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ABSTRACT

In the modern era, education provides graduates with diverse skills, including the ability to understand and
apply scientific concepts. Scientific literacy entails utilizing scientific knowledge, recognizing inquiries, making
informed conclusions supported by evidence, comprehending the environment and its human-induced alterations,
and making informed choices. In assessing scientific literacy abilities, there are four aspects, namely content,
context, abilities and attitudes. The aim of this capability is to provide a strong scientific foundation in discussing
global issues. This research aims to analyze students' scientific literacy abilities in learning physics material on
Global Warming Phase E. This type of research uses a quantitative descriptive approach with a survey method in
the form of questions as an instrument for collecting data. The results of the data obtained and after analyzing the
four aspects of scientific literacy, students experienced literacy misconceptions. The percentage obtained for the
misconception category is very high in the range of 78 — 82%, while for the literacy understanding category the
percentage is low compared to the other two categories although there is no significant difference with the not
understanding literacy category. The cause of students experiencing misconceptions about the questions given is
caused by several factors. The influence of misconceptions on students' scientific literacy abilities is quite large.
Overall, it can be said that the scientific literacy abilities of students at SMAN 5 Pariaman who understand literacy
are in the very low category.
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I. INTRODUCTION

The development of information technology in the world of education is increasingly rapid and its impact
cannot be avoided. Globalization has created a trend in the world of education that is moving away from traditional
face-to-face meetings to more open education [1]. Technological developments are a new challenge for education
in the industrial era 4.0, especially in the 21st century. Education in the 21st century aims to create the nation's
next generation who are independent, sustainable and able to compete in an increasingly competitive era and ever-
growing technological demands [2]. Many technological developments in this era have made learning media
increasingly developed [3]. With the current development of information technology, it is hoped that it will be able
to continue to improve the learning process in line with increasingly sophisticated developments. The 21st century
learning process is about equipping graduates with complex skills [4].

The World Economic Forum (WEF) has also identified 16 skills needed in the 21st century, and scientific
literacy is one of them. Scientific literacy involves utilizing scientific knowledge, posing questions, making
conclusions backed by evidence, comprehending the environment and its human-made alterations, and making
informed decisions [5]. Scientific literacy is also related to social problems. This ability allows a person to apply
scientific principles and processes to make decisions that affect social life [6]. In assessing scientific literacy
abilities, there are four aspects, namely content, context, abilities and attitudes. Scientific literacy views the
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importance of the ability to think and act in order to master thinking and use scientific literacy to identify and
respond to social problems [7]. Scientific literacy helps students develop knowledge, skills and attitudes towards
science and technology in everyday life.

The OECD defines scientific literacy as human scientific knowledge used to identify questions and explain
scientific phenomena [8]. According to PISA, students are considered to have good basic science skills if they are
able to evaluate and plan scientific research, explain phenomena scientifically, and interpret data and evidence
scientifically [9]. The aim of this capability is to provide a strong scientific foundation in discussing global issues
[10]. A good understanding of real-world concepts and procedures indicates that students are fully demonstrating
their scientific literacy. That way, students are able to link the problems and activities they carry out daily with the
learning process related to global issues. One of the keys to success in improving students' ability to adapt to
changing times and enter the world of technology is to develop skills in the field of physics [11].

Physics is a branch of natural science, which studies various natural phenomena. In the physics learning
process based on the Independent Curriculum, students are trained to carry out simple investigations about natural
phenomena [12]. Apart from that, physics is one of the natural science subjects which has an important role in
improving the quality of human resources [13]. Physics learning must be concrete, meaning it must be interesting
for students, increase understanding, eliminate boredom, convey clear messages, and improve student performance
and knowledge [14]. In general, the aim of physics learning in secondary schools is to convey physics knowledge,
process skills, to increase students' creativity, literacy skills and other skills [15].

Students' scientific literacy abilities in physics subjects can be said to be quite low. This is proven by several
preliminary studies that have been carried out by previous researchers in measuring the level of students' scientific
literacy abilities. Based on research conducted by Tulaiya (2020), the scientific literacy abilities of SMA/MA
students in Sumenep Regency are still relatively low as evidenced by the average percentage obtained being only
27.50% [16]. Research conducted by Ngadimin, et al (2023) also agrees with Tulaiya that the level of scientific
literacy skills of students in Indonesia is still low, one of which is the students of SMAN 3 Banda Aceh [17]. Apart
from that, further research by Sutrisna (2021) said that the average scientific literacy score for Class X SMA Sungai
Penuh students in high school was 31.58 in the low category [18]. The low level of students' scientific literacy
skills is influenced by several factors, namely low interest in reading, evaluation tools that have not yet led to the
development of scientific literacy, and teachers' lack of knowledge about scientific literacy.

