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Introduction

Abstract: Science literacy is an essential competency for primary school
students to face 21st-century challenges. However, few assessment tools
combine strong psychometric quality with cultural relevance. This study
aimed to examine the psychometric properties of a local wisdom-based
science literacy instrument for primary school students within the Item
Response Theory (IRT) framework. The instrument comprised 34 multiple-
choice items aligned with science literacy indicators and was administered
to 300 fourth-grade students from several schools in Jember, Indonesia.
Expert judgment ensured content validity, while empirical analyses using
QUEST and R Studio evaluated item performance. The results showed good
model fit, excellent reliability (0.97), and well-balanced item difficulty levels,
confirming the instrument’s ability to measure a wide range of student
abilities. Person-item maps and item characteristic curves indicated high
discriminative power and measurement precision. Embedding local
wisdom elements enhanced cultural authenticity and student engagement
in science learning. Overall, the instrument demonstrated strong
psychometric and contextual validity, offering a reliable tool for assessing
science literacy in primary education. Its application can help teachers
identify learning needs and design culturally responsive instruction. Future
studies should extend validation to broader cultural contexts and refine
items for students with lower ability levels.
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2021). In primary education, science instruction is
essential for developing competencies by enabling

In the 21st century, scientific literacy has become an
essential skill for tackling intricate global issues, such as
climate change, environmental deterioration, and swift
technological progress, and has increasingly attracted
attention within the academic community. It empowers
individuals to understand scientific concepts, utilize
scientific methods, and make informed decisions in
daily situations, thereby facilitating active engagement
in enhancing quality of life in a dynamic environment
(Ayu et al., 2025; Nurhasanah et al., 2020; Suryanti et al.,
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children to interact meaningfully with scientific
concepts and real-world events from an early age. The
immediate environment is essential for children's
learning, enabling them to gain knowledge through
direct and authentic experiences. The facilities and
resources present in this area affect the learning
experiences children acquire, rendering local wisdom a
crucial aspect that enhances scientific comprehension
and contextual significance (Astari et al., 2024).
Moreover, scientific literacy not only improves
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conceptual understanding but also fosters critical
thinking and informed decision-making, skills that are
increasingly essential in an age characterized by the
swift  proliferation = of  misinformation  and
disinformation. As modern technologies expedite the
dissemination of misinformation, it is essential to
cultivate students' capacity to critically assess and
address science-related concerns from the early stages of
schooling (Faizin et al, 2024; Kelp et al, 2023).
Enhancing scientific literacy equips students to examine
evidence, assess claims, and engage in scientific
discourse, all of which are vital for fostering personal
development and safeguarding societal welfare.

The notion of scientific literacy has evolved,
building upon prior PISA science evaluations. The PISA
2025 framework, once seen solely as a learning outcome,
now underscores the practical application of scientific
knowledge in real-world scenarios, taking into account
personal, local/national, and global settings (OECD,
2023). Improving scientific literacy allows pupils to
address everyday issues through scientific reasoning
(Shofiyah et al., 2020). Initiatives to improve scientific
literacy must also take into account the wider
educational framework. Frameworks like PISA
emphasize that scientific literacy includes both cognitive
skills and the ability to connect science with daily life
and socio-cultural contexts. This comprehensive
viewpoint emphasizes the necessity of integrating
science education with students' real-life experiences to
guarantee its significance and longevity (Roy et al,
2025).

Consistent with this viewpoint, there is an
increasing acknowledgment of the importance of
incorporating local knowledge into scientific education.
The integration of local knowledge into education has
emerged as a pivotal topic in modern discussions,
especially with the advancement of learning that fosters
sustainable development (Arjaya et al., 2024). Local
wisdom comprises the information, behaviors, and
values transmitted through generations within local
communities (Lestari et al., 2024). It functions as a
cultural compass that directs human conduct according
to collective norms, ethical standards, and a profound
dedication to environmental sustainability (Anau et al.,
2019). In education, local knowledge offers valuable,
contextually pertinent resources that can enhance the
significance of learning and strengthen its connection to
students' real-life experiences.

