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Abstract: This research aims to develop and validate chemical literacy test instruments on competency and

knowledge aspects and to measure the chemical literacy of first-year science education students. Instrument
development involved expert consultation, expert judgment, and testing of 114 first-year students majoring in
chemistry for the analysis of item validity and instrument reliability. The instrument was developed using the
Research & Development model by Borg and Gall (1989). The developed instrument consisted of 30 valid item
items with Cronbach's Alpha reliability coefficient of 0.718. The analysis was catried out on 28 first-year students
of the Jember State University Science Education Study Program who had studied carbon chemistry. Data

analysis showed that the average score of students' chemical literacy was 59.7 in the moderate category.
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INTRODUCTION

Scientific literacy has gained concern from researchers, lecturers, and public policyholders
(Impey, 2013) since it is requited by modern society to encounter different issues related to
science and technology (Turiman et al., 2012). According to Impey (2013), the indicator of a pre-
service teacher who has great scientific literacy is their understanding of scientific and
technological effects on daily living; taking individual decision related to science, health, use of
energy sources; understanding substantial components related to science reported by media;
criticize information, and participate in a discussion of science issues. Therefore, pre-service
teachers should be prepared to encounter those issues. Besides, scientific literacy is essential to
aid teachers in comprehending the content and components of scientific literacy while using the
consistent learning methodology as the key mechanism to guide students to develop their

scientific literacy through classroom learning (Traiwichitkhun & Wongwanich, 2014).
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Scientific literacy comprehension highly determines the learning activities conducted by
those prospective teachers in the future. The significance of this scientific literacy is also
emphasized by Norris & Phillips (2009), who state that one of the primary objectives of science
learning is creating a society with excellent scientific literacy. In addition, scientific literacy is also
the primary objective of contemporary science (Muntholib et al., 2020, as cited in DeBoer, 2000;
Barnea et al., 2010; Cigdemoglu & Geban, 2015). As a part of science, chemical literacy becomes
the central objective of science education (Celik, 2014). Consequently, according to Muntholib et
al.(2020), one of the consequences for placing chemistry as the science education purpose is to
ensure the availability of assessment instruments.

To attain this purpose, some chemical literacy frameworks have been developed. One of
those frameworks is invented by (Shwartz et al., 20006) that consists of four domains, namely (1)
knowledge on science and chemistry content; (2) chemistry in a context; (3) high-level learning
skills; and (4) effective aspect. Besides, Bybee (1997)creates a chemical literacy framework that
measures high school students’ chemical literacy with the literacy domain of nominal scientific
literacy, functional scientific literacy, conceptual scientific literacy, and multi-dimensional scientific
literacy. Meanwhile, (PISA 2006) and (OECD, 2016) develop a scientific literacy test framework
in Programme for International Student Assessment (PISA) that is continuously updated every three
years. Muntholib et al. (2020) mention that the OECD framework is more explicit, simple, and
popular so that it becomes the most implemented framework used to evaluate scientific literacy,
especially chemical literacy.

The scientific literacy within PISA subsists of four aspects, namely contexts, scientific
knowledge, competence, and attitude. The element of context is classified into three domains of
personal, national, and global. Meanwhile, scientific knowledge is categorized into three parts of
knowledge on content (information related to nature and human work, such as artefact and
technology), procedural knowledge (insight on the creation of scientific ideas), and epistemic
knowledge (knowledge on the basis of the scientific knowledge creation procedure and its usage
justification). Competence represents the ability to explain and evaluate phenomena scientifically
and design scientific inquiry and interpret data and evidence scientifically. Lastly, attitudes cover
the manner toward science, shown from the interest in science and technology, respecting
scientific approach during the inquiry process, perception, and awareness on environmental
issues.

According to those literacy frameworks, a number of chemical literacy tests have been
created. One of the chemical literacy test instruments is developed by Thummathong &

Thathong (2018) that measures engineering students’ chemical literacy. Besides, Cigdemoglu et
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al.( 2017) also create a chemical literacy test on the acid-base topic that measures science teacher
argumentation using PISA 2006 literacy framework, while (Norris & Phillips, 2003) and (Duschl
& Osborne, 2002) make literacy test on the competence aspects that evaluates the reading,
writing, reasoning, and arguing ability. Laugksch & Spargo (1996) construct the scientific
knowledge aspect using Miller's(1983) framework based on the American scientific project
purpose, known as science for all. Several other researchers have also used that framework, such
as Rahayu (2011) who creates a chemical literacy test on the electrochemical material using
OECD 2015 framework, (De Ovira, 2018) initiates chemical literacy instrument on
hydrocarbons, thermochemistry, petroleum, reaction rates and chemical equilibrium using
OECD 2006 and 2012 frameworks. However, a chemical literacy test on the knowledge and
competence aspect of carbon materials mentioned in all topics of the 2013 curriculum for high
school has not been developed.

