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ABSTRACT

This research aims to develop a digital literacy instrument and test it on
prospective science teachers using the Rasch Rating Scale Model. The study
involved 81 second-semester students from the Science Education Study
Program at Semarang State University (UNNES) and 59 students from UIN
Salatiga. The instrument consists of 30 items, 10 essay questions, and 20
questionnaire statements measured using a four-point scale. Data were
analyzed using the WINSTEPS Version 5.7.3.0 application. Content validity
results show that all essay questions are valid, while 4 out of 20 questionnaire
items are inconsistent and require revision. Construct validity analysis
indicates that the essay questions account for 29% of the total variance, and
the questionnaire explains 46%. The internal consistency (KR-20) is
acceptable for essay questions (0.65) and very high for the questionnaire
(0.83). Item reliability is excellent, with 0.92 for essay questions and 0.98 for
the questionnaire. Item characteristics show a standard deviation of 0.35 for
essay questions and 1.01 for the questionnaire. Reliability was evaluated
using KR-20 for essay-based items and Cronbach’s Alpha for the
questionnaire. This ensures consistency in reporting reliability across both test
and non-test components. Differential Item Functioning (DIF) analysis reveals
bias in several essay questions between groups, with low probability values
and high DIF contrast. In contrast, the questionnaire items function similarly
across both groups. Biased items were reviewed and revised. Overall, the
instrument demonstrates strong reliability and is suitable for measuring digital
literacy in prospective science teachers.
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1. INTRODUCTION

Digital literacy is an individual's interest, attitudes, and abilities in using digital technology and
communication tools to access, manage, integrate, analyze, and evaluate information, build new
knowledge, and create and communicate with others in order to participate effectively in society (Li et
al., 2021; Naamati-Schneider, 2024). Digital literacy is one of the essential competencies for facing the
challenges of 21st-century learning. In the current digital era, science learning cannot be separated from
the use of online resources, simulations, data analysis software, and collaborative platforms. Teachers
are required not only to master scientific content but also to integrate technology effectively to foster
students’ higher-order thinking skills. Therefore, evaluating the digital literacy of prospective science
teachers is particularly significant, since they will be at the frontline of preparing future generations who
are scientifically literate and technologically adaptive.

According to Peng & Yu (2022), digital literacy is the ability to discover, evaluate, utilize, share
and create ideas responsibly and ethically using tools and technology. Digital literacy is the ability
possessed by a person to understand and utilize information originating from a very wide variety of
sources in various formats accessed via a digital device (Chassignol et al., 2018; Giovanni & Komariah,
2019; OECD, 2019; Suherman, 2020). Digital literacy can also be interpreted as a person's ability to
sort various information, interpret messages, and communicate effectively with other people (Restianty,
2018). According to Suherdi et al. (2021). Digital literacy is the ability to understand and use information
widely and freely obtained through digital assistance. This broad and free use is, of course, still within
the scope of norms, ethics, and culture. Digital literacy is also an indicator in education and culture to
create critical and creative ways of thinking for students. Digital literacy is also considered to be the
ability to train various abilities, competencies, and ICT (Information and Communication Technology)
skills that are really needed by someone to adapt to the environment in the current technological era
(Naila et al., 2021; Rusilowati et al., 2016; Techataweewan & Prasertsin, 2018). Digital literacy applied
in various scopes, both in schools, families, and communities, is also considered capable of encouraging
the progress of society in the 21st century era, like today (Abulibdeh et al., 2024; OECD, 2019; Sujana
& Rachmatin, 2019).

While various terms such as information literacy, media literacy, and ICT literacy have been used
in previous studies, this research adopts a more specific perspective. In this study, digital literacy is
defined as the set of knowledge, skills, and attitudes that enable prospective science teachers to access,
evaluate, create, and communicate information effectively through digital technologies within the context
of science learning. This operational definition positions digital literacy as broader than ICT literacy, but
more specific than general media or information literacy. The results of research on the theme of digital
literacy have been carried out by several researchers, including research on increasing digital literacy
that can be carried out using the Real Science Mask with QR Code media (Savitri et al., 2021). Apart
from that, research also uses the Community Science Technology learning model to determine its effect
on science learning outcomes in terms of digital literacy. The use of website-based learning media can
also improve students' digital literacy skills in physics learning (Rahayu & Mayasari, 2018).

The development of the instrument was based on several theoretical considerations. UNESCO
(2018) emphasizes digital literacy as a multidimensional construct involving technical, cognitive, and
socio-emotional domains. According to Ng (2012), proposed cognitive, technical, and socio-cultural
dimensions, while Eshet (2012) highlighted digital skills ranging from photo-visual to socio-emotional.
Considering these perspectives, the current study integrates two frameworks that are particularly
relevant to teacher education. Hague & Payton, (2022) proposed dimensions of digital literacy focusing
on critical use of digital media, creativity, collaboration, and communication. Techataweewan &
Prasertsin (2018) developed four main factors with twelve indicators of digital literacy that emphasize
knowledge, skills, ethics, and usage. The integration of these two models was chosen because they
combine socio-cultural and pedagogical aspects from Hague & Payton, with practical and technical
indicators form Techataweewan & Prasertsin, thus providing a more comprehensive framework for
assessing digital literacy among prospective science teachers.

