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Abstract: The BRADeR learning model is an innovative model developed to help teachers train students' scientific
literacy skills. The aim of this research is to determine the effectiveness of the BRADeR learning model in
improving junior high school students' scientific literacy skills. This research is included in the type of quasi-
experimental research. The research design used is quantitative research using descriptive methods (descriptive-
quantitative). The subjects of this research were seventh class students at State Junior High School 5 of
Pematangsiantar. Data collection techniques are in the form of tests, and the data analysis process uses descriptive
quantitative-qualitative and n-gain. The results of the research show that the BRADeR learning model is effective,
in terms of: a) its influence on the scientific literacy abilities of junior high school students, where: (1) n-gain in
the scientific literacy abilities of junior high school students is in the medium to high category, and (2) there is an
increase in literacy abilities science junior high school students. From the research results, it can be concluded
that the BRADeR learning model is effective in improving junior high school students' scientific literacy skills.
Other researchers can strengthen research in this area, expand its scope, and ensure that the learning models
developed can be applied more effectively and are relevant to broader contexts.
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1. Introduction

The 21st century is a century of globalization full of challenges. Countries in the world
are increasingly racing to win in the era of global competition marked by advances in
science and technology (Barak & Assal, 2018; Greenstein, 2012; Snow & Dibner, 2016). The
21st century can also be said to be a century marked by a massive transformation from an
agrarian society to an industrial society and continuing to a knowledgeable society (Barak
& Assal, 2018; Chalkiadaki, 2018; Oral & Erkilic, 2021). The transformation process of the
21st century is an era in which science and technology, especially communication
technology, is developing very rapidly, which has an impact on intense free competition
in all aspects of human life (Kan’an, 2018; Tomovic et al., 2017). In the tight challenges
facing society, a paradigm shift is needed in the education system that can provide a set of
21st century skills needed by students to face every aspect of global life. Students who have
the knowledge to understand scientific facts and the relationship between science,
technology and society, and are able to apply their knowledge to solve problems in real
life are called scientifically literate citizens (Odegaard et al., 2015; Wang & Zhao, 2016).

Literacy ability is one of the learning outcomes in the independent curriculum
(Kemendikbudristek, 2022). Literacy skills are not only limited to the ability to read and
write, however, there are six basic literacy skills that students must achieve in the
independent curriculum, one of which is the ability in scientific literacy. Scientific literacy
is part of science, is practical, relates to issues about science and scientific ideas (OECD,
2019). Citizens must have sensitivity to health, natural resources, environmental quality
and natural disasters in personal, local, national and global contexts. Given the importance
of scientific literacy, educating people to have scientific literacy is the main goal in every
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science education reform (Holbrook & Rannikmae, 2009; Odegaard et al., 2015; Wang &
Zhao, 2016).

The National Science Education Standards (NSES) in Alake-Tuenter et al (2012) state
that someone who is skilled in science will have an understanding of the six main elements
of scientific literacy, namely: (1) science as inquiry, (2) science content, (3) science and
technology, (4) science in personal and social perspectives, (5) the history and nature of
science, and (6) the unity of concepts and processes. OECD (2016a) describes the
characteristics of someone who is skilled in science, namely someone who has the ability
to: (1) explain phenomena scientifically; (2) design and evaluate scientific investigations;
and (3) interpret data and facts scientifically. Therefore, a science-skilled person is a person
who uses scientific knowledge to identify questions and draw conclusions based on
evidence in order to understand and help make decisions about the natural environment
and changes resulting from human activities. With science skills, a person has the ability
to engage with issues related to science, and with the ideas of science as a reflection of
society (Abrori et al., 2023; Ke et al., 2021). Based on these characteristics, scientific literacy
is not only needed by people who want to become scientists in the future, but is also a very
important ability for all humans to master.

