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Abstract: This review examines Four-Tier Diagnostic Tests (FTDTs) in physics education, focusing
on purposes, designs, models, scoring, measurement evidence, administration modes, and conceptual-
change roles. Following PRISMA, Scopus and ERIC were searched for empirical studies published
between 2021 and 2025. The final corpus comprised 23 studies: 14 journal articles and nine conference
papers. Data were analyzed using descriptive statistics and framework-based narrative synthesis.
Eleven studies used classical FTDTs, seven used response-enhanced FTDTs, and five used analytically
advanced FTDTs. Most retained the answer—confidence-reason—confidence structure. In contrast,
others added open or semi-open reasoning, scaled confidence, mental-model analysis, Rasch or Partial
Credit Model scoring, and cognitive diagnostic modeling. Rule-based categorical diagnosis was the
most common scoring approach. Among nine development studies, content review and reliability
were common, but classification accuracy, fairness, and cross-context stability were limited. Research
focused mainly on senior high school, especially mechanics and fluids. Paper-based administration
was the most common single mode, although digital formats were also common. FTDTs primarily
supported diagnostic profiling and intervention evaluation, whereas fewer studies examined patterns
of conceptual change. No study clearly used individual profiles to adapt instruction. FTDT research
has progressed toward richer responses, advanced scoring, and conceptual-change evaluation. Future
studies should strengthen measurement evidence, standardize scoring, expand cross-context validation,
and develop digital systems that link diagnosis to targeted remediation, monitoring, and sustained
instructional support.

Keywords: four-tier diagnostic test, physics education, misconceptions, diagnostic assessment,
conceptual change.
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B INTRODUCTION (Neumann & Hopf, 2017). These difficulties

Physics education is not limited to the
mastery of formulas and physical laws. Students
must also develop scientific understanding by
connecting new knowledge with concepts they
already hold (Isra & Mufit, 2023; Samsudin et
al.,2021). However, this process is often difficult.
Many physics concepts are abstract,
mathematically demanding, represented in
different forms, and applied in situations that differ
from those presented during instruction

become greater when scientific explanations
conflict with students’ existing ideas and everyday
intuitions. As a result, students may solve
numerical problems correctly without fully
understanding the physical concepts involved
(Espinoza, 2004).

From a constructivist perspective, students
do not enter the classroom without prior
knowledge. They bring personal experiences,
previous learning, and intuitive explanations that
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influence how they interpret new information
(Jung, 2020). Prior knowledge can support
learning when it is consistent with accepted
scientific concepts. However, it can also lead to
misconceptions when students’ explanations
conflict with scientific understanding (Guerra-
Reyes et al., 2024; Smith et al., 1994).
Misconceptions are not simply a lack of
knowledge or temporary errors. They are
explanations that students consider reasonable
and may hold with high confidence (Allen, 2014).
Because these ideas are connected to students’
existing cognitive structures, they may remain even
after formal instruction (Clement, 1982). Effective
physics instruction, therefore, requires both
suitable teaching strategies and diagnostic
methods to identify students’ conceptual states
before remediation is planned.
Misconceptions cannot be identified
accurately by examining only whether an answer
is correct or incorrect. Conventional multiple-
choice tests are efficient for assessing large
groups, but they provide limited information about
whether a correct response reflects genuine
understanding, memorization, uncertainty, or
guessing (Treagust, 1986). Tiered diagnostic
assessments were developed to address this
limitation. One of these instruments is the Four-
Tier Diagnostic Test (FTDT). The FTDT contains
four components: a conceptual answer,
confidence in the answer, a conceptual reason,
and confidence in the reason (Caleon &
Subramaniam, 2010; Kaltakci-Gurel et al.,
2017). This structure provides more detailed
evidence about students’ conceptual states than
conventional multiple-choice assessment (Fratiwi
etal., 2017). Depending on the decision rules
used, FTDT responses can distinguish scientific
understanding, partial understanding, lack of
knowledge, guessing, error, and high-confidence
misconception (Tumanggor et al., 2020).
Recent studies show that FTDTs differ in
both response structure and analytical approach.

Some instruments retain fixed answer and reason
options, whereas others use open or semi-open
reasoning and multilevel confidence scales (Diani
etal., 2019; Samsudin et al., 2024a; Umar et al.,
2024). Several studies have also used Rasch
analysis, Partial Credit Models, Item Response
Theory, mental-model classification, or cognitive
diagnostic modeling to provide more detailed
diagnostic information (Istiyono et al., 2023; Mi
etal.,2023; Zain et al., 2025). In addition, FTDTs
have been administered through printed
questionnaires, online forms, mobile applications,
and web-based systems (Astuti, Bhakti, Prasetya,
et al., 2023; Maison et al., 2022). These
differences influence the type of conclusions that
can be drawn. An FTDT may only classify a
student’s conceptual status, but it may also
examine reasoning, estimate confidence, produce
attribute-mastery profiles, or track changes after
instruction. A focused review must therefore
examine instrument structure, scoring,
measurement evidence, implementation, and
pedagogical use as related dimensions.

