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Abstract: Argumentation is considered by science teachers as a
major component of science education. Middle school students need
to be empowered in their argumentation skills to answer challenges
to global competition. This study aimed to compare the
argumentation skills between male and female students in science
through the Argument-Driven Inquiry (ADI) model and guided
inquiry model. There were 317 participants (150 male and 167
female) eighth-grade students of several schools in Bandar Lampung.
The Pretest-posttest Non-equivalent Control Group Design was used
as a part of a quasi-experimental design. The experiment class
applied the ADI model and the control class applied the guided
inquiry model. The data were collected by argumentation test,
questionnaire of implementation learning syntax, and participant’s
response. The data were analyzed by ANCOVA test and qualitative
techniques. The results indicated that the ADI model led to a
significant increased in argumentation skills in the science context.
Moreover, there is no difference in the achievement of females and
males. When students were encouraged to state claims and support
their claims with data, warrants, and backing, it was observed that
their argumentative discourse increased in terms of both the structure
and the complexity of the argumentation. In light of the findings, it is
suggested that the argumentation activities should be developed to
promote students' science content knowledge and argumentation
skills of both male and female students.
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INTRODUCTION

Improving the quality of education
through formal education, including in
junior high schools, is one of the most
strategic efforts to improve the quality of
Human Resources. UNDP (United
Nations Development Program) shows
that the Human Development Index
(HDI) of Indonesia was 0.694 and was
ranked 116 of 189 countries in the world
(Prakash & Garg, 2019). Thus, the quality
of Indonesian human resources is
indicated as low. The low quality of
Indonesian human resources according to
(Brudvik, Hong, CHEE, & Guo, 2006), is

a logical consequence of the low quality
of education.

Many science education involving
thinking skills can be utilized to improve
the quality of Indonesian human resources
(Wibawa & Agustina, 2019). Science
education is a mean for students to learn
about themselves and their surroundings
through active involvement in
constructing their ideas when making
observations, hopefully, their thinking
skills will increase (Gunawan, 2017). One
way to develop thinking skills is to get
into the habit of arguing. The scientific
argumentation skills are very important to
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be trained in science learning so that
students have logical reasoning, clear
views, and rational explanations of things
they learned (Ginanjar, Utari, & Muslim,
2015; Roviati, Widodo, Purwianingsih, &
Riandi, 2017).

Argumentation skills become one of
the main focuses in science learning
according to (Ain, Wibowo, Rohman, &
U A Deta, 2017; Probosari, Ramli,
Harlita, Indrowati, & Sajida, 2016)
because students who study science must
know scientific explanations about natural
phenomena, use them to solve problems
and be able to understand other findings
they obtain. These reasons are the main
driving factors so that students who
understand science fully also understand
the language of science and actively
participate in scientific activities such as
observation and argumentation. There are

still many students who encounter
difficulties so that active student
involvement is needed in learning,

especially in practicing argumentation
skills (Putra, Hasnunidah, & Jalmo,
2019).

The low argumentation skills of
junior high school students in Bandar
Lampung has been reviewed by several
researchers (Ariyani, Nayana, Saregar, &
Pricilia, 2018; Farida, 2018; Ningtyas,
2018) and the results show that the
students are not confident in expressing
their opinions in front of the class, they
feel they cannot convince others in
accepting their opinion and do not yet
have a strong data backed-up reasons.
This shows that the empowerment of
students' argumentation skills in schools
is still not optimal.

The results of the analysis of
questionnaires and interviews with the
science teachers of junior high school
who teach the eighth-grade students in
Bandar Lampung show that less than 50%
of teachers claimed they had empowered
the students' argumentation skills through
the application of learning models. Most
teachers used the guided inquiry model in

learning. However, students were rarely
involved in practical work in the
laboratory. This was due to the lack of
teacher's skills to manage practicum
activities.

