aspects could be
identified from the differences in the normalized gain of each aspect in the GDL-AM class
and control class. The GDL-AM class acquired higher normalized gain than the control class
for each critical thinking skill aspect. It was related to the mean of posttest score in the
experimental class that was higher than those in the control class as indicated in Table 4.

1,40
1,20
1,20
- 1,00
‘©
2 0,80
K ' 0,68
N
£ 0,60 0,53 .26
g
0,40 0,31
0,19
0,20 0,13 l 0,14
0,00 . .
Basic Base for Decision Inference Advance
Clarification Clarification
= Gain of GDL-AM 0,31 0,68 0,19 1,20
m Gain of Conventional 0,13 0,53 0,14 0,56

Figure 3. Achievement of Critical Thinking Skill Aspects in Experimental and Control
Classes

The implementation of learning process by teachers and students in environmental change
learning using GDL-AM and conventional methods was observed in two meetings. The first
meeting (course 1) discussed the sub-content of environmental damages, imbalance in
environment, types of waste, and environmental pollution. In the second meeting (course II),
students learned about the impact of environmental pollution, global warming, and adaptation
and mitigation. Referring to the data in Figure 6, the implementation of learning by teachers
and students using the GDL-AM was in a good category, whereas in the conventional class
the implementation was in a poor category (Kohar, Jatmiko, & Raharjo, 2017).
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100,00 91,66
90,00 83,33

80,00 75,00

70,00 66,67 66,67 66,67
60,00

50,00

40,00

30,00

20,00

10,00

0,00

Percentage (%)

Course 1 Course 2 Average
u GDL-AM 75,00 66,67 83,33
u Conventional 91,66 66,67 66,67

Figure 4. Percentage of Learning Process Implementation in Experimental and Control
Classes

Response questionnaire answered by students consisted of 15 positive and negative
statements on the implementation of the GDL-AM model. Eight statements were positive and
seven other statements were negative. According to Table 5, the positive statements were
mostly answered by students with agree and obtained the highest percentage of 49.88%,
whereas negative statements obtained disagree answer the most with a percentage of 49.35%.

Table 5. Average Percentage of Students’ Response Questionnaire

Average (%)

Statement SA A DA SDA
Positive 22.32 49. 88 21.61 6,15
Negative 3.08 11.56 49.35 35,98

Note: Strongly agree (SA), Agree (A), Disagree (DA), Strongly disagree (SDA)

The hypothesis testing carried out using statistical analysis of t-independent test was at o =
0.05. The test used SPSS version 23 application. Based on the t-test results as presented in
Table 6, the pretest data obtained p value< a, which was 0.002 < 0.05. It implied that there
was a difference in the pretest result between the experimental class and control class. The t-
test also carried out for the posttest data that resulted in a p-value< a, (0,000 < 0.05); hence,
Ho was rejected meaning that there was an influence of the GDL-AM model on students’
critical thinking skills of environmental change content.

Table 6. Summary of t-Independent test results on pretest and posttest data

Data Class N Mean SD a p value Result
Experiment 33 50.86 11.33

Pretest 0.05 0.002 p<a
Control 33 40.00 15.09
Experiment 33 74.06 10.53

Posttest Control 33 631l 9.79 005 0.000 p= o

Normalized Gain is a difference between posttest and pretest scores. The t-independent test of
normalized gain was done in the research to find out the influence of the GDL-AM model on
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the enhancement of pretest and posttest scores of students’ critical thinking skills of
environmental changes. The calculation results are summarized and presented in Table 7.

Table 7. t- Independent test of Normalized Gain

Class N Mean SD o p-value Result
GDL-AM 33 23,03 12,05

0,05 0,038 p<a
Control 33 17,86 8,30

Table 7 indicates p-value < a (0.038 < 0.05); thus, rejecting Ho, which meant that there was
an influence of the guided discovery learning with argument mapping model on critical
thinking skills of senior high school students in environmental change content. The
normalized gain was a difference between pretest and posttest scores that indicated the
enhancement of students’ skills before and after the environmental change learning. The test
carried out using SPSS version 23 application. The results are summarized in Table 8. Classes
that learned using GDL-AM and conventional methods both had medium enhancement
criteria. Students who learned using the GDL-AM, however, had higher normalized gain
score than those in the control class.