Earlier reviews provide an important
foundation, but their purposes were broader than
the present study’s focus. Resbiantoro et al.
(2022) reviewed 72 articles published between
2005 and 2020 on the diagnosis, causes, and
remediation of misconceptions in physics
education. Their review compared interviews,
open-ended tests, multiple-choice tests, and
multi-tier diagnostic instruments. It also identified
several instructional approaches for addressing
misconceptions. However, FTDT was discussed
as one diagnostic method among several
alternatives. Consequently, the review did not
examine the development of FTDT structure,
scoring, validation, administration, and
pedagogical use in detail.

Celikkanly & Kyzylcyk (2022) focused
more directly on four-tier diagnostic tests in
physics education. They reviewed 69 studies
published between 2010 and 2022, including 58
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instrument-development studies and 11 studies
that used existing four-tier tests to identify
misconceptions. Their analysis covered
publication characteristics, physics topics,
targeted misconceptions, instrument modification,
misconception criteria, validity, reliability, and
number of items. They found that Indonesia
contributed the largest number of studies, that the
criteria for misconceptions differed across articles,
and that important instrument-development
procedures were often not reported. However,
their review mainly described general
development patterns. It did not use a study-level
framework to distinguish FTDT model families,
primary scoring paradigms, digital administration
modes, advanced measurement evidence, or the
different roles of FTDTs in conceptual-change
studies.

Marjana et al. (2026) examined
misconceptions in the broader field of physics
through a citation-based systematic mapping
review. They searched Scopus for studies
published between 2015 and 2024, screened the
100 most-cited records, and included 74 studies.
Their review mapped research trends,
misconception profiles, diagnostic tools, and
remediation strategies. Four-tier diagnostic tests
were identified as one of the most frequently used
diagnostic instruments. However, FTDT
remained one method within the wider field of
misconception research. In addition, ranking
records by citation count was suitable for
identifying influential publications but may have
underrepresented recent studies that had not yet
accumulated many citations. Citation-based
mapping also provides limited evidence on how
individual FTDT studies define their models, map
responses to diagnostic categories, assess
measurement quality, and use diagnostic results
during instruction.

These limitations underscore the need for a
focused, up-to-date review of FTDT research.
Existing reviews have provided broad accounts
of misconception diagnosis or descriptive
summaries of four-tier test development.
However, they have not systematically connected
instrument architecture, scoring, measurement
evidence, administration mode, and pedagogical
role at the study level. The present study
addresses this gap through a PRISMA-based
selection process and a predefined extraction and
coding framework. It reviews empirical FTDT
studies in physics education published from
January 2021 to December 2025. Each study is
examined in relation to its publication
characteristics, research purpose, methodological
design, dominant FTDT model, scoring
paradigm, measurement evidence, mode
of administration, educational level, physics
domain, and role in the conceptual-change
process.

The review addresses the following research
questions: 1) How did FTDT research in physics
education develop between 2021 and 2025 in
terms of publication characteristics, research
purposes, and methodological designs? 2) What
dominant FTDT models were used, and how did
they differ in response architecture and level of
diagnostic inference? 3) What primary scoring
paradigms and secondary analytical procedures
were used to classify, quantify, and interpret
FTDT responses? 4) What measurement
evidence was reported, and how were FTDTs
implemented across educational levels, physics
domains, and administration modes? 5) How
were FTDTs used in the conceptual-change
process, including initial diagnosis, intervention
evaluation, conceptual-change pattern
measurement, and the use of diagnostic results
to guide instruction?
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B METHOD
Research Design and Study Selection
Procedure

This study used a systematic literature
review based on the PRISMA 2020 framework
to ensure a transparent process of study
identification, screening, eligibility assessment, and
inclusion (Page et al., 2021). The review
addressed five analytical domains: study
characteristics and research orientation; FTDT
models; scoring and analytical paradigms;
measurement evidence and implementation
contexts; and the use of FTDT in conceptual-
change research.

Search Strategy

The literature search was conducted in
Scopus and the Education Resources Information
Center (ERIC). Scopus was selected for its broad
multidisciplinary coverage, while ERIC was
included to strengthen retrieval of research on
education, assessment, teaching, and learning.
The database search was last updated on July
28, 2026. Eligibility was limited to studies
published between January 1, 2021, and
December 31, 2025. Therefore, publications
dated 2026 were not eligible. The following
Boolean expression was used:

(“four-tier” OR “4-tier” OR “four-
level”’) AND (““diagnostic” OR “assessment”
OR “instrument”’) AND (“misconception” OR
“conceptual understanding”) AND
(“physics” OR “physics learning”)

The same conceptual search string was used
in both databases, with minor adjustments to the
search syntax and searchable fields available in
Scopus and ERIC. In ERIC, an additional filter
was applied to retrieve only peer-reviewed
publications. The database search identified 38
records, comprising 27 from Scopus and 11 from
ERIC. Four duplicate records were identified by
comparing titles, authors, publication years, and
DOlIs. After the duplicates were removed, 34

unique records remained for screening.

