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Abstract

This research aims to develop a multiple-choice chemical literacy test on solution chemistry as an instrument
that specifically focuses on learners' knowledge and competency aspects; applying the test instrument by
surveying 12th-grade high school students. The development of the test instrument adapted the R&D model
by Borg and Gall. The Cronbach's Alpha reliability of the test was obtained after small-scale and wide-scale
trials are 0.793 and 0.833, respectively, with 35 valid items. Data were collected using random cluster sampling
with a total of 463 respondents. The result shows that the mean score of chemical literacy for the students in
this study is 46.27. This indicated that the students' level of chemical literacy is low, and further improvement

is required.
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1. Introduction

Scientific literacy refers to a person's capability
to understand laws, theories, phenomena, and
scientific  things in  the surrounding
environment in order to make practical
decisions in their life (Dragos & Mih, 2015;
Celik, 2014; Demir, 2016). This decision is
based on the evaluation of information and
arguments that presented by scientists and
media through the use of evidence and
collected data. This helps to properly
participate in public policies that have a direct
impact on their lives. scientific literacy was
defined by Organization for Economic
Cooperation and Development (OECD) as
someone's ability to understand and engage
in discussions on various issues in relation to
science and technology. Three competencies
were identified including, the explanation of
scientific phenomena, designing scientific
investigations or inquiries, and scientific
interpretation  of data. These three

competencies require knowledge (content,
procedural, and epistemic). Scientific literacy
has an important role in making decisions on
science issues that occur in society making it
the main focus of science education (Bossér et
al, 2015; Vieira & Vieira, 2014; Fives et al,
2014). Chemical literacy is a crucial part of
scientific literacy, and one of the main
objectives of chemistry education
(Cigdemoglu et al,, 2017).

One of the implications of making chemical
literacy as a goal of chemistry education is that
there must be an appropriate assessment to
measure chemical literacy (Muntholib, 2020).
Therefore, several assessment frameworks
have been developed worldwide (Cigdemoglu
& Geban, 2015; Shwartz et al, 2006; OECD,
2016; Cigdemoglu et al, 2017; Fives et al,
2014; Benjamin et al, 2015). Program for
International Student Assessment (PISA) is a
comprehensive  international  assessment
almed at measuring scientific literacy,
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launched by the OECD. The PISA framework
divides scientific literacy into four interrelated
aspects. These include context (personal,
national, and global), knowledge (content,
procedural, and epistemic), competence
(explaining phenomena scientifically,
evaluating and designing scientific
investigations, and interpreting scientific data
and evidence), and attitudes (interests,
attention, and responses to science,
technology, and current issues related to the
social science of students) (OECD, 2016).
Shwartz et al. (2006) developed a framework
that covers for aspects, namely (1) chemistry in
context, (2) scientific and chemical content
knowledge, (3) higher-order learning skills,
and (4) affective aspects. Each of these aspects
suggested ideas for a chemically literate
person.

The chemical literacy framework of Shwartz et
al. (2006) matches with the OECD (2016)
scientific literacy framework (Rahayu, 2017;
Cigdemoglu et al., 2017), but the framework of
OECD is more popular, simpler, and more
explicit than the framework of Shwartz et al.
(Muntholib, 2020). Several chemical literacy
instruments have been developed based on
this framework. Shwartz et al. (2006) measured
the five levels of chemical literacy of students
in grades 10-12 in Israel. These involve
scientific illiteracy, nominal scientific literacy,
functional scientific literacy, conceptual
scientific literacy, and multi-dimensional
scientific literacy. The assessment tools
developed were multiple-choice questions,
open-ended questions, and the use of a Likert
scale. According to these authors, it is difficult
to assess all aspects and components of
chemical literacy, and thus each level of
chemical literacy is assessed using several
assessment tools. The topics chosen were the
properties of matter particles, chemical
reactions, student's ability to use chemical
laws and theories to explain phenomena, and
the application of chemistry in everyday life.
Thummathong and Tathong (2018) made
chemical literacy instruments containing basic
chemistry topics, including atomic theory, the
periodic table, chemical bonds, moles and
molarity, stoichiometry, gases, chemical
equilibrium, acid-base, electrochemical
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reactions, thermodynamics, and chemical
kinetics. They developed a test that consists of
multiple choice, essays, and a Likert scale to
assess students’ attitudes. The instrument was
used to measure the chemical literacy of first-
year engineering students in Thailand. The
measured aspects of chemical literacy were (a)
knowledge and understanding of chemical
content (knowledge and understanding of the
relationship between chemistry, technology,
and society), (b) the application of chemistry
in everyday life (application of analytical
thinking and application of reasoning), and (c)
awareness (awareness of morals and
responsibility, —~and  attitudes  towards
chemistry). Other studies such as Cigdemoglu
et al. (2017) developed an open-ended test
instrument on the topic of acid-base concepts
to measure the chemical literacy of grade 11
students. The test follows the PISA-2006
framework. Muntholib (2020) developed a
multiple-choice  chemical literacy test
instrument on the topic of chemical kinetics
using a combination of the framework of
OECD (2016) and Shwartz et al. (2006).
Measurements were made based on aspects of
knowledge and competence. Several other
researchers who developed chemical literacy
test instruments using the similar frameworks,
were Nurjananto and Kusumo (2015) on
chemistry carbon, Ad'hiya and Laksono (2018),
Sadhu and Laksono (2018) on chemical
equilibrium, Yustin and Wiyarst (2019) on
chemical bonds. However, lack of research
that was developed on a chemical literacy test
instruments for the learners' knowledge and
competency of chemistry solution topics.