Table 8. Normalized Gain Test

Class Normalized Gain Category
GDL-AM 0.45 Medium
Conventional 0.36 Medium

This research aimed to find out the influence of the GDL-MA model on students’ critical
thinking skills of environmental changes. The hypothesis testing results using t-test (Table 6
and 7) indicate that there was an influence of the GDL-MA on critical thinking skills of
environmental changes. The research results were relevant to several previous research results
related to the GDL and argument mapping with critical thinking skills (Butchart et al., 2009;
Dwyer, Hogan, & Stewart, 2015; Kunsch et al., 2014; Noviyanti et al., 2019; Reynolds &
Chiu, 2013).

The research carried out on environmental change content. Students were asked to convey
alternatives of the solution to a problem, analyze impacts, and identify types of adaptation and
mitigation that could be applied due to the environmental damages. The learning process
implemented through reading articles on pollution issues in areas around Jakarta, the capital
city of Indonesia that suffers the most from environmental issues in Indonesia. These articles
were analyzed and students were asked to write in the form of argument mapping. Moreover,
students also required to answer the critical thinking skill test related to environmental issues
connected to the daily life. The environmental issues comprised air pollution and the impacts
of global warming. It intended to encourage students to make an association and think about
examples related to daily life using their sentences so as to empower their critical thinking
skills (Bustami et al., 2018; Mungawanah, Supriyati, & Marpaung, 2018). Topics on
environmental changes could train students to think critically in encountering a real case by
analyzing it, providing solutions accordingly, and solving problems in a case (Giindiiz et al.,
2016; Proulx, 2012; Saadé et al., 2012). It is in accordance with Biological instructional
objectives in the 2013 Curriculum stating that in addition to empowering critical thinking
skills, students are also expected to search for alternatives of current environmental change
problems and apply these in daily life (Fuad, Zubaidah, Mahanal, & Suarsini, 2017; Sartono
et al., 2018). As a matter of fact, one of the objectives of science education is increasing
individuals who have awareness on environment through improvement of environmental
protection-related attitudes and behaviors (Ates & Giil, 2018; Schmitt-Harsh & Harsh, 2013).
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Table 4 shows that the mean scores of pretest and posttest for the GDL-MA class were higher
than those in the conventional class. The normalized gain test results in Table 7 and 8 also
indicate that the GDL-MA class had higher normalized gain than the conventional class. In
Figure 2, the class that learned using the GDL-MA experienced an increase in pretest and
posttest score percentage based on the minimum completeness criteria of environmental
change learning that was higher than those in the conventional class. Therefore, Figure 3
indicates that the normalized gain of the experimental class in each aspect of critical thinking
skills was also higher than the control class. The enhancement of the critical thinking skills
was influenced by the implementation of learning activities through the GDL-MA. Every
learning activity that is packed in a learning model will have an impact on students’ critical
thinking skills (Harahap et al., 2020; Permana & Chamisijatin, 2018). The stages in the GDL-
MA learning were more effective in supporting students’ critical thinking skills. The GDL
implementation focuses on direct learning experience through inquiry activity by analyzing
and constructing understanding so as to enhance students’ critical thinking skills (Abdisa &
Getinet, 2012; Kholifah, Rinanto, & Ramli, 2015; Ramanujan et al., 2019). The influence of
the learning enhancement could be analyzed based on the GDL model steps, namely:
grouping, stimulation, problem statement, data collecting, data processing, verification, and
generalization. The activity of argument mapping writing also contributes to critical thinking
skill development (Dwyer et al., 2015).

