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Introduction

There are three essential components in the

Abstract: This study aims to produce a valid and reliable PISA-based
chemistry test instrument on the acid-base concept to measure Madrasah
Aliyah students’ scientific literacy. The test instrument was developed using
the ADDIE model (analyze, design, develop, implement, and evaluate). A
total of 25 multiple-choice questions were tested on 60 Grade XII students
majoring in natural sciences at Madrasah Aliyah in Subang. From the Rasch
analysis, a Cronbach's alpha value of 0.71 indicates that the reliability of the
test instrument is acceptable. In addition, the person reliability value of 0.67
indicates that the respondents' answers were quite consistent, and the item
reliability value of 0.83 indicates that the reliability of the questions was good.
All questions were declared valid because they met the outfit MNSQ, outfit
ZSTD, and Pt-Measure Correlation criteria. The level of difficulty of the items
was distributed into five very easy items, seven easy items, nine difficult
items, and four very difficult items. The discriminating power of the items was
classified into 24 items in the good category and one item in the sufficient
category. In addition, 21 items had well-functioning distractors, while four
items had distractors that did not function well.

Keywords: PISA-based test instrument; scientific literacy; ADDIE; Rasch
model

commonly referred to as the 4C skills — creativity, critical
thinking, collaboration, and communication —which are
developed through both formal and informal

education system, namely the curriculum, instruction,
and assessment (Kemendikbud, 2020). The curriculum
defines the learning objectives to be achieved,
instructional activities are conducted to attain these
objectives, and assessment serves to determine the
extent to which the objectives have been accomplished.
According to Rohim et al. (as cited in Anggraini et al.,
2022), assessment aims to measure what students have
learned as an indicator of success in mastering specific
competencies.

One of the government’s efforts to improve the
quality of Indonesian human resources in order to
compete globally is through education. In the current
era, students are required to possess 21st-century skills,
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educational experiences (Thornhill-Miller et al., 2023).
According to Nahadi et al. (2019), these 21st-century
skills can be fostered through the enhancement of
students’ literacy abilities.

The Ministry of Religious Affairs of the Republic of
Indonesia, which oversees madrasahs across the
country, has introduced an innovation in the field of
assessment by implementing the Indonesian Madrasah
Competency  Assessment (Asesmen Kompetensi
Madrasah Indonesia/AKMI). AKMI is an assessment
designed to map the quality of the madrasah education
system  through  competency-based  assessment
instruments in several literacy domains, namely reading
literacy, numeracy literacy, scientific literacy, and social
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and cultural literacy for madrasah students in Grades V,
VIII, and XI (Susanti et al., 2021). The Ministry of
Religious Affairs considers the implementation of AKMI
to be important because madrasahs have distinctive
characteristics compared to general schools, particularly
in terms of the number of subjects and students” prior
educational backgrounds. These unique characteristics
influence the form of assessment stimuli, which need to
be aligned with students” prior knowledge. Therefore,
AKMI was developed based on the PISA framework by
elaborating the distinctive features of madrasahs and
adopting the National Assessment system developed by
the Ministry of Education, Culture, Research, and
Technology (Kemenag, 2022).

Research  conducted by  Suryadi (2024)
demonstrated an improvement in AKMI results from
2022 to 2023 across all literacy domains. However,
despite this improvement, the average scores of students
in each literacy domain are still considered low, as
illustrated in Figure 1.
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Figure 1. Average Scores of AKMI Results (2022-2023)

The AKMI results data for 2022-2023 presented in
Figure 1 indicate that the scientific literacy of madrasah
students remains generally very low. According to PISA,
scientific literacy refers to the ability to use scientific
knowledge to explain phenomena, evaluate and design
scientific investigations, and interpret scientific data and
evidence to make informed decisions (OECD, 2019). The
Programme for International Student Assessment
(PISA) is an international assessment conducted by the
Organisation for Economic Co-operation and
Development (OECD) to measure the reading,
mathematical, and scientific literacy of 15 year old
students from various countries. The PISA science
framework comprises aspects of context, competencies,
knowledge, and attitudes toward science, which are
designed to assess students’ understanding and
application of science in real-life situations, thereby
enabling them to think critically and make scientifically
based decisions (Ovira, 2018). Despite the important role
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of scientific literacy in 21st-century education, many
Madrasah Aliyah students still experience difficulties in
mastering this competency.