Inclusion and Exclusion Criteria

Studies were included if they reported
original empirical research, used a four-tier
diagnostic test to investigate physics concepts or
physics learning, were published between 2021
and 2025 as journal articles or individual
conference papers, and provided sufficient
information on the research methods, participants,
instruments, analytical procedures, and main
findings to support data extraction and synthesis.
Studies were excluded when they were reviews,
conceptual or theoretical papers, editorials, book
chapters, complete conference proceedings
volumes, or other non-empirical publications.
Studies using only one-tier, two-tier, or three-tier
tests were excluded. Studies combining physics
with other science disciplines were also excluded
when physics-specific data could not be extracted
separately.

No formal language restriction was applied.
All records retained during screening were written
in English, and no study was excluded because
of language. Of the 34 unique records, one was
excluded during title screening because it was a
complete conference proceedings volume rather
than an individual paper. Nine records were
excluded during abstract screening: three review
articles, three studies that did not use an FTDT,
one non-empirical conceptual paper, and two
studies without separately extractable physics-
education evidence.

The remaining 24 reports were retrieved
and assessed in full. No report was unavailable.
One report was excluded after full-text
assessment because its main disciplinary context
was chemistry or general science rather than
physics education. The final synthesis therefore
included 23 empirical studies published between
2021 and 2025. The complete record-level
screening decisions and reasons for exclusion are
reported in Appendix A. The study-selection
process is presented in Figure 1.
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Figure 1. PRISMA 2020 flow diagram of the study-selection process

Data Extraction and Analysis

The first researcher conducted the title,
abstract, and full-text screening using the
predefined criteria. The second researcher
verified the exclusion decisions and recorded
reasons for exclusion. Uncertain cases were
resolved through discussion. Data from the eligible
studies were entered into a standardized
extraction matrix aligned with the research
questions. Each study received a unique Study
ID. The extracted variables included publication
characteristics, research design, participants,
educational level, physics topic, research purpose,
FTDT structure, scoring procedure, measurement
evidence, administration mode, technology
integration, conceptual-change role, key findings,
and research gaps.

Validity and reliability findings were
recorded as FTDT measurement evidence only
when they directly referred to the diagnostic
instrument, its items, or its classifications.
Evidence concerning an instructional product,

such as an e-module or simulation, was not
treated as FTDT measurement evidence. Each
study was assigned to one dominant FTDT
model, namely the classical FTDT, the response-
enhanced FTDT, or the analytically advanced
FTDT, based on the main structure of the
instrument and the level of diagnostic inference it
produced.

Open or semi-open reasoning and
multilevel confidence scales were coded as
response enhancements. Rasch models, Partial
Credit Models, Item Response Theory, mental-
model analysis, and cognitive diagnostic models
were considered model-defining only when they
formed the main basis of diagnostic inference.
Each study was also assigned one primary scoring
paradigm representing the main procedure used
to transform four-tier responses into conceptual
categories, numerical scores, mental
representations, latent-trait estimates, or
cognitive-attribute profiles. Secondary
procedures, including N-Gain, Reduction of
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Misconception Quantity, McNemar tests,
Wilcoxon tests, and conceptual-transition
analysis, were coded separately.

Research purpose and conceptual-change-
role codes were not mutually exclusive because
a single study could serve multiple functions. A
study could also report several forms of
measurement evidence or technology integration.
In contrast, each study received only one
dominant FTDT model, one primary scoring
paradigm, one educational-level category, one
primary physics domain, and one administration-
mode category. Administration mode was
classified as paper-based, digital/online, hybrid,
or not reported. Digital platforms, simulations,
electronic modules, and computer-assisted
instruction were not treated as changes to the
FTDT model unless they directly changed the
response architecture or the basis of diagnostic
inference. The complete coding framework and
study-level extraction matrix are provided in
Appendix B.

Two researchers independently coded all
23 studies for the dominant FTDT model and
primary scoring paradigm using the predefined
coding framework. Inter-rater reliability was
calculated separately for the two nominal variables
using unweighted Cohen’s kappa in IBM SPSS
Statistics version 27. Agreement was high for both
the dominant FTDT model (¢ =.932; observed
agreement = 95.7%; p <.001) and the primary
scoring paradigm (€ =.939; observed agreement

5

7

Number of Studies
"

[N

0

4]

= 95.7%; p < .001). Cohen’s kappa was
calculated before consensus discussion. The
remaining disagreements were resolved by
reviewing the operational definitions and evidence
reported in the full texts.

The extracted data were analyzed using
descriptive statistics and framework-based
narrative synthesis following Popay et al. (2006).
Frequencies and percentages were used to
summarize the main study characteristics and
coding categories, while narrative synthesis was
used to compare differences across studies. Each
study was assigned one primary physics domain
to avoid double counting, and studies covering
distinct domains were classified as multiple-
domain studies. Administration modes and the
distribution of physics domains across educational
levels were visualized using two-dimensional
horizontal bar charts and a proportional bubble
chart generated in Python with Matplotlib. Meta-
analysis was not conducted because the included
studies differed substantially in design,
participants, FTDT formats, scoring procedures,
interventions, and outcomes.

