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This study aimed to determine the effect of science Subject Specific
Pedagogy Based on Discovery Learning and Volcanic Eruption Disasters on
students' concept mastery. This research was a quasi-experiment study with
two sample groups, the experimental and the control classes of SMP N 2
Cangkringan. The instrument to collect the concept mastery data were 35
items. The data were analyzed using descriptive and inferential analysis. The
descriptive analysis employed the categorization of the gain score while the
inferential analysis employed the independent sample t-test and effect size
test using Partial Etta Square. The results showed that there was an effect of
the science subject-specific pedagogy based on discovery learning and
volcanic eruption disaster on student’s concept mastery with a gain score of
0.79 (high) in the experimental class while the control class obtained 0.07
(low). The independent sample t-test showed that the significance value
obtained was 0,000. The effect size value seen from the Partial Etta Square
statistics was 0.924, which showed that the effect of the science Subject
Specific Pedagogy Based on Discovery Learning and Volcanic Eruption
Disasters on the concept mastery is very strong. Thus, it can be concluded
that the use of science Subject Specific Pedagogy Based on Discovery
Learning and Volcanic Eruption Disasters can increase the student's science
concept mastery. Further integration and development can be done for other
types of disasters because it is one of the nature symptoms that also an
object of natural science. Thus, natural science learning will be more
meaningful because it is attached to the phenomena in the students' daily
lives.

© 2020 Physics Education Department, UIN Raden Intan Lampung, Indonesia.

INTRODUCTION reviewing the theme according to physics,
Integrated natural science learning in chemistry, and biology.
junior high school requires teaching SSP includes competency standards,

materials to support learning activities.
Subject Specific Pedagogy (SSP) is required
to support integrated natural science
learning, facilitating natural science learning
in an integrated way. Thus, students can
understand natural science comprehensively
(Syaban & W.ilujeng, 2016). One of the
steps that can be taken is to combine science
learning by integrating essential
competencies, forming a theme, and then

materials, strategies, methods, media, and
learning outcome scoring instruments
(Prasetyo, 2011). In the preparation of SSP,
the components combined are the teacher's
knowledge of the subjects, the teacher's
knowledge of the learner's condition, the
teacher's knowledge of the curriculum, and
the teacher's knowledge of instructional
strategies. The four components are known
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as Pedagogical Content Knowledge (Hartati,
2016).

Science SSP is presented in various
methods, strategies, and learning models set
out in the syllabus and translated into a
lesson plan to achieve the expected
competency. One of the models that often
used is discovery learning. Students are
directed to understand that is to be achieved
independently by teachers' guidance and
supervision (Mukti et al., 2020; Puspitasari
& Handziko, 2018).

Learning science is not just about
memorizing concepts. However, students
are trying to find concepts so that in their
learning, the teacher transfers their
knowledge informatively and invites the
learners to engage directly. Based on the
interview results with the natural science
teacher in SMP N 2 Cangkringan, students'
concept mastery is still low. That condition
force teachers to conduct learning activities
through notes and lectures.

Natural ~ Science  teaches  natural
phenomena and symptoms that often occur
in daily life. One example of a natural
phenomenon in natural science is volcanic
eruptions. Riezqia et al. (2017), Setiawan et
al. (2017), and Tyas et al. (2020) mention
that natural science learning integrated with
a phenomenon or something close to the
students' daily life will make them easier to
master and understand the concept of
learning.

As a country located in the Pacific Ring
of Fire, Indonesia has 129 active volcanoes,
which have the world's highest potential for
volcanic disaster or eruption (Verstappen,
2013). Volcanic eruptions have an impact
on the community as well as the public
facilities that exist nearby. The high risk of
disaster is due to the lack of knowledge and
understanding of the community related to
the volcano and its dangers (Amri et al.,
2016). This resulted in high financing for
the evacuation of natural disaster victims
(Kenny, 2012). If disaster management can
be focused on efforts before a disaster
occurs, the budget allocated for natural

disaster victims' evacuation can be diverted
for other purposes.

