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Abstract. This study aimed to investigate the impact of applying the Argument-Driven Inquiry
instructional model (ADI-Based Instruction) in thermochemistry teaching on students' critical
thinking skills. This study applied the one group pretest-posttest type of pre-experiment design.
The subjects of this study were 71 eleven grade students of Public Senior High School of
Ambulu Jember on academic year of 2022/2023. The instrument, namely the critical thinking
ability test on thermochemistry, was developed by the researchers based on Ennis' critical
thinking ability framework. This test consists of 10 valid items with a Cronbach's Alpha
reliability of 0.782. The results showed that thermochemistry instruction carried out using ADI
instructional model improve students' critical thinking skills with an N-gain of 0.731 (high
category) and Cohen's d-effect size of 1.023 (much larger than typical) with an interrater
reliability of 0.619 (good categories). These results indicate that ADI-based instruction on
thermochemistry can improve students' critical thinking skills. The implication of this study is
that ADI-based instruction can be applied to other subjects who have the same characteristics
of thermochemistry, namely having contextual, factual, conceptual, procedural, and
metacognitive knowledge.
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INTRODUCTION Students Assessment (PISA) survey in 2012,

The 21° century demands the students to Indonesian  students’  science literacy
have critical thinking skill which is closely achievement level is low. The low of this

related to the scientific inquiry elements. In achievement shows that students’ critical
scientific inquiry, students are actively thinking skill are also low because the PISA

involved in the answer seeking process to question type has high-level thinking skill

scientific questions to build new knowledge [1]. standard that can measure students’ critical
New knowledge is built based on pre-existing thinking skills [3]. Some studies also [4-9]
knowledge and the new evidences obtained show that the average student’s critical thinking

skill is classified as low category and has not
been developed optimally. From some of these
studies, it can be concluded that, in general,
students’ critical thinking skill shows deficient

from an investigation. The process of new
knowledge engages critical thinking. In this
process, critical thinking is required to make a

reasonable decision about new knowledge that : . > X
needs to be believed and action (skill) that result. This matter is very worrying; therefore it

needs to be performed [2]. It means that critical requires the correct method to improve
thinking is one of skills that students must own students’ critical thinking skills in chemistry

to face life and compete in this era. learning.
The survey about student’s critical The conventional learning method is less
thinking has been widely carried out. facilitating the development of students’ critical

According to the Programme for International thinking skills [10]. In this method, the
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interaction between teacher and students is
limited, where the teacher dominates the
learning activity. Besides, the learning which
emphasizes convergent thinking practice
without involving the problem that needs to be
reviewed and solved by students cannot
improve students’ critical thinking skills
[11,12], and they need to master the learning
material [10,11]. In this kind of learning, the
thinking process is not practiced well in class
[13]. Therefore, it requires alternative learning
that is more in line with the critical thinking
characteristics to improve students’ critical
thinking skills.

The inquiry learning model is one of the
efforts to optimize the learning activity [14].
The alternative solution that can be performed
to improve students’ critical thinking skills is
the implementation of the Argument-Driven
Inquiry (ADI) model. According to Sampson et
al (2012), the ADI model is a developmental
learning model of inquiry and integrated
learning that contains science aspects, namely
investigating, arguing, writing, and reviewing.
The ADI model has seven learning steps: (1)
task identification; (2) data collection; (3)
argumentative production; (4) argumentation
interaction session; (5) investigation report
preparation; (6) report review; (7) and report
revision [16]. Argument-Driven Inquiry is a
learning model that performs argumentation
sessions as a part of the learning process. The
ADI learning model also can be used to develop
thinking skills and critical thinking skill by
emphasizing the importance of argumentation
role [16-19]. In its implementation, ADI
learning always provides assistance in the form
of constructive questions, so this learning is
more suitable implemented in the effort to
improve critical thinking skills compared to
conventional learning because conventional
learning does not emphasize students to think
critically, so students sometimes still have
difficulty understanding the material.

Thermochemistry is one of chemistry’s
principal materials relevant to critical thinking
skill elements. Thermochemistry is one of the
important components of chemistry learning.
The thermochemistry material knowledge
underlies the other chemistry concepts because
the further chemistry concepts will be
challenging to understand if the concepts
cannot be mastered well by students.