B RESULTAND DISCUSSION
The findings are presented according to the
five research questions.

RQ1. Research Characteristics and
Methodological Orientation

FTDT studies were published throughout
2021-2025, although the annual number did not

B joumal Article
71 Conferance Paper

4 4

o

2021 2022

2023

2024 2025

Publication Year

Figure 2. Annual distribution of included FTDT studies by publication type
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show a consistent upward trend. Six studies were
published in 2021, followed by three in 2022,
five each in 2023 and 2024, and four in 2025.
The publication channel changed more clearly.
Conference papers were more common in 2021
and accounted for all studies published in 2022,

whereas journal articles became dominant from
2023 onward. Overall, the review included 14
journal articles and nine conference papers. This
pattern suggests a shift toward journal publication,
but publication type alone does not indicate
methodological quality.

Table 1. Study characteristics and methodological orientation

Dimension Category n %
Publication type Journal article 14 609
Conference paper 9 39.1
Country Indonesia 20  87.0
China 1 4.3
Greece 1 4.3
Thailand 1 43
Primary research design Developmental research 10 435
Pre-experimental research 4 174
Quasi-experimental research 1 4.3
Cross-sectional descriptive research 5 21.7
Qualitative descriptive research 1 4.3
Mixed-methods research 2 8.7
Research purpose* Developer 9 39.1
Profiler 16  69.6
Remediator 8 3438
Evaluator 8 3438

Note: Percentages were calculated from the 23 included studies. Primary research-
design categories were mutually exclusive, whereas research-purpose categories were
not mutually exclusive because one study could serve more than one function.

Research was strongly concentrated in
Indonesia, which contributed 20 of the 23
included studies. China, Greece, and Thailand
each contributed one study. This pattern is
consistent with the earlier review by Celikkanly
& Kyzyleyk (2022), which also identified
Indonesia as the main contributor to four-tier
diagnostic research. However, the current
distribution should not be interpreted as a
complete global pattern, as the search was limited
to Scopus and ERIC.

Developmental research was the most
common design, representing 10 studies,
followed by cross-sectional descriptive research
with five studies. Pre-experimental, quasi-
experimental, qualitative, and mixed-methods
designs were less frequent. The strong

developmental orientation indicates that
instrument construction, validation, scoring
development, and assessment system design
remain central to FTDT research. This focus is
reasonable because diagnostic interpretations
require adequate evidence that the instrument
performs consistently and measures the intended
concept (Zach, 2005).

Research design and research purpose were
coded separately. Although 10 studies used a
developmental design, only nine were classified
as FTDT Developers. The difference occurred
because one developmental study created an
instructional product and used FTDT only to
evaluate its outcome. Purpose coding also
showed that profiling was the most common
FTDT function, appearing in 16 studies. Eight
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studies implemented remediation, and the same
eight studies used FTDT to evaluate instructional
outcomes. These results indicate that diagnosis
remains the primary purpose of FTDT research,
although the instrument is increasingly used
alongside instructional interventions and
conceptual-change evaluation.

Sample size generally followed the analytical
purpose of each study. Large instrument
development and psychometric studies included
1,850 participants in Mi et al. (2023), 700
participants in Istiyono et al. (2023), and 300
participants in Istiyono et al. (2024). In contrast,
most intervention studies involved smaller groups
from one school, class, or institution. This
difference suggests that evidence for instrument
calibration and diagnostic classification is based

on larger datasets, whereas evidence for
instructional effectiveness remains largely local and
short-term.

RQ2: Development of FTDT Models and
Diagnostic Capabilities

Most studies retained the four-tier core,
which consists of an answer, confidence in the
answer, areason, and confidence in the reason.
The main differences were found in the type of
response evidence collected and the level of
diagnostic inference produced. Based on these
differences, the 23 studies were classified into
three dominant FTDT models.

Most studies retained the four-tier core,
namely an answer, confidence in the answer, a
reason, and confidence in the reason. The main

Table 2. Dominant FTDT models and diagnostic capabilities

FTDT model Main characteristics n %
Classical FTDT Uses the conventional four-tier structure and interprets responses 11  47.8
through predefined conception categories. Digital administration
or supporting item analysis does not change this classification.
Response- Extends the evidence collected through open or semi-open 7 304
Enhanced FTDT  reasoning, student-generated responses, multilevel confidence
scales, CRI, or confidence thresholds while retaining the basic
categorical logic.
Analytically Uses an advanced analytical architecture to produce latent, 5 217
Advanced FTDT  multidimensional, mental-representation, or cognitive-attribute

information from four-tier responses.