Based on research conducted by previous researchers regarding the level of students' scientific literacy
abilities in Indonesia, it can be said to be in the quite low category. According to Fuadi, et al (2020), several factors
cause low scientific literacy skills, namely the choice of textbooks, misconceptions, learning out of context, low
interest in reading, and an environment and climate that is not conducive to learning [19]. This is caused by several
factors, such as the learning process carried out by teachers is still not integrated with scientific literacy, both in
terms of models, media, methods and teaching materials used. Efforts that can be made by teachers and schools
are by providing and using learning processes that are integrated with scientific literacy, supported by facilities
and infrastructure. Therefore, high school students' scientific literacy abilities need to be analyzed further to
determine developments.

Based on the problems that arise regarding the scientific literacy abilities of high school students, it is known
that information on the scientific literacy data of SMAN 5 Pariaman students is not yet known. This is because no
research has been conducted at the school in question. Information about students' literacy ability data needs to be
known so that the problems that cause it can be overcome and solutions provided so as to improve students'
scientific literacy abilities at the school. Therefore, researchers want to conduct research that aims to analyze
students' scientific literacy skills in learning physics material on Global Warming Phase E. The results of the
research conducted were analyzed quantitatively and descriptively.

1. METHOD

This kind of research employs a quantitative descriptive approach utilizing a survey method to gather data
through a series of questions [20]. This research aims to analyze students' initial knowledge in supporting the
improvement of scientific literacy skills in Phase E Global Warming material at SMAN 5 Pariaman. The following
are the procedures or stages in the research which can be seen below.
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Fig. 1. Research Procedure

This research consists of 3 stages, namely the data collection stage, the data analysis stage, and the
presentation and conclusion stage of the data analysis results. In the first stage, data collection was carried out by
collecting data on the results of scientific literacy skills with a test in the form of Global Warming material
questions as a research instrument. The test instrument given consists of 10 four-tier multiple choice questions.
The questions used were sourced from research by Usie Puspitasari (2022) which had been tested for the level of
validity and reliability. These questions are created based on 4 aspects of scientific literacy, namely context,
content, competency and attitude. Each aspect also consists of several indicators of scientific literacy [21].

In the second stage, data analysis was carried out from the results in the field in the form of testing scientific
literacy questions for students. The analysis begins with grouping each student's categories per question. This
category consists of understanding literacy, misconceptions about literacy, and not understanding literacy. The
results of student completion on scientific literacy questions are calculated from the number of correct and
incorrect answers to each question item. Scoring is done by giving a value of 1 for the correct answer choice or
reason choice and a value of O for the wrong answer choice or reason choice. Interpretation of diagnostic test
results in four stages is used to classify students based on criteria such as literacy misconceptions, literacy
understanding, and not literacy understanding. The interpretation results are presented in a table format containing
columns for answers, answer confidence, reasons, and reason beliefs. Guidelines for interpreting the diagnostic
tests used come from research by Fariyani. There are 16 possible student criteria, as listed in Table 1 below [22].

Table 1. Interpretation of Four-Tier Diagnostic Results
Answer Confidence in the Answer  Reason Reason Belief Criteria

Correct High Correct High Understand
Correct Low Correct Low

Correct High Correct Low

Correct Low Correct High

Correct Low Incorrect Low Do Not
Incorrect Low Correct Low Understand
Incorrect Low Incorrect Low

Correct High Incorrect Low

Incorrect Low Correct High

Correct Low Incorrect High

Correct High Incorrect High _ _

Misconception

Incorrect High Correct Low

Incorrect High Correct High
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Incorrect High Incorrect Low
Incorrect Low Incorrect High
Incorrect High Incorrect High

(Source: Ref [22])

The results of the scoring process and grouping of students' answers based on the criteria of literacy
misconceptions, understanding literacy or not understanding literacy are then presented using a percentage
technique. The scores obtained by students are calculated using the following Equation (1).