Teachers play a crucial role in determining the
success of the learning process. However, many teachers
have not yet developed sufficient capacity to construct
scientific literacy assessment instruments based on the
PISA framework (Chamisijatin et al., 2022). Assessment
instruments developed by Madrasah Aliyah teachers
often do not adequately incorporate scientific literacy
aspects, and teachers’ ability to design scientific literacy
items remains limited (Ardianti et al., 2022).
Furthermore, the assessment formats commonly used
have not fully measured students’ abilities to
understand and apply scientific concepts in
contextualized situations (Sudirman et al., 2024).
Existing test instruments generally focus on content
mastery rather than on scientific literacy aspects, such as
the application of science in everyday life, critical
thinking skills in problem solving, and science process
skills (Ridwan et al, 2013). Susanto et al. (2022)
identified one of the challenges faced by teachers as the
limited availability of scientific literacy evaluation
instruments that can be used to train students to work
on similar types of questions. PISA-oriented items
emphasize problem solving and higher-order reasoning
rather than rote memorization (Ovira, 2018). This is
consistent with the findings of Broietti et al. (2019),
which showed that chemistry-related content in PISA
scientific literacy items predominantly measures
students” abilities to analyze and interpret data,
construct arguments, and make predictions regarding
cause-effect relationships.

A study by Zhang et al. (2023), entitled
“Development and Validation of an Instrument for
Assessing Scientific Literacy from Junior to Senior High
School,” focused on the development and validation of
a scientific literacy test instrument based on the PISA
2015 framework for students in Grades 6, 9, and 12. The
instrument integrated content from physics, biology,
chemistry, and geography to examine the progression of
students’ scientific literacy achievement across grade
levels. Data were analyzed using the Rasch model,
followed by the Bookmarking method to classify
students’ scientific literacy proficiency levels. However,
during the instrument pilot-testing stage, Rasch model
analysis was not conducted, indicating the need for
further instrument validation. In addition, Anggraeni et
al. (2022), in their study entitled “Students’ Scientific
Literacy in Chemistry Learning through Collaborative
Techniques as a Pillar of 21st-Century Skills,” assessed
students’ scientific literacy using 40 multiple-choice
items developed by Moore and Foy (1997) and
observation rubrics to measure senior high school
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students’”  collaboration  skills.  Although the
development of scientific literacy assessment
instruments has been widely conducted in schools, to
date, no study has specifically examined the adaptation
of the PISA science framework and AKMI within the
context of developing chemistry test instruments for
Madrasah Aliyah students. Therefore, the present study
not only extends the application of the PISA framework
in chemistry learning assessment at madrasahs but also
contributes to the development of test instruments
aligned with the requirements of AKML

The content of acid-base solution topics

encompasses factual, conceptual, procedural, and
metacognitive knowledge that is closely related to
everyday phenomena (Muntholib et al., 2020). Acid-
base concepts constitute a fundamental foundation of
chemistry and have practical applications in various
aspects of life, such as digestion systems, food
preservation, acid rain, corrosion, pharmaceuticals,
fertilizers, and packaged beverages (Ultay et al., 2016).
Several studies have reported that students experience
difficulties in understanding acid-base concepts and
applying them to real-life contexts (Putri et al., 2022).
Students are often unable to explain the causes of acid
rain and its environmental impacts (Mufidah et al.,
2024). In addition, students face challenges in describing
the mechanism of action of antacids in neutralizing
excess gastric acid (Saputri et al, 2022). Students’
inability to connect acid-base concepts with everyday
phenomena highlights the need for a context-based
chemistry test instrument on acid-base topics. Based on
this background, the following research questions were
formulated:

1. How is the development design of a PISA
framework-based chemistry test instrument on
acid-base solutions for Madrasah Aliyah

students?