Note: Each study was assigned a dominant FTDT model based on its primary diagnostic contribution.
Administration platform and instructional intervention were coded separately

differences were not found in the number of tiers,
but in the response architecture and the level of
diagnostic inference. Based on these features, the
23 studies were classified into three models:
Classical FTDT, Response-Enhanced FTDT, and
Analytically Advanced FTDT. Table 4 shows that
development has mainly occurred by collecting
richer response evidence or producing more
detailed diagnostic information.

Classical FTDT was the largest model
family, covering 11 studies (47.8%). The four-
tier format was originally developed by extending
the two-tier multiple-choice test with separate

confidence ratings for the answer and reason tiers.
Therefore, students’ content knowledge,
explanatory knowledge, and confidence in both
responses can be examined together (Caleon &
Subramaniam, 2010). The studies in this category
retained this answer—confidence—-reason—
confidence structure and interpreted response
combinations through predefined categories, such
as scientific conception, partial understanding, lack
of knowledge, misconception, and error. This
structure remains useful because an incorrect
answer does not always indicate a misconception.
Bessas etal. (2024), for example, found that many
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incorrect responses reflected lack of knowledge,
while Maison et al. (2022) showed that an
increase in correct answers did not always mean
that the underlying misconception had changed.

Model classification was based on the
instrument’s diagnostic architecture rather than its
administration platform or supporting analysis.
Astuti et al. (2023), for example, implemented
the FTDT via an Android application, but its
diagnostic output still adhered to conventional
rule-based categories. Likewise, Putranta &
Afifah (2025) used Rasch analysis to examine
item quality, but the main interpretation remained
categorical. Both studies were therefore classified
as Classical FTDT. Some classical studies also
used external evidence to explain the diagnostic
results. Mustofa et al. (2024), for instance,
combined FTDT results with cognitive-style
classification and interviews. However, these
additional methods did not change the four-tier
response structure itself.

Response-Enhanced FTDT was identified
in seven studies (30.4%). These instruments
retained the basic four-tier logic but collected
richer evidence through open or semi-open
reasoning, student-generated responses, CRI,
multilevel confidence scales, or confidence
thresholds. Samsudin et al. (2024) used open or
semi-open reasoning formats, while Mahardika
etal. (2025) and Surmaini etal. (2021) combined
open-ended reasoning with a certainty response
index. Such features may reveal reasoning not
represented in fixed response options and may
provide clearer evidence for distinguishing among
uncertainty, lack of knowledge, and confident
misconception (Kaltakci-Gurel et al., 2017,
Resbiantoro et al., 2022). However, richer
responses also require clear coding rules so that
students’ explanations and confidence levels are
interpreted consistently.

Five studies (21.7%) were classified as
Analytically Advanced FTDT. These studies
generally retained the four-tier response structure
but used an advanced analytical architecture to

produce more detailed inferences. Mi et al.
(2023), for example, used a Q-matrix and
cognitive diagnostic modeling to estimate
students’ mastery of specific conceptual
attributes. Likewise, (2024) interpreted response
patterns as scientific, synthetic, misconceptions,
and initial mental models. Other studies used
Rasch or Partial Credit Models as the main
scoring architecture to represent item difficulty,
student ability, and levels of conceptual
understanding (Istiyono etal., 2023, 2024). These
approaches extend FTDT beyond broad-
conception labels, although their conclusions
depend on adequate sample size, model fit, and
clearly defined diagnostic outputs.

Overall, Classical FTDT remained the
largest individual category, but Response-
Enhanced and Analytically Advanced FTDTs
together represented 12 studies (52.2%). This
finding shows that recent FTDT research has
followed two main paths: enriching the evidence
collected from students and increasing the detail
of diagnostic inference. These models should not
be viewed as fixed generations or as a hierarchy
of quality. Classical FTDT supports direct
categorical diagnosis, Response-Enhanced
FTDT provides deeper evidence about reasoning
and confidence, and Analytically Advanced
FTDT produces more fine-grained diagnostic
profiles. FTDT development can therefore be
described as core-preserving but capability-
expanding.

RQ3: Primary Scoring Paradigms and
Secondary Analytical Procedures

The FTDT model describes the instrument’s
structure and the level of diagnostic inference,
whereas the scoring paradigm explains how four-
tier responses were transformed into diagnostic
information. Each study was therefore assigned
one primary scoring paradigm. Statistical tests and
conceptual-change measures applied after the
initial scoring were recorded separately as
secondary analytical procedures.
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Table 3. Primary scoring paradigms used in FTDT studies

Primary scoring
paradigm

Main function n %

Rule-Based
Categorical Diagnosis
status categories.

Converts combinations of answer correctness, reason 11
correctness, and confidence into predefined conceptual-

47.8

Confidence-Index Uses CRI, multilevel confidence, or confidence 4 174
Categorical Diagnosis  thresholds together with answer and reason correctness.
Mental-Representation Interprets response patterns as scientific, synthetic, 1 43
Scoring misconceptions, or initial mental models.

Psychometric Latent-  Uses Rasch, PCM, or IRT as the main scoring 4 174

Trait Scoring

architecture to estimate item and person parameters or

ordered conceptual levels.