The first step of the GDL learning model is grouping. The biology teacher forms a
heterogeneous group of 5-6 students. Through the grouping students could discuss and
exchange ideas during the learning thus better thinking skills (Harahap et al., 2020; Loes &
Pascarella, 2017) and they also create an argument mapping. Group learning in the GDL
provides an opportunity for learners to cooperate that could develop their thinking skill and
social skill (Kivunja, 2014). In the current research, the students were more active after the
group formation by assigning task and responsibility to each group member. The discussion
process occurred among the members which could help the group to find solution of
environmental issue faster. Students are more active in a group to find an answer of an
environmental issue (Giindiiz et al., 2016; Martini, Rosdiana, Subekti, & Setiawan, 2018;
Orozco & Yangco, 2016). A good discussion process could train critical thinking (Proulx,
2012). In fact, discussion in biological instruction is a skill that has orientation to help
process in students to develop knowledge so that it can train better critical thinking skills
(Casanoves et al., 2017; Gokhale, 2012).

The second step is stimulation. The GDL is a learning model that refers to stimulus,
experiences, and existing examples and leads to rearranging or changing the obtained views
into new invention (Gromann & Wilde, 2019; Sartono et al., 2018). The stimulation stage in
the current research was provided to students in the form of images and videos on
environmental damages, environmental pollution, and global warming. Images and videos are
believed to be able to increase awareness and curiosity toward the causes and impacts of
environmental damages (Dewiyanti & Kommers, 2005; Unin & Bearing, 2016). Videos that
display the environmental condition can be used as a stimulation to increase students’
curiosity to find out the causes of environmental damages (Chang, Chung, & Huang, 2016).
Curiosity is deemed to be able to help students’ cognitive process in learning (Browne &
Keeley, 2007). Stimulation in the form of images and videos display on environmental issues
facilitates students to start an argument mapping. Visualization of issues could assist students’
ability to identify problems (Durand et al., 2019). Problem identification activity presented
using argument mapping helps students to find more problems to be examined (Dwyer et al.,
2015).

Participatory Educational Research (PER)

-182-



Participatory Educational Research (PER), 9 (1);173-191, 1 January 2022

The third learning step is called problem statement. In this step, teachers ask each group to
identify problems related to the videos displayed and formulated a hypothesis. This step
supports critical thinking skill aspect of basic clarification that trains students to be able to
identify and state problems in the form of hypothesis and problem formulation according to
the articles read. The step also facilitates the process of argument mapping creation in the next
step. Formulating a hypothesis from a problem formulation could assist students to think and
write them (Ristanto et al., 2017). Critical thinking skill could also be trained through writing
activities by analyzing a reading (Harahap et al., 2020; Mubhlisin et al., 2016).

Further, the fourth and fifth steps include data collection and data processing. This starts with
argument mapping after the students are trained in the previous GDL stages. In the data
collection and data processing steps, students were asked to collect and process various
supporting evidence , facts, and relations of an environmental problem with guidance from
the teacher. Teacher guidance could help students to select problem relevance to the learning
objectives (Martineau et al., 2013; Ristanto, Zubaidah, Amin, & Rohman, 2018). The students
required the evidence, facts, and relations from the data to create an argument mapping. The
data collection and processing activities supported with argument mapping encourage
students to be more skillful and foster critical thinking (Butchart et al., 2009; Davies, 2011).
These steps are relevant to the critical thinking skill aspect of bases for decision. The
relevance can be examined from its indicators, namely: considering a source by understanding
its relations and explanations by analyzing arguments to search for evidence and facts
required in the argument mapping.

Students at secondary schools have medium achievement in all aspects of critical thinking
with a fairly high percentage (Bustami et al., 2019; Harahap et al., 2020). It affects the
ownership of skills to exert information obtained. Therefore, the results of normalized gain in
the bases for decision aspect for the GDL-MA class that was higher indicating that the data
collecting and data processing steps (Figure 3) supported the students to consider data or
sources used as a material for argument mapping on environmental issues that make them to
have better critical thinking skills. Additionally, guidance from the teacher is also important
for the success of this step (Ostrovsky et al., 1991) as error could occur in the decision
making process on environmental issues encountered by the students. In the current research,
teacher visited each group to confirm the understanding of environmental issues and argument
mapping preparation. One of the teacher roles in the guided discovery learning model is
taking control so that students can have the levels comprehension and capabilities to solve a
problem (Fakhriyah, 2014; Gromann & Wilde, 2019; Prastiwi, Sigit, & Ristanto, 2019).