2. What is the quality of the developed PISA
framework-based chemistry test instrument

based on Rasch model analysis in terms of

validity, reliability, item difficulty,
discriminating power, and distractor
functioning?

Method

This study employed a research and development
approach, with the product being a PISA framework-
based chemistry test instrument on acid-base solutions
for Madrasah Aliyah students. The development of the
test instrument followed the ADDIE model proposed by
Branch (2009), which consists of the stages of analysis,
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design, development, implementation, and evaluation,
as illustrated in Figure 2.
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Figure 2. ADDIE Model Framework

Design of the Chemistry Test Instrument Development

During the analysis stage, document analysis was
conducted on the revised 2023 Merdeka Curriculum, the
PISA science framework, the AKMI science framework,
and acid-base solution materials from chemistry
textbooks by Raymond Chang, Petrucci, and
publications issued by the Ministry of Education,
Culture, Research, and Technology. In the design stage,
the test format was determined, a test blueprint was
developed, and test items were written. In the
development stage, the content validity of the test
instrument was evaluated by experts, test items were
revised based on the validators’ feedback, and a limited
trial was conducted with students who had already
received instruction on acid-base solutions. In the
implementation stage, the test instrument consisting of
items that had been declared valid and reliable was
administered to students to measure their scientific
literacy. Finally, in the evaluation stage, all phases of the
development process were reviewed, including the
results of expert content validation, pilot testing, and test
implementation.

Research Instruments

The instruments used in this study included
content validity evaluation sheets, a PISA framework-
based chemistry test instrument consisting of 25
multiple-choice items, a student response questionnaire,
and interview guidelines.

Participants and Research Setting

The participants involved in this study comprised
five expert validators and 92 Grade XII students
majoring in natural sciences from Madrasah Aliyah
located in Subang Regency.

Data Analysis

The Content Validity Ratio (CVR) and Content
Validity Index (CVI) methods were employed to assess
the content validity of the developed instrument

(Lawshe, 1975). If the CVR value of an item met or
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exceeded the specified threshold, the item was
considered valid and suitable for use after being revised
according to the validators” suggestions. The calculation
of content validity using the CVR method was
conducted using the following formula:

N
CVR = ~2 (1)
2
Keterangan:
CVR = content validity ratio
Ne = number of validators who rated the item as
valid
N = total number of validators

Subsequently, the Content Validity Index (CVI) was
calculated using the following formula:

CVI = XCVR 2

~ Zitems 2

The next step involved analyzing the quality of the
test items using the Rasch model with the aid of the
Ministep software version 5.10.2. The analysis included
empirical validity testing, reliability, item difficulty,
discriminating power, and distractor functioning.
Empirical validity refers to the degree to which test
results conform to predetermined criteria and the extent
to which a test accurately measures the intended
construct. According to Boone, Staver, and Yale (2014),
test items in Rasch model analysis are considered valid
if they meet three main criteria, as presented in Table 1.

Table 1. Criteria for Item Validity
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Sumintono et al. (2015) categorized these reliability
values as presented in Table 3.

Table 3. Person Reliability and Item Reliability

Categories
Value Category
>0.94 Exellent
0.91-0.94 Very Good
0.81-0.90 Good
0.67 -0.80 Fair
<0.67 Weak

Discriminating power indicates the ability of test
items to distinguish between students with high and low
abilities (Arikunto, 2009). According to Purniasari et al.
(2021), discriminating power can be identified based on
the standard error (S.E.) values in the Rasch model. The
discriminating power of test items was classified into
categories as presented in Table 4.

