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Scientific literacy is an essential competency for the 21st century, yet Indonesian
students continue to demonstrate relatively low levels of achievement. This
study aimed to analyze the psychometric characteristics of a PISA-based
scientific literacy assessment instrument on ecology during the field-testing
phase using the Rasch model. The study involved 40 students who completed a
45-item assessment. Data were analyzed using Winsteps based on three Rasch
indicators: person—item targeting, item fit, and separation index. The results
showed appropriate targeting, with a 0.45-logit difference between the mean
student ability and mean item difficulty. A total of 43 of the 45 items (95.6%)
met the Rasch model fit criteria. The person separation index of 1.71 and item
separation index of 2.18 classified students' abilities and item difficulties into
three distinct strata. Overall, the findings indicate that the instrument
demonstrates adequate psychometric characteristics for measuring scientific

literacy in ecology. However, the relatively modest person separation suggests
that additional items targeting lower ability levels may further improve the
instrument's measurement precision.
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Introduction

Scientific literacy is an essential competency that enables students to meet the challenges of the twenty-first
century (Turiman et al., 2012). It encompasses the ability to explain scientific phenomena, evaluate evidence-
based information, and make informed decisions in various contexts, including environmental, health, and
technological issues (Permatasari et al., 2026; Khery et al., 2022). As scientific knowledge continues to expand
rapidly, students are increasingly expected to develop scientific reasoning skills that enable them to distinguish
scientifically valid information from misinformation (Schmaltz et al., 2017). Consequently, scientific literacy
has become one of the core competencies assessed in the Programme for International Student Assessment
(PISA) conducted by the Organisation for Economic Co-operation and Development (OECD) since its first
implementation in 2000 (Lie & Linnakyld, 2004; Bybee et al., 2009). Beyond assessing scientific knowledge,
scientific literacy also plays an important role in fostering critical thinking and evidence-based problem-solving
skills.

Despite its growing importance in educational policy, Indonesian students continue to demonstrate relatively
low levels of scientific literacy. According to the Programme for International Student Assessment (PISA) 2022,
Indonesia achieved a scientific literacy score of 383, which remains below the OECD average of 399. In addition,
only approximately 34% of Indonesian students reached the minimum level of scientific proficiency (Ayu et al.,
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2025). These findings are consistent with Putra (2019), who reported that junior high school students in Koto
XI Tarusan District achieved only 26.81% of the expected scientific literacy competency, indicating a very low
level of performance.

The persistently low level of scientific literacy may be associated with assessment practices that primarily
emphasize conceptual knowledge and factual recall rather than students' ability to apply scientific knowledge in
real-world contexts, as emphasized in the PISA framework, although this relationship was not examined
empirically in the present study. Therefore, assessment instruments that align with the characteristics of PISA
and provide accurate and consistent measurement are needed.

Several studies have developed PISA-based scientific literacy assessment instruments and reported
satisfactory evidence of content validity and practicality (Mulyana & Desnita, 2023; Widiyanti et al., 2017; Alti
etal., 2021; Hasnawati et al., 2024). Most of these studies focused on instrument development, expert validation,
and item quality evaluation using Classical Test Theory (CTT) or Item Response Theory (IRT). In addition, the
Rasch model has been widely applied to evaluate the validity and reliability of educational assessment
instruments (Susongko et al., 2019; Susongko et al., 2020; Familia et al., 2026). However, studies examining the
psychometric characteristics of PISA-based scientific literacy instruments following field implementation remain
limited, particularly regarding person—item targeting, item fit, and the instrument's ability to distinguish different
levels of student ability through the separation index. These aspects are essential because they provide empirical
evidence that an instrument not only demonstrates acceptable validity and reliability but also functions
effectively under actual testing conditions.

This study employed the Rasch measurement model using the Partial Credit Model (PCM), which estimates
student ability and item difficulty on a common interval scale (logits) independently of the sample and test items
(Sumintono & Widhiarso, 2015). Unlike previous studies that primarily focused on instrument development and
expert validation, the present study specifically examined the field-testing phase to evaluate the psychometric
characteristics of an instrument that had previously demonstrated acceptable content validity and practicality.
The sample size of 40 students was determined based on Linacre's (1994) recommendation that 27-61
respondents are sufficient to obtain stable item calibration within *1 logit, provided that the distribution of
respondent ability adequately matches the distribution of item difficulty.

