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Abstract. Online learning during the COVID-19 pandemic that is not optimal has an impact on
students' Scientific Literacy (SL). Facts in Indonesia, online learning has not been fully run
optimally. In this case, teachers and students are still less adaptable to changes in learning
methods. This certainly has an impact on aspects of students' SL. The main objective is to analyze
the initial level of students' SL during COVID-19 pandemic. Research use 105 senior high school
students in Surabaya. Based on the result we can conclude that the profile of students' SL in
Physics learning during COVID-19 pandemic is still at low category, that's percentage are
2838% (level 2). It's means students can perform basic epistemic and procedural knowledge,
contain knowledge in daily, basic procedural knowledge to give identification of scientific
explanations, interpret scientific data, and draw conclusions from simple experimental data. The
implication of this research can be used as empirical evidence stating that the SL of Senior High
School students still need to be improved.

1. Introduction

Indonesia is faced with a fairly serious problem, namely the outbreak of the corona virus, which is now
known as the pandemic of COVID-19. It has a negative impact on various sectors of many countries,
especially in the education sector of Indonesia. The Indonesian government made a policy by changing
the face-to-face learning series from being online learning. There are still many teachers and students
who complain because of difficulties in the learning process, especially technical problems in teaching,
this can hinder the learning process [1]. While flexibility in time and location is an advantage of online
learning, it can also present problems. The manner of students who are not serious about the online
learning process can cause many problems. Moreover, many students often do not participate in online
learning due to internet accessibility constraints [2].

The results according of interviews with several students, some students said that they felt
uncomfortable when studying online; this led to increased frustration and confusion [3]. Many students
complain because the teacher does not explain the topic in a coherent manner, and the teacher tends to
only give independent assignments continuously. This is a challenge to develop learning content that
does not only include the curriculum but must involve students [4]. The components of learning content,
technology, students' psychology need to be considered, so that the online learning process can be
balanced. If the components in the learning process are not balanced. it will have an impact on students'
Scientific Literacy (SL). In this case, understanding of science and the implicaffin is very important to
learn, so science must be a feature of the education of every young generation [5.6].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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The results of the last scientific literacy assessment conducted by PISA in 2018 seen by the
Organization for Economic Cooperation and Development (OECD) stated that the SL aspects of
Indonesian students before pandemic COVID-19 were still low. Indonesia is ranked 70" out of 78 OECD
member countries with an average SL score of 396 [7]. This is an illustration that Indonesia's SL. are
still low, which is at level la. It means a student is able to use basic concepts arffj knowledge that
associated lives with everyday life. They can conduct a scientific invesfllation of no more than two
variables, the students also to identify simple correlations and they draw graphical and visual data that
require low cognitive comprehension [7].

In addition, many studies in Indonesia conducted prior to COVID-19 stated that students' SL. were
still relatively low [8-12]. SL are influenced by several factors they are teaching materials, learning
models, learning medias, students' worksheets, evaluation instrument based on SL [12]. Three main
categories of inventions were identified as consisting of issues related to online learning , teachers, and
content development. Learner-related issues are including students' expectations, identities, readiness,
and participation in online learning. Meanwhile, content-related issues are including the role of teachers
in content development, integration of multimedia in content, strategic roles of teaches in content
development, and considerations for content development. The problems that faced by teachers are the
transition from face to face to online learning, the role of agencies, the time management, and the
teaching methods [4]. The low SL of students is possible because of these factors.

The SL measured by PISA includes the Physics subject matter. Therefore, the measurement of
students' SL in the physics topic is very necessary. Meaningful learning can be obtained through
students' SL which is useful for problem solving in everyday life. One of the physics topics is the kinetic
theory of gases. Based on the questionnaire, students think that the kinetic theory of gases topic is
difficult to understand, because of its abstract nature related to microscopic things. Student in explaining
an abstract concept is a main to receive knowledge [13]. Therefore, a great reasoning is necessary to
understand abstract concept. In this case, teachers must have many ideas to make learning more
meaningful, and need to adjust so that students' scientific performance can still be carried out even
though learning is carried out §§ine.

Based on the description, this research aims to describe the profile of students' SL on the kinetic
theory of gases topic during the COVID-19 pandemic. The results of this research will be used as a
reference for efforts to improve students' SL.