Many recent studies also emphasize the importance of developing valid and reliable digital literacy
instruments tailored to the educational context. Nguyen and Habdk (2024) emphasized that teachers
need digital literacy assessment tools that measure technical skills and pedagogical competencies in
integrating technology into learning. At the student level, Aving and Dogan (2024) developed a Digital
Literacy Scale for secondary school students with validity and reliability tests using the Rasch model.
Meanwhile, Son and Ha (2025) highlighted the need for contextualized digital literacy instruments,
particularly in science practice, so that aspects of data collection, analysis, and communication can be
measured more specifically. The findings from these three studies suggest that digital literacy
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measurements should not be generalized, but rather contextualized to the role (teacher/student) and
the learning context (general or discipline-specific).

The measurement of digital literacy is explained in Digital Literacy Across the Curriculum (Hague
& Payton, 2022), which explains eight dimensions of digital literacy, namely: Functional Skill and
Beyond, Creativity, Collaboration, Communication, The Ability to find and select Information, Critical
Thinking and Evaluation, Cultural and Social Understanding, and E-Safety. Literacy is not just reading
or writing, but digital literacy is the knowledge and skills to use digital media, communication tools, or
networks in finding, evaluating, using, creating information, and utilizing it in a healthy, wise, intelligent,
careful, precise, and appropriate manner (Gonzalez-de-Eusebio & Tucho, 2021; Maulida & Sunarti,
2022). In Indonesia, there is not much research that examines digital literacy in science learning.
Previous research has studied information literacy, media literacy, and ICT literacy in certain community
groups in several regions of Indonesia. Digital literacy competencies are useful for dealing with
information from various digital sources, which continues to develop along with the development of
information and communication technology as a result of the media convergence phenomenon (Arfadila
et al., 2022; Fitriarti, 2019; Yuniarto & Yudha, 2021).

The research problem raised in this study is the unavailability of valid, reliable, and structured
indicator-based digital literacy assessment instruments in Indonesia's science education context. The
need for such measuring instruments is critical to measure the digital competence of prospective science
teachers accurately and systematically. The novelty of the research lies in the development of a digital
literacy instrument based on the integration of indicators from two primary sources, namely Hague &
Payton (2022) and Techataweewan & Prasertsin (2018) which have never been specifically adopted in
the context of Indonesian science education, as well as the analysis of the validity and reliability of the
instrument using the Rasch Rating Scale Model approach which can detect item quality and potential
bias between respondent groups. The significance of the research will provide a real contribution to the
development of digital literacy measuring instruments that are contextual, adaptive to technological
developments, and appropriate for evaluating the readiness of prospective teachers in facing the
challenges of 21st-century learning. Therefore, the study aims to develop and test the validity and
reliability of a digital literacy instrument based on integrated indicators through the Rasch Rating Scale
Model analysis on prospective science teachers in Indonesia.

According to the results of research on digital literacy indicators conducted by Techataweewan
and Prasertsin (2018), the criteria for digital literacy in Thai undergraduate students consist of four
factors containing 12 indicators, namely (1) Operational skills (cognition, discovery, and presentation);
(2) thinking skills (analysis, evaluation, and creativity); (3) collaboration skills (teamwork, networking,
and sharing); (4) awareness skills (ethics, legal literacy, and self-protection). Based on literacy indicators
from Techataweewan & Prasertsin (2018) and Hague & Payton (2022), modifications are made by
assimilating these two sources. In this study, these indicators were adapted and combined with Hague
and Payton’s framework to construct the initial blueprint of the instrument. Digital literacy indicators were
used to develop a digital literacy measurement instrument in the form of 30 questions consisting of 10
essay questions and 20 questionnaires (non-test). Next, the instrument was analyzed for validity,
reliability, and item analysis using the Rasch Rating Scale Model.

The Rasch Rating Scale Model (RSM) is a model in item response theory (IRT) that is used to
analyze ordinal data, such as data derived from a Likert scale or similar rating scale (Azizah &
Wahyuningsih, 2020; Jong et al., 2015; Tejada et al., 2011). RSM is a model in the Rasch family that
allows for handling items with ordered (ordinal) response categories (Gémez et al., 2012; Quintéo et al.,
2013). Characteristics of the Rasch Rating Scale Model is designed to handle data with tiered rating
scales, such as the Likert scale, which is often used in psychological and educational surveys (Morgan
et al., 2022; Nguyen & Habdk, 2024; Reddy et al., 2023). RSM assumes that all items in a scale have
the same set of thresholds between categories, but item difficulty can be different. The advantages of
the Rasch Rating Scale Model are: (1) Scale Consistency: provides a way to ensure that the ordinal
scale functions consistently across all items; (2) Easy Interpretation: The item and person parameters
in the Rasch model have an intuitive interpretation and are easy to understand; (3) DIF Detection: this
model can be used to detect Differential Iltem Functioning (DIF) by adding group parameters and
checking whether items function differently in different groups (Lestari et al., 2022; Maulana et al., 2023).