The high risk of disaster should be
directly proportioned to the level of
awareness of the population. However, not
all residents in the volcano area understand
what to do when the volcano eruption
occurs. Indonesia is the fifth largest
population country globally. However, its
people's knowledge and attitude have not
been able to reflect the behavior of people
who are prepared for disaster (Hidayati,
2012). Efforts are needed to avoid more
significant  impacts, both on the
development of infrastructure, facilities, or
human resources in affected areas. One of
the efforts that can be done is to provide
knowledge and information through formal
education in schools (Sadeka et al., 2020;
Sangkala & Gerdtz, 2018).

Based on interviews with natural science
teachers at SMP N 2 Cangkringan and
students' final test analysis, students'
cognitive level was low. This forced
teachers to focus on the mastery of cognitive
aspects only. The situation also forced the
teachers not to be free to explore various
learning models. Students had never been
invited to do practical activities. Belton
(2016) states that practice activities can
improve students’ skills.

Based on the interview results, it was
also known that the integration of disaster
learning has not been implemented. This
was because teachers encountered problems
in the preparation of learning devices. These
constraints  were related to limited
references. During this time, teachers used
learning devices adopted from the Sleman
District Teacher Deliberation forum.

Almukarramah et al. (2013) and
Hayudityas (2020) mentioned that the
ultimate goal of the integration of disaster
education in learning is students who are
prepared to deal with disasters. Preparedness
can be achieved if students have mastered
the concept of learning (Tahmidaten &
Krismanto, 2019; Widjanarko & Minnafiah,
2018).
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Today, integrated learning with disaster
education is limited to the development of
natural disaster integrated learning media, as
in research conducted by Labibah et al.
(2019), which develops android based
learning media integrated with landslide
disaster. Moreover, Setiawati et al (2013)
also developed a natural science storybook
integrated disaster material that effectively
improves students' reading and character
formation literacy.

A good SSP is an SSP that facilitates
learning  with content  knowledge,
pedagogical knowledge, and technological
knowledge (Lee & Kim, 2014; Lin et al.,
2013). Interactions between content,
pedagogy, and technology provide complex
knowledge (Koehler & Mishra, 2009). The
right combination of learning and storybook
packaged in SSP, supported by curriculum
study and proper learning model, can be a
whole SSP unit that facilitates integrated
learning of natural disasters with science
education in junior high school.

The existing development of Science SSP
is still limited. Existing Science SSP is
mostly integrated with local potential
packaged with specific learning models and
approaches (Kusmawati, 2017; Perkasa &
Aznam, 2016). The integration of natural
science learning is also done with health
sciences (Arnold, 2018). Besides that,
Yahaya et al. (2016) also conduct science
learning with sexually themed science
content. Turkka et al. (2017) integrating
natural science learning with art, while,
Guzey & Ring-whalen (2018) integrate
engineering values into science learning.
These variations of natural science learning
integration show good results. Besides
acquiring science knowledge, students also
acquire other knowledge to enrich their
knowledge.

Based on this, the existence of Science
SSP integrated natural disasters is still
minimal. This research aimed to determine
the effect of Science SSP based on
discovery integrated volcanic eruption
disaster learning to the student’s concept

mastery. This discovery learning Science
SSP consists of six syntaxes: stimulation
stage, problem statement stage, data
collection, data procession, verification, and
generalization (Djamarah & Zain, 2013;
Hanafi, 2016; Syah, 2013). The Discovery
learning model was chosen because the
syntax was able to facilitate the learning.
Students undergo learning by following the
syntax. A disaster approach characterizes
each syntax. Besides, many studies found
discovery learning success to improve
students’ conceptual and  procedural
knowledge (GroBmann & Wilde, 2019).
Schijndel et al. (2018) also found that
discovery learning models support students'
curiosity. This supports the selection of
discovery learning models in this study, but
some adjustments are still related to disaster
integration.