? Method

2.1 General Backeround

The design of this research was pre-experimental. The main objective of this research was to analyze
the initial level of SL of senior high school students during the COVID-19 pandemic on kinetic theory
of gases topic.

2.2. Sample of Research
The subjects of this research were Senior High School students in Surabaya (East Java, Indonesia) that
consist of 105 eleventh grade students in Surabaya. Purposive sampling is used in this research.

2.3. Procedure

The procedure of this research consists of: (1) researchers conduct a literature about SL; (2) researchers
focused on finding indicators and assessments of several SL in the physics learning; (3) researchers
develop SL test instrument to determine the initial level of SL of senior high school students during the
COVID-19 pandemic; (4) researcher gave instruments to three experts, to validate the SL test
Instruments; (5) Researchers revise related on suggestions from three validator experts; (6) Researchers
tested 105 students using a question instrument to determine the profile of high school students' SL on
the topic of Kinetic Theory of Gases; and (7) researchers conducted analysis and conclusions the results
of the instrument on SL.

2
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2.4 Instrument

In this research, the SL question instrument was developed to determine the initial level of SL of high
school students durirthe COVID-19 pandemic on kinetic theory of gases topic. Indicators of SL
questions consist of (1) Explaining phenomena scientifically; (2) Evaluating and designing scientific
investigg@lions; and (3) Interpreting scientific data and evidence. The results of instrument validation on
SL test are shown in Table 1.

Table 1. The results of SL test instruments' validation and reliability

Assessment R
Aspect Indicators of Validation (validator) Score Criteria (Cronbach's
vVl V2 V3 Alpha)

The suitability of the item
with the topic
The suitability of the items
Content with the indicators
The items presented are able
to reveal the profile of 4.00 3.00 3.00 333 Valid Reliable
students' SL
The clarity of instructions on
how to do the questions
The clarity of questions and
answer boundaries
The structure of
communicatives' sentence
The use of question
Language sentences does not cause 4.00 3.00 4.00 3.67 Valid Reliable
double interpretation
Use of good and correct 400 300 300 333  Valid Reliable
language
Average 4.00 3.00 338 346 Valid Reliable
Conclusion: The Instrument of SL test is valid and reliable

4.00 3.00 3.00 3.33 Valid Reliable

4.00 3.00 3.00 3.33 Valid Reliable

4.00 3.00 3.00 333 Valid Reliable
Construct
4.00 3.00 4.00 3.67 Valid Reliable

4.00 3.00 4.00 3.67 Valid Reliable

The development of SL test instrument of senior high school on the kinetic theory of gases by experts
is 3.46 valid. The instrument validation sheet for SL test based on the statistical reliability of Cronbach's
alpha, which is 0.956, is categorized as very reliable.

2.5 Data Analysis
The initial level of high school students' SL during the COVID-19 pandemic on kinetic theory of gases
topic analyzed using quantitative descriptive. The results of this research show the initial level of SL for
Senior High School students on the kinetic theory of gases topic.

Data analysis of students' SL was carried out by:
a. Giving weight or score to each question that has different literacy competencies. SL cognitive

competence adapted from PISA

1. The point 1, maximum scores: 5, questions with low cognitive level

2. The point 2, maximum score: 10, questions with moderate cognitive level

3. The point 3, maximum score: 15, questions with high cognitive level

Determine the score for each question with the description assessment rubric that has been made.

c¢. Total score of students:
score obtained

Total Score = ———— x 100 @)

Maximum score
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d. Determine the achievement score for each competency:
score obtained

Total Score = x 100 (2)

Maximum score x sample
e. The score obtained is converted into a level score based on PISA [7] based on Table 2.

Table 2. Score and level of scientific literacy

Level Conversion

(Score of PISA) Indonesian's Score
6 (708) 86-100
5(633) 73-85
4(559) 58-72
3 (484) 43-57
2 (410) 28-42
1a (335) 1327
1b (261) _ 0-12

3. Results and Discussion
The SL test instrument that has been valid and reliable was tested on 105 eleventh grade Senior High
School students in physics learning. The questions of test were developed by researchers and the
categorization of SL levels adapted from PISA 2018. The result of students' SL test based on levels of
SL shows in Table 3.