Culture-based learning has demonstrated a

beneficial impact on student engagement and
achievement by connecting educational content with
students' cultural backgrounds. This alignment

enhances enculturation and increases the incorporation
and adaptation of new knowledge (Suprapto et al,,
2021). Moreover, local wisdom, as a manifestation of
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experiential cultural knowledge, plays a crucial role in
sustainable development by promoting ecologically
aware and community-focused values (Wahyuni &
Tandon, 2024). The Local Wisdom Approach serves as a
conduit between traditional values and modern
concerns, reconciling  historical context with
contemporary issues and linking local identities to
global viewpoints. This approach in education not only
safeguards cultural heritage but also enriches students'
identity and facilitates intergenerational knowledge
transfer. This technique promotes inclusive, contextual,
and culturally attuned learning settings (Asmayawati et
al., 2024).

When skillfully integrated, local wisdom can
enhance science education by contextualizing abstract
scientific concepts, reinforcing cultural identity, and
promoting  deeper  student  participation. In
multicultural contexts like Indonesia, science education
grounded in local wisdom facilitates the integration of
contemporary scientific knowledge with traditional
systems, enhancing accessibility and relevance,
particularly at the primary school level. However,
evaluation tools have not adequately reflected the
potential of incorporating local knowledge into science
education. Many cultural contexts utilize current

methods, which frequently rely on global or
standardized frameworks, without sufficient
modification or validation (Coppi et al, 2023).

Assessment is a crucial element in the evaluation and
monitoring of students' learning development. Accurate
and reliable assessments necessitate the use of suitable
and effective assessment instruments (Nurhasanah et al.,
2024; Setiawati et al., 2024). Among the diverse
assessment types, written examinations are the most
prevalent in educational contexts, especially for
evaluating students' academic accomplishments.

The creation of objective and high-quality
evaluation tools entails numerous essential phases, one
of which is item analysis. This process is essential for
assessing the instrument's quality and the functionality
of each test item, thus acting as a crucial element in
ensuring the test's validity, reliability, suitable difficulty
levels, and discriminative ability (Jafar & Ridwan, 2024;
Nisfatulsanah & Sugiharto, 2024). Initial testing is crucial
to verify if the instrument satisfies these psychometric
standards, thus endorsing the precision and efficacy of
the assessment outcomes.

Modern psychometric methodologies, such as Item
Response Theory (IRT), have been progressively utilized
in educational research to improve the quality of
assessment instruments. Item Response Theory (IRT) is
extensively employed in the human sciences to model
individual reactions to a collection of items that assess
one or more latent dimensions (Biirkner, 2021). Within
the IRT framework, the Rasch model facilitates a
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comprehensive study by allowing for the identification
of students' skill levels, the discovery of anomalous
response patterns, and the assessment of potential bias
in test items (Nisfatulsanah & Sugiharto, 2024). The
Rasch model is a contemporary theory of item
assessment developed to address many shortcomings of
Classical Test Theory (CTT). The fundamental difference
between the two lies in the data analysis process. In CTT,
raw scores are analyzed directly as integer data, whereas
in the Rasch model, raw scores must be converted to
odds ratios and transformed into logit units to determine
the probability of respondents answering an item.
Therefore, the Rasch model can restore data according to
its continuous nature and provide more accurate
measurements based on probability principles (Darman
et al., 2024).

The Rasch model, as a component of Item Response
Theory (IRT), is used to generate interval scales and
ensure measurement invariance. This model assesses
items based on difficulty level and respondent ability
while also modeling individual response probabilities.
Its advantages lie in its ability to identify problematic
items (misfits), estimate item difficulty, and measure
respondents' abilities more accurately compared to
Classical Test Theory (CTT) (Bimastari et al., 2025).
Rasch analysis facilitates the evaluation of students'
competencies via item analysis, yielding a more
thorough assessment of each test item's quality
(Nisfatulsanah & Sugiharto, 2024).

The utilization of a scientific literacy framework is
a commonly embraced method in the creation of
assessment tools. Researchers frequently develop,
modify, or enhance such frameworks to correspond with
their research aims and educational environments
(Istyadji & Sauqina, 2023). Nonetheless, scant research
has investigated the incorporation of cultural factors,
including indigenous knowledge and region-specific
environmental concerns, into the design and evaluation
of scientific literacy assessments. Furthermore, limited
research has utilized contemporary psychometric
methodologies such as Item Response Theory (IRT) to
assess the validity and reliability of tools designed for
specific local contexts.

Despite the growing recognition of science literacy
as a core competency, few assessment tools at the
primary level have been systematically examined for
their psychometric properties, particularly those
incorporating local wisdom as contextual content.
Existing studies often emphasize test development, yet
provide limited evidence on how such instruments
perform in practice when analyzed with advanced
psychometric models.

