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Abstract

Chemical literacy is an essential competency for preservice chemistry teachers
because it supports the ability to understand chemical concepts, interpret chemical
information, and apply chemistry in daily and socio-scientific contexts. However,
chemical literacy assessment is often limited to conventional multiple-choice tests that
do not adequately measure reasoning or contextual application. This study aimed to
validate ethnochemistry-integrated two-tier multiple-choice with 10 items test for
measuring chemical literacy among preservice chemistry teachers. A quantitative
survey design was employed with 35 participants from a public university in West
Nusa Tenggara selected through convenience sampling. This approach allowed the
researchers to obtain initial empirical evidence on the psychometric quality of the
ethnochemistry-integrated two-tier instrument for measuring chemical literacy
among pre-service chemistry teachers. The instrument was developed by adapting
chemical literacy indicators and integrating local ethnochemical contexts into two-tier
items, followed by expert judgment validation. Data were collected through face-to-
face, paper-based administration and analyzed using the Rasch measurement model
to examine item difficulty calibration, item fit statistics, reliability, separation indices,
and unidim The Wright map shows that most pre-service chemistry teachers were
clustered around the mean ability range (-1 to +1 logits), indicating moderate
chemical literacy, while the items were well distributed in difficulty with more
challenging tasks such as Item 8 and Item 4 located at higher logits. Rasch analysis
further confirmed acceptable measurement quality, with person reliability of 0.71 and
Cronbach’s alpha of 0.74, item fit statistics mostly within the acceptable range (Infit
MNSQ 0.78-1.43), and strong unidimensionality evidenced by 40.9% variance
explained by the measures.ensionality through residual analysis. This study is novel
in validating an ethnochemistry-integrated two-tier multiple-choice instrument using
Rasch analysis to provide a culturally responsive and reasoning-based assessment of
chemical literacy among pre-service chemistry teachers by connecting chemical
concepts with local wisdom and real-life contexts.
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INTRODUCTION

Chemical literacy is a crucial competency in
science education because it equips individuals
with the ability to understand chemical concepts,
interpret information, and apply
chemical knowledge to real-life situations. In

chemical

modern society, chemistry-related issues are

embedded in daily decision-making, such as
evaluating food additives, understanding
medicine labels, selecting household cleaning
products, and responding to environmental
concerns like pollution and waste management
(Pebriani & Aini, 2025; Pratama, et. al., 2025;

Copyright ©Authors


mailto:dyahpuspitasari@staff.unram.ac.id
https://doi.org/10.33394/hjkk.v14i1.19581
https://doi.org/10.33394/hjkk.v14i1.19581
http://creativecommons.org/licenses/by/4.0/

Ningthias et al.

Validation of Ethnochemistry-Integrated ....

Sjostrom, et al.,, 2024). Chemical literacy goes
beyond memorizing formulas or reactions; it
involves reasoning scientifically, using evidence
to explain phenomena, and communicating
chemical ideas in meaningful ways. It also
supports informed citizenship, enabling people to
participate in public discussions about science-
based policies, health, and sustainable
development. Furthermore, chemical literacy
encourages critical thinking and problem-solving
skills needed to face global challenges, including
climate change, energy production, and water
treatment. Therefore, developing chemical
literacy is essential for building scientifically
responsible individuals who can make rational
choices and contribute positively to society
(Alwatoni, et al., 2024; Dewi, et al., 2024; Hany &
Purwaningsih, 2025).

For preservice chemistry teachers, chemical
literacy is particularly important because they are
future responsible for shaping
students’ understanding of chemistry and its
relevance to everyday life. Teachers with strong

educators

chemical literacy are better prepared to explain
chemical concepts clearly, connect abstract ideas
to real-world contexts, and correct
misconceptions effectively. Chemical literacy also
helps teachers design learning experiences that
promote inquiry, reasoning, scientific
communication rather than rote learning
(Wardani, et al., 2024; Yuendita & Rohaeti, 2025).

In addition, preservice teachers must be able to

and

interpret  scientific  information
especially when dealing with socio-scientific
issues such as environmental pollution, food

safety, and health-related chemical products.

critically,

Without adequate chemical literacy, teachers may
struggle to guide students in applying chemistry
to practical problems. Thus, strengthening
chemical literacy among preservice chemistry
teachers is essential for improving chemistry
instruction quality and fostering scientifically
literate future generations (Manik, 2024;
Marfuatun, et al., 2024; Nugraheni & Srisawasdi,
2025).