The test format selected in this study is multiple choice. This format helps the students
complete the test items quickly and gives a more objective scoring while also can be adopted to
measure all cognitive elements (Gurel et al, 2015). Muntholib et al. (2020) explain that a
multiple-choice test is the most efficient test to identify misconceptions. Some multiple-choice
test topics have been established. Adawiyah & Wisudawati (2017) construct a scientific literacy
instrument that explains scientific phenomena toward junior high school students, Muntholib et
al. (2020) developed a chemical literacy instrument on the chemical kinetics material for first-year
students, and Gerlach et al. (2014)invent a multiple-choice test on general chemistry material to
evaluate students’ literacy scale in the pre-university chemistry course. Tarhan & Sesen (2010)
created 25 multiple-choice items to identify students’ initial knowledge on acid and base learning,
consisting of chemical solutions, periodic systems, chemical bonds, chemical reactions,
thermodynamics, and chemical equilibrium. Thus, it has confirmed the massive use of the
multiple-choice test. The chemical literacy knowledge and competence aspects focuses on
chemical knowledge amd scientific cognitive skills that can be evaluated using multiple choice
format (Muntholib et al., 2020).

The advancement of prospective teachers’ scientific literacy remains a challenge in the
university teaching and learning process. A survey conducted in 1988-2008 identifies a less
significant scientific literacy improvement (10%-15%) of the students’ across universities in the
United States of America (Impey, 2013). At the same time, the scientific literacy of Turkey
prospective teachers is also low (Akengin & Sirin, 2013). Additionally, Sunarti (2015) conducted

a study on prospective physic teacher in Universitas Negeri Surabaya that obtains an average
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score of 51.3 on the scientifically explaining a phenomena competence; 9.3 on evaluating and
designing scientific inquiry; and 23.8 on scientific data and evidence interpretation. This low
scientific literacy of prospective teachers results in the enactment of Regulation of Minister of
Education and Culture no 49, the Year 2014 on the national standard of university
(Kemendikbud, 2014). That regulation accentuates interactive, scientific, contextual,
collaborative, and student-centred learning. Sunarti (2015)explains that the primary problem in
Indonesian university learning is the lack of lecturers concerned about learning achievement,
proper learning strategy, and method. Thus, the learning is dominated by lecturing that obstructs
students’ to comprehend the learning material. Besides, the limited opportunity to implement the
learning material has also hindered the students to easily understand the material.

Ideally, conceptual and skill learning in the university is attained through courses that
applied a scientific approach to real-life issues solvency, involving the skills to observe, question,
experiment, reason, and present. However, Muntholib et al. (2020) mention that the scientific
approach has been rarely implemented in the courses since the courses are broad and deep, so
the expository approach becomes more prevalent in classroom learning. The expository
approach is perceived to be more efficient in conveying broad information. However, this
approach emphasizes procedural knowledge, designing inquiry, and competence in interpreting
scientific data and evidence, which are crucial in scientific literacy.

Scientific literacy has a vast coverage, so that each science learning, including chemistry
learning, is expected to contribute to the realization of a scientifically literate society (Shwartz et
al., 2000). Osborne & Dillon, 2008; Shwartz et al., 2006explain that chemistry is a branch of
applied science that explicitly aims to train and enhance prospective science teachers’ scientific
literacy. Thummathong & Thathong (2018) argue that chemical literacy refers to someone’s
ability to comprehend and implement three significant aspects of knowledge, awareness, and
application of chemistry in daily life, appropriately and effectively. Barnea et al. (2010)argue that
chemical literacy covers an understanding of the particle, material, reaction, law, theory, as well as
the application of chemistry in daily life. One of the chemistry materials obtained by natural
science prospective teachers is chemical carbon material. The chemical carbon material explained
in the national curriculum is given to the 11™ and 12"-grade senior high school students
(Permendikbud, 2016 No 20 ). That material comprises alkane and its derivatives, benzene and
its derivatives, functional groups, carbon compounds’ property, and the application in daily life.
The teaching and learning process usually involves everyday phenomena, such as sodium
benzoate and benzoic acid as a food preservative. This issue is highly relevant to students’ daily

life since almost every food requires a preservative. The other examples are the effects of fossil
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fuel use on global warming, the use of bioethanol as alternative energy to reduce pollution,
others alkene derivative compounds utilized as materials in some petrochemical industries, and
many other hydrocarbon compounds that can be easily identified. Therefore, chemical carbon
materials are closely related to students’ daily life, so that it can be involved to increase their
literacy skills. Additionally, carbon chemical compounds also offer different scientific literacy
knowledge and competence aspects that can be seen in daily life. Consequently, the chemical
literacy-based instrument should be developed for prospective teachers’ chemical literacy
(Sumarni et al., 2018). Cigdemoglu et al (2017) explain that chemical concepts that are related to
a student's life should be investigated. To enhance prospective teachers’ chemical literacy, a
chemical literacy test instrument on the chemical carbon material is required.

This study has two primary objectives (1) to develop and validate multiple-choice chemical
literacy test instruments and (2) to implement the instrument to attain information on
prospective science teachers’ chemical literacy comprehension, primarily on the chemical carbon
material. This study is only limited to the aspects of context, knowledge, and competence,

without the behaviour aspect.

METHOD
Preparation of chemical literacy test instrument

This study used the PISA literacy framework while replaced the science content knowledge
with chemical carbon, following the formula from Shwartz et al.(2006). The chemical literacy

framework is presented in Table 1.
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Table 1, PISA and Shwartz’s Chemical Literacy Framework

PISA Framework

Schwartz's Framework

Context

Personal, local and global current or past
issues that require scientific and technological
understanding

Knowledge

Knowledge on primary facts, theories of the
universe, theories of technological artefact
(content knowledge), the process of scientific
ideas are produced (procedural knowledge),
along with rational reasoning for a scientific
procedure selection and its justification
(epistemic knowledge).

