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Abstract

This study analyzes students' scientific explanation skills using explanation driven inquiry (EDI) learning on
acid-base topics. The method used a quasi-experimental design with a posttest-only control group design.
The research sample consisted of two groups that 30 students each in EDI (experimental group) and guided
inquiry (Gl) (control group). The research instrument was essay questions. The EDI learning model provides
better results than the guided inquiry (Gl) learning model for students' scientific explanation skills. The quality
of the students' scientific explanation skills reached the highest level (level 4). EDI class students were more

likely to achieve it than the GI class.
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1. Introduction

The progress of science in education in the
21t century is increasing rapidly (Murti &
Madya, 2013). This is reflected in the
increasing quality of human life. Various life
challenges faced by humans have begun to
emerge and require innovative solutions
based on scientific thinking and scientific
discoveries (OECD, 2016b). Students are
required to master the field of content, but
they are also expected to master the skills
needed in the 21%t century to ensure their
competitiveness in the knowledge era
(Rahayu, 2017). One of the categories of skills
demanded in the 215t century is scientific
literacy skills.

One aspect of scientific literacy is explaining
scientific phenomena (OECD, 2015), namely
scientific explanation skills. A Scientific
explanation is one of the objectives of the
inquiry  process that leads to an
understanding of a natural phenomenon and

conveys that scientific literacy is explaining
understanding to others (Sandoval & Reiser,
2004; Berland & Reiser, 2008).

A scientific explanation is an important
competence to develop in learning because it
can help students understand the main
concepts in science (NRC, 2011). The higher
the scientific explanation ability, the better
students' understanding of science content
(McNeil & Krajick, 2008). Students are part of
a global society who are required to
understand scientific concepts and have to
play a role in scientific discussions (Khun,
2010). In scientific discussions, students who
have good scientific explanation skills will be
able to explain scientific or chemical and
technological phenomena to be useful in
thinking about resolving environmental,
economic, and/or social problems that occur
in society (OECD, 2016b).

Scientific explanation skills are considered
important, but the achievement of Indonesian
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scientific literacy as assessed by Programme
for International Student Assessment (PISA)
in 2015 is still in a relatively low order,
(Kastberg et al., 2016). The analysis conducted
by Firman (2016) related to the 2012 PISA
results stated that the low achievement of
Indonesian scientific literacy was due to
Indonesian students still having limitations in
clearly stating scientific explanations.

Research conducted by Braaten and
Windschitl (2011) shows that students tend
only to explain what happened when asked to
explain a phenomenon. Student should also
explain how and why this phenomenon
occurs. The analysis and research results
support the need to train and develop
students scientific explanation skills in
learning as supporting aspect for scientific
literacy. Learning in Indonesia has not yet
directed and developed students' potential
towards scientific literacy, so students are not
used to applying their knowledge to solve
problems. This is in line with research
conducted by Rahayu (2016), which states
that learning implemented in Indonesia is not
following the demands of the times, so it
cannot facilitate students in building scientific
explanations. Therefore, learning should be
designed so that students can "think like a
scientist” (OECD, 2016), which is a
characteristic of inquiry-based learning.

One learning model that can develop
students' scientific explanation is guided
inquiry (GI). Gl has several stages: orientation,
formulating problems, formulating
hypotheses,  collecting  data, testing
hypotheses, and formulating conclusions
(Sanjaya, 2011). Gl can improve students'
scientific explanation skills through the
learning process that departs from curiosity,
looks for the course’s core information, and
all the activities students carry out to find a
problem along with proof (Suyanti, 2010).

Using the Gl learning model to improve
students' scientific explanation skills is not an
easy job. Several researchers explained the
difficulties faced in using the Gl learning
model. Asniar's research (2016) states that the
learning model can generate students'
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scientific explanation skills but has not
produced high-level scientific explanations.
The GI learning model to improve students’
scientific explanation skills needs to be
improved with guidance in building
explanations gradually in the EDI learning
model.

Explanation Driven Inquiry (EDI) is an inquiry-
based learning model designed to focus
student activities on constructing and
evaluating scientific explanation (Sandoval &
Reiser, 2004). The EDI model helps students
understand higher material through a
combination of the investigation process and
the construction of scientific explanations (Lu
et al, 2018). The stages of the EDI learning
model used in this study adapt the stages of
the Argument-Driven Inquiry (ADI) learning
model developed by Sampson et al. (2009).
The stages of the modified ADI learning
model are at the argument production stage
and the argumentation session. In addition,
the argument production stage is modified
into the scientific explanation. The production
stage and the modified argumentation
session stage become the discussion session
stage. The EDI model stages used in this study
are the task identification stage, data
collection, scientific explanation production,
discussion sessions, report preparation,
report review, revised report, and reflective
discussion.