P=Lx100% 1)

Explanation:
P =Percentage figures (% group)
f = Number of students in each group/aspect

n = The total number of students who were used as research subjects

I11. RESULTS AND DISCUSSION

The test instrument given to high school students consists of 10 four-tier multiple choice questions with
material on Global Warming integrated with scientific literacy which is quite relevant to problems in everyday
life. These questions are equipped with supporting statements or images. At the first level, there are answer choices
for the questions given, consisting of 5 answer choices (a, b, ¢, d, €). At this level, students are asked to choose
one answer that they think is appropriate and correct. Next, at the second level, there is the level of confidence in
choosing the answer, which consists of 2 options, namely sure and not sure. Meanwhile, at the third level, it is the
reason why the student chose the previous answer option which is answered in the form of an essay or an answer
in the form of a statement consisting of several sentences. Finally, the fourth level is the level of confidence in the
reasons as well as the confidence in the answers.

The questions used contain 4 aspects of scientific literacy, namely content, context, competence and attitudes
reviewed from the cognitive domain of learning in accordance with the OECD [23]. The results of the research
carried out are divided into 4 parts which are reviewed from the aspect of scientific literacy. In the first step, each
student was grouped per question based on the categories of understanding literacy, not understanding literacy,
and misconceptions about literacy. After grouping, an analysis of the percentage per question of each scientific
literacy indicator was carried out using Equation (1) above. Furthermore, a percentage analysis was also carried
out per aspect of scientific literacy with the aim of reducing the scope of the final results analyzed and drawing
conclusions about the scientific literacy abilities of students at the school. To get the final result, the average
percentage value per indicator for each aspect is determined so that the final percentage is obtained.

Overall, from the four aspects of scientific literacy contained in these questions, it can be said that students’
scientific literacy abilities at SMAN 5 Pariaman are in the low category and tend to experience misconceptions in
understanding the questions given. This is because these students are still not used to working on questions that
are integrated with scientific literacy. The following is a diagram of the results of the analysis of all aspects of
scientific literacy, including those who understand literacy, do not understand literacy, and have misconceptions
about literacy. The diagram is listed in Figure 2 below.
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Fig. 2. Diagram of Scientific Literacy Test Analysis Results

According to the diagram shown in Figure 2 above, it is evident that students have misconceptions about
scientific literacy after analyzing the data collected from the four aspects. The percentage obtained for the
misconception category is very high in the range of 78 — 82%, while for the literacy understanding category the
percentage is low compared to the other two categories although there is no significant difference with the not
understanding literacy category. Students experiencing misconceptions are usually caused by several factors, both
internal and external. Internal factors include the ability of students who find it difficult to understand material or
questions that are integrated with scientific literacy and the students' lack of interest in learning, while external
factors include the facilities and infrastructure in schools which are still inadequate and the learning process
provided by teachers is also still not integrated. scientific literacy, both in terms of the use of models, media,
learning methods. This is supported by research carried out by Entino, et al (2022) which states that the factors
that cause student misconceptions include student abilities, low interest in learning, and how to teach in class [24].

The following are the results and a more detailed discussion of each aspect of scientific literacy from the
research that has been conducted. The data from the analysis based on the diagram in Figure 2 above is divided
into 4 parts, namely as follows.

Aspects of Scientific Literacy: Context

The context aspect of scientific literacy focuses on the application of science in everyday life and solving
real world problems. This aspect consists of several indicators, such as personal, social and global. Students are
expected to understand the importance of the value of science for individuals and society in improving the quality
of life and developing public policy [25]. In the test instrument provided, the questions only use personal and
global indicators for this aspect. The following is data on test results on aspects of the scientific literacy context
that have been carried out, which can be seen in Table 2 below.

Table 2. Scientific Literacy Test Results Data on Context Aspects
Percentage (%)

. Question
Indicator Number Understand Don’t Understand Literacy
Literacy Literacy Misconceptions
1,2,3,4,57,
Global 8.9, 10 10 12 79
Personal 6 6 12 82
Average 8 12 80

Based on the data in Table 2 above, it shows that in the context aspect the average percentage results were
obtained, namely the literacy understanding category was 8%; do not understand literacy 12%; literacy
misconceptions 80%. Students tend to experience misconceptions due to the suitability of the answers or reasons
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with the belief that the answers and reasons are not in sync with one another. The percentage in the category of
understanding and not understanding literacy is very small, namely in the range of 6 — 12%. As a result, it can be
inferred that students' scientific literacy abilities in the context aspect are in the low category and tend to have
misconceptions. Apart from that, this research uses 2 indicators on the context aspect, namely as listed in the table
above.

