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Abstract

This research aims to describe the improvement of students’ science literacy competencies through
structured inquiry learning on Earth and its satellites material. The subjects used in this study were students
in the VII-C grade at Sidoarjo Junior High School. This research used a pre-experimental with one group
pre-test-post-test design. This research used science literacy test sheets to collect data by pre-test (before
treatment) and post-test (after treatment). The data obtained were analyzed to decide whether or not there
was a student’s science literacy improvement after being given learning with the structured inquiry model.
The analysis results of the improvement of students’ science literacy competencies with a gain score of 0.68
in the medium category, the results of the pre-test and post-test scores different significant with sig. (2-
tailed) of 0.000, the achievement of science literacy competency indicators had increased with a medium
category in indicator 1 and a high category in indicators 2 and 3.
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INTRODUCTION

21st-century education has several important aspects
that students need to master, including literacy skills
(Nurhasanah et al., 2020). There are six basic literacies
needed by students, including science literacy (Nudiati,
2020). Science literacy is a literacy competency that can
be trained through science learning. Indonesian Ministry
of Education and Culture has implemented science literacy
in Indonesian education starting from the KTSP in 2006,
the 2013 Curriculum, to the Merdeka Curriculum (Yusmar
& Fadilah, 2023)

PISA has described science literacy as the competence
in applying scientific knowledge, determining problems,
and concluding a view of logical information to
comprehend and give a judgement related to nature also
the effects on nature by humans (OECD, 2016). DeBoer
(1991) argues that science literacy was introduced by Paul
deHart Hurd, a science education expert from Stanford
University in 1985 who defined science literacy as an act
of scientific understanding and its implementation in
social life and society. Students who are scientifically
knowledgeable individuals must be ready to reason and
discuss scientific knowledge and technological advances.

Science literacy is not specifically trained in science
learning but rather becomes an ability gained through the
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scientific process or inquiry experienced by students
during learning in the form of aspects of science literacy
competencies with indicators of capacity to explain
phenomena scientifically, evaluate and design scientific
investigations, and interpret data and evidence
scientifically (OECD, 2019).

Indonesian science literacy is at a low level, as
reflected in the achievement of the PISA score by the
OECD. Education disruptions due to COVID-19 caused
Indonesia’s average PISA score in math, reading, and
science to drop compared to the previous year. The 2022
PISA scores show that Indonesian students’ competencies
have not reached the OECD average with a score in the
math aspect of 366 points out of an average of 472 points,
the reading aspect of 359 points out of an average of 476
points, and the science aspect of 383 points out of an
average of 485 points (OECD, 2022).

Low student science literacy give an impact on science
learning because students have less ability to implement
their knowledge in real life, are difficult to finish
problems, are slow to decide something, less responsive in
finish problem related to the surrounding environment
(Yusmar & Fadilah, 2023). It is important for students to
have science literacy competencies such as scientific
information and thinking to improve their ability to decide
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something by considering the interests of the audience, to
have a useful job in the future (Pratiwi et al., 2019).

Regarding the low Indonesian science literacy
competence, the main influencing factors are low reading
ability and decontextualized learning, lack of interest in
reading, teacher-centered learning processes, and student
activeness are not seen yet in scientific learning (Akbar et
al., 2023). The reason why students difficult to finish
science issues is because students are used to memorizing
information more than whats has been learning, which
results in students having difficulty understanding and
applying their knowledge in daily activities (Ramli et al.,
2021). Indonesian education needs efforts to overcome
students’ low science literacy through independent
learning programs with the right learning model and
training process skills (inquiry).

Students’ science literacy is also reflected in the results
of pre-research in Sidoarjo’s secondary school which
shows science literacy data medium on indicators
explaining phenomena scientifically at 51,7%, medium on
evaluating and designing scientific investigations at
44.2%, low on interpreting data and evidence of 35,8%.
The teacher also stated that students are still unable to
make questions based on facts, have not been able to
formulate hypotheses and design investigations and find it
difficult to draw a conclusion based on observations.
These results are caused by learning with a model that is
still teacher-centered and causes minimal of active student
roles during learning, and minimal practice in the
laboratory, especially in the material of the earth and its
satellites. Teachers are also less innovative in choosing
learning models, especially for students in grade 7th who
are considered to be in the transition stage from elementary
school stage to high school stage.