Competence

The ability to scientifically explain phenomena,
as well as the ability to evaluate and design
scientific inquiry and scientifically interpret
data and evidence.

Chemical Content Comprehension

It includes knowledge on general ideas involving
scientific investigation, generalizing findings, using the
skills to associate different disciplines to understand
phenomena, and using understanding on chemical
features or key ideas. It also includes the
comprehension of explaining the macroscopic
phenomenon by considering its structure, reaction
process, energy transformation, living system’s
structure, and chemical language contribution toward
chemistry.

Chemistry in a Context

Chemical knowledge that explains daily phenomena,
daily implementation of chemical understanding, the
ability to make a decision effectively, involvement in
society debate about issues related to chemistry, and
knowledge on the relation between chemical
innovation and social processes

High Level of Learning
The ability to question, study relevant and essential
information, and evaluate the pro and contra

The stages of chemical literacy instrument development adopted the development model

from Gall & Borg (1989). The detailed developmental stages are illustrated in Figure 1. The

instrument consisted of seven contexts, with knowledge and competence aspects in each

context, as shown in Table 2. The initial draft was subsisted of 44 items, while their distribution

is also presented in Table 2.
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Table 2. Item Number, Chemical Literacy Context and Aspect

C Indi Chemical Literacy Item
ontext ndicator Aspect* No
Ethylene, industrial ~ Analyzing reaction on the ethylene MD; PK 1
raw materials Determining the compound structure formula MD; PK 2
Analyzing the reaction of polymer formation MD; PK 3
Analyzing the reaction of ethylene formulation MF; PK 4
Identifying monomer based on the reaction MD; PK 5
Reading scientific data in the form of graphic MD; PE 6
Determining the ethanol level percentage MF; PK 7
Ethanol, benefits Determining the glucose fermentation result’s structure formula MF; PK 8
vs effects Identifying the functional group on glucose
Classifying the alcohol types based on the functional group MD; PK 9
Determining the reaction results based on data MD: PK 10
Formulating conclusion based on scientific reason ’
Determining variable based on investigation question MD; PK 1
Determining and designing research procedure based on the graphic MM; PE 12
MM; PP 13
MM; PP 14
MM; PP 15
The catalytic Determining catalytic converter result compounds MF; PK 16
convertet, the Evaluating scientific claims following scientific evidence MD; PE 17
solution to reduce Determining and designing research procedure MM; PP 18
pollution
Essential Identifying aldehyde functional group MD; PK 19
compounds in our Determining reaction types on the formulation of ethyl ethanoate compound MD; PK 20
surrounding Decldmg the structure formgla of aldehyde denyatlve compounds
Evaluating claim based on scientific data and evidence MD; PK 21
Determining isomer function on aldehyde derivative compound
Determining reaction result from aldehyde derivative compound MF; PE 22
Deciding the proper experiment procedure on the ester compound formation MD; PK 23
MD; PK 24
MM; PP 25
Refuelling station Determining the number of moles on the fuel content MD; PK 26
Determining the number of isomer on the fuel content MD; PK 27
Determining the thermochemical equations on the LPG components MD; PK 28
Deciding the formula of the compound in the gasoline MD: PK 29
Determining the gasoline content percentage based on the molecule structure R
Selecting the fuel quality based on its constituent components MD; PK 30
MF; PK 31
Identifying alkane Determining the IUPAC nomenclature of alkane compound based on the MD; PK 32
Compounds structure
properties Formulat%ng conclus%on following gr‘aph}c ' MM; PE 33
Formulating conclusion based on scientific reasoning MM: PE 34
Identifying the boiling point based on scientific reasoning i _
Concluding scientific data based on the graphic MM; PK %
MD; PE 36
Benzene and its Determining the reaction types on the formulation of benzene compounds MD; PK 37
function Determining the structure formula and reaction types of benzene MD: PK 33
Classifying the benzene compounds nomenclature following the structure ? :
Defining the reaction on the benzene compounds creation MD; PK 39
Evaluating scientific claim based on scientific evidence MD: PK 40
Determining structure formula on the benzene detivative compounds ’
Determining the bonding orbital on benzene compound MF; PE 41
Determining response on the benzene derivative compounds formulation MD; PK MD; PK 42
43
MD; PK
44
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The product design process was started by arranging the chemical literacy instrument based
on the literature review results and consultation with experts. The expert consultation was
completed to attain suggestions on the instrument compatibility with the selected literacy
framework. Additionally, chemical carbon was selected as the instrument topic based on the
results of the investigation on various concepts. The initially developed instrument was validated
by experts. The validation includes four aspects of (1) indicator conformity, literacy aspect, and
cognitive demand; (2) scientific truth of the material; (3) question clarity on each item; and (4)
language effectiveness. From the expert validation results, a 44 items chemical literacy instrument
draft was obtained.

The test instrument draft was tried out to 114 students to identify the items’ validity and
reliability. The limited scale testing was carried out to 40 chemical education students of
Universitas Negeri Malang. After being analyzed using Cronbach’s Alpha, the test obtained a
0.738 reliability score with 36 valid items. Meanwhile, wide-scale testing was conducted on 74
first-year students in chemistry education of Universitas Negeri Malang. The result of the wide-
scale testing was analyzed to discover the test validity, reliability, item discrimination, and item
difficulty. The analysis result shows the test has 0.718 reliability with 30 wvalid items.

