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1. INTRODUCTION

Assessment plays a crucial role in the learning process as it provides feedback for improving
instructional quality and evaluating the achievement of learning objectives [1], [2]. In mathematics education,
assessment not only measures students’ performance but also identifies the underlying causes of learning
difficulties that may hinder conceptual understanding and problem-solving ability [3], [4]. The effectiveness
of mathematics learning is therefore strongly influenced by the quality of the assessment instruments used to
evaluate students’ knowledge, reasoning, and confidence [5]. Valid and reliable assessment tools are essential
to support diagnostic decisions and to design appropriate learning interventions [6].

In the Indonesian context, mathematics learning difficulties remain a significant concern at the
secondary school level. Results from national and international assessments such as Programme for
International Student Assessment (PISA) and AKM (Asesmen Kompetensi Minimum) have consistently
shown that many Indonesian students struggle with mathematical reasoning, problem-solving, and conceptual
understanding [7]. These challenges have been further exacerbated by learning loss during and after the
COVID-19 pandemic, which has widened the gap in students’ cognitive mastery and conceptual readiness
[8]. Teachers often rely on traditional multiple-choice tests or summative assessments that emphasize
procedural computation rather than diagnostic evaluation [9]. Furthermore, the current national curriculum
(Kurikulum Nasional) encourages the implementation of deep learning (pembelajaran mendalam) that
emphasizes understanding, reasoning, and the ability to connect concepts rather than rote memorization [10].
This shift requires more accurate diagnostic assessment tools capable of identifying students’ conceptual
understanding and reasoning pathways [11]. However, several studies have reported that diagnostic
instruments used in Indonesian schools still lack systematic validation, particularly in terms of content
validity and cognitive alignment [12]. This condition highlights the urgent need to develop and validate high-
quality diagnostic tools that can help teachers accurately identify students’ misconceptions and levels of
understanding.

Multiple-choice tests are the most widely used form of assessment because of their efficiency and
objectivity [13]. However, conventional multiple-choice tests often fail to reveal students’ reasoning
processes or the confidence behind their chosen answers [14]. As a result, teachers cannot accurately
distinguish between students who genuinely understand the concept and those who answer correctly by
guessing [15]. To address this limitation, the three-tier multiple-choice diagnostic assessment was developed.
To address this limitation, the three-tier multiple-choice diagnostic assessment was developed. This
instrument consists of three components: content knowledge, reasoning ability, and confidence level [16].
The integration of these three components enables educators to diagnose not only what students
misunderstand but also why misconceptions occur and how confident students are in their responses. Previous
research has shown that the three-tier diagnostic format effectively identifies misconceptions and learning
difficulties in mathematics [17], [18], [19].

The development of a diagnostic assessment must be supported by a rigorous content-validation
process to ensure that each item accurately represents the intended construct [20]. One widely used method
for evaluating expert judgment in content validation is the Content Validity Index (CVI), which quantifies
expert agreement on the relevance, clarity, and representativeness of instrument items [21], [22]. However,
the CVI method does not fully address the uncertainty inherent in linguistic expert judgments [23]. To
overcome this limitation, the Fuzzy Delphi Method (FDM) integrates the Delphi consensus technique with
fuzzy logic to manage the vagueness and uncertainty of linguistic assessments [24], [25]. This method
transforms experts’ linguistic evaluations into triangular fuzzy numbers (TFNs) that capture both the level of
agreement and the degree of confidence [26]. Recent studies have demonstrated that the FDM enhances the
reliability of validation processes and provides a more accurate representation of expert consensus compared
to the traditional Delphi technique [26], [27], [28], [29]. Although many studies have independently applied
the Content Validity Index (CVI) and the Fuzzy Delphi Method (FDM) in various educational contexts, few
have examined both approaches simultaneously within the domain of diagnostic assessment, particularly in
mathematics learning difficulties [20], [30]. Therefore, this study aims to evaluate and compare the
effectiveness of the CVI1 and the FDM in the expert validation of a three-tier diagnostic assessment designed
to identify mathematics learning difficulties among Grade X students. By integrating these two validation
approaches, this study strengthens methodological rigor and contributes to the development of empirically
grounded diagnostic tools aligned with the vision of Kurikulum Nasional to promote deep learning and data-
driven educational improvement [31], [32], [33],[34].
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2. RESEARCH METHODS
2.1 Research Design