The background of the study is the need for a valid and reliable digital literacy assessment
instrument in the context of science education. Previous research on digital literacy has primarily
emphasized information and media components, lacking the development of structured, validated
measurement tools. The increasing use of digital technology in education demands instruments capable
of validly and reliably measuring digital literacy, particularly in science education. Technology-based
learning, such as flipped classrooms, demands students' cognitive and technical readiness, closely
related to digital literacy (Alias et al., 2021). This is increasingly relevant in the post-pandemic era, when
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online learning has become an integral part of the teaching and learning process, including in boarding
schools, which face unique challenges regarding affordability and access to technology (Halim & Jamari,
2023)

Furthermore, implementing various digital tools in science learning in secondary schools, as
found in the study by Mustapha & Jamaludin (2021), confirms that science teachers and prospective
teachers need to be equipped with robust digital literacy skills to optimize technology in learning.
However, few studies have explicitly developed and tested digital literacy measurement instruments,
such as the Rasch Model, based on robust theory and psychometric analysis. Therefore, this study aims
to develop a digital literacy instrument that suits the needs of 21st-century learning, and to test its validity
and reliability using the Rasch Rating Scale Model approach. Therefore, developing this instrument is
crucial to fill this gap and contribute to developing assessments that are in accordance with the needs
of 21st-century learning, especially in the context of prospective science teachers. This study specifically
aims to construct a digital literacy instrument based on integrated indicators from previous frameworks,
test its content and construct validity using the Rasch Rating Scale Model, evaluate its reliability, analyze
item difficulty levels, and identify any potential bias between respondent groups through DIF analysis.

2. METHODOLOGY

The research procedure consisted of (1) constructing the blueprint, (2) conducting expert review
for content validity, (3) pilot testing the instrument with participants, and (4) analyzing the data using
Rasch Rating Scale Model (RSM). In the initial stage, a literature review was carried out regarding digital
literacy indicators. The instrument was developed based on a modification of the literacy indicator from
Techataweewan & Prasertsin, (2018) and Hague & Payton (2022). Modification of the indicators was
carried out by integrating indicators from Techataweewan & Prasertsin (2018), which emphasize
operational skills, critical thinking, collaboration, and ethical awareness, as well as dimensions from
Hague & Payton (2022), which include functional skills, collaboration, communication, and digital
security. The integration process was done through content analysis to find intersections or substantial
differences, which were then elaborated on in the item blueprint. After finding appropriate indicators, a
blueprint item was created as a basis for creating 30 questions consisting of 10 essay questions
(questions number 1 to 10) and the remaining 20 questionnaire questions (non-test).

This study employed a survey design with both test and non-test instruments, analyzed using the
Rasch Rating Scale Model (Aving & Dogan, 2024; Quintdo et al., 2013; Son & Ha, 2025). The sampling
technique used was purposive sampling, taking into account students who had taken basic digital
literacy or educational technology courses. The number of items selected (30 items) took into account
the coverage of eight dimensions of digital literacy indicators as well as the balance between test items
(essays) and non-test items (questionnaires) to obtain a comprehensive picture. The participants were
140 prospective science teachers enrolled in teacher education programs at two universities in
Indonesia. They were selected using purposive sampling, and the demographic characteristics such as
age, gender, and study program were recorded. In this manuscript, the term participants is used
consistently. These students are 81 second-semester students in the Science Education Study Program
at Semarang State University and 59 students in the Science Education Study Program at UIN Salatiga.

The instrument was developed through several stages. First, a literature review was conducted
to identify existing digital literacy frameworks. The initial pool of items was adapted from 54 items
developed by Techataweewan & Prasertsin (2018) and several indicators from Hague & Payton (2022).
After eliminating redundancies and aligning with the context of science education, 30 items were
retained, consisting of 10 essay questions (test items) and 20 questionnaire items (non-test items) on
the digital literacy measurement instrument, which is tested on students. Expert judgment was
conducted with three experts in science education and educational technology to establish the
instrument's content validity.

The questionnaire used four scales, namely SS (Strongly Agree), S (Agree), TS (Disagree), and
STS (Strongly Disagree), with a score of 1 to 4, so that the data obtained was dichotomous data (Lafifa
& Rosana, 2024). Data analysis was conducted using WINSTEPS Version 5.7.3.0 software. Rasch
modeling provided item fit statistics, person reliability, item reliability, and principal component analysis
(PCA) of residuals for construct validity. Differential Item Functioning (DIF) was also applied to examine
potential bias across gender groups. This analysis will produce item parameters that fit the Rasch model
in terms of validity, reliability, and item analysis data. In this case, there are three types of validity tests,
namely empirical content validity tests and construct validity tests using Rasch. The finalized instrument
consisted of 30 items, including 10 essay questions and 20 questionnaire items, which were mapped
based on the developed digital literacy indicators. The distribution of these items according to each
indicator and sub-indicator is presented in Table 1.
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Table 1. Distribution of Question Items Based on the Development of Digital Literacy Indicators

Indicator Sub Indicator Question Items
Essay Questions (Test)

Think creatively about 1. Generating more than one idea and many ways to solve problems by 1,2,3,4,5
creating products and using technology (fluency)

models by utilizing digital 2. Look for many alternatives and different approaches to using

technology technology (flexibility)

