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Abstract: The inadequate capacity of students to recognize and resolve difficulties, particularly with intricate
concepts, has emerged as a significant concern in physics education. This project aims to develop a two-tier
diagnostic assessment that utilizes augmented reality (AR) flashcards to identify students' challenges in
problem-solving. This media-assisted assessment aims to visually represent concepts interactively while
examining students' comprehension and the origins of their challenges. The study methodology employs the
ADDIE development paradigm, encompassing analysis, design, development, implementation, and
evaluation. Validation is performed by subject matter and media specialists, subsequently followed by trials
with secondary education students. The study equipment comprises validation sheets, answer questionnaires,
and diagnostic examinations supplemented by augmented reality flashcards. The study demonstrates that the
two-tier diagnostic test augmented with AR flashcards effectively identifies students' challenges, particularly
in grasping concepts and problem-solving processes, as indicated by a Cronbach's alpha reliability coefficient
of 0.89. This media-assisted assessment enhances student engagement, as evidenced by survey findings
indicating that students perceive it as easier to comprehend physics concepts through the instrument. This
research is anticipated to motivate educators and institutions to create more creative AR-based learning media
for evaluations and interactive learning.
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INTRODUCTION

The period of globalization has significantly influenced all facets of society, including educational
implementation issues. A significant difficulty is that education must cultivate human resources (HR)
equipped with 21st-century competencies. Partono et al. (2021) assert that 21st-century competencies
in the educational process encompass empathy, critical thinking, problem-solving, creativity,
innovation, communication, and collaboration.

Problem-solving skill is a crucial 21st-century capability in science education, especially in
physics. Problem-solving may entail the formulation and application of intricate and advanced rules to
attain solutions (Gagne & Briggs, 1979). In problem-solving, learners must retrieve subordinate rules
and pertinent information that they have previously acquired. Problem-solving cultivates critical,
analytical, and creative thinking skills in learners as they confront complex challenges (Anggraeni &
Listiaji, 2024; Anton & Trisoni, 2022; Partono et al., 2021).

Many students encounter challenges in comprehending fundamental physics concepts during
learning activities, particularly those related to rotational dynamics and the equilibrium of rigid bodies.
The erroneous vector representation observed when students address problems in rotational dynamics
and inflexible body equilibrium signifies their difficulties in comprehending physics ideas (Syahrial et

This is an open access article under the CC—BY-SA license.

9 hitps://doi.ora/10.21831/jipi.v11i2.80461



http://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.21831/jipi.v11i2.80461
https://doi.org/10.21831/jipi.v11i2.80461

Jurnal Inovasi Pendidikan IPA, 11 (2), 2025 - 403
Figran Isnaini, Haratua Tiur Maria Silitonga, M. Musa Syarif Hidayatullah, Judyanto Sirait, Renol Afrizon

al., 2022). The issues arise from conceptual errors, insufficient comprehension, or the application of
unsuitable problem-solving procedures (Ginting, 2021; Malik et al., 2023; Subekti et al., 2025). Asuri
et al. (2021) asserted that students must navigate five stages in problem-solving: visualize the problem,
describe the problem in physics description, plan the solution, execute the plan, and check and evaluate.

Students' challenges in problem-solving must be precisely diagnosed to identify the underlying
causes, enabling the implementation of suitable interventions to enhance their comprehension and
problem-solving abilities. A proficient approach to discerning kids' challenges in problem-solving is
through diagnostic assessments. Diagnostic assessments are used by educators to determine pupils'
strengths and weaknesses in learning, allowing the results to inform subsequent interventions.
Widyaningsih & Aloysius (2023) assert that assessment may consist of a sequence of enquiries or
directives to execute specific actions.

Diagnostic exam questions are classified into two categories: short-answer questions (essay/short
answer) and multiple-choice questions (multiple choice with justification) (Habellia et al., 2021). This
study employs a diagnostic assessment of multiple-choice items with reasoning, structured in a two-tier
format. The two-tier format has become a preferred approach because it evaluates students' answers and
the logic behind those answers (Mutlu & Sesen, 2015; Widyaningsih & Aloysius, 2023). Habellia et al.
(2021) argue that employing a two-tier format can reduce speculation and facilitate the integration of
multiple dimensions within a single phenomenon, with the first tier denoting the metacognitive domain
and the second tier denoting the conceptual domain.

In the contemporary technological landscape, the utilisation of digital media, including
augmented reality (AR) flashcards, might improve the efficacy of learning and evaluation (Arsyad,
2011; Pujiastuti & Haryadi, 2024; Siahaan & Putri, 2024). Augmented reality-based flashcards provide
interactive and engaging visualisations, facilitating a more concrete understanding of physics ideas for
pupils (Angraini et al., 2023; Fajriansyah & Widodo, 2022; F. Utami et al., 2021). Aminudin et al. (2024)
assert that employing augmented reality flashcards enhances the learning experience by making it more
engaging and offering visual context that facilitates the identification of students' challenges more
efficiently.