This study employed a comparative quantitative descriptive design to evaluate and compare the
outcomes of two expert validation approaches: the Content Validity Index (CVI) and the Fuzzy Delphi
Method (FDM). The research aimed to examine the degree of consensus, consistency, and stability among
experts in validating a three-tier diagnostic assessment of mathematics learning difficulties. The CVI
technique was used to quantify expert agreement on item relevance, while the FDM incorporated fuzzy-logic
computation to address linguistic uncertainty and refine consensus measurement. The combination of both
methods provided a comprehensive framework for assessing content validity, ensuring methodological rigor
prior to field implementation. The methodological workflow of this study is summarized in Fig. 1. The
validation procedure consisted of sequential stages including instrument development, expert panel selection,
expert evaluation across seven assessment aspects, Content Validity Index (CVI) analysis, Fuzzy Delphi
Method (FDM) analysis using triangular fuzzy numbers, comparison of validation outcomes from both
approaches, and interpretation of results to determine the final validity status of each diagnostic item. This
workflow was designed to ensure transparency and reproducibility of the validation process.

Expert : Final
Evaluation =% CVvi » Comparison [ M Validation

Decision

Instrument

Development Analysis of Results

(7 aspects)

Figure 1. Research workflow of the validation procedure

2.2 Participants

The expert panel consisted of five professionals selected through purposive sampling based on specific
inclusion criteria: doctoral qualifications in mathematics education, a minimum of five years of teaching or
research experience, and familiarity with diagnostic assessment development. These experts represented
diverse academic institutions and research backgrounds to ensure a balanced evaluation of the instrument.
Each expert independently reviewed the instrument and provided quantitative and qualitative feedback to
ensure impartiality and reliability of the validation process. Table 1 presents the demographic profile of the
experts.

Table 1. Demographic Profile of the Experts

Expert . e . . Academic Years of
Code Highest Qualification Field of Expertise Position Experience
E1 Ph.D. in Educational Research  Diagnostic Assessment, Learning  Senior 15 vears
and Evaluation Difficulties Researcher y
Ph.D. in Mathematics . L Senior
E2 Education Curriculum & Instruction in Math Researcher 12 years
E3 Ph.D.in Edt_JcatlonaI Research  Cognitive .Psychology in Senior Lecturer 10 years
and Evaluation Mathematics
Ph.D. in Educational Research Mathematics Education,
E4 X : Lecturer 8 years
and Evaluation Psychometric, Measurement
Ph.D. in Educational Research Mathematics Learning, Conceptual Associate
E5 - . 14 years
and Evaluation Reasoning Professor

2.3 Instrument

The instrument validated in this study was a three-tier diagnostic assessment designed to identify
students’ misconceptions and learning difficulties in mathematics. Each item consisted of a problem
statement, a reasoned response, and a confidence rating tier. The initial instrument included 21 items aligned
with the mathematics curriculum and conceptual domains related to algebraic reasoning and problem-solving.
The instrument’s development was guided by literature on diagnostic assessment and validated learning
theories to ensure content representativeness and construct alignment prior to expert review. To improve
instrument transparency, a representative example of a three-tier diagnostic item is presented directly in this
section together with the mapping between diagnostic items and assessed indicators shown in Table 2. Each
diagnostic item consists of three components: the first tier measures content knowledge through multiple-
choice responses, the second tier evaluates the reasoning underlying the selected answer, and the third tier
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captures students’ confidence levels. This structure enables identification of misconceptions, reasoning
patterns, and certainty levels simultaneously, thereby supporting a more comprehensive diagnosis of students’
understanding of mathematical growth models.

2.3.1 Example of a Three-Tier Diagnostic Item

Have you ever consumed yogurt? The sour taste of yogurt is produced by the activity of beneficial
bacteria called Lactobacillus, which play an important role in human digestion and are widely used in
fermentation processes. A researcher investigated the growth of Lactobacillus bacteria in a glass of milk at
room temperature. The observation results showed that the number of bacteria increased rapidly every hour,
as presented in the Table 2 below:

Table 2. Growth of Lactobacillus Bacteria at Room Temperature
Time (hours) Number of Bacteria

0 500
1 1000
2 2000
3 4000
t ?
Based on the observation data, the researcher proposed two possible models of bacterial growth:
Model X:
f(t) =500 x 2t
Model Y:

f(t) =500+ 1500t
Tier 1 — Content Knowledge (Answer Selection)
Based on Model X and Model Y, it can be concluded that:

A. Model X is correct, whereas Model Y is incorrect
B. Model X is incorrect, whereas Model Y is correct
C. Both Model X and Model Y are correct

D. Both Model X and Model Y are incorrect

Tier 2 — Reasoning (Justification Selection)
| selected the answer above because:

A. The number of bacteria increases by a constant amount every hour

B. The number of bacteria always doubles from the previous hour

C. Both models produce the same result at the initial time point, so both can be used

D. At the third hour, the number of bacteria increases by only 2000 from the previous hour

Tier 3 — Confidence Level
I am about my answer.