This study seeks to address this gap by examining
the psychometric properties of a local wisdom-based
science literacy instrument for primary school students
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through the lens of Item Response Theory (IRT). The
analysis focuses on item-level indicators such as
difficulty, discrimination, and model fit, thereby
providing empirical evidence on the instrument’s
capacity to measure science literacy reliably across
diverse learners. By concentrating on trial outcomes, the
study contributes to the refinement of culturally
grounded assessments and advances the broader
discourse on equitable and inclusive science education.

Method

This study adopted an instrument development
and validation design to evaluate the psychometric
properties of a local wisdom-based science literacy
instrument for primary school students. The instrument
was developed based on established science literacy
indicators while integrating cultural elements relevant
to students’ local contexts. The study examined item
difficulty, discrimination, and fit statistics within the
Item Response Theory (IRT) framework. Validation
procedures included expert reviews of content,
language, and construct validity, followed by a field trial
involving primary school students. Data from the trial
were analyzed using the Rasch Model to assess
reliability indices, item difficulty, item characteristic,
and the overall quality of the instrument.

Research Participants

The participants of this study were 300 Grade IV
primary school students drawn from several schools
across Jember Regency, Indonesia. The schools were
purposively selected to represent diverse geographical
and socio-cultural contexts, different levels of
institutional readiness, and alignment with the local
wisdom elements embedded in the instrument. Each
student responded to all 34 items in a paper-based
assessment, which was administered in their respective
classrooms under standardized testing conditions to
ensure fairness and comparability of results.

Instrument

The research instrument consisted of a 34-item
multiple-choice test designed to measure students’
science literacy in culturally relevant contexts. Each item
contained a stimulus, which could take the form of short
texts, images, or diagrams, accompanied by four answer
choices with only one correct response. Local wisdom
was integrated through familiar contexts such as
traditional practices, local biodiversity, and community-
based problem-solving scenarios. Content validation
was conducted by 3 experts in educational assessment,
primary school science education, and language, as well
as by practicing teachers. The feedback provided by

these validators was used to refine the items in terms of
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clarity, cultural appropriateness, and curricular
alignment, leading to the final version of the instrument
employed in this study.

Data Analysis

After validation, the instrument was administered
to students for empirical testing, and the responses were
analyzed within the framework of Item Response
Theory. QUEST software was employed to estimate item
and person parameters, examine model-data fit
statistics, and calculate reliability indices. In addition, R
Studio was utilized to conduct supplementary analyses
and generate graphical representations such as Person
Item Maps, Item Characteristic Curves, and Item
Information Curves.

The analysis covered several dimensions, including
item fit, reliability, item difficulty, item characteristic
curves, and item information curves. Item fit was
assessed using Infit Mean Square (MNSQ) statistics,
with values ranging from 0.77 to 1.30 considered
acceptable. Reliability was examined using QUEST
indices, interpreted based on the classification proposed
by Sumintono and Widhiarso (2015), where values
greater than 0.94 were categorized as excellent, 0.91-0.94
as very good, 0.81-0.90 as satisfactory, 0.67-0.80 as
adequate, and values below 0.67 as weak. Item difficulty
was analyzed using threshold maps in QUEST
supported by parameter estimates in R Studio to ensure
that the distribution of item difficulties adequately
covered the student ability spectrum.

Item Characteristic Curves were examined to
determine the probability of a correct response across
different ability levels, with steeper slopes indicating
higher discriminative power, while irregular curves
were flagged for potential revision or removal
Furthermore, Item Information Curves were analyzed to
evaluate the amount of information provided by each
item at varying ability levels, complemented by the Test
Information Function, which assessed the overall
measurement precision of the instrument across the
ability continuum.

Results and Discussion

This study set out to evaluate the psychometric
properties of a local wisdom-based science literacy
instrument for primary school students using the Rasch
Model within the Item Response Theory (IRT)
framework. The findings indicate that the majority of
items demonstrated a satisfactory fit with the model, the
instrument exhibited excellent reliability, and the
distribution of item difficulty adequately covered the
ability spectrum of the target population. These results
suggest that the instrument not only meets statistical
requirements for validity and reliability but also holds
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practical value for assessing science literacy in contexts
where cultural relevance is emphasized. The following
sections discuss these findings in relation to previous
research, theoretical considerations, and practical
implications for science education at the primary level.