Table 4. Discriminating Power Categories

Discriminating Power Category
Model S.E < 0.50 Good
0.50 < Model S.E <1.00 Fair
Model S.E > 1.00 Poor

Criteria Analysis Results
Outfit Mean Square (MNSQ) 0.5 <MNSQ<15
Outfit Z-Standard (ZSTD) -2<ZSTD <2

Point Measure Correlation 0.4 < Pt-Measure Corr < 0.85

Reliability refers to the consistency of test results
when administered under similar conditions. Item
reliability was determined based on Cronbach’s alpha
coefficient and categorized according to the criteria
proposed by Gliem et al. (2003), as shown in Table 2.

Table 2. Reliability Categories

Reliability Coefficient Category
>0.90 Very High
0.80-0.89 High
0.70-0.79 Acceptable
0.60 - 0.69 Questionable
0.50-0.59 Poor
<0.50 Unaacptable

In Rasch model analysis, person reliability and item
reliability values were obtained to determine the
consistency of respondents’ responses and test items.

Test items are considered good if they are neither
too easy nor too difficult. Items that are too easy do not
stimulate higher-order thinking skills, while items that
are too difficult may reduce students” motivation and
lead to frustration (Arikunto, 2009). In Rasch model
analysis, item difficulty is determined by comparing
each item’s logit measure value with the standard
deviation. Sumintono et al. (2015) classified item
difficulty levels as shown in Table 5.

Table 5. Item Difficulty Levels

Value Category
Measure logit <-SD Very Easy
-SD < Measure logit <0 Easy
0 < Measure logit < SD Difficult
Measure logit > SD Very Difficult

Distractor functioning analysis was conducted to
determine whether distractors effectively attracted
students who had not mastered the tested subject matter.
A distractor is considered effective if it is selected by at
least 5% of test participants (Arikunto, 2009).

Results and Discussion

This development research aimed to produce a
PISA framework-based chemistry test instrument on
acid-base solutions that is capable of measuring the
scientific literacy of Madrasah Aliyah students through
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the stages of the ADDIE model, which are described as
follows.
Analyze

The activities carried out at this stage involved
document analysis, including curriculum documents,
the PISA and AKMI science frameworks, and
instructional materials from reference textbooks. One of
the chemistry learning outcomes for Phase F in the
revised 2023 Merdeka Curriculum is that students are
able to understand solution concepts in everyday life
(Kemendikbudristek, 2023), including acid-base
solutions. The learning outcomes were further
elaborated into several learning objectives related to
acid-base solutions. In general, the learning objectives
for the acid-base topic include students’ ability to
distinguish the properties of acidic and basic solutions,
understand various acid-base theories, comprehend the
working principles of acid-base indicators, calculate the
pH of acid-base solutions, write acid-base reactions,
and understand the principles of acid-base titration.

Analysis of Learning Materials from Reference Textbooks

The analysis of learning materials was conducted
using chemistry textbooks by Raymond Chang (2008),
General Chemistry: The Essential Concepts; Petrucci et
al. (2017), General Chemistry: Principles and Modern
Applications; and Yuliani et al. (2022), Chemistry for
Senior High School/Madrasah Aliyah Grade XII. This
material analysis aimed to identify the scope and
boundaries of concepts to be developed into test items.
In general, the acid-base solution content developed
into test items included the properties and
characteristics of acidic and basic solutions; acid-base
theories (Arrhenius, Bronsted-Lowry, and Lewis); pH
calculations of acidic and basic solutions; acid-base
indicators; types of acid-base reactions; and acid-base
titration.