Empowerment of argumentation
skills in learning science through inquiry
can be done by applying the Argument-
Driven Inquiry (ADI) learning model. It is
laboratory activities where students who
work in experimental groups are involved
in scientific argumentation (Demircioglu
& Ucar, 2012). This model is designed to
make laboratory instruction  more
informative and includes the development
of scientific arguments through research
questions (Demircioglu & Ucar, 2012).
(Ginanjar et al., 2015), after applying the
ADI learning model to the seventh-grade
students, concluded that there was an
increase in argumentation skills, both in
writing and orally. Argumentation skills
also increase in the tenth-grade students
on work and energy material after
applying the ADI learning model
(Kurniasari, 2017; Hanifah & Admoko,
2019) .

Gender issues have long received
attention by researchers in education
(Kost, Pollock, & Finkelstein, 2009; Lee,
Capraro, Bicer, & Capraro, 2019).
(Katminingsih & Widodo, 2015) found
that there were differences in students'
creative thinking abilities in terms of
genders after applying a problem-based
learning model. (Afriana, Permanasari, &
Fitriani, 2016) found that the scientific
literacy skills of male and female students
after the application of the STEM learning
model similarly demonstrated an increase
in N-gain, respectively 0.36 and 0.31.
(Hodiyanto, 2017), after applying the
problem-solving learning model,
concluded that there were no differences
in communication skills between male
and female students. (Celep, 2015) also
found that there were no differences in
attitudes  towards  chemistry  and
understanding of gas between male and
female students after applying the
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Argument-Driven Inquiry (ADI) learning
model.

This study will examine the
Argument-Driven Inquiry (ADI) learning
model and Guided Inquiry on students'
argumentation skills and see the influence
of gender. This learning model involves a
series of laboratory activities that arouse
the active participation of students in
argumentation discourse and accustom
students to develop critical thinking
through the process of building arguments
and communicating productively through
writing.

METHOD

This study employed the quasi-
experimental design that is the Pretest-
posttest Non-equivalent Control Group
Design. The independent variable in this
study is the learning model, the dependent
variable is the argumentation skills, while
the moderate variable is gender. In detail,
the draft plan in this study is presented in
Table 1.

Table 1. Study Design 2 x 2 Factorial
Learning Models (M)

Gender

The instrument for measuring the
argumentation skills in this study was an
essay test developed concerning the
competing theories strategy by (Erduran,
Simon, & Osborne, 2004). The
argumentation  discourse data  was
generated from the analysis of students'
answers using TAP (Toulmin
Argumentation framework Pattern), as
shown in Table 2.

Table 2. Rubric for Determining Argumentation
Skills

Scores Criterion
5 Arguments present an extended
argument with more than one clear
refutation.
4 The argument shows an argument

with a clear refutation and has several
claims and counterclaims.

3 Arguments contain arguments with a
series of claims or counterclaims with
weak data, warrants or backing, and
refutation.

2 Arguments contain arguments from
one claim against another claim with
data, warrant, or backing but do not
contain any rebuttal.

1 The argument contains an argument
with a simple claim against a claim
that contradicts (counterclaim) or a

ADI (My) Gl (M2) claim against other claims.
Male (Gy) MG MG, (Modified from Osborne et al., 2004)
Female (Gz) M2G, M.G2
REDSIC“F’“S“Argumem Driven Inquiry To facilitate the assessment of
Gl - Guided Inquiry students' argumentation skills based on

This research was conducted in four
SMP/MTsN (Junior High School) in
Bandar Lampung. The population of this
study was all students of SMPN/MTSsN in
Bandar Lampung. The samples of this
study were 317 students (150 male and
167 female) of the second semester of the
2018/2019 academic year. The samples
were randomly selected by conducting a
consistency  test using  ANOVA
beforehand. The consistency test results
were obtained from the results of the
ninth-grade students' national
examination. This research was conducted
in 2 different classes from 4 different
schools with different learning models.

the TAP framework, a coding system
based on linguistic features proposed by
(Brudvik et al., 2006) was used. The
coding system is displayed in Table 3.