3. Able to produce new and unique products/thoughts (originality)
4. Able to detail the details of an object, idea, or situation so that it
becomes more interesting (elaboration).
5. Able to define or understand in a different way from the usual way of
using technology (redefinition)
Think critically in 1. Able to formulate and analyze classification questions 6,7,8,9,10
contributing and analyzing 2. Consider and observe sources of information
when dealing with 3. Make conclusions by considering the results of induction and
information deduction
4. Clarify terms in the information
5. Defend decisions by considering and thinking logically about
premises, reasons, assumptions, positions, and other proposals

Questionnaire (non test)

Delivering product results 1. Able to find information through digital technology (information 11,12
by utilizing digital retrieval)
technology 2. Able to read sources of scientific information (scientific reading)
Communicating ideas or 1. Able to listen and observe through digital media (listening and 13, 14, 15
concepts through digital observing)
media 2. Writing scientific ideas or ideas (scientific writing)

3. Able to present knowledge and information (knowledge presentation)
Discuss ideas and 1. participate actively in the digital space 16, 17, 18, 19
participate in digital spaces 2.  work productively discussing ideas or concepts with friends

3. responsible and flexible in group assignments

4. mutual respect between group members
Assess and re-evaluate 1. Verify the facts and data presented. 20, 21,22, 23, 24
information found via the 2. Check the accuracy of the information through other independent
internet quickly and sources.
precisely 3. Assess whether the information is supported by strong evidence.

4. Assess whether the information is relevant to the discussed topic or

problem.
5. Ensure that the information is appropriate to the needs and context
of its use.
Use of technology 1. Able to use technology according to local cultural norms, values , and 25, 26, 27
according to the context of habits
social and cultural 2.  Able to sort information according to the context of social and cultural
understanding understanding
. Preserving social culture through technology

Able to guarantee security 1. Able to maintain data privacy and confidentiality in accordance with 28, 29, 30
when using digital local ethical standards.
technology 2. Be aware of personal information shared online and limit access to

it.
3. Implement privacy on social media and other applications to
minimize risks.

The research instrument, which has developed indicators and questions, will then undergo
content validity testing. The content validity test will involve five experts. The results of the expert
validation will be analyzed using Aiken V. If the Aiken V analysis results indicate validity for the
instrument being assessed, the instrument will then be tested. The results of the instrument test will be
used to analyze construct validity, reliability, ltem Difficulty Level, DIF (Intergroup Bias), Characteristics
of Question Items, and Characteristics of Questionnaires using RASCH analysis. Construct validity is
measured by referring to item polarity. Item polarity refers to the Point Measure Correlation (PTMEA
Corr) value observed in the range of 0.20 to 0.71. In addition, construct validity is also seen through
Principal Component Analysis (PCA), which examines items that correspond to the unidimensionality
construct (Jin et al., 2020; Le et al., 2022). Reliability is analyzed based on person reliability and item
reliability. The person reliability and item reliability categories use categories according to Boone (2016),
namely <0.67 (weak); 0.67-0.80 (fair), 0.80-0.90 (good); 0.91-0.94 (excellent), >0.94 (Excellent).
Cronbach's alpha is used to assess the internal consistency or reliability of a set of items in a test or
questionnaire. Internal consistency refers to how well the items in an instrument measure the same
concept. Person reliability and item reliability are two important aspects of measurement that are closely
related to internal consistency as measured by Cronbach's Alpha. Cronbach's Alpha criteria can be seen
in Table 2.
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Table 2. Criteria for Cronbach's Alpha Value (Reliability) for Question Items

Cronbach's Alpha Coefficient Interpretation

<0,50 The scale has no internal consistency

0,50 - 0,60 The internal consistency of the scale is weak

0,60 -0,70 The internal consistency of the scale is acceptable
0,70 -0,80 The scale has internal consistency

>0,80 The internal consistency of the scale is very high

3. RESULTS AND DISCUSSION

Content validity was confirmed through expert review, which ensured that all items adequately
represented the intended domain of digital literacy. Meanwhile, construct validity was examined using
Rasch analysis, which provided evidence of item polarity, unidimensionality through PCA, and item fit
indices. This distinction clarifies the methodological approach in evaluating the validity of the instrument.
The results of the validity test showed that most of the questions were declared valid, while several
items needed to be revised based on the Rasch Model fit criteria.

3.1. Content Validity

Content validity was established through expert judgment to ensure that each item represented
the intended construct of digital literacy. Content validity is conducted to ensure that the instrument items
are in accordance with the indicators and constructs to be measured. In this study, content validity was
assessed by five experts who are competent in their fields. Five experts participated in the validation
process, consisting of two experts in science education, one expert in educational measurement and
evaluation, and two experts in educational technology. The experts were asked to assess each
instrument item using a specific scale. Each expert rated the relevance, clarity, and representativeness
of the items using a four-point scale (1=not relevant to 4=highly relevant). The use of five
experts/specialists aims to obtain a more objective assessment, reduce individual bias, and provide a
stronger basis for determining the research instrument's feasibility. In the content validity analysis, the
number of experts involved affects the results of Aiken's V calculation. The more experts there are, the
more stable the Aiken's V value produced will be, and can describe a stronger level of agreement. The
critical value (cut-off) used when using five experts with a scale of 1 to 4 is an Aiken's V value = 0.80,
then the item is considered valid. If the Aiken's V value < 0.80, the item must be revised or removed.
The results of content validity by experts are presented in Table 3.

