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PISA 2025-Based Digital Physics Literacy Assessment: A Development
Study on Wave Material in Lamongan
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a 1State University of Surabaya, Surabaya, Indonesia
2Victoria University of Wellington, Wellington, New Zealand
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Sections Info ABSTRACT
Article history: Objective: This study aimed to develop and validate a digital assessment instrument
Submitted: April 02, 2026 for physics literacy, framed around the three PISA 2025 science competencies, using
G e Final Revised: August 15, 2026 wave material for grade XI students at a senior high school in Lamongan. Method: The
Accepted: August 15, 2026 study used a Research and Development (R&D) approach following the ADDIE model,
Published: August 27, 2026 limited to the Development stage, comprising expert validation and a limited trial
Keywords: involving 35 grade XI Phase F students. The instrument consisted of 10 higher-order-
Assessment Digital; thinking essay items (Bloom's cognitive levels C4-C6), with a maximum score of 32
HOTS; points, contextualized around the Sumenep Earthquake, East Java (M6.0, 30 September
Physics Literacy; 2025). Results: The instrument was very valid (CVI = 0.89) and reliable (Cronbach's
PISA 2025; a = 0.84). Students' physics literacy profile was distributed as 45.7% Developing,
Wave Material. 34.3% Capable, and 20.0% Proficient, with a class average of 76.0% (Capable category).

Achievement per PISA 2025 competency was K-1, Explaining Scientific Phenomena,
80.3%; K-2, Evaluating Investigation Design and Interpreting Data, 74.9%; and K-3,
Evaluating Scientific Information and Decision-Making, 73.4%. Novelty: This is the
first PISA 2025-based digital assessment instrument for physics literacy contextualized
on an authentic local seismic phenomenon in East Java, validated by a multi-expert
panel comprising physics-education academics and a practicing teacher.

INTRODUCTION
The ongoing digital transformation of education, along with the growing demand for

twenty-first-century competencies such as critical thinking, evidence-based reasoning,
and information evaluation, requires assessment practices that move beyond routine
recall to measure students' capacity to reason with authentic, technology-mediated data
(Sung et al., 2022). Within this shift, scientific literacy, and physics literacy as one of its
central domains, has become a key indicator of whether learners can apply disciplinary
knowledge to real-world problems rather than merely reproduce formulas. Physics
@ literacy is defined as students' ability to understand, interpret, and apply physics
concepts to scientifically explain natural phenomena, evaluate investigation designs, and
use scientific information in real-life decision-making (Holbrook & Rannikmaée, 2009),
consistent with the broader principle that contextualizing science education strengthens
meaningful learning (Holbrook & Rannikmde, 2020). As a key domain of scientific
e literacy, physics literacy is a primary focus of the Program for International Student
Assessment (PISA), which measures students' competence in applying physics
knowledge to real-life situations (OECD, 2024), an area that has seen rapidly growing
global research attention over the past decade, as confirmed by systematic literature
analyses following PRISMA guidelines (Alhusni et al., 2024; Suryawati et al., 2023).
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@ The 2022 PISA results ranked Indonesia 67th in science, with an average score of 383,
well below the OECD average of 485 (OECD, 2023). This gap reflects several interacting
causes, including limited instructional time devoted to inquiry, uneven teacher
familiarity with literacy-based pedagogy, and, of direct relevance to the present study,
an assessment culture that rarely requires students to explain phenomena, evaluate
investigation designs, or judge the credibility of scientific claims — the very competencies
that scientific literacy demands (Astutik et al., 2022; Kemendikbudristek, 2023). In other
words, weak literacy-oriented assessment is not the only explanation for Indonesia's
PISA performance, but it is one of the more tractable ones, because it is a variable that
classroom-level instrument development can directly address. A needs analysis at a
senior high school in Lamongan confirmed that the available assessment instruments did
not comprehensively measure physics literacy competencies according to the PISA
framework, with questions still dominated by low cognitive levels (Astutik et al., 2022).
The PISA 2025 framework defines three core science competencies: K-1 (explaining
phenomena scientifically), K-2 (developing and evaluating investigation designs and
critically interpreting data), and K-3 (evaluating and reflecting on scientific information
for decision-making) (OECD, 2024). It is important to clarify how these literacy
competencies relate to higher-order thinking skills (HOTS), since the two are sometimes