Empirical Analysis of the Instrument

The trialed instrument was subsequently subjected
to empirical analysis using the QUEST program, based
on the Item Response Theory (IRT) framework,
specifically employing the Rasch model (1-Parameter
Logistic/1PL). The analysis aimed to evaluate the
quality of each test item in terms of model fit (goodness
of fit), instrument reliability, and item difficulty level.
The results of the analysis are presented as follows:

Model Fit (Goodness of Fit)

The trial data were examined using the Rasch
Dichotomous Model, suitable for multiple-choice items
evaluated dichotomously (0 for incorrect responses and
1 for correct responses). This model was utilized to
assess the degree of alignment between the empirical
data and the theoretical Rasch model, focusing on item
parameters within a unidimensional framework. Figure
1 presents the results, summarizing item estimates and
fit statistics for the science literacy instrument.

Literasi sains (38 1TEM PG dengan 5 alternatif)
Itenm Estimates (Thresholds)
12/ /25 111 5
all on all (K « 300 L =« 34 Probability Levels .50)
Sumsary ot e ES5Timate
Mean .80
SO 71
S (adjusted) L
Reliability of estimate
Fit Statistics
Infit MWean Square Cutfit Mean Square
wear .49 Mean 1.83
sD -16 SO 27
Infit ¢ Outfit t
»ean .28 Maan -93
5D 2.78 so 2.3
@ 1toms with 7era scores
@ items with perfect scores

Figure 1. Item estimates and fit statistics of the science literacy
instrument

Figure 1 illustrates that the alignment of the test

items with the Rasch model can be assessed by various

indicators derived from the fit statistics, namely Infit
Mean Square, Outfit Mean Square, Infit t, and Outfit t.
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The analysis results indicate that the Infit Mean Square
value is 0.99 and the Outfit Mean Square value is 1.03,
both of which are within the permitted range. Items
conforming to the Rasch model generally exhibit Infit
MNSQ values ranging from 0.77 to 1.30, with Outfit t <
2 (Rosana & Sukardiyono, 2015). The presence of both
Infit and Outfit MNSQ values inside the optimal range
signifies that the items exhibit a strong alignment with
the Rasch model. The standard deviations (SD) for Infit
and Outfit Mean Square are 0.16 and 0.27, respectively,
indicating an acceptable degree of variability among the
items. Meanwhile, the average Infit t value of -0.28 and
Outfit t value of 0.03, with standard deviations of 2.78
and 2.30, respectively, further support the assumption
that there are no significant deviations from the model.
All t values fall within an acceptable range, indicating
that no items exhibit extreme anomalies in the
respondents’ answers. This strengthens the conclusion
that the test items fit well with the Rasch model.

Based on the analysis results, no items were found
to have zero scores or perfect scores. This indicates that
student response distribution is balanced, and there are
no items that are either too easy or too difficult for all
participants. Overall, this suggests that the Rasch model
is appropriate for analyzing the developed local
wisdom-based science literacy test. Furthermore, these
results also demonstrate that the student response data
meet the assumptions of the Rasch model, making the
instrument suitable for further in-depth item
characteristic analysis. The overall fit statistics findings
provide strong support for the construct validity of the
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Instrument Reliability

The reliability of the instrument in the Rasch Model
is indicated by the Reliability of Estimate value, which
describes the consistency of the instrument items in
measuring respondents’ abilities. Based on the analysis
results using the Quest application, a reliability value of
0.97 was obtained. This value is considered very high or
exceptional (Sumintono & Widhiarso, 2015) and is above
the commonly used minimum threshold of 0.70 in
psychometric measurement (Bond & Fox, 2015). This
result indicates that the instrument has an excellent
ability to consistently distinguish respondents with
different ability levels.

According to Sumintono et al. (2015), reliability in
the Rasch Model reflects internal consistency and
indicates the extent to which the items can separate
individuals based on their ability levels. The higher the
reliability value, the greater the confidence that the
instrument can measure participants’ abilities accurately
and stably. This high reliability also reflects that the
items in the instrument have internal stability and
collectively contribute to measuring the construct of
science literacy based on local wisdom as intended.
Therefore, the developed instrument can be considered
to have an excellent level of reliability and is suitable for
use in the context of educational assessment in
elementary schools.

