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Introduction

Abstract: The researcher's goal in this study is to investigate the efficiency
of the scientific literacy-based learning device model learning cycle 7E in
improving student scientific literacy skills. This research used Research and
development, with one group pretest-posttest design and two replications.
The research sample was VII-grade junior high school students. To gather
data about students’ scientific literacy, the researcher used a scientific
literacy-based test. The data on students' scientific literacy will be evaluated
to determine their level and skills before and after treatment with the
development product. Based on research analysis and findings after using a
scientific literacy-based learning device, the students’ scientific literacy
increased. It can be seen from the n-gain value average obtained in junior
high school 2, which has a value of 0.72 and is categorized as high.
Meanwhile, the trial class of junior high school 2, was also categorized as
high, with a value of 0.71. The results of a statistical test using two
independent t-tests showed no significant difference between the n-gain
values of the two trial classes. Based on these findings, it can be stated that
the scientific literacy-based learning device model learning cycle 7E, helps
increase students' scientific literacy.

Keywords: Effectiveness; Learning cycle 7E; Research and development;
Scientific literacy; Scientific literacy level

applied their knowledge about science in various
concept and process in daily life. It also not quite hard to

The rapid development of the era in the 21st-
century paradigm requires each individual to compete
globally. In 21st century education development, one of
the most crucial main focuses is developing students'
thinking skills, especially in science learning (Fortus et
al., 2022; Moiyo et al., 2024). Nowadays, scientific
literacy is critical because these skills can help students
develop a deep understanding of what is more
meaningful about learning science. Scientific literacy is
also one of the foundations of science learning which is
very helpful if the students have a high level of scientific
literacy (Astuti et al., 2022; Bahtiar et al., 2022). A deep
understanding about science is a key to develop solid
scientific literacy. In this term, it means the students can
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applied the science knowledge to explain many
phenomena in daily life, but the problem is there’s a lot
of students that doesn’t aware about it (Tegeh et al.,
2021; Yani et al., 2020).

Students with a higher level of scientific literacy
mostly had better academic performance, explained
some phenomena scientifically, evaluated, and also
made an interpretation scientifically (Almeida et al.,
2023; Toharudin et al., 2011, Ustun et al,
2022). However, according to recent research, there are
a lot of challenges that students face in developing their
scientific literacy (Jamaluddin et al., 2019; Merta et al.,
2020; Saraswati et al., 2021). Recent research stated that,
in Indonesian science learning textbooks there’s much
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content on it. But, if we take a look at more detail it is still
less quality such as the scientific literacy aspect
(Dhitareka et al., 2022; Fayanto et al., 2023). On the other
side, there’s also a problem when the teachers should be
trained the students in scientific literacy, but they are
also still not literate enough (Klemenci¢ et al., 2023;
Sumanik et al.,, 2021; Wahab et al.,, 2023). This thing
causes students to still have difficulties developing their
abilities.

Scientific literacy consists of the words literatus
which means literate and scientia which means
knowing. The term scientific literacy was first
introduced in the 1950s by Paul DeHart Hurd who
stated that scientific literacy is an understanding of
natural science and its social applications (Wasis et al.,
2020). According to the Programme for International
Student Assessment (PISA), scientific literacy is defined
as "the capacity to use scientific knowledge, to identify
questions and to draw evidence-based conclusions in
order to understand and help make decisions about the
natural world and the changes made to it through
human activity” (OECD, 2016). Thus, scientific literacy
is defined as a person's knowledge and understanding
of scientific concepts and processes that are needed for
decision-making, socio-cultural life, and economic
growth. PISA describes three competencies in students'
scientific literacy skills along with their indicators as
follows:  Explaining ~ phenomena  scientifically,
Evaluating and designing scientific investigations, and
Interpreting scientific data and evidence (OECD, 2019).
PISA defines the cognitive level of scientific literacy
assessment into three different levels. The levels set for
this assessment are: low, medium, and high. When
compared with the revised Bloom's taxonomy, the low
level is equivalent to C1; the medium level is equivalent
to C2 and C3; and the high level is equivalent to C4, C5,
and C6 (Toharudin et al., 2011; Wasis et al., 2020).

Programme for International Students Assessment
(PISA) reported from their latest survey, that Indonesian
students' scientific literacy level average is still in low
level condition (OECD, 2019, 2022). More than 50% of
students that become a sample, they're still in the low-
level category of scientific literacy with level 2 or lower.
The Indonesian students’ scientific literacy if compared
to the other Southeast Asian neighboring countries such
as Malaysia, Thailand, Brunei, and Vietnam, our level of
student scientific literacy still below them (OECD, 2022).
In the latest survey Indonenesia had 383 scores,
meanwhile the other neighboring countring that
mentioned above has score above 400. Our student's
scientific literacy skills still need more attention to be
improved and developed.