conflated in the physics-education literature. HOTS, defined through the Analyzing,
Evaluating, and Creating levels of the Revised Bloom's Taxonomy (Anderson &
Krathwohl, 2001), is not itself the construct this study measures; rather, it is the cognitive
demand through which physics literacy is expressed. Explaining a phenomenon
scientifically (K-1) requires analysis of causal mechanisms; evaluating an investigation
design (K-2) requires evaluative judgment of methodological choices; and judging the
credibility of scientific information (K-3) requires the synthesis and creation of a reasoned
position. Because none of these performances can be produced through recall or routine
application alone, PISA 2025-aligned literacy items are necessarily written at the C4-C6
levels (Widana, 2017). This study therefore treats the HOTS items as the instrument's
cognitive vehicle, and physics literacy operationalized as K-1, K-2, and K-3 as the
construct under measurement, consistent with prior work demonstrating the feasibility
@ of developing valid HOTS-based physics instruments (Arafah et al., 2021; Bhakti et al.,
2023; Sugiarti et al., 2017) and with evidence that well-designed HOTS instruments can
meaningfully strengthen students' scientific and digital literacy (Astalini et al., 2022).
Over the past five years, several Indonesian and regional studies have pursued digital
or multimedia-based physics instruments and learning media, but a closer look at this
body of work reveals a persistent gap that motivates the present study. Digital books and
@ 3D animation embedded in online problem-based learning have been shown to
strengthen pre-service teachers' scientific literacy (Sunarti et al.,, 2024); interactive
multimedia on sound and light waves has improved students' concept understanding
and literacy skills (Asrizal et al., 2025); STEM-based e-learning has produced measurable
communication and collaboration gains on wave topics (Wiyono et al.,, 2022); and
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website- or STEAM-based platforms have been developed to support physics learning
more generally (Sina et al., 2023; Mahendra et al., 2025). Assessment-focused instrument
development has likewise progressed, including PISA-model instruments for problem-
solving and scientific literacy at the junior-secondary level (Rosana et al., 2020), general
science-literacy profiling instruments (Chasanah et al., 2022), and reviews contrasting the
PISA 2018 and PISA 2025 science frameworks (Deta et al., 2024). What remains absent
from this literature, however, is a digital instrument that (a) operationalizes the specific
three-competency structure of PISA 2025 rather than scientific literacy in general, (b) is
anchored to an authentic, dated local phenomenon rather than a generic or hypothetical
scenario, and (c) is validated by a panel that combines academic and school-practitioner
perspectives. This combination constitutes the gap the present study addresses, and is
the basis of its claimed novelty.

Digital assessment offers advantages in the form of integrating multimedia stimuli
such as seismograms and data graphs, as well as more systematic data collection
(Lumembang & Bandari, 2024), in line with the transformation of the Independent

Learning Curriculum (Kemendikbudristek, 2023). Several recent studies have shown the
effectiveness of digital assessment in increasing the authenticity of physics learning-
outcome measurements (Mahendra et al., 2025; Sina et al., 2023), consistent with broader
evidence that technology-supported learning strengthens higher-order thinking (Sung et
al., 2022) and that problem-based approaches improve physics problem-solving abilities
(Putri et al., 2024).

Wave material was chosen as the assessment context because it encompasses physics
concepts wave propagation, energy relationships, resonance, and interference that lend
themselves naturally to literacy-based tasks requiring analysis, evaluation, and creation,
rather than to computation alone (Fadilah et al., 2020). This choice is consistent with prior
work developing valid physics assessment instruments (Simamora et al.,, 2024) and
demonstrating measurable literacy and skill gains specifically on wave material (Wiyono
et al., 2022; Asrizal et al., 2025), and with evidence that localized, real-world contexts
strengthen literacy-oriented achievement in physics learning (Martawijaya et al., 2023).
To strengthen contextual relevance, the Sumenep Earthquake phenomenon of 30
September 2025 (M6.0) was used as an authentic stimulus, given that Indonesia records
more than 6,000 earthquakes per year (BMKG, 2025), which underscores the importance
of embedding disaster-mitigation understanding within the school curriculum (Putra et
al., 2021; Rofiah et al., 2021). One senior high school in Lamongan was chosen as the
research site because it has adequate digital infrastructure, while its available assessment
instruments do not yet measure the three PISA 2025 competencies in an integrated
manner (Chasanah et al., 2022), a gap consistent with similar efforts elsewhere to develop
PISA-model instruments for measuring problem-solving skills and scientific literacy
(Rosana et al., 2020).