Ethnochemistry-integrated two-tier multiple-
choice questions are valuable because they assess
chemical literacy while incorporating culturally
relevant contexts that students recognize from
everyday life. Ethnochemistry connects chemical
concepts to local traditions, materials, and
practices such as fermentation, herbal medicine,

traditional food processing, or cultural rituals.
This contextualization enhances meaning-making
and helps learners relate chemistry to their lived
experiences (Ashari & Munawwarah, 2025; Natania,
etal,, 2025).

Meanwhile, the multiple-choice
format strengthens assessment quality by
measuring not only students’ answers (first tier)
but also their reasoning (second tier). This
structure  allows researchers to identify
misconceptions, evaluate conceptual
understanding, and distinguish guessing from

two-tier

genuine  comprehension. = Compared  to
conventional multiple-choice tests,
ethnochemistry-integrated two-tier questions

provide richer diagnostic information and better
reflect the multidimensional nature of chemical
literacy, which includes understanding concepts,
applying them in context, and explaining
scientific reasoning (Junaidi, et al., 2025; Ningtyas,
et al., 2025; Pamungkas, et al., 2024).

A valid assessment instrument is essential to
accurately measure chemical literacy using
ethnochemistry-integrated two-tier —multiple-
choice questions. This instrument combines
cultural contexts and scientific reasoning, poor
validity can lead to misleading interpretations of
students’ abilities. Validity ensures that each item
truly represents chemical literacy indicators, such
as conceptual understanding, application of
chemistry in daily life, and reasoning based on
evidence Hasanah, et al., 2025).

It also ensures that ethnochemical contexts do
not introduce bias or irrelevant difficulty that
could disadvantage certain respondents. In two-
tier items, validity is especially important because
both the answer and justification must function
appropriately; if the reasoning options are unclear
or not aligned with the intended concept, results
may reflect confusion than literacy
(Ningroom, et al., 2025). A valid instrument

rather

supports accurate diagnosis of misconceptions
and provides trustworthy data for curriculum
development and teacher education. Therefore,
establishing validity is necessary to ensure the
instrument produces meaningful, fair, and
interpretable measurement outcomes.

The Rasch model is widely used in educational

measurement because it provides strong
psychometric evidence for validating assessment
instruments, including ethnochemistry-

integrated two-tier multiple-choice questions.
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Unlike classical test theory, Rasch analysis
evaluates item quality and respondent ability on
the same logit scale, enabling detailed
examination of item difficulty and person
competence (Adam, et al., 2025; Hidayat, et al,,
2025).

This model allows researchers to test whether
items fit the expected measurement pattern,
ensuring that responses reflect the targeted
construct of chemical literacy. Rasch analysis also
provides reliability and separation indices, which
indicate how well the instrument distinguishes
different ability levels and how stable item

difficulty estimates are across samples.
Additionally, the Rasch model supports
unidimensionality testing through residual

analysis, ensuring that the instrument measures a
single dominant trait. By identifying misfitting
items and examining response consistency, Rasch
modeling strengthens the validity, fairness, and
interpretability of the instrument for research and
educational practice (Hidayat, et al, 2021;
Jumriani, et al., 2025).

Despite the growing emphasis on chemical
literacy as a key outcome of science education,
assessment practices in chemistry still rely heavily
on conventional multiple-choice tests that mainly
capture factual recall rather than students’
reasoning and contextual application. Although
two-tier multiple-choice instruments have been
developed to diagnose misconceptions and
evaluate conceptual understanding, most existing
tools are designed wusing decontextualized
chemical situations and rarely integrate culturally
meaningful contexts. In addition,
ethnochemistry-based learning has increasingly
been promoted to connect chemistry with local
wisdom and everyday practices; however,
empirical studies focusing on assessment tools
grounded in ethnochemistry remain limited.
More importantly, few validated instruments
specifically target pre-service chemistry teachers,
even though they are critical agents for fostering
chemical literacy in future classrooms. Many
previous validations also depend on classical test
theory, which provides limited information on
item functioning across ability levels.

As a result, current chemical literacy
assessments do not adequately capture how pre-
service teacher reason with chemical ideas in
culturally meaningful contexts, nor do they
provide robust measurement evidence about item

performance across different ability levels.
Therefore, there is a need to develop and validate
ethnochemistry-integrated two-tier items using
Rasch measurement to ensure accurate and fair

chemical literacy assessment.