METHODS

This research was a quasi-experiment
using two groups with specific treatments.
This research design was a pretest-posttest
equivalent control group design (Sugiyono,
2015). The subjects cannot be randomized
because it was not possible to obtain
permission from the school to change
classes. However, it can be anticipated by
ensuring that each subject group is a
heterogeneous group of individuals (Afriana
et al., 2016; Anazifa & Djukri, 2017;
Hairida, 2016).

There were two groups given the
treatment of a pre-test to find out the initial
condition (Azwar, 2015). After that, the
experimental group was treated using the
Science SSP based on discovery learning
and volcanic eruptions while the control
class was treated with Science SSP with a
scientific learning model. A post-test was
carried out to determine the final state after
treatment. The flow chart of the research
procedures, as described in Figure 1.
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Figure 1. Research Procedure Flowchart

The research was conducted at SMP N 2
Cangkringan due to the school located in the
disaster-prone area of Merapi Mountain,
Yogyakarta. This study sample was 30
experiment class students and 30 control
class students selected using purposive
sampling techniques. The consideration was
from the teachers, that mention students'
ability in both classes is almost the same,
judging by daily replays and the final
assessment results.

The concept mastery data collection
instrument uses a concept mastery
assessment question consisting of 35
questions that have previously undergone a
validation process, both constructs and
empirical. The question is valid and reliable.
The grid of questions as shown in Table 1.

Table 1. The Competence Assessment
Instrument

Indicators of Competency Number
Achievement of Items

Students can explain the structure of 4
the earth
Students can explain the theory of 4
plate shift
Students can explain the processes of 4
volcanic formation
Students can explain the 4
characteristics of volcanoes
Students can describe the signs of a 4
volcanic eruption
Students can sort the stages of the 3
volcanic eruption
Students can explain efforts to reduce 4
the risk of volcanic eruption disaster
Students can classify the impact of 4
volcanic eruptions on the biotic
ecosystem
Students can classify the impact of 4
volcanic eruptions on the abiotic
ecosystem

Data analysis is done descriptively and
inferentially. Descriptive analysis aims to
see the increased mastery of concepts using
gain scores. Furthermore, the gain score
obtained is categorized according to the
Sunal & Emmett L Wright (2019) as shown
in Table 2.

Table 2. Improved Gain Score Category

Gain Score Category
(g) <03 Low
0,3<(g) <07 Moderate
(gh>07 High
The inferential analysis aimed to

determine the differences between groups.
The analysis used was the independent
sample t-test assisted by SPSS 22.0
Program.

Before the test, the data must go through
a  prerequisite  test, normality and
homogeneity (Nurgiyantoro et al., 2015;
Setyawarno, 2016). The overall level of
significance is 0.05, so if the value of p <
0.05 can be concluded that there is an effect
on the use of Science SSP based on
discovery learning integrated by volcanic
eruptions on students' concept mastery
(Nurgiyantoro et al., 2015; Setyawarno,
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2016). Besides that, Aberson (2019) and
Warner (2013) define that the effect of
independent variables on the dependent
variables can be seen through Partial Etta
Square's statistics. The value of Partial Etta
Square ranges from 0 — 1. A value of 0
indicates no relationship between the
independent variable against the dependent
variables, while a value of 1 indicates a
strong relationship between the independent
and dependent variables.

RESULTS AND DISCUSSION
1. Descriptive Analysis Result

Concept mastery is measured using
instruments in the form of multiple-choice
questions consist of 35 questions given
before and after learning activities in both
experimental and control classes. Concept
mastery measures the cognitive levels from
C1 to C6 of bloom taxonomy. Here is one
example of the problem used in the pretest
and posttest, as shown in Table 3.

Table 3. Sample Questions of Concept Mastery

Table 4. Sample of Student’s Answers

No. 20 No. 25
Pre Post Pre Post
Control Class B A A C
Experiment A D C B

Class

The raw data obtained in nominal data is
then converted into interval data type with
the Method of Successive Interval. The
result of the gain score on the students'
mastery of the concept as shown in Table 5.

