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Abstract. This study aims to analyze the quality of chemical literacy instrument on oxidation and
reduction reactions material using the Rasch model. The instrument construction is based on four
domains of chemical literacy which include aspects of content, context, High Order Learning Skills
(HOLS), and affective. The instrument assessment rubric is grouped into five levels, namely (1)
scientific illiteracy, (2) nominal scientific literacy, (3) functional scientific literacy, (4) conceptual
scientific literacy and (5) multi-dimensional scientific literacy. Validation criteria for chemical literacy
instrument carried out by five experts include aspects of content, constructs, language, and graphics
consisting of thirteen sub questions. The score obtained from validation process is a type of multi-rater
data which is analyzed by using the Many-facets of Rasch model. The next stage is empirical study of
validated and revised instrument was tested on a limited basis to thirty students and analyzed using the
Winstep application. Based on the results of the research, chemical literacy instrument is categorized
as valid based on the fit test and unidimensionality test.
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INTRODUCTION Indonesia was ranked 62 in 71 participating
countries [5]. Based on several studies on
scientific literacy, the low ability of scientific
literacy is due to that students are not
accustomed to complete tests or problems
related to science process skills [6]. The reason
why Indonesia score in PISA is low because
students are not used to solve discourse-based
guestions, besides that the assessment process
and learning process in the schools also tend not
to support students in developing scientific
literacy skills [7], also notes that instruments
based on scientific literacy are still foreign to
students and the application of scientific facts
in the science learning process which is still
lacking can affect the low ability of students'
scientific literacy.

Chemical literacy is a part of scientific
literacy [8]. Chemical literacy includes four
domains, consisting of knowledge of chemical
materials and scientific ideas, chemistry in
context, High-Order Learning Skills (HOLS),
and affective aspect [9]. Chemical literacy
refers to a person’s ability to understand and
apply chemical knowledge that is owned in

Chemical literacy is one of the skills
needed in the 21% century among the 16 skills
identified by the World Economic Forum [1].
Considering the importance of scientific
literacy, educating students to have scientific
literacy is the main goal in any science
education reform [2]. In several countries,
scientific literacy is the goal of science
education curriculum in the school, one of
which is through the Twenty First Century
Science program in England which aims to
develop a science education curriculum. The
basis for learning science in the Twenty First
Century Science program is scientific
knowledge (including natural science) and
knowledge about science itself [3].

Organization for Economic Cooperation
and Development (OECD) has launched one of
the international scientific literacy skills
assessment programs, that is Programme for
International Student Assesment (PISA). This
program helds every three years [4]. The results
of PISA show that the scientific literacy skills
of Indonesian students are low. In 2018
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everyday life wich consists of understanding
aspects of knowledge, awareness, and
application of chemistry appropriately and
effectively in everyday life [2]. Redox is a
chemistry subject whose application is very
close to everyday life [10]. Redox can be used
to train students' chemical literacy skills [11].

Several studies relevant to this research
include research by Fahmina et al. (2019) about
Dimension of Chemical Literacy and its
Influence in Chemistry Learning and research
by Arabbani et al. (2019) about analysis the
quality of instrument for measuring chemical
literacy abilities of high school student using
rasch model. The instruments of chemical
literacy in some of the studies above are
arranged based on the four domains of chemical
literacy according to Shwartz et al. (2006)
which consists of content aspects, context
aspects, high order learning skills (HOLS) and
affective aspects. However, the chemical
literacy instrument in these studies have not
covered two or more than two chemical literacy
domains in each item.

Students must have chemical literacy skills
in chemistry learning. Assessment of chemical
literacy skills is needed to support more
meaningful learning and it is important to
determine the level of achievement of students'
understanding of learning [13]. An assessment
instrument that can assess chemical literacy
skills needs to be developed because to measure
achievement in chemistry learning requires an
assessment that not only assesses the level of
understanding and memorization of students,
but is also able to assess the application of
students' concepts when facing an issue [14].

A good assessment instrument needs to
have several criteria, including validity,
reliability and the difficulty level of items [13].
One method that can be used in analyzing test
instruments and assessment results is the Rasch
model [15]. Rasch model was developed by
Georg Rasch and it is part of the item response
theory (IRT) one logistic parameter (1PL) [16].
IRT is a measurement that explains the
interaction between items and respondents and
can produce a more precise and objective
measurement [13]. The purpose of this study
was to analyze the items of chemical literacy
using the Rasch model to obtain an overview of
validity, reliability, discriminatory index, and
item difficulty level

METHOD
This research is a quantitative descriptive
research study. The chemical literacy

instrument consisted of fourteen items with
essay type. The subjects of this study were
senior high school students who studied redox
material. The chemical literacy instrument was
tested on five validators to determine the
validity of the instrument content, as for the
content validity of thirteen aspects including
material  aspects, construction  aspects,
language aspects and graphic aspects. After
obtaining the content validity results, the
chemical literacy instrument was tested
empirically on thirty high school students, in
this study the 2" year of high school. The data
obtained were analyzed using the Rasch
model. Content validity analysis was carried
out using the Facet application and empirical
analysis of students was carried out using the
Winstep application.