Prior research findings suggest that diagnostic assessments primarily aimed at evaluating students'
problem-solving skills remain significantly constrained (Rahmawati et al., 2019). Koimah & Muchtar
(2023) show that technology-based diagnostic assessments, including web-based tests, enhance the
precision of identifying students' misconceptions and facilitate more rapid and focused feedback. The
two-tier exam method has demonstrated efficacy in revealing the conceptual rationale underlying
students' responses, thereby offering a more thorough understanding of their misconceptions in physics.
Nevertheless, these studies typically remain distinct in terms of the advancement of technology media
and the dual-tier conceptual diagnostic methodology. To date, few advancements in diagnostic tests
have emerged that integratively combine the two-tier framework with augmented reality (AR)
technology within the realm of physics education.

This research addresses the theoretical gap by creating a two-tier diagnostic test instrument
supported by AR-based flashcards. The objective is to more precisely discern students' challenges in
resolving physics problems, while simultaneously providing a contextual visual experience to
reconstruct their comprehension. This research expands upon prior findings while also differentiating
itself through a cohesive and novel methodology that amalgamates the advantages of diagnostic
assessment with immersive technology.

Based on observations in several high schools, it has been revealed that students often face
challenges in problem-solving related to the dynamics of rotation and the equilibrium of rigid bodies.
Additionally, educators emphasize that students need diagnostic evaluation instruments that can enhance
engagement in the learning process. In response to this issue, the researchers designed a two-tier
diagnostic test equipped with augmented reality flashcards to identify the challenges faced by students
in problem-solving, particularly related to the dynamics of rotation and the equilibrium of rigid bodies.

This work presents a novel contribution by constructing a two-tier diagnostic test instrument using
flashcards enhanced by augmented reality (AR), an area that has been underexplored in the context of
rotational dynamics and rigid body equilibrium. This work theoretically enhances physics learning
assessment research by utilizing AR technology to detect students' conceptual and procedural issues
more thoroughly. The resultant product is anticipated to serve as an engaging and effective evaluation
instrument for educators in the physics learning process across many curricula.
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METHOD

This research employs the research and development (R&D) methodology utilizing the ADDIE
development model, which is adapted to meet the research requirements across five primary stages:
analysis, design, development, implementation, and evaluation. Sampling was executed using purposive
sampling, focusing on schools that have adopted the Merdeka Curriculum and possess facilities
conducive to the utilization of technology-based media, including mobile phones and laptops. The study
involved 178 students from grades X and X1 who had engaged with the content on rotational dynamics
and the equilibrium of rigid bodies. Before initiating the investigation, the researcher secured
authorization from the school authorities and got consent from the physics instructors at four institutions:
two high schools in Kubu Raya, one high school in Bengkayang, and one high school in Pontianak.

| Curriculum Analysis | | Material Analysis |

\—b Need Analysis |~<—

Determine The Test
Form

Analysis Stage

‘ Determine The Test
Grid

Design Stage \—.4—‘
¥
Designing Flashcard and
Augmented Reality

Development Stage

‘ Theoritically Test Review

Implement Stage

Evaluate Stage | Each Stage of ADDI ‘

Figure 1. Development procedure

Figure 1 outlines the procedures for constructing a second-level test utilizing augmented reality
flashcards based on the ADDIE stages of research development method. The analysis stage is initiated
with the administration of a needs analysis questionnaire. The needs analysis questionnaire encompasses
curriculum analysis, material analysis, and needs assessment. This investigation aims to assess the
significance and immediacy of students' requirements about the curriculum, resources, augmented
reality technology, and problem-solving.

The Design stage involves formulating questions derived from the learning outcomes of rotational
dynamics and rigid body equilibrium, in conjunction with the educator's established learning objectives.
Consequently, 10 questions were formulated as essays or short-answer inquiries requiring open-ended
reasoning. The questions encompass cognitive elements aligned with the problem-solving steps
delineated by Heller & Heller: (1) identify the problem, (2) articulate the physics, (3) formulate the
solution, (4) implement the plan, and (5) assess the answer (Silitonga et al., 2024).

Ten items were formulated into a two-tier diagnostic assessment based on these cognitive
features. Tier 1. multiple-choice inquiries about the students' conclusive responses. Tier 2; multiple-
choice inquiries aimed at elucidating the rationale behind students' selections in Tier 1. Each question
is designed to detect students' challenges in addressing problem-based physics problems, followed by
answer keys, grading criteria, and guidance for interpreting diagnostic results to classify the types of
errors or misconceptions that occur.