A. Confident

B. Uncertain

C. Not confident

2.3.2 Mapping Between Diagnostic Items and Assessed Indicators

Table 3. Mapping Between Diagnostic Items and Assessed Indicators

Item Context Mathematical Indicator Assessed Tier 1 Tier 2 Tier 3
1 Bacterial growth  Distinguishing exponential vs linear Concept Reasoning Confidence
growth models selection selection level
2 Ticket price Comparing arithmetic vs percentage Concept Reasoning Confidence
increase increase models selection selection level
3 Livestock Identifying linear vs exponential growth Concept Reasoning Confidence
population patterns selection selection level

growth
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Item Context Mathematical Indicator Assessed Tier 1 Tier 2 Tier 3
4 Asset value Evaluating suitability of linear vs Concept Reasoning Confidence

growth exponential models selection selection level
5 Population Evaluating appropriateness of exponential Concept Reasoning Confidence
growth prediction  modelling selection selection level
6 Savings vs Comparing linear savings vs exponential ~ Concept Reasoning Confidence
inflation inflation effects selection selection level
7 Temperature vs Identifying exponential change vs linear Concept Reasoning Confidence
radioactive decay  change processes selection selection level
8 Fish population Selecting logistic growth model with Concept Reasoning Confidence
growth carrying capacity selection selection level
9 Population Constructing exponential growth model Concept Reasoning Confidence
growth revision from percentage rate selection selection level
10 Social media Modelling exponential growth with Concept Reasoning Confidence
video views percentage increase selection selection level
11 Machine Modelling exponential decay processes Concept Reasoning Confidence
depreciation selection selection level
12 Social media Identifying exponential growth from Concept Reasoning Confidence
followers geometric sequence pattern selection selection level
13 Carbon emission  Constructing exponential growth function  Concept Reasoning Confidence
growth from percentage rate selection selection level
14 Cloud storage Interpreting exponential doubling-time Concept Reasoning Confidence
capacity growth models selection selection level
15 Influenza case Evaluating consistency between model Concept Reasoning Confidence
growth and graphical data selection selection level
16 Electricity Evaluating suitability of exponential Concept Reasoning Confidence
consumption growth models selection selection level
growth
17 Polar ice volume  Identifying exponential decay patterns Concept Reasoning Confidence
decrease from graphs selection selection level
18 Tourist growth Constructing exponential growth Concept Reasoning Confidence
prediction models selection selection level
19 Carbon emission ~ Modelling exponential decay with Concept Reasoning Confidence
reduction percentage decrease selection selection level
20 Plastic waste Constructing exponential growth Concept Reasoning Confidence
growth projection models selection selection level
21 Plastic waste Constructing an exponential growth Concept Reasoning Confidence
growth projection  model from percentage rate and selection selection level

determining threshold time when a
quantity double

2.4 Data Collection and Expert Evaluation Procedure

Data were collected in two stages corresponding to the CVI and FDM analyses. Each diagnostic item
was evaluated across seven assessment aspects by five experts. For the CVI analysis, aspect-level ratings
were first dichotomized into relevant (ratings 3-4) and not relevant (ratings 1-2) categories following
standard CVI procedures. The Item-Level Content Validity Index (I-CV1) was then computed by aggregating
expert agreement across all evaluated aspects for each item. Similarly, for the FDM analysis, linguistic ratings
assigned to each aspect were converted into triangular fuzzy numbers and averaged across aspects to obtain
a composite fuzzy representation for each item prior to threshold calculation and defuzzification. This
aggregation procedure ensured that the final CVI and FDM values reflected the overall expert evaluation
across all seven aspects rather than a single-aspect judgment.