Table 5. Gain Score Analysis Result

Aspect Experimental Control
Class Class
Pre Score 27,62 26,19
Post Score 84,52 31,11
Gain Score 0,79 0,07
Category High Low

No Question

20 Below are the phases of the magmatic eruption;
the untrue statement is...
A. destruction of lava plugs
B. lava growth
C. avalanche on a lava cliff
D. ash rain occurs
25 Regional Disaster Management Agency is an
institution that has the authority as one of the
central controls of disaster management
operations that exist at the regional, provincial,
and district levels. One of the tasks of that
institution is ...
A. cooperation
B. compile, establish, and inform disaster-
prone maps
C. conduct search and rescue for disaster
victims
D. community assistance in the context of
trauma healing

The students' answers in the control and
the experiment class to the questions above
are as shown in Table 4.

Based on the results Table 5, it is known
that the increases in the experiment class are
higher than the control class. The
experiment class gain score is 0.79 with a
high category, while the control class gain
score is 0.07 with a low category. Thus, it
can be concluded that the experiment class
obtained a higher gain score than the control
class. This shows that the students' concept
mastery using SSP based on discovery
learning and volcanic eruptions was higher
than the control class.

2. Inferential Analysis Result

The inferential analysis aimed to find out
the differences between the group that uses
Science SSP based on discovery learning
and volcanic eruptions and the group that
did not use Science SSP based on discovery
learning and volcanic eruptions. Inferential
analysis was done using an independent
sample t-test in SPSS 22.0 program. Before
conducting the test, a prerequisite test is
required, namely the normality and
homogeneity test. The prerequisite test
results as shown in Table 6.



276 Jurnal llmiah Pendidikan Fisika Al-BiRuNi, 9 (2) (2020) 271-283

Table 6. Normality Test Result

Table 9. Effect Size Test Result

Statistic Experiment Control Test of Between - Subject’s Effects
Class Class Source Partial Etta Category
Shapiro - Wilk 0,977 0,985 Square
Lilliefors 0,200 0,200 Intercept 0,924 Very Strong

Normality Test using Shapiro — Wilk,
and Lilliefors tests, as the sample in this
study is less than 100 (Leech et al., 2005).
Based on table 6 above, it is known that the
statistical value of each test for both the
experiment and the control class is more
than 0.05, So, Green & Salkind (2003)
defines that data is normally distributed due
to the statistical test value is more than 0.05.

Table 7. Homogeneity Test Result

Statistic Result
Levene’s 2,236
Sig. 0,140

Based on table 7 above, it is known that
the value of significance is 0.140 greater
than the specified level of significance.
Thus, it can be said that the data in the
bound  variables  simultaneously s
homogenous. After the two prerequisite tests
are fulfilled, then the independent sample t-
test is carried out. The Independent Sample
t-test is a statistical analysis that compares
two unpairs samples, the experiment, and
the control class. The results of the
Independent Sample t-test are as shown in
Table 8.

Table 8. Independent Sample t-test Result
t-test for Equality of Means
Sig. (2 Tailed) 0,000

Based on the table 9, it is known that
there are extreme differences in concept
mastery variables over the use of Science
SSP based on discovery learning and
volcanic eruptions. These results are based
on the theory put forward by Sugiyono
(2012), which divides the categorization of
Partial Etta Square into five categories,
namely 0.00 — 0.199 very weak, 0.20 —
0.399 weak, 0.40 — 0.499 medium, 0.60 —
0.799 strong, and 0.80 — 1,000 very strong.

The use of effect size and statistics partial
Etta square in hypothetical testing
determines the scale of a study's
effectiveness. Theoretically, Chen & Peace
(2013) and Cumming (2012) state that effect
size shows the standardized difference
between control and experiment scores.
Researchers were interested in the
differences and how significant the
differences were between the control and the
experiment. Effect Size is a standard unit
compared between several different scales
and studies with different sample sizes.