METHOD
Research Design

This study adopted a quantitative survey
design because the main purpose was to validate
an ethnochemistry-integrated two-tier instrument
for measuring chemical literacy among pre-
service chemistry teachers using numerical
evidence. A survey method was considered
appropriate since validation requires collecting
responses from a relatively large group in a
standardized = manner to item
performance objectively. The two-tier format was
selected to capture not only participants’ answer
choices but also the reasoning behind those
choices, allowing  the identification of
misconceptions levels  of
justification. Integrating ethnochemistry into the
items required empirical testing to ensure that
culturally contextualized content remained
measurable, unbiased, and interpretable across
respondents (Fischer, et al., 2023; Jamieson, et al.,
2023).

Quantitative analysis of survey data using the
Rasch measurement model enabled systematic
examination of item functioning, including item
difficulty calibration, person ability estimation,
and item fit statistics, providing defensible
evidence of construct validity and reliability. The
Rasch model also supported evaluation of
unidimensionality and separation indices,
ensuring that the ethnochemistry-integrated two-
tier instrument operates consistently and
measures chemical literacy accurately among pre-
service chemistry teachers (Qudratuddarsi, et al.,
2024; Schoonenboom, 2023).

evaluate

and scientific

Research Subject

Convenience sampling was used because the
research focused on initial instrument validation
with accessible respondents who matched the
target characteristics and were available during
the data collection period. This technique allowed
efficient recruitment within limited time and
had
sufficient background in chemistry education to
respond meaningfully to the two-tier items
(Golzar, et al., 2022; Qudratuddarsi, et al., 2025).

resources while ensuring participants
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The participants consisted of 35 pre-service
chemistry teachers enrolled in a public university
in West Nusa Tenggara, selected due to their
relevance as prospective chemistry educators and
their exposure to chemistry concepts and local
cultural contexts reflected in the instrument.

Instrument Development

The instrument development process began
by adjusting chemical literacy indicators to align
with the research context and the integration of
ethnochemistry, ensuring the construct reflected
both core chemistry understanding and culturally
relevant applications. Indicators were adapted
from established chemical literacy frameworks
and refined to emphasize conceptual knowledge,
interpretation of chemical phenomena, and
reasoning local cultural
practices.

Based on the indicators, ethnochemistry-

in everyday and

integrated two-tier items were constructed, with
the first tier assessing content-related answers
and the second tier probing the justification for
each choice to capture reasoning quality. Item
writing local  ethnochemical
examples from West Nusa Tenggara to enhance
contextual relevance while maintaining scientific
accuracy. The initial pool of items was then

incorporated

validated through expert judgment involving
chemistry education experts and practitioners
familiar with ethnochemistry. Experts reviewed
each item for content relevance, clarity, alignment
with indicators, cultural appropriateness, and
scientific correctness, and their feedback guided
item revision prior to pilot administration
(Murashko, et al., 2025).

Data Collection and Analysis

Data were collected through face-to-face
administration to uniform  testing
conditions and to reduce incomplete responses.
The ethnochemistry-integrated two-tier items

ensure

were administered in a supervised classroom
setting using a paper-based examination format.
This approach was selected to provide equal
access for all participants, avoid technical
constraints related to internet connectivity or
device availability, and allow participants to
focus on the contextual ethnochemistry scenarios
embedded in each item.

Before the test began, participants were given
standardized instructions on how to respond to
both tiers, including selecting an answer in the

first tier and choosing the most appropriate
reasoning option in the second tier (Kassiavera, et
al., 2024).

Data employed the Rasch
measurement model to examine the psychometric

analysis

quality of the ethnochemistry-integrated two-tier
instrument. Responses were coded and entered
into Rasch analysis software to estimate item
difficulty and person ability on a common logit
scale (Peeters & Augustine, 2023). The analysis
included examination of item-person distribution
through a Wright map, reliability and separation
indices for persons and items, and internal
consistency using Cronbach’s alpha (Post, et al.,
2022). Item fit was evaluated using Infit and Outfit
mean square (MNSQ) statistics, standardized fit
indices (ZSTD), and point-measure correlations to
confirm alignment with the intended cons truct.
Unidimensionality was assessed using principal
component analysis (PCA) of standardized
residuals Alnahdi, et.al., 2025).