Consequently, the developed chemical literacy test instrument has 30 items.
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[ Preliminary Studies ]

-

2. Planning
Analyzing PISA and Shwartz’s (2000) literacy aspect,
analyzing chemical carbon material, suitability with
Curriculum 2013, and the type of developed instrument

.

-
3. Initial development
Developing multiple choice chemical literacy items (49
L items) and validation questionnaire

4. Initial testing
The developed instrument was validated by three experts
(lecturers), resulting into 44 valid items

[ 5. Revision I ]

6. Try out 1
The first try out involved 40 respondents and resulted in 36
valid items with 0.783 reliability score

[ 7. Revision 11 ]

8. Try out II
The second try out was completed to 74 respondents
and resulted in 30 valid items with0.71 reliability score

[ 9. Revision III ]

10. Implementation
The developed instrument was used to measure the chemical
literacy of 28 natural science education first year student of

Figure 1. The stages of chemical literacy development
Students’ Chemical Literacy Assessment

The respondent in this study was the first-year natural science education students of

Universitas Negeri Jember, the academic year 2019/2020. The respondents had obtained
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chemical carbon material in their high schools, which according to the Ministry of Education and
Culture Regulation, the material is distributed to 11" and 12" graders (Permendikbud, 2014). The
data analysis was carried out by calculating the students’ answer percentage based on the

scientific literacy and literacy level.

RESULTS AND DISCUSSION
Chemical carbon scientific literacy test instrument

The instrument analysis carried out after the try-out consists of validity, reliability, item

difficulty, and item discrimination analysis.

Content validity

The validity analysis carried out in this study includes content validity and item validity. The
content validity has been carried out through an assessment involving three experts in the
chemical education field. Besides the scoring, the experts also provide test suggestions and
revisions, including language selection and the conformity between the literacy aspect and the
measured concepts. The items determined to have good content validity were tried out to 114
first-year chemistry education students of Universitas Negeri Malang. The try-out results were

analyzed to attain the test’s item difficulty, item discrimination, item validity, and reliability.

Item validity

The item validity was completed after a try-out that involved 74 respondents. The
respondents were asked to fining the test with 36 items. The SPSS analysis results show 30 valid

and six invalid items.

Test instrument reliability

The test instrument reliability was determined based on the Cronbach alpha coefficient,
while the analysis was carried out using SPSS 21.0 for windows. The test reliability coefficient
from the first and second try out are 0.738 and 0.718, respectively. This coefficient has exceeded
the minimum reliability coefficient of 0.5 and 0.7. Thus, the chemical carbon test instrument can
be used as the data collection instrument.

Item difficulty

Item difficulty represents the difficulty level of an item for the respondent. It is calculated by
comparing the number of respondents with correct answers with the total number of

respondents. The results demonstrate that 40 items are classified as moderate, and four items are
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categorized as easy. Meanwhile, the results of wide-scale testing show that 30 items are
categorized as moderate, and six items are classified as easy. The average item difficulty index of

this instrument is classified as moderate, with a difficulty index range from 0.31 to 0.70.

Item discrimination

The item discrimination was analyzed from the results of a test involving 114 students.
According to Arikunto (2012), item discrimination score is classified into poor (0.00-0.20),
sufficiently good (0.21-0.40), good (0.41-0.70), and great (0.71-1.00). Item discrimination
represents the ability of an item to discriminate between high and low-achieving students. The
analysis of the first try-out results shows 13 items classified as great, 19 items classified as good,
11 items classified as sufficiently good, and 1 item classified as poor. Meanwhile, from the
second try out, 8, 20, 6, and 1 item are categorized as great, good, sufficiently good, and poor,
respectively. The average item discrimination of the instrument is classified as sufficiently good,

with a score range from 0.21 to 0.40.

Students’ scientific literacy on organic compounds material

Students’ chemical literacy on the chemical carbon material was measured using 30 items on
the instrument. Each item has knowledge and competence scientific literacy aspect. The
scientific literacy test was completed for 28 first-year natural science education students of
Universitas Negeri Jember who have obtained chemical carbon material previously. The average

students’ literacy attainment is presented in Table 3.

Table 3. Students’ scientific literacy

N Totalitem Lowestscore  Highestscore  Average score

28 30 15 (50) 22 (73,3) 59,7

According to Table 4, the first-year students’ scientific literacy scores range from 50 to 73.3,
with an average score of 59.7. Students’ scientific literacy in each literacy aspect is illustrated in

Figures 2 and 3.
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Enowledgs Aspect

64,00%
62,00%
60,00%
58,00%
56,00%
54,00%

52,00%

50,00%

Epistemil Prosedural Konten

Figure 2. Students’ scientific literacy score on knowledge aspect (content, epistemic,
procedural)

From the knowledge perspective, scientific literacy consists of three aspects, namely
chemical content, procedural knowledge, and epistemic (knowledge on a specific chemical
procedure selection reasoning and its justification) knowledge domains. Generally, the average
score of students’ knowledge aspect score is classified as low. As shown in Figure 2, there are
significant differences in scores between students' content, epistemic and procedural knowledge.
Besides, content knowledge gains the highest score. This result is similar to the result of a study
conducted by Muntholib et al. (2020)that shows a 63.24 average chemical literacy score of the

first-year students in Universitas Negeri Malang.