3. Final Study

Discovery learning syntax consists of 6
steps. The learning activities done by
students are as shown in Table 10.

Table 10. Syntax and learning activities

Based on table 8 above, it is known that
the value of significance was 0.000. This
indicates an effect on the use of Science SSP
based on discovery learning and volcanic
eruptions on the students' concept mastery.
The value of significance is less than the
level of significance set, which is 0.05.
Also, the effect of independent to dependent
variable can be seen through the Partial Etta
Square statistics with the following results
as shown in Table 9.

Syntax Learning Activities
Stimulation  Teachers begin teaching and learning
Stage activities by  asking  questions,

suggesting reading books, and other
learning activities that lead to problems.
Problem Teachers allow students to identify as
Statement many problems as possible related to
Stage learning materials, then formulate
questions and hypotheses.
Data Students are allowed to conduct

Collection experiments or explorations to answer

Stage questions and  prove  previous
hypotheses.

Data Students are allowed to process the data

Procession  and information that has been obtained

Stage and then interpret the data.
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Syntax Learning Activities
Verification  Students conduct careful examinations
Stage to prove whether the hypothesis has

been proven or not, related to data
processing results.
Generalizati The concluding process can be used as

on a learner's knowledge by taking into
account the verification results.

Learning with discovery models requires
students to discover concepts and principles
through their mental processes (Saehana et
al., 2018). This causes students to be given
the first-hand experience to be more active
and more motivated in learning (Rusman,
2016). The learning syntax trains various
cognitive domains of concept mastery,
including remembering, understanding,
applying, analyzing, evaluating, and
creating (Karpen & Welch, 2016; Radhmehr
& Drake, 2018; Wang et al., 2016). Also,
discovery learning models help students
improve their discussion skills (Ertikanto et
al., 2018).

Concept mastery had been measured
using multiple-choice questions consisted of
35 items given before and after learning.
The concept mastery assessment results of
the experiment class and the control class in
the assessment before and after treatment
are as shown in Figure 2.

90
80
70
60
50
40
30 27.62 26,19

20
10
0

Pre Score

Post Score

= Kelas Eksperimen ™ Kelas Kontrol

Figure 2. Concept Mastery Assessment Graph

Based on the gain score analysis that has
been done before and from the chart above,
it is known that the increased mastery of
experimental class concepts using Science
SSP based on discovery learning integrated
volcano eruption disaster is very significant
compared to control classes that don't use
the kind of Science SSP. Based on the
MANOVA test results through Partial Etta

Square intercept value in the test of
between-subject effect, it is also known that
Science SSP based on discovery learning
integrated  volcano  eruption  disaster
provides a powerful effect with a value of
0.924 compared to the group of students
who did not use the Science SSP.

The concept mastery measure was
manifested in 35 multiple choice questions
with cognitive levels C1 to C6. Students'
concept mastery can be improved through
learning that spurs thinking and intellectual

skills. Factors that influence the
improvement of concept mastery are
conducive class conditions and the

continuous training of challenging questions
for students to encourage them to learn (van
Alten et al., 2019).

Research conducted by Syar (2017)
found that teaching materials can improve
the students’ concept of mastery.
Experiment classes that obtained material
from handouts experienced a significant
increase in scores compared to control
classes that did not use handouts. This
shows handouts, which is a part of Science
SSP, are influential in improving the
students’ mastery concepts. The use of
handouts as natural science references can
be applied to other materials adapted to
learning materials' characteristics. This aims
to improve the students' concept of mastery.

Rahayu (2017) mentions that the
discovery-based worksheet provides
students with the opportunity to think
independently  in  planning  research
procedures, determining research variables,
and formulating hypotheses. This is
certainly in line with students’ cognitive
aspects, thus encouraging students to master
the concept and achieve the completeness
indicators. As a development, handouts and
student worksheets can be packaged in
mobile apps, as it is believed to develop
learning into more meaningful and
interactive (Hirsh-pasek et al., 2015).

