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ABSTRACT

This study aims to design a Scientific Reading-based Inquiry (SRbI) model that supports argumentation skills
development. The assessment of these skills refers to the Toulmin Argument Pattern (TAP), and the participants
were Biology Education students in a state university. Furthermore, the Design-based Research (DBR) approach
was adopted by combining exploratory studies, trials, and case studies as part of an iterative process. The inter-
vention was formed based on design principles derived from literature review and findings from exploratory stud-
ies. Also, observations were made during the trial and intervention process. Data in assessments and observations
of written and oral arguments were collected and descriptively analyzed. The study, in three iterations, produced
a framework as the basis for the SRbI learning model, with five phases: Reading Orientation, Recapturing, Pro-
cessing, Communicating, and Reviewing. Therefore, the application of this learning model had a significant

impact on the development of students’ argumentation skills.
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INTRODUCTION

Argumentation is a scientific skill widely
recognized as the primary goal of science (Ber-
land & McNeill, 2010; Cavagnetto & Hand,
2012; Erduran et al., 2015; Tsai, 2015; McNeill et
al., 2016), especially concerning communication
processes. Language plays a vital role in interpre-
tation and knowledge construction, while an ar-
gument is considered a critical aspect of language
practice (McDonald, 2017). In science learning,
students are expected to appropriately evaluate
information to provide accurate, evidence-based
decisions through a scientific argumentation
process (Dawson & Venville, 2010; Erduran et
al., 2015). In line with this, classroom practice
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enhances science nature as a scientific product,
process, and attitude.

Arguments in science classrooms need
to be accommodated, especially to implement
a learning environment and strategies tested to
improve students’ skills (Evagorou & Osborne,
2013). Scientific argumentation consists of data
components, reasoning, warrant, backing, and
claims (Toulmin, 2003). Furthermore, data is a
collection of facts or empirical evidence used to
support a statement or claim, while a warrant
is used as a basis for reasons that link data and
claims. The backing is a basic assumption that
supports a warrant. In summary, a claim is at the
same time a view that has been justified in an ar-
gument. Although almost all teachers have imple-
mented discussion as a learning method, only a
few students show argumentation skills. Some
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teachers stated that students were categorized as
able to argue when they could answer questions,
regardless of whether they were fact-based or not.
In addition to providing answers, argumentation
activities need to provide feedback and scientifi-
cally defend their statements as a scientist does
(Probosari et al., 2017). The observations made
in four biology classes in a state university, Cent-
ral Java, showed weakness in students’ argumen-
tation skills, especially in discussions (Probosari
et al., 2016). In addition to not presenting eviden-
ce-based arguments, several students subjectively
answered problems without appropriate scien-
tific references. Also, most of them agreed with
others’ opinions and did not express their argu-
ments.

Several approaches that aim to improve
scientific argumentation skills have been applied
in learning, for example, through the application
of problem-based learning (Belland et al., 2011),
collaborative practices (Sampson & Clark, 2009),
dialogic argumentation (Crowell et al., 2014;
Kuhn et al., 2016), pedagogical content know-
ledge (Knight-Bardsley & McNeill, 2016) and in-
quiry (Fielding-Wells et al., 2014; Erduran et al.,
2015; Nichols et al., 2016). All these strategies
are declared successful in improving scientific ar-
gumentation skills in science class with their res-
pective strengths and weaknesses. This essentially
refers to a special, evidence-based character and
the justification of all scientific statements that
support or oppose particular views.