Furthermore, augmented reality (AR)-enhanced flashcard media were created utilizing the Paint
3D application, complemented by additional tools such as Asemblr EDU and Canva, which present
interactive visual models for each subject. This graphic aims to help students understand the physical
scenarios presented, including force distribution, pivot locations, and torque direction. To verify the
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instrument's viability, expert validation questionnaires (content, media, and evaluation validators) and
student response questionnaires were created, employing a five-point Likert scale to assess content,
construct, language, and appearance. The outcomes of this questionnaire are utilized to amend and
enhance the instrument before the field trial phase.

The Development stage consists of two phases: the validity test phase and the small group trial.
The validity assessment is performed by five professional evaluators. The expert validators comprise
media specialists, linguistic authorities, and subject area authorities. Expert validators evaluate the two-
tier diagnostic test instrument, enhanced with augmented reality flashcards, to acquire evaluations and
feedback. Following the acquisition of assessment and feedback from the validators, a data analysis was
performed to examine the feasibility and validity of the constructed two-tier diagnostic test instrument
enhanced with augmented reality flashcards. The evaluation was computed with the Aiken index
formula (Sirait et al., 2023).

%S

[n(C - 1]

The Aiken index is preferable for an instrument feasibility study due to its simplicity, emphasis
on content validity, suitability for ordinal data, and efficacy with a limited number of validators
(Romero-Saldafia et al., 2024). The Aiken index readings are classified into three categories: low (0.00—
0.40), moderate (0.41-0.80), and high (0.81-1.00) (L. Utami et al., 2024). Should the validation results
indicate that the instrument satisfies the feasibility criteria, it would then be administered to students to
ascertain challenges in problem-solving related to rotational dynamics and the equilibrium of rigid
bodies. A small group trial was then conducted to determine the completion time and student responses
to the use of this AR-assisted diagnostic test.

The Implementation phase involved testing the product on an extensive cohort. The trial was
executed in person with 178 pupils across four distinct schools. Students were allotted 90 minutes to
finalize the tasks. The data collected at this step were analyzed to ascertain the difficulty level,
dependability, and discriminative power of the test items. The analysis of the gathered respondent data
was performed using the Winsteps Rasch model software to ascertain the difficulty level of the test
items, the validity of the test items, and the reliability of the test instrument employed. The Rasch model
was employed because of its superior accuracy, comprehensive examination of student responses, and
adaptability in effectively identifying conceptual challenges (Muliadi et al., 2025).
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Table 1. Eligibility Aspect Rasch Model

Eligibility Aspects from the

Rasch Model Description
Unidimensionality Percentage of “raw variance explained by measure” > 20%
Special :>0.94
Very Good :0.91-094
- Good :0.81-0.90
Person dan Item Reliability Pretty Good  : 0.67 — 0.80
Weak 1 <0.67
Wright Map Describe the distribution of persons and items over the map.

0.5 > Outfit MNSQ > 1,5
Item FIT -2 > Outfit ZSTD > 2
0.4 > PT Measure Corr > 0.85

Very Easy 1 b <-2,00

Easy :-2.00<b<-1.00
Item-Measure Pretty Difficult :-1.00 <b<+1,00

Difficult :+1.00<b<+2.00

Very Difficult 1b>+2.00

(Rahmawati et al., 2019; Sari & Mahmudi, 2024)

The Evaluation phase occurred at every stage of ADDI. The evaluation during the analysis phase
was based on students' feedback concerning their comprehension of the implemented curriculum,
challenging materials, the integration of augmented reality technology, and the resolution of Heller stage
issues. The evaluation during the design phase was based on feedback and recommendations from
validators concerning the design of learning indicators and the appropriateness of items in the flashcards
and augmented reality. Assessment during the development phase was carried out based on the
evaluations and recommendations of the validators. Evaluation during the implementation phase was
performed using the outcomes of extensive group trials to assess the difficulty level, reliability, and
discriminative power of the questions.

RESULT AND DISCUSSION

Analysis Stage

The phases conducted at this juncture encompass curriculum analysis, material analysis, and
needs analysis. The study at this level involved administering questionnaires to 54 students. This
questionnaire solicits information and perceptions from students concerning the implemented
curriculum, challenging physics concepts, augmented reality-based flashcard learning tools, and
problem-solving skills in accordance with Heller's phases.

According to the needs analysis conducted via Google Forms, the curriculum analysis depicted
in Figure 2 reveals that 55.6% (30 students) indicated the adoption of the independent curriculum in
learning activities, 40.7% (22 students) stated the adoption of Curriculum 2013, while 1.85% (one
student) indicated the adoption of the emergency curriculum and 1.85% (one student) noted the adoption
of the competency-based curriculum.

@ Kurikulum 2013
@ Kurikulum Merdeka

Kurikulum Darurat
@ Kurikulum KTSP

40,7%

Figure 2. Curriculum Analysis Results
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Figure 3 presents the findings of the material analysis: 11.1% (6 students) reported that the
rotational dynamics material remained very difficult, 74.1% (40 students) indicated that it was somewhat
tricky, and 14.8% (8 students) asserted that it was not difficult. This aligns with a study by Syarial et
al. (2024), which indicates that rotational dynamics is a challenging physics topic, leading to student
misconceptions.