Competence Aspect

70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%

0,00%

MF MM MD

Figure 3. Students’ scientific literacy score on competence aspect
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In the competence perspective, chemical literacy is divided into scientifically explain a
phenomenon (MF), evaluate and design scientific inquiry (MM), as well as interpret scientific
data and evidence (MD). As illustrated in Figure 3, the students attain the highest score in the
scientifically explain phenomena aspect, followed by interpreting scientific data and evidence.
Meanwhile, the evaluation and design inquiry aspect gains the lowest score.

Chemical content knowledge covers factual and conceptual knowledge, such as ideas, laws,
principles, and theories on true and acceptable natural phenomena ( OECD, 2015). The
developed instrument has 21 items that discuss chemical content knowledge used to measure
students’ chemical content knowledge. The results of data analysis show that students have
obtained the highest score of 66.4 on this aspect, compared to other aspects. According to the
chemical literacy skills level from Thummathong & Thathong (2018), this content knowledge
score can be classified as moderate (50-69 score). One of the items that measure students
content knowledge is presented in Figure 4, in which 57% students gives correct answer on that
item. This item is in the moderate cognitive domain category with an average difficulty index and
good discriminating power. To provide a correct answer for this item, respondents have to
comprehend the compounds nomenclature concept and the relation between alkene compounds
property and compound structure. Thus, the result represents that many respondents have a low
understanding of compounds' physical and chemical features with structure formulas. Therefore,

the students still have not had an excellent knowledge of this aspect.
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Konten 5
Bacaan untuk soal nomor 24 - 27 Mengenal Sifat senyvawa Allana

Alkanz memupakan salah same zemvawa hidrokarbon vang merulild bamvak
manfazat dalam kehidupan Alkana bamyvak diperolsh dan frakei miryvak o vans
dimanfaatian dalan berbasza keperluan, batk sebasal bahan bakar maopm bahan
balm induzm. Servawa allanz memulikd sifst fizz dan sifst kiedz Sifat fisis
zemvawa slkana diamtararyva adalah memilila mazzs molekul relatf dan uik didib
vang samakin tmggl ieinng dengan bertsmbabmys pmilsh storn berbommys
Sedangkan uifat kimiz diamtararva, soukohr slkana terdind dar rantai luwros dan

bercabang sarta dapst memberniuk isomer.

__:/’:\:x’:\:__ -_:'::'i":'.":". S

’ R ’ --:n i .-:I-‘“'"
| Td 385°C) ITd. 255 1496

CGambar 1: contoh isomer sanyaws alkens (pentans)

1§, Berdazarkam sifst fiziz senyvawa alkana pada bacaan, diberikan 3 buah
tzmmar dan zevawa OgH. o, vaim sanyawa PR Diata ntik didih ketiza

sEyEWa tercanhum pads erafik berdoor:

feo======= +
| | I
T -
f i

[}
| ST -

Jumiah stom £

EBerdazarkan arafik dapat dipredikei babwa samyawa B dan B barturor - st

adalah....
Opsi 3 [a] K
A | I-metl butana n-pentana 3 1-dimetil propana
E | n-pentana 1 I-dirneti] propans | I menl batana
C | 1 I-dimetl propens | J-metil butana n-pentana
D |3 I-dimetll propans | n-pentana 2-met] hutana
E | n-pentana Z-meti] utana 1 I-dirnetil propans

Figure 4. Example of the item with content knowledge aspect

In chemistry learning, procedural knowledge is required to obtain conceptual knowledge and

sharpen scientific procedural skills in determining the proper solution for a problem. This

knowledge is highly demanded in scientific investigation and critical review of the evidence

supporting a scientific claim. Five items on the developed instruments evaluate students’

procedure; knowledge. The average score obtained from this aspect is 57.4. Students' attainment

on this aspect can be seen in an item presented in Figure 5. On that item, 57.14% of students

have been successfully given the correct answer. To answer this question, students have to

understand the types of research variables, consisting of independent, dependent, and control

variables.
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Bacaan untuk Soal nomor 6- 12 : Eranol Manfar Vs dampak

Indonesiz pada tahvn 2018, impor etanol {salsh sam janis alkohkol ) mencapal Bp
1,085 mliun. Secara lua: stanol bamvak disunakan sebagal pereskes; pelarot dan
bahan bakar, Etanel zelsin bermanfsst, juza berbahays jiks dizalah zunakan
:ebagal numuman yanz mamsebokkan. Salzin fo dalam indusm etanel bamyvak
digumakean sebazal campuran bahen bakar vang dikenal dengan biostanal. Sebagai
carypursn bahan bakar, bicetanol dapat meninskatisn efisiznz bahan bakar ksrana
mernilikd anghos obtan vans tinggd. Etanol dapat dipsroleh melalni proses fenmentasi
karbobudrat, misalnyva pada fermentasi tape singkons. Etanol dibasilkan melalai
reakzi fanmentssl sehagal bardor:

CH0u(5) = IC0.(5) + ICHCHOH(D ... (realsid)
Chukoza karbondioksida  Eranol

Eerikr dibarikan grafk hubnmgan antara lams wakto fenmentasi tape singkong
dan kadar konsenirasi stano] vans dihz=ilkan

Grafik 1. Hubmgan valkths femartes dangam kadar atamed

~

4. Ands dirmintas menjawslh pertamyasn bagamans pengaroh wakdu fermeantasi
tzxps terhadap kadar stanol vang tarbenmk berdasariesn grafik 1 7