The inquiry-based learning model is con-
sidered more appropriate because the argument
is directly integrated with inquiry and scientific
literacy activities. Therefore, learning leads to po-
sitioning, whether it supports, strengthens, oppo-
ses, or undermines previous scientific statements
(Demircioglu & Ucgar, 2012; Fielding-Wells et
al., 2014). Also, through inquiry, students fully
understand science concepts by problem-solving
based on strong evidence, through a process of
authentic scientific discovery, correlating and ac-
commodating thinking skills, as well as rationally
and logically conducting scientific communicati-
on (Scherz et al., 2005; Kulgemeyer & Schecker,
2013; Parmin & Fibriana, 2020). This is not found
in other strategies or learning models. Therefore,
this phenomenon is strengthened by the increa-
sing trend of using inquiry to improve arguments
(Erduran et al., 2015). At the higher education
level, an open inquiry is considered the most ap-
propriate to optimize students’ understanding of
the nature of science following the objectives of
science learning (Zion et al., 2020).
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One of the challenges in inquiry-based
learning is students’ limitation in understanding
the concept. Therefore, efforts need to homoge-
nize the initial knowledge through reading acti-
vities before the inquiry. This underlies why rea-
ding is the basis for inquiry learning, structured
and planned. Also, reading is an integral part of
scientific inquiry, and it involves thinking, encou-
rages concept development, supports inquiry, and
fosters scientific habits (Koeneman et al., 2013;
Enfield, 2014). Scientific reading activity is essen-
tially the primary goal of learning science for va-
rious reasons. First, being the central practice of
inquiry that underlies observation, measurement,
and data analysis, reading is to seek definitions or
find information and understand, interpret, ana-
lyze, and, if possible, criticize (Norris, 2012; Phil-
lips et al., 2012). Second, reading scientific texts
in science class reinforces the nature of science,
including the scientific epistemology of every
phenomenon that occurs in nature (Yarden et al.,
2015). Concerning argumentation skills, reading
provides a solid basis in terms of accuracy and
data validity, evidence, and theories underlying
a scientific statement (Renken & Nunez, 2010;
Chin et al., 2015; Davila & Griffiths, 2016; Wang
et al., 2016). There are minimal inquiry models
that accommodate structured scientific reading
as a fundamental activity in practice. Several rese-
arch approaches oriented towards inquiry and ar-
gumentation include the Argument-Based Scien-
ce Inquiry (Choi et al., 2014; Taylor et al., 2018;
Sari & El, 2020), the Argument-Driven Inquiry
(Cetin & Eymur, 2017; Eymur, 2018, 2019), and
the Scientific Inquiry Learning Model (Eliyahu et
al., 2020; Mesci et al., 2020). Although they con-
tain inquiry steps in optimizing argumentation
skills, these approaches do not explicitly include
reading activity in the instructions.

In fact, as a source of knowledge that un-
derlies every step of the inquiry, reading activities
need to be accommodated further into certain
parts of learning. According to the research ob-
jective, all students can read, but not all can give
the meaning of the reading they read correctly,
so scientific reading activities must be adequately
maintained and planned. To prepare to be part of
the scientific community, students in science clas-
ses need to engage in credible and valid scientific
inquiry even if they are not doing it themselves.
They need to understand and analyze the expla-
nations made by the original researchers through
their research articles. In addition, students
should read the article critically by evaluating evi-
dence, reasoning, and argumentation. Students’



R. M. Probosari, S. Sajidan, S. Suranto, B. A. Prayitno / JPII 11 (1) (2022) 171-184

failure to understand the meaning and critical
points of scientific reading can hinder the inqui-
ry process, especially decision-making (Ma et al.,
2014; Pritasari et al., 2015; Probosari, 2015). Se-
veral studies have shown an increase in argumen-
tation skills through various learning models that
introduce reading assignments. Students who
previously had difficulty understanding facts,
laws, principles, or scientific theories train to find
the main ideas in the literature and relate new
ideas to old knowledge, either through assimila-
tion, accommodation, or equilibration (Pritasa-
i et al., 2015; Probosari, 2015; Probosari et al.,
2017; Probosari et al., 2019). The interviews also
showed that learning assistance that accommo-
dates reading assignments synergistically makes
it easier for students to analyze the information
they need in a structured and systematic way.
Of course, some students need more intensive
assistance because of their limited ability, but in
general, skills to strengthen reasoning, explana-
tion, and argumentation increase along with the
increase in the volume and frequency of scientific
reading activities. On the other hand, several lear-
ning approaches have included reading activities
as the core of instruction, for example, Directed
Reading Thinking Activity (Haggard, 2014), Sur-
vey, Question, Read, Recite, Review or SOAR,
and Survey, Question, Read, Recite / Recall, and
Review or SQ3R (Jairam et al., 2014). They can
all demonstrate the steps in reading comprehen-
sion but do not refer to inquiry activities that lead
to argumentation.