The results of pre-research and analysis of the
educational conditions carried out show that efforts are
needed to improve students’ science literacy and achieve
the two main elements of science education in the
Curriculum through the implementation of an appropriate
learning model, focusing on student activity in discover or
construct concepts or knowledge, namely through inquiry.
Inquiry defined as process in the form of observation or
experimentation to find information and solve problems
(Gunawan et al., 2019). Piaget defines inquiry as a model
which is requires student conduct experiments by
observing objects, determining questions from a problem,
and answering questions by linking between each thing
found and comparing with the results found by other
students (Mulyasa, 2007).

Inquiry learning is suitable for implementation in
science learning in the Curriculum, which has two main
elements that students need to understand concepts and
have process competence (inquiry). The Merdeka
Curriculum has a goal in the learning process, namely,
training students’ inquiry process competencies to
identify, decide problem formulations, and be able to solve
problems through real action in scientific approach
learning (Kemendikbudristek, 2022). It is expected of
students to critical thinking after going through inquiry
activities to process information, connect between
information, analyze, evaluate, conclude, and implement
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the knowledge they have in certain conditions
(Kemendikbudristek, 2022). This ability is in line with the
indicators of science literacy competence, inquiry
activities in science learning can be integrated with science
literacy.

This is also supported by a statement about the Primary
and Secondary Education Process Standards that students
have to active to discover knowledge or concepts through
the educational process. This is still inversely proportional
to the reality that shows the majority of the learning in the
class is still too focused on the teacher or teacher-centered
which causes the active role of students to be less visible,
tending to listen and memorize the knowledge conveyed
by the teacher (Munira et al., 2018)

Banchi & Bell (2008) suggest that the inquiry learning
model is divided into four levels categorized based on the
treatment given to students during learning, namely: (1)
confirmation inquiry where the teacher shows problems,
procedures, and results; (2) structured inquiry where the
teacher shows problem and procedure, students look for
results; (3) guided inquiry where the teacher shows
problems, students decide procedures to find results; and
(4) open inquiry where students decide problems,
procedures, and look for results.

The level of inquiry learning that is suitable to be
applied in junior high school is structured inquiry because
based on the results of observation, characteristics grade 7
students are not yet able to carry out high-level inquiry
processes, and still need guidance in determining the
formulation of problems or questions and investigation
procedures. The structured inquiry model is given to
students who still lack experience in inquiry-based
learning, especially in the transition stage from the basic
phase to the intermediate phase, and still need guidance
from the teacher (Ni’'mah & Widodo, 2022).

The structured inquiry model is learning with an
inquiry process with questions or problems and steps given
by the teacher, students provide explanations accompanied
by supporting evidence that has been obtained. Learning
based on the structured inquiry model focuses on concrete
observation of scientific objects and collecting data
through inquiry (Colburn, 2000). The structured inquiry
learning model has four phases which include the phases
of identifying questions, conducting experiments,
analyzing data, and drawing conclusions (Faulconer,
2016). All inquiry activities are also indirectly related to
the indicators of science literacy competencies.

Structured inquiry learning is an effort to optimize the
student's active role so that the science education
objectives in the Curriculum can be achieved both in the
aspects of understanding concepts and process skills
(inquiry) related to students’ science literacy. Science
learning with the structured inquiry model is expected to
improve scientific literacy. The supported research by Ali
(2019) which shows the results that students’ science
literacy competencies increased after receiving structured
inquiry learning. Similar research by Magfira (2022) also
states that the structured inquiry learning model affects on
improving students’ science literacy competencies. Other
similar research results support Wang (2022) who states
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that the structured inquiry learning model is positively and
significantly correlated with science literacy skills.