Table 3. Aiken V Analysis of Content Validity by Experts Judgement

Validation Validator >s n(C-1) v Criteria
Items A B Cc D E
1 4 3 3 4 4 13 15 0.87 Highly valid
2 4 4 4 4 4 15 15 1.00 Highly valid
3 4 4 4 3 4 14 15 0.93 Highly valid
4 4 4 3 4 4 14 15 0.93 Highly valid
5 4 4 3 4 4 14 15 0.93 Highly valid
Average V value 0.93 Highly valid

Table 3 presents a summary of Aiken's V results, which show that all five sample items achieved
coefficients above 0.80 with an average of 0.93, confirming that the instrument's content aligns with the
theoretical framework of digital literacy. Therefore, the expert assessment results support the content
validity of the developed instrument. Further analysis using the Rasch Rating Scale Model was
conducted separately to examine construct validity, reliability, and item characteristics. The results of
the focus group discussion with experts supported the item revisions, particularly in terms of clarity of
wording and contextual alignment with science teacher education. The Focus Group Discussions
(FGDs) feedback was integrated into the final version of the instrument before Rasch analysis.

3.2. Construct Validity, Reliability (Cronbach’s Alpha), Item Difficulty Level

The instrument, which was declared content-valid through Aiken's V analysis, was then pilot-
tested to obtain empirical data. The pilot-test data were used to analyze construct validity, reliability, and
item difficulty. Construct validity testing was conducted to ensure the instrument items accurately
measured the intended theoretical constructs. Instrument reliability was analyzed using Cronbach's
Alpha coefficient to assess internal consistency between items. Meanwhile, difficulty analysis was used
to determine the extent to which the instrument items were considered easy, moderate, or difficult for
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respondents. Construct Validity, Reliability (Cronbach's Alpha), and Item Difficulty Level are presented
in Table 4.

Table 4. Results of Validity, Reliability, and Item Difficulty Level

Analysis Aspect Instrument Type  Main Findings Revised Items Valid
Items
Construct Validity Essay All questions are still considered fit, Questions 7, 9 (2 10
although some need major revision requirements not met)
Explained variance is only 29% — low  Revision of the
validity model/instrument is
recommended
Questionnaire 4 items are invalid (16, 18, 19, 20) 16, 18, 19, 20 16

because the MNSQ, ZSTD, and Pt.
Measure Corr values are outside the

limits

Explained variance 46% — quite good Iltems with high

validity contrast (e.g., item 4)

need to be reviewed

Reliability Essay 0.65 — Quite good (acceptable) - -
(Cronbach’s Alpha)  Questionnaire 0.83 — Very high - -
Item Difficulty Level Essay SD = 0.35. Most questions are Question 3 (difficult), -

classified as moderate question 6 (easy)

Questionnaire SD = 1.01. High variation: items 1,4,6 1,4,6 -
are very difficult; items 3, 8, 14 are
very easy

The results of the construct validity analysis using Principal Component Analysis (PCA) showed
that the essay questions could only explain 29% of the total variance. This relatively low percentage
indicates that the construct validity is still weak, and the questions do not fully represent the dimensions
of digital literacy to be measured. This can be caused by several factors, such as the inconsistency
between the questions and indicators, the disproportionate coverage of the indicators, and the
formulation of questions that are too complex or have multiple interpretations for the cognitive level of
the respondents. In addition, unexpected latent dimensions or overlaps between constructs can also
cause distortion of the primary measurement focus. To overcome these problems, it is necessary to
review the relationship between each question item and the referred indicator, improve the wording of
the questions to be more precise and more focused, and develop a more comprehensive digital literacy
model to suit the competencies to be measured. Follow-up actions that can be taken include revising or
replacing weak items, involving material experts and evaluation in the validation process, and
conducting cognitive interviews or response process analysis to identify and reduce variants that are
not relevant to the construct. Retesting on a larger sample is also recommended to verify the
improvement in construct validity after the revision. Meanwhile, the questionnaire components showed
better construct validity, with 46% of the variance explained by the primary construct. This indicates that
the items in the questionnaire are more aligned with the intended digital literacy construct. However,
there were still unexplained variances and high contrasts in the residual components, indicating the
possibility of unexpected latent dimensions. This could be because some statement items were too
general, not contextually specific, or had a certain cultural content that all respondents did not uniformly
understand. Suggested solutions include identifying and improving items that contribute to high contrast,
simplifying the language, and adjusting the statements' context to suit the respondents' backgrounds
and experiences. Important follow-up actions that need to be carried out include conducting exploratory
factor analysis (EFA) to verify the dimensional structure of the questionnaire, focus group discussions
(FGDs) to obtain qualitative feedback, and refining the conceptual framework to make it more
straightforward and more operational. With these steps, this instrument can have stronger construct
validity and accurately measure prospective science teachers' digital literacy competencies accurately
and fairly.