3. Apakah materi Dinamika Rotasi dan Kesetimbangan Benda Tegar pada mata
pelajaran fisika sulit dimengerti?

54 jawaban

@ Ya
& Mungkin
Tidak

NV

Figure 3. Results of the material difficulty analysis

An analysis of augmented reality-based flashcard media revealed that 64.8% (35 students) were
unfamiliar with it, while 35.2% (19 students) were already acquainted with the concept. This aligns with
a study by Elvina et al. (2024), which indicates that augmented reality flashcard media is rarely utilized
in the educational process, particularly when introducing topics that are challenging to convey in
tangible terms within the classroom.

7. Apakah anda sudah mengetahui media pembelajaran berupa Flashcard

54 jawaban

o
@ Tidak

648%

Figure 4. Results of the media needs analysis

Figure 5 presents an analysis of problem-solving abilities based on Heller's stages: 37 % (20
students) reported utilizing the visualization stage, 50 % (27 students) indicated the application of the
problem description stage, 33.3 % (18 students) acknowledged employing the solution planning stage,
31.5 % (17 students) confirmed the use of the solution implementation stage, and 9.3% (5 students)
engaged in the evaluation stage. The findings of this analysis align with those of Malik et al. (2023),
which indicate that students' problem-solving skills in physics are categorized as moderate and deficient
when assessed using the physics problem-solving ability indicator.

14. Jika anda diberikan soal seperti pada nomor 13, anda akan mengalami IO satin diagram
kesulitan pada bagian mana?
(Boleh memilih lebih dari 1)

54 jawaban

Menggambarkan permasalahan

Sang e 20 (37%)

Mendeskripsikan permasalahan
dalam konsep fisika|

27 (50%)
Merencanakan solusi 18 (33,3%)
Melaksanakan solusi| 17 (31,5%)

Mengevaluasi solusi

Figure 5. Result of problem solving difficulty analysis

The Google survey's findings are consistent with the findings of field observations and interviews.
The concepts and issues in the questions are not fully comprehended by the students, who spend a
significant amount of time studying the material on rotational dynamics and are preoccupied with
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mathematical computations. This is because their learning resources solely provide mathematical
computations and theoretical issues (Malik et al., 2023). As a result, students are eager to use flashcards
based on augmented reality to solve challenges about tangible learning exercises.

Design Stage

The second phase of this study is the design phase. The concept, content, and materials of the
product to be generated are designed during the design phase in accordance with the findings of the
curriculum and needs analysis. The design is as follows.
1. Creating test tools

The assessment tool is developed using Microsoft Word and comprises a two-tier format with
various components, including topic, problem indicators, problem-solving stages, solutions, and
justifications for answer selection.

Table 2. Stages, Topics, and Indicators of the Items

Problem-Solving Stage Topic Indicator Item
1. The Force
Moment
2. Momentum in
angle Students  can
Visualization 3. Momentum in visualize physics 1,2,9,10.17,18,25,
angle problems in each topic 26,33,34,41,42
4. Balance of the questions.
5. Moment of
Inertia
6. Equilibrium
1. The Force Moment
2. Momentum in angle Students  can
Description 3. Momentum in angle describe _the physigs 3,4,11,12,19,20.27,
4. Balance problems in each topic 28,35,36,43,44
5. Moment of Inertia of the questions.
6. Equilibrium
1. The Force Moment
2. Momentum in angle Students  can
Planning 3. Momentum in angle plan_ solutions  to 5,6,13,14,21,22,29,
4. Balance physics problems on 30. 37,38,45,46
5. Moment of Inertia each topic.
6. Equilibrium
1. The Force Moment
. Students  can
2. Momentum In angle implement solutions to
Implementation 3. Momentum in angle physics problems on 7,8,15,16,23,24,31,
4. Balance h 32,39,40.47,48
5. Moment of Inertia every topic
6. Equilibrium
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First (juestion

Cab driver ancounterad z flat tire while retumning to the baza. The motonist thereafter sought the nearest workshop to replace the flat tire on his vehicls
Upon arrrval at the workshep, the machanic prepared two primary tools to loosen the nuts on the flat tire. The nstruments employed consisted of a 2|
em wrench and a 30 em wrench extendar. The mechame exertad a foree of 10 N orthogonal to the wrench.

1L

Salect the suitzbla graphic depicting the tachnician loozaning the bolt on the flat tive with a wrench, both prior to and subsequent to the integratio

of the wrench with a connectmg rod!
2. b
1 e
= - \
‘- — _— T
c d.
= % P — N
T ) s
I L | e / |—"—-ﬂ ........ j = i

Reazon for choosing the answer ...
a. [ftha force applied to the shaft is mereasingly tiltad towards the northweast, then the torque produced i s maimized for loozaning the bol
b. Iftha fores applied to the shaft hlts mors towards the northeast, the forque produced will be maximal for loozenming the bolt.
C. [fthe force applied to the shaft tilts mors towards the north, then the torque generated is maximal for loozaning the bolt.

d. Ifthe force applied to the shaft tilts further towards the south, the torque preduced will be maomized for loosaming the bolt

Pay attention to tha following statement!