RESULTS AND DISCUSSION
Wright Map

The Wright map is a visual representation
produced through Rasch model analysis that
places respondents’ abilities and item difficulties
on the same logit scale, allowing direct
comparison between learner competence and
assessment demands (Ismail, et al., 2021; Sutrisno,
et al., 2025). In this study, the left side of the map
illustrates the distribution of preservice chemistry
teachers” chemical literacy abilities, while the
right side shows the difficulty levels of the
ethnochemistry-integrated multiple-
choice items. Most respondents are clustered
around the mean ability level, approximately
between -1 and +1 logits, indicating moderate
chemical literacy among most participants.

A smaller number of respondents appear at
higher and lower logit positions, reflecting
variation in students’ capacity to interpret
chemical concepts embedded in cultural contexts
such as practices, fermentation,
equilibrium, and colligative properties. From the
item distribution, the Wright map demonstrates a
well-spread range of difficulty levels across the
instrument, which
studies showing that a balanced spread of item
difficulty logit
appropiate person-item targeting (Tennant &
Conaghan, 2023).

two-tier

traditional

is consistent with Rasch

across the scale indicates
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Items positioned at higher logits, such as item
8 and item 4, indicate more demanding tasks that
require higher-order reasoning, including pH
calculation, equilibrium shifts, and quantitative
analysis within ethnochemical contexts like
nginang/nyirih. In  this  perspective, the
discrimination of high-logit items does not merely
indicate that they are more difficult, but also
reflects how the Wright map aligns item difficulty
with respondent ability, so that only participants
with higher Rasch measures tend to solve these
items succesfully, while lower-ability participants
are more likely to struggle with them (Post, et al.,
2022). Items located near or below the mean,
including item 1 and item 6, represent more
accessible questions focusing on foundational
concepts such as
interactions, and basic stoichiometry linked to
familiar cultural practices. This distribution
illustrates how the items function across varying

acid-base behavior, ion

levels of chemical literacy without restating
evaluative conclusions.
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Reliability and Separation

In Rasch model analysis, reliability and
separation indices are used to evaluate the
consistency of measurement and the instrument’s
ability to distinguish between different levels of
respondent ability and item difficulty. Person
reliability  reflects how  consistently the
instrument differentiates respondents based on
chemical literacy, while item reliability indicates
the stability of item difficulty estimates across
samples (Medvedev & Krégeloh, 2025).

Separation how  well
respondents or items can be classified into
statistically distinct strata, which can be estimated
using the formula H (separation) = {(4 x
separation) + 1}/3. In this study, the person
reliability of 0.71 and Cronbach’s alpha of 0.74
indicate acceptable
measuring  preservice

indices describe

internal consistency in

chemistry  teachers’
chemical literacy. The person separation of 1.98
corresponds to approximately three ability strata
([H = (4 x 1.98 + 1)/3 = 3.0]), suggesting that the
instrument can distinguish respondents into low,
medium, and high literacy levels. Item reliability
of 0.66 with an item separation of 1.65 yields
about two difficulty strata ([H = 2.5]), indicating
moderate differentiation among item difficulty
levels. The significant chi-square value (x?> =
597.12, df = 296, p < .01) reflects meaningful
variability among respondents’ abilities.

Value
Person Reliability 0.71
Person Separation 1.98
Item Reliability 0.66
Item Separation 1.65
Cronbach alpha 0.74
Chi-square 597.12" with 296

Item Fit Statistics

Item fit statistics in the Rasch model are used
to determine whether each item functions as
expected in measuring a single latent trait, which

in this study is chemical literacy among
preservice  chemistry  teachers  through
ethnochemistry-integrated two-tier ~multiple-

choice questions. Fit is commonly evaluated using
Infit and Outfit mean square (MNSQ) values and
their standardized forms (ZSTD). Infit is more
sensitive to unexpected responses close to a
respondent’s ability level, whereas Outfit is
influenced by outliers and unexpected responses
far from the ability estimate. Generally, MNSQ
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values between 0.5-1.5 and ZSTD values within
+2 indicate acceptable fit. Positive point-measure
correlations (Pt Mea Corr) further confirm that
items align with the intended construct (Wang &
Lin, 2020; Aziz, et al., 2022).

Based on Table 2, most items demonstrate
satisfactory fit to the Rasch model. Items 1, 4, 6, 7,
8, 9, and 10 show slightly low MNSQ values
(<1.0), suggesting more predictable response
patterns, but still within acceptable limits. Items 2

and 3 show higher MNSQ values (Infit
MNSQ=1.15 1.30), indicating more
variability, yet still acceptable. Item 5 shows the
highest misfit tendency (Infit MNSQ=1.43; Outfit
ZSTD=2.1), implying some unexpected response
behavior and potential

and

construct-irrelevant
variance, though its Pt Mea Corr (0.53) remains
positive and adequate (Smith, 2019). Pt Mea Corr
values across items (0.53-0.61) indicate good
discrimination and support item validity.