Education is currently undergoing development aimed at improving students'
scientific literacy abilities (Situmorang, 2016). Several countries make scientific literacy the
main goal in science education (Fortus et al., 2022; Ke et al., 2021; Simamora et al., 2020;
Walag et al., 2022). Science learning in schools is expected to develop students' abilities in
facing current educational trends, namely through scientific literacy learning. Scientific
literacy skills for students are very much needed. Literature in the field of science
education also shows that scientific literacy is increasingly accepted and valued by
educators as an expected learning outcome (Siagian et al.,, 2023). Scientific literacy is
defined as the ability to engage in science-related issues and think about science as a
thoughtful citizen (OECD, 2019). Scientific literacy is needed to understand scientific
issues, the benefits and risks of science (Fahmi et al., 2022) and with scientific literacy skills
you can understand the social and environmental problems faced by society in this modern
era, especially those that rely on knowledge and technology (Simamora et al., 2022).

The Indonesian government always continues to improve in improving students'
scientific literacy skills. However, the condition of students' scientific literacy abilities in
Indonesia has not yet achieved the expected results. The results of the Program for
International Student Assessment (PISA) assessment as quoted from The Organization for
Economic Cooperation and Development (OECD) ranked Indonesia in PISA in 2003,
namely 38th out of 41 with a score of 395. In 2006 Indonesia was in 50th place out of 57
with a score of 393. In 2009, Indonesia was ranked 57th out of 65 with a score of 383. In
2012 Indonesia was ranked 64th out of a total of 65 countries with a score at that time of
382. Furthermore, in 2015 Indonesia was ranked 3rd. 64th out of 72 participating countries,
with a score of 403, and in 2018 Indonesia was ranked 70th out of 78 participating countries,
with a score of 396 (OECD, 2016a, 2019).

This is also in accordance with several research results regarding students' scientific
literacy abilities in several regions in Indonesia which provide low results. Some aspects
of low scientific literacy are in explaining natural phenomena which include aspects of
thinking and working scientifically (Diana et al., 2015; Hasanah et al., 2017; Putra et al.,
2016). Likewise, the results of research on scientific literacy abilities carried out in five
public junior high schools in Pematangsiantar showed that students' scientific literacy
abilities were still low (Simamora et al., 2020). Students' scientific literacy abilities in the
content knowledge aspect are still relatively low, namely 31.88%, for the procedural
knowledge aspect it is also very low, namely 8.56%, and for the epistemic knowledge
aspect it is classified as very low, namely 2.05%.

The factors that influence students' low scientific literacy abilities are due to science
learning habits which are still conventional in nature and ignore the importance of the
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ability to read and write science as competencies that students must have, so that there is
a tendency that the learning process does not support students in developing scientific
literacy abilities (Siagian et al., 2023; Simamora et al., 2022) The cause of the problem of
students' low scientific literacy skills requires efforts to overcome it. For this reason,
problem solving is needed by focusing on the application of a learning model in improving
the learning process which aims to improve students' scientific literacy abilities.

The urgency of this research is to improve scientific literacy, where scientific literacy
at the junior high school level is very important to equip students to be able to think
critically and have problem-solving skills in facing real-world problems (Solheri et al.,
2022; Wen et al., 2020). However, there are still many students in various countries who
even have low levels of scientific literacy, as shown by the results of international studies
(OECD, 2023a, 2023b). On the other hand, the traditional learning model that is still often
applied has been proven to be ineffective in improving students' scientific literacy, because
it is less interactive in involving students in active learning (Adnan & Bahri, 2018; Kamsi
et al., 2019). Therefore, the developing research on new learning models with contextual
enrichment and encouraging students’ participation is need to develop. The BRADeR
model used in this study is an innovative learning model that has not been widely used in
various schools (Siagian et al., 2023; Simamora et al., 2022). In fact, this study offers a new
approach that combines activity-based learning with the reinforcement of science concepts
designed to improve students' science literacy holistically. Many studies focus on cognitive
aspects, but this study focuses on science literacy, which includes understanding,
applying, and reflecting on science in everyday life (Hussin, 2018; Park & Green, 2019).

Recent research on scientific literacy shows that contextual and interactive
approaches, such as those implemented in the BRADeR model, are more effective than
traditional methods. This model likely utilizes strategies such as problem-based learning
and collaborative discussion, which are current approaches in science pedagogy. It also
integrate 21st century skills. It is in line with recent findings in educational research that
emphasize the importance of developing these skills for students' futures. Based on the
background of the problem stated above, the BRADeR learning model is thought to be
effective in improving junior high school students' scientific literacy skills. This research
focuses on implementing the BRADeR learning model and finding out whether the model
is effective in improving students' scientific literacy skills.