Based on this background, this study aims to develop a digital assessment instrument

for physics literacy based on PISA 2025 on wave material, with a maximum score of 32
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points, while also describing the instrument's content validity, drawn from the judgment

a of two physics-education lecturers and one high-school physics teacher, together with its
reliability, and describing the physics literacy profile of grade XI students per PISA 2025
competency, so that these three aims jointly produce not only a validated measurement
tool but also an empirical baseline of students' strengths and weaknesses across the K-1,
K-2, and K-3 competencies; the practical implication is that teachers and curriculum
developers at the research site, and potentially at comparable schools, gain both a ready-
to-use, locally contextualized assessment instrument and evidence-based guidance on
which competency namely critical evaluation and argument construction under K-3 most
urgently needs to be strengthened through subsequent instructional design.

(12 RESEARCH METHOD

This study used the Research and Development (R&D) method with the ADDIE model
developed by Branch (2009), consistent with the broader R&D tradition in educational
research (Gall et al., 2007). ADDIE was chosen over alternative R&D designs, such as the
4D model, because its five iterative, criterion-referenced stages allow validity and
reliability evidence to be generated as early as the Development stage, before a resource-
intensive, full-scale implementation. This sequencing matched the present study's aim,
which was to establish the instrument's initial feasibility rather than test its classroom-
wide effectiveness. The ADDIE (Analysis, Design, Development, Implementation, and

Evaluation) of which this study covers the first three (Analysis, Design, and
Development); the Implementation and Evaluation stages were intentionally deferred
rather than omitted. Administering an unvalidated instrument across multiple classes or
schools would risk producing an unreliable picture of students' physics literacy, so
establishing content validity and internal-consistency reliability was treated as a
necessary prerequisite before broader classroom implementation could be justified.
These two remaining stages are planned for a subsequent study with a broader subject
e scope, so that the product's effectiveness can be tested comprehensively. Figure 1
presents the research flow used in this study.

Scope of the present study

ANALYSIS DESIGN DEVELOPMENT IMPLEMENTATION EVALUATION

Expert validation & planned for planned for
limited trial further research further research

Figure 1. ADDIE model development flowchart (Branch, 2009)

Development Procedures
The three ADDIE stages implemented in this study proceeded as follows.
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1. Analysis stage: needs analysis through teacher interviews and classroom
observations, together with an analysis of the alignment between Phase F learning
outcomes and the PISA 2025 competencies (OECD, 2024).

2. Design stage: preparation of the item characteristics and grid for 10 open-ended items
distributed across K-1 (items S1, S2, S5), K-2 (items S3, S4, S6, S7), and K-3 (items S8,
59, 510), written at cognitive levels C4-C6, with a maximum score of 32 points, using
the Sumenep M6.0 earthquake as the contextual phenomenon.

3. Development stage: drafting of the test items, analytical scoring rubrics, and answer
keys, followed by digitization of the instrument via Google Forms (Lumembang &
Bandari, 2024), and then expert validation and a limited trial.

@ Subjects and Place of Research
The research was conducted in April 2026 at a State Senior High School (SMAN) in

Lamongan Regency. The subjects in the limited-trial phase were 35 grade XI Phase F
students who had completed the wave-material unit under the Independent Curriculum.
Subjects were selected purposively, based on the physics teacher's recommendation, to
ensure that the material students had studied matched the context of the instrument
being developed (Sugiyono, 2019).