Item Difficulty Level
The assessment of item difficulty is essential for
evaluating test quality, as it reveals the distribution and

locally developed wisdom-based science literacy ratio of easy, moderate, and difficult items within the
instrument. instrument. Figure 2 illustrates the distribution of item
thresholds according to the Item Response Theory (IRT)
framework.
Distribution of Item Thresholds (IRT)
L5
1.0}
0.5
SUN N N R Mgl
e R (1T B B Bt | b 1| HEE RS
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Figure 2. Distribution of item thresholds (IRT) for the Science Literacy Instrument
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The analysis conducted with the Quest program
revealed that the threshold (b) or difficulty level values
for the items varied from —1.41 to 1.38. The values denote
the comparative complexity of the items, with higher b-
values signifying greater difficulty. Out of the 34 items
examined, 8 were classified as easy, 17 as moderate, and
9 as difficult. This distribution indicates that the
developed instrument exhibits a relatively balanced
variation in difficulty levels, with the majority
concentrated in the moderate group. Test construction
recommendations generally stipulate that around 25%
of items should be classified as easy, 50% as
intermediate, and 25% as difficult (Hambleton, 1991).
This distribution guarantees item equilibrium and
optimizes the information yielded by the instrument
within the intermediate range of ability levels (Boone et
al.,, 2014; Stemler, 2021).

The findings of this study indicate that the obtained
distribution roughly corresponds with these guidelines,
especially with the majority of items categorized as
moderate. This finding suggests that the instrument can
successfully differentiate students' abilities at the
median level. Furthermore, the incorporation of both
easy and difficult items enhances the instrument's
measurement efficacy by catering to students with
diverse ability levels, as highlighted by Rasch
methodologists who contend that a range of easy,
moderate, and difficult items is essential for thorough
measurement (Kean et al, 2018; Sumintono &
Widhiarso, 2015).

Analysis of Person-Item Mapping

The analysis employing Item Response Theory
(IRT) produced a person-item map, illustrated in Figure
3. This map depicts the distribution of student skills
(person parameters) along the latent trait continuum,
alongside the difficulty levels of the test items (item
parameters). These visualizations are crucial in IRT-
based measurement, as they enable researchers to assess
the alignment of test questions with the ability levels of
respondents (Bond, 2015; Boone et al., 2014).

The examination of the person-item map indicated
that the distribution of respondents' abilities and the
difficulty levels of the local wisdom-based science
literacy instrument items spanned from -2 to +2 logits.
The distribution of the person parameter predominantly
clustered within the —0.5 to +1.0 logit range, indicating
that most students involved in this study exhibited
moderate abilities. The test items exhibited a wide range
of difficulty levels with a fairly equitable distribution.
Multiple items (e.g., 12, I4, 16) were in the negative logit
region, signifying that these items were comparatively
easy for students. In contrast, items 128, 130, 132, and 134
were in the positive logit region, indicating that they
required elevated levels of scientific literacy proficiency.

November 2025, Volume 11, Issue 11, 965-975

Person-item Map

Figure 3. Person-item map of the instrument for science
literacy based on local wisdom

This distribution illustrates that the test instrument
effectively assesses student capabilities across a broad
spectrum, aligning with the unidimensionality concept
in Item Response Theory (Embretson & Reise, 2013;
Hambleton, 1991). The equilibrium between student
ability distribution and item difficulty levels serves as a
crucial indicator of instrument quality. An excellent tool
must reliably assess student abilities across the spectrum
and furnish significant information for both low- and
high-ability pupils (DeMars, 2010).

The incorporation of local wisdom into the science
literacy items facilitated sufficient variance in difficulty
levels, enabling the instrument to evaluate students'
competencies more authentically. Incorporating local
contexts in assessment design enhances both validity
and engagement by rendering items more relevant to
learners' daily experiences (Kean et al., 2018; Sumintono
& Widhiarso, 2015). This enhances the instrument's
capacity to differentiate among varying levels of
competence  while also incorporating cultural
significance.

In conclusion, the person-item map offers
empirical evidence that the locally designed wisdom-
based science literacy instrument satisfies the standards
of a high-quality assessment tool. It exhibits a uniform
distribution of item difficulty, the ability to assess a
broad spectrum of student competencies, and significant
contextual relevance to the daily experiences of primary
school students.