Aspects of Scientific Literacy: Content

The content aspect of scientific literacy refers to important scientific concepts needed to understand natural
phenomena and changes caused by nature through human activities. This aspect consists of several indicators, such
as physical systems, living systems, earth and space systems, technological systems, and earth systems. Criteria
for selecting scientific content in scientific literacy, relevant to real situations (facts) and representing important
knowledge and long-term use [25]. The following is the test results data on the scientific literacy content aspect
that has been carried out, which can be seen in Table 3 below.

Table 3. Scientific Literacy Test Results Data on Content Aspects

Percentage (%)

. Question -
Indicator Number Understand Don’t Understand Literacy
Literacy Literacy Misconceptions
Earth System 1,2,3,5,7,8,
and Space 9,10 10 13 8
Living
System 4 9 6 85
Earth 6 6 12 82
System
Average 8 10 82

Based on the data in Table 2 above, it shows that in the content aspect the average percentage results were
obtained, namely the literacy understanding category was 8%; do not understand literacy 10%; literacy
misconceptions 82%. Students tend to experience misconceptions due to the suitability of the answers or reasons
with the belief that the answers and reasons are not in sync with each other. The percentage in the category of
understanding and not understanding literacy is very small, namely in the range 6 — 13%. Hence, it can be inferred
that students' grasp of scientific literacy in terms of context is below average and often includes misconceptions.
Apart from that, this research uses 3 indicators in the content aspect, namely as listed in the table above.

Aspects of Scientific Literacy: Competence

The competency aspect of scientific literacy refers to the mental processes involved in answering questions
and solving problems, such as recognizing and interpreting evidence and explaining conclusions. The competency
aspect, also called the scientific process, is one aspect of scientific ability. The process by which someone answers
questions or solves scientific problems and builds students' scientific skills based on logic, reasoning, critical and
creative analysis [25]. This aspect consists of several indicators, namely identifying scientific problems, explaining
phenomena scientifically, evaluating and designing scientific investigations, interpreting scientific evidence and
data, and analyzing and interpreting data to draw appropriate conclusions. The following is data on test results on
aspects of scientific literacy competency that have been carried out, which can be seen in Table 4 below.

Table 4. Science Literacy Test Results Data on Competency Aspects

Percentage (%)

Question .
Number Understand Don’t Understand Literacy

Literacy Literacy Misconceptions

Indicator
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Explaining Phenomena

Scientifically 157,10 8 13 80
Evaluate and Design
Investigation 2 3 15 82
Scientific
Interpreting Scientific
Evidence and Data 3 29 13 68
Explain Data in Order to
Make Accurate 4,8,9 7 13 80
Conclusions.
Average 12 11 78

According to the data presented in Table 4, it is evident that the average percentage results were achieved in
the competency aspect, namely the literacy understanding category was 12%; do not understand literacy 11%;
literacy misconceptions 78%. Students tend to experience misconceptions due to the suitability of the answers or
reasons with the belief that the answers and reasons are not in sync with one another. The percentage in the category
of understanding and not understanding literacy is very small, namely in the range 3 — 29%. Therefore, it can be
concluded that students' scientific literacy abilities in the context aspect are in the low category and tend to have
misconceptions. Apart from that, this research uses 4 indicators in the competency aspect, namely as listed in the
table above.

Aspects of Scientific Literacy: Attitude

The attitudinal aspect of being scientifically literate involve enhancing one's understanding of science,
building self-assurance, fostering curiosity in scientific matters, and developing a commitment to caring for
resources and the environment. One goal of science education is for students to develop attitudes that predispose
them to pay attention to scientific issues and then acquire and apply scientific and technological knowledge for
personal, social, and global benefit. Therefore, one of PISA's views on scientific ability is an individual's attitude
towards science. Elements of a scientific competence attitude include curiosity, practical skills, scientific and
critical thinking skills, independence, and the development of a caring and responsible attitude towards the natural
and social environment [25]. The following is data on test results on aspects of scientific literacy competency that
have been carried out, which can be seen in Table 5 below.