Thermochemistry is a chemistry subject
that is considered difficult by students. The
previous studies show the average score of
students’  thermochemistry = material s
unsatisfying. It is proven by Cahyanto et al.
(2016) and Febriyanti et al., (2019) studies that
stated the percentage of student completion for
thermochemistry material is still below the
average. Rahmwati et al. (2021) also said that
thermochemistry is a complex material, and
concept misunderstandings are often found
among students because it is abstract.
Meanwhile, the research by Erna et al., (2018)
stated that thermochemistry material consists
the concepts and calculations that require
students’ comprehension to complete a problem
by thinking critically. One of the reasons for the
difficulty of learning thermochemistry is that
students lack an understanding of the
thermochemistry — material  correctly and
properly [24]. Students with an excellent
conceptual understanding show they have
performed their critical thinking skills [25]. A
good understanding is obtained because
students have a mind frame that supports
problem-solving and critical thinking.

Following the description above, this
research will answer the question: How is the
impact of Argument-Driven Inquiry (ADI)
based learning on students’ critical thinking
skills in thermochemistry learning?

METHOD

The approach used in this study is a
guantitative approach using a Pre-Experiment-
One Group Pretest-Posttest Design research
design. The following is the Pre-Experiment-
One Group Pretest-Posttest Design research
design:

Table 1 One Group Pretest-Posttest Design

Group Pretest  Perlakuan  Postest
Experiment X1 ) X
Notes:
X1 : Pretest.
X, . Postest

O : Treatment (Argument-Driven Inquiry
instruction)

Time and Place of Research

This research was conducted in SMA
Negeri Ambulu located in Candradimuka
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Street No. 43 Ambulu Sub-district, Jember
Regency, East Java. The research was
conducted in the 1st semester of the 2022/2023
academic year, from July 25 to October 3,
2020. The research involved 71 students
distributed into two classes: XI IPA 1 and XI
IPA 2.

The Treatment Procedure

The student’s learning experiences in
ADI-based instruction are presented in table 2.

Table 2 The student’s learning experiences follow
the framework of the Argument-Driven
Inquiry (ADI) learning model and its
suit with the Subs of Ennis Critical

Thinking Skill
Phase Description Ennis’s Sub-
skills
Task Identifying the task Elementary
Identification  based on the problem  Clarification
found in the Student’s
Worksheet.
Evidence The data planningand  Basic
Collection collection, the data Support
processing and
analyzing (e.g., an
experiment or analysis)
Argument The argument Conclusions

Development  development in writing
is the answer to
scientific questions. The
created argument has to
contain a claim,

evidence, and reason.

Perform a presentation Advanced
and share the argument Clarification
(result), ask the

questions and critiques

on the process
(methods), and context
(theoretical and

empirical foundations).

The teacher and

students discuss what

has been learned.

Argumentation
Session

Tentative
Reports

The report making (the
goal of investigation,
method, and argument).

Strategy and
Tactics

Peer Reviews The implementation of
evaluation criteria as a
form of learner
engagement in  the
evaluation where each
student uses peer review
combination to evaluate

the report quality.

Ennis’s Sub-

Phase skills

Description

Final Report  The report is revised
based on the peer
review  result and
submitted to the teacher

for final evaluation.

[31]

The measurement instrument trial was
performed to the SMA Negeri Ambulu
students acquiring thermochemistry material
outside the research subject. The measurement
instrument used in this research was critical
thinking skill test questions with the criteria of
critical thinking skill developed by Ennis
(2011). The validity test result of 12 critical
thinking skill questions on the students
showed that 10 questions were valid and 2
questions were invalid, so the questions used
as students’ critical thinking instruments were
10 questions. Based on the question reliability
test result on the student’s critical thinking
skill test instrument, the Alpha Cronbach’s
score is 0.782 (Table 3). This result showed
that the instrument is a reliable and
trustworthy data measurement tool.