2. Materials and Methods
2.1 Type of Research

This research is included in the type of quasi-experimental research. The research
design used is quantitative research using descriptive methods (descriptive-quantitative),
using the one-group pretest-posttest design (Fraenkel et al., 2012). The use of descriptive
quantitative methods with a one-group pretest-posttest design in this research is because
this research focuses on measuring the effectiveness of the BRADeR learning model in
increasing students' scientific literacy. Therefore, a quantitative approach is used to enable
researchers to collect numerical data, so that the results can be calculated objectively and
interpreted statistically. Descriptive research aims to describe the phenomenon being
studied in detail, in this case increasing students' scientific literacy. Using descriptive
methods, researchers can explain how changes occur in students' scientific literacy before
and after implementing the BRADeR learning model. The one-group pretest-posttest
design allows researchers to measure changes that occur in the same group of students
before and after being given treatment, namely the application of the BRADeR model. It is
very important to know whether there is an increase in students' scientific literacy after
learning with BRADeR model.
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2.2 Research Subjects and Objects

The research subjects are students of seventh class at State Junior High School (SJHS)
5 of Pematangsiantar. This research involved one class being observed at the pretest stage
(O1) which was then continued with learning treatment using the BRADeR (X) and posttest
(Oz) learning models.

2.3 Data types and sources
The types of data used in this research are primary data. Primary data was obtained
from the pretest and posttest results of students who were the subjects of this research.

2.4 Data collection technique

The data collection technique in this research is a test, namely a scientific literacy
ability test. Scientific literacy ability test data was collected by administering a pretest and
posttest. The tests given are in accordance with the indicators and objectives developed
by researchers. The test is used to measure or determine the contribution of the BRADeR
learning model to improving students' scientific literacy skills. A pretest is given to
students before learning, then they are given learning treatment using the BRADeR
learning model. After five meetings, a posttest was carried out. The pretest and posttest
results are then analyzed to be used as a contribution to the learning model.

2.5 Data analysis techniques

Data analysis of scientific literacy abilities was carried out based on the scores
obtained by students from pretest and posttest activities. Based on the data obtained from
the pretest and posttest results, it was then analyzed to determine the increase in students'
scientific literacy abilities. The formulation for determining the results of scientific literacy
abilities is by testing the differences in students' scientific literacy abilities before and after
participating in learning using the BRADeR learning model. The magnitude of the increase
in students' scientific literacy skills before and after treatment is calculated using the n-
gain equation in Formula 1 (Bao & Redish, 2006). While the N-gain is adjusted to the
assessment criteria presented in the Table 1.

Spost—S
Ngain — 2post “pre (1)
Smax—Spre

Note:

N-gain = normalized gain value (normalized gain)
Spost = posttest score for scientific literacy abilities
Spre = pretest score for scientific literacy skills

Smax = maximum value of scientific literacy abilities

Table 1. N-gain criteria

N-gain Score Criteria
> 0.70 High
0.30 < n-gain < 0.70 Moderate
n-gain < 0.30 Low

One of the conditions for a learning model to be said to be effective in improving
students' scientific literacy skills is if the average n-gain is at least in the medium category
(N-gain > 0.30).

3. Results
3.1 Implementation of the project-based learning model

Based on the problem formulation that has been described, this research determines
the effectiveness of the BRADeR model for improving junior high school students'
scientific literacy skills. The effectiveness of this model can be seen from the results of
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scientific literacy ability tests before and after learning is carried out using the BRADeR
learning model. Before carrying out learning by applying the BRADeR learning model,
students are first provided with an understanding of scientific literacy. Based on the
problem formulation that has been described, this research determines the effectiveness of
the BRADeR model for improving junior high school students' scientific literacy skills.