Validation Instrument
a Three experts carried out the validation: two physics-education lecturers and one high-

school physics teacher. Each validator assessed all 10 items on three aspects using a 1-4
scale: (1) Content (K) the alignment of items with physics-literacy indicators and PISA
2025 competencies; (2) Construction (Kn) the clarity of item construction, alignment with
cognitive levels C4/C5/C6, and consistency of the scoring rubric; and (3) Language (B)
clarity, accuracy, and appropriateness of the language used.

Data Analysis Techniques

° Content validity was analyzed using the Content Validity Ratio (CVR) and Content
Validity Index (CVI). The CVR for each item was calculated using the Lawshe (1975)
equation:

ne—~
O CVR = =52 (1)
2

Where n is the number of validators who assigned a score > 3 (indicating the item is
ae valid), and N is the total number of validators. The CVI was then calculated as the mean
CVR across all items:

vl = = )
@ Where 2CVR is the sum of the CVR values for all items, and k is the number of items.
@ Item-level CVR critical values were determined based on the number of validators (Ayre

& Scally, 2014), an approach comparable to other expert-judgment content-validity
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methods such as Aiken's V (Kania et al., 2024). An instrument is considered highly valid
if it achieves a CVI > 0.80 (Chasanah et al., 2022). Table 1 presents the instrument's
eligibility criteria based on CVL

Table 1.CVI eligibility criteria

CVI Value Category Description
> 0.80 Very Valid Suitable for use without major revisions
0.60 - 0.80 Valid Suitable for use with minor revisions
<0.60 Not Valid Needs a complete revision

Instrument reliability was analyzed using Cronbach's alpha with SPSS version 26. The

instrument was considered reliable if its reliability coefficient (a) was > 0.70, consistent
with commonly applied cut-off criteria for internal consistency in educational research
(Zakariya, 2022), complementing item-level approaches such as Rasch-model analysis
used for other physics-concept instruments (Kurniawan et al., 2024). After confirming the
instrument's validity and reliability, the limited-trial results were analyzed descriptively

to profile students' physics literacy. Students' percentage scores were categorized into
@ four levels, as shown in Table 2.

Table 2. Student literacy profile category

Percentage Score (%) Category
> 80 Proficient
61 - 80 Capable
41 - 60 Developing
<40 Beginning
@ RESULTS AND DISCUSSION

Results

Development of the Assessment Instrument

The digital physics-literacy assessment instrument consists of two authentic reading texts
based on the M6.0 Sumenep Earthquake (30 September 2025), four visual stimuli (a
seismogram, a diagram of seismic wave types, an earth cross-section, and a building-
resonance graph), and 10 open-ended items with a maximum score of 32 points (BMKG,
2025). The instrument measures the three PISA 2025 competencies (K-1, K-2, K-3) through
three Bloom's cognitive levels (C4, C5, C6). Based on the needs analysis, Table 3 presents
the item characteristics.

Table 3. Characteristics of the digital physics literacy assessment based on PISA 2025

Characteristic Description
Item type Open-ended items based on authentic text and multi-representational
visual stimuli
Stimulus form Multi-representation: BMKG news text, seismogram, seismic-wave-

type diagram, earth cross-section, and building-resonance graph
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Characteristic
Context

Description
Local, authentic context: the Sumenep Earthquake, East Java (M6.0, 30
September 2025), a real seismic phenomenon relevant to East Javanese
learners
Mechanical waves: P/S/L wave propagation, wave energy (E x A?),
epicenter distance, building resonance, and properties of the
propagation medium
K-1: Explaining Scientific Phenomena (3 items); K-2: Evaluating
Investigation Design and Data Interpretation (4 items); K-3: Evaluating
Scientific Information and Decision-Making (3 items)
C4 Analyzing: 6 items; C5 Evaluating: 2 items; C6 Creating: 2 items —
all items fall within the HOTS range (C4-C6)
10 open-ended items
Analytical rubric: 0-3 for standard items, 0-4 for complex items;
maximum total score: 32
Google Forms (digital/online); accessed via the school computer
laboratory; 90 minutes to complete
Grade XI Phase F students who had completed the wave-material unit
(Independent Curriculum)

Physics content

PISA 2025
competencies

Bloom's cognitive
levels
Number of items
Scoring system

Delivery platform

Target respondents

Table 4 presents the item grid, combining each item's physics content, stimulus,
literacy indicator, cognitive demand, Bloom level, and maximum score.