Table 3. Argumentative Assessment Coding

Codes

Interpretation  Linguistic Features

Letter
K/ Claim/ | agree with ... ; |
Counter support ... ; Inmy
Claim opinion ... it's right, or
I do not agree ... ; |
disagree with ... ; In
my opinion ... not
according to
W Warrant | agree with ...

because ... Why |
support ... because ...
The thing that makes
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Codes

Letter Interpretation

Linguistic Features

me disagree is ...

Based on what | have
experienced ... ;
According to what is
in the book ... If we
look at the facts about
... From the theory |
read ... ; I've heard of
... ; The following
phenomena/data/facts
prove ...

B Backing

R Rebuttal | disagree ... ; |
disagree with ... ; In
my opinion ... not
appropriate; Your
statement seems

inappropriate ...

RW Rebuttal to I do not agree with

warrant your reasons ... ; The
basis you put forth
does not seem to
support ...
RB Rebuttal to I agree with the reason
Backing only the data about ...

which is not right ...

(Roshayanti, 2012)

Before the argumentation skills test
was used, validity and reliability tests
were performed. The validity test was
done by employing the product-moment
correlation formula using raw numbers.
The reliability test was done by
employing the Cronbach Alpha formula.
Both calculations were assisted by SPSS
software version 20 for Windows.

The implementation of natural
science learning through the ADI model
was carried out in 15 meetings in one
semester, with 5 main subjects, namely:
the motion system, the digestive system,
the respiratory system, light, and simple
aircraft. The syntax of the ADI learning
model and Guided Inquiry (GI) is shown
in Table 4.

Table 4. Learning Steps of ADI and GI Models.
Learning

Steps of ADI Gl

1 Identifying the Observation
tasks

2 Collecting the Formulating
data problems

3 Producing Proposing
tentative hypotheses
arguments

4 Interactive Collecting
sessions of data
arguments

5 Preparing written  Analyzing
inquiry reports data

6 Reporting the Concluding
review

7 Reporting the
revisions

8 Reflecting
through
discussions

The data of students' argumentation
skills in this study were analyzed by
employing the ANCOVA test. A further
test was done using the LSD test (Least
Significant Difference) at a 5%
significance level. Before the data was
tested with ANCOVA, the prerequisite
tests of normality and homogeneity tests
were performed. The normality was tested
using the Kolmogorov-Smirnov One-
Sample Test and the homogeneity was
tested using the Levene Test of Equality
of Variances Error, each at a 5%
significance level. The data were analyzed
with the help of SPSS version 21 for
Windows.

RESULT AND DISCUSSION

The results showed that there are
different influences in the argumentation
skills achievement between students who
learned using the ADI learning model and
students who learned using the guided
inquiry. Meanwhile, both the effect of
gender and the effect of interaction
between learning models and gender are
not significant. The complete results are
presented in Table 5.
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Table 5. Test Results of the Effect of Learning Models, Gender, and Their Interaction on Students'
Argumentation Skills

Source Type 11l Sum of Df Mean Square F Sig.
Squares

Corrected Model 44587.881% 11146.970 4 66 022 0000
Intercept 48616,303 287,949 1 48616,303 0,000
Pretest 9616,587 56,958 1 9616,587 0,000
Model 29402,981 174,151 1 29402,981 0,000
Gender 221,9180,252 1 1,314 221,918
Model * Gender 193,1550,286 1 1,144 193,155
Error 52676.927 312 168 836

Total 1345629.000 317

Corrected Total 97264,808 316

a. R Squared = 0.458 (Adjusted R Squared = 0.451)
b. Computed using alpha = 0.05

Based on Table 5, the statistical skills. The comparison of the mean value
value of F = 174.15 at a significance of argumentation skills for both models
value of 0.00. Thus, the ADI learning based on a complete LSD test is presented
model has a real influence on the in Table 6.
achievement of students' argumentation