The reliability analysis results show that both the essay and questionnaire scales have a level of
reliability that is classified as sufficient to very high. The Cronbach's Alpha value for the essay questions
is 0.65, indicating acceptable internal consistency, while for the questionnaire, it reaches a value of 0.83,
which is categorized as very high. In addition, the item reliability value reaches 0.92 for the essay and
0.98 for the questionnaire, indicating that both parts of the instrument have excellent measurement
stability. Further reliability analysis at the construct level (knowledge, skills, ethics, and usage) showed
coefficients ranging from 0.79 to 0.85, indicating acceptable internal consistency within each domain.
These results indicate that, in general, the instrument developed has strong internal consistency,
especially in the questionnaire section. The high reliability of the questionnaire can be caused by the
closed and more structured scale format, so that respondents provide stable and consistent answers.
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On the other hand, the slightly lower reliability of the essay is likely influenced by variations in
respondents' understanding of the questions, writing skills, and differences in interpretation of the
indicators being measured. In addition, open-ended questions, such as essays, are more susceptible to
subjectivity in assessment, especially if they are not equipped with a detailed assessment rubric.
Solutions that can be applied to improve reliability in the essay section are to improve the assessment
rubric to be more objective and standardized, and to train assessors to ensure uniformity in the scoring
process. In addition, the formulation of essay questions also needs to be simplified and focused to be
more specific to the intended indicators to reduce the variability of irrelevant responses. Follow-up
actions that need to be carried out are inter-rater reliability testing to ensure consistency between
assessors and re-testing the reliability of the revised version of the questions using a more diverse
sample. Although the reliability of the questionnaire section is very high, it is still necessary to pay
attention to the potential for redundancy between items. Therefore, conducting an inter-item correlation
analysis is recommended to identify items that are too similar and simplify items if necessary so that the
instrument remains efficient without sacrificing its accuracy.

Item-difficulty analysis indicated a balanced distribution of logit values. Essay items had a
standard deviation of 0.35, categorizing most questions as moderate in difficulty, while questionnaire
items had a wider spread (SD = 1.01), indicating greater variation in perceived difficulty. ltems that were
extremely easy or difficult were identified for potential revision to maintain optimal discrimination across
respondent abilities. Such items can compromise the instrument's effectiveness in distinguishing
respondents' actual ability levels. ltems that are too easy tend to fail to identify respondents with low
ability, while items that are too difficult risk eliciting random responses from respondents. Therefore, we
reviewed the extreme items based on logit values and content validity, then restructured the items to
align with students' cognitive developmental levels and contextualize their experiences. Iltems that were
too difficult were simplified and divided into two levels, while too easy items were expanded to become
more challenging. The distribution of item difficulty levels mirrors the indicator progression suggested
by Techataweewan & Prasertsin (2018), ranging from basic information access to high-level problem-
solving and innovation. This theoretical alignment strengthens the argument that the developed
instrument is conceptually grounded and psychometrically robust.

3.3. DIF (Intergroup Bias)

DIF analysis was conducted using the Rasch Rating Scale Model. DIF detects whether individuals
from different groups but with the same ability level have different probabilities of endorsing or correctly
responding to an item (Boone, 2016). In this study, DIF was analyzed by comparing responses between
students from Universitas Negeri Semarang (UNNES) and UIN Salatiga. DIF Analysis presented in
Table 5.

Table 5. DIF Analysis

Analysis Aspect Instrument Main Findings Revised Items Valid
Type Items
DIF (Intergroup Essay ltems 1, 3, 4, 5, 6, 7, 9 show significant 7 items need to be -
Bias) differences between UIN Salatiga & UNNES  evaluated
Questionnaire  Most items do not show significant DIF, 4,16 -

except items 4 and 16

The solution to overcome DIF findings is to revise the items that are identified as biased, either
by changing the wording to be more neutral and universal or by adding an equal context for all groups.
It is also recommended that a cultural fairness test be conducted and reviewers from across institutions
be involved in compiling the questions. Follow-up actions that need to be taken include retesting the
instrument after revision with a broader and more diverse group of respondents, as well as the
application of advanced statistical tests such as Mantel-Haenszel and Rasch-Welch t to ensure that all
items function fairly for all respondents. Several digital literacy question instrument items showed
significant bias between UIN Salatiga and UNNES. This is indicated by very low probability values and
considerable DIF contrasts. Iltems with significant differences were then reviewed and revised to ensure
they were not biased toward one group. Identification of biased items aims to improve the validity and
fairness of the assessment instrument. The following analysis was carried out to find the DIF (Differential
Iltem Functioning) t value. This analysis detects the presence of DIF in test items or questionnaires. T
value in this context refers to the value obtained from a statistical test comparing item performance
between two groups.
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Figure 1. DIF t-Value on Digital Literacy Questions

Based on Figure 1, it can be seen that items with very high or very low t-values indicate that there
is a significant difference between UIN Salatiga and UNNES for the item. These items require further
evaluation to determine whether the difference is due to bias in the item or legitimate differences in
group abilities. Items that show significant differences require revision to ensure that the items are fair
and not biased towards one group. ltems with t-values close to zero indicate that there is no significant
difference between UIN Salatiga and UNNES for the item. These items tend to be fair and not biased
between groups. The results of the DIF analysis, Direction of Bias and Recommendations are presented
in Table 6.