Eomponen spakah vang ands pilth sebazai varisbel terikat

A} Teksture tape

E) hIazzatape

) Fonsentrasi etanal

¥ walsha fermentasi

E} (Cas karboadick=ida vang dihasilkan

Figure 5. Example of procedural knowledge question

Epistemic knowledge illustrates students’ rational comprehension that undetlies a scientific
procedure and decision or the consideration of its usage ( OECD, 2015). The epistemic
knowledge domain is one of the indicators of improvements in making scientific argumentation
and drawing a scientific conclusion. Four items in these developed instruments cover epistemic
knowledge. The results show that the average students’ epistemic knowledge score is 54.64. One
of the items that measure epistemic knowledge is presented in Figure 6. This item is categorized
as a high cognitive demand question with a low difficulty level and good discriminating power.
There are only 32% of students who can give a correct answer to it. To provide the right answer,
students have to understand the isomer concept and molecular interaction between carbon
compounds and their relation with carbon compounds’ physical properties. The results confirm
students’ very low literacy on the epistemic knowledge aspect. It causes by the carbon
compounds’ physical feature material delivery, which is rarely associated with molecular
interaction in high school. In most high school textbooks, the physical characteristics are only

determined by identifying the number of C atoms on the carbon compound.
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Bacaan uniuk Soal nomor 6- 12 : Eranol Manfar Vs dampak

Indonesiz pada tafvmn 2018, impor etanol {zalsh satu jenis alkohol ) mencapai Fp
1,085 mlimm. 3ecara lus: stanol bamvak dizanakan sebagal peresken pelarnot dan
bahan hakar. Eranol selain benmanfase, juza berbahaya jica dizalsh sumaksn :ebazai
minurnan yans memabukken Selam i, dalam indosti etanol bamyak dizonakan
zebazsl camparan bahan baloar vang dikenal dengan bicetanol Sshagal cammaran
bahan bakar, bicetanol dapat meningkatican efisians] bahan bakar karsna mermiliks
anzka oktan vang tingzl Etanel dapat diperoleh melalul proses fenmentasi
karbobudrat, ruizalnys pada fermentasi tape singkons. Etanol dibasilkan melalai
reaki fanmeantzs] sehagal banbor:

CeHa0us) — 2000 + ICHCHOH (D ... (realsid)
Glukoza karbondioksida  Etanol

Ecberapa sifat alkobol adalah menuilild susus hidroksd, dapat mambennik

zemyaws alkdl klorida kedks bareskzi dengan HCL 3slain i dan banizomey

fimgzional denean eter.

10, Etanel barisomer fungs denzan dometil ster. Secrang siswa memyvimpulkan
bahwz, karens merliki masza moleboil vang zama_ “ledua senyawa tersebut
memililad fifik didih vang sama™ memerut ands benarkah kagimpalan siswa
tarzebur T

A} Balsh, Earens masza moleknl stano] lebth bazar darn pada dimet] eter,
zehinggs etanol lebih polar menvebablen titk didh starol lebih tnggi
dan pada dimetil ster

E) Salah, Earens stanol memiliks textan hidrogen sedangioan dimetil ster
tidak, dengan sdanya ikatan hidrogen pada stznol meambnmblan enersn
vang lebih bezar wiraks mepvoruzkan ikatan hidrogen antar molekulnya,
zehingzs fitik didh stanel lebih tinz dan pads direti] eter

) Salah, Farena dmmetl] ster memiliki featan hidrozen, sedanskan etanol
tidak, dengan sdanya ikatan hidrogen pada ster, membuniblen apargl
vang lebih bezar unrak mepvouekan ikatan hidrogen antar molekulnva,
zehingzs fitik didh dimetil eter lebih tinggi dan pada dimetil ster

¥y Benar, karema stanol dan dimet] ster mamilild numos sondonr vang
zama ks kadua molsknl merndlk ikatan hidrogen antar molekol vang
zzma, sshingga memilild titik didih vans sama

E) Benar, FKarena stanol mernilikd teztan hidrogen antarmoleloinys
sedangkan dimetil eter membentk deatan Hidrogen dengam stanol,
dengzan adanya ikatan hidrozen, etanol dan dimetil ster mermbaruhkan
Enerzi vang zama szhingga itk didih kedusnya sama.

Figure 6. Example of items with epistemic knowledge aspect

The results obtained in this study show that students’ chemical literacy on the epistemic
knowledge gains the lowest score, compared to the other two aspects. It shows that students
have great reasoning in identifying the proper conclusion according to facts and logical thought,
while they have low ability in proposing scientific claims supported by scientific data and logic.