The EDI  learning model  provides
opportunities for students to improve writing
skills, verbal communication skills, and the
ability to interpret evidence and reasons
scientifically (Demircioglu & Ucar, 2015). The
involvement of students in the modified EDI
model stages of the Argument-Driven Inquiry
(ADI) model, which emphasizes investigation
activities, the process of writing scientific
explanation, discussion, and review sessions,
is believed to improve students' scientific
explanation skills.

One of the development of scientific
explanation can be done on the topic of acid-
base. The acid-base topic has conceptual
characteristics  (Sheppard, 2006), which
describes concepts and problems that are
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conceptual. Therefore, there is a need for
discussion between students to explore and
build the concept. In practice, learning
activities on acid-base topics require the
development of scientific explanation skills.

2. Research Method

2.1. Study Group
The research design used quasi-experimental

with posttest only control group design
(Table 1).

Table 1. Quasy Experimental Posttest Only
Control Group Design

Class Treatment Posttest
EDI X1 O
Gl X2 O

The research was conducted at one of the
public high schools in Banyuwangi city with
class XI natural science students. The research
sample consisted of two (2) groups, namely
the class that was taught by EDI (experimental
group) and the class that was taught with Gl
(control group) with a total of 30 students
each. The two groups had no different initial
abilities (the Independent Sample t-Test had
a significance value of 0.166 > 0.05).

2.2. Intervention

The experimental group and the control
group were given different treatments. The
experimental group was taught the EDI
model. The steps for learning with the EDI
model include: 1) Identification of tasks; 2)
data collection; 3) production of scientific
explanation; 4) discussion sessions; 5)
preparation of a written investigation report;
6) report review; 7) revised report; and 8)
reflective discussion (adaptation of Sampson
et al,, 2009). The control group was taught the
Gl model. The GI model learning steps
include: 1) orientation; 2) formulating the
problem; 3) formulating hypotheses; 4)
collecting data; testing the hypothesis; and 5)
formulate conclusions (Sanjaya, 2011).

2.3. Research Instrument

The research instrument was in the form of
essay questions to measure students'
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scientific explanation skills. The scientific
explanation skill test instrument consists of
six valid questions and has a reliability value
of 0.615.

Scientific explanation skills were assessed
according to progression evidence-based
explanation (Gotwals et al, 2009). The
student's  scientific explanation quality
category system according to progression
evidence-based explanation can be seen in
Table 2.

Table 2. Quality Category System of Scientific
Explanation (Gotwals et al., 2009)

Category Criteria

Level4  Students build scientific
explanations consisting of
accurate and complete claims and
evidence and reasoning to link
evidence and claims.

Level3  Students make accurate and
complete claims and evidence but
are unable to provide reasoning
linking claims and evidence.

Level 2  Students make claims
accompanied by evidence, but the
evidence is incomplete  /
inaccurate

Level 1  Students make claims but are not
accompanied by evidence

The answers to the scientific explanation test
were examined separately by two interrater.
First, the assessment results were tested using
the Kappa test and a coding agreement
percentage was obtained of 0.825, which was
a very high category. The results of the
students' scientific explanation level are then
converted into a score. Second, Statistical
analysis used the Independent Sample t-Test
at the 0.05 significance level to determine the
differences in scientific explanation skills
between students taught with EDI and
students taught with Gl.

3. Result and Discussion

Scientific explanation skill data were obtained
from students' answers to six essay questions
on acid-base material. A total of 360 student
answers were then further categorized using
progression evidence-based explanation to
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find out the quality of the scientific
explanation, which consisted of four
categories, namely level 1, level 2, level 3, and
level 4. The histogram of the distribution of
the quality of scientific explanation for
students in EDI and Gl classes can be seen in
Figure 1. In addition, a summary of the values
of the students' scientific explanation skills for
EDI and Gl class students is presented in Table
3.

Students’ Scientific Explanation Quality

60% 49%
36% 32%

40% 18%21%26V

0%

% Student

Level 1 Level2 Level3 Level4
HEDI mGl

Figure 1. Students’ Scientific Explanation
Quality of EDI and Gl classes

The mean value of EDI class students
'scientific explanation skills (x ™ = 79.53) was
higher than the mean value of Gl class
students' scientific explanation skills (x = =
71.73). This is presumably because the EDI
learning model better affects scientific
explanation skills than the Gl learning model.