The Rasch model provides a robust psychometric framework for measuring student ability and item difficulty
on the same logit scale (Sumintono & Widhiarso, 2015). This approach enables independent estimation of
person ability and item difficulty, thereby producing more objective and accurate measurements (Ayub et al.,
2020). In addition, the Rasch model provides several important psychometric indicators, including item fit,
person fit, targeting, reliability, and separation index, allowing researchers to evaluate both individual item
performance and the overall measurement quality of an assessment instrument (Sumintono & Widhiarso, 2014;
Krishnan & Idris, 2018). Furthermore, the analysis of item and respondent characteristics offers comprehensive
evidence regarding the psychometric quality of the instrument (Ibrahim, 2025; Ngandoh et al., 2025).

Based on these considerations, this study aimed to analyze the psychometric characteristics of a PISA-based
scientific literacy assessment instrument on ecology during the field-testing phase using the Rasch model. The
analysis focused on person—item targeting, item fit, and the instrument's ability to distinguish different levels of
student ability and item difficulty through the separation index. The findings are expected to provide empirical
evidence of the instrument's psychometric performance under actual testing conditions, complementing the
evidence of content validity and practicality established during the previous development phase.

Method

This study was part of a Research and Development (R&D) project based on the Plomp development model,
which consists of three phases: preliminary research, development or prototyping, and assessment. This article
specifically reports the findings from the assessment phase, focusing on the psychometric characteristics of a
Programme for International Student Assessment (PISA)-based scientific literacy assessment instrument. The
instrument was developed during the preliminary research and development phases and had previously
undergone expert validation and practicality testing, demonstrating its suitability for field implementation.
Detailed procedures and findings of the expert validation and practicality testing have been reported separately
and are therefore beyond the scope of this article, which focuses exclusively on the instrument's psychometric
characteristics during the field-testing phase.

The field test involved 40 students who completed a scientific literacy assessment on ecology consisting of
45 items, including 34 multiple-choice items scored dichotomously and 11 constructed-response items scored
polytomously using an analytic scoring rubric. This sample size falls within the range recommended by Linacre
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(1994) for achieving stable item calibration. The instrument was developed based on the PISA scientific literacy
framework, encompassing the dimensions of context, competencies, and scientific knowledge. Data consisted
of students' responses to all assessment items collected during a single administration.

The data were analyzed using the Rasch model with the Partial Credit Model (PCM) (Masters, 1982), which
was selected because the instrument comprised both dichotomous and polytomous items. The analyses were
conducted using Winsteps software.

The instrument's psychometric characteristics were evaluated using three complementary Rasch indicators:
person—item targeting, item fit, and the separation index (Bond & Fox, 2015). These indicators were selected
because they collectively represent three essential aspects of measurement quality within the Rasch framework.
Person—item targeting evaluates the alignment between the distribution of student ability and item difficulty,
item fit provides evidence of construct validity at the individual item level, and the separation index reflects the
instrument's precision in distinguishing different levels of student ability and item difficulty. Targeting was
examined using the Wright Map by comparing the distributions of person ability and item difficulty. Item fit
was evaluated using Outfit Mean Square (MNSQ), Outfit Z-Standard (ZSTD), and Point-Measure Correlation
(Pt-Measure Corr). An item was considered to fit the Rasch model when it satisfied the following criteria: 0.5 <
Outfit MNSQ < 1.5, —2.0 < Outfit ZSTD < +2.0, and a positive Point-Measure Correlation between 0.40 and
0.85 (Bond & Fox, 2015). The separation index was used to evaluate the instrument's ability to distinguish
different levels of student ability and item difficulty. Collectively, these three indicators served as the basis for
evaluating the psychometric characteristics of the PISA-based scientific literacy assessment instrument on
ecology.