1. The combined lansth of the wrench and romn 15 30 cm. The combinad length of the wrench and won 15 30 em.

2. The magnitude of the foree appliad by the machanic 15 20 .

3. the length of the wrench is 20 cm.

4. The magnitude of the force appliad by the mechanic 15 10 . The magnituds of the force applied by the mechame 12 101,
The comect statement based on the above narrative 13 ..

a2 land2
b, Zand3
o land4
d land4

The reason for cheosing the answer ...

a2 Bacansa the langth of the kev and ron joint iz 30 cm, while tha total fores applied to the key jomt 1 20 .

b, Bacansa the lanzth of tha key and ron jomt 12 30 cm, whils the foree appliad to bath the key and the key and iron joint 15 10 W
c.  Because the total force apphied to the key joint iz 20 I while the force applied to the key iz 10 W

d.  Becaunse the total force applied to the key combmation 1= 20 W while the length of the key is 20 cm

13

How to detenmine the comparison of torque before and after the wrench is combinad with the commecting ron

2 Determine the torque produced by the mechanic before and after the wranch i= combined with the connecting iron using the equation = =
r+ ﬁ", then compare the two produced torquas.

b, Determine the torgue produced by the mechanic before and after combming tha wrench with the commecting iron using the squation © =
r— ﬁ", then compare the two produced torquas.

c.  Determine the torgue produced by the mechanic before and after combming tha wrench with the commecting iron using the squation © =
r. !-:: than compars the two torques produced.

d.  Detemune the torque produced by the mechanic before and after combmimng the wrench with the couplng won using the aquation t=1r - .E",
then compars the two torques produced.

F.zazon for choosing the answear ...

a Themaﬁnuusedwdetermiuetm’queist=r.f

b Thea]uaﬁnuusedhd.eimminemquejst=r+f

c. Thea]uaﬁnuusedhd.eimmineim’quejst=:'—ﬁ"

d Theem:aﬁnuusedwdetermineimqueist=:'=;'

14

The comparizon of torque produced by the mechanic when using 2 wrench and a combinzation of iron and wrench iz ..
a 2comparadte 5

b. 5 comparadto 2

c. 3 comparad to 6

d. lcomparadte 3

The rezson for choosing the answer ...

The torgue produced by the wrench 15 3 MNm, while the torque produced by the combination of the wrench and ron 15 2 Mm.
The torgue produced by the wrench 15 2 MNm, while the torque produced by the combination of the wrench and ron 15 3 Mm.
The torgue produced by the wrench 15 3 MNm, while the torque produced by the combination of the wrench and ron 15 § Mm.
The torgue produced by the wrench 15 1 MNm, while the torque produced by the combination of the wrench and ron 15 3 Mm.

e o

Figure 6. Example item
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Figure 6 presents an example of a two-tier diagnostic test item comprising four primary questions.
Among these is question item 1.1, which pertains to the challenges encountered by a mechanic in
loosening a car wheel bolt. Test participants are prompted to provide a visualization of the issue
associated with the problem statement and to justify their choice of that particular visualization. Item
1.2 encompasses inquiries regarding the characterization of the problem related to the problem statement
and the rationale for selecting that particular characterization. Item 1.3 poses an investigation regarding
the formulation of solutions pertinent to the problem statement and the rationale for choosing that
specific solution strategy. Item 1.4 encompasses inquiries regarding the outcomes of executing the
solution relevant to the problem statement and the justification for selecting those outcomes.

2. Creating flashcards based on augmented reality technology.

This design was created using the Paint 3D application, supplemented by auxiliary software such
as Assemblr EDU and Canva, which are essential for picture editing and modification as needed. The
flashcard comprises a title, accompanying graphics, usage instructions, and a barcode. In augmented
reality, it contains the primary 3D object and accompanying issues for each question item. Figure 7

Eosmvie % b”’ oo

Figure 7. Flashcard and Augmented Reality Display

illustrates a flashcard display utilizing a barcode for access, allowing the loading of a 3D augmented
reality model relevant to the challenge posed in the question item. The 3D model can be used in multiple
orientations and dimensions, based on the user's selection, to analyze the issues presented in the question
item.
3. Designing a questionnaire

The questionnaire, designed using Google Forms, is divided into two parts: the validation
questionnaire and the response questionnaire. The validation questionnaire consists of several
components, such as title, identity, filling instructions, aspects, assessment instruments, scores, and
notes. Meanwhile, the response questionnaire consists of components such as title, identity, filling
instructions, statements, and assessments.