Based on recent research about students” scientific
literacy level, the average category that students
achieved is still very low. From 127 samples in two
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schools, only 32 students reached above the minimum
category level which means only 25%. The students that
reach this were at enough and good category, and still,
no one can reach very good (Sunandar et al.,, 2022). In
the other research from Amala, most students can
understand deeply scientific literacy in explaining
phenomena indicators. It seems from her research
findings that from three indicators that are used in
scientific literacy tests, 60% of students can answer
correctly. It's easier for them to answer the question in
this indicator because they explain the phenomena that
are presented in a simple knowledge of science.
Meanwhile, in two other indicators, the students still
have difficulties to answer this type of question. These
things happen because students mostly only memorize
theories that are mentioned while learning in the
classroom. They never try to apply scientific knowledge
in their daily life to evaluate or design an investigation,
also to interpret data and evidence scientifically (Amala
et al., 2023).

It is intended that people who comprehend
science's fundamental significance will be scientifically
literate and use this information to make decisions that
are thoughtful, original, rational, practical, and
methodical (Fatmawati & Khotimah, 2023). In the order
to progressing the development of our students'
scientific literacy to reach this level, various efforts and
more attention must be made, such as developing
scientific literacy based learning device or maybe using
a new learning method that focused to facilitated the
students to develop their scientific literacy skills (Wahab
et al., 2021). According to Lestari et al. (2021), Luzyawati
et al. (2023), and Setiaji et al. (2023) in their research
stated that using a new learning method in classroom
are effective to improve the students’ scientific literacy.
Meanwhile, the other research also stated that using a
developed learning device that focused to improve
students’ scientific literacy also effective in a various
learning material in science learning (Andriani et al.,
2021; Aprilia et al., 2023; Putra et al., 2023; Utari et al.,
2024; Widodo et al., 2020).

Referring to several research results, the researcher
felt the need to conduct research focusing on training
students' scientific literacy skills. The researcher believes
that this research is necessary, especially considering
that there is still barely any study on this topic in the
local area where the researcher is located. The novelty of
this research is that the researcher tried to use the 7E
learning cycle model to develop a scientific literacy-
based learning device to train students’ scientific literacy
skills in junior high school.

The purpose of this research was to determine the
effectiveness of scientific literacy based learning device
to improve students scientific literacy. The learning
device that had been developed includes learning
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syllabus, lesson plan, students learning modul, and
scientific literacy assessment. The reason for the
researcher developing the scientific literacy based
learning device is to produce an innovative learning that
able to train students scientific literacy in schools.

Method

Sample and Procedures

This research is a continuation of the research on
developing learning devices based on scientific literacy.
The syllabus, lesson plans, learning modules, and
assessment tools were developed earlier using the PISA
scientific literacy indicators. Five validators who are
experts in the field of scientific literacy were involved in
this research. Three lecturers are experts in scientific
literacy, and two actual school science teachers have
tested the validity of the developed products. The
research flowchart can be seen in the following figure:

Preliminaryv Research

Y

Product Development

Validity Test

R .

Field Trials

.

Scoring & Analysis

«

Interpreting Data

Figure 1. Research flowchart

This study used the scientific literacy based
learning device to train student’s scientific literacy on
junior high school students. The trials were carried out
on students through scientific literacy test with one
group pre-test post-test design with two replications at
Junior High School 2 and Junior High School 5
Banjarmasin. The trials were carried out with a sample
of 66 students, 35 students from junior high school 2
Banjarmasin, and 31 students from junior high school 5
Banjarmasin. The research design is shown by the

following figure:
X | 02

Ol |mb

Figure 2. Field trial design
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Notes:
O1 : Pre-test, to determine the ability of students
before being giving the treatment
X : Treatment, learning process using the scientific
literacy based learning device
O2 : Post-test, to determine the ability of students after
being giving the treatment
In this study, two classes were used as experimental
class with two replications. The design of this study was
carried out so that research was more accurate in
comparing before being given treatment with after being
given treatment (Sugiyono, 2013).