The science learning material used in this study is the
material of the earth and its satellites considering the
suitability of the material as science literacy content
related to life, including scientific knowledge that is
important and has long-term benefits (OECD, 2019). The
material is taught with a structured inquiry model that
contains science literacy knowledge content about the
earth, moon, and sun to form students’ science literacy
through a scientific activity or inquiry stage.

This study aims to improve students’ science literacy
competencies in learning about the material of the earth
and its satellites through structured inquiry learning and at
the same time prove some relevant previous research
results.

METHOD

This research uses pre-experimental, namely one group
pre-test-post-test design. The initial stage is giving a pre
test, followed by giving treatment of implementing a
structured inquiry learning with the material of the earth
and its satellites, and closed by giving a post test. This
research was directed in the JHS in Sidoarjo with the
research sample being grade VII-C with 30 students. The
sample was selected by purposive sampling with
consideration of the material, class with heterogeneous
student abilities on the teacher’s advice, and the school’s
willingness.

The test methods used in this research, with pre-test
and post-tests to collect data with the instrument of science
literacy test question sheets. The science literacy test
question sheet used was adopted from Cahyani (2023)
which consists of 16 multiple choice questions that contain
3 indicators of science literacy competence. The results of
science literacy test data of pre-test and post-test scores
will be analyzed through several tests, namely a test of
normality, a test of paired sample t-test, and a test of
normalized gain (N-Gain) to decide the resulting science
literacy improvement. An increase in results indicates that
the treatment given is effective, and vice versa.
Calculation of the percentage of post-test scores to decide
the achievement of science literacy competency indicators.

The normality test aims to decide whether the
distribution of science literacy test data obtained is normal
or not using the Shapiro-Wilk test assisted by SPSS
program. The data is normal if the significance value
>0.05, it is not normal if it is < 0.05 (Putra et al., 2019).
Normally distributed data will continue to be analyzed
through a paired sample t-test to decide if pretest and
posttest different significant with the SPSS program. The
pretest and posttest are different significant if the
significance value is more than 0.05 and not significant
different if it is less than 0.05 (Nuryadi et al., 2017). The
normalized gain test aims to measure the increase in
science literacy competence of treatment with the N-gain
equation 1.

S. =S
postt— Spre
g

Smax— Spre

(1
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The gain (g) obtained was calculated as the average to
decide the overall science literacy improvement of the
sample. The results of the gain were used to decide the
category of improvement in students’ science literacy
competencies analyzed based Table 1.

Table 1 Categories of Science Literacy Competency
Improvement

N-Gain value (g) Categories
g <03 Low
0.3 < g £ 0.7 Medium
g>07 High

(Hake, 1999)

The gain obtained was calculated as a percentage to
decide the interpretation of how effective structured
inquiry learning makes students’ science literacy
competencies improved based Table 2 with the equation 2.

N-Gain (%) = gain (g) x 100% (2)

Table 2 Interpretation of the Effectiveness of Structured
Inquiry Learning

N-Gain (%) Interpretation
<40 Not Effective
40 — 55 Less Effective
56 -175 Quite Effective
> 76 Effective

(Hake, 1999)

The accomplishment of science literacy competence
indicator ability is dissected through the pre test and post
test of each indicator which can be determined using the
equation 3.

P(%) =
3)

The results of the percentage of achievement of each
indicator can be interpreted through the criteria in Table 3.

score obtained for each indicator

x100%

maximum score for each indicator

Table 3 Criteria for Accomplishment of Science Literacy
Indicators

Value Range Criteria
<60% Very Low
60-69% Low
70-79% Medium
80-89% High
90-100% Very High
(Slavin, 2018)
RESULTS AND DISCUSSION

The students’ science literacy improvement measured
through science literacy tests (pretest and posttest). The
research was conducted for two meetings for the provision
of treatment by giving pretests and posttests outside the
lesson hours of treatment with multiple choice questions
totaling 16 questions with science literacy competency
indicators.