Research has indicated that using a multiple-
choice test can be one of the most efficient
way to identify student conceptions
(Wattanakasiwich et al, 2013). This type of
testing allows time for researchers to perform
data analysis and provides quantitative results
that can be compared (Wattanakasiwich et al.,
2013). However, weaknesses of multiple-
choice test can be found. For example,
students can answer fraudulently. To
overcome this, the researcher may carry out
several trials and an adequate number of
participants so that a decent product can be
obtained.
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Several multiple-choice tests had been
developed in identifying student conceptions.
For instance, Mutlu and Sesen (2015)
examined student conceptions of
thermochemistry, chemical kinetics, chemical
equilibrium, acid-base and electrochemistry
concepts. Rahayu et al. (2011) studied student
conception of electrochemistry concepts,
while Muntholib et al. (2018) conducted a
multiple-choice test about chemical kinetics
and acid-base concepts. The study conducted
by Nahadi and Ulum (2018) discovered
concepts of learners in relation to
thermochemistry. These studies revealed that
multiple-choice tests had long been used,
were in great demand, and widely
administered. The aspects of knowledge and
chemical literacy competencies focus on
chemical knowledge and scientific cognitive
inquiry abilities (Muntholib, 2020). These two
aspects can be assessed using a multiple-
choice test format as in the OECD (2015)
framework.

Based on PISA survey data, Indonesia's
achievement in 2006 was ranked 50t out of 57
countries, in 2009 was ranked 57t out of 63
countries, it was 64" out of 65 countries in
2012, and it was 64" out of 72 countries in
2015 (Rahayu, 2017). The latest PISA scientific
literacy results in 2018, Indonesia's score has
decreased compared to the previous year,
thus placing Indonesia in the 70" rank out of
78 countries (OECD, 2018). Such data indicate
that the scientific literacy skills of Indonesian
students need to be improved. The concept of
science education is very broad, and thus
specific subjects in science classrooms must
contribute to the goal of increasing students'
scientific literacy (Celik, 2014). For example,
learning chemistry in  the classroom
contributes to improving chemical literacy in
particular and scientific literacy in general. To
improve students’ literacy of science in
Indonesia, inquiry-based learning has been
suggested as an ideal scientific approach.
Based on regulation number 22 of Kemdikbud
(2016a), the stages of inquiry-based learning
approach can be through (1) observing, (2)
asking, (3) trying, (4) reasoning, and (5)
communicating. However, in practice students
have difficulty achieving learning goals that
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lead to improving their chemical literacy,
specially designing and evaluating scientific
inquiry and interpreting scientific data and
evidence. This is in contrast of learning using
the lecture method, when the goal is to convey
important concepts to the learners (Muntholib,
2018).

One of the main topics of chemistry in Senior
High School in Indonesia is chemistry solution
(Kemdikbud, 2016a). Chemistry solution topic
is spread over several levels (Kemdikbud,
2016b), the topic was taught in class 10
(electrical conductivity in solutions), class 11
(acid-base solutions, buffer solutions, and salt
solutions), and class 12 (colligative properties
of solutions). There are several applications of
the chemical concept of solutions in everyday
life, for example, the process of blood dialysis,
filling the battery, body pH, food preservation,
and gastric medicine. This shows that
chemistry is closely related to everyday life. In
addition, this topic also contains aspects of
scientific literacy so that it can be used as a
study for measuring student scientific literacy.
This can be a reason to improve students'
chemical literacy. Efforts to improve students'
chemical literacy require a test instrument, and
thus, a chemical literacy test of chemistry
solution is developed for this research.

Development of chemical literacy test
instrument assessment in the current research
combines the OECD's scientific literacy
framework (2016) and Shwartz's chemical
literacy framework (2006), which can be seen
in Table 1. Selection of this framework is due
to the fact that OECD'’s framework is simple,
explicit, and the most widely used, while the
Shwartz framework is more specific and
detailed. In this research, the focus of the
instrument is on context, knowledge, and
competency aspects, but without attitude
aspects, although the assessment of attitude
aspects can be done separately (Muntholib,
2018; Thummathong & Tathong, 2018).
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2. Research Method

2.1. Instrument Development

The development of the test instrument in this
research combines the framework of OECD
(2016) and Shwartz et al. (2006) as can be
shown in Table 1. It covered all the aspects that
were suggested by the framework except the
attitude aspects. Figure 1 highlights the stages

Chemical Literacy Skill of High School Students on
Chemistry Solution

of developing the chemical literacy test
instrument that was adapted from the R&D
model of Borg and Gall (1983).

The preliminary study stage emphasis on
reviewing the literature of international
journal articles and relevant books on
chemistry solution, chemical literacy, scientific
literacy, PISA, instrument development,
assessment, and instrument validation.