Therefore, building a learning model that
explicitly integrates reading activities is necessa-

Process mediated by
teaching strategies

inquiry-based Scientific
Reading

L
2.
3.
4.
5
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ry to strengthen knowledge and information that
form argumentation skills. Scientific reading is
intended to compile a list of facts, phenomena,
methods, and scientific explanations from the re-
ferences and integrate them with prior knowledge.
Strategies to link and improve prior knowledge in
reading activities use several ways: reading seve-
ral different articles on the same problem or case,
comparing and analyzing different methods, re-
sults, and reviews written from different perspec-
tives, and evaluating new information that they
never knew before. The results of the interviews
showed that when students conveyed this infor-
mation to others, their confidence to continue
reading other references would increase so that
they could use this new knowledge to develop
reasoning according to problems. This condition
happens to most of them, including students with
high, medium, or even low academic abilities. Of
course, the time required for each student varies
according to their ability, but clearly, students feel
more confident when conveying scientific infor-
mation that they find themselves (Probosari et
al., 2017, 2018, 2019). Scientific Reading-based
Inquiry (SRbI) is developed by integrating rea-
ding as a fundamental part of inquiry activities in
design-based research, which is tried out in vario-
us classroom interventions and iterations. In ad-
dition, SRbI facilitates argumentation skills, both
structurally and in the construct, especially in
strengthening students’ prior knowledge through
reading activities and constructing scientific ideas
in communicative classroom discourse. The basic
framework that underlies SRbI development is
presented as follows:

SQENTIFIC
ARGUMENT ATION

Orientation to Reading
Recapturing
Processing
Communicating
Reviewing

linking science to literacy

#

Figure 1. A Scheme Linking Reading, Inquiry, and Argumentation in SRbI

The picture above shows that the reading
activity contains the steps for students to find
evidence in reading, analyze the inquiry process
experienced by scientists when formulating their
findings, and then integrate all their findings
constructively in scientific discussions. This ac-

tivity accommodated the SRBI learning strategy
that combines literacy with scientific practice.
The main focus is on strengthening prior know-
ledge, which provides the basis for a complete re-
search experience through a specific inquiry pro-
cess for each individual and subsequently forms



174

and strengthens scientific argumentation skills.
SRbI is categorized in the information processing
family (Joyce & Calhoun, 2009). Furthermore,
the learning phases consist of Orientation to Rea-
ding, Recapturing, Processing, Communicating,
and Reviewing (Probosari et al., 2019). Therefo-
re, this study aims to design the SRbl model by
developing a framework supporting argumentati-
on skills development. In addition, Srbl will be
used to overcome the weak argumentation skills
at the tertiary level, especially in science class.

METHODS

The research was conducted in 2019-2020
at one of the biology education programs, a state
university in Central Java, Indonesia, for four se-
mesters and collaborated with two lecturers who
taught Biology in Surakarta, Central Java, to de-
sign a learning model and test it in their class for
four semesters. The students involved are third,
and fourth-semester students, consisting of 25
participants consisting of 18 women and seven
men between 19-21 years old with varying scien-
tific reading abilities and communication. Data
were collected from students’ written and oral
argumentation skills, lecturer and student notes,
and interviews. The written argumentation data
came from students’ scientific writings on a pre-
determined theme, whereas the oral argumen-
tation data came from recordings of their class
presentations and discussions. Furthermore,
the assessment of argumentation adopted TAP
(Toulmin, 2003) and was descriptively analyzed.
All instruments have been prepared and validated
before implementation in the class. Also, items
validation used the Rasch Model (Boone et al.,

Preliminary Phase .
Literature Reviews e

Design Framework 1

Exploratory Fieldwork

Observation and
interviews

Design Framework 2

Prototyping Phase »

Iteration 1
Design Framework 3
Iteration 2

Design Framework 4
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2014), while content validation was carried out
by learning evaluation experts. In addition, an
intervention in applying a hypothetical model of
RSbI was carried out to oversee the development
of argumentation skills in the classroom.

This study lasted for two years to contri-
bute to learning theory and support students’
scientific argumentation skills. A sequence design
was made to achieve the goal and answer how
to design a Scientific Reading-Based Inquiry mo-
del that supports scientific argumentation skills,
which was equipped with learning materials, ex-
periences, and a supportive environment such as
the learning process, making the Design-based
Research very appropriate to be applied. The
DBR has been widely referred to as one of the
qualitative deductive approaches in various edu-
cational studies, covering the process of design,
development, experimentation, and evaluation
(Plomp & Nieveen, 2013). DBR can synergize
educational theory with practice to produce fun-
ctional and practical learning designs based on
strong, grounded theory combined with practical
experience (empirically based). In particular, this
study applies DBR to produce design principles
that can solve real problems in learning. Therefo-
re, DBR combines the ground from educational
studies to design a learning environment that ori-
ginates from theory and contains three main pha-
ses: preliminary, prototyping, and assessment.
Data analysis used three ways: continuous forma-
tive analysis, intuitive analysis that provides di-
rection in adjusting and developing interventions
and programs according to theory and results in
the field, and retrospective analysis carried out
after all processes are completed (Mckenney &
Mor, 2015).