Topic

Proving this hypothesis requires statistical
analysis using the Independent Sample t-Test.

The hypothesis test results for the students’
scientific explanation skills in the EDI class
and the Gl class showed that the significance
value was 0.011. This value meets the criteria
of Sig. <0.05, so it can be concluded that there
are differences in students’ scientific
explanation skills using the EDI learning
model with students who are taught using the
Gl learning model. The average value of EDI
class students' scientific explanation skills is
higher than that of the GI class, so it can be
stated that the EDI learning model provides
better results than the Gl learning model. The
learning process for students who are taught
with EDI explicitly trains students in
constructing valid scientific explanations. The
EDI learning model in this study was adapted
from the ADI learning model. In the EDI
learning model, there is a scientific
explanation  production stage, Student
Worksheet at the scientific explanation
production stage facilitates students in
constructing scientific explanations in stages.
An example of Student Worksheet samples
during the production stage of scientific
explanation on the sub-topic for estimating
pH using the acid-base indicator can be seen
in Figure 2.

Table 3. Summary of the Scientific Explanation Skill Scores of EDI and Gl Class Students

Group Y of student Lowest Score Highest Score Average SD
EDI 30 58 100 79.53 11.107
Gl 30 54 96 71.73 11.870

Scientific explanation skills require not only
good  cognitive  abilittes but also
communication skills. Learning with the EDI
model includes discussion session stages.
Students are trained to deliver more accurate
scientific explanations when students explain
the result of data analysis and concepts
obtained directly. This is supported by
Sampson et al. (2009), which states that the
discussion session is designed for students to
critically review the product (claims, evidence,
and reasoning), process (method) and context
(theoretical basis) of an inquiry.
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The peer-review stage also supports an
increase in the quality of the scientific
explanations. Through this stage, students are
encouraged to develop and use appropriate
standards in assessing quality scientific
explanations. Lange (2011) states that peer
review can be a strong motivator for students
to improve the quality of writing and learn
about how to write a better scientific
explanation. So this stage can improve
scientific explanation skills because students
can not only analyze other students' scientific
explanations, but are also motivated to
improve the quality of the scientific
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explanations (Marhamah et al,, 2017). This is
supported by research by Akkus (2007) which
shows that emphasizing collaboration on
scientific explanations and peer reviews can
significantly improve the quality of scientific
explanations.

ARGUMENT PRODUCTION

A. In order to determine the type of data you need to collect data, answer the following
questions.

1. Estimating the pH of an Acidic Solution
Based on the experiments you have done, [ill in the [ollowing observalion data table (o determine
the change in the indicator after the reaction.

No Solution MO MM KM PP
1 Sample Ay  after reaction
approximate plLl
2 Sample A2  afler reaction
approximate pH

=

. To determine how you collect data, answer the following questions,

1. How can you ensure that your data is of high quality or how can you reduce errors in
practice?

2. How do you organize the data you collect?

C. To determine how you would analyze the data, answer the following questions.

1. Estimating the pH of an Acid solution using Multiple Indicators

Analysis of the relationship between the approximate pH of each solution with the degree of
acidity. The approximate pll of cach solution is determined by referring to the “Steps for
estimating the pH of several indicators” presented on page 4

Figure 2. Footage of Student Worksheets at the
Production Stage of Scientific
Explanation

The learning experience of students who are
taught with Gl is different from students who
are taught with EDI. Students who are taught
with GI are only trained in building scientific
explanations at the hypothesis testing stage.
During testing the hypothesis, the teacher
provides implicit guidance to students to
construct a scientific explanation consisting
of claims, evidence, and reasoning. The
student’s scientific explanation construction
results are then conveyed in front of the class
to determine which scientific explanation is
considered following the data or information
obtained based on data collection. In the Gl
learning model, there are no steps to
emphasize and focus on student involvement
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in constructing scientific explanations, such as
the production stage of scientific explanation,
scientific explanation discussion sessions, and
peer reviews in the stages of the EDI learning
model. The absence of these stages causes a
lack of student intensity in building scientific
explanations so that the students' scientific
explanation skills who are taught with Gl are
lower.

4. Conclusion

Based on the results of the research and
discussion that has been described, it can be
concluded that the EDI learning model
provides better results than the Gl learning
model for students' scientific explanation
skills. When viewed from the quality of the
students' scientific explanation skills who
reached the highest level (level 4), EDI class
students were more likely to achieve it than
the Gl class. The suggestion given to the next
researcher is that it can be studied the effect
of the EDI learning model on other materials
that have almost the same characteristics.
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