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Abstract 

Numeracy literacy achievement among Indonesian students remains critically low, yet contextually 

situated diagnostic instruments are largely unavailable. This study develops a cognitively oriented 

diagnostic assessment instrument in mathematics, grounded in Sumbawa's local numeracy literacy 

context, for Phase D students across Grades VII, VIII, and IX. Development followed Thiagarajan's 4D 