Data Analysis
Analysis of Students’ Level of Scientific Literacy Skills

This study uses scientific literacy questions to
measure students' scientific literacy skills. The questions
used are made based on PISA scientific literacy
indicators, mnamely: 1) explaining phenomena
scientifically, 2) evaluating and designing scientific
investigations, and 3) interpreting data and evidence
scientifically. The questions used are 20, which consist of
4 different discussion topics adapted to the context of
PISA scientific literacy and the science curriculum at
school. The questions used have also been adjusted to
the scope mentioned by PISA, namely personal,
local/national, and global (OECD, 2019).

Analysis of scientific literacy tests is used to
determine scores and levels of students' scientific
literacy skills, which are measured by 1) giving value or
score to each question with a different level. The value
score is adapted from PISA, then 2) Determine the
achievement score for each level using the scoring
formula as follows:

Bi x bi

Score = ) =

x 100% 1)

Description:

Bi = the number of items answered correctly

bi = the value of each item (adapted from PISA)

St = theoretical score (Pravitasari et al., 2015; Wahab et
al., 2023).

By converting the scores contained in PISA with the
research results obtained, the range of scores and levels
of scientific literacy skills can be seen in table 1.
Following the calculation of the score to categorize
students' scientific literacy levels, the next step involves
evaluating each student's answer sheet. Subsequently,
the scientific literacy skills students attain are
determined based on Table 1, which outlines various
abilities corresponding to each level. For a more
comprehensive analysis, the author will refer to PISA's
descriptions of the skills associated with each level to
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identify the constraints of students' capabilities (Wahab
et al., 2023).

Table 1. Students' Scientific Literacy Level Criteria

Score Range Scientific Literacy Level Criteria
93.0 -100.0 6 Very Good
73.0-92.0 5 Good
55.0-72.0 4 Enough
40.0 - 54.0 3 Deficient
14.0 -39.0 2 Low
7.0-13.0 la Very Low
1.0-6.0 1b Very Low

After that, to determine the increase in students'
scientific literacy by calculating the n-gain using the
increased score in students' overall scientific literacy.
The amount of increase or gain is analyzed using the
following formula, then the result of this calculation
interpreted with the following Table 2.

() = _Spost—Spre )

" Sm ideal-Spre

Description:

g = increase in scientific literacy skills
Spre = pretest score

Spos = post-test score

Sm ideal = maximum score

Table 2. N-Gain Criteria

n-gain score n-gain criteria

<g>=0.7 High
03<<g><07 Medium
<g><03 Low

This study uses analysis with an independent 2-
sample T statistical test to determine the level of
effectiveness of the device that has been developed and
used during the trial. Several prerequisite tests must be
carried out first, namely the normality test &
homogeneity test. If both tests have been met as
prerequisite tests, then the next analysis can be
continued to the independent 2-sample T statistical test.
The normality test aims to assess the distribution of data
whether the data is normally distributed or not. While
the homogeneity test aims to show that the data samples
used have the same variance (Gio, 2013).

The data normality test in this study used the
Kolmogorov-Smirnov test with the condition Asymp >
0.05, then the data can be said normally distributed.
Meanwhile, the homogeneity test is carried out with
using Levene Test, with condition if significance value
that obtained is > 0.05 then the data can be said
homogen. After that, if the data obtained is normally
distributed and homogeneous, then a hypothesis test
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can be carried out with parametric statistics of the
independent 2-sample T-test. Hypothesis testing using
n-gain data is carried out to determine whether there is
a significant average difference in improving students'
science literacy skills from the trial data (Gio et al., 2019).
The hypotheses used are:
HO = there is no significant difference, the average
increase in science literacy skills of class SMPN 2 and
SMPN 5 students.
H1 = there is a significant difference, the average
increase in science literacy skills of class SMPN 2 and
SMPN 5 students.

The significance level used is a = 0.05. Hypothesis
HO is accepted if the p-value obtained is > 0.05.
Meanwhile, if the p-value obtained is <0.05, then HO is
rejected. Analysis using statistical tests is an inferential
test that aims to determine the extent of the similarity
between the results obtained for the two trial classes.
This test aims to determine whether there is a significant
increase in the value of scientific literacy obtained by
students in the trial classes SMPN 2 and SMPN 5
Banjarmasin and whether the increase in scientific
literacy in classes SMPN 2 and SMPN 5 Banjarmasin is
significantly different. So that it can measure how
effective the learning device that have been developed
when used.

Result and Discussion

The effectiveness of the developed learning device
product is measured by calculating and analyzing the
results obtained by students when answering the
developed science literacy test questions. In this trial, a
pre-test assessment was carried out before the first
meeting of the learning process, and a post-test was
carried out after the learning process at the fourth
meeting ended. The assessment aims to determine the
science literacy skills of students both before and after
participating in learning with the developed device.