Table 3 The Reliability Test Result of Critical
Thinking Skill Test Instrument

Reliability Statistics
Cronbach's Alpha N of Items
.758 10

The Data Collection Technique

The data analysis techniques in this
research were descriptive analysis, statistical
analysis, and reliability interrater test. In
determining students’ critical thinking skills,
we used the consistency of students answered
right on each critical thinking indicator by
Ennis (2011). The critical thinking test
instrument was arranged based on the critical
thinking indicator by Ennis (2011) that
consists of: (1) Elementary Clarification, (2)
Basic Support, (3) making a conclusion, (4)
Advanced Clarification, and (5) Strategi and
Tactics. The test instrument was descriptive
questions, where each question refers to the
critical thinking indicator developed by Ennis
(2011). Then, the result of the instrument test
was categorized into the following critical
thinking skill level [27].
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Table 4 The Category of Student’s Critical
Thinking Skill Determination

Interpretation (%) Category

0 <nilai <43,75 Very Low
43,75 < nilai < 62,50 Low
62,50 <nilai <71,50 Medium
71,50 <nilai < 81,25 Height
81,25 < nilai < 100,00 Very high

Data Analysis

The statistical analysis in this research
consisted of prerequisite test, which is an
analysis that includes normality,
homogeneity, and hypothesis test. The data
analysis of students’ critical thinking skills
includes Paired Sample t-Test, N-gain Test,
and Effect Size Test. Paired Sample t-Test is
a hypothesis testing method where the data
used are paired (pretest and posttest data).
The statistical analysis test was conducted
using SPSS 16.0 Windows program.

The N-gain test measures the score
improvement before and after the learning
obtained by the students from the pretest and
posttest average scores. The interpretation
criteria of N-gain score were divided into
three categories [28] that can be seen in the
table below:

Table 5 N-gain Score Criteria

Score (9) Interpretation
(9)<0,3 Low
0,3<(g)<0,7 Moderate
(9)>0,7 High
[28]

The effect size test measures the effect
magnitude of the independent variable on the
dependent variables [28]. The calculation
result of effect size can be interpreted based on
the Cohen classification in the table below:

Table 6 Effect Size Score Criteria

d-Effect Size .
Interpretation
Score
> |1.00] Much larger than typical
.80] Large or larger than typical
|.50] Medium or typical
|.20] Small or smaller than typical

[28]

The reliability interrater test is a type of test
that is used to equalize the perceptions of two
assessors. The criteria of reliability interrater
test interpretation [29] can be seen in the table
below:

Table 7 The Criteria of Reliability Interrater
Test Interpretation

R The Agreement
Interrater Reliability Interpretation
0,00-0,20 Bad
0,21-0,40 Less than
Moderate
0,41-0,60 Moderate
0,61-0,80 Good
0,81-1,00 Very Good
[29]
The statistical analysis of student’s

answers to the critical thinking skill test
guestions shows the reliability interrater test
result for the average of two assessors obtained
by the Kappa statistical test with a score of
0,619, which means the instrument has good
stability quality. The details of reliability
interrater test result are in the picture below.

WValue | Approximate

Significance

Measure of Agreement Kappa 619 .000
N of Valid Cases 71

Figure 1 The Reliability Interrater Test Result
on Student’s Answer

RESULT AND DISCUSSION

The student’s critical thinking skill data
before and after learning is used to discover the
student’s skill before and after the learning. The
critical thinking skill in this research was
analyzed based on the student’s answers to the
ten descriptive questions. The test questions
were presented to the students after obtaining
thermochemistry material through ADI-based
learning implementation. The level
determination of student’s critical thinking skill
was converted in the score following the score
guideline in Table 4 so that the hypothesis test
could be performed and the research result
could be tested statistically. The result of
students’ critical thinking skill data before and
after the learning can be seen in table below.
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Table 8 The Result of Student’s Critical Thinking
Skill Before and After the Learning

Data s The The Average
Student’s .
Lowest Highest
Number
Score Score
Pretest 71 5 21 12,112
Postest 71 57 95 76,366

Table 8 shows the average score on the
student’s critical thinking skill before ADI-
based learning is 12,112 and after ADI-based
learning is 76,366. It indicates that the student’s
critical thinking skills have significant
improvement. This research result is in line
with Ryzal et al., (2020), Adnan et al., (2021),
and Rahmat’s (2020) studies that proved the
inquiry learning can improve students’ thinking
skill. A student’s critical thinking skill score is
obtained from the score total on 10 critical
thinking skill test questions. The average score
of students’ critical thinking skill before and
after the learning can be seen in Picture 3.