Item Characteristic Curves (ICC)

Figure 4 displays the item characteristic curves
(ICCs) for the 34 science literacy items created in this
study. These curves depict the correlation between
students' proficiency levels (8) and the likelihood of
accurately responding to each item. Consistent with the
Item Response Theory (IRT) framework, the Item
Characteristic Curves (ICCs) typically exhibit a sigmoid
(S-shaped) pattern, demonstrating that the items
operated in accordance with theoretical assumptions
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(Embretson & Reise, 2013; Hambleton, 1991). The S-
shaped curve indicates that as ability rises, the likelihood
of correct responses similarly escalates, illustrating that
the items can be differentiated among students with
varying proficiency levels.

Item Characteristic Curves
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00 02
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Figure 4. Item characteristic curves (ICCs) of the science
literacy instrument based on local wisdom

Most items fell within the 8 range of -2 to +2,
signifying that the instrument is very adept at evaluating
students with low to moderate ability levels. Multiple
questions (e.g., 123, 126, 130) were displaced towards
higher 0 values, indicating that these items were
comparatively challenging and could only be accurately
answered by students with advanced science literacy. In
contrast, items I1, I5, and 19 exhibited relative ease, since
their probability curves reached elevated values even at
0<0.

The gradient of the Item Characteristic Curves
(ICCs) provides insight into how sensitively items
respond to changes in student ability. In the Rasch
framework, the discrimination parameter is held
constant; however, visual differences in curve steepness
can still reflect how effectively an item contributes to
measuring ability along the continuum. Items with
steeper ICCs (e.g., 117, 125) were observed to provide
more information for distinguishing among students of
different ability levels, whereas items with flatter ICCs
(e.g., 112, 123) contributed less information. This pattern
aligns with the principle that well-functioning items
should vary in difficulty and provide adequate
information across the ability spectrum (Baker, 2001;
Wyse, 2010).

The ICC analysis confirms that the developed
instrument comprises items with a wide range of
difficulty levels and satisfactory fit to the Rasch model.
This variation enhances the instrument’s effectiveness as
a reliable measure of primary students’ science literacy.
Moreover, these findings highlight the advantages of
applying Item Response Theory-based methods in
educational assessment, as they yield more nuanced and
precise insights into item functioning compared to
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classical test theory (van der Linden & Hambleton, 1997;
Sinharay, 2015).

Item Information Curves (IIC)

Figure 5 displays the Item Information Curves
(IICs) for the 34 items in the local wisdom-based science
literacy assessment. The IICs denote the contribution of
each item to the assessment of students' ability levels (0).
An IIC denotes the proficiency level at which an item
yields optimal information, enabling researchers to
ascertain the spectrum of abilities most precisely
assessed by the item (Embretson & Reise, 2013;
Hambleton, 1991).

Item Information Curves
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Figure 5. [tem information curves (IICs) for the local wisdom-
based science literacy instrument

The research indicated that the majority of items
yield optimal information within the interval of 6 = -2
to +2. This outcome suggests that the instrument is
especially adept at assessing students across a spectrum
of skills, with the greatest density of information
centered around 0 = 0. This distribution indicates that
the instrument is most accurate in differentiating
students at the average ability level, aligning with the
principle that optimal test information should ideally be
centered around the mean ability of the target
population (Baker, 2001; Boone et al., 2014).

Several items, including 123, 126, and 130, reached 6
> +1, indicating their utility in evaluating higher-ability
students. The incorporation of these items improves the
instrument's overall quality, guaranteeing its capacity to
assess a wide spectrum of abilities instead of being
limited to average populations. The convergence of
numerous Item Information Curves (IICs) around 8 =0
indicates substantial reliability for most students, as
overlapping peaks imply consistent measurement
within a common range of skill levels (Sinharay, 2015;
Wyse, 2010).

The correlation between the Item Information
Curve (IIC) and the item discrimination parameter (a) is
also apparent. Items with steeper slopes in their Item
Characteristic Curves (ICCs) correspond to more
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pronounced and elevated IIC peaks, indicating
enhanced discriminative ability. These items exhibit
more sensitivity in distinguishing between students
with similar ability levels. In contrast, items exhibiting
flatter ICCs demonstrate fewer peaks in the IIC, hence
supplying diminished information to the measurement
process (Chalmers, 2012; Linden & Hambleton, 1997).

Notwithstanding these features, the analysis
revealed comparatively poor information at 8 < —2. This
indicates that the instrument is less successful in
evaluating students with significantly low levels of
science literacy. Consequently, additional refining is
required by incorporating items particularly intended to
address the lower end of the ability distribution. These
enhancements would expand the measurement
parameters and guarantee that all students, including
those with the lowest proficiency levels, are evaluated
appropriately.