In addition, the competence aspect represents the ability to explain phenomena
scientifically. According to PISA, it includes accepting, giving, and evaluating various
explanations related to natural phenomena (OECD, 2016). Eight items cover the competence
aspect in explaining natural phenomena. This competence domain gains 69.2 scores, classified as
moderate. One of the items that discuss this domain is illustrated in Figure 7, in which 82.14
students have been successful in choosing the correct answer. This item belongs to one of the
items which have gained the right answer. This item has moderate difficulty and good

discriminating power.
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Bacaan untuk soalunomor 1319 : Sewyawa penting di selitar kita

Dialam k=hidupen sehari-hari kita baryak memanfaatkar senyama organik Bebarapa semyzma
arganik dalam kehidupan seberi-hart yang kit manfaadon diastarsmya: azston, fommatin,
cinkal etana, et etanoat dan matiom benzoat. Aszion digunskan sehagal pembersih kootek,
dietil eter sebasai obat anestesi, etil stmeat dimmakan sebagzi pelarut, fommaln dipmakan
sebagai penzawet spesimen dan asam benzoat dizunakar sebagad penzawet makamar. Nanmun,
garam natrizn  bermoat lebdh bamyak dimnaken sebapal penzawet dan pada azam benzoat
karena kzlangtaneya dalam air  Beberape semyana terzebut :elzin hermanfat, juga berdampak
tumak: jika dizalah sumakan misalmya penzemaar formalin sebagai penzawet makamen dapat
berkabeya bagi keschatan sehingza pamerintah melahy peratoran Menks: Na. 11621989 telah
melarang pengsunzen fommalm :ebazai pensawet mekanan Nammn berdasarkoan hasil
irvestizasi yang dilzkukan balai besar penzzwa: ohat dan makanan (BROM), masih ditemukan
sejumlak produk pangam di pesarmm yans mas menzanduns fommalin. Sifar semyane-samyzwa
diatz: sanzat ditentuban aleh gums fims:imya. Barikut ind diverikan bagan seyane-ssmyamwa
arzanik tersein serta aifat-sifatmya.

Azeton _,| Mesnfliki s mnleind CHLO dam
berizomear dengan azetaldehid Bazan 2.1
Faormalin
A Cibuz: malabni reakst
ICHOH +0; — IHC0+ 200 | paenpng

Etokzi etama Etob=i etama Memilild fzeomes fingsi

. Bagan 2.3
denzzn zplonzan alkahol. =

Etil etamiat Dibroat moclalai realksi
CH.OO0H + C.H.08— CH,-000-CH,OH, - Hoo |Bagm 24

}Ta‘l_—.}un banzear Kalanzian nairium bemzoat (NaC-HOH) dalam
dan Asam benzeat |l 2ir Lebih tingsi dari 2sam benzoat (CH.O00H

Eagan 2.3

13 Berdasarkan bazan 2.5, Fatth berangszpan bahwa kelarutan dalam air patrinm benzoat
lebih mudab dari pada sasam benzoat * Bagimanakah mamurat anda pendapat Fatih
ters=but 7

A) Semyu, karena retriom berzoat menipakan semyana polar, sshingza dapet oot
dalam pelarut palar seperti air

B} Semyu, nairium benzoat merapaken semyzwa ion, vans dapet membsnnik camparan
homogen denzam air

) Semyu, karena metriom bemzoat menapakan semvane ionik, sedanskan asam benzoat
Trukan sehingza natrjum benzeat l2bih ruedah terion dard pada azam benzoate

Cf Tidak sshuju, asam benzoat labil modah lanst dalam air karena tardaper gogos
hidroksi vang dapat berikatmm hidrogen denzan air

E) Tidak setujw karera 2sam bermoat berzifat asam, :ahinzea modak melapaskann H*
dalam air dari pada natrium benzoat

Figure 7. Example of an item explaining scientific phenomena

To answer the above question, students have to have a great comprehension of the acid and
base concept, along with chemical bonds, in which the sodium benzoate compound and
benzoate acid solubility can be detected from the compound property. Some of the students
have gained the ability to associate some abstract chemical concepts by explaining the scientific
reason why sodium benzoate is more popular as a food preservative than benzoate acid. The
question has a scientific phenomenon that is closely related to students’ daily life.

OECD (20106) explains the ability to design and evaluate inquiry involves knowledge on the
scientific investigation to identify the question and analyze the procedure's suitability by
proposing stages to find a solution for a scientific problem. Four items in the instrument cover
the competence to evaluate and design inquiry. This competence gains an average score of 49.9,

with a low category. One of the questions that represent this competence is presented in Figure
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8, where 35.71% of students give the correct answer. This item belongs to the difficult cognitive

demand category with moderate difficulty and sufficiently good discriminating power.

11. Eerikan diberikan grafik pengarih panggunasn etanol sebazal campuran

benein terhadap konswned bahan bakar

10

£
i Esteranzan

e =ty E0 : pemialite s
2 o E4D : camparan pertalite
4 - dan stamal 410%%

3 m

1500 M0 50 30 FX 438 4380 2

Putaran masi (Foe)

Bordazarkan grafic dists: ands dimints mersncang  sebush  penslitian.
Partanyasn mansksh antara campuran etanc] dan pertalite npnomi sebagal bahan

bakar vang paling efelonf menmuransl konswned behan bakar 7

manaksh disntara rapcangan berikoot vang skan ands pilth 7

A} Menzambil dua jeniz sepeda motor vang sama jeniz | dimmakan partalite
poaed 100 %4, jenis dus digumakan capypuran pertalite §0 % dan etanal 40
%a, penguloaran konsumsi behan bakar dilakukan pada putaran mesin vang,

