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Abstract — In the 21st century, education places
significant emphasis on developing scientific
argumentation as a crucial skill. Teaching these skills
requires an instructional design that allows students to
construct and critique arguments actively, support
claims with evidence and reasoning, and then reject
opposing claims and evidence. Debate based on inquiry
learning (DBOIL) is an innovative learning model that
was developed and is believed to be able to facilitate
these things. This research seeks to assess the influence
of implementing DBOIL on enhancing students' skills
in scientific argumentation. This research employed a
one-group pretest-posttest design, with normalized
change analysis and paired t-test. Research findings
indicate that the implementation of DBOIL has
demonstrably improved scientific argumentation skills,
with a notable 76.67% of students exhibiting
improvement in the high category. Other findings show
that each phase of DBOIL significantly contributes to
increasing the achievement of indicators of scientific
argumentation. To maintain the reliability of DBOIL
in enhancing students' skills in scientific
argumentation, conducting future research on a
broader scale is imperative.
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1. Introduction

Scientific argumentation stands as a pivotal focal
point in contemporary educational priorities. These
are skills needed by students to be successful in a
variety of academic and professional domains [1],
[2], [3]. This is because scientific argumentation is an
integral part of academic discourse which plays an
important role in building and disseminating
knowledge [4], [5]. In addition, these skills have also
been considered as one of the key components in
critical thinking [6], [7], [8], [9]. These skills are

equally essential for articulating viewpoints,
decision-making, and resolving everyday challenges
[10].

Educational designs for teaching scientific

argumentation skills necessitate learning frameworks
that offer ample opportunities for students to
construct and critique arguments, assert claims, and
employ evidence within the context of inquiry-based
activities [11]. Another thing that is crucial to
acknowledge is that the essence of argumentation lies
in substantiating claims with evidence and sound
reasoning, while also engaging in the critical
evaluation or rebuttal of opposing claims and
evidence [12]. However, the currently available
learning models are not capable enough to facilitate
these things.

The results of a preliminary study conducted by
researchers show information that inquiry-based
learning models and debate are learning models that
are commonly used to teach scientific argumentation
skills to students. Indeed, the inquiry-based learning
model has demonstrated efficacy in enhancing these
skills, particularly in the aspects of formulating
claims, presenting evidence, and constructing sound
reasoning [13], [14], [15], [16] it may not yield the
same impact on aspects like counterclaim
development and rebuttal [17].
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On the other hand, debate in learning activities is
more capable of increasing these two things, namely
counterclaim and rebuttal [1], [18], [19], [20].
Nevertheless, debates alone may not adequately
facilitate opportunities for students to engage in
inquiry activities, gather evidence, and construct
reasoning based on this evidence. Another interesting
finding from the preliminary study suggests
integrating inquiry and debate. This is regarded as a
promising learning strategy for enhancing students'
skills in scientific argumentation [21].

Building upon the findings from the preliminary
study, debate based on inquiry learning (DBOIL) was
formulated. This represents an innovative learning
model aimed at enhancing students' skills in
scientific argumentation. This learning model is
constructed based on the advantages of inquiry-based
learning models and debate. DBOIL also serves as a
solution to mitigate the constraints encountered by
both inquiry-based learning models and debate,
thereby maximizing the potential increase in
students' scientific argumentation skills. The DBOIL
syntax was built through modification and integration
between the syntax of inquiry-based learning models
and debate.

Given its myriad advantages, DBOIL is perceived
as a potent learning model for enhancing students'
skills in scientific argumentation. Hence, this
research endeavors to validate this assertion by
describing the initial and final scientific
argumentation skills of students, as well as
quantifying the improvement in these scientific
argumentation skills attributed to the implementation
of DBOIL. Additionally, this research aims to
elucidate the individual contributions of each phase
within DBOIL towards enhancing the achievement of
the indicators of scientific  argumentation,
encompassing claim, evidence, reasoning,
counterclaim, and rebuttal. These indicators are an
integration between the Toulmin argument pattern
[22] and the work of Erduran [23].

2. Methodology

In the following sub-sections, the research design,
participants, data gathering, and analysis are
presented.

2.1. Research Design

This research utilized a one-group pretest-posttest
design. This is a single-group research design, has
limited internal validity, and there is no control group
[24]. The selection of this research design was
informed by findings suggesting that small groups
offer an ideal setting for fostering critical-analytical
thinking in students through inquiry and
argumentation [25], [26].
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Additionally, research in small groups puts
students in a better position to handle the challenging
problems of the 21st century [27]. The research
design is depicted in Figure 1.