1. Preliminary Study
Conducting literature and analyzing studies

2. Planning
Analyzing the chemical literacy aspects of OECD and Shwartz; analyzing
chemistry solutions and types of instruments to be developed

3. Initial Development
Creating multiple-choice chemical literacy questions (40 items) and a validation
questionnaire

4. Initial Testing
The instrument was validated by two expert validators

5. Revision |

6. Limited-scale trials
The trial of the chemical literacy test instrument with the number of respondents was
63 and the reliability of Cronbach's alpha was 0.793 and 26 items were valid

7. Revision Il

8. Wide-scale trials
The trial of the chemical literacy test instrument with 167 respondents; obtained reliability
Cronbach's alpha 0.833 and 35 valid items; five invalid question items were discarded

9. Revision Il

10. Implementation
Applying the chemical literacy instrument developed to measure the chemical literacy
skills of state high school students (n = 463) in Sidoarjo Regency

Figure 1. Stages of Developing Chemical Literacy Test Instrument
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Tabel 1. Chemical Literacy Framework of OECD (2016) and Shwartz et al. (2006)

Framework OECD

Framework Shwartz

Context

Individual, local/national, and global issues. This
may involve issues that have occurred daily or
issues that have already occurred which require an
understanding of science and technology

Knowledge

An understanding of the main facts, concepts, and
explanatory theory that builds the foundation of
scientific knowledge. Knowledge in the form of
knowledge about the universe and technological
artifacts (content knowledge), knowledge of how
ideas are generated (procedural knowledge), and
understanding of the rationale that underlies these
procedures and justification of their use (epistemic
knowledge)

Competency

The ability to explain scientific phenomena,
evaluate and design scientific inquiry, and the
ability to interpret data and to provide scientific
evidence

Attitudes

A set of attitudes towards science demonstrated
with an interest in science and technology,
assessing a scientific approach to appropriate
inquiry, and perceptions and awareness of
environmental issues

Chemistry in Context

e Knowledge covering the importance of chemistry
in explaining phenomena in everyday life

e Use of understanding of chemistry in everyday
life, such as consumers of new products and
technologies, how to make a decision-based
chemistry, and the participation in social debates
related to existing chemical issues

e An understanding of the relationship between
chemical innovation and social processes

Scientific and Chemical Content Knowledge
An understanding of scientific ideas in general
(chemistry is an experimental discipline, and
chemistry is used to explain existing phenomena)
and understanding of chemical characteristics/key
ideas (explaining macroscopic phenomena in the
molecular structure of matter, investigating the
dynamics of processes, reactions, and changes in
energy during the reaction process, describing life
in terms of chemical structures and life system
processes)

Higher-Order Learning Skills

The ability to ask questions, find related
information when needed, and be able to analyze
the disadvantages/beneéfits in every debate

Affective aspects

A view of chemistry and its applications which
impartial and realistic. Expressions of interest in
chemistry issues, especially in informal framework
(such as TV programs)

Then at the planning stage, an analysis of
chemical literacy aspects was carried out
based on OECD and Shwartz, an analysis of
chemistry solution materials, the context of
the problem by the chemistry curriculum of
high schools in Indonesia, determining the
type of instrument in the form of multiple-
choice in Indonesian and the number of
question items which will be developed.

The chemical literacy test instrument
developed consists of five contexts with
several item questions for each context
covering aspects of knowledge and
competence with distribution according to
Table 2. The number of items developed in the
inttial draft was 40 items.

Initial testing was carried out by expert
validators to determine the content validity of
the test instruments. This validity includes four
aspects of assessment, 1) suitability of
indicators, aspects of literacy, and cognitive
demand; 2) scientifically correct material; 3)
clarity of the question on the question (clarify);
4) the effectiveness of the used language. In
this validation, a score was allocated for each
of the developed question items. Score 4 is
given if all aspects of the assessment were
complete. At this stage, the researcher
receives suggestions/input from the validator
and then makes improvements or revisions
which were also discussed with the chemistry
lecturer.
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Chemistry Solution

Table 2. Context, Indicator, Aspects of Chemical Literacy, Item Numbers

Chemical Literacy Skill of High School Students on

Aspects of Item
Context Indicator Chemical
. Number
Literacy*
Is it true that Determining the solute in a solution ID; CK 1
Carbon dioxide is Reading scientific data in the form of graphs ID; EK 2
the mastermind Reading scientific data in the form of graphs ID; EK 3
behind the Global  Evaluating claims based on data and scientific evidence EP; EK 4
Warming issue? Determining the mass of the solute in a solution ED; CK 5
Evaluating analogies based on the knowledge they have ED; EK 6
Summing up the properties of the solution based on the EP; EK 7
reaction equation
Starting Rare: Determining the sample of a solution ID; CK 8
Cassia vera from Determining the solvent of a solution ID; CK 9
Kerinci the Determining the solute of a solution ID; CK 10
Primadonna of the  Determining the concentration of the solute in a solution ED; CK 11
World Formulating conclusions based on the solution's boiling EP; EK 12
point data
Determining variables based on investigative questions ED; PK 13
Determining variables based on investigative questions ED; PK 14
Determining variables based on investigative questions ED; PK 15
Acid Rain, Is It Determining the solute of a solution ID; CK 16
Dangerous? Determining polyprotic acid based on the knowledge held ID; CK 17
Determining the nature of the acid solution based on the ED; CK 18
knowledge held
Determining the amount of solute based on the reaction ED; CK 19
equation
Determining the pH of the diluted acid solution ED; CK 20
Determining the amount of base volume for acid ED; CK 21
neutralization
Formulating conclusions regarding the approximate pH of EP; EK 22
acid solutions based on pH route data
The Dilemma of Evaluating macroscopic observational data ED; PK 23
Using Seawater as  Evaluating the sequence of electrical conductivity of a ED; CK 24
a Replacement for  compound
Generators Evaluating claims based on data and scientific evidence EP; EK 25
Analyzing the properties of the electrolyte solution EP; CK 26
Evaluating claims based on evidence and scientific ED; EK 27
knowledge
Explaining experimental data of electrical conductivity EP; PK 28
using a substance dissociation diagram
Explaining experimental data of electrical conductivity EP; PK 29
using a substance dissociation diagram
Analyzing acetic acid solutions based on scientific EP; CK 30
knowledge
Describing experimental data of electrical conductivity EP; PK 31
using submicroscopic representations
Identifying GAM in NaCl solution ID; CK 32
Interpreting experimental data on electrical conductivity EP; PK 33
using submicroscopic representations
Pros and Cons of Determining the amount of acid based on data ED; CK 34
Online Pharmacy Determining the amount of acid that can be neutralized ED; CK 35