These seven evaluation aspects were selected to ensure comprehensive coverage of content validity
indicators in diagnostic assessment development. Alignment with competencies or learning objectives was
used to determine whether each item appropriately represented the intended curriculum targets and
conceptual domains. Linguistic clarity assessed whether the wording of each item was understandable,
precise, and free from ambiguity for secondary school students. Objectivity examined whether each item
avoided multiple interpretations and maintained a clear conceptual focus. Distractor effectiveness evaluated
whether incorrect answer options functioned appropriately in identifying students’ misconceptions rather than
encouraging guessing. Conformity with higher-order thinking skills (HOTS) ensured that the items measured
reasoning ability and conceptual understanding rather than procedural recall. Absence of bias assessed
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whether the items were fair and free from cultural, linguistic, or contextual disadvantages for particular
student groups. Finally, relevance of stimulus material evaluated whether the contextual information provided
in each item supported meaningful interpretation and facilitated students’ reasoning processes. In the second
stage, these linguistic evaluations were converted into fuzzy numerical values to facilitate analysis using the
Fuzzy Delphi Method (FDM). Expert responses were collected through online forms and compiled for
subsequent data analysis. Table 4 presents the complete expert evaluation data for all 21 diagnostic items
across the seven validation aspects used in the Content Validity Index (CVI) and Fuzzy Delphi Method
(FDM) analyses.

Table 4. Expert Evaluation Data for CVI and FDM Analyses

Item Evaluation Expert Evaluation Data Linguistic TEN (I m,u)

Code Aspect 1 2 3 4 5 Category T

Item 1 Alignment with 4 3 4 4 4 Highly Relevant  (0.50, 0.75, 1.00)
learning objectives

Item 2 Linguistic clarity 3 3 4 3 4 Relevant (0.25, 0.50, 0.75)

Item 3 Obijectivity 4 4 4 3 4 Highly Relevant  (0.50, 0.75, 1.00)

Item 4 Distractor 4 4 3 4 4 Highly Relevant  (0.50, 0.75, 1.00)
effectiveness

Item 5 HOTS conformity 3 4 4 3 4 Relevant (0.25, 0.50, 0.75)

Item 6 Absence of bias 4 4 4 4 4 Highly Relevant  (0.50, 0.75, 1.00)

Item 7 Stimulus relevance 4 3 4 4 4 Highly Relevant ~ (0.50, 0.75, 1.00)

Item 8 Alignment with 3 3 3 3 4 Relevant (0.25, 0.50, 0.75)
learning objectives

Item 9 Linguistic clarity 3 4 4 3 4 Relevant (0.25, 0.50, 0.75)

Item 10  Obijectivity 4 4 4 4 4 Highly Relevant  (0.50, 0.75, 1.00)

Item 11  Distractor 3 3 4 3 4 Relevant (0.25, 0.50, 0.75)
effectiveness

Item 12 HOTS conformity 4 4 4 4 4 Highly Relevant  (0.50, 0.75, 1.00)

Item 13 Absence of bias 4 4 4 4 4 Highly Relevant  (0.50, 0.75, 1.00)

Item 14 Stimulus relevance 4 4 4 3 4 Highly Relevant ~ (0.50, 0.75, 1.00)

Item 15  Alignment with 3 4 4 3 4 Relevant (0.25, 0.50, 0.75)
learning objectives

Item 16  Linguistic clarity 4 4 4 4 4 Highly Relevant  (0.50, 0.75, 1.00)

Item 17  Obijectivity 4 4 4 4 4 Highly Relevant  (0.50, 0.75, 1.00)

Item 18  Distractor 4 4 4 4 4 Highly Relevant ~ (0.50, 0.75, 1.00)
effectiveness

Item 19  HOTS conformity 3 4 4 4 4 Relevant (0.25, 0.50, 0.75)

Item 20  Absence of bias 4 4 4 4 4 Highly Relevant  (0.50, 0.75, 1.00)

Item 21  Stimulus relevance 3 3 3 4 3 Relevant (0.25, 0.50, 0.75)

Note. TFN = Triangular Fuzzy Number. Expert ratings were given on a four-point Likert scale (1 = not
relevant to 4 = highly relevant). Linguistic categories and TFN representations follow the fuzzy scale
parameters shown in Table 4.