The effectiveness of this model can be seen from the results of scientific literacy ability
tests before and after learning is carried out using the BRADeR learning model. Before
carrying out learning by applying the BRADeR learning model, students are first provided
with an understanding of scientific literacy. Students' scientific literacy abilities were
measured using a test of students' scientific literacy abilities and analyzed quantitatively
descriptively. The scientific literacy ability test is designed to evaluate the learning material
that students acquire during the learning process by applying the BRADeR learning model
(Siagian et al., 2023). The test preparation is based on the abilities that will be measured by
the students. The results of the achievements of individual students' scientific literacy
abilities in limited trials are presented in the Figure 1.

EEE Pretest
EEm Posttest

N-Gain
80r

(=2}
o

=y
o
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o

IR R O R R R I R
Student No.

Figure 1. Diagram results of analysis of students' scientific literacy ability

4. Discussion

In general, the post-test results showed an increase compared to the pre-test results,
although some students still had not achieved optimal results due to several reasons. The
N-Gain score showed a significant increase between the pretest and posttest scores. These
results indicate that the BRADer learning model is effective in improving student
understanding (Siagian et al., 2023). Students who had low pretest scores (<15) were able
to improve their understanding after the learning process.

For instance, student number 7 with a pretest score of 7.14 was able to achieve a
posttest of 87.50 with an N-Gain of 0.87. The high N-Gain score indicates that the BRADer
learning model can facilitate most students to achieve significant improvements in
scientific literacy, with little difference between students in terms of effectiveness. On the
other hand, the analysis of student answer sheets showed that there were still students
who had difficulty designing scientific investigations. Students were able to formulate
problems, formulate hypotheses, and determine investigation variables, but were not yet
able to design investigation procedures. The results of student answers to the scientific
investigation design indicator are presented in Figure 2.

The fifth (Figure 2) and eighth (Figure 3) questions are questions with indicators of
scientific literacy in designing inquiry investigations. These two questions are intended
to measure students' ability in order to make decisions related to a scientific concept.
Furthermore, through these questions, students are required to be able to design
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scientific investigations in order to obtain scientific conclusions that are used as a basis
for decision making. The results of the study showed that most students were able to

solve these questions.
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Figure 2. Example of a complete student answer to fifth question
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Figure 3. Example of a complete student answer to eighth question

Meanwhile, the tenth question is an evaluation type question. Evaluation, in the
inquiry stage, is a crucial stage carried out to analyze whether the scientific investigation
design presented is correct or not. The results of the analysis of the student answer sheets
showed that some students were able to provide responses to the investigation design
presented, but others were not yet able to evaluate the investigation design (Figure 4).
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It was strongly indicated that students' inability to design and evaluate scientific
investigation plans was closely related to their involvement in group discussions (Zhou,
2021; Zulkarnaen et al., 2017). In this case, the discussion activities are integrated into the
student worksheet. Students who are actively involved in group discussions are thought
to be more capable of designing and evaluating a scientific investigation because the
activities have been integrated in such a way into the student worksheet (Mumtaza &
Zulfiani, 2023; Orosz et al., 2022). The second activity in the worksheet is designed to
facilitate students in designing scientific investigation procedures independently
(Holbrook & Rannikmae, 2009). Furthermore, in the fourth and fifth activities, students are
given space to evaluate the results of the investigation designs prepared by their group or
their friends' groups. It ensure that the indicators of scientific literacy in the aspect of
designing and evaluating scientific investigations are achieved as expected. It overcome if
the components of scientific investigations are trained well in advance, so that students are
accustomed to carrying out scientific investigation design activities and can evaluate the
designs (Sun et al., 2014; Yanto et al., 2019).

The increase in the N-gain score in science literacy skills is in the moderate to high
category, namely 0.63 - 0.84 (Hake, 1999). This shows that the BRADeR learning model can
improve students' science literacy skills in each indicator. The improvement of students'
science literacy skills is supported by the availability of science information presented in
student books. It can inspire students to contribute ideas in responding to scientific
phenomena in science information as in the first scenario of the BRADeR learning model
(Ke et al., 2021). Moreno and Park (2010) said that changes in mental structure in the
learning process are the result of interactions between individuals and their environment,
steady and continuously.