The sixth step is where students recheck the data obtained from previous learning stages,
which is data collecting and data processing. In this stage, data obtained are rechecked and
restudied, which is also called verification. Student activity in this stage includes verification
through group discussion. Each group examines the literature and confirms it to the teacher.
Materials for argument mapping are acquired from the existing articles. Nevertheless,
students, in the process, must look for more materials to complete the evidence, facts, and
relations regarding the environmental issues. Therefore, the verification step supports the
critical thinking skill aspect of advance clarification (Noviyanti et al., 2019). As regards
environmental change content, the skills related to students’ ability to define environmental
change as a term, assess the definition of environmental changes, and re-identify an
assumption on factors and impacts occurred due to environmental changes. The students
could recheck information from the reading that has been analyzed by exploring unknown
definitions and terms or via evaluating which definition to be used from the articles or other
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Sources.

The last step of the GDL model is generalization. This stage is a conclusion drawing step by
students on environmental issues in accordance with the results generated from the learning.
Generalization supports the critical thinking skill aspect of inference (Reynolds & Chiu,
2013) required in the argument mapping. Argument mapping is a mapping to help visualize
argument premises that illustrates the relationships to support conclusion (Chiang, Fan, Liu,
& Chen, 2016; Dwyer et al., 2015). Argument mapping encourages students to observe
inference relationship between the evidence and facts from the impacts of environmental
changes and evaluate inference on losses incurred due to environmental changes. Students
may provide arguments that could train their critical thinking skills (Dwyer, Hogan, &
Stewart, 2014; Moon, 2007). It indicates that argument mapping and generalization learning
steps could help students to think critically by drawing conclusion inductively from various
data, evidence, facts and relations on factors and impacts of environmental changes.

The normalized gain test results of each critical thinking skill in the experimental class were
higher than the control class as indicated in Figure 3. The highest normalized gain result was
in the advance clarification aspect. In this aspect, the critical thinking skill instruments were
related to adaptation and mitigation. The students were better in answering this aspect
compared to other aspects as the sub-content is a new content studied by them and its scope is
related to the daily life, such as climate change adaptation and air pollution. The students
utilized smart phone application to retrieve information on climate and weather as well as on
the air pollution level. The example of mitigation in the daily life included reducing plastic
waste, planting trees, and using public transportation. As a consequence, the students were
more capable of responding to these issues. In essence, Biological instruction must be
interesting and fun and related to the daily life so that it could be implemented well and
achieve its goal (Bustami et al., 2018; Kirby, Fleming-Davies, & White, 2019).