No Item Infit MNSQ Infit ZSTD Outfit MNSQ Outfit ZSTD Pt Mea Corr
1 Item 1 0.89 -0.5 0.88 -0.5 0.56
2 Item 2 1.15 0.8 1.08 0.4 0.55
3 Item 3 1.3 1.4 1.2 0.9 0.53
4 Item 4 0.85 -0.6 0.86 -0.4 0.56
5 Item 5 1.43 1.8 1.42 21 0.53
6 Item 6 0.88 -0.6 0.84 -0.6 0.55
7 Item 7 0.96 -0.2 091 -0.3 0.56
8 Item 8 0.92 -0.3 0.95 -0.1 0.61
9 Item 9 0.79 -1.0 0.79 -0.9 0.6

10 Item 10 0.78 -1.1 0.73 -1.2 0.6

Unidimensionality

Unidimensionality in the Rasch model refers
to the assumption that an instrument measures a
single dominant latent trait, ensuring that item
responses are primarily driven by one construct.
This assumption is commonly evaluated using
principal (PCA) of
standardized residuals, where the proportion of
variance explained by Rasch measures indicates
the strength of the intended dimension. As shown
in Table 3, the total raw variance in observations
is 14.1 eigenvalue units (100%), and the raw

component analysis

variance explained by measures is 4.1 eigenvalue
units, accounting for 40.9% of the empirical
variance (modeled 40.5%). This percentage
exceeds the commonly suggested minimum
criterion (220%), indicating that the instrument
has a strong primary dimension. Additionally,
variance contributions from persons (16.4%) and
items (24.5%) suggest that both respondent ability
and item difficulty contribute meaningfully to the
measurement structure, supporting the intended
unidimensional construct.

Empirical (Eigenvalue) Empirical (%) Modeled (%)
Total raw variance in observations 14.1 100.0% 100.0%
Raw variance explained by measures 4.1 40.9% 40.5%
Raw variance explained by persons 1.5 16.4% 16.3%
Raw variance explained by items 2.6 24.5% 24.2%

Discussion

The Rasch analysis results indicate that the
ethnochemistry-integrated
choice

two-tier multiple-

instrument functions effectively in
mapping preservice chemistry teachers’ chemical
literacy across varying competence levels. The
Wright map shows that most respondents are
located around the mean ability range (-1 to +1
logits), suggesting that participants generally
possess moderate chemical literacy, with fewer

individuals at extreme ability levels. This pattern

implies that while many preservice teachers can
interpret chemical concepts embedded in cultural
practices, there remains variability in their ability
to connect ethnochemical contexts with deeper
scientific reasoning. This finding aligns with the
literature indicating that chemical literacy in
Indonesia remains relatively low, partly because
the socio-cultural dimension has not been
optimally integrated into chemistry learning
despite the close connections between many
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chemistry concepts and everyday cultural
practices, and learning outcomes may vary due to
demographic factors that have still been rarely
examined systematically in chemical literacy
research (Ashari & Munawwarah, 2025).

The item difficulty distribution is also well
spread, indicating that the test provides
appropriate challenges across the ability
continuum. Items with higher logit positions (e.g.,
Item 8 and Item 4) demand higher-order
reasoning such as quantitative analysis and
equilibrium  interpretation cultural
contexts, whereas easier items (e.g., Item 1 and

Item 6) assess more foundational chemical

within

understanding linked to familiar practices.

In terms of measurement quality, reliability
and separation indices support the instrument’s
adequacy for educational
evaluation. Person reliability (0.71) and
Cronbach’s alpha (0.74) demonstrate acceptable
internal  consistency, indicating that the
instrument consistently differentiates
respondents’ chemical literacy levels.

Item reliability (0.66) and item separation
(1.65) indicate moderate stability of item difficulty
estimates, implying that the item hierarchy is
reasonably consistent but could be strengthened

research and

by additional items or larger samples. Item fit
statistics confirm that most items align with Rasch
expectations, with acceptable Infit/Outfit values
and positive Pt Mea Corr, supporting construct
validity. Prior Rasch studies emphasize that
acceptable Infit/Outfit values combined with
positive point-measure correlations are typically
taken as evidence that items contribute cohorently
to the intended latent construct (Dwi, et al., 2021).