Table 5. Scientific Literacy Test Results Data on Attitude Aspects
Percentage (%)

. Question -
Indicator Number Understand Don’t Understand Literacy
Literacy Literacy Misconceptions
Interest_ in Issues 6 6 12 82
Science
Average 6 12 82

Based on the data in Table 5 above, it shows that in the attitude aspect the average percentage results were
obtained, namely the literacy understanding category was 6%; do not understand literacy 12%; literacy
misconceptions 82%. Students tend to experience misconceptions due to the suitability of the answers or reasons
with the belief that the answers and reasons are not in sync with each other. The percentage in the category of
understanding and not understanding literacy is very small, namely in the range of 6 — 12%. In the attitude aspect,
there is only 1 question from the test instrument given, namely number 6. Apart from that, this research only uses
1 indicator in the attitude aspect, namely the indicator of interest in science issues. Therefore, it can be concluded
that students' scientific literacy abilities in the context aspect are in the low category and tend to have
misconceptions.

Based on surveys conducted by researchers, supporting factors in improving students' scientific literacy skills
are still inadequate. For example, these supporting factors are found in the learning resources or teaching materials
used which are not yet based on or integrated with aspects of scientific literacy. Full mastery of scientific literacy
can help solve problems. The implementation of a learning process that places less emphasis on the context of
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everyday problems is the cause of the decline in scientific literacy. Presentation of physics learning material that
takes scientific aspects into account is still rarely used in the classroom. Therefore, educators need to understand
more about the importance of improving students' scientific literacy abilities.

Scientific literacy has a fairly close relationship with students' misconceptions in the learning process,
especially in physics learning. This is because students' misconceptions trigger a low or high percentage of
scientific literacy abilities. This ability requires students to be able to understand concepts and theories related to
everyday life [26]. Teachers have a very big role in implementing scientific literacy to their students. As educators,
we should change the way we think about the physics learning process in schools in order to improve students'
scientific literacy skills [27]. To overcome these challenges, PISA and TIMSS adopted policies by establishing
various efforts to improve students' science skills [28].

Efforts and solutions that can be implemented to improve students' scientific literacy skills can be divided
into several parts, namely solutions from the school, teachers, and from the students themselves. On the school
side, by providing learning resources that are integrated with scientific literacy, increasing teacher competency,
carrying out School Literacy Movements, and holding Minimum Competency Assessments [29]. Meanwhile for
teachers by carrying out an interesting learning process that is integrated with scientific literacy and for students
by introducing and providing education about the importance of scientific literacy in schools. Apart from that,
another way to improve students' scientific literacy skills is to examine students' internal and external factors, find
students' obstacles to learning, and improve students' scientific abilities [30].

IV. CONCLUSION

According to the findings of a study on students' scientific literacy abilities in Phase E of the Global Warming
material, percentage results were obtained for each aspect, namely, Context Aspect: Literacy Understanding = 8%;
Don't Understand Literacy = 12%; Literacy Misconceptions = 80%, Content Aspects: Literacy Understanding =
8%; Don't Understand Literacy = 10%; Literacy Misconceptions = 82%, Competency Aspects: Understanding
Literacy = 12%; Don't Understand Literacy = 11%; Literacy Misconceptions = 78%, and Attitude Aspects:
Literacy Understanding = 6%; Don't Understand Literacy = 12%; Literacy Misconceptions = 82%. Of these four
aspects, the percentage of literacy in the attitude aspect is lower than the other aspects, namely 6%. The cause of
students experiencing misconceptions about the questions given is caused by several factors, namely internal
factors and external factors. The influence of misconceptions on students' scientific literacy abilities is quite large.
Overall, from the results of the analysis that has been carried out, it can be said that the scientific literacy abilities
of students at SMAN 5 Pariaman who understand literacy are in the very low category.

This research still has limitations, namely the data obtained still comes from one school in Pariaman City.
Apart from that, the questions used are still not evenly distributed for each aspect, for example in the attitude aspect
there is only 1 question from the instrument provided by the researcher. Additional data is needed for future
researchers to analyze students' scientific literacy abilities in order to compare this literacy ability between one
school and another. Apart from that, an even distribution of questions that will be tested on students is also needed
so that students' literacy results on Global Warming material can be evenly known. Prospective researchers must
then prepare the latest innovations to overcome the limitations that exist in this research so that data results that
are quite complex are obtained.
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