Analysis of the PISA and AKMI Science Frameworks

The analysis of the PISA science framework was
conducted to identify the distinctive characteristics of
PISA items as a guideline for item development. The
results indicated that PISA cognitive assessment items
must encompass aspects of context, knowledge (content,
procedural, and epistemic), competencies, and cognitive
levels. In addition, the items are accompanied by
stimulus texts that students must comprehend in order
to answer the questions. The distinctive aspects of
content, context, and competencies found in PISA
scientific literacy items also appear in AKMI scientific
literacy items. Nevertheless, the analysis revealed
differences in the distribution of scientific literacy items
between the PISA and AKMI frameworks, as presented
in Table 6.
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Table 6. Composition of Items in the PISA and AKMI

Frameworks
Aspect PISA AKMI
Knowledge Conceptual (54-66%); Conceptual (10%);
Procedural (19-31%); Procedural (35%);
Epistemic (10-22%) Epistemic (55%)
Context Personal (25%); Local/National
Local/National (50%);  (50%); Global (50%)
Global (25%)
Competenci Explaining Explaining
es phenomena phenomena
scientifically (40-  scientifically (20%);
50%); Evaluating and Evaluating and
designing scientific ~ designing scientific
investigations (20- investigations
30%); Interpreting ~ (40%); Interpreting
data and evidence data and evidence
scientifically to make scientifically to
decisions (30-40%) make decisions
(40%)
Cognitive Low; Medium; High L1 (20%); L2 (48%);
Level L3 (32%)
Design

At this stage, the test format was selected, a test
blueprint was developed, and test items were written.

Determination of Test Format

Objective tests in the form of multiple-choice items
facilitate students in completing test tasks more
efficiently and allow for objective scoring (Djaen et al.,
2021). In addition, multiple-choice test formats can be
utilized to comprehensively measure various aspects of
cognitive ability (Gurel et al., 2015). According to
Muntholib et al. (2020), knowledge and competency
aspects of chemical literacy that emphasize cognitive
abilities can be effectively assessed using multiple-
choice test formats.

Development of the Test Blueprint

The test blueprint was developed as a systematic
guideline for item construction to ensure that the
assessment instrument accurately reflects the intended
competencies and content domains to be measured
(Shofiyah et al., 2018). The blueprint was designed by
integrating the core components of the PISA science
framework, including context, scientific knowledge,
scientific competencies, and cognitive levels. In
addition, it specifies learning objectives, item indicators,
and item numbering to maintain alignment between
instructional goals and assessment outcomes.

Construction of Test Items

This study aimed to assess students’ scientific
competency achievement, which constitutes the
fundamental dimension of scientific literacy. Test items
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were constructed to represent the three core
competencies of PISA scientific literacy. The distribution
of items across these competencies in the developed test
instrument is presented in Table 7.

Table 7. Distribution of PISA Scientific Literacy Competencies

Scientific Competency Items Number

Explaining phenomena 1,6,7,12,13,14,17,21
scientifically
Evaluating and designing 2,4,10,15,16,19
scientific inquiry
Interpreting data and scientific 3,5,8,9,611,18, 20, 22,
evidence to make informed 23,24,25
decisions

Development

Content validation of the test items was conducted
through expert judgment involving three lecturers in
chemistry education and two senior high school
chemistry teachers. The validation process aimed to
examine the relevance, clarity, and representativeness of
each item in relation to the intended indicators and
measured constructs. The Content Validity Ratio (CVR)
for each item was calculated and compared with the
minimum acceptable CVR value proposed by Wilson et
al. (2012). At a significance level of a = 0.05 and with five
validators, the minimum CVR threshold was 0.736.
Accordingly, items with CVR values exceeding 0.736
were classified as valid.

Furthermore, the overall Content Validity Index
(CVI) obtained was 0.92, indicating excellent content
validity, as it exceeded the recommended minimum
value of 0.80 (Davis, 1992; Polit & Beck, 2006). Items that
did not meet the CVR criterion were revised based on
qualitative feedback provided by the validators. This
revision process is consistent with the assertion of
Kalkbrenner (2021), who emphasized that assessment
items judged to be inadequate by experts should not be
eliminated outright, but rather refined to enhance
alignment with the intended measurement objectives.

Selected examples of item revisions are presented in
Table 8.