In the aspects of basic clarification, bases for decision, and inference, the experimental class
obtained higher normalized gain (Figure 3). It was explainable from the application of the
GDL-MA in the learning process. The control class, on the other hand, implemented
conventional learning with lecture method and PowerPoint utilization. In the GDL-MA class,
the students were taught by asking them to formulate the problem and hypothesis; hence, they
must first comprehend these and the process could train the basic clarification aspect. The
GDL model steps of formulating problem and hypothesis demanded the students to analyze
thus it could train their critical thinking (Reynolds & Chiu, 2013). The GDL-MA learning
required the students to look for evidence, facts, and relations that supported the argument
mapping. This activity trained their critical thinking aspect of bases for decision. Whilst, in
the control class, teachers played a significant role in explaining environmental changes;
hence, the students received information by listening and sometimes through question and
answer activity. In the class that applied a lecture method students tended to be satisfied by
the teacher explanation and deemed as capable of searching for the necessary information on
their own. Consequently, the critical thinking skills were less empowered (Fuad et al., 2017,
Setiawati & Corebima, 2017). The inference aspect in the GDL-MA class was higher. It was
supported by the GDL-MA learning steps that facilitated the students to review in the
verification stage by evaluating evidences and facts obtained to draw conclusion on
environmental changes. As a result, the students who applied the GDL-MA acquired sources
to draw better conclusions compared to those in the conventional class in which lecture
learning took place.
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The learning implementation also supported the achievement of critical thinking skills
(Djamabhar, Ristanto, Sartono, & Darmawan, 2020; Harahap et al., 2020; Lestari, Ristanto, &
Miarsyah, 2019). The high percentage of learning implementation indicates that the learning
model syntax is well implemented (Ristanto et al., 2020); thus it could reinforce the
attainment of critical thinking skills (Harahap et al., 2020). The learning implementation
percentage in the GDL-MA class and the conventional class is illustrated in Figure 4. In the
GDBL-MA class the average percentage of implementation was in a good category, whereas
in the control class was in a poor category. The poor category in the control class was due to
several factors, such as lack of motivation and discussion between the teachers and the
students. The experimental class experienced an increase in the percentage. In the first
meeting, discussion between the teacher and the students during the data collecting and
processing step was still lacking; however, it improved in the second meeting. The lack of
discussion could be linked to the unfamiliarity with the learning model applied. The learning
media will meet the practicality qualification if the average percentage of learning
implementation meets the criteria of good at minimum (Djamahar, Ristanto, Sartono, Ichsan,
& Muhlisin, 2018). Accordingly, the learning implementation plan that applied argument
mapping as the learning media could be categorized as a learning medium that meets the
practicality qualifications as it attains average percentage with a good category.

The students in the experimental class that applied the GDL-AM learning were given a
response questionnaire after the learning process. As indicated in Table 5, response to the
positive statements on the GDL-AM learning was indicated by students who dominantly
agreed. Statements such as using the GDL-AM is interesting and not boring received the
highest average percentage. It means that the learning model newly applied in the class
considered interesting and different by the students compared to the commonly used learning
(Djamahar et al., 2020; Ismirawati, Corebima, Zubaidah, Ristanto, & Nuddin, 2020;
Ismirawati, Corebima, Zubaidah, & Syamsuri, 2018; Muhlisin, 2019)

Another statement, the GDL-AM learning model facilitates students to apply biology
knowledge in the daily life, received a high average percentage. It can be interpreted that the
students realized learning can be linked to the students’ daily life; hence, it is applicable,
especially in the environmental change content, which has become a current global issue.
The GDL assists students to exert information to construct their understanding; therefore,
content understanding becomes more meaningful for the students (Bahtiar & Dukomalamo,
2019; Handoko, Sajidan, & Maridi, 2016). Hence, it is expected that after the learning process
students can apply the content studied, such as plastic waste reduction, plastic waste
processing to maintain the balance of nature, and other content in the environmental change
content that can be applied in the daily life.

Conclusion

The study results implied that the GDL-AM implementation was proven to be capable
of influencing critical thinking skills on environmental changes and it was better than the
control class. The GDL and argument mapping had characteristics that enabled students to
develop way of thinking; thus, training their critical thinking skills. Another finding was that
the GDL-AM implementation assisted the teacher in achieving learning objectives and
students’ responses to the GDL-AM learning suggested that the learning was able to increase
their curiosity and interest in learning the environmental changes. The highest increase in the
critical thinking skills through the GDL-AM learning was indicated in the advance
clarification aspect. The GDL implementation requires more time thus better learning
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planning. The research holds a limitation in terms of the GDL-AM implementation that was
in a short period, which was in two meetings. Therefore, it is recommended to conduct a
research with longer implementation to further uncover the advantages and disadvantages of
the GDL and argument mapping integration. Additionally, further research is required to test
the effectiveness of the GDL-AM in the biology content other than environmental changes or
through other 21st century skill aspects.
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