based on the data
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Aspects of ltem
Context Indicator Chemical N
. umber
Literacy*
Pros and Cons of Determining the concentration of the species in an acidic EP; CK 36
Online Pharmacy solution
Analyzing claims based on scientific evidence and ED; EK 37
knowledge
Determining the reaction result of a solution ID; CK 38
Determining the procedure steps for determining the ED; PK 39
concentration of a solution
Analyzing hydrochloric acid solutions based on reaction EP; CK 40

equations and scientific knowledge

*CK = Content Knowledge; PK = Procedural Knowledge; EK = Epistemic Knowledge; EP = Explain phenomena
scientifically; ED = Evaluate and design scientific inquiry; ID = Interpret data and evidence scientifically.

Limited-scale testing was carried out for high
school students (non-sample) in Sidoarjo
Regency involving 63 students. The reliability
of Cronbach's alpha obtained was 0.793 and
26 items were valid, 14 items were invalid and
corrected by discussing them again with the
chemistry lecturers.

Wide-scale testing was carried out involving
167 high school students (non-sample). At this
stage, an analysis of the validity, reliability,
item discrimination index, and item difficulty
index were carried out. The reliability of
Cronbach's alpha in this wide-scale trial
showed a result of 0.833 with a total number
35 valid items, and five invalid items were
discarded, resulting in a final draft of 35 items
for the chemical literacy test.

2.2. Sampling

Respondents of this study were Senior High
School students, Natural Science twelfth
graders in Sidoarjo Regency. Collecting data
was attained through cluster random
sampling. From a total of 12 public of Senior
High Schools, three of them were randomly
selected in Sidoarjo Regency, then from each
school, 4-5 classes were randomly selected,
each class had 28-40 students. The total
number of respondents was then 463. The
respondents were confirmed to have received
lessons on chemistry solution according to the
indicators developed by direct interviews with
the teaching chemistry teacher. Data analysis
was carried out by calculating the percentage
of respondents' answers, both at the chemical
literacy level and the chemical literacy aspects
level.

7

3. Result and Discussion

3.1. Instrument Development Results

The analysis of instrument development
carried out after wide-scale trials, including
validity, reliability, item discrimination index,
and item difficulty index will be presented
below.

3.1.1. Content Validity

The content validity was carried out by two
expert validators who provided an assessment
of the test instruments. The validation
percentage based on the Eq. (1) was 91.56%.

pP= % x 100% (1)

Information: P = percentage, >x = total
assessment score, and n = ideal score (highest
score for each aspect x in the number of
validators). This means that according to the
experts' judgment the items were distributed
in very high validity criteria. Therefore, these
items were suitable to be used to retrieve data.
The chemical literacy test instrument that was
declared valid by the expert validator was then
amended and tested to determine the validity
of the items and their reliability. The trial was
conducted twice on high school students
(non-sample) in Sidoarjo Regency.

3.1.2. Item Validity

The validity of the items was carried out after
a wide-scale trial with a total of 167 high
school students (non-sample) from three
schools. From the analysis using IBM SPSS
Statistics 22, 35 items were valid, and five
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items were invalid (28, 30, 33, 36, and 40). The
invalid items were discarded.

3.1.3. Reliability

An instrument is declared reliable if it shows
the same measurement results at different
times. If the reliability of an instrument is high,
then the instrument can be used as a data
collection tool. The reliability of Cronbach's
Alpha obtained in the first trial was 0.793 while
in the second trial (wide scale) it was 0,833
(very high). The results obtained statistically
using SPSS statistics 22 indicate that the mean
score of students in the first and second trial
groups is not significant with the sig value. (2-
tailed) > 0.05 on the Independent Samples
Test on the Equal Variances Assumed, while
the value is significant. Levene's Test for
Equality of Variances is sig. > 0.05 which
indicates that the data variance between the
first and second trials is homogeneous. So, it
could be stated that the developed chemical
literacy instrument was suitable for use to
measure the chemical literacy.