Sama

By Menzambil doz jemiz zepeda motor vanz berbeda, jamiz 1 digunsksn
pertalite o 100 %6, jends dua dipunsksn carnporan pertalite §0 % dan
atanol 40 %, panpukoaran konsums bahan bakar dilabukesn pada putaran

mesin VEng sama

3 Menzambil dua jeniz sepeda motor vang sama jeniz | dimmakan partalite
ol G0 34, jenis dua dimmakan etanol 40 %4, pensulooran konaamsi bahan

bakear dilakuksn pada putaran mesin vang sama

O Mlengambil dua jenis sepeda motor vang sama, jenis | diomakan pertalite
nnared 100 %4, jents doa dipunslksn stanol 40 %, penguloaran konsumsi bahan

pakear dilakukan pada putaran mesin vang barbeda

E) Menzambil dua jeniz sepeda motor vang sama jeniz | dimmakan partalite

poaed 100 %4, jenis dus digumakan capypuran pertalite §0 % dan etanal 40
%a, penguloaran konsumsi behan bakar dilakukan pada putaran mesin vang,

berbeda

Figure 8. Example of the item on evaluating and designing scientific inquiry competence aspect

(modified fromRifal & Rauf, 2018)

OECD (2016) explains that interpreting scientific data and evidence covers the ability to

scientifically read data and facts to evaluate if the conclusion can be justified. An individual who

understands science should have the skill to construe data and understand the fundamental and

evidence used to support a claim in drawing a conclusion. 18 items in this developed instrument

cover the competence to scientifically interpret data and evidence, which obtain an average score

of 64.7, categorized as moderate. One of the items that discuss this competence is shown in

Figure 9, which is classified as medium cognitive demand with moderate difficulty and good

discriminating power. In this item, 57.14% of students give the correct answer. The results show

that most students can interpret the data about alkene compounds' properties and create a

correct claim while also drawing a conclusion based on scientific evidence.
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Bauanuunrulzsulmmurll - I7: Menzensl Sifat senvawa Allans

Alleama menpakan salzh sam samyana hidrobarbon yang memilSd bamyak manfazat dalam
kehidupen. Alkana bamyak dipercleh dard fraksi mimmk bumi yang dimenfaston dalam
bearbagal keperlumn, bedk sshagai bahem beler maopun bohan bak industmri Seryawa
alkana memilild sifat fsis dam sifat komia Sifat fisis semvana alkana diantaramya adalzh
memiliki massa molol relafif dan ttk didik yene semakin tmegi seirme dengan
bartambaheya jomlzh atom karbormya. Sedangien sifet kinva diantararya, strokiur alkana
terdind dart rantai homaz dam bercabang serta dapat membernuk isomar

__./:-\./:-\.__ LA

| Td 35°C) (T 28°C)

Gambar 1: contoh isomer senyaws alkans (pertans)

14 Berdasarkan sifar fisik senyzna zlkare, ssomns sz bemama Fatih mensmkan
erafik hubunzan titk didih derzam mazsz malekoal relatf sebazat beriloot

Berdasarken grafik di atas, Fatth menyimpulkan bahwma semakdn bezar mazs malekul
relatif, samakin tingzi titik didikenya. Benarkan kesinpulam Fath tarssbut 7
A} Bemar, karema semabin bazar mazsa malebonl relatif, malskol sernakcn pelar, gava
Laomdeom makin kuat, sehingza didih semakin tin=gl
B Benar, kerera semaliin besar mazsa malebol relatif, semelin parjans ramat
karbonmya, energi wihik memrohazkan ikatan antar mealebonl merjad: makin e
sehinzea tifik didih semaldn tingsi
7y Eemar, kerere semekin besar mazsa malebool relatif, :emakin panjans rantad
larbonmya, molsinl amakin polar, zaya London makon bemak, sebinsga tilk
didih semalcn tingps
Salah karena s=makin besar mas:a melak relatif, semakin panjang m@nta
karbonmya, molsin! amakin tidak pelar, Faya London mabdn lamah, sshingga
itk didih semakdn kedl
Ej Szlzh karens zemakin bezar mazzs malskool ralzif, rantsi karbon semaldn
panjang, mterakel malekul semakin lemah, energi wiuk meromnzien
tkeatan semalan kecil sehinzga titik didih alkana makin kecil

I

—

Figure 9. Example of item that discusses scientifically interpret data and evidence competence

CONCLUSION

The developed chemical literacy instrument consists of 30 valid items with Cronbach’s alpha
coefficient of 0.718. The reliability coefficient has exceeded the minimum score so that it can be
used as an instrument to measure the first-year natural science education students’ chemical
literacy in Universitas Negeri Jember. The obtained average students’ score is 59.7,
demonstrating that most of the students’ have moderate chemical literacy. However, following
the standard of natural science graduates, the score is far below the minimum requirements, so
that their chemical literacy should be enhanced.

The average score of each chemical literacy aspect is 49.9, 54.64, 57.14, 62.8, 64.7, and 69.2
for evaluating and designing chemical inquiry, procedural knowledge, epistemic knowledge,
content knowledge, interpreting scientific data and evidence, and scientifically explaining

phenomena, respectively. These results confirm that the lowest score is in evaluating and
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designing chemical inquiry competence. Consequently, these students’ ability on this competence

should be increased.

IMPLICATION FOR CHEMISTRY LEARNING

The implication of these research findings on chemistry learning include: (1) the research
instrument can be used to train students’ scientific literacy, primarily on chemistry learning; (2)
college students’ scientific literacy should be enhanced by implementing approaches that focus
on the literacy improvement; (3) the chemical literacy test should be used to measure students
achievement to habituate them to scientifically solve problems and being sensitive upon scientific

issues in their everyday life.
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