In conclusion, the IIC analysis indicates that the
proposed instrument offers adequate information across
a broad spectrum of abilities, particularly excelling in
assessing average to high ability levels. This data
substantiates the validity and reliability of the local
wisdom-based  science literacy instrument for
application in elementary schools and emphasizes the
significance of IRT-based methodologies for creating
adaptive and equitable educational assessments.

Consequences, Constraints, and Suggestions

The results of this investigation yield several
important consequences. A science literacy test
grounded in local wisdom for primary school pupils
shows that contextual integration can yield items with
diverse difficulty levels and sufficient discriminative
ability. This renders the instrument not only valid and
reliable but also more authentic in reflecting students'
real-life experiences, a conclusion that aligns with prior
research indicating that instruments incorporating
cultural or ethnoscience components typically attain
high validity, reliability, and authentic contextual
representation (Amalia et al., 2024; Muniroh et al., 2022).
International research has similarly indicated that
incorporating pertinent settings into assessment items
enhances validity and increases their discriminative
capacity (Follette et al., 2015; Phadke et al., 2024). The
instrument can function as a diagnostic tool for
educators to discern students' strengths and weaknesses
in science literacy, thereby facilitating differentiated
instruction and remedial programs in primary schools,
as previously documented in Rasch-based evaluations
of science literacy instruments (Sihombing et al., 2019).

Notwithstanding these strengths, certain limits
must be recognized. The instrument exhibited
diminished sensitivity in assessing pupils with
extremely low science literacy skills, as seen by the little
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data in the 0 < -2 range. Comparable results have been
documented in research indicating that instruments
grounded in local wisdom demonstrated modest
efficacy but exhibited reduced sensitivity towards
pupils with significantly poor abilities (Amalia et al.,
2024). This result indicates that the instrument may
inadequately reflect the performance of students with
the lowest proficiency levels. Moreover, contextualized
instruments created in many worldwide studies have
encountered difficulties in accurately assessing the
capabilities of low-performing pupils, underscoring the
necessity of broadening coverage at the lower spectrum
of the ability continuum (Phadke, et al., 2024). The study
was confined to a particular regional setting, potentially
affecting the generalizability of the findings to wider
populations, as observed in similar region-specific
instrument development studies (Kirana, 2024).

Future study should focus on creating
supplementary items tailored for students with
extremely low literacy skills to enhance the breadth of
the ability continuum. Furthermore, extensive
validation across various educational institutions and
cultural contexts would strengthen the instrument's
reliability, consistent with previous studies advocating
for multi-contextual validation of assessment
instruments grounded in local wisdom (Kirana, 2024;
Muniroh et al.,, 2022). In alignment with worldwide
assessments that authenticate contextualized science
literacy tools across diverse communities (Follette et al.,
2015), subsequent efforts should prioritize inclusivity
and generalizability. The study underscores the
potential of incorporating local knowledge into science
literacy evaluations and offers guidance for further
refinement to enhance inclusion and broader
application.

Conclusion

This study evaluated the psychometric properties
of a local wisdom-based science literacy instrument for
primary school students using the Rasch model within
the Item Response Theory framework. The results
demonstrated excellent reliability (0.97), satisfactory
model fit (Infit MNSQ = 0.99; Outfit MNSQ = 1.03), and
an appropriate range of item difficulty (-1.41 to 1.38).
These findings confirm that the instrument performs
effectively across various ability levels and provides
stable measurement results. Integrating local wisdom
contexts strengthened the cultural authenticity and
relevance of the instrument, allowing it to represent
students’ lived experiences in science learning more
accurately. The instrument thus meets both
psychometric and contextual criteria, offering a reliable
tool for evaluating students’ science literacy and
supporting teachers in implementing culturally
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responsive and differentiated instruction. Nevertheless,
the instrument showed limited sensitivity for students
with very low ability levels and was tested only within
the Jember region, which may limit the generalizability
of the findings. Future research should expand the item
pool to better capture lower proficiency ranges and
validate the instrument across more diverse educational
and cultural contexts. Overall, this study demonstrates
the value of integrating local cultural perspectives with
modern psychometric approaches to promote more
inclusive and context-sensitive science literacy
assessment in primary education.
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