Table 6. Comparison of Corrected Mean Values of Argumentation Skills on Both Learning Models

Model Mean Value Notation
Initial Final Difference Corrected
ADI 38.08 72.59 34.51 72.08 a
Gl 35.78 51.92 16:13 52.67 b

* The mean difference is significant at the 0.05 level

Referring to Table 6, it can be said A comparison of the corrected mean
that with a difference of 19.40, the value of argumentation skills for the two
average argumentation skills of students gender groups based on the LSD test is
in the ADI group were higher than those presented in Table 7. The corrected mean
in the GI group in the argumentation value of the argumentation skills of male
skills achievement. students is only 1.69 which is lower than

female students.

Table 7. Comparison of Corrected Mean Values on Argumentation Skills on Both Genders

Learning Models — - Mean Valu? Notation
Initial Final Difference Corrected
Male 35.63 60.70 25.07 61.53 A
Female 38.23 63.81 25.58 63.22 a

The comparison of the corrected skills belongs to the female students in the
mean value of argumentation skills ADI group. The lowest corrected mean
between the male and female students in value belongs to the male students in the
the two learning models is presented in Gl group.

Table 8. Based on Table 8, it is known
that the highest value of argumentation
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Table 8. Corrected Mean Value on Argumentation Skills of Male and Female Students on Both Learning

Models
. Mean Value .
Learning Models Gender Initial Final Difference Corrected Notation
ADI Male 35.90 69.86 33.96 70.45 a
Female 40.26 75.31 35.06 73.70 a
Gl Male 35.37 51.54 16.17 52.61 a
Female 36.20 52.30 16.10 52.73 a

Covariates appearing in the model are evaluated at the following values: Pretest = 37.06.

Based on the results of the analysis
shown in Table 5 and Table 6, it can be
seen that the ADI learning model has a
significant effect on argumentation skills.
The average score of students'
argumentation skills in learning with ADI
is higher than Guided Inquiry (GI). It can
be said that the ADI learning model is
more effective in improving
argumentation skills than guided inquiry.
The increase can be understood as the
impact of the learning model used. The
results of this study support several
similar studies, namely: (Demircioglu &
Ucar, 2012) researched primary school
science teachers at a University in
Turkey. The results show that the ADI
model is more effective in improving the
quality of argumentation compared to
traditional practicum methods;
Furthermore, Huda (2014) in his research
on the ninth-grade students of junior high
school in Garut City concluded that the
application of the ADI model with the
science investigation method increase
students' argumentation skills.

ADI learning model in this study
significantly improved students'
argumentation skills. ADI learning model
is proven to be able to train students'
skills in  developing  high-quality
arguments. Arguing through the ADI
model encourages students to make ideas,
evidence, and reasoning related to one
another, then argue to evaluate ideas and
find the most valid or acceptable
explanation. For example, students are
given the following problem.

Two students are discussing a disturbance in the
motion system. Each student concludes that:

Student 1:

Rickets is caused by a wrong habitual posture.
Student 2:

Rickets is caused by vitamin D deficiency.

Question:

Which student's argument do you agree with? Explain
your reasons by using the facts below. Then, which
student argument do you disagree with?

Also, use the facts below to make the right reasons.

a. Vitamin D is useful for keeping bones solid.

b. Rickets causes bone loss in adults.

c. People aged 1-70 years heed vitamin D as much as
15 mg/day meanwhile people aged 71 years and
over need 20 mg/day.

d. Rickets results in impaired bone growth so that
the shape of the foot bends out (in the form of
the letter X) or bends inward (in the form of the
letter O).

e. Osteomalacia is the rickets term suffered by
adults.