RESULT AND DISCUSSION
CONTENT VALIDITY

The content validity was obtained through
instrument analysis of the experts consisting of
five experts, including two lecturers in the
Department of Chemistry, Faculty of
Mathematics and Natural Sciences, Universitas
Negeri Padang and three high school chemistry
teachers.

Instrument of chemical literacy in redox
material consists of 14 items. The content
validity test consists of four groups of aspects
(1) material/content, (2) construction, (3)
language, and (4) graphics with a total of
thirteen sub aspects.

EMPIRICAL TEST
Reliability

The results of the reliability analysis of
chemical literacy items with the Rasch model
can be seen in the Summary Statistics table on
Winstep application. The information that can
be obtained on this menu consists of item
reliability, person reliability and Cronbach's
alpha value (KR-20) [17]. The reliability value
of the chemical literacy instrument is described
in Table 1.
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Table 1. Summary Statistic

Parameter  Separation  Reliability SD KR.20
(N)

Person 2.45 0.86 1.06 0.88
(30)

Item (14) 2.61 0.87 0.77

Unidimensionality of Instrument

Unidimensionality of the instrument can
be seen in the diagnosis item: Dimensionality
Map. Unidimensionality ~ analysis  of
instruments for chemical literacy can be seen in
Table 2.

Table 2. Instrument Unidimensionality

Eigenvalue Observed  Expected
Total raw 27.2422 100.0%  100.0%
variance in
observations
Raw variance 13.2422 48.6% 48.5%
explained by
measures
Raw variance 6.1171 22.5% 22.4%
explained by
persons
Raw variance 7.1251 26.2% 26.1%
explained by
items

Based on Table 2, the raw variance value
explained by measures the chemical literacy
instrument empirically has a value of 48.6%
while the Rasch model predicts 48.5%.
Meanwhile, the unexplained variance value of
the instrument obtained was less than 15%.

Item Validity

The results of analysis on the chemical
literacy items validity are described in Table 3.

Table 3. Item Validity

Number  Outfit PT Measure
of Item MNSQ ZSTD Correlation
8 1.26 0.83 0.54

13 1.42 1.61 0.56

4 1.34 1.32 0.30

12 1.24 0.97 0.80

1 1.28 1.09 0.43
11 1.12 0.53 0.82
7 0.94 -0.15 0.71
10 0.89 -0.28 0.48
0.88 -0.40 0.67
0.75 -0.95 0.59
0.76 -0.97 0.44
0.62 -1.64 0.71
14 0.57 -2.04 0.74
9 0.52 -2.23 0.80

Valid items or questions that have good
quality based on the Rasch model can be seen
based on the MNSQ, ZSTD and PT Measure
Correlation value [17]. The criteria are
described in table 4.

Table 4. Item Validity Criteria

Criteria Coefisien Decision
OUTFIT MNSQ 05sd15 Accepted
OUTFIT ZSTD -2,0s.d +2,0 Accepted
Pt. Mean Corr 0,4s.d0,85 Accepted

Based on Table 4, there are 11 items that fit the
MNSQ, ZSTD and PT Measure Correlation
criteria, while the other 3 items only meet 2
criteria.

Item Difficulty Level

The difficulty level of items using the
Rasch model can be seen in the Output Table
menu; Measure items on the Winstep
application. The difficulty level of items can be
grouped by measure values [18].

Table 5. Criteria of Item Difficulty Level

Measure Item Item Total
criteria number of
items
>1 Very 8, 10 2
difficult
1-0 Difficult 1,2,3,5, 5
7
0-(-1) Easy 4, 6, 9, 5
11, 12
<-1 Very easy 13,14 2
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The chemical literacy instrument in this
study was designed based on four chemical
literacy domains and the assessment rubric was
arranged based on the level of chemical literacy
according to Shwartz. Analysis of chemical
literacy items on the oxidation and reduction
reaction material for senior high school was
carried out in two stages. In the first stage,
content validity testing is carried out to find out
the correctness of the content that has been
designed and to seek recommendations for
improvement. Based on the results of the first
validation, there were several suggestions from
the validator, then improvements were made
based on the suggestions given by the validator.
The results of the content validity were
analyzed using the Rasch model.

Based on the results of content validity
analysis in the first stage, there were several
items that has not matched the aspects of the
instrument assessment. The items that have met
all aspects of the assessment are items 1.3, 2.1,
3.1, 4.1 and 4.2, while the other 9 items have
not fulfilled all aspects of the assessment of the
instrument. The items that at least fulfill the
assessment aspect are item number 1.4. In terms
of the aspect of assessment, the most difficult
aspect to be fulfilled by the items is aspect
number 4 (key answer of item is correct), this
shows that there are several key answers of
items that are not yet correct and need to be
corrected along with other aspects that are still
not fulfilled. Besides that, the aspects that have
been fulfilled by all the items are aspects
number 3, 6, 7,9, 12 and 13.