Pretest Treatment Posttest

Figure 1. Research design

Before implementing DBOIL, the pretest is
utilized to determine the students' foundational skills
in scientific argumentation. Meanwhile, the posttest
aims to evaluate the students' ultimate scientific
argumentation skills after the DBOIL
implementation. The pretest and posttest scores are
subsequently employed as benchmarks for gauging
the enhancement in students' scientific argumentation
skills attributable to the implementation of DBOIL.

The treatment given in this research is the
implementation of DBOIL in classroom learning
activities. DBOIL is a learning model comprising six
distinct phases in its syntax, namely: 1) problem
orientation, 2) making claims, 3) collecting data or
scientific evidence, 4) formulating reasoning, 5)
structured debate, and 6) evaluation and reflection.
Learning activities in each phase of DBOIL are
described in detail in Table 1.

Table 1. Learning activities with DBOIL

DBOIL Phase Student Activities

Phase 1: Students concentrate their attention and
Problem elevate their motivation to actively engage
orientation in learning tasks, comprehend the intended

learning outcomes, and grasp the problems
presented in the worksheet.

Phase 2: Making | Students conduct group discussions to

claims analyze problems and make claims about
these problems.

Phase 3: Students in groups design and carry out

Collecting data investigative activities to collect data or

or scientific evidence to strengthen claims that have

evidence been prepared previously.

Phase 4: Students in groups formulate reasoning by

Formulating analyzing evidence and identifying related

reasoning concepts, principles, laws, or theories to
show the connection between the evidence
used to strengthen claims.

Phase 5: Students conduct debate activities by

Structured debate | presenting their prepared arguments,

defending them from various conflicting

criticisms, and  refuting  opposing
arguments.
Phase 6: Under the guidance of lecturers, students
Evaluation and assess and contemplate the learning
reflection activities they have undertaken.
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2.2. Participants

Participants in this research were 30 students
majoring in science education at a university in
Surabaya, Indonesia. The participants were
dominated by female students, with a percentage of
86.67%. They are prospective science teacher
students who are required to have good scientific
argumentation skills. Therefore, to develop their
scientific argumentation skills, participants will take
part in learning activities using DBOIL for 8§
meetings.

2.3. Data Gathering and Analysis

The data gathered and analyzed in this research
comprised the pretest and posttest scores describing
students' skills in scientific argumentation. The
pretest and posttest questions were developed based
on 5 indicators of scientific argumentation, namely
claim, evidence, reasoning, counterclaim, and
rebuttal [22], [23]. The pretest and posttest scores
were analyzed descriptively to determine the level of
students' skills in scientific argumentation.
Determination of these levels is based on findings
from [17], as described in detail in Table 2.

Table 2. Level of students' skills in scientific

argumentation
Score Level
2.25<n<3.00 Proficient
1.50<n<2.25 Advanced
0.75<n<1.50 Intermediate
0.00<n=<0.75 Beginner

The improvement of students' skills in scientific
argumentation resulting from the implementation of
DBOIL is grounded in the outcomes of the
normalized change (c¢) analysis (Equation 1) [28],
[29]. The scores derived from this analysis were
subsequently subjected to descriptive analysis to
identify the various categories of improvement of
students' skills in  scientific  argumentation
attributable to the adoption of DBOIL. These
improvement categories are described in Table 3.
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Posttest — Pretest
Max — Pretest

Posttest > Pretest

drop Posttest = Pretest = Max or Min

0 Posttest = Pretest

Posttest — Pretest

. Posttest < Pretest 1
Pretest — Min (M

Table 3. Categories of improvement of students' skills in
scientific argumentation

Normalized Improvement Category
Change Score (¢)
c>0.7 High
0.7<c<0.3 Medium
03<c¢<0.0 Low
c<0.0 No Increase Occurs (Decrease)

Data on improving students' skills in scientific
argumentation is also strengthened by statistical
analysis through the paired t-test. This is employed to
ascertain whether there exists a notable disparity
between the pretest and posttest scores reflecting
students' skills in scientific argumentation due to the
adoption of DBOIL. The paired t-test was carried out
using the software IBM SPSS Statistics version 26.