Most students can answer the
question correctly, like this example:

[Claim]

Soys relup dmagn Peomploan SHwa 3 belwes raRnbe diebalican

kocma  Wakutangea ulamn O

[Data / Facts]

fakte mencnukkon Dohaw oAok- analk becesio 4 - 70 dahon

mambuivibhan wilemn O teoonyalk 15 ma Sedongkan Ofang

tee Gerviia 71 halen ke otod membstuhkan 20 mg perhon

[Rebuttal 1]

Sayoe hdek sedyiu daraan pendopat Sswe hoeena  Takinhis

menaakibotkan partumovhon folans pode ane’ - OnaF
te\vnaao benlulk kaki merlelor aleot ¢ \corbaniuk

Pl \ C ‘oerbeotoe Wwesf O
huref % ) abau mambenakok X datom L oeiber {

[Rebuttal 2]

Py \ wwwey 1| kereno
Soye vga tidak tetye Aengon ?‘“d“?m HoR®

2 3ot arong
ro¥hilis mengakibalkan Ppengeroposan Pada WIANG <

dexasa
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The results show that students who
learn through the ADI model answered
with complete argument construction,
namely stating claims, data/warrant/
backing, and rebuttal. This result is
consistent with the conclusions by
(Erduran et al., 2004) that the quality of
arguments can be determined by the
presence or absence of rebuttal or
counter-argument in the argumentation
discourse. Arguments with refutation are
important elements of quality arguments
and show a high level of argumentation
skills.

The findings of this study also
indicate that students who learn through
the guided inquiry have lower
achievement in argumentation skills
compared to students in the ADI group.
Based on the analysis of their answers, the
explanation they made was incomplete
because it was only based on claims with
data/warrant/backing, and even without
rebuttal. The results of this study support
the results of (Bell, 2010) study, which
concluded that students tend to only
present data to support their claims, not
by warrant or backing. Jimenez et al.
(2007) in his research, found that students
were more focused on making detailed
claims without data or warrant in
developing their arguments (Osborne,
Erduran, & Simon, 2004).

The results of this study also
revealed that the argumentation skills of
eighth-grade students in science subjects
did not differ in terms of gender. In other
words, the ADI learning model does not
lead to gender bias. The results of this
study support the conclusion of (Celep,
2015), which states that the ADI learning
model does not affect differences in
understanding of the concept of gas and
attitudes towards chemistry in male and
female students.

The absence of real interaction
between learning models and gender on
argumentation skills shows that the
independent variables (learning models)

and moderator variables (gender) carry
more significant separate effects on the
dependent variable (argumentation skills).
Also, the lack of interaction is strongly
suspected by the absence of dominance
between learning models and gender over
argumentation skills. This is in line with
what was stated by Hair et al. (1998) that
no interaction is caused if two or more
independent variables carry significant
separate effects toward the dependent
variable.

The lack of interaction between
learning  models and gender on
argumentation skills can also be traced
from the syntax of ADI. There are
argument production and interactive
argument sessions (third and fourth steps)
that allow all group members, both male
and female students, to make arguments
and express them comfortably. This is
different from the syntax in the Gl
learning model which does not provide
learning steps that facilitate students to
make and express arguments.

CONCLUSION

The main objective of this study is
to explore the influence of learning
models, gender, and their interaction
toward argumentation skills. Based on the
discussion, it can be concluded that
learning based on the activities of inquiry,
argumentation, writing, and reviewing
positively influences the argumentation
skills of the eighth-grade students of
junior high schools in Bandar Lampung
on scientific concepts. The increase in the
mean value of students’ argumentation
skills in the experimental group (ADI =
91%) was higher than the control group
(Gl = 45%).

The second main finding of this
study is that the argumentation skills of
male students in the ADI group were not
significantly different than those of
female students. After 15 science learning
meetings with both the ADI and Gl
models, the average argumentation skills
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between male and female students were
very similar (ADI male = 70.48; ADI-
female = 73.70; Gl male = 52, 61; Gl-
female = 52.73).
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