Assessment Phase

Definitive
framework for SRbI

Iteration 3

Figure 2. The Study Process in DBR Methodology, Adapting the Plomp Model (Plomp & Nieveen,

2013)

Interventions on limited scientific argu-
mentation skills and the lack of massive scienti-
fic reading habits in science education students
lead to the SRBI learning model. Detailed in-

terventions are described in each design frame-
work. Fieldwork implementation at the initial
stage uses a design framework 1. Iteration 1 uses
a design framework 2. Iterations 2 and 3, which
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are case studies, use frameworks 3 and 4. Each
iteration stage requires ten meetings to naturally
and gradually develop argumentation skills. In
addition, the SRBI model implementation was
chronologically observed to indicate a shift in-
deed influences changes in argumentation skills
in learning habits.

RESULTS AND DISCUSSION

In this study, the intervention was carried
out to develop a definitive model to guard stu-
dents’ scientific argumentation skills. Iteratively,
the SRbI learning model has changed several
times, starting from the implementation until a

Table 1. Design Framework 1
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framework is obtained under the situation and
conditions of students in the learning process.
Meanwhile, changes from design framework 1
to 2 are based on findings from exploratory field-
work, while changes to design frameworks 3, 4,
and 5 are based on interventions adaptation and
findings. In addition, design framework 1 was an
initial design that showed the pedagogical prin-
ciples that the formation of arguments begins
with written and defended orally in class discus-
sions. The theoretical underpinnings of design
framework 1 are combined with initial facts from
the field and input from the lecturer. The follo-
wing is design framework 1.

No

Design Framework 1

1. Students should be encouraged to find accurate and reputable reference sources through the

Reading Orientation phase.

2. Students should be encouraged to read scientific literature and retrieve information from these
reference sources through the Recapturing phase.

3. Students should be encouraged to make initial argumentative papers before presenting them

individually through the Processing phase.

4. Students should be actively involved in argumentative discussions in class through the Com-

municating phase.

5. Students should be encouraged to reflect their knowledge on the argumentative classroom
discussion to improve the argumentative papers they make through the Reviewing phase.

Interventions improvement are carried out
based on previous iterations, and the literature is

used to improve the results achieved in design fra-
mework 1.

Table 2. Interventions Development based on Findings

Design Framework 1 Activities

Findings

Design Framework 2

Students should be
encouraged to find
accurate and repu-

Searching on-
line and of- for
fline reference

The tendency to look
references
search engines in gen-

Students should be encouraged to find ac-
curate and reputable reference sources
through the Reading Orientation phase.

from

table reference sources sources (indi- eral Lecturers need to provide special training
through the Reading vidual activ- Many students still regarding the character of the scientific
Orientation phase. ity) have difficulty dis- reading genre and valid literature sources.
tinguishing  between
genres of scientific
reading and their
sources.
Students should be Disaggrega- Student difficulties in Students should be encouraged to read sci-

tion of rele-
vant informa-
tion through
appropriate

encouraged to read
scientific literature and
retrieve  information
from these reference

sources through the references (in- giarize
Recapturing phase. dividual activ- “copy-paste”
ity) nism

paraphrasing, especial-
ly from references in
foreign languages

The tendency to pla-
through the

entific literature and retrieve information
from these reference sources through the
Recapturing phase.

Students need to know when to use quota-
tions and when to paraphrase.

mecha-
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Students should be
encouraged to make
initial argumentative
papers before present-
ing them individually
through the Processing
phase.

Students should be
actively involved in
argumentative discus-
sions in class through

the Communicating
phase.
Students should be

encouraged to reflect
on the argumentative
classroom discussion
to improve the argu-
mentative papers they
make through the Re-
viewing phase.