Cognitive Diagnostic

Links responses to cognitive attributes through a Q- 1 43

Modeling matrix and a cognitive diagnostic model.
Scoring Procedure Not  Does not provide enough information to determine how 2 8.7
Sufficiently Reported  four-tier responses were converted into categories or

SCOICES.

Rule-Based Categorical Diagnosis was the
most common paradigm, covering 11 studies
(47.8%). This approach follows the basic logic
of the four-tier test, in which answer accuracy,
reason accuracy, and confidence are combined
to distinguish different conceptual states (Desstya
etal., 2025; Kiray & Simsek, 2021). However,
the labels and decision rules varied across studies.
Similar response patterns were described as a
lack of knowledge, lack of understanding, partial
understanding, no conception, or error. Bessas
etal. (2024), for example, distinguished scientific
conception, misconception, lack of knowledge,
and guessing, whereas other studies used more
detailed category systems. These differences may
be instructionally useful, but they reduce direct
comparison across instruments.

Confidence-Index Categorical Diagnosis
was used in four studies, while one study used
Mental-Representation Scoring. CRI and
multilevel confidence scales help distinguish
confident misconceptions from uncertainty or
insufficient knowledge, which is the main purpose
of confidence-based diagnosis (Hasan et al.,
1999; Koto & Gusma, 2021). Confidence also
provides information beyond response accuracy,
although its interpretation depends on clear

thresholds and students’ ability to report their
confidence consistently (Stankov & Lee, 2008).
Likewise, Umar et al. (2024) extended the
interpretation beyond conventional status
categories by classifying responses into scientific,
synthetic, misconception, and initial mental model
categories.

Four studies used Psychometric Latent-
Trait Scoring, and one used Cognitive Diagnostic
Modeling. Psychometric approaches preserve
ordered differences in response quality rather
than treating all response combinations as
equivalent nominal categories (Fletcher & Hattie,
2004; Vispoel & Kim, 2014). The Partial Credit
Model, for example, was designed for items
scored in ordered categories and allows category
structures to vary across items (Masters, 1982).
Accordingly, Istiyono et al. (2024) used PCM-
based scoring to estimate item difficulty, student
ability, and levels of conceptual understanding.
Such interpretations require evidence of model
fit, measurement error, reliability, and
dimensionality (Saidi & Siew, 2019; Schumacker
& Smith, 2007).

Cognitive Diagnostic Modeling produced
a different type of information. Mi et al. (2023)
used a Q-matrix and G-DINA modeling to link
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test items with specific electrostatics attributes and
estimate students’ attribute mastery. CDMs are
multiple-classification latent-class models that link
observed responses to several underlying skills
or attributes rather than reducing performance to
a single total score (Templin & Henson, 2006).
This approach can therefore identify students who
obtain similar overall scores but differ in the
specific skills they have mastered, as shown by
Zhaietal. (2023). The GDINA framework also
supports checks of model fit, Q-matrix validity,
differential item functioning, and classification
accuracy (Ma & de la Torre, 2020). However,
two studies did not report their scoring
procedures sufficient detail, limiting reproducibility
and comparability across FTDT studies.
Secondary analytical procedures were
applied after the primary categories or scores had
been produced. These included N-Gain,
Reduction of Misconception Quantity, McNemar
and Wilcoxon tests, repeated comparisons, and
conceptual-transition coding. Samsudin et al.
(2024), for example, combined categorical
FTDT results with conceptual-change codes and
N-Gain, while Adimayuda et al. (2025) used
McNemar and RMQ to evaluate changes after
instruction. Mahardika et al. (2025) used a
reduction index and Wilcoxon testing, whereas
Maison et al. (2022) compared changes in

response categories across two measurements.
These procedures measured the extent or
direction of change, but they did not replace the
primary FTDT scoring model.

Overall, FTDT scoring did not develop
through a simple shift from basic to advanced
methods. Instead, the studies used different
primary paradigms for different diagnostic
purposes and added secondary procedures when
examining conceptual change or intervention
effects. The central issue is therefore not the
absence of analytical variety, but the lack of shared
terminology, transparent decision rules, and
consistent reporting. Future FTDT studies should
clearly separate the original response-scoring
procedure from later statistical analyses so that
diagnostic results can be reproduced and
compared across contexts.

RQ4: Measurement Evidence and FTDT
Implementation

Measurement evidence was examined in the
nine studies classified as Developers because
these studies developed, adapted, calibrated, or
validated an FTDT instrument, scoring model, or
dedicated assessment system. Evidence
concerning instructional products was excluded
unless it directly referred to the FTDT instrument
or its diagnostic classifications.