Results and Discussions
Psychometric Characteristics of the Instrument Based on Person-Item Targeting

Table 1 <Summary of the Rasch Model Targeting Analysis>

Parameter Value
Mean Item Measure 0.00 logit
Item Standard Deviation 0.83 logit
Mean Person Measure —0.45 logit
Person Standard Deviation 0.61 logit

The Rasch analysis indicated that the PISA-based scientific literacy assessment instrument on ecology
demonstrated adequate person—item targeting between students' ability and item difficulty. As presented in Table
1, the mean person measure was —0.45 logits, whereas the mean item measure was fixed at 0.00 logits. The
difference of 0.45 logits indicates that students' average ability was slightly lower than the average item difficulty,
but the magnitude of this difference remained within a range that suggests an acceptable alignment between
respondent ability and the characteristics of the instrument.

The distribution of student ability and item difficulty is illustrated in the Wright Map (Figure 1). Overall, the
assessment items covered a broad range of student abilities, from low to high. However, several items were
relatively difficult for most respondents, and only a limited number of items were available at the lower end of
the ability continuum. These findings indicate that the measurement distribution was not yet fully balanced
across all ability levels.
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Figure 1 <Wright Map of the PISA-Based Scientific Literacy Assessment Instrument on Ecology>

The findings indicate that the instrument was able to measure the abilities of most students, although there
remains room for improvement, particularly at the lower end of the ability continuum where item coverage was
limited. This finding is consistent with Neumann et al. (2010), who reported that the Wright Map is a useful
tool for evaluating the alignment between student ability and item difficulty while identifying ability ranges that
are insufficiently represented by an instrument. A similar pattern was reported by Darman et al. (2024), who
found that gaps at one end of the ability continuum are a common challenge in the development of Rasch-based
scientific literacy instruments and can be addressed by developing additional items targeting the
underrepresented ability range. Therefore, adding more items for students with lower ability levels should be
considered to achieve a more balanced measurement distribution.

From a theoretical perspective, the alignment between student ability and item difficulty represents an
important indicator of instrument quality (Bond & Fox, 2015). The smaller the difference between the mean
person measure and the mean item measure, the better the instrument is targeted to the ability distribution of
the respondents at the aggregate level. In the present study, the 0.45-logit difference was relatively small,
indicating acceptable overall targeting. However, this average alignment does not necessarily imply that all
ability levels were equally represented. As shown in the Wright Map, several items remained relatively difficult
for most respondents, while the number of items targeting lower ability levels was still limited. Therefore, the
instrument can be considered to demonstrate adequate person—item targeting at the aggregate level, although
broader coverage of lower ability levels should be considered in future instrument development.

Psychometric Characteristics of the Instrument Based on Item Fit

The item fit analysis indicated that most items in the PISA-based scientific literacy assessment instrument
functioned consistently with the Rasch model.
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Table 2 <Summary of Item Fit Analysis Based on the Rasch Model>

Item Category Number of Items Percentage (%)
Fit 43 95.6

Misfit 2 4.4

Total 45 100

As presented in Table 2, 43 of the 45 items (95.6%) met the Rasch model fit criteria, whereas 2 items (4.4%),
namely Q17 and Q18, were identified as misfit. These findings indicate that the majority of the items functioned
consistently in measuring the intended construct of scientific literacy.

Table 3 <Statistics of Items Requiring Revision Based on the Rasch Model Analysis>

Item Measure (logits) Outfit MNSQ  Outfit ZSTD Pt-Measure Corr Status
Ql6 045 1.61 1.46 0.26 Marginal
Q17 1.04 1.30 1.02 —-0.05 Misfit
Q18 -0.29 1.70 2.72 0.32 Misfit

As shown in Table 3, item Q18 was classified as misfit because its Outfit Mean Square (MNSQ = 1.70) and
Outfit Z-Standard (ZSTD = 2.72) exceeded the acceptable fit criteria. In contrast, item Q17 showed a negative
Point-Measure Correlation (Pt-Measure Corr = —0.05), indicating that the item did not measure the scientific
literacy construct in the same direction as the remaining items. In addition, item Q16 had an Outfit MNSQ
value of 1.61, and was therefore classified as a marginal item requiring further review.