Writing a pa-
per that con-
tains aspects
of the argu-
ment, accord-
ing to TAP
(Toulmin,
2003) based
on a literature
review  that
has been pre-
viously read
(individual ac-
tivity)
Engaging in
class presen-
tations  and
individual ar-
gumentative
discussions
(group activ-
ity)
Documenting
the results of
argumentative
discussions
and revisions
of previously
written papers
by integrating
the results of
discussions
and reflec-
tions (individ-
ual activity)

Many students have
structurally presented
written arguments, but
the content is still weak
or difficult to confirm
the truth.

Time constraints do
not allow students to
engage optimally in
argumentative discus-
sions.

The questions asked by
the students did not al-
low for arguments.

Many students have
not reflected their pre-
sentation results in
their final paper as part
of the improvement.
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Students should be encouraged to make ini-
tial argumentative papers before presenting
them individually through the Processing
phase.

Students need to know the various forms
and structures of written arguments accord-
ing to TAP.

Students need to be actively involved in ar-
gumentative discussions in class through
the Communicating phase.

Students need to learn how to argue and
raise contradictory problems to allow argu-
mentative dialogue.

Students should be encouraged to reflect
on the class discussion’s arguments to im-
prove the argumentative papers they make
through the Reviewing phase.

Students need to be encouraged to integrate
reading skills and written and oral argu-
ments synergistically.

Furthermore, design framework 2 is used ture review, and input from collaborators, design

in the class prototyping phase and counted in ite-

ration 1. Based on the findings, additional litera-

framework 3 is formulated as follows:

Table 3. Design Framework 3 based on Reflection of Design Framework 2

Design Framework
2

Supplement

from Literature

Review

Finding from Iteration 1

Design Framework 3

Students should be
encouraged to find
accurate and reputa-
ble reference sources
through the Reading
Orientation phase.
Lecturers need to
provide special train-
ing regarding the
character of the sci-
entific reading genre
and valid literature
sources.

Scientific knowl-
edge relies on one
source of textual
information and
various represen-
tations, both text,
print, and digital.
the
selection of accu-
rate sources needs
to be considered
al.,

Therefore,

(Briten et

2013).

The tendency of looking for
references from search en-

gines in general

Many students still have
difficulty distinguishing be-
tween genres of scientific
reading and their sources.

The tendency to specifically
look for references in Indo-
nesian because of the dif-
ficulty in understanding a

foreign language

Students should be encouraged to
find accurate and reputable refer-
ence sources through the Reading
Orientation phase.

Lecturers need to provide special
training regarding the character
of the scientific reading genre and
valid literature sources.

Students should be encouraged to
use credible references without lan-
guage barriers.
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Students should be
encouraged to read
scientific  literature
and retrieve informa-
tion from these refer-
ence sources through

the Recapturing
phase.
Students should

know when to use
quotations and when
to paraphrase.

Students should be
encouraged to make
initial  argumenta-
tive papers before
presenting them indi-
vidually through the
Processing phase.

Students should
know the various
forms and structures
of written arguments
according to TAP.

Students should be
actively involved in
argumentative  dis-
cussions in class
through the Commu-
nicating phase.
Students need to
learn how to argue
and raise contradic-
tory problems to al-
low argumentative
dialogue.

Students should be
encouraged to reflect
on the class discus-
sion’s arguments to
improve the argu-
mentative papers
they make through
the Reviewing phase.
Students need to be
encouraged to syn-
ergistically integrate
reading skills, written
arguments, and oral
arguments.

Reading more
references allows
students to make
coherent  inter-
pretations  from
various points of
view and evalu-
ate specific infor-
mation between
references, for ex-
ample, comparing
data and claims in
several similar ref-
erences (Anmark-
rud et al., 2014).

The selection of
accurate reference
sources affects
more complex
and justified argu-
ments (Barzilai &
Tzadok, 2015).

Dialectical ar-
gumentation in-
creases students’

mastery of con-
cepts (Larrain et
al.,, 2014)

After having an
argumentative
discussion, the
reconciliation
strategy helps
them argue in a
more  reflective
way (Yu & Jeng,
2016).

Student difficulties in para-
phrasing, especially from
references in foreign lan-
guages

The tendency to plagia-
rize through the copy-paste
mechanism

Many students still do close
reading activities and are
only satisfied with what they
read.

Many students have struc-
turally presented written ar-
guments, but the content is
still weak or difficult to con-
firm the truth.

Students still have difficulty
distinguishing elements of
argumentation.