3.1.4. Item Difficulty Index

The difficulty index is used for the difficulty
level of an item or a question. If the difficulty
index is in the range 0.00-0.30 then the items
are classified as difficult; 0.31-0.70 items are
classified as moderate; and 0.71-1.00 items are
classified as easy (Arikunto, 2012). From the 35
valid item questions, 11 questions are
classified as difficult (2, 5, 11, 12, 26, 31, 32, 34,
35, 37, and 39) and 24 medium questions (1, 3,
4,6,7,8,9 10,13,14,15,16,17, 18, 19, 20, 21,
22, 23, 24, 25, 27, 29, and 38), while the
average item difficulty index value of 35 items
question is 0.376. Overall, the average value of
this difficulty index indicates that the chemical
literacy test instrument is at the moderate
criterion, even though this value is close to the
difficult score limit of 0.30 based on the
criteria suggested by Arikunto (2012).

3.1.5. Item Discrimination Index

The discrimination index or different power of
an item is used to determine the test
instrument used to differentiate between
upper and lower group students. The criteria
for the item discrimination index according to
Arikunto (2012) are as follows: 0.00-0.20

8
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(poor); 0.21-040 (satisfactory); 0.41-0.70
(good); and 0.71-1.00 (excellent). In the
development of instruments that was carried
out by researchers, there were 18 items (1, 4,
7,10, 11, 12, 14, 15, 16, 18, 20, 23, 24, 26, 27,
28, 38, 42) with categories good, 13 questions
were in the satisfactory category (2, 3, 6, 9, 19,
21,22, 29,30, 32, 35, 39,41) and four questions
were in the poor category. Meanwhile, the
average value of the difference between the
chemical literacy test instruments, which
amounted to 35 questions, was 0.395, which
was in a fairly good range. However, other
research states that the discrimination index
(D) > 0.30 means that the item is in a good
category (Ding & Beichner, 2009; Wuttiprom
et al., 2009).

3.2. Chemical Literacy Skills of High School

Students on Solution Chemistry
The final revised instrument used to measure
the ability of high school students after the
second trial (wide scale). It had a reliability of
0.833 and contained 35 item questions. This
test was then distributed to twelfth-grade high
school students in Sidoarjo Regency using the
cluster random sampling technique. The total
respondents were 463 students. The results of
measuring students' chemical literacy skills in
chemistry solution were presented in Table 3.
This result shows that the range of students’
chemical literacy scores was 5.71 to 91.43 with
an average score of 46.27.

Table 3. Students’ Chemical Literacy Skill

Total Lowest Highest
items Score Score
463 35 571 91.43 46.27

Average

Figure 2 is a graph of the students' literacy
scores for each aspect of knowledge. The
graph shows that the score of students'
epistemic knowledge was the lowest between
the scores obtained by students in the
different aspects of knowledge. Overall, the
results reveal that students' chemical literacy
is still low based on all aspects of knowledge.
These aspects of knowledge in scientific
literacy are related to students' understanding
of the main facts, concepts, and explanatory
theories that build the foundation of scientific
knowledge (OECD, 2015).
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Figure 2. Student Chemical Literacy Scores in
each Aspect of Knowledge (Content,
Procedural, and Epistemic)

The results of this study were in line with
findings of the study conducted by previous
researchers (Thummathong & Tathong, 2016).
The average score of the first-year student
chemical literacy was 43.58.

The following was a graph of the student's
literacy score for each aspect of competency.

100 Competency Aspect
90
80
70
55.00

9 50
wn 40
30
20
10
0

EP ED ID

Figure 3. Students’ Chemical Literacy Scores in
each Aspect of Competency (EP, ED,
and ID)

As shown in Figure 3 the results reveal that the
students' scores on interpreting data and
scientific evidence were the highest.
Meanwhile, the EP and ED scores belong to the
low category. The average score in the
competency aspect was 48.11 with a small
difference this result was almost similar the
results of the research of Triyani and Azizah
(2020) which found that the chemical literacy
competency aspect, the average score of
students was 60.00. This difference can be
related to the small number of respondents in
the previous study, which were 32 students in
a science class and the different topic which
was chemical equilibrium.

Chemical Literacy Skill of High School Students on
Chemistry Solution

Content knowledge can be defined as the
form of knowledge about the universe and
technological artifacts (OECD, 2015). In this
study, the instrument contained 18 items that
stressed the content knowledge. The results
indicated that the average score of students'
chemical literacy skills in the aspect of content
knowledge was 45.89. One of the students’
achievements in the aspect of content
knowledge can be seen in the following
question.

Context 5

Reading for Questions Number 34 - 40:

Pros and Cons of Online Pharmacy

Online pharmacies as an innovation in the world of pharmacy provide convenience and comfort in the transaction
process and drug delivery so that people find it easier and more practical. However, this existence was also
unsettling. For example, the ease of obtaining antacids using online pharmacies. their use is quite dangerous if the
patient also consumes other drugs and is in certain conditions that do not get a prescription from a doctor and
information from a pharmacisl, because it could be that the content in antacids in cerlain trademarks is different
or it ¢an create contraindications and thus endanger the patient. Generally, the human stomach contains gastric
acid (HC) with a concentration of about 8.0 x 10-2 M. If someone has heartburn, the HCl concentration can reach
0.1 M as much as 800 mL. An antacid 1ablet containing 288 mg of the active compound NaAl (OH) 2C0O3 (molar
mass = 144 g / mol) can be used to reduce excess stomach acid until the acid in the stomach approaches a normal
state according 1o the following reaction equation §.a.