3. Results

Students' skills in scientific argumentation are
measured based on pretest and posttest scores. The
pretest and posttest scores were utilized to assess the
level of students' skills in scientific argumentation
both before and after engaging in learning activities
with DBOIL. It is additionally employed to gauge the
rise in students' skills in scientific argumentation
resulting from the implementation of DBOIL, as
assessed through normalized change analysis. The
pretest, posttest scores, and improvement of students'
skills in scientific argumentation in the research are
presented in Table 4.
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Table 4. Pretest, posttest scores, and improvement of students' skills in scientific argumentation

No Pretest Posttest Increase

) Score Lvl. Score Lvl. Score ¢ Cat.
S-01 0.67 B 2.33 P 0.71 High
S-02 1.33 I 2.73 P 0.84 High
S-03 1.00 I 2.53 P 0.77 High
S-04 1.40 I 2.80 P 0.88 High
S-05 1.00 I 2.53 P 0.77 High
S-06 1.47 I 2.67 P 0.78 High
S-07 0.53 B 2.00 A 0.59 Med.
S-08 0.93 I 2.87 P 0.94 High
S-09 1.00 I 2.07 A 0.53 Med.
S-10 0.93 I 2.47 P 0.74 High
S-11 0.20 B 2.20 A 0.71 High
S-12 1.00 I 2.60 P 0.80 High
S-13 0.67 B 2.47 P 0.77 High
S-14 1.13 I 2.93 P 0.96 High
S-15 0.80 I 2.47 P 0.76 High
S-16 1.20 I 2.73 P 0.85 High
S-17 0.53 B 2.33 P 0.73 High
S-18 0.80 I 2.20 A 0.64 Med.
S-19 1.13 I 2.87 P 0.93 High
S-20 0.67 B 2.60 P 0.83 High
S-21 0.53 B 2.20 A 0.68 Med.
S-22 0.73 B 2.53 P 0.79 High
S-23 0.53 B 2.47 P 0.78 High
S-24 093 I 2.40 P 0.71 High
S-25 0.87 I 2.33 P 0.69 Med.
S-26 0.87 I 2.20 A 0.63 Med.
S-27 0.80 I 2.80 P 0.91 High
S-28 0.53 B 2.53 P 0.81 High
S-29 0.67 B 3.00 P 1.00 High
S-30 0.87 I 2.20 A 0.63 Med.
Ave. 0.81 1 2.33 P 0.72 High

Information:

B = Beginner, | = Intermediate, A = Advanced, and
P = Proficient

The pretest scores show that students have initial
skills in scientific argumentation, the majority of
which are at the intermediate level and the rest are at
the beginner level. Meanwhile, the posttest results
show data that is quite contrasting with the pretest
scores.

The posttest scores show that the majority of
students' final skills in scientific argumentation after
participating in learning activities with DBOIL are at
the proficient level and the rest are at the advanced
level. A comparison of the level of students' skills in
scientific argumentation before and after engaging in
learning activities with DBOIL is presented in Figure
2.

80%
60%
40%
20%
0% . - .
Beginner  Intermediate . Advanced Proficient
= Pretest 36.67% 63.33% 0.00% 0.00%
Posttest 0.00% 0.00% 23.33% 76.67%

Figure 2. Comparison of the level of students' skills in scientific argumentation based on pretest and posttest results
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Overall, the improvement of students' skills in
scientific argumentation as a result of the
implementation of DBOIL is in the high category.
Most students witnessed an elevation in their skills in
scientific argumentation categorized as high, while a
small percentage experienced an increase classified
as medium. An interesting finding in this research is
that there were no students who experienced
improvement in the low category and there were also
no students who experienced a decline in scientific
argumentation skills after taking part in learning
activities with DBOIL (Figure 3).

Low
0.00%

Medium ‘

23.33%

Decrease
0.00%

High
76.67%

Figure 3. Categories of improvement in students' skills in
scientific argumentation as a result of implementing
DBOIL

On average, the improvement in students' skills in
scientific argumentation following participation in
learning activities with DBOIL falls within the high
category. From the pretest and posttest scores, it is
evident that the average student initially had skills in
scientific argumentation at an intermediate level,
which enhanced to a proficient level following the
implementation of DBOIL (Table 4). The validity of
these findings was further supported by the outcomes
of statistical analysis using the paired t-test, which
indicated a significant disparity between the pretest
and posttest results of students' skills in scientific
argumentation. The results of the paired t-test and
normality test, conducted as prerequisite analyses are
displayed in Table 5.

Table 5. Results paired t-test

However, this also has an impact on increasing
the achievement of each indicator of scientific
argumentation. The mean score for the enhanced
attainment of these skill indicators is outlined in
Table 6.