Table 4. Measurement evidence reported in FTDT development studies

Measurement evidence nof9 %
Content validity or expert review 9 100.0
Internal consistency or measurement reliability 8 88.9
Advanced psychometric or measurement modeling 6 66.7
Diagnostic classification accuracy or consistency 1 11.1
Differential item functioning or measurement fairness 1 11.1

Note: Categories are not mutually exclusive

The findings show that FTDT development
did not rely only on expert judgment. Content
review was reported in all Developer studies,
while several also used Rasch analysis, Partial
Credit Models, Item Response Theory, or

cognitive diagnostic modeling. However, the
depth of measurement evidence remained uneven.
Mi et al. (2023) was the only study to report
diagnostic classification accuracy and consistency,
while Zain et al. (2025) was the only study to
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examine differential item functioning. Cross-
validation, measurement invariance, and the
stability of classifications across schools or
populations were generally absent. Therefore, the
main gap was not the absence of validation, but
the limited evidence that FTDT classifications

Paper-Based

Digital/Online

Mot Reported 8.7% {n =2}

FTDT Administration Mode

Hybrid 43%(n=1)

remain accurate and fair across different contexts.
Reliability reported for an instructional product
was not counted as FTDT reliability; for example,
the reliability evidence in Mahardika et al. (2025)
mainly concerned the developed e-module rather
than the diagnostic test.

47.8% (n =11}

39.1%(n=19)

C)4‘-

10 20

30 40 50

Percentage of Included Studies {%)

Figure 3. Distribution of FTDT administration modes

Paper-based administration was the most
common single mode, appearing in 11 studies
(47.8%), followed closely by digital or online
administration in 9 studies (39.1%). One study
used a hybrid format, while two did not report
how the FTDT was administered. When digital
and hybrid formats are combined, technology-
mediated administration was reported in 10
studies (43.5%), indicating that digital delivery
has expanded but has not replaced paper-based
testing,

Most digital studies used general platforms,
such as Google Forms or other online test
systems, to distribute instruments and collect
responses (Munggarani et al., 2021; Surmaini et
al.,2021). More developed systems included the
Android application by Astuti et al. (2023), which
automated scoring, misconception classification,
and PDF report generation, and the online system
by Maison et al. (2022), which produced

conceptual profiles upon submission. The Android
application’s automated classification and
reporting functions are recorded in the extraction
evidence.

These systems improved data collection
and reporting, consistent with the flexibility and
monitoring benefits of digital assessment (Jurane-
Br¢mane, 2023). However, most digital FTDTs
merely transferred conventional tests to online
platforms, with little evidence of adaptive item
selection, profile-based feedback, personalized
remediation, learning-management-system
integration, real-time instructional adjustment, or
continuous monitoring. They are therefore better
described as digitized diagnostic assessments than
fully adaptive learning environments (Kaddouri
etal., 2025).

FTDT implementation was concentrated at
the senior high school level, which accounted for
17 studies (73.9%). Only two studies involved
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Figure 4. Distribution of physics domains across educational levels

junior high school students, while four were
conducted in higher education. Mechanics was
the most frequently investigated domain, with 10
studies, followed by fluids with six. Together,
these two domains represented 16 studies
(69.6%) and were the only domains examined
across all three educational levels. Electricity and
optics were each represented by two studies,
whereas renewable energy, astronomy, and
multiple-domain assessment appeared in only one
study each.

The concentration on mechanics and fluids
is understandable because motion, force,
pressure, and buoyancy are closely linked to
everyday experience, which may support intuitive
explanations that conflict with scientific models
(Clement, 1982; diSessa, 1993). Such
conceptions can also be reinforced by difficulties
in interpreting scientific language and causal
relationships (Graham etal., 2013). However,
because 73.9% of the studies involved senior high
school students and 69.6% focused on mechanics
or fluids, the evidence cannot yet be generalized
across educational levels or physics domains.
Research remains limited in the fields of electricity,
optics, thermodynamics, modern physics, junior
high school, and higher education.

Higher-education research was also limited
to small samples of undergraduates and pre-
service teachers. Azizah et al. (2022), for
example, identified substantial astronomy
misconceptions among physics education
students, while Maison et al. (2022) found that
additional instruction improved answer accuracy
without substantially reducing buoyancy
misconceptions. These findings support wider
concerns that future teachers may retain
conceptual difficulties that could later influence
their classroom explanations and instructional
decisions (Liu & Li, 2017)

RQS5: FTDT Across the Conceptual-Change
Process

The pedagogical roles of FTDT were coded
according to functions that were empirically
demonstrated in each study, rather than
instructional possibilities mentioned only in the
implications or recommendations. Because one
study could use FTDT at several stages of the
conceptual-change process, the categories were
not treated as mutually exclusive.

Diagnostic Baseline was the main role of
FTDTs, appearing in 22 studies. These studies
used FTDTs to identify misconceptions,
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Table 5. Pedagogical roles of FTDT across the
conceptual-change process

Conceptual-change role n %
Diagnostic Baseline 22 95.7
Intervention Guidance 0 0.0
Remediation or Intervention 8 34.8
Evaluation
Conceptual-Change Pattern 6 26.1
Measurement
Instrument or Scoring Development 1 43
Only

Note: Categories are not mutually exclusive.
Conceptual Change Measurement was coded only for
studies examining transitions or changes in response
patterns, not for aggregate reductions in
misconception alone.

conceptual-status distributions, mental models, or
cognitive-attribute mastery, either as a stand-alone
diagnosis or before instruction. Only A12 focused
solely on instrument and scoring development
without reporting substantive conceptual findings.
Although several studies administered an FTDT
before an intervention, the treatment had already
been selected and delivered to the whole group.
Thus, using an FTDT as a pretest does not mean
that its results guided instruction. This gap supports
Resbiantoro et al. (2022), who argued that
diagnosis does not automatically produce
effective conceptual-change teaching.