Table 3. The results students” SL in level of PISA 2018

N Average Students who can
Levels of scientific o .
. score of scientific Percentage (%) answered questions
literacy .
literacy on level

1b - - -

1a 31.59 39.05 41

2 2331 60.95 64

3 - - -

4 , N )

5 - - -

6 - - -
Percentage of all 28.36 % Students 105

students'SL

Based on Table 2, we can see that students' SL in online learning during the COVID-19 pandemic
are still low, namely dominant at level 2. This means that students' SL has not changed before and after
the pandemic COVID-19, that's in low category [10,11]. Table 3 shows that percentage of all students'
SL in aspects of competence and knowledge in 105 students are 28.36%, it can be interpreted into the
level 2 [7]. In this case, the students of eleventh grade in physics learniffj can demonstrate the basic of
epistemic knowledge. They can use their contain knowledge in daily, basic procedural knowledge to
give identification of scientific explanations, interpret scientific data, and draw conclusions from simple
experimental data [7]. This result shows one level higher than the result which states that the average
SL of Indonesian students is low, it’s show at level 1 a [7]. There are several causes of low SL during
the COVID-19 pandemic, including learning media, textbooks, learning models, worksheets, and
evaluation instruments based on SL [13]. Improving the SL of Senior High School students can be done
by using science textbooks that are developed appropriately. Texthooks, worksheets, learning models,
and evaluation instruments who develop based on SL can improve the students' SL [14].

The students are not used to learning more about scientific issues. Students also do not understand
the problem, because the reading level is low [12]. There are still many students in Indonesia who
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experience misconceptions, especially on kinetic theory of gases topic, so in this case, teachers need to
prepare learning well so that the concepts conveyed can be accepted by students clearly. They also
increase self-confidence and improves the relationship between teaching and learning process with the
environmental context where students live [15]. Teachers should try to choose the right model and
method to be applied to the online learning process during pandemic COVID-19. In addition, learning
topic on the kinetic theory of gases tends to be abstract and related to microscopic. In this case, the
teacher can integrate technology, especially in online learning. The development of high-quality
computer-based learning resources on kinetic theory of gases topic effectively improves students'
understanding, use and quality, and has received good responses from students [16]. During the
pandemic COVID-19 media that can help in the virtual lab, namely interactive PhET. The function of
PhET interactive simulation is also effective in increasing students' motivation to experiment,
facilitating students to collect experimental data very well [17]. Developing inquiry-based teaching
materials effectively improves SL in learning. [18].

Based on several research, it is concluded that several models that can improve SL are problem-
based learning [19-21]. STEM approach in learmning can also improve students' scientific literacy
[22-24]. If viewed from the achievement of students' SL. competence, the result ot SL test shown in
Table 4.

Table 4. The percentage of indicator SL. competencies

Indicator of Scientific Literacy Qﬂ:::::: E:;r:li:?:,f;
1. Explanation of scientific phenomena 1 and 6 5981
2. Evaluation and designation of scientific 2.4,and 5 2087
investigations
3. Interpretation of scientific evidence and data Jand 7 2957

Table 4 shows the percentage of SL competencies on each question. The highest percentage is shown
in the first scientific literacy indicator, which is explaining phenomena scientifically, while the lowest
is shown in the indicator of evaluating and designing scientific experiments. Based on Table 4 it can be
obtained as many as 40.19 % of students are still not able to understand the concept of kinetic theory of
gases on indicator 1 clearly. This shows that students have not been able to use and relate the concept
of the kinetic theory of gases to issues in the surrounding environment. Several factors can cause this to
happen, students assume that the phenomena around them have nothing to do with physics concepts
[25], students often think that physics is a difficult lesson, it’s just identical to formulas that can make
students confused and experiments that can only be done in the laboratory. This means that the level of
reading literacy in Indonesia is still low category [26]. Student still use traditional literacy in their
learning activities [27]. Based on the analysis, the information was obtained that most Indonesian
students still have limited scientific knowledge that can only be applied to a few situations. They are
only able to provide clear scientific explanations and follow explicit evidence. Other than that, many
students are less sensitive to the phenomena around them, even more, sensitive to the virtual world,
especially in online learning. In the modern era that is increasingly advanced, many students prefer to
play online games than observing scientific phenomena around them. So. the impact of misused internet
use can affect students' academic achievement and social life [28].