The high proportion of fitting items indicates that the measurement structure of the instrument is largely
consistent with the theoretical expectations of the Rasch model. This finding is consistent with Susongko et al.
(2019), who reported that 16 of 17 items in a PISA-based scientific literacy instrument satisfied the Rasch model
fit criteria and were considered suitable for measuring scientific literacy. Similar findings were reported by
Suryadi et al. (2025), who found that most items met the Rasch fit criteria and demonstrated good psychometric
quality, although several items required revision to better represent the intended construct. Likewise, Bashooir
and Supahar (2018) reported that the majority of items in a STEM-based scientific literacy performance
assessment satisfied the Rasch model fit criteria following field testing. The consistency of these findings across
different subject areas and educational contexts provides further evidence that the Rasch model is effective in
identifying both well-functioning items and those requiring revision in scientific literacy assessments.

From a theoretical perspective, items that satisfy the Rasch fit criteria indicate that students' responses
conform to the expectations of the measurement model, suggesting that the items consistently measure the same
underlying construct (Bond & Fox, 2015). Conversely, misfitting items, such as Q17 and Q18 in the present
study, indicate unexpected response patterns that may result from ambiguous item wording, incorrect answer
keys, or the possibility that the items measure constructs beyond the intended domain of scientific literacy.
Consequently, these items should be carefully reviewed and revised before the instrument is used more broadly.
Overall, the high proportion of fitting items demonstrates that the instrument possesses good psychometric
quality, although the two misfitting items (Q17 and Q18) require revision to improve their alignment with the
intended construct.

Psychometric Characteristics of the Instrument Based on the Separation Index

The separation index analysis indicated that the instrument demonstrated a good ability to distinguish both
student ability and item difficulty. A summary of the Rasch descriptive statistics for persons and items is
presented in Table 4.

Table 4 <Summary of Rasch Descriptive Statistics for Persons and Items>

Statistical Parameter Persons Items
Number (N) 40 45
Mean Measure (logits) -0.45 0.00
Standard Deviation (SD) 0.61 0.83
Maximum Measure 1.49 2.23
Minimum Measure -1.41 -1.94
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Statistical Parameter Persons Items

Mean Infit MNSQ 1.03 1.00

Mean Infit ZSTD 0.11 -0.01

Mean Outfit MNSQ 1.00 1.00

Mean Outfit ZSTD 0.01 0.01

Separation Index 1.71 2.18

Reliability 0.75 0.83

Cronbach's Alpha (a) 0.78 -

As presented in Table 4, the person separation value of 1.71 indicates that the instrument was able to classify
students into three ability strata: high, moderate, and low. According to the Rasch instrument quality criteria
proposed by Fisher (2007), separation values of 2.0 or higher and reliability values of 0.80 or higher are
considered good, whereas values below these thresholds are classified as marginal. Based on these criteria, the
person separation value of 1.71 and the person reliability value of 0.75 in the present study fall into the marginal
category. Nevertheless, these values remain sufficient in practical terms to distinguish students into three ability
strata. These findings indicate that the instrument has an adequate, although not yet optimal, ability to classify
students according to their level of scientific literacy. Therefore, increasing both the number and diversity of
items in future instrument development may further improve the precision of person separation.

The item separation value of 2.18 also produced three levels of item difficulty: easy, moderate, and difficult.
Unlike the person separation, the item separation value exceeded the recommended threshold of 2.0 and was
therefore classified as good according to Fisher's (2007) criteria. This finding indicates that the assessment items
provide an adequate range of difficulty, enabling the instrument to measure students across different ability
levels.

These findings are consistent with those of Arabbani et al. (2019), who reported that the item separation
index can be used to evaluate an instrument's ability to distinguish different levels of item difficulty within the
Rasch measurement framework. Similar findings were reported by Mellyzar et al. (2024), who demonstrated
that person separation and item separation analyses provide useful information about an instrument's ability to
classify students according to their ability levels while differentiating item difficulty. Likewise, Familia et al.
(2026), in developing a Rasch-based scientific literacy assessment instrument for elementary school students,
reported a similar separation pattern and further examined the potential for measurement bias across groups
using Differential Item Functioning (DIF). Because DIF analysis was beyond the scope of the present study,
potential measurement bias across groups could not be evaluated and should therefore be considered a limitation
to be addressed in future research.