Table 6. Enhancement in the attainment of scientific
argumentation indicators

Test of Normality Paired t Test
Test iro-Wi
Shapiro-Wilk ¢ df | sig.
Statistic | df | Sig.
Pretest 974 | 30 | .660 .00
-32.236 | 29
Posttest 971 | 30 | .580 0

The implementation of DBOIL not only has an
impact on improving overall students' skills in
scientific argumentation.

TEM Journal —Volume 13 / Number 4/ 2024.

Indicators Average Score ¢ Category
Claim 0.74 High
Evidence 0.72 High
Reasoning 0.72 High
Counterclaim 0.71 High
Rebuttal 0.71 High
Phase 1:
Problem
orientation
Phase 2: — Pl
Making claims
Phase 3: c=0.72
Collecting data or Evidence
scientific evidence
Phase 4: c=0.72
Formulating Reasoning
reasoning
Phase 5: s Counterclaim
Structured debate
Phase 6:
Evaluation and Rebuttal
reflection c=0.71

Figure 4. Contribution of the DBOIL phase to increasing
the achievement of indicators of scientific argumentation

The rise in the attainment of indicators for
scientific argumentation skills, all falling within the
high category, underscores the tangible contribution
from each phase of DBOIL to bolstering these
indicators. Each phase in DBOIL was deliberately
developed to facilitate, teach, and improve the
achievement of  indicators of  scientific
argumentation. The contribution of the DBOIL phase
to increasing the achievement of scientific
argumentation indicators is illustrated in Figure 4.
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4. Discussion

Scientific argumentation involves a multifaceted
disciplinary practice where students are engaged in
investigating, critiquing, and revising claims [30],
[31]. Uniquely, scientific argumentation also
encompasses a student's skills to debate scientific
concepts through collaborative discussions with
others in an interactive environment [26].

In this case, two crucial parts of scientific
argumentative  discourse are evident: asking
questions and generating effective responses to these
inquiries [27], [32]. DBOIL, as an innovative
learning model, has the potential to enable students
to engage in inquiry activities and debate the
outcomes of their inquiries, thereby potentially
enhancing the quality of their skills in scientific
argumentation.

The results of this research show that the
implementation of DBOIL has an impact on
improving students' skills in scientific argumentation,
with the average increase being in the high category
(Table 4). This increase in the high category is also
reinforced by findings showing information that the
majority of students, as many as 63.33%, have initial
skills in scientific argumentation at an intermediate
level (Figure 2). This shows that initially students
were only able to make claims with the support of
evidence, but were not yet able to explain how the
evidence could strengthen the claims they made.
After participating in learning activities using
DBOIL, the students' skills in scientific
argumentation experienced changes, the majority of
students had final skills in scientific argumentation
that were at the proficient level (Figure 2). In this
case, students have been able to present scientific
arguments consisting of claims, evidence, and
reasoning regarding the relationship between claims
and evidence, and students have also been able to
provide criticism and rebuttal to opposing arguments.
These findings show the effectiveness of DBOIL in
improving students' skills in scientific argumentation.

The enhancement of the skills in scientific
argumentation resulting from the implementation of
DBOIL predominantly falls within the high category,
comprising 76.67%, with the remaining portion
categorized as medium (Figure 3). The enhancement
within the high category is further corroborated by
the results of statistical analysis conducted through
the paired t-test (Table 5). The test results indicate a
significant disparity between the pretest and posttest
outcomes of students' skills in scientific
argumentation. This suggests that there exists a
notable contrast in the proficiency level of students'
skills in scientific argumentation before and after
engaging in learning activities with DBOIL.
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These findings further reinforce the notion that
DBOIL can effectively facilitate and enhance
students' skills in scientific argumentation.

The high level of improvement and achievement
of students' skills in scientific argumentation after
participating in learning activities with DBOIL is
because this learning model is characterized by
inquiry and debate in its learning activities. Inquiry is
intricately linked to scientific argumentation [33], it
allows students to make claims through answers to
given questions [15], [34] and selects correct
hypotheses after experiments to build their arguments
and conclusions [35]. On the other hand, debate in
learning activities is considered a potentially
effective pedagogical tool in helping improve
students' argumentative skills [36], [37], [38]. Debate
provides an excellent mechanism for implementing
and applying the principles of critical thinking [39].
Participation in debate compels students to seek out,
scrutinize, and assess arguments, transcend personal
prejudices and biases, pinpoint inconsistencies and
flaws in opponents' reasoning, and ultimately
construct well-considered and persuasive arguments
[40].