Sometimes the systematics
of argumentative writing is
not fulfilled; hence it is pos-
sible to accumulate certain
elements, but on the other
hand, it does not fulfill other
elements.

Time constraints do not al-
low students to engage op-
timally in argumentative
discussions.

The questions asked by the
students did not allow for
arguments.

There are still many respons-
es when asked questions in
the form of opinions.

Some have not reflected
on the presentation results
in the final paper as an im-
provement after being con-
fronted in a class discussion.
Some students did not com-
plete their arguments after
engaging in argumentative
class discourse.

Some did not confirm their
statements after engaging in
argumentative discourses.
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Students should be encouraged to
read scientific literature and retrieve
information from these reference
sources through the Recapturing
phase.

Students need to know when to use
quotations and when to paraphrase.
Students should be encouraged to
do open reading to be motivated to
read other references related to the
problem.

Students should be encouraged to
make initial argumentative papers
before presenting them individually
through the Processing phase.
Students should know the various
forms and structures of written ar-
guments according to TAP.
Students need to be encouraged to
fulfill the completeness of the argu-
mentation elements and pay atten-
tion to their arguments’ quality.

Students should be actively in-
volved in argumentative discussions
in class through the Communicat-
ing phase.

Students need to learn how to argue
and raise contradictory problems to
allow argumentative dialogue.
Students need to improve their ar-
gumentation skills based on facts,
not opinions.

Students should be encouraged to
reflect on the class discussion’s ar-
guments to improve the argumenta-
tive papers they make through the
Reviewing phase.

Students need to be encouraged to
integrate reading skills and written
and oral arguments synergistically.
Students have to do positioning,
whether it is reinforcing, revising,
or even giving resistance to the
statements that have been previ-
ously conveyed.
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Iteration 2 was conducted in the same class
in the following semester in 10 sessions. The re-

Table 4. Design Framework 4
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sults of the intuitive analysis were further refined
in design framework 4 as follows:

Design Framework 3

Intervention
Sdaptation Related
to SRbI based on
Previous Activity
and Findings

Findings

Design Framework 4

Students should be encour-
aged to find accurate and
reputable reference sources
through the Reading Orien-
tation phase.

Lecturers need to provide
special training regarding
the character of the scientific
reading genre and valid lit-
erature sources.

Students should be encour-
aged to use credible referenc-
es without language barriers.

Students should be encour-
aged to read scientific litera-
ture and retrieve information
from these reference sources
through the Recapturing
phase.

They need to know when to
use quotations and when to
paraphrase.

Students should be encour-
aged to do open reading to be
motivated to read other refer-
ences related to the problem.

Students should be encour-
aged to make initial argu-
mentative  papers before
presenting them individu-
ally through the Processing
phase.

Students should know the
various forms and structures
of written arguments accord-
ing to TAP.

Students need to be encour-
aged to fulfill the complete-
ness of the argumentation
elements and pay attention
to their arguments’ quality.

Individual task:
develop reading ac-
tivities from various
credible references
to obtain informa-
tion in a multi-per-
spective.

Inventory of full-
text database playl-
ists containing in-
tegration between
credible  journals
and books.
Characterization of
references based on
their designation

Individual task:
determining infor-
mation that is con-
sidered important
from a reading
Reference inventory
on the same topic.

Individual task:
writing a paper con-
taining elements of
argumentation

Based on ob-
servation, only
8% of students
still take reading
from non-prima-
Ty Or non-reputa-
ble sources.

There are still
those who do
not create a spe-
cial folder to
store references.
Therefore, they
often have dif-
ficulty accessing
them quickly.

12% of students
still take refer-
ences based on
the top order
that appears in
search engines.

16% of students
have not system-
atically present-
ed papers.

20% of students
do not present
data in a multi-
representative
way

Students should be encouraged to
find accurate and reputable reference
sources through the Reading Orienta-
tion phase.

Lecturers need to provide special
training regarding the character of the
scientific reading genre and valid lit-
erature sources.

The use of software to organize refer-
ences makes it easier to make citations
or quickly access reading collections.
Students should be encouraged to use
credible references without language
barriers.

Students should be encouraged to read
scientific literature and retrieve infor-
mation from these reference sources
through the Recapturing phase.
Students should know when to use
quotations and when to paraphrase.
Students should be encouraged to do
open reading to be motivated to read
other references related to the prob-
lem.

Students need to mark important
parts of books or articles and make
special notes when necessary.