Development Stage

The development stage is the third phase of creating the two-tier diagnostic test instrument,
supported by augmented reality flashcards. At this stage, content validation is performed, encompassing
material validation, media validation, and language validation for the two-tier diagnostic test instrument
facilitated by augmented reality flashcards. Content validation is an objective criterion that ensures the
accuracy of the test instrument's content and aligns it with the overarching learning content and
objectives. Consequently, an assessment that effectively gauges comprehension of the idea in question
and possesses a substantial degree of content validity (Febriana, 2019). The content validation in this
research was executed in two phases. The initial stage received validation from two physics education
lecturers, while three high school physics instructors verified the subsequent stage. This procedure is
used to acquire test enhancement recommendations and evaluations from the validators for analysis.

According to the validation results, the validator offered some recommendations for the testing.
The physics lecturer's validation recommends incorporating cardinal directions into the response for
question 1.1 to assist students in recognizing the object's movement direction and altering the colors of
the conspicuous objects in augmented reality. Secondly, the validation from the high school physics
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instructor recommends substituting the term "Taxi" with "Taksi" in the initial statement and rewording
the third statement for enhanced clarity and comprehension for the exam participants.

Alongside enhancement recommendations, the validators also delivered an evaluation of the
content of the two-tier diagnostic test instrument enhanced by augmented reality flashcards. The scores
from the validators were evaluated using the Aiken index, which considers content, medium, and
language factors. The computations on the material aspect produced an average Aiken index value of
0.89, classified as high. The elevated category in the material element signifies that the evaluated content
aligns with the learning outcomes and the progression of learning objectives, adheres to the question
indicators, and meets the measurement objectives. The calculation results regarding the media
component produced an average Aiken index value of 0.90. classified as high. The elevated
classification in the media dimension indicates that the media is appropriate for testing purposes, as it
corresponds with the content and is user-friendly. The calculating results for the linguistic feature
produced an average Aiken index score of 0.91, categorizing it as high. The elevated category in the
linguistic dimension signifies that the language utilized in the items adheres to proper grammatical
conventions and does not generate ambiguous interpretations. The overall average Aiken index, based
on these three aspects, is 0.90. classified as good.

In contrast, the material validation score was 0.89, the media validation score was 0.87, and the
language validation score was 0.90. all of which were classified as high in the study by Muchtar &
Koimah (2022), which created a web-based diagnostic test on redox concept material. Based on these
three factors, the total average validation was 0.87, which is considered satisfactory. This suggests that,
in comparison to the instrument used in the Muchtar & Koimah research, the instrument used in this
investigation had a greater expert validity level. This enhancement results from the use of augmented
reality (AR) technology, which not only improves visual and interactive elements but also helps pupils
grasp concepts more thoroughly and with greater clarity. As a result, it has been demonstrated that
including AR into the two-tier instrument greatly improves the evaluations' quality in terms of language,
medium, and content.

This research includes both expert validation and early study validation. The objective is to elicit
replies from test participants using a questionnaire. The examined reactions encompass elements of
process, conceptual inquiries, questions, and stimuli. Participants' feedback on the test implementation
suggests that the allotted 90 minutes were adequate to address all topics. Furthermore, the question
instructions were unambiguous and did not perplex the test participants; each question was
comprehensible, and the augmented reality objects in the flashcards were distinctly portrayed.
Consequently, the two-tier diagnostic assessment enhanced by augmented reality flashcards is
appropriate for implementation in extensive trials.

Implementation Stage

The implementation phase is the fourth stage of this research. A large-scale trial was undertaken,
including 178 pupils (71 male and 107 female) from four distinct schools. The pupils were from the 11th
and 12th grades, enrolled in physics. The students were allotted 90 minutes to complete the two-tier
diagnostic assessment utilizing augmented reality flashcards.

The students' replies were evaluated utilizing the Rasch model via Winsteps software version
5.1.4. Characteristics identified through the Winsteps program encompass unidimensionality,
dependability, item fit, Wright map, and item difficulty level.

Undimensionality signifies that the constructed assessment is capable of measuring solely a
singular talent. Undimensionality signifies construct validity. A favorable indication of
unidimensionality is a raw variance explained by a measure of over 20% (Sari & Mahmudi, 2024). The
Winstep program yielded a raw variation explained by the measure of 20.2%, based on undimensionality
data. This indicates that the augmented reality flashcard-assisted two-tier diagnostic test instrument is
only valid for assessing problem-solving complexity. The challenge in problem-solving is in addressing
Heller stage questions about rotational dynamics and rigid body equilibrium.