Learning is carried out with the help of observation-
based Student Worksheets with structured inquiry model

34



PENSA E-JURNAL : PENDIDIKAN SAINS | Volume 12 Nomor 1 Tahun 2024

steps which contain several stages to improve students’
science literacy competencies, namely identifying
questions through illustrations of scientific phenomena by
reading and understanding to decide observation questions
afterward, conducting investigation with groups and
writing down the data obtained, analyzing data and
answering questions given according to the results of
observations, and drawing conclusions according to the
investigations results and group discussions accompanied
by presentations of observation results.

The results of students’ pre and posttest on structured
inquiry learning implementation to improving science
literacy competencies through the N-Gain test are
displayed in Table 4.

Table 4 Normalized Gain Test Results
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Pretest and post test scores will then be tested for
normality through the Saphiro-Wilk test with the SPSS
program to decide whether it has a normal or abnormal
distribution. The normality test results are displayed in
Table 6.

Table 6 Saphiro-Wilk Normality Test Results

Statistic df Sig. (0.05)
Pre test 0.980 30 0.816
Post test 0.945 30 0.122

The normality test results in Table 6 indicate that the
data have a normal distribution with significance value of
0.816 (pretest) and 0.122 (posttest).

Paired t-test using SPSS is due to decide the pretest and

Student posttest different significant or not which the result are
. Student displayed in Table 7.
Gain score (g) | Category Count Percentage
Y

¢ <03 Low 0 0 (%) Table 7 Paired t-test Results

: Std. Error Sig. (2-
0.3 < g < . 15 Mean t df
0.7 Medium 50 Mean tailed)
e > 07 High G 30 1.460 -32.933 | -22.561 |29 | 0.000

The gain results that have been categorized based on
the students’ science literacy competencies increase are
also displayed in a pie chart in Figure 1.

= Medium

= High

Figure 1 Chart of Student Science Literacy Improvement

Figure 1 presents the increase in students’ science
literacy competencies at the medium and high categories
with an equal number of percentages of 50%. The category
of science literacy improvement is decided by gain
average, interpretation of the structured inquiry learning
effective or not to improving students’ science literacy is
decided by average percentage of gain displayed in Table
5.

Table 5 Science Literacy Improvement Category and
Effectiveness Interpretation of Structured Inquiry Results

Average ,
; N-Gain .
N-g?m Category (%) Interpretation
0.68 Medium 68 Quite Effective

Table 5 describes the gain average of 30 students with
a score of 0.68 that means students’ science literacy has
improved and categorized as moderate. The overall gain
percentage reached 68% which indicates quite effective of
the structured inquiry to improving students’ science
literacy competencies is quite effective.
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Table 7 shows the paired t-test has a result of 0.000
which means the pretest and posttest different significant.
The t-table value can be known based on the degree of
freedom (df) which is 29 resulting a value of 1.460 with
5% significance level. Based on these results, the value is
0.000 < 0.05 and the t-count > t-table value is 22.56 > 1.46.

The results of increasing science literacy competencies
are supported by the research of Ali (2019) which
describes the results of structured inquiry learning that can
improve students’ science literacy competencies. Magfira
(2022) also explained the results of structured inquiry
learning effective on students’ science literacy
competencies. Similar research by Wang (2022) also
explained that the structured inquiry learning model was
positively and significant correlated with students’ science
literacy competencies. Some of these previous research
results support the results obtained from this study.

The increase of percentage of accomplishment of each
indicator displayed in Figure 2.