4HCl(aq) + NaAl(OH):C05(s) — NaCl(aq) + AlCl;(aq) + COxg) = 3H:0(1)._... (reaction equation § a)

34. Based on the data in the reading above, the amount of mmol HCl in the stomach of someone who has
heartburn s ....
A) 0.08 mmol
B) 0.8 mmol
C) 8 mmol
D) 80 mmol
T) 800 mmol

Figure 4. Example Question of Content
Knowledge Item (Modified from
Anwar (2008) - Selection of the 2002
Indonesian  Chemistry = Olympiad
Team)

From the question in Figure 4, 42.33% of
students were able to answer correctly by
selecting the D option (80 mmol). The
question was ranked at the medium cognitive
demand category, but this question has the
characteristics difficult of an item and has a
good value of discrimination index.

Procedural knowledge is knowledge about
how ideas are generated (OECD, 2015). There
were seven items on the aspects of procedural
knowledge in the developed chemical literacy
test instrument. The results of this study
indicate that the average score of students'
chemical literacy skills in the aspect of
procedural knowledge was 46.85. One of the
students' achievements in the aspects of
procedural knowledge can be seen in the
following question.
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Context 4
Reading for Problems Number 23 - 33:
The of Using as a Rep for G s

The use of seawater to replace generators is one of the solutions in facing the fossil fuel energy crisis. Although
it cannot be used on a large scale and its assembly is difficult, the use of seawater as an energy source is cheap.
environmentally friendly. and can be used as lighting for boats. Seawater contains high sodium chloride (NaCl)
compounds in the form of sodium ions (Na*) and chloride ions (Cl). The source of electrical energy is obtained
by arranging electrodes, conducting wires, and solutions so that the redox reaction is spontaneously converted
into electrical energy (voltaic cell method). The following are given experimental data in Figures 2.a, 2.b, and
2.¢ regarding the electrical conductivity of several solutions, giving the idea that seawater can be used as a
source of electrical energy for lighting the canoe.

\.’ ) Electrical Conductivity Experiments of Solutions
y

€ Information :
Figure 2.a: S¢

e l-”'
I AL L | e

Figure 2.2 Figure 2.b ‘ Figure 2.c

m chi

23. Macroscopically (in plain view), how did you know that the sodium chloride solution in the reading above
is a strong electrolyte?

A) The formation of a homogeneous mixture of sodium chloride and water

B) There are Na~, CI- ions. and H>O molecules

C) There is a flow of electrons in the cable

D) The lights were bright

E) There are ions moving freely in the sodium chloride solution

Figure 5. Example Question of Procedural
Knowledge Item

In the example in Figure 5, the analysis showed
that 57.45% of students answered correctly by
selecting the D option (there was a bright
light). The item was at the medium cognitive
demand category that was classified as a
difficult question and had a good value of
discrimination index.

Epistemic knowledge is knowledge about the
understanding of the rationale underlying
scientific procedures and decisions or
considerations for their use (OECD, 2015).
There were 10 items on the aspects of
epistemic knowledge in the chemical literacy
test instrument developed. The results of this
study indicate the average score of students'
chemical literacy skills in epistemic knowledge
aspect was 41.80.

One of the students' achievements in
epistemic knowledge can be seen in Figure 6.
In this question, 69.98% of students answered
correctly by selecting the option C (CO2 gas
ionizes). The question is medium cognitive
demand category with characteristics of at
moderate level and had a good value of
discrimination index. In this study, it was
concluded that students' epistemic knowledge
was the lowest in comparison to content or
epistemic knowledge. This shows that
students have difficulty in analyzing and
relating concepts about how knowledge of an
idea was scientifically produced.
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Context 1

Reading for Problems Number 1 - 7:

Is it true that Carbon dioxide is the mastermind behind the Global Warming issue?

Global warming is a popular term to describe the increase in global average temperature. This phenomenon
can be caused by various factors such as the intensity of the exit and entry of solar radiation, wind and water
flows, the role of gases in the atmosphere, clouds, snow and ice, and fog. One important factor to study is the
increase in the emission of gases in the atmosphere (carbon dioxide, methane, dinitrooxide and
chlorofluorocarbons) which can cause a greenhouse effect, allowing the sun's thermal energy to be trapped on
the earth’s surface. Carbon dioxide (CO,) is a major player in the debate about global warming, where some
scientists and media reports state that the increase in temperature on earth is only caused by the increase in
carbon dioxide gas in the atmosphere according to the data in the following Graphs 1.2 and 1b.

Graph 1.5, Changes i Average Temperature of Earih’s Atmosphere

The concentration of carbon dioxide is expressed in units of ppm, which is the concentration unit in chemistry
which stands for parts per million, which means parts per million. This carbon dioxide gas reacts with water
molecules in the earth’s atmosphere according to the following equation 1.a.