As a learner, students always try to understand the world through interactions with
their environment (Abrori et al.,, 2023; Rospitasari et al., 2017; Saxena & Behari, 2021). It
cannot be separated from the reading activities carried out by students as stated in the
BRADEeR learning model second phase (Simamora et al., 2020). Activities in second phase
provide students with space to understand, select, process, and remember the information
they obtain through discourse texts. In this phase, students also collect information related
to science and then respond to that information. Slavin (2012) stated that giving complex
and realistic tasks with sufficient assistance will help students solve problems well. Thus,
through the presentation of scientific information followed by scientific reading activities,
it can develop the ability to contribute ideas, collect various information and respond to
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the information by linking the ideas put forward so that this can facilitate the development
of student knowledge to explain scientific phenomena.

Analysis activities, third phase in the BRADer learning model, are indicated to have
a crucial role in improving scientific literacy skills. Teachers facilitate students in
constructing knowledge through investigative activities arranged on worksheets by
applying problem-solving skills. Students can experience direct experience in constructing
scientific literacy with the competence to design and evaluate scientific investigation plans.
Teacher facilitation in student learning is fundamental in helping them improve their level
of cognitive knowledge and higher skills (Moreno & Park, 2010). Slavin (2012) also stated
that students process information when they manipulate and observe the information
from various perspectives and analyze it. This theory is supported by findings from
McConney et al (2014) which stated that the analysis process in scientific literacy can
include high-level thinking investigations. Kemendikbud (2016) and Situmorang (2016)
also revealed that the scientific process in terms of searching, interpreting, and analyzing
facts or data is a form of activity that has the potential to train students' scientific literacy.
Thus, the third stage in the BRADer learning model can facilitate the development of
students' knowledge to design and evaluate scientific investigations, as well as interpret
data and provide scientific evidence.

The fourth phase also influences the increasing of students' scientific literacy abilities.
The learning activities carried out in this phase are introducing problems that need to be
decided on from the results of the investigation in previous phase. The teacher convinces
students to solidify decision making from various alternative solutions obtained during
the investigation activity (Bramastia & Rahayu, 2023). Students compare several
alternative ideas and assess the explanation of a scientific phenomenon presented at the
beginning of learning. Moreno and Park (2010) stated that students should be encouraged
and even encouraged not to be hasty in making decisions and consider all possibilities
before trying to solve a problem. Binkley et al (2014); Shamuganathan and Karpudewan
(2015) which states that by making decisions, there is a change in the way of thinking of
students who are more able to make decisions logically, and can draw conclusions related
to everyday life. Moreover, the fourth phase is facilitates the students' abilities to explain
scientific phenomena through a series of syntheses of the ideas that have been expressed
(Arief & Utari, 2015; Simamora et al., 2020).

Increasing students' scientific literacy skills cannot be separated from the support of
fifth phase, reflection the learning activities. In this final phase, teachers can find out the
level of success of students in the material that has been taught, and find out how students
concentrate by giving correct responses to tasks, which in the end can be used as
information in the next lesson, so that students' learning process needs can be met
properly. In accordance with the opinion of Eggen and Kauchak (2020) who stated that
feedback is crucial to lift student motivation because it can improve the quality of work,
perceptions of competence, self-determination and intrinsic motivation. Due to reflection
activity, students can get to know themselves better, understand problems and think about
solutions by utilizing their scientific literacy skills in solving everyday problems
(Fakhriyah et al., 2017; Heyworth-Thomas, 2023).

The research results are in accordance with the opinion of Simamora et al (2020);
Yanto et al (2019) that students' involvement in conducting scientific investigations arises
from hands-on practice during joint activities from cognitive abilities and the ability to
process the amount of information they receive. To support this opinion, Aulia et al (2018)
revealed that the use of student performance sheets functions as implicit scaffolding that
supports involvement in investigations. Model teachers who facilitate students to carry
out investigations using authentic tools and materials will be able to strengthen students'
conceptual understanding in practicing their scientific investigation skills. It is indicated
as the reason why the application of the BRADeR learning model can help students to
improve their scientific literacy skills.
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5. Conclusion

This research results was indicated that the BRADeR learning model is effective in
improving students' scientific literacy skills due to the significance of N-gain score of
students' scientific literacy. The improving of students' scientific literacy may be refer to
the quality of learning conducted through BRADeR model.
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