Students should be encouraged to
make initial argumentative papers
before presenting them individually
through the Processing phase.
Students should know the various
forms and structures of written argu-
ments according to TAP.

Students should know the types and
characters of argumentation ele-
ments.

Students need to be encouraged to ful-
fill the completeness of the argumen-
tation elements and pay attention to
the quality of their arguments.
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Students should be actively
involved in argumentative
discussions in class through
the Communicating phase.
Students need to learn how
to argue and raise contradic-
tory problems to allow argu-
mentative dialogue.

Students need to improve
their argumentation skills
based on facts, not opinions.

Students should be encour-
aged to reflect on the class
discussion’s arguments to
improve the argumentative
papers they make through
the Reviewing phase.
Students need to be encour-
aged to integrate reading
skills and written and oral
arguments synergistically.
Students have to do position-
ing, whether it is reinforc-
ing, revising, or even giving
resistance to the statements
that have been previously
conveyed.

‘Work indepen- 8% seemed to
dently but remain give answers
collaborative when by reading, not
sharing ideas. based on their
understanding.
32% only re-
sponded in ap-
proval and did
not provide ad-
ditional opinions
or  arguments
in class discus-
sions.
Some still domi-
nated  rebuttal
activities in class
discussions.

Individual ~ work:
revising the initial
paper by incorpo-
rating findings or
additional knowl-
edge gained after
participating in ar-
gumentative discus-
sions.

All revised pa-
pers show im-
provement com-
pared to before
the students had
an argumenta-
tive discussion.
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Students should be actively involved
in argumentative discussions in class
through the Communicating phase.
They need to learn how to argue and
raise contradictory problems to allow
argumentative dialogue.

Students need to improve their argu-
mentation skills based on facts, not
opinions.

Students should have knowledge
about the topics discussed before par-
ticipating.

Students who make presentations
should prepare representative, system-
atic, structured media and provide a
clear picture of the issues raised.

Students should be encouraged to
reflect on the class discussion’s argu-
ments to improve the argumentative
papers they make through the Review-
ing phase.

Students need to be encouraged to
synergistically integrate reading skills,
written and oral arguments.

Students have to do positioning,
whether it is reinforcing, revising, or
even giving resistance to the state-
ments that have been previously con-
veyed.

Students need to be accustomed to
documenting in detail the findings or
information they get to make optimal
improvement.

Design framework 4 has been imple-
mented in iteration 3, with two different classes
consisting of 50 students in the following semes-
ter. Framework 4 only provided minor improve-
ments to framework 3. At the end of iteration 3,
it was found that an increasing trend is similar
to iteration 2. Therefore, this study may have a

constant effect when it is continued in the next
iteration. The students followed all the steps of
SRbI learning, and no major findings need to be
anticipated. Hence, a definitive framework of
SRbI can be formulated which provides a basis as
well as learning experiences related to scientific
argumentation skills as follows:

Table 5. Argumentation Activities Facilitated by SRbI

No SRbI Phases Argumentation

Elements

Argumentation Activities

1 Reading Orientation Claim

Data

2 Recapturing ‘Warrant
Backing

Qualifier

Statements compilation from various literary
sources

Data collection from various literature.

Inventory of the logical reasons related to the
problem.

Search for theoretical or practical foundations that
reinforce logical reasons (warrant).

Give special consideration or limitations on cer-
tain conditions.
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3 Processing Claim

Data

‘Warrant

Backing
Qualifier

Claim
Data

4 Communicating

Warrant
Backing
Qualifier

Rebuttal

Claim
Data

5 Reviewing

Warrant

Backing
Qualifier

Rebuttal
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Formulate a statement after critically reading vari-
ous literature.

Select data in multiple representations relating to
the problem

Sharpen the logical reasons related to the problem.

Tracing the theoretical or practical basis in a mul-
tidimensional manner

Give special consideration or limitations on cer-
tain conditions from various perspectives.

Coherently convey statements.

Account for the data and sources used.
Provide rational reinforcement.
Presentation of the theoretical basis used.

Give special consideration or conditions that oc-
cur.

Give rebuttals or corrections from a different per-
spective.

Reaffirming the statements made.
Justification of the evidence used.

Justification of the rational reasons underlying the
statement

The basic justification that corroborates reason

Reaffirm and provide recommendations on the
types of statements made, whether they apply in
general or in certain conditions.