Table 6. Results of DIF analysis, Bias Direction and Recommendations

Number of Items Bias  Item DIF Direction of Bias Recommendation
Instrument L
(Significant, p < 0.05)
Essay 7 out of 10 questions Questions 1, 3, Mixed (some are harder for Revise or recalibrate
4,5,6,7,9 UNNES, others for UIN) guestions that show bias
Questionnaire 2 out of 20 items ltems 4 and 16 Iltems are harder for certain Evaluate context and
groups (not specifically item formulation
mentioned)

3.4. Characteristics of Question Items

The characteristics of the analyzed items are the level of difficulty of the items using ltem Measure
on the WINSTEPS Version 5.7.3.0 application. The standard deviation (SD) value in this test is 0.35, so
the category of the Level of Difficulty of the Items is based on the Logit Value in Table 8. ltems with
unsatisfactory fit should be reviewed because they do not measure what they are supposed to measure
or may confuse respondents. This is very important to ensure that the measurement of the desired ability
in psychometrics or education is valid and reliable. The results of the analysis of the level of difficulty of
the test items based on the logit value and its category are presented in Table 7.

Table 7. Categories of Difficulty Levels in Digital Literacy Question Instruments

Logit Value Categories
Greater than +0.35 SD Very Hard
0.0 logit + 0.35 SD Hard

0.0 logit — 0.35 SD Medium
Less than -0.35 SD Easy

ltems with unsatisfactory fit should be reviewed because they do not measure what they are
supposed to measure or may confuse respondents. This is very important to ensure that the
measurement of the desired ability in psychometrics or education is valid and reliable. The results of the
analysis of the level of difficulty of the test items based on the logit value and its category are presented
in Table 8. Distribution of the difficulty level of digital literacy questions based on the logit value
(measure) from the Rasch analysis. The logit value indicates each question's difficulty level, where a
positive value indicates an easier question and a negative value indicates a more difficult question. The
difficulty level categories are classified into three: easy (logit > +0.35), moderate (logit between -0.35
and +0.35), and difficult (logit < -0.35), with a standard deviation of 0.35 as the limit reference. Based
on the results of the data analysis, most of the questions are in the moderate category, which is 8 out
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of 10. This shows that, in general, essay questions are in a proportional difficulty range and can measure
respondents' abilities well. One question (question number 6) is in the easy category with a logit of
+0.70, which indicates that most respondents can answer this question correctly. Meanwhile, only one
question is classified as difficult, namely question number 3, with a logit value of -0.49. The items'
distribution based on the difficulty level of the questions is presented in Table 9.

Table 8. Analysis of the Level of Difficulty of Question Items Based on Logit Values and Categories

Instrument Extreme Items (Most The Easiest Item Distribution of Difficulty Recomendation
Difficult) Levels

Essay Question no. 3 Question no. 6 The majority are in the Logit distribution is

(Question) (-0.49) (+0.70) moderate category (7 normal, varied, and

questions), 1 difficult, 1 easy  needs a balance of
difficulty level

Questionnaire  ltem 4 (+2.34), 6 (+1.85), Item 14 (-1.95), 8 3 very difficult, 6 difficult, 9 Logit variation is high
1 (+1.40) — Very Difficult  (-1.26), 3 (-1.12) > moderate, 3 easy (SD =1.01), needs
Easy revision of extreme
items

Table 9. Distribution of Items Based on the Level of Difficulty of Digital Literacy Questions

Question Number Total Score Total Count Measure Question Type
6 1061 140 0.70 Easy

8 1095 140 0.37 Medium
5 1099 140 0.33 Medium
4 1129 140 0.03 Medium
1 1138 140 -0.06 Medium
2 1142 140 -0.10 Medium
10 1147 140 -0.15 Medium
7 1160 140 -0.28 Medium
9 1167 140 -0.35 Difficult
3 1182 140 -0.49 Easy

The item distribution in Table 8 indicates that the instrument has a relatively balanced distribution
of difficulty levels, although more attention needs to be paid to questions with extreme levels of difficulty.
Question number 6, which is too easy, is at low risk of discriminating between respondents with low and
high abilities, so it needs to be reviewed or further developed to be challenging. Conversely, question
number 3, which is considered difficult, needs to be analyzed in terms of wording, complexity, or
indicator suitability so as not to disproportionately hinder respondents' understanding. Suggested follow-
up actions include revising these extreme questions and conducting additional trials to validate the
effectiveness of the items in optimally measuring digital literacy skills.

3.5. Characteristics of Questionnaires

The Standard Deviation (SD) value in the questionnaire instrument test is 1.01, so the category
of Questionnaire Item Difficulty Level is based on the Logit Value in Table 10. The level of difficulty in
this questionnaire can be said that the statements in the questionnaire can confuse respondents.
Distribution of the difficulty level of digital literacy questionnaire items based on the logit value from the
Rasch analysis results. This logit value describes the extent to which the item is considered easy or
difficult by respondents, namely, prospective science teacher students. Based on the size and difficulty
of prospective science teacher students, the distribution of questionnaire items is presented in Table 11.