Table 4. Item Grid of the PISA 2025-Based Digital Physics Literacy Assessment

Item Comp. Physics content Physics literacy indicator Bloom Score
S1 K-1 P, S, L seismic wave Sequences P, S, and L wave arrivals C4 3
propagation based on propagation speed in different
media
S2 K-1 Wave energy (E « A?)  Calculates and proves the energy ratio of C4 3
two waves from amplitude data
S3 K-2  Epicenter distance Uses At = ts — tp and propagation speed C4 3
to determine epicenter distance from
BMKG data
S4 K-2 Building resonance; Constructs a TO-N chart and identifies C4 3
natural period TO vs. floor ranges most at risk of resonance
floor number N
S5 K-1 Properties of Explains why liquid media, lacking C4 3
transverse-wave shear-stress support, do not transmit S
propagation in a liquid waves
medium
S6 K-2  Building resonance; Designs a systematic, scientifically valid Cé 4
simple pendulumasa  investigation procedure (variables, tools,
model steps) for building resonance
S7 K-2  Weaknesses of an Identifies at least two methodological c5 3
experimental design weaknesses and proposes physics-based
improvements
S8 K-3  Tsunami mechanism; Evaluates the validity of viral claims c5 3
thrust fault; hypocenter about the earthquake using
seismological evidence
S9 K-3  Predictability of Explains  the correlation-causality =~ C5 3
aftershocks; distinction and the limits of
deterministic seismological prediction
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Item Comp. Physics content Physics literacy indicator Bloom Score
correlation-causality
logic

S10 K-3  Earthquake-resistant Integrates seismic data and resonance Co 4
construction; wave- principles into evidence-based

resonance integration construction recommendations

Expert Validation Results

Three validators assessed the instrument on the Content (K), Construction (Kn), and
Language (B) aspects using a 1-4 scale. Table 5 presents the validation results together
with the modal score and CVR value for each item.

Table 5. Expert validation results

Item V1: K/Kn/B V2: K/Kn/B V3: K/Kn/B Mode CVR
1 4/4/4 4/3/4 3/4/4 4 1.00
2 4/3/4 4/3/4 3/3/4 4 0.89
3 4/4/3 4/3/3 3/4/3 3 0.89
4 3/4/4 3/4/3 3/3/4 3 0.89
5 4/3/3 4/3/3 3/3/3 3 0.78
6 4/4/4 4/4/4 3/4/4 4 1.00
7 3/4/3 3/4/3 3/3/3 3 0.78
8 4/4/4 4/4/4 3/4/4 4 1.00
9 3/3/4 3/3/3 3/3/3 3 0.78
10 4/4/4 4/4/4 3/4/4 4 1.00

All 10 items achieved a CVR > 0.78, with seven items reaching CVR > 0.89 (Very Valid).

The overall instrument CVI was 0.89, in the Very Valid category, as it exceeded the 0.80

threshold (Chasanah et al., 2022). Items 5, 7, and 9 obtained CVR = 0.78 (Valid), each with

@ a modal score of 3 across validators (Koza et al., 2024). Cronbach's alpha reliability was a
= 0.84, in the high-reliability category (a = 0.70) (Ulu & Yerdelen-Damar, 2024).

Student Physics Literacy Profile

Table 6 presents the assessment scores of the 35 grade XI Phase F students, out of a
maximum score of 32. No students fell into the Beginning category (< 40%), indicating
that all students possessed a basic foundation of physics literacy (Holbrook &
Rannikmae, 2009). The class average of 76.0% fell in the Capable category.