The Average Score of Student's Critical Thinking
Skill

76,366

Score

20 12,112

. ]
0

Pretest Postest

Figure 2 The Average Score of Student’s Critical
Thinking Skill

According to Picture 2 above, the average
score of students’ critical thinking skills learned
by ADI is higher that before ADI-based
learning was implemented. It raises an
allegation that ADI-based learning significantly
impacts the student’s critical thinking skills on
the thermochemistry material. This allegation
substantiation requires statistical analysis using
Paired Sample t-Test.

The Result of Prerequisite and Hypothesis
Test

Before conducting the hypothesis test, the
student’s critical thinking scores were first
tested for normality and homogeneity data.
These two tests are prerequisite tests to

determine the statistic type for the hypothesis
test.

Table 9 The Result of Critical Thinking Skill
Normality and Homogeneity Test

Data Normality Test Homogeneity Test
Pretest 0,080 0,401
Postest 0,187 0,827

According to the significant score of >
0,05, the student’s critical thinking skill is
distributed normally and has a homogeny data
variant. Thus, the data require normality and
homogeneity conditions. Therefore, the data
were further analyzed using Paired Sample t-
Test.

Table 10 The Result of Paired Sample t-Test

Data t df Sig.(2-tailed)
Pretest_ geg11 70 000
Postest

Table 10 above shows the result of
student’s paired sample t-Test on the student’s
critical thinking skills. According to the
significance score result, which is > 0,05, it can
be concluded that Argument-Driven Inquiry-
based learning significantly impacts the
student’s critical thinking skills on the
thermochemistry material. It is proven by the
result of the critical thinking skill paired sample
test with a score of -55,811. The o significant
value is 0,05, so that the twp = 1,688. This result
Shows thit > tran, Which means there is significant
difference.

The Argument-Driven Inquiry Model
implemented on the thermochemistry material
improves students’ critical thinking skills, as
shown by the result of n-gain and effect-size
test. The test result of students’ critical thinking
skill data can be seen in the Table below.

Table 11 N-gain Score and Effect Size Results

Data Score Category
N-gain 0,731 High
Effect Size 1,023  Much larger than typical
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The Impact of ADI Model on the Student’s
Critical Thinking SKill

The learning steps on the ADI model are
highly required to train students’ critical
thinking skills. The ADI learning model trains
students’ critical thinking skills through seven
stages involving five critical thinking skill
aspects: elementary clarification, basic support,
making a conclusion, advanced clarification,
strategy and tactics [31].

The first stage of the ADI model is
problem identification. The students were
presented with a discourse. Then, the students
were guided to make a problem statement to be
solved or complete the given problem. This
stage is effectively trains students’ thinking
skill aspects, namely elementary clarification.
This aspect trains students’ skill to identify or
formulate a question. In this stage, the students
were also invited to think about the research
variable that will be performed. The knowledge
about variable is essential for the student to
understand the purpose of the performed
research, what data are measured, and what
things affect the research result. Determining
these variables will train the student to
determine the right evidence to produce a
claim. The right evidence must be based on the
relevant data [32]. Whether the data is relevant
or not is discovered after understanding the
research variables. For example, in the third
meeting on the endothermic and exothermic
reactions topic, students must identify and
determine salt crystals that have potential as a
cool pack and hot pack reactants.

The second stage is students perform the
data collection. In this stage, students were
formed into groups and had the opportunity to
perform an investigation and analyze the data
obtained from the trial or practicum results that
have been conducted. The students worked
together in the group to observe the
phenomenon that causes a problem to be
researched and studied in the learning. This
stage effectively trains the student’s thinking
skill aspect, namely building basic skill. This
aspect trains the students to observe and
consider the observation result to produce an
idea from a question or situation they face. The
obtained data were recorded in written form.
These data were analyzed to draw a conclusion
that answers the problem statement. This
conclusion was a claim obtained from the

student’s inquiry activity through the practicum
performed. The evidence element is the data of
relevant research results. In this stage, students
carried out an experiment in the laboratory to
collect the supporting evidence to make an
argument that will be conducted in the next
stage.