CO, (g) +H:0 () = 2H~ (aq) + COs* (ag) .........( reaction equation 1.a)

(Ka HXCO; 4,3x107; Ky HiCO; 5,6 x 10°1)

7. Based on the reaction equation 1.2 in the reading above. The correct conclusion is ...
A) The solution formed is alkaline

B) CO; gas has jonic bonds

C) CO; gas has been 1onized

D) The electrical conductivity of the solution is strong

E) A heterogeneous mixture was formed

Figure 6. Example Question of Epistemic
Knowledge Item (Modified from

OECD (2015) - PISA 2015
Assessment and Analytical
Framework)

There were eight items of competency aspect
with regard to scientific explanation of a
phenomena. The results of this study indicate
that the average score of students' chemical
literacy skills in competence aspects to explain
phenomena scientifically was 46.62.

One of the students' achievements in
competency aspect can be seen in Figure 7. In
this question, 50.76% of students answered
correctly by selecting the option D (it and iiy).
The question was the high cognitive demand.
Based on the data from the results of the
analysis of the question carried out after the
second trial on a large scale, this question had
the characteristics of the item that was
classified as moderate and had a satisfactory
value of discrimination index.

There were 17 items on the competency
aspect of evaluating and designing scientific
inquiry in the chemical literacy test instrument.
The results of this study revealed that the
average score of students’ chemical literacy
skills in the competency aspects of evaluating
and designing scientific inquiry was 42.71.
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Context 4
Reading for Problems Number 23 - 33:
The of Using as a Rep for G

The use of seawater to replace generators is one of the solutions in facing the fossil fuel energy crisis. Although
it cannot be used on a large scale and its assembly is difficult, the use of seawater as an energy source is cheap,
environmentally friendly, and can be used as lighting for boats. Seawater contains high sodium chloride (NaCl)
compounds in the form of sodium 1ons (Na~) and chloride ions (CI"). The source of electrical energy is obtamed
by arranging electrodes, conducting wires, and solutions so that the redox reaction is spontaneously converted
into electrical energy (voltaic cell method). The ollowing are given experimental data in Figures 2.a, 2.b, and
2.c regarding the electrical conductivity of several solutions, giving the idea that seawater can be used as a
source of electrical energy for lighting the canoe.

/\ Electrical Conductivity Experiments of Solutions

., o e Informar
‘ Figure 2.2 Figure 2b Figure 2.c

26. Based on the experimental data above, the following statements are given:

(1) A solution can conduct electricity if the solution contains few or many electrons

(11) An electrolyte solution is a solution that can conduct electric current because it contains ions that
move freely

iii) In the acetic acid solution there are particles of H20, CH;COOH, CH3COO- and H™

(1v) Solid NaCl compounds can also conduct electric current because they contain Na™ and Cl- ions as
well as NaCl compounds in water

The above statement which is correct is ...

A) 1 i1, 111, and 1v

B) 1, ii, and 1ii

C)1and iit

D) 1i and iit

E) ii and iv

Figure 7. Example Question of Explaining

Phenomena Scientifically Item

One of the students' achievements in this

competency aspect is shown in Figure 8.

Context 2

Reading for Problems Number 8-15:

Starting Rare: Cassiavera from Kerinci The Primadonna of the World

Kerinci Regency is known as the largest and best producer of cinnamon bark in the world, with the
trade name "Cassi ". Currently, duction is b scarce due to fh ing prices
so that it is less attractive to local people as their main occupation. Even though the benefits are not

only as a cooking spice but also for medicine. The largest active ingredient in cinnamon is

de and minor ds such as eugenol and ethyl cinnamate. One of the efforts to
increase the value of ci the ci syrup is made. It is known that the density of
the syrupis 1.1 g/ cm3, the net is 300 mU/bottle and the ition of the sut in the ci

syrup per bottle is shown in Table 6.a below.

Compound | %(w/w)
Water |78
Cinnamon bark | 10
Glucose 7
Salt 2
Citric Acid 2|
Other ingredients T

Table 6.a Composition of Cinnamon Syrup |

Some secondary data regarding the boiling points of several ingredients contained in cinnamon syrup
and other compounds are given in Table 6.b and Table 6.c below.

Composition Concentration | Boiling Point Composition Concentration | Boiling Point |
[ Water I= [100°C | [W | 0.1 molal 1100051 °C
Z Glucose 0,1 molal 10.2 molal 1100,102°C
Cinnamaldehyde | 0.1 molal 10,1 molal 17100,102°C
[ 0.1 molal 1 0.2 molal 1100204 °C
1701 molal 1100,102°C 1 0.1 molal 100,154°C |
[ 0.1 molal [100,154°C | [ Water + H:SO4 10.1 molal [ 100,308 %C
Table 6.b The Boiling Point of Solutions Table 6.c The Boiling Point of Solutions

13. Look at Table 6.c in the above reading
You want to do an investigation into the "effect of solution concentration on the boiling point of
solution”. What components are the control variables based on this data?

A) Concentration of the solution

B) The boiling point of the solution

C) The type of solute used

D) The vapor pressure of the solution

E) The time it takes for the solution to boil

Figure 8. Example Question of Evaluating and
Designing Scientific Inquiry Item
(Modified from Thahjadarmawan
(2018) - Pithy of Chemistry: HOTS)

In this question, 42.98% of students answered
correctly in option C (the type of solute used).
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The question was included in the cognitive
demand category: medium.