Reliability signifies that the devised test can yield consistent measurement outcomes (Febriana,
2019; Sari & Mahmudi, 2024). In the Rasch model, dependability is categorized into person reliability
and item reliability. Cronbach's Alpha reliability measures the consistency of the relationship between
test subjects and test items. Person reliability indicates the consistency of test-takers' responses, whereas
item reliability reflects the consistency of the items being assessed. The Winstep program's reliability
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statistics indicate a Cronbach’s Alpha of 0.89, person reliability of 0.87, and item reliability of 0.88, all
of which are categorized as good. This suggests that the reliability of test participants in responding to
guestions is commendable, and the quality of the test items in assessing the difficulty of problem-solving
by the participants is classified as satisfactory.

Table 3. Rasch Analysis of the Result

Total ltem Item FIT
Item Correct Measure Outfit Outfit Pt
Answer MNSQ ZSTD Measure Corr

1 124 -0.32 0.95 -0.38 0.37
2 93 0.58 0.81 -2,42 0.55
3 131 -0.55 0.68 -2,36 0.56
4 119 -0.16 0.90 -0.88 0.43
5 138 -0.8 0.62 -2,46 0.57
6 142 -0.96 1.22 1,13 0.41
7 139 -0.84 0.79 -1,23 0.44
8 122 -0.25 1.16 1,27 0.39
9 87 0.74 1.10 1,20 0.37
10 140 -0.88 0.69 -1.84 0.52
11 125 -0.35 0.75 -2.05 0.56
12 90 0.66 1.42 4.48 0.15
13 111 0.08 0.97 -0.31 0.42
14 130 -0.51 0.97 -0.18 0.44
15 52 1,75 1.77 4,62 0.02
16 89 0.69 1.29 3,19 0.22
17 112 0.05 1.02 0.27 0.37
18 129 -0.48 1.08 0.63 0.36
19 91 0.64 0.92 -1.00 0.47
20 110 0.11 1.09 0.88 0.33
21 121 -0.22 1.00 0.00 0.36
22 102 0.33 0.86 -1.67 0.51
23 102 0.33 0.85 -1.72 0.52
24 100 0.39 1.11 1.24 0.33
25 103 0.31 0.84 -1.85 0.51
26 111 0.08 0.69 -3.44 0.63
27 121 -0.22 0.96 -0.29 0.41
28 106 0.22 0.99 -0.07 0.38
29 89 0.69 1.18 2.06 0.29
30 98 0.44 1.22 2.39 0.23
31 104 0.28 1.12 1.27 0.36
32 118 -0.12 1.34 2.75 0.14
33 131 -0.55 0.59 -3.23 0.66
34 125 -0.35 0.83 -1.30 0.50
35 122 -0.25 0.71 -2.63 0.60
36 119 -0.16 1.06 0.57 0.32
37 127 -0.41 0.92 -0.58 0.48
38 125 -0.35 0.74 -2,16 0.58
39 124 -0.32 0.98 -0.15 0.38
40 119 -0.16 0.96 -0.34 0.44
41 114 -0.01 0.85 -1.43 0.51
42 110 0.11 1.03 0.33 0.37
43 119 -0.16 0.90 -0.87 0.45
44 96 0.5 0.93 -0.77 0.44
45 105 0.25 0.99 -0.04 0.42
46 119 -0.16 1.20 1.65 0.24
47 112 0.05 1.10 0.94 0.32
48 105 0.25 1.25 2.58 0.22
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Figure 8. Wright Map

The degree of item fit signifies the item's efficacy in measuring (Sari & Mahmudi, 2024;
Sumintono & Widhiarso, 2015). The fit of an item inside the Rasch model is assessed using the metrics
of Outfit MNSQ, Outfit ZSTD, and Pt Measure Corr (Istiyono & Tuanaya, 2023). The item-fit results
in Table 3 indicate that the majority of items align with the Rasch model, except items 12, 15, 16, 29,
30, 32, and 48, which exhibit ZSTD values over +2 and Pt Measure values below 0.40. According to
Table 3, items numbered 12, 15, 16, 29, 30, 32, and 48 exhibit Outfit ZSTD values that are deemed
unreasonable, falling outside the acceptable range of -2 to +2, and Pt Measure Corr values that are also
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deemed unreasonable, exceeding the specified range of 0.4 to 0.85. Consequently, these items are
classified as unsuitable for measurement and non-compliant with the Rasch model. Consequently, 41
items are considered suitable, while the remaining seven items have been amended.

The Wright map illustrates the distribution of student competencies alongside the distribution of
item difficulty levels (Istiyono & Rifgi Kama, 2023; Planinic et al., 2019). The Wright map on the left
illustrates the distribution of student skills relative to the test instrument, with the distribution derived
from the logit value of the person measure. According to Figure 8, 80 sample students (44.94%)
demonstrated enough comprehension of the test, as indicated by a logit measure value beyond 0.93,
while 98 sample students (55.06%) exhibited insufficient understanding, with a logit measure value
below 0.93. The "X" symbol denotes the level of a single student sample. The "XX" mark indicates the
scores of two test participants with a logit value of 2.82, signifying their superior ability to answer nearly
all questions correctly. Conversely, the two test participants marked with "XX" possess a logit value of
-1.69, indicating their inferior ability, though they can answer some questions correctly.