However, Item 5 shows borderline misfit
(Outfit  ZSTD=2.1), indicating  potential
unexpected response patterns that may require
revision in wording, cultural context clarity, or
distractor Unidimensionality
evidence is strong, with 40.9% variance explained
by measures, reinforcing that the instrument
primarily measures a single construct of chemical
literacy.

This study offers important implications for
chemistry education by providing a validated
ethnochemistry-integrated two-tier instrument to
measure chemical literacy among pre-service
chemistry through
contextualized chemistry content. The instrument
supports assessment of chemical literacy beyond

functioning.

teachers culturally

factual recall by emphasizing conceptual
interpretation and scientific reasoning when
responding  to cultural practices.
Embedding ethnochemistry promotes culturally

responsive assessment, helping teacher education

real-life

programs connect chemistry concepts with local
knowledge systems and everyday phenomena
relevant to West Nusa Tenggara.

The use of Rasch model analysis strengthens
the measurement quality by enabling item
calibration and person ability estimation on an
logit scale, supporting objective
interpretation of chemical literacy levels. Rasch
measurement has been widely recommended in

interval

educational assessment because its logit scaling
provides interval-level estimates that allow more
defensible comparisons of learner ability than raw
scores alone (Adi, et al., 2022). The validated item
set can assist lecturers and researchers in
evaluating literacy-oriented learning outcomes,
refining instruction, and developing future
ethnochemistry-based assessments aligned with
chemical literacy indicators.

Several limitations should be considered in
interpreting this study.
First, the participants consisted of only 35 pre-
service chemistry teachers selected through
convenience sampling from a single public
university in West Nusa Tenggara, limiting the
representativeness of the sample and reducing the
generalizability of the findings to other
institutions or regions.
Second, the ethnochemistry contexts embedded
in the items were derived from local cultural
practices, which may not be equally familiar to
respondents from different cultural backgrounds,
potentially affecting item interpretation and
response consistency.
Third, the study used a paper-based, face-to-face
administration format; therefore, the instrument’s
functioning may differ in online or computer-
based testing environments.
Fourth, although expert judgment was used to
validate content relevance and cultural
appropriateness, expert feedback is inherently
subjective and may vary depending on the
experts’ experiences and perspectives regarding
chemical literacy and ethnochemistry integration.

CONCLUSION

This study developed and validated an
ethnochemistry-integrated two-tier —multiple-
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choice instrument designed to assess chemical
literacy among preservice chemistry teachers.

The integration of ethnochemistry enabled
chemical literacy assessment to be grounded in
local cultural practices, supporting contextual
concepts
reasoning-based responses. The two-tier structure
strengthened the measurement of chemical
literacy by combining content understanding
with
responses reflect both conceptual and reasoning
dimensions of literacy.

Rasch model provided
evidence of instrument quality by evaluating item

interpretation of chemistry and

justification selection, ensuring that

analysis robust

functioning, measurement and
construct representation through item calibration,
fit analysis, reliability indices, separation

measures, and unidimensionality testing. This

consistency,

study provides a reliable, culturally responsive
diagnostic tool that can support teacher education
programs in identifying preservice teachers’
strengths and weaknesses in chemical lietracy and
informing evidence-based instructional design.

The results support the use of this instrument
as a culturally responsive tool for chemical
literacy assessment in teacher education contexts,
particularly for preservice chemistry teachers in
West Nusa Tenggara. The novelty of this work lies
in the integration of ethnochemistry with a two-
tier assessment format validated through the
Rasch model, producing a calibrated item
hierachy that enables more precise and fair
measurement of chemical literacy.

RECOMMENDATION

Future research should involve larger and
more diverse samples across multiple universities
and regions to improve generalizability and
strengthen the stability of item calibration within
the Rasch model framework. Further refinement
of items is recommended, particularly for items
showing borderline fit patterns, by revising
wording, improving clarity of ethnochemical
contexts, and enhancing the quality of reasoning
options. Additional ethnochemistry contexts from
other Indonesian regions can be incorporated to
broaden cultural representation and ensure the
instrument remains adaptable across different
local settings.

Researchers may also explore digital or
computer-based administration to evaluate
whether the instrument functions consistently in

online testing environments. In teacher education
practice, the instrument can be applied to
diagnose chemical literacy profiles and support
the design of literacy-oriented chemistry
instruction grounded in local wisdom and
contextual chemistry learning.
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