Table 6. Assessment scores of grade XI phase F students

S2 S3 S4 S5 S6 S7 S8 S9 S10 Total % Category
2 3 3 3 3 3 2 3 28 87.5%  Proficient
25 78.1%  Capable
26 81.3%  Proficient
20 62.5%  Capable
22 68.8%  Capable
29 90.6%  Proficient
20 62.5% Capable
25 781%  Capable
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@ No S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Total % Category
9 2 2 2 2 2 2 2 2 2 2 20 62.5%  Capable
0 3 3 2 3 3 3 3 3 2 3 28 87.5%  Proficient
112 2 2 2 2 3 2 3 2 2 22 68.8%  Capable
2 3 3 2 3 2 3 2 3 2 2 25 78.1%  Capable
3 2 2 2 2 2 2 2 2 2 2 20 62.5%  Capable
4 3 2 2 3 2 3 3 3 2 2 25 78.1%  Capable
5 2 2 2 2 2 2 2 2 2 2 20 62.5%  Capable
6 3 3 3 3 3 3 2 3 2 3 28 87.5%  Proficient
7 2 2 2 2 2 3 2 3 2 2 22 68.8%  Capable
¥ 3 2 2 3 2 3 2 3 2 2 24 75.0%  Capable
9 2 2 2 2 2 2 2 3 2 2 21 65.6%  Capable
20 3 3 2 3 2 3 3 3 2 2 26 81.3%  Proficient
21 3 3 3 3 3 3 3 3 3 4 31 96.9%  Proficient
2 2 2 2 2 2 2 2 2 2 2 20 62.5%  Capable
23 3 2 2 3 2 3 2 3 2 2 24 75.0%  Capable
24 2 2 2 2 2 2 2 2 2 2 20 62.5%  Capable
25 3 3 3 3 3 4 3 3 3 4 32 100.0% Proficient
26 2 2 2 2 2 3 2 3 2 2 22 68.8%  Capable
27 3 2 2 3 2 3 3 3 2 3 26 81.3%  Proficient
28 3 3 2 3 2 3 2 3 2 2 25 78.1%  Capable
29 2 2 2 2 2 2 2 2 2 2 20 62.5%  Capable
30 3 3 3 3 3 3 3 3 3 4 31 96.9%  Proficient
31 2 2 2 2 2 2 2 3 2 2 21 65.6%  Capable
32 3 2 2 3 2 3 2 3 2 2 24 75.0%  Capable
38 2 2 2 2 2 2 2 2 2 2 20 62.5%  Capable
34 3 3 2 3 3 3 3 3 2 2 27 84.4%  Proficient
3% 3 3 3 3 3 4 3 3 3 4 32 100.0% Proficient

Distribution of Physics Literacy Categories

Table 7 summarizes the distribution of students' physics-literacy categories based on

Table 6. The class average of 76.0% (Capable) is higher than results reported in previous

Indonesian physics-literacy studies, which generally found most students at the

Developing level (Deta et al., 2024). This is likely related to the strong personal relevance

of the East Java seismic-phenomenon context for these students (Fadilah et al., 2020).

Table 7. Distribution of students' physics literacy categories

Category Range (%) n %
Proficient > 80 7 20.0%
Capable 61 - 80 12 34.3%
Developing 41 - 60 16 45.7%

Beginning <40 0 0%
Total 35 100%

Achievement of PISA 2025 Competencies

Table 8 presents achievement per PISA 2025 competency. Students performed best on K-

1 (Explaining Scientific Phenomena: 80.3%), followed by K-2 (Investigation Design and
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Data Interpretation: 74.9%) and K-3 (Evaluating Scientific Information and Decision-
Making: 73.4%). This gradient aligns with scientific-literacy research in Indonesia, which
has identified critical-evaluation tasks as the most challenging for students (Deta et al.,
2024; Astutik et al., 2022).

Table 8. Average achievement per PISA 2025 competency

Competency Items (max. score) Mean (%)  Category
K-1: Exg}l;l;grr;i i;ientiﬁc S1(3)+52(3)+55(3) = 9 80.3% Capable
K2 Imvestigation DestEn € D20 saapusayess@+s7@) =13 749%  Capable
K3 ormaon PN & 10 s el
Discussion

Instrument validity and reliability. The validation results confirmed that the PISA 2025-
based digital physics-literacy assessment on wave material was highly valid (CVI = 0.89)

@ and reliable (a = 0.84), meeting the standards required for measuring physics literacy at
the high-school level (Chasanah et al., 2022). The validators' modal scores, ranging from

a 3 to 4 across all items, reflected strong consensus. A validation panel of two physics-
education lecturers and one high-school physics teacher strengthened the evaluation's
credibility by integrating academic and practical perspectives (Astutik et al., 2022). Items
5,7, and 9 obtained CVR = (.78, mainly because the school-practitioner validator flagged
language clarity, which illustrates why involving practitioners in HOTS-based
instrument validation is important for balancing academic rigor with student readability
(Koza et al., 2024).