Based on the data from the results of the
analysis of questions carried out after the
second trial on a large scale, this question had
the characteristics of a question that was
classified as moderate and had a good value
of discrimination index.

There were ten items on the competency
aspect of interpreting data and evidence
scientifically in the chemical literacy test
instrument that was developed. The results of
this study indicate the average score of
students’ chemical literacy skills in the
competency aspect of interpreting scientific
data and evidence was 55.00. One of the
students' achievements in this competency
aspect can be seen in Figure 9.

Context 1

Reading for Problems Number 1 - 7:

Is it true that Carbon dioxide is the mastermind behind the Global Warming issue?

Global warming is a popular term to describe the increase in global average temperature. This phenomenon
can be caused by various factors such as the intensity of the exit and entry of solar radiation, wind and water
flows, the role of gases in the atmosphere, clouds, snow and ice, and fog. One important factor to study is the
increase in the emission of gases in the atmosphere (carbon dioxide, methane, dinitrooxide and
chlorofluorocarbons) which can cause a greenhouse effect, allowing the sun's thermal energy to be trapped on
the earth's surface. Carbon dioxide (CO:) is a major player in the debate about global warming, where some
scientists and media reports state that the increase in temperature on earth is only caused by the increase in
carbon dioxide gas in the atmosphere according to the data in the following Graphs 1.2 and 1b]

- Year

2 8 8

Graph 1. Changes in CO; Conge of Earth’s Atmosphere

Graph 1.b. Changes in Average Temperature of Earth’s Atmosphere

2. Based on the two graphs, Fatih concludes that it can be ascertained that "the increase in the earth's
average temperature is the result of an increase in the concentration of carbon dioxide in the
atmosphere”. Which of the following supports the of Fatih's conclusion?

A) The concentration of CO: and the average temperature in the Earth's atmosphere continued to
increase from 1860 to 2000

B) It is often reported in newspapers and magazines that the increase in temperature on earth is caused
by an increase in the concentration of CO; in the atmosphere

C) The increase in CO: concentrations from 1920 to 1940 was followed by an increase in the earth's
temperature

D) Measurement of CO: concentration and earth temperature are measured at the same time span so
that it is sufficient to prove the increase in earth temperature due to increased CO; concentration in
the atmosphere

E) The measured data both show the conditions of the earth's ph namely the conct ion of
COz in the atmosphere and the average temperature in the atmosphere so that there is a causal
relationship.

Figure 9. Example Question of Interpreting
Data and Evidence Scientifically Item
(Modified from OECD (2015) - PISA
2015 Assessment and Analytical
Framework)

Example question can be seen in item 2. In this
question, 28.72% of students answered
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correctly in option C (increase in CO:
concentration from 1920 to 1940 followed by
an increase in earth temperature). The
question was included in the cognitive
demand category: medium. Based on the
analysis after the second trial on a large scale,
this question had characteristics of an item
that was classified as difficult and had a
satisfactory value of discrimination index.

4. Conclusion

This study discussed chemical literacy,
especially in the aspects of knowledge and
competence using chemical literacy test
instrument on the chemistry solution topic.
The test that was developed consisted of 35
valid items with a Cronbach's Alpha reliability
of 0.833. This reliability coefficient considered
at a very good value. Therefore, this test
instrument was implemented to explore the
chemical literacy skills of high school students
in the Sidoarjo Regency.

The survey showed that the average score of
students on this test was 46.27. This value
indicated that students' chemical literacy still
low and suggested the need for measures to
be improved. This can be used as an
evaluation of the learning carried out because
the questions in the chemical literacy test
instrument refer to the KD K-13 indicator.
These findings suggest the need for ideas to
develop chemical literacy among high school
students in Indonesian context.

The average score of chemical literacy from
the lowest to the highest in terms of
knowledge and competence can be
summarized as the following, epistemic
knowledge (41.80), content knowledge
(45.89), procedural knowledge (46.85),
competence to evaluate and design scientific
investigations (42.71), explain phenomena
scientifically (46.62), and interpret data and
scientific evidence (55.00).

This research has important implications for
chemistry education: (1) multiple-choice
chemical literacy tests can be used in
chemistry education and needs to be
developed to involve the attitude aspect. (2)
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for the respondents it seems that they were
not accustomed to working on scientific
literacy questions and also questions in the
context of issues that exist in society; (3)
students' chemical literacy must be improved
by learning that supports students in literacy;
(4) a chemical literacy test should be used to
assess student achievement so that they were
trained to solve daily life problems
scientifically. Some solutions to improve
students' scientific literacy include applying
environmental-based creative and
collaborative learning, inquiry-based learning,
metacognition training, authentic scientific
inquiry, socio-critical learning, and problem
solving, learning based on scientific processes,
use of scientific texts, learning strategy
approaches integrated, and argumentative
methods (Karademir & Ulucinar, 2017). The
study of Huann-shyang et al. (2012) found that
there was a relationship between attitudes and
scientific literacy, namely the interest,
enthusiasm, and participation of students in
learning science to improve their scientific
literacy skills. Scientific literacy can be
improved by increasing laboratory activities
and equipping students with activities that
emphasize affective aspects. Besides that, the
existence of adequate scientific literacy
instruments, both science as a whole and
science in specific fields can be increase
students' scientific literacy (Muntholib, 2020).
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