It can be obtained on Table 4, as many as 79.13 % of students still do not understand the concept of
evaluating and designing scientific experiments, the fact that in the classroom there are still many
teachers who only teach using conventional methods so that learning becomes boring and weakens
students' thinking patterns to propose ideas, investigate scientific questions, and solve problems around
them. When online learning students tend only writes the topics explained by the teacher [29]. The
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results of students doing less of laboratory activities when, the solution for that condition is the teacher
can integrate STEM in their learning. It's can improve students' understanding of concepts than learning
with conventional methods [1430]. Problem-solving that occurs in everyday life can be overcome if
students already have a good understanding of science [31]. Other factor show that the weakness of
online learning is the obstacle to internet accessibility, students who do not have an internet network
will find it difficult to access the material provided by the teacher [2,29,32,33], this results in students
cannot learn optimally.

Based on Table 4, it can be known as many as 70.43% of students still weak in terms of interpreting
scientific data. The reasons are the teaching materials provided by the teacher only use full text, it's less
interactive. This is because the teaching materials used by the teacher are only in the form of textbooks,
containing formulas, concepts, materials that are packaged classically, so that they are easily understood
by students. Good teaching materials should be prepared with various attractive representations and can
motivate students in learning physics. The development of unique, creative, and innovative teaching
materials by teachers needs to be done with the hope of increasing students' understanding of concepts,
interactive e-modules can help students learn to understand material independently anywhere [34]. The
development of physics instruments can improve students' scientific attitudes [35]. To improve SL
teacher can develop SL-based teaching materials [36,37]. (6]

To determine whether gender affects the results of students' SL literacy, the data were analyzed using
two-way arﬂysis of variance. The assumption of homogeneity variance was tested using Levene test.
Theaesults of the Levene test are shown in table 5, the value of the Levene test p 0.764 > 0.050 indicates
the homogeneity of the variance between the gender.

Table 5. The results of Levene test for equality of variances

Dspetiden ¥ dr1 ) Sig.
variable
Scientific 3288 | 103 764
literacy

The results of Table 6 show that the mean SL values of male and female students are 27.30 and 29.06,
respectively. According to the result, we can conclude that the average SL of female students is higher
than male students [7.9]. That supported by the PISA 2018 results, the average of female students (399)
than boys (393) [7].

Table 6. Students' mean score and standard deviation of scientific literacy based on gender

Number of Standard
Gender .. Mean ...

participants deviation
Male 42 27 .30 4.89
Female 63 29 06 4.84

Table 7 shows the independent t-test, the sig value of 0.073 > 0.050 its mean there is no statistically
significant difference of the average scores of females and males' SL. The mean difference value shows
the difference between the average scientific literacy score of female and male students, namely -1.753.
It can be concluded that gender does not significantly affect the SL scores of senior high school students
in learning physics in the COVID-19 pandemic.

Table 7. As a result of independent sample t test with factors of gender
Source df Sig. Mean difference
Gender 103 _ 0.073 _ -1.753

However, the researchers' findings prove that there is no statistically significant difference between

the two. The average score of women and men on SL was statistically proven that there was no
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significant difference between them. It can be concluded that the gender of students does not affect the
score of their SL [38].

4. Conclusions

In this case of the research, the profile of students' scientific literacy in Physics learmming during COVID-
19 pandemic is still at low category, that's percentage are 28.38%. The students' SL based on PISA is
still at level 2. It's m@ins students can perform basic epistemic and procedural knowledge, contain
knowledge in daily, basic procedural knowledge to give identification of scientific explanations,
interpret scientific data, and draw conclusions from simple experimental data. The students' SL for each
indicator are: (1) 59.81% can give the explanation of scientific phenomena; (2) 20.87% can give
evaluation and designation of scientific investigations; and (3) 29.57% can give interpretation of
scientific evidence and data. This research will be used as empirical evidence on how to improve the
scientific literacy level in physics learning.
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Suplementary File:
SCIENTIFIC LITERACY TEST INSTRUMENT (SLTI)
Answer the following questions honestly and thoroughly based on your own ability, please!