After obtaining the content validity value,
the instrument was tested on students, in this
study the chemical literacy instrument was
tested on students who had studied oxidation
and reduction reaction material. The results of
empirical testing of students were analyzed
using the Winstep application.

Rasch model can analyze data from the
instrument level, the individual level and until
the item level. The analysis of instrument
validity level is produced through Winstep
application, namely testing reliability and
unidimensionality. Reliability testing use
Rasch model can provide information about the
reliability of the items, the reliability of the
respondents and Cronbach's alpha (KR-20).
Cronbach's alpha is the interaction between
respondents and the items as a whole.

According to [17] the value of good respondent
reliability and item reliability is in the range
0.81-0.90 and Cronbach's alpha value > 80
explains that reliability is at a very good level.
Based on the reliability analysis with the Rasch
model it shows that the item can be done well
by students and students are consistent to
answer the items.

Unidimensionality is a measure to evaluate
whether or not an instrument can measure what
should be measured [19]. Constructively the
unidimensionality of the instrument will be of
good value if the raw variance value explained
by measures is above 40% and the unexplained
variance value is less than 15% [13]. Based on
analysis, the raw variance value explained by
measures of instrument empirically has a value
of 48.6% while the Rasch model predicts
48.5%. This shows that the instrument
construction is empirically almost the same as
the value predicted by the Rasch model.
Meanwhile, the unexplained variance value of
the instrument obtained is less than 15%, the
meaning of which the unexplained variance of
the instrument is less than 15%. The results of
this analysis indicate that the instrument has
good construct validity.

Validity is defined as how precisely and
accurately a measuring instrument can perform
its measuring function [20]. Instrument validity
is the extent to which measurement by an
instrument can measure the aspects that should
be measured. With this, it can be seen whether
the instrument used can measure according to
the stated objectives [17]. Item validity can be
seen based on the value of (1) MNSQ with a
value of 0.5 to 1.5, (2) ZSTD with a value of —
2.0to +2.0 and (3) PT measure correlation from
0.4 t0 0.85 [18]. According to Palimbong et al.
(2018) the items of instrument are said to be
valid or accep if they cover at least two of the
three criteria, if the item only covers one of the
three criteria then the item cannot be used.
Based on the validity test of 14 chemical
literacy items, 11 items have met the three
criteria for the MNSQ, ZSTD and PT measure
correlation, while the other three items can
fulfill two of the three criteria. Items that only
meet these 2 criteria include items number 4, 9,
and 14. The 4" item (item 1.4) and 14" item
(item 4.4) are items that ask about how students
respond to an issue or chemical phenomena in
everyday life, while 9™ item (item 3.4) is a
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guestion about elements that act as oxidator and
reductor. This means that all chemical literacy
items in this oxidation and reduction reactions
material are valid or worth to using.

The difficulty level of items using the
Rasch model can be grouped based on measure
values [18]. The difficulty level of items using
the Rasch model can be grouped based on
measure values [22]. The level of difficulty of
the chemical literacy items was divided into
four groups. The group of item difficulty levels
regarding chemical literacy in this redox
material consists of; (1) two items in very
difficult level, (2) five items in difficult level,
(3) easy items consisting of five items and (4)
two items with very easy categories.

In line with the level of item difficulty, the
ability of students in answering chemical
literacy questions based on the results of the
analysis using the Rasch model can be seen in
the variable map. Information about the
distribution of items and students' abilities in
answering chemical literacy questions on redox
material is shown in Figure 1 below.
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Figure 1. Difficulty Level of Items

Based on Figure 1, the left illustrates the
distribution of students' ability and on the right
shows the difficulty level of the items. The
ability of students from top to bottom is sorted
from the highest to students with lower ability.
The item that was most difficult for students to
answer was 8" item or item 3.2, namely the

items regarding oxidator and reductor, based on
the answers to the questions given by students,
it was found that most students could not
determine the change in elemental oxidation
numbers from a chemical reaction and only a
few students were able to solve the item
correctly. The items that are easiest to answer
by students is 14" item or item 4.4.

CONCLUSION AND SUGGESTION

Based on the research, can be concluded
that the chemical literacy instrument on the
material of oxidation and reduction reactions is
categorized as valid, the reliability value of the
instrument is 0.87 with value of Cronbach’
alpha is 0.88, the difficulty level of the items is
divided into 4 categories, namely the items that
are very difficult, difficult, easy, and very easy.
Further research is recommended to use this
chemical literacy instrument to obtain a
description of the chemical literacy level profile
of students in senior high school.
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