Based on Table 11, it can be seen that most of the questionnaire items (13 out of 20 items) are
in the moderate category, indicating that the majority of statements in the questionnaire have a balanced
level of difficulty and are able to detect variations in respondents' abilities in general. Three items are
classified as easy, namely items 3, 8, and 14, with logits below -1.00 each. These three items tend to
be answered easily by all respondents, so their discrimination values need to be reviewed to remain
informative. Meanwhile, four items are classified as difficult, namely items 7, 10, 11, and 18, which are
slightly above logit 0 and approaching the upper limit. In addition, there are three items that are very
difficult, namely item 1 (logit 1.40), item 6 (logit 1.85), and item 4 (logit 2.34). These items indicate that
only respondents with very high abilities tend to answer them consistently. Very high levels of difficulty
can cause unbalanced cognitive pressure and risk disrupting the validity of the measurement if not
balanced by representative items. The variation in levels of difficulty found reflects that the questionnaire
instrument has a wide range, but items with extreme logits (either too low or too high) need to be
reviewed. This is important to ensure that all items contribute to measuring the digital literacy construct
in a balanced manner. Follow-up actions that can be taken include re-analyzing the interpretation of
items by respondents, revising the wording of extreme items, and conducting additional trials to reassess
the diagnostic function of each item in a wider and more diverse population. The distribution of items
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based on the level of difficulty of the digital literacy questionnaire items can be presented in Figure 2.
The moderate category dominates the distribution with a total of 8 items, indicating that most of the
statements in the questionnaire have a proportional level of difficulty and are within the average ability
of the respondents. The difficult category is in second place with six items, indicating that a number of
statements are quite challenging for most prospective science teacher students. Meanwhile, the easy
and difficult categories each consist of 3 items. The presence of items with extreme levels of difficulty
like this (either too easy or challenging) needs to be explicitly considered because it risks reducing the
instrument's effectiveness in optimally differentiating the respondents' abilities.

Table 10. Categories of Difficulty Levels in the Digital Literacy Questionnaire Instrument

Logit Value Categories
Greater than +1.01 SD Very Hard
0.0 logit + 1.01 SD Hard
0.0 logit — 1.01 SD Medium
Less than -1.01 SD Easy
Table 11. Distribution of ltems Based on the Level of Difficulty of Digital Literacy Questionnaire Items
Question Number Measure Question Type
3 -1.12 Easy
8 -1.26 Easy
14 -1.95 Easy
20 -0.12 Medium
13 -0.15 Medium
2 -0.18 Medium
19 -0.21 Medium
12 -0.27 Medium
5 -0.49 Medium
9 -0.81 Medium
15 -0.81 Medium
7 0.93 Difficult
17 0.34 Difficult
16 0.32 Difficult
18 0.12 Difficult
11 0.05 Difficult
10 0.02 Very Difficult
4 2.34 Very Difficult
6 1.85 Very Difficult
1 1.40 Very Difficult
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Figure 2. Distribution of ltems Based on the Level of Difficulty of Digital Literacy Questionnaire ltems

Overall, this distribution shows that the questionnaire instrument has covered a good variation in
difficulty levels. However, further studies are still needed on items in the extreme category to ensure
that the measurement quality remains valid, reliable, and balanced. This study has several limitations
that need to be considered. First, the number of samples is limited to two institutions that may not
represent the diversity of educational contexts in Indonesia. Second, although the instrument's reliability
is high, the construct validity, especially in essay questions, is still low, so improving the model or
expanding the indicators is necessary. Third, the potential bias of student responses due to an
understanding of local socio-cultural contexts has also not been fully explored. Recommendations for
further research include expanding the sample from multiple institutions, utilizing additional exploratory
factor analysis to increase construct validity, and adjusting the cultural context in items to reduce
potential bias. The results of this study are consistent with recent empirical evidence. Son and Ha (2025)
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reported that Rasch modeling provides useful diagnostic information about the reliability and
dimensionality of digital literacy measures, similar to the results obtained here. In addition, Aving and
Dogdan (2024) highlighted the importance of multidimensional perspectives in assessing pre-service
teachers’ digital competencies, which supports the integrated framework used in this study.

4, CONCLUSION

This study developed and validated a digital literacy instrument consisting of essay questions and
questionnaires, tested on prospective science teacher students. The Rasch Rating Scale Model was
used for analysis. The instrument showed good content validity for the essay items, though four
questionnaire statements required revision. Construct validity results indicated moderate explanatory
power (29% for essay items and 46% for questionnaires). Reliability analysis showed acceptable internal
consistency (KR-20 = 0.65 for essays, 0.83 for questionnaires) and high item reliability (0.92 and 0.98,
respectively). DIF analysis revealed item bias in some essay questions between student groups, while
the questionnaire showed no significant bias. These findings highlight the instrument’s strong potential,
with further improvement needed in essay item construction and bias reduction. The revised instrument
can serve as a reliable tool for measuring digital literacy in science teacher education. However, the
relatively small sample size (N=140) and limited diversity of participants may have influenced the DIF
results and generalizability of the findings. Future studies should involve larger and more diverse
samples of prospective teachers.
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