Indicator 1:

Pay attention to the following phenomena!
Hot air balloon is a technology of the first flight by humans, invented by the

Montgolfier brothers in Annonay, France in 1 You need to know, the first flight
was carried out in Paris November 21, 1983 by Pilitre de Rozidffiind the Marquis
d'Arlandes. Hot air balloons can be controlled and not only carried by the wind known
as thermal airships or airships. The original idea behind the hot air balloon we know
today has been around for a long time. Archimedes, an ancient Greek mathematician,
described the principle of floating more than 2000 years ago.
Hot air balloons can fly in the arr because of their buoyancy. Initially, the air
pumped was hydrogen. Due to the risk of explosion, now the noble gas helium is used
Figure 14 Hotai balleen gy 45 the propulsion medium. "Hot air balloons are often flown in the early hours of the
early hours of the moming morning. In theory, hot air balloons were easier to fly at that time".
1. Explain your opinion, why hot air balloons are theoretically easier to fly in the early hours of the morning?
{max. score: 5)

Indicator 2:
2. Pay attention to the following phenomena!

One day your friends, Dini and Bella were playing table tennis, during the game you
accidentally step on a table tennis ball and the ball becomes dented. At that time there
was no replacement and the game wanted to continue, then what would you do?
Design scientifically, how do you restore a dented ball to its original shape and why

do you use that method? Hint: relate your answer to the concept of an ideal gas!
{max. score: 15)

Figure 2A_Dented
tennis ball

Indicator 3:
A student conducts an experiment using PhET media to investigate the relationship between temperature and
pressure. From these experiments the data obtained shows on the table Al.

Table Al. The experimental data.
V@om®)  T(K) P(Atm)

400 070
9 500 091
600 1.08
700 126

3. Based on the data obtained, interpret the magnitude of the pressure (P) at a temperature (T) of 800 K. Please,
analyze the data and make a graph that fits the data! (max. score: 10)

Indicator 2:
The heating of an ideal gas looks like the figure A4.
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Due to gas heating:
a. Particle speed increases
b. The momentum of the particle increases
¢. The kinetic energy of the particles increases
d. Gas pressure Increases
4. Ifdue to rising temperature drops A moves to B, make adesign of figure 4A and then evaluate what will happen
to gas X! Hint: choose the option appropriate! (max. score: 13)

5. A hairspray can fill with isobutane gas at constant volume reads a warning that "Store Only at Temperatures
below 49° C".

a. The gas in the can initially has a temperature of 23 °C and 360 kPa with a volume of 340 ml, a can is
placed in a motorbike seat storage, the temperature reaches 45 °C on a hot day. Evaluate the new pressure
in the can!

b. If the hairspray can accidentally catch fire, evaluate what will happen to the hairspray can and design
what steps should be taken to prevent this from happening! (max. score: 15)

Indicator 1:

' Divers wear diving equipment containing compressed air (nitrogen-oxygen) when they dive
in the deep ocean. When the diver swims in the deep sea, the bubbles come out of the diver's
mouth and these bubbles rise. Itis observed that the volume of the bubbles increases gradually.
These bubbles rise and become several times larger than they were before. There is no change
in the chemical construction when the bubble rises.

Figure A, Divers ase diving
in the sea of different depths

6. Explain why did the volume of the bubble at that time change? (Assume that the temperature in seawater
remains constant the same at all points in the ocean) (max. score: 5).

Indicator 3:

|

~
A
=5

\

The lungs are made of spongy and elastic tissue, so that when you breathe, they contract J /
expand. When humans inhale, the intercostal muscles and diaphragm contract, - \ - \
expanding the chest cavity so that the volume of the human lungs is larger. This volume 1=\ [=

, c ‘ , , : T N = =
increase causes a decrease in pressure. In this case the air flows into the lungs (from high == | F_— <
- + 4 ‘ g
pressure to low pressure). When humans exhale, the diaphragm and rib muscles relax, | " ;J | t /

as opposed to inhaling. The chest cavity will contract, and the volume of the lungs will \::v [

decrease, so the pressure increases. g Tl gt

7. From the process of human respiration, make a table of assumptions about the relationship between volume,
pressure, at constant temperature and interpret the statement into a graph that allows the situation! Which ideal
gas theory fits this situation? (max. score: 10)

T
i
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