One of the activities carried out in
learning is a simulation. Simulation
activities were carried out at the last meeting
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related to volcanic eruption disaster
mitigation simulation. Students are doing an
unplanned simulation, wherein in the middle
of the learning activity, an alarm goes on,
indicating that an eruption occurred.
Simulation activities also have a role in the
mastery of concepts. Stave et al. (2015)
mentioned that students’ understanding
improved significantly after conducting
simulation activities.

Discovery-based natural science learning
is the demand for students' activities to train
to improve cognitive, affective, or
psychomotor aspects indirectly. The syntax
in the discovery learning model requires
students to be actively involved in each
learning activity. Students listen to the
teacher's explanations and explore their
understanding and discover knowledge
independently (Limbong et al., 2019).

Kumullah et al. (2018) found that one
factor driving students' ability to understand
the learning concept is discussion and
practicum activities. This is because
students are given the freedom to solve their
problems through group discussions.
Teachers only act as facilitators who
respond to the concepts that have been
invented by students themselves. Moreover,
Marlina et al. (2017) mention that daily life
phenomena can stimulate students’ thinking
skills in problem-solving to gain a deeper
understanding.

Although the increase in students’
concept mastery in the experiment class was
significant, some students did not meet a
significant increase. This may be caused by
the inability of several students to construct
knowledge properly. However, their score is
increased as a result of learning, following
the opinion of Rahmawati et al. (2016),
which suggests that this may be due to
differences in the natural abilities of
different students in constructing concepts.
Also, learning by the usual method of
lectures can affect that ability.

Concept mastery is the students’ ability
to re-uncover the material that has been
taught. The assessment of the concept

mastery carried out in this study is through
tests. This is following Dong's (2020)
opinion, which found that the most plausible
concept mastery assessments were through
the assessment of learning outcomes using a
specific range of grades on a test, then
assessed by educators. A less reasonable
assessment is an assessment made between
friends because it doubts its objectivity.

Based on this research results, Science
SSP based on discovery learning and
volcanic eruptions effectively increased
students’ concept mastery with very
significant results compared to students who
did not use that Science SSP. This was
because the discovery learning model equips
students to find their knowledge and
concepts, so the material taught will
undoubtedly be essential and improve the
concept's mastery. In line with the research
results conducted by Noviyani et al. (2017)
and Wati et al. (2018), the selection of the
right learning model can facilitate students
to improve their mastery of concepts.
Supporting this, Nevid & Gordon (2018)
mentions that integrated science produces
benefits for learning, especially on cognitive
mastery performance in varying levels of
bloom taxonomy. In this case, the study
group's average post score with the
discovery learning model was much higher
than the group of students who used
conventional learning models.

However, concept mastery is not enough
to generalize that students are experts
(Winch, 2016). Further research is needed
with different bound variables to assess
natural science's successful integration with
various other types of disasters that become
natural science phenomena. This was
supported by Norton & Gibson (2019) and
Pandey (2018), who mentioned that concept
mastery was the beginning of the creation of
a resilient society. Integration in the learning
process also contributes to a broader
understanding of the scale of disaster
prevention.
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CONCLUSION

Based on the research, Science SSP
based on discovery learning and volcanic
eruptions  affected  students’  concept
mastery. The descriptive analysis results
showed that students who used Science SSP
based on discovery learning and volcanic
eruptions obtained high mastery scores with
a gain score of 0.79. The students who did
not use Science SSP increased their concept
mastery with a gain score of 0.07. The
independent sample t-test results showed
that Sig. 2 Tailed value of 0,000 or less than
the significance level was established. It
showed that the Science SSP based on
discovery learning and volcanic eruptions
affected student's concept mastery. The
effect size test showed extreme differences
in concept mastery variables over the use of
Science SSP based on discovery learning
and volcanic eruptions with a Partial Etta
Square’s value of 0.924.
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