Provide corrections to previous statements, either
strengthening or weakening.

The implementation of SRbI in the clas-
sroom for three iterations showed an increasing
trend of argumentation skills shown in Figure 3.
The argumentation skills assessment results sho-
wed an increase in all aspects, including claims,
data, warrant, backing, qualifier, and rebuttal af-
ter applying the SRbI. Each phase allows students
to synergize and develop the knowledge they ac-
quire collaboratively. Most of them formulate
claims and data elements in Reading Orientation
and Recapturing. Claims are made to confirm
their opinion on the issues discussed. Data is
used to strengthen the given claim. Warrant and
backing elements are most commonly found in
Processing and Communicating. Warrants are
used to confirm empirical data based on rese-
arch conducted. The backing is used to provide
a theoretical basis under the claim. Elements of
justification are practiced in the Communicating
phase when they defend what they believe when
confronted by others, while qualifiers are primari-

ly formulated in the Review when they provide a
level of confidence in what is conveyed.

This study highlighted changes in students’
argumentation skills at the beginning and end of
the intervention and found a shift in a positive
direction. The approach to equip students in ar-
guing was carried out to organize and retrieve
the necessary information and provide a know-
ledge base to anticipate things contrary to what
is conveyed or highlight the weaknesses of other
people’s views. Thus far, SRbI implementation
has been focused on (1) encouraging students to
make clear statements regarding a problem; (2)
demonstrating or describing how they obtain data
that supports their statements; (3) clarifying what
they mean, especially when there are people who
have different views; (4) challenging students to
see problems in a multi-perspective way; (5) hel-
ping them track arguments, and (6) stimulating
their independence in seeking credible learning
resources.
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Figure 3. Students’ Argumentation Scores based on TAP during the SRbI Implementation

Several studies have shown that argumen-
tation skills improve when students socialize
with others (Zohar & Nemet, 2002; Jin & Jeong,
2013; Fielding-Wells et al., 2014; Probosari et al.,
2019). Also, video recordings and lecturer notes
during the trial and case studies in all iterations
showed SRBI'’s effectiveness in stimulating stu-
dents to argue, both in writing and oral. Further-
more, the more the disagreements, the more the
argument quality (Felton & Kuhn, 2001; Felton
& Herko, 2004). The results showed that initial-
ly, the students did not raise many differences of
opinion and argumentative discussions were do-
minated by the phrases ”agree” and ”disagree” in
all trials and iterations. Most of the difficulties ex-
perienced were shown when asked to use referen-
ces or data sources that substantiate or support
their arguments. This has led to the dominance
of opinion-based arguments rather than scienti-

fic ones. This is when the willingness and skills
to read scientific references from various credible
sources take a role.

The argumentation quality can be assessed
using the framework by Zohar and Nemet (2002),
which is a TAP development. They formula-
te that an argument consists of a statement or
conclusion and its justification or the reasons or
support. An argument is considered strong when
many justifications support its conclusions and
combine relevant, specific, and accurate scientific
concepts. Meanwhile, weak arguments are com-
posed of irrelevant individual conclusions based
on justification. Furthermore, Zohar and Nemet
(2002) simplified the data, warrant, and backing
in TAP into one category, namely justification, to
make it easier to analyze. Justification is analyzed
to determine whether the arguments made are (a)
without consideration of scientific knowledge, (b)
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inaccurate scientific knowledge, (c) scientific kno-
wledge is not specific or sufficient, or (d) scientific
knowledge is correct. The assessment results of
students’ written and oral arguments showed an
increase in justification, which was indicated by a
score comparison of all the arguments elements.
Therefore, it can be stated that the arguments
made after the existence of SRbI showed consi-
deration of scientific knowledge, especially those
assimilated reading activities and classroom dis-
courses.
CONCLUSION

The results showed that the Scientific Rea-
ding-based Inquiry (SRbI) model had been deve-
loped, supporting scientific argumentation skills
on four different occasions, different students,
and different learning materials. These skills are
initiated after the students experience all stages
of assimilation, accommodation, and equilibra-
tion knowledge through reading activities and be
directly involved in argumentative discussions. In
addition, each phase of SRbI allows students to
synergize and collaboratively develop the know-
ledge they have acquired. However, further va-
lidation of ‘design generalizations’ at a broader
level needs to be carried out through a balance of
design principles and theory development regar-
ding their effectiveness.
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