2.4.1 Content Validity Index (CVI) Analysis

The Content Validity Index (CVI) was employed to evaluate the degree of agreement among experts
regarding the relevance and clarity of each item in the instrument. This analysis determines whether each
item adequately represents the construct being measured. At the item level, the Item-Level Content Validity
Index (I-CVI) was calculated using Eq. (1):

Be 1
I-cvi = =5,
N

where n, denotes the number of experts who rated the item as either 3 (Relevant) or 4 (Highly Relevant)
based on the four-point scale (see Table 1), and N denotes the total number of experts. The Scale-Level
Content Validity Index (S-CVI/Ave) was then computed to assess the overall content validity of the
instrument using Eq. (2):
S-CVl  YI-CVI )
Ave k'
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where k= total number of items evaluated. According to Polit and Beck [35], an item is considered to have
satisfactory content validity if I-CVI > 0.78, and the instrument was considered valid overall if
S-CV1/Ave = 0.90.

2.4.2 Fuzzy Delphi Method (FDM) Analysis

The Fuzzy Delphi Method (FDM) was adopted to minimize ambiguity and uncertainty in expert
judgments. This method combines the strengths of the classical Delphi technique and fuzzy set theory,
enabling a more systematic and quantitative interpretation of experts’ opinions. In this study, the experts’
evaluations were expressed using four linguistic terms representing the degree of relevance of each item.
These linguistic responses were then converted into Triangular Fuzzy Numbers (TFN) to facilitate
guantitative analysis. Specifically, each linguistic response was represented asa TFN M = (I, m, u), where [
denotes the lowest possible value, m denotes the most representative value, and u denotes the highest
possible value. Triangular fuzzy numbers (TFNs) were selected in this study because they provide a simple
yet effective representation of linguistic expert judgments and are widely used in educational validation
research due to their computational efficiency and interpretability. Compared with other fuzzy representations
such as trapezoidal fuzzy numbers, TFNs allow straightforward aggregation of expert opinions while
preserving uncertainty information in linguistic assessments. The defuzzification procedure using the average
of the three TFN parameters was adopted because it provides a stable and commonly accepted approach for
transforming fuzzy consensus values into crisp scores suitable for decision-making in validation studies.
The linguistic scales and their corresponding TFN values are presented in Table 5.

Table 5. Fuzzy Scale Parameters

Scale Interpretations TEN (I, m, u)
1 Not Relevant / Not Clear (0.00, 0.00, 0.25)
2 Somewhat Relevant  (0.00, 0.25, 0.50)
3 Relevant (0.25, 0.50, 0.75)
4 Highly Relevant (0.50, 0.75, 1.00)

Source: Adapted from [25] and [36]

As shown in Table 5, experts were asked to rate each item based on its level of relevance. The responses
ranged from “Not Relevant/Not Clear” t0 “Highly Relevant.” Each linguistic term corresponds to a
Triangular Fuzzy Number (TFN) that represents the expert’s judgment in a numerical form between 0 and 1.
These fuzzy numbers were later used to compute the consensus among experts. The degree of agreement
between experts was quantified using a threshold value (d) for each item, calculated with Eq. (3):

T EP) Jé[(li—lf)2+(mi—mj)2+(ui—uf)2]- ®

i=1j=i+1

An item was considered accepted when the computed threshold value (d) < 0.2 and at least 75% of
experts reached consensus [36]. After verifying consensus, a defuzzification process was applied to obtain a
crisp (definite) value for each item. The defuzzified value was computed using the average of the three fuzzy
parameters as shown in Eq. (4):

_l+m+u 4
= 3
This defuzzified value represents the final consensus score for each item. Items with higher defuzzified

values indicate greater perceived relevance by the experts, and were therefore prioritized in the subsequent
stages of analysis.

2.5 Data Analysis Procedure

The results from both CVI and FDM analyses were compared to determine the level of convergence
and consistency between the two validation methods. Items fulfilling both CVI and FDM criteria were
categorized as strongly valid, while discrepancies were examined qualitatively to interpret variations in expert
consensus and the influence of fuzzy logic in refining judgments. The final output of this research was a
validated three-tier diagnostic assessment instrument that accurately identifies students’ mathematics
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learning difficulties and provides a reliable tool for further empirical testing in Indonesian high school
settings.