The values obtained are then calculated to
determine the n-gain of each student. Where the n-gain
value is then used in statistical analysis using SPSS, the
comparison of pre-test and post-test values and n-gain
of each trial class can be seen in figures 3 and 4.

Based on the average results for the SMPN 2
Banjarmasin trial class, the average score was 35.71.
While for the SMPN 5 Banjarmasin trial class, the
average score was 30.81. As with the pre-test scores, the
same conditions were found in the post-test scores.
Based on the known average results for the SMPN 2
Banjarmasin trial class, the average score was 82. While
for the SMPN 5 Banjarmasin trial class, the average score
was 80.32. This can be seen in Figure 5.
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Figure 3. SMPN 2 trial class scores
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Figure 4. SMPN 5 trial class scores

90,00 80,32 After ojbtaining the pre-test a.nd post-test scores, the
80,00 next step is to group the scientific literacy levels
70,00 achieved by students based on their pre-test and post-
60,00 test scores according to the range of scientific literacy
50,00 35,71 level scores that have been determined in advance in
40,00 30,81 Table 1. Based on the grouping results, it is known that
30,00 the scientific literacy levels of students before treatment
20,00 are still limited to levels 2 and 3 only. Meanwhile, after
10,00 . . :

0,00 following the learning process using the developed

devices, students' scientific literacy skills increased and

SMPN2 SMPN5 SMPN2  SMPNb5 . ..
were at level 5. This can be seen in Figures 6 and 7
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Figure 5. Average scores on two trial class
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Figure 6. SMPN 2 trial class student’s scientific literacy

6409



Jurnal Penelitian Pendidikan IPA (JPPIPA)

O R N W &~ G &

3 3 .3 3 3
222|22||||
1 2 3 45 6 7 89

u PRE

September 2024, Volume 10, Issue 9, 6405-6414

55555555555 555555 55 5 5 5 5 5 5 5 5 5 5 5 5

202 2 2 2 2 2022 2 2 2 2 2 2 2 2 22 2 2

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

POST

Figure 7. SMPN 5 trial class students scientific literacy

Referring to the PISA framework, the ability of level
2 students can be able to utilize everyday content
knowledge and basic procedural knowledge to identify
and explain scientifically, and identify questions being
discussed in simple concept design (OECD, 2022). For
example, in the literacy test instrument used, for
example, when students are asked to provide a scientific
explanation related to how mining activities can cause
environmental pollution. For the example of the solar
system material, students are asked to explain why all
planets can orbit the sun and never leave their orbital
lines.

While, level 3 students can utilize fairly complex
content knowledge to identify or construct explanations
of familiar phenomena in less familiar or more
complicated situations, they can build explanations with
relevant cues or support (OECD, 2022). For example, in
the literacy test instrument used, the students are asked
to provide an explanation related to the phenomenon of
meteors entering the earth's atmosphere which is
sometimes still called by laypeople a shooting star event.
Another example is where the students are asked to
explain the treatment that needs to be taken by the local
government regarding the former mining area, to
combat environmental damage.

According to PISA, students at level 5 can use
abstract scientific ideas or concepts to explain unknown
and more complex phenomena, events, and processes
that involve many causal relationships (OECD, 2022).
For example, in the literacy test instrument used, for
example, when students are asked to interpret data
related to the increase in fuel car sales that can cause
global warming against data on temperature increases
that have occurred regionally in the last 20 years.
Another example is when students are asked to interpret
data related to the use of transportation in daily
activities and the ongoing impacts it causes on
environmental pollution and global warming.

This result are in line with several previous research
that focusing on improving students scientific literacy.
According to Saputro (2022), using a new learning

method can be significantly improve students scientific
literacy. The development of learning tools using a
learning model an combining it with scientific literacy
indicator from PISA, can facilitated students to develop
their scientific literacy (Saputro et al., 2022). Meanwhile,
Utari (2024) in her research finds that using an enriched
learning materials can effectively improved students
scientific literacy, especially if the materials that
developed involving the daily life phenomena as a
source of learning (Utari et al., 2024). This research
findings also in line with Hindun (2024) who stated that
The more the learning device can facilitate students to
practice their scientific literacy, the more effective its use
will be during the learning process (Hindun et al., 2024).