From a theoretical perspective, higher separation values indicate that an instrument has greater
discriminating power to distinguish both respondents and items, resulting in more stable and consistent
measurement (Bond & Fox, 2015). Based on the findings of this study, the item separation value of 2.18 met
Fisher's (2007) criterion for good instrument quality, whereas the person separation value of 1.71 was classified
as marginal, although it remained within an acceptable range for distinguishing students into three ability strata.
Therefore, the instrument demonstrated good measurement characteristics in differentiating item difficulty,
although its ability to distinguish students with different levels of scientific literacy could be further improved in
future instrument development.

Opverall Psychometric Characteristics of the Instrument

Based on the results of the three main Rasch indicators, person, item targeting, item fit, and the separation index,
the PISA-based scientific literacy assessment instrument on ecology demonstrated adequate psychometric
characteristics for measuring students' scientific literacy. The instrument showed acceptable person—item
targeting at the aggregate level, although item coverage for students with lower ability remained limited. In
addition, most items (95.6%) satisfied the Rasch model fit criteria, and the instrument was able to distinguish
both student ability and item difficulty into three categories. However, the discriminating power for student
ability, as indicated by the person separation index, remained in the marginal category.

Although two items did not satisfy the Rasch model fit criteria, these findings provide valuable diagnostic
information for further instrument refinement. The presence of a small number of misfitting items does not
substantially affect the overall quality of the instrument, as the vast majority of items functioned consistently
with the Rasch measurement model.
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Several limitations should be considered when interpreting the findings of this study. First, the data were
collected through a single administration involving 40 students from a single school; therefore, caution is needed
when generalizing the findings to broader populations or different educational contexts. Second, this study did
not examine the instrument's convergent validity against an established scientific literacy assessment, nor did it
evaluate its ecological validity in authentic classroom assessment settings. Consequently, the validity evidence
presented in this study is limited to Rasch-based indicators, including person—item targeting, item fit, and the
separation index, and does not encompass other sources of validity evidence. Third, as noted previously,
Differential Item Functioning (DIF) analysis was not conducted; therefore, potential measurement bias across
student groups could not be evaluated. Finally, evidence from expert validation and practicality testing was
reported separately during the earlier stages of instrument development and is therefore beyond the scope of the
present article. These limitations provide opportunities for future studies to establish more comprehensive
evidence of the instrument's validity.

Considering both the findings and the limitations of the study, the PISA-based scientific literacy assessment
instrument on ecology demonstrates adequate psychometric characteristics based on Rasch model analysis. The
instrument has the potential to serve as an alternative assessment tool for measuring students' scientific literacy
in biology learning, particularly on the topic of ecology. Nevertheless, further refinement of item coverage and
the accumulation of additional validity evidence are recommended to strengthen the instrument's measurement

quality.

Conclusions

The PISA-based scientific literacy assessment instrument on ecology demonstrated adequate psychometric
characteristics for measuring students' scientific literacy based on Rasch model analysis. These characteristics
were reflected in acceptable person—item targeting at the aggregate level, with a mean difference of 0.45 logits
between student ability and item difficulty; 43 of the 45 items (95.6%) satisfying the Rasch model fit criteria; and
an item separation value of 2.18, which was classified as good according to Fisher's (2007) criteria and
successfully distinguished item difficulty into three strata. Although the person separation value of 1.71 was
sufficient to classify students into three ability strata, it was categorized as marginal according to Fisher's (2007)
criteria, indicating that the instrument's ability to differentiate student ability could still be improved.

The conclusions of this study are limited to Rasch-based psychometric evidence obtained from a single field
test involving 40 students from one school. Convergent validity with other established scientific literacy
assessments, ecological validity in authentic classroom assessment contexts, and potential measurement bias
across groups through Differential Item Functioning (DIF) were not examined and should therefore be
addressed in future research.

Within these limitations, the instrument has the potential to serve as an alternative assessment for measuring
scientific literacy in biology education, particularly on the topic of ecology. Future studies are recommended to
develop additional items targeting lower ability levels to achieve a more balanced measurement distribution and
to strengthen the instrument by providing more comprehensive evidence of its validity and reliability.
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