3. RESULTS AND DISCUSSION

3.1 Content Validity Index Validity (CVI) Analysis

The results of the Content Validity Index (CVI) analysis, as presented in Table 6, indicate that all
twenty-one items achieved I-CV1 values ranging from 0.82 to 1.00, surpassing the minimum criterion of 0.78
recommended by Polit and Beck [37]. This finding demonstrates that all items were judged valid in terms of
relevance, clarity, and representativeness. The overall S-CVI/Ave value of 0.97 further confirms that the
diagnostic assessment instrument possesses excellent content validity according to the classification proposed
by Polit and Beck in [37]. These results suggest a high degree of agreement among the five doctoral-level
experts regarding the quality and appropriateness of the items. Items with slightly lower I-CVI values (e.g.,
Items 9, 11, and 15) were reviewed to ensure that minor linguistic ambiguities were refined during subsequent
revisions. Nevertheless, all items met or exceeded the minimum acceptance threshold, confirming that the
instrument comprehensively represents the construct of mathematics learning difficulties and aligns with the
theoretical framework underlying its development. The consistently high I-CVI and S-CVI/Ave values also
reflect the clarity and conceptual adequacy of the instrument’s content. According to Polit and Beck in [37],
CVI values above 0.90 demonstrate excellent inter-rater agreement, implying that experts share a strong
understanding of item intent and construct alignment. Similar results have been reported in recent validation
studies by Afrizon et al [39], where high CVI scores confirmed that instrument items accurately captured the
intended domains of learning. In this study, the limited variation in I-CVI values (0.82-1.00) suggests
minimal differences in expert interpretation, further emphasizing the instrument’s coherence and content
relevance.

Table 6. Results of Content Validity Index (CVI) Analysis
Item Code I-CVI Criteria (> 0.78) Decision

Item 1 1.00 >0.78 Valid
Item 2 0.94 >0.78 Valid
Item 3 0.94 >0.78 Valid
Item 4 0.94 >0.78 Valid
Item 5 1.00 >0.78 Valid
Item 6 1.00 >0.78 Valid
Item 7 1.00 >0.78 Valid
Item 8 1.00 >0.78 Valid
Item 9 0.89 >0.78 Valid
Item 10 1.00 >0.78 Valid
Item 11 0.82 >0.78 Valid
Item 12 1.00 >0.78 Valid
Item 13 1.00 >0.78 Valid
Item 14 1.00 >0.78 Valid
Item 15 0.94 >0.78 Valid
Item 16 1.00 >0.78 Valid
Item 17 1.00 >0.78 Valid
Item 18 1.00 >0.78 Valid
Item 19 0.94 >0.78 Valid
Item 20 1.00 >0.78 Valid
Item 21 1.00 >0.78 Valid

Furthermore, the high S-CVI/Ave value (0.97) provides empirical support for the overall reliability of
expert evaluations. According to Polit and Beck in [22], consistently high S-CVI/Ave values signify robust
consensus among evaluators and strengthen the validity argument of the instrument. Similarly, Yusoff [40]
emphasized that an S-CVI/Ave value above 0.90 indicates excellent inter-rater agreement and reflects the
clarity and coherence of the construct being assessed. Hence, the results of this study affirm that the developed
three-tier diagnostic assessment has achieved excellent content validity, serving as a reliable foundation for
subsequent validation using the Fuzzy Delphi Method (FDM). The transition from CVI to FDM allows for a
more nuanced validation process by addressing the linguistic uncertainty often present in expert judgments
and quantifying the degree of consensus with greater precision.
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3.2 Result of Fuzzy Delphi Method (FDM) Analysis