100,00% 88,89% 86,67%
§ 80,00% 72,50% 62,78 a4
S 60,00% ’
5 40.00% 316
5 20,00% I
o
0,00%

Indicator 1 Indicator 2 Indicator 3
W Pretest ® Posttest

Figure 2 Percentage of Achievement of Science Literacy
Competency Indicators based on Pretest-Posttest

Figure 2 shows that students’ science literacy test
scores (pretest posttest) on each indicator have increased.
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The first indicator is explaining phenomena scientifically
which resulted in a high increase from 31.67% (pretest) to
72.50% (posttest). This increase shows that after learning
with the structured inquiry model, students become more
capable of explaining phenomena scientifically by
implementing scientific knowledge that is understood to
solve science literacy test questions (Rini et al., 2021). The
very low pretest results indicate that so far science teachers
have not practiced students in explaining phenomena
scientifically through learning. Changes in the ability to
explain phenomena scientifically can be seen after
learning about the earth and its satellites using the
structured inquiry model. Students’ post test results are
still in the medium category despite a fairly high increase.
This illustrates that students’ abilities are not yet optimal
in explaining phenomena scientifically. The concept of
knowledge held in students’ memories will affect students’
competence when explaining phenomena scientifically
(Sumarni et al., 2021).

The second indicator is designing and evaluating
scientific inquiry which resulted in a lower increase than
the first indicator of 26.11% from 62.78% (pretest) to
88.89% (posttest). The increase shows that after learning
with the structured inquiry model on the material of the
earth and its satellites, students become slightly more
capable of designing and evaluating scientific
investigations. The fairly low increase is due to the pretest
results of students in the low category but with a big
enough percentage which shows that students are
accustomed to working on problems related to the ability
to decide observation questions and identify materials and
observation procedures appropriately. This is because
science teachers have trained students by applying
observations in science learning, although on different
materials. Observation-based learning such as structured
inquiry requires students’ capability to utilize knowledge
to solve a problem from a situation provided by the teacher
by collecting data through observation activities in
learning (Magfira et al., 2022).

The third indicator is interpreting data and evidence
scientifically which resulted in a lower increase than the
first indicator but higher than the second indicator by
32.23% from 54.44% (pretest) to 86.67% (posttest). The
increase shows that after learning with structured inquiry
model on the material of the earth and its satellites,
students become a little more capable of interpreting data
and evidence scientifically. Low pre test scores mean that
students are still unable to interpret data and evidence
scientifically such as interpreting graphs or tables
presented in questions with material concepts (Hidayah et
al., 2019). Improvements in students’ competence to
interpret data and understand the data or evidence used in
making statements and conclusions are seen after students
follow the learning (OECD, 2019).

The emergence of student’s science literacy increase
after getting treatment in the form of implementing a
structured inquiry model on the material of the earth and
its satellites for two meetings cannot be separated from the
influence of other factors. Factors that can influence are
observation-based learning with a structured inquiry
model at each meeting that makes students actively
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involved directly and trains student collaboration with
their group members, the relevance of the learning model
and material chosen with the questions given to students
as a science literacy test, good relationships between
students and teacher that can make a good learning
situation. The application of inquiry strategies has an
effect in increasing student learning motivation and
concept understanding, because inquiry learning focuses
on students play an active role in shaping each students’
concept understanding to increase the curiosity and
understanding of each student (Lusidawaty et al., 2020).
Supported by the opinion Wijiastuti (2021) explains that
inquiry learning with several stages that contain concept-
oriented science processes, problem solving, and critical
thinking that can encourage the achievement of science
literacy. Teachers who can condition learning will produce
good relationships with students so that the inquiry process
becomes more effectively (Kang, 2022).

CONCLUSION

The conclusion that can be drawn based on data
analysis and results of research is that there is
improvement in students’ science literacy competencies
after being given learning with structured inquiry model
on the material of the earth and its satellites. The
normalized gain test results score of 0.68 shows that
students’ science literacy has increased with medium
improvement criteria from pre test to post test results. The
paired sample t-test value of 0.000 showed a significant
different between the pre test and post test scores. The
analysis of the accomplishment of the 3 science literacy
competence indicator results also showed an increase in
the post test with one indicator increasing with moderate
criteria and two indicators increasing with high criteria.

Suggestions that can be given based on the research are
the selection and readiness of media tools and materials
need to be considered so that they can attract students’
attention and are not boring, the reading material on the
LKS is more adapted for 7th grade students with language
that is easier to understand.
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