Relationship between HOTS and physics literacy. The results reinforce the conceptual
distinction drawn in the Introduction: HOTS is the cognitive mechanism, not the
measured outcome. Item S6 (K-2, C6, designing an investigation) and item S10 (K-3, C6,
generating evidence-based recommendations) required the highest cognitive level in the
instrument and also carried the highest maximum scores (4 points each); students'
relatively lower performance on the K-3 items generally (73.4%, the lowest of the three
competencies) suggests that the Creating and Evaluating demands of HOTS are precisely
where physics-literacy performance breaks down, not merely where item difficulty
happens to be highest. This indicates that HOTS and physics literacy are not two separate
constructs running in parallel but are functionally coupled: a student cannot demonstrate
K-2 or K-3 literacy without also demonstrating the corresponding Bloom-level reasoning,
and instrument developers should therefore treat HOTS items as a necessary but not
sufficient condition for literacy-oriented assessment; item wording must still explicitly
require explanation, evaluation, or the use of authentic evidence, or the item will measure
analytical skill without measuring literacy.

The instrument directly addresses a gap identified during the analysis phase, namely
the absence of a PISA 2025-based instrument that measures K-1 through K-3 in an
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integrated way at this Lamongan senior high school (Chasanah et al., 2022), and more
broadly the gap identified in the Introduction — between the growing body of digital

physics-learning media developed over the past five years (Asrizal et al., 2025; Mahendra
et al., 2025; Sunarti et al., 2024; Wiyono et al., 2022) and the comparatively thin evidence
base for digital instruments anchored specifically to PISA 2025's three-competency
structure. Using the Sumenep Earthquake as the stimulus base generated authentic
student responses, consistent with Fadilah et al. (2020), who found that contextualizing
local disaster phenomena increases students' personal relevance to the assessment, and
with recent findings on Indonesian pre-service physics teachers' seismic scientific literacy
(Deta et al., 2025). The integration of BMKG news text, seismograms, and resonance
graphs as stimuli reflects PISA 2025's emphasis on multi-representational literacy
(OECD, 2024), while delivery through Google Forms provided practical advantages for
visual-stimulus integration and data-collection efficiency, consistent with the growing
use of digital, multimedia-assisted platforms in physics instruction (Prahani et al., 2022;
Lumembang & Bandari, 2024).

Sources of the achievement gap. The class average of 76.0% (Capable) and the absence
of students in the Beginning category indicate an adequate foundation of physics literacy.
However, the achievement gradient from K-1 (80.3%) to K-2 (74.9%) to K-3 (73.4%)
reveals a persistent gap in critical-evaluation competency. On item S8 (evaluating the
viral claim that all undersea earthquakes trigger tsunamis), 71% of students correctly
identified the claim as invalid. However, only 43% could articulate the specific physical
mechanism involved: thrust-fault rupture, vertical seabed displacement, and hypocenter
depth. On item S9 (critiquing the claim that aftershocks occur in a predictable pattern),
66% of students identified the underlying correlation-causality fallacy, but only 31%
could explain why seismology cannot deterministically predict earthquake timing. This
pattern indicates that students can recognize a questionable claim more readily than they
can construct the evidence-based argument needed to refute it, underscoring the need for
instruction that explicitly trains argumentation grounded in physical evidence, drawing
on established frameworks such as Toulmin's Argument Pattern (Erduran et al., 2004).