The results of the Fuzzy Delphi Method (FDM) analysis are presented in Table 7. Based on the
evaluations of five experts, the threshold (d) values for all items ranged from 0.00 to 0.25, while the
percentage of consensus varied between 75% and 100%. These findings indicate that expert judgments were
highly consistent across all items. Out of the 21 items analyzed, 20 fulfilled the FDM validity criteria (d <
0.2, consensus > 75%, and A = 0.5), suggesting that most items were clearly understood and strongly agreed
upon by the experts. Only Item 8 displayed a slightly higher threshold value (d = 0.25) and was thus
identified for potential revision to enhance its clarity and contextual accuracy. The defuzzified mean (A)
values ranged from 0.50 to 0.75, indicating that experts generally perceived the items as relevant and
representative of the intended constructs. The rejection of Item 8 under the FDM criteria, despite meeting the
CVI threshold, indicates that expert agreement on this item was close to the decision boundary and showed
greater dispersion in linguistic evaluations compared with other items. Although the numerical agreement in
CVI remained acceptable, the fuzzy consensus analysis revealed a slightly higher threshold value (d = 0.25),
suggesting variability in expert perceptions regarding the clarity or contextual suitability of the item. This
result demonstrates the sensitivity of the FDM approach in detecting subtle differences in expert opinion that
may not be fully captured by conventional agreement indices such as CVI. These results are consistent with
findings reported by Abdul Rahman et al. [27] and Hasim et al. [28], who observed that defuzzified mean
values within this range demonstrate strong consensus and confirm the adequacy of item content. The narrow
range of d-values and the high consensus percentages observed in this study further reinforce the stability of
expert agreement, in line with the fuzzy-based consensus principles described by Roldan Ldpez de Hierro et
al.[24]. The use of the FDM in this study not only quantified consensus but also addressed linguistic
uncertainty that often accompanies qualitative expert judgments. By transforming linguistic evaluations into
triangular fuzzy numbers (TFNs), the FDM enabled a more precise representation of both the level of
agreement and the degree of confidence among experts [41]. This capability distinguishes the FDM from
traditional Delphi techniques, which rely solely on descriptive or statistical aggregation and may not fully
capture expert ambiguity. Similar to the results of Pazilah et al. [29] and Yusoff [40], the present findings
demonstrate that the FDM yields a more refined and reliable measure of expert consensus in educational
validation studies.

Table 7. Results of Fuzzy Delphi Method (FDM) Analysis
Item Code Threshold (d)  Consensus (%) Defuzzified Mean (A) Decision

Item 1 0.00 100.0 0.75 Accepted
Item 2 0.15 100.0 0.60 Accepted
Item 3 0.15 100.0 0.65 Accepted
Item 4 0.10 100.0 0.55 Accepted
Item 5 0.15 100.0 0.60 Accepted
Item 6 0.10 100.0 0.70 Accepted
Item 7 0.10 100.0 0.55 Accepted
Item 8 0.25 75.0 0.60 Rejected
Item 9 0.20 100.0 0.50 Accepted
Item 10 0.15 100.0 0.60 Accepted
Item 11 0.10 100.0 0.70 Accepted
Item 12 0.10 100.0 0.75 Accepted
Item 13 0.15 100.0 0.70 Accepted
Item 14 0.15 100.0 0.60 Accepted
Item 15 0.10 100.0 0.70 Accepted
Item 16 0.15 100.0 0.65 Accepted
Item 17 0.15 100.0 0.60 Accepted
Item 18 0.10 100.0 0.75 Accepted
Item 19 0.15 100.0 0.60 Accepted
Item 20 0.15 100.0 0.65 Accepted
Item 21 0.10 100.0 0.70 Accepted

Overall, the high level of consistency observed across threshold, consensus, and defuzzified mean
values confirms the robustness of the expert review process. The majority of items were validated with strong
agreement, underscoring the clarity, coherence, and construct alignment of the three-tier diagnostic
assessment instrument. Consequently, the use of the FDM effectively complements the CVI findings and
provides an advanced layer of validation that integrates expert certainty and agreement. The convergence of



3432 Nisa etal. COMPARISON OF CONTENT VALIDITY INDEX AND FUZZY DELPHI METHOD IN EXPERT VALIDATION ...

these results affirms the methodological rigor and reliability of the developed instrument for diagnosing
mathematics learning difficulties in secondary education.

3.3 Comparison Between CVI and FDM Analysis

The comparison between the Content Validity Index (CVI) and the Fuzzy Delphi Method (FDM)
analyses, illustrated in Fig. 2 and summarized in Table 8, reveals a strong convergence between the two
validation approaches. All twenty-one items were rated Valid according to the CVI criteria, while twenty
items were Accepted under the FDM thresholds. This high degree of correspondence indicates that both
methods produced consistent expert judgments regarding the relevance, clarity, and representativeness of the
items. The overall S-CVI/Ave value of 0.97, classified as excellent content validity, closely corresponds with
the average defuzzified mean (A = 0.65), suggesting a strong alignment between the traditional and fuzzy-
based validation techniques.
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Figure 2. Comparison Results Between CVI and FDM Analysis

Table 8. Comparison of CVI and FDM Validation Results
Item Code CVI Decision FDM Decision Final Decision
1-7,9-21 Valid Accepted Strongly Valid
8 Valid Rejected Revision Required