Each phase of DBOIL has demonstrated its
capacity to facilitate and instruct students in each
indicator of scientific argumentation. The indicators
of scientific argumentation, including claim,
evidence, reasoning, counterclaim, and rebuttal, all
demonstrated an elevation to the high category in
terms of average improvement (Table 6). The
contribution of each DBOIL phase to increasing the
achievement of scientific argumentation indicators is
explained in detail in Figure 4.

The first phase of DBOIL is problem orientation.
This phase does not directly lead to the achievement
of indicators of scientific argumentation. However,
this phase is needed as a bridge for students to build
scientific arguments. This aligns with prior research
findings indicating that initiating learning activities
with problem orientation can assist students in
effectively addressing these issues with appropriate
strategies [41], [42], [43], which in the end can affect
the quality of the arguments produced.

The second phase of DBOIL is making claims. In
this phase, students are encouraged to formulate
claims based on the problems given in the previous
phase. This has an impact on increasing the
achievement of claim indicators. Claims are an
intrinsic component of every argument, significantly
influencing the structure of the ensuing
argumentation representation [44].

The third phase of DBOIL is collecting data or
scientific evidence. In this phase, students are
encouraged to devise and execute inquiry activities
aimed at gathering data as evidence to bolster claims
formulated in the preceding phase.

TEM Journal — Volume 13 / Number 4 /
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This activity has an impact on increasing the
achievement of evidence indicators. This corresponds
with the findings of previous research, which assert
that scientific inquiry constitutes a crucial aspect of
scientific ~argumentation aimed at generating
conclusions supported by evidence and rational
justification  [14]. In  addition, scientific
argumentation is a determining factor in the progress
of scientific knowledge, where it relies on open,
clear, and direct arguments and evidence [45], [46].

The fourth phase of DBOIL is formulating
reasoning. In this phase, students are encouraged to
make reasoning that shows the connection between
the evidence used and the claims that have been
formulated. This is based on related scientific
concepts, principles, laws, or theories. This phase has
an impact on increasing the achievement of
reasoning indicators. In broad terms, reasoning can
be defined as the ability to comprehend and utilize
concepts, methods, and scientific findings or
evidence effectively when addressing problems in
scientific research, professional practice, and daily
life [47]. This is an important part of scientific
argumentation [48], [49].

The fifth phase of DBOIL is structured debate. In
this phase, students are encouraged to convey
arguments that have been prepared in the previous
phases, which consist of claims, evidence, and
reasoning. Apart from that, students are also directed
to provide responses, rebuttals, and criticisms of
opposing arguments. Debate entails a structured
approach to persuasion, wherein individuals adopt a
stance and articulate multiple points to bolster that
stance. This process involves employing logical
argumentation and presenting contrasting viewpoints
from two opposing sides [45]. In this activity,
students are divided into two groups, namely the pro
and con parties, with the pro party advocating for the
position and the con party arguing against it [9], [50].
These debating or arguing activities have an impact
on increasing the achievement of counterclaim and
rebuttal indicators.

The sixth phase of DBOIL is evaluation and
reflection, serving as the concluding phase of
learning, which does not directly contribute to the
attainment of indicators of scientific argumentation.
However, this phase is needed to strengthen the
knowledge construction and scientific argumentation
skills that students have built. This aligns with
previous research findings suggesting that reflection
is essential for students to review what they have
learned, serving as material for improvement and
fostering in-depth learning [51], [52].
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5. Conclusion

DBOIL stands as an innovative learning model
that has demonstrated its efficacy in enhancing
students' skills in scientific argumentation. The
development of this learning model is grounded in
excellence and serves as a solution to address the
shortcomings found in inquiry-based learning models
and debates, aiming to optimize the enhancement of
students' skills in scientific argumentation. The
DBOIL syntax was built through modification and
integration between the syntax of inquiry and debate-
based learning models, this makes it able to facilitate,
teach, and develop all indicators of scientific
argumentation.

The findings that have been revealed in this
research show important information, namely that the
implementation of DBOIL in learning activities has
proven to be effective in improving students' skills in
scientific argumentation. However, this research was
only limited to small classes. Thus, to ensure its
efficacy, it is crucial to conduct additional research on
a broader scale in the future. Research was conducted
at several universities at different levels and with
different student academic skills. This will later
reveal DBOIL's consistency in improving students'
skills in scientific argumentation.
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