This gap mirrors comparable findings on students' critical-thinking and problem-solving
skills in physics (Abeden & Siew, 2022; Suprapto et al., 2024), on analytical-rubric-based
approaches to fostering critical thinking (Suryanti & Nurhuda, 2021), and on scientific-
argumentation skills more broadly (Al-Ajmi & Ambusaidi, 2019; Astutik et al., 2022).
Learning models are suited to closing this gap. Because the deficit lies specifically in
evaluation and argument construction rather than basic conceptual understanding,
instructional approaches that have students practice constructing and defending
evidence-based claims are more likely to close it than approaches that add more content
@ coverage. Ethno-STEM project-based learning has been shown to improve HOTS and
reduce misconceptions on locally contextualized physics topics (Martawijaya et al., 2023);
problem-based learning has produced consistent gains in physics problem-solving across
@ a recent meta-analysis (Putri et al., 2024); and online problem-based learning integrated
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with digital books and 3D animation has strengthened pre-service teachers' scientific
literacy specifically (Sunarti et al., 2024). Explicit argumentation instruction using
Toulmin's framework, combined with analytical-rubric feedback (Suryanti & Nurhuda,
2021), would target the K-3 weaknesses identified here directly, since it requires students
to state a claim, ground it in evidence, and justify the connection between the two — the
exact sequence on which items S8 and S9 revealed the largest gaps. Embedding these
approaches within the wave-material unit, using the same kind of authentic local stimuli
validated in this instrument, would let instruction and assessment reinforce the same
competencies rather than the two remaining misaligned.

Physics literacy in the digital-transformation era. Beyond its role in the school
curriculum, physics literacy of the kind measured here reading a seismogram, judging
whether a viral claim about a disaster is scientifically grounded, and distinguishing
correlation from causation in a stream of unverified reports is directly relevant to the
demands of a digital-transformation era, in which citizens routinely encounter
dashboards, sensor data, and rapidly circulating claims mediated by digital platforms
(Sung et al., 2022; Astalini et al., 2022). An assessment instrument that measures this
capacity digitally, using authentic multi-representational stimuli, therefore models the
same evaluative literacy that students will need outside the classroom, and supports the
broader argument that scientific literacy should be understood as a form of digital-era
civic competence rather than a purely academic outcome (Binkley et al., 2012). A
limitation to acknowledge is that scoring open-ended items still requires manual
correction, which can introduce rater subjectivity; Al-assisted, rubric-referenced scoring
could reduce this limitation while improving assessment efficiency and consistency
(Mahendra et al., 2025).

CONCLUSION
Fundamental Findings: This research successfully developed a digital assessment

instrument for physics literacy based on PISA 2025 on wave material, through the ADDIE
model up to the Development stage, comprising 10 open-ended items that measure the
three PISA 2025 competencies (K-1, K-2, K-3) at three Bloom cognitive levels (C4, C5, C6)
with a maximum score of 32 points. Validation by three experts produced CVI = 0.89
(very valid) and Cronbach's a = 0.84 (high reliability). The physics-literacy profile of the
35 grade XI students who trialed the instrument was 45.7% Developing, 34.3% Capable,
and 20.0% Proficient, with a class average of 76.0% (Capable category) and a competency
gradient of K-1 = 80.3%, K-2 = 74.9%, and K-3 = 73.4%. Implications: The results imply
that the gap between K-1 and K-3 indicates a specific need for instruction that explicitly
trains students to evaluate scientific information, identify logical fallacies, and construct
arguments grounded in physical evidence, rather than a general need for more content
coverage. Contextualizing authentic local disaster phenomena as an assessment stimulus
proved effective here and merits extension to other physics topics through
argumentation-focused and problem-based learning approaches; the validated
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instrument itself also offers teachers and curriculum developers a ready-to-use, locally
contextualized tool for diagnosing students' physics-literacy profiles. Limitations: This
study is limited to the Analysis, Design, and Development stages of the ADDIE model,
applied to a single class at one senior high school in Lamongan, so the results cannot yet
be generalized more broadly; the essay-based scoring format is also inherently subject to
rater subjectivity. Future Research: Further research is recommended to carry out the
Implementation and Evaluation stages comprehensively, expanding the subject pool to
several senior high schools across Lamongan and East Java to test the instrument's
effectiveness at scale, and to pursue the development of an Al-assisted automated scoring
system to address the rater-subjectivity limitation inherent to essay-based assessment.
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