Only one item (Item 8) was identified for Revision Required under the FDM analysis due to a slightly
higher threshold value (d = 0.25), suggesting minor differences in expert interpretation. Despite this
variation, both methods yielded comparable outcomes for most items, confirming the robustness of the
validation process. The integration of CVI and FDM thus offers a complementary perspective: while the CVI
provides a quantitative measure of expert agreement, the FDM extends this analysis by incorporating fuzzy
logic to address the uncertainty and subjectivity inherent in linguistic expert judgments. This complementary
use of CVI and FDM is consistent with findings from recent validation studies. For example, Afrizon et al.
[39] effectively combined both methods to validate a physics diagnostic instrument, demonstrating that FDM
enhances the interpretive depth of CVI-based evaluations. Similarly, Abdul Rahman et al. [27] and Hasim et
al. [28] found that FDM contributes to improved consensus stability and a more accurate representation of
expert agreement. Meanwhile, Mastam and Zaharudin [33] focused on applying FDM as a stand-alone
technique but reported comparable advantages in capturing expert consensus reliability. In the context of this
study, the close alignment between the CVI and FDM results reinforces the validity and reliability of the
developed three-tier diagnostic assessment instrument. The integration of both methods strengthens
methodological rigor by ensuring that content validity is supported not only by quantitative expert agreement
but also by measures of consensus consistency and stability. Consequently, the developed instrument can be
considered both conceptually coherent and empirically robust for diagnosing mathematics learning
difficulties in secondary education. The convergence of these findings further supports the methodological
soundness of employing a dual validation framework in educational measurement research. The findings of
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this study indicate that the FDM approach provides additional sensitivity particularly in situations where
expert judgments are close to decision thresholds or where linguistic interpretations vary despite acceptable
numerical agreement levels. While the CVI effectively quantifies agreement on item relevance, the FDM
captures uncertainty embedded in linguistic evaluations and identifies subtle variations in expert consensus
stability. Therefore, the complementary use of CVI and FDM is especially useful when validation decisions
involve borderline agreement levels or multidimensional diagnostic instruments requiring nuanced
interpretation of expert feedback.

4. CONCLUSION

This study successfully achieved its objective of comparing the effectiveness of the Content Validity
Index (CVI) and the Fuzzy Delphi Method (FDM) in validating a three-tier diagnostic assessment instrument
designed to identify mathematics learning difficulties. The results of the CVI analysis showed that all 21
items satisfied the validity criteria, with Item-Level Content Validity Index (I-CVI) values ranging from 0.82
to 1.00 and an overall Scale-Level Content Validity Index (S-CVI/Ave) of 0.97, indicating excellent content
validity and strong agreement among experts. Meanwhile, the Fuzzy Delphi Method confirmed that 20 out
of 21 items (95.24%) met the acceptance criteria with threshold values d < 0.2, expert consensus levels
ranging from 75% to 100%, and defuzzified mean values A > 0.5. Only one item required revision due to a
slightly higher threshold value identified through fuzzy consensus analysis. These findings demonstrate that
both CVI and FDM provide complementary validation evidence, where CVI offers a clear quantitative
representation of expert agreement and FDM refines the interpretation by addressing linguistic uncertainty in
expert judgments. The integration of both approaches therefore strengthens the methodological rigor and
supports the validity of the developed diagnostic assessment instrument. Despite these encouraging findings,
several limitations should be acknowledged. First, the expert validation process involved only five experts,
which may limit the generalizability of the results across broader academic and institutional contexts. Second,
the validation relied primarily on structured expert judgment, which may still introduce subjectivity despite
the application of quantitative agreement indices. Third, the study focused mainly on content validity
evidence and did not include a detailed empirical analysis of students’ learning difficulties through large-
scale field implementation. Fourth, the developed diagnostic instrument was not compared with other existing
diagnostic assessment instruments, which could provide additional insight into its relative effectiveness and
measurement performance. Future research is therefore recommended to involve a larger and more diverse
panel of experts to enhance representativeness and strengthen validation evidence. Further empirical testing
using approaches such as Item Response Theory (IRT) or Rasch modeling is also necessary to evaluate the
psychometric characteristics of the instrument across different student populations and educational contexts.
In addition, comprehensive classroom-based implementation is required to investigate students’ learning
difficulties more deeply and to examine the diagnostic effectiveness of the instrument in authentic learning
environments. Comparative studies involving other established diagnostic assessment instruments are also
suggested to evaluate the relative strengths of the developed tool. Finally, the integration of multiple
analytical approaches is expected to enrich interpretation of validation results and support broader application
of the instrument in mathematics education research.
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