The Wright map on the right illustrates the distribution of item difficulty levels, derived from the
measured logit values of the items. The difficulty level of the test items reflects their ease or challenge
based on the overall score of correct responses. The item identified as the most challenging for pupils,
according to the map, is Item 15, which has a logit value of 1.75. This inquiry examines the outcomes
of the implementation phase in addressing the issue of comparing the angular momentum of the front
and rear bicycle gears. The primary reason most test takers answered this question poorly is their
inadequate attention to the physical description provided and errors in mathematical computations.
Table 3 indicates that merely 52 of the 178 students (29.2%) responded to these questions. The item
most easily answered by test participants was Item 6, which had a logit value of -0.96. This article
addresses the formulation of solution methods for comparing torque when loosening wheel nuts using
wrenches of varying lengths. Item 11 can be answered by nearly all students, with 142 out of 178
students (79.8%).

The comprehensive analysis of augmented reality (AR)-based flashcard media suggests that this
diagnostic tool enhances student engagement due to its visual appeal and ability to contextualize abstract
concepts concretely. Moreover, the diagnostic feedback provided can help educators formulate more
precise remedial instruction tailored to the specific challenges encountered by students. The presence of
this instrument is both statistically valid and possesses significant pedagogical value in facilitating a
more adaptive and data-driven learning approach.

Evaluation Stage

The evaluation phase constitutes the concluding stage of the ADDIE model. The evaluation
outcomes from the product development process completed at each level of ADDIE are as follows: 1)
The evaluation results during the Analysis stage indicated that the autonomous curriculum has been
extensively applied. Nonetheless, Curriculum 2013 remains in effect. The subject deemed challenging
is rotational dynamics. Furthermore, findings were obtained regarding awareness of augmented reality
flashcard media and challenges in problem-solving, as per the Heller phases. Based on these results, the
researcher correlated the developed product with the learning outcomes of rotational dynamics as
defined in the independent curriculum and integrated it with augmented reality-based flashcard learning
media to assess the problem-solving challenges encountered by students at the Heller stages. 2) During
the design phase, the evaluation outcomes necessitated modifications to various narratives inside the
statements and adjustments to punctuation. Moreover, various components were added, and several
colors on the flashcards and 3D objects in augmented reality were modified. 3) During the development
phase, the evaluation outcomes comprised the incorporation of multiple problem instructions regarding
3D objects in augmented reality, the modification of terminology in several statements, and the product's
validity, which has been classified as satisfactory based on assessments by subject matter experts, media
specialists, and language authorities. 4) During the implementation phase, the evaluation results revealed
a constraint in the time allotted for the task, as certain test participants were unable to complete all
questions in the two-tier diagnostic assessment utilizing augmented reality flashcards on rotational
dynamics within the designated timeframe. The assessment during the implementation phase revealed
varying degrees of student comprehension, a moderate average question difficulty, and satisfactory
question reliability. The two-tier diagnostic test, enhanced by augmented reality flashcards, was deemed
valid according to Rasch model data analysis conducted with Winsteps software version 5.1.4.
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The study's results demonstrate that the two-tier diagnostic test, supplemented by augmented
reality flashcards, effectively identifies student issues; however, it also has some drawbacks. The
generalizability of the findings is constrained due to the sample being derived from a limited number of
schools within a specific region. The restricted implementation timeframe precludes the possibility of
a long-term assessment. Third, students possess varying degrees of experience with augmented reality-
based media, which can influence both their comfort and the efficacy of media utilization.
Contemplation of these constraints serves as a crucial foundation for subsequent research aimed at
broadening the reach, enhancing the assessment of effects, and creating media that is better attuned to
student characteristics..

CONCLUSION

This study demonstrates that augmented reality flashcard-assisted diagnostic examinations
effectively identify pupils' problem-solving issues. The analysis, grounded in the ADDIE model stages,
suggests a need for new media to enhance comprehension of problem-solving concepts. The augmented
reality flashcard features a two-tier diagnostic assessment to investigate the underlying causes of
challenges in problem-solving. The creation of augmented reality flashcard-assisted diagnostic
examinations was conducted with expert validation and preliminary trials demonstrating feasibility,
practicality, and user-friendliness. The executed implementation showed the efficacy of augmented
reality flashcards in diagnosing problem-solving challenges. The final assessment demonstrated that
augmented reality flashcards effectively detected pupils' difficulties in problem-solving. This study
conceptually enhances the diagnostic evaluation approach by incorporating spatial and visual
components that facilitate conceptual understanding. This tool provides an adaptive and engaging
assessment alternative for students, yielding more precise data for teachers to inform learning
interventions. Consequently, the findings of this study enhance evaluation methodologies in physics
education by adopting a more contextual, individualized, and technology-driven approach.
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