Eight studies used FTDTs to evaluate
interventions, including conceptual-change tasks
(Samsudin et al., 2024), scaffolded simulation
(Fongsamut et al., 2023), electronic modules
(Mahardika et al., 2025), computer-based
refutational text (Sarwono et al., 2022),
additional instruction (Maison et al., 2022),
PIMCA (Lampeang et al., 2021), T-MORE
(Adimayuda et al., 2025) and computer-
simulation-assisted instruction (Kaniawati et al.,
2021). Sarwono et al. (2022) reported
substantial remediation after analogy-supported
refutational text. This result agrees with evidence
that refutational text can help students revise
intuitive ideas (Hynd et al., 1994) and that

analogies are more effective when learners
understand their connection to the target concept
(Brown, 1992).

Similarly, Fongsamut et al. (2023) found
that scaffolded simulation improved
understanding, although the extent of change
differed across projectile-motion misconceptions.
Simulations may clarify abstract concepts, but
their effectiveness still depends on instructional
support (Banda & Nzabahimana, 2023). Six
studies went beyond aggregate outcomes and
examined category transitions, persistent
misconceptions, acceptable and unacceptable
changes, or changes in cognitive structure. Maison
etal. (2022) showed why this distinction matters:
correct responses increased after additional
instruction, but the prevalence of misconceptions
changed only from 24.74% to 24.32%. Much of
the improvement came from reductions in lack
of knowledge, false-positive responses, and false-
negative responses.

Therefore, higher scores or more correct
answers should not automatically be interpreted
as successful conceptual change. Misconceptions
may represent organized explanations shaped by
prior knowledge and everyday experience
(Vosniadou & Mason, 2012). They may also
arise when learners place a concept in an
inappropriate conceptual category, as found in
ideas about light, heat, and electric current (Slotta
etal., 1995). Conceptual change may therefore
require reorganizing explanations rather than
simply replacing an incorrect answer with a
correct one (Chi etal., 1994).

Confidence and response-pattern data are
also important because conceptual change
involves metacognitive and motivational factors
and may occur gradually across several
dimensions (Duit & Treagust, 2003; Pintrich et
al., 1993). Overall, the reviewed studies show
that FTDTs are well established for initial diagnosis
and are increasingly used to evaluate interventions
and conceptual transitions. However, they have
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not yet formed a complete cycle in which
individual diagnostic profiles guide targeted
instruction, progress is monitored, and persistent
misconceptions are reassessed. FTDTs should
therefore be viewed not only as tools for
classifying misconceptions, but also as

frameworks for instructional decisions that support
continuous conceptual change, curriculum
improvement, and more responsive teaching
(Rozigin etal., 2026). The main remaining gap is
the limited translation of diagnostic evidence into
differentiated and adaptive instructional action.

RQS5

Conceptual-Change
Use

RQ1

Research
Landscape

RQ2

FIDT Models

FTDT Evolution

Physics Education

RQ4b

Implementation
Context

RQ4a

Measurement Evidence

RQ3

Scoring and Diagnostic
Inference

Figure 5. Integrated thematic map of FTDT research in physics education

B CONCLUSION

This review shows that Four-Tier
Diagnostic Tests (FTDTs) have expanded beyond
misconception identification to serve as
assessment tools for examining conceptual states,
confidence, reasoning, and conceptual change.
Their development is marked by richer response
formats, advanced scoring, and pedagogical use.
However, scoring frameworks remain
inconsistent, measurement evidence is uneven,
and diagnostic results are rarely translated into
differentiated instruction. Future studies should
report more than content validity and reliability
by explaining scoring rules and confidence
thresholds and, where appropriate, providing
evidence of measurement structure, classification
accuracy, and item fairness. They should also
strengthen cross-context validation and develop

digital systems that connect diagnosis with
targeted remediation, monitoring, and sustained
support. These conclusions should be interpreted
cautiously because the search was limited to
Scopus and ERIC and used English-language
terms. Studies indexed elsewhere or published
with non-English titles may have been missed.
Moreover, 20 of the 23 studies were conducted
in Indonesia; therefore, the findings describe the
reviewed corpus rather than the complete global
development of FTDT research.

B DECLARATION OF GENERATIVE
Al USAGE IN THE WRITING
PROCESS
The authors used OpenAI’s ChatGPT to

improve language, clarity, organization, and

consistency. All data extraction, coding,
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interpretation, references, and final content were
checked by the authors, who take full
responsibility for the manuscript.
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