The pre-test and post-test scores were then used to
determine the n-gain score of each student using n-gain
calculation formula (Hake, 1999). After the n-gain score
was obtained, the n-gain score was grouped according
to their respective categories. The grouping results were
then made into a graph to compare the n-gain scores in
the 2 trial classes. The grouping of the n-gain score
categories can be observed through the following figure:

30 26
25

20
15
10

10

0 0

Low Medium Low Medium

SMPN 2 SMPN 5

Figure 8. N-gain categories
Based on the n-gain data obtained for the SMPN 2
trial class, out of 35 students who participated in the

learning process, 9 students were classified as a medium
n-gain, the other 26 participants were classified as
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having a high n-gain, while the average n-gain value at
the SMPN 2 trial class was 0.72 or categorized in high n-
gain category. Meanwhile, for the SMPN 5 trial class,
from 31 students who participated in the learning
process, 10 students classified as a medium n-gain, and
21 other students classified as a high n-gain, while the
average n-gain value of the SMPN 5 trial class was 0.71,
also categorized as a high n-gain category. Through
these findings, it can be said that the learning process
using the developed learning tools was effective in
improving students' scientific literacy skills.

The n-gain value that has been obtained is then
used to conduct statistical tests using the SPSS
application. Several stages of statistical tests will be
carried out to analyze the n-gain data to determine the
level of effectiveness of the device being tested, namely
the data normality test using Kolmogorov-Smirnov test,
the results of the statistical test can be seen in the
following figure:

One-Sample Kolmogorov-Smirnov Test

GAIN_SMP2  GAIN_SMP5
M 35 31
Mormal Parameters*® Mean 7203 7135
Std. Dreviation 03129 03808
Most Exireme Differences Absolute 136 119
Positive 115 069
Megative -.136 -119
Test Statistic 136 119
Asymp. Sig. (2-tailed) 09%° 200:8

Figure 9. SPSS output on normality test

Based on the results of the pre-requisite tests above,
it can be seen that the data is categorized as normally
distributed. It can be observed based on the results of the
Kolmogorov-Smirnov test where the sig. (2-tailed)
values were obtained at 0.099 and 0.200. The basis for
decision-making used is that if a significance of value >
0.05 is obtained, then the distribution of the data can be
said to be normal (Gio, 2013; Gio et al., 2019). Then, after
the normality test, the prerequisite test which must be
done is the homogeneity test. This test will be carried out
using the Levene test by using SPSS also like the
normality test. It can be seen in the following figure:

Test of Homogeneity of Variances
Levene Statistic dfl  df2 Sig.

NILAlL_  Based on Mean 1.040 1 64 32
GAIN Based on Median 673 1 64 A15
Based on Median and with .673 1 61454 415
adjusted df
Based on timmed mean 975 1 64 327

Figure 10. SPSS output on homogeneity test
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The Levene test's purpose is to determine whether
the distribution of the data used is homogeneously
distributed or not. The basis for decision-making is also
the same as the previous test, where if a significance of
value > 0.05 is obtained, then the data can be said to be
homogeneous (Gio, 2013; Gio et al., 2019). The results of
the Levene test can be observed in Figure 14 where the
sig. value obtained has a significance value of > 0.05 so
that the data used can be categorized as homogeneously
distributed. Then the last one, after passing the
prerequisite test, the data were obtained will be tested
with T-Test 2 independent sample. The result of T-Test 2
independent sample can be seen in the following figure:

Independent Samples Test
Levene's Test

for Equality of

Variances t-test for Equality of Means
Mean
Sig. (2- Differe
F Sig. t df tailed) nce
NILAL Equal 1.040 312 789 64 433 .00674
GAIN variances
assumed
Equal 779 58. 439 00674
variances 236

not assumed

Figure 11. SPSS output on t-test 2 independent sample

Based on the results of the statistical test of 2
independent samples above, a sig. significance value (2-
tailed) obtained was 0.433, where based on decision
making that used if the significance value is > 0.05 then
HO is accepted (Gio, 2013; Gio et al., 2019). Based on the
results of the T-test of 2 independent samples, there is no
significant difference in the average value of the n-gain
of scientific literacy in the two trial classes. It can be
concluded that the learning device products are proven
effective in improving students' scientific literacy based
on the results of trials from 2 different classes.

Conclusion

According to the result data and findings, the
scientific literacy based learning device can be declared
effective based on the increasing scientific literacy ability
of students is seen through the average n-gain value
obtained, namely 0.72 for the SMPN 2 trial class which is
in the high category, and the average n-gain value is 0.71
in the SMPN 5 trial class with high category, and then
based on the results of the statistical test T-test 2
independent samples, it was concluded that there was
no significant difference in the average n-gain value of
scientific literacy for students in class SMPN 2 and
SMPN 5. The learning device products that have been
developed have been proven to be effective in
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improving students' scientific literacy in junior high
school.
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