The third stage is argumentation
development, or making a written argument,
where the students make a written
argumentation on the presented problem. The
argumentation has to include claim, evidence,
and reason, as stated in the Student’s
Worksheet. This stage provided the explanation
column for students to write a reason that
explains why the evidence can support the
claim. The explanation was based on the book
material or other knowledge sources and was
communicated among groups. Besides,
students were trained to arrange an evidence-
based argument to respond to the research
questions. This third stage effectively trains
students’ thinking skill aspect, namely making
a conclusion, such as training the students to
perform deduction and induction, also making
a conclusion and determining its result. This
aspect trains the skill of identifying the truth
between claim and evidence also making
decisions with the correct information. This
stage trains the student to identify the evidence
based on the existing data and able to connect
the reasons made based on the fact. In this
stage, students were asked to make an argument
by proposing ideas or thoughts accompanied by
supporting evidence. This evidence was
obtained by experimenting in the laboratory.
The students must determine which salt crystals
release heat and which absorb heat when
dissolved in the water. The determination of
heat releasing and absorbing can be observed
through the temperature change of each
solution.

Furthermore, students in the group
discussed the experiment result and revealed
their opinion both orally and written in turn to
determine the most valid or the most accepted
explanation. This stage was included in the
argumentation interaction session, where the
students were trained to argue by performing a
presentation. The students were instructed to
share the arguments with other groups and
allowed to deliver their opinion and critique of
other the groups’ explanations. This syntax is
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effective in training the aspect of making
further explanations from the student’s critical
thinking skill, namely the skill to explain the
applicable data and theory correctness and
defend their opinion to be accepted by others.

The next stage is tentative report where the
students were assigned to write the
argumentation investigation result report
discussed in groups. Then proceed to the report
review stage. In this stage, students were
instructed to exchange and assess the report
with other groups. This stage corrects the report
if something is incorrect or inappropriate. The
report will be revised based on the peer review
result to enhance the report content for better
argument quality. This final stage of learning is
effective for training the strategic and tactical
aspects of student’s critical thinking skills,
namely assessing the credibility of a question
by describing the perceptions, learning
experiences, situations, determination,
someone’s belief, and able to arrange the right
strategy to solve a problem or prove a concept.
This stage also trains students’ skills to
reevaluate the decision taken thoroughly.

In this stage, all students were given an
opportunity to correct their writings, reasoning
and building better science comprehension by
involving the writing process [33]. Besides, the
teacher and students discussed so that the
student later could draw a conclusion from what
has been learned. The teacher’s role was to
observe students’ activity during the learning
process and ensure the students master the
concept and can practice students thinking
skills better. It indicates that ADI model syntax
provides stages that can train students’ critical
thinking skill aspects, starting from the problem
identification stage to improve their critical
thinking skills.

The students who learn using the ADI
model were trained to improve their critical
thinking skills. It shows that ADI model
learning highly influences students’ critical
thinking skills. The students initially had low
pretest score; after performing the learning
using the ADI model, their posttest scores
improved, as proven by the N-gain score. The
improvement of critical thinking skill pretest
and posttest was proven with the N-gain test of
0,731 with high category. Besides, the effect-

size test was performed in this research to
measure the magnitude of the Argument-
Driven Inquiry (ADI-Based Instruction)
approach’s effect on students’ critical thinking
skills. The result of the effect-size test on the
student’s critical thinking skill data shows a
high category with a score of 1,023 which mean
that ADI-based learning is highly effective in
improving students’ critical thinking skill in the
thermochemistry material presented. The ADI
effectiveness on the student’s critical thinking
skill is influenced by ADI syntax that gives an
experience to the students in performing
scientific inquiry to obtain the knowledge so
that they can construct each aspect existed on
Ennis’ critical thinking skill.

CONCLUSION AND SUGGESTION

The thermochemistry instruction,
performed with Argument-Driven Inquiry
instruction, can improve students’ critical
thinking skills (the N-gain = 0.731; Cohen d-
effect size = 1.023). This shows that the
students' learning experience developed based
on the ADI learning model can be used to
improve their critical thinking skills.

The implication of this research is that
subject matter which has characteristics similar
to thermochemistry can be used to improve
students' critical thinking skills. Those
characteristics  are  observable  factual
knowledge; conceptual knowledge that can be
used to explain phenomena; procedural
knowledge that can be used to collect and
analyze data; as well as metacognitive
knowledge that can be used to design data
collection and analysis, drawing and
interpreting conclusions, making explanations,
and evaluating the entire inquiry process.
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