Table 8. Sample Test Items Before and After Revision
Before Revision
4. Based on the results of laboratory experiments, Ahmad
concludes that ...

antacids are neutral

antacids are acidic

Mg(OH); is ineffective in treating gastric pain

Al(OH); is the most effective in treating gastric pain
e. an alkalimetric reaction occurs

8. Aresearcher collected 500 mL water samples from each
location. The concentration of sulfuric acid in River B is

an o

(log 2=0,3; log 4=0,6; log 5=0,7; log 8=0,9)
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Before Revision
1x104M
4x104M
2x10M
4x105M
8x10° M

o a0 oo

After Revision

4. The laboratory results obtained by Ahmad demonstrate
that gastric acid solution (HCI) can be stoichiometrically
neutralized by weak base components in antacids,
namely magnesium hydroxide (Mg(OH),;) and
aluminum hydroxide (Al(OH)3), until the equivalence
point is reached. The quantification of gastric acid
concentration through the addition of a standardized
base solution is classified as which type of titration?

a. oxidation-reduction
b. acidimetry

c. iodometry

d.

acid-base titration
e. alkalimetry

8. Aresearcher collected 500 mL water samples from each
location for analysis. The results indicate that the
concentration of H* ions at the three locations is ...
(log2=0.3;1log 4 =0.6;log 5 =0.7;log 8 = 0.9)

A<B<C

A<C<B

B<C<A

C<B<A

C<A<B

o oo o

According to Arikunto (2009), clearly formulated
questions that do not lead to multiple interpretations
constitute one of the essential requirements in the
construction of multiple-choice items. Additional
revisions were conducted by incorporating incomplete
or missing data required to answer the questions
appropriately. The stimulus passages were also enriched
to enhance their attractiveness and to ensure that they
contained relevant and meaningful contextual
information. Furthermore, revisions were made by
designing answer options with comparable levels of
plausibility and equivalence, thereby improving the
quality of distractors, as exemplified in Item 4.
Equivalent and well-functioning distractors are essential
to minimize random guessing and to ensure that
students select answers based on conceptual
understanding rather than differences in the clarity or
obviousness of the options (Haladyna et al., 2002).

The revised test instrument was subsequently
piloted with 60 Grade XII students enrolled in the
science track. The test consisted of 25 multiple-choice
items and was administered within a 90-minute time
allocation. Item analysis was conducted using the Rasch
model with the Ministep software (version 5.10.2). The
analyses included empirical validity, reliability, item
difficulty level, item discrimination, and distractor
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functioning. Figure 3 presents a summary of the Rasch-
based item analysis results.
Figure 3. Summary Statistics
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Figure 3. Summary Statistics

Reliability

Based on the data presented in Figure 3, the
Cronbach’s alpha coefficient was 0.71. According to
Gliem et al. (2003), a Cronbach’s alpha value within the
range of 0.70-0.79 indicates that the reliability of the test
instrument is acceptable. Therefore, the interaction
between respondents and the developed test items can
be considered sufficiently reliable and is expected to
produce consistent results when administered
repeatedly. This finding is consistent with the view of
Nunnally and Bernstein (1994, as cited in Gignac, 2009),
who suggested that instruments with reliability
coefficients above 0.70 are adequate for exploratory
research. Similarly, Daud et al. (2018) classified
Cronbach’s alpha values ranging from 0.60 to 0.80 as
indicative of good reliability.

According to Sumintono et al. (2015), an item
reliability value of 0.83 indicates that the item reliability
is categorized as good. This finding suggests that the
developed test items exhibit strong internal consistency.
In addition, the item separation index of 2.21 and item
strata value of 3.28 indicate that the items can be
classified into three levels of difficulty, which are
considered sufficiently stable. This result aligns with
Bond and Fox (2015), who emphasized that high item
reliability reflects the consistency of an instrument in
distinguishing among varying levels of item difficulty.
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The person reliability value of 0.67 indicates that
respondents demonstrated moderate consistency in
responding to the test items (Sumintono et al., 2015).
Although the value indicates acceptable reliability, it is
still considered relatively low, as good person reliability
typically exceeds 0.80. The person separation index of
1.42 and person strata value of 2.23 suggest that
respondents were divided into only two levels of ability,
indicating limited stability. The relatively low person
reliability can be attributed to two primary factors. First,
the limited number of test items resulted in insufficient
information to capture variations in respondents’
abilities. Second, the targeting of item difficulty to
respondent ability was suboptimal, as the overall item
difficulty tended to exceed the average ability of the
respondents. This mismatch likely led to inconsistent
responses, with many students resorting to guessing.

Validity

Item validity was evaluated based on the outfit
Mean Square (MNSQ), outfit Z-Standard (ZSTD), and
Point-Measure Correlation (Pt-Measure Corr) values
meeting the established criteria. Items that satisfied all
three criteria were classified as highly valid (overfit).
Items that failed to meet all criteria were considered
invalid (misfit) and were subject to replacement or
removal. However, items that met only one or two of the
criteria were still regarded as acceptable (fit) and thus
retained in the instrument (Nurdini et al., 2020; Vera et
al., 2023).

Items that met the measurement requirements
were retained, whereas those that failed to satisfy the
criteria were revised, modified, or removed from the test
instrument (Hailaya et al., 2014). As noted by Chong et
al. (2023), item fit statistics serve to evaluate the extent to
which each test item reflects the intended construct.
Misfitting items indicate that the item may be measuring
a construct different from the one intended (Baghaei &
Amrahi, 2011; Boone & Staver, 2020). The item fit
statistics obtained from the pilot testing are presented in
Figure 5.
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Figure 5. Item Fit Order

Therefore, based on the results of the Rasch model
analysis presented in Figure 5, it can be concluded that
all test items are valid and suitable for use. Seven items
were classified as highly valid (overfit), namely Items 3,
13, 14, 15,16, 17,19, and 20, while the remaining 17 items
were categorized as valid (fit).

Item Discrimination

Item discrimination refers to the effectiveness of an
item in differentiating respondents according to the
measured ability levels (Afriani et al., 2023). In the Rasch
model, item discrimination is identified through the
Model Standard Error (Model S.E.) values in the Item
Measure output. Based on the analysis presented in
Figure 5, information regarding the discrimination
power of each test item was obtained. The results
indicated that 24 items demonstrated good
discrimination power, while one item showed moderate
discrimination. Thus, the developed test items were able
to effectively distinguish between respondents with
high and low ability levels, as summarized in Table 9.

Table 9. Results of Item Discrimination Analysis
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fall within the good discrimination category. Therefore,
the developed test instrument is regarded as having
good item discrimination.

Item Difficulty

Figure 5 also presents a standard deviation value of
0.82. The difficulty level of each item was determined by
comparing the item measure (logit) values with the
standard deviation. Based on the analysis, the
distribution of item difficulty levels is presented in Table
10.

Table 10. Results of Item Difficulty Analysis

Difficulty Level Item Numbers %
Very Easy 9,10,12,13,17 20%
(Measure logit < -0.82)

Easy 3,14,15,19,20,21, 28%
(-0.82 < Measure logit < 0) 22
Difficult 2,5,6,7,11,16,18,  36%
(0 < Measure logit < 0.82) 23,24

Very Difficult 1,4,8,25, 16%
(Measure logit > 0.82)

Discrimination Power Item Number %
Good 1,2,3,5,6,7,8,9,10,11, 96%
(Model S.E < 0.50) 12,13,14,15,16,17,18,

19, 20, 21, 22, 23,24, 25
Moderate 4 4%
(0.50 < Model S.E <1.00)

The 25 developed test items were classified into
four levels of difficulty: very easy, easy, difficult, and
very difficult. The test instrument is considered
adequate because it includes a balanced distribution of
difficulty levels. A test instrument is regarded as good
when it contains a proportional range of item difficulty
(Rusiyah et al., 2020). The variation in item difficulty is
expected to accurately measure respondents’ actual
competencies and effectively differentiate their ability
levels.

Distractor Functioning

Distractor functioning was examined using the
Distractor Frequencies output. The results of the analysis
are presented in Table 11.

Table 11. Results of Distractor Functioning Analysis

Distractor Item Numbers %
Functioning
Functioning 3,4,5,7,8,9,11,12,13, 84%
14,15,16,17,18,19, 20,
21,22,23,24,25
Not 1,2,6,10 16%
Fungctioning

Item discrimination analysis aims to determine the
extent to which a test item can distinguish between
respondents with high and low ability levels (Bagiyono,
2017). According to Sakinah (2017, as cited in Purniasari
et al., 2021), a test instrument can be considered to have
good discrimination power if more than 50% of the items

Overall, all five answer options were selected by
respondents across the test items. The Rasch model
analysis revealed that 21 items had well-functioning
distractors, while four items—Items 1, 2, 6, and 10—
contained non-functioning distractors.
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Figure 6. Distractor Functioning

As shown in Figure 6, in Item 1 the correct answer
(Option A) was more frequently selected by respondents
with lower ability levels, whereas respondents with
higher ability levels tended to choose an incorrect
distractor, namely Option D. A similar pattern was
observed in Items 2, 6, and 10. This finding is
inconsistent with the statement of Firman (2000), who
asserted that a well-functioning distractor should be
selected more frequently by the lower-ability group than
by the higher-ability group. In addition to these four
items, several distractors did not meet Arikunto’s (2009)
criterion of being selected by at least 5% of respondents,
specifically in Items 6, 7, 10, 12, 16, and 22. Consequently,
these distractors require revision to prevent ambiguity
and reduce the likelihood of random guessing during
test completion.

Implementation

The validated and reliable test instrument,
consisting of 25 multiple-choice items, was implemented
with 32 Grade XII students enrolled in the science track
at a Madrasah Aliyah located in Subang Regency. The
data obtained from the implementation were used to
measure students’ scientific literacy achievement. Based
on the AKMI framework (Ministry of Religious Affairs,
2022), students’ score percentages were interpreted into
five levels of scientific literacy proficiency: needs
assistance (< 30%), basic (31-60%), competent (61-80%),
proficient (81-90%), and creative extension required (91-
100%).

Evaluation

During the evaluation stage, revisions were made
based on expert judgments obtained from the content
validity assessment to ensure alignment between the test
instrument, the instructional content, and the intended
measurement objectives. In addition, Rasch model
analysis of the pilot test results was conducted to
identify valid and reliable items suitable for subsequent
use. Improvements focused on replacing non-
functioning distractors and refining language to enhance
clarity and communicative effectiveness. Well-designed
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distractors are expected to improve the overall quality of
the developed test instrument.

Conclusion

The PISA framework-based chemistry test
instrument, consisting of 25 multiple-choice items on
acid-base concepts, was found to be valid, as it met the
criteria for outfit MNSQ, outfit ZSTD, and Point-
Measure Correlation values. Overall, the instrument
demonstrated acceptable reliability, with a Cronbach’s
alpha of 0.71, good item reliability of 0.83, and moderate
person reliability of 0.67. Although the person reliability
value was adequate, it could be improved by
administering the instrument to a larger and more
heterogeneous sample or by increasing the number of
test items. The distribution of item difficulty levels
comprised five very easy items, seven easy items, nine
difficult items, and four very difficult items. Item
discrimination analysis revealed that 24 items exhibited
good discrimination power, while one item
demonstrated moderate discrimination. In terms of
distractor functioning, 21 items contained well-
functioning distractors, whereas four items included
non-functioning  distractors. = Therefore,  further
development of PISA framework-based test instruments
in other chemistry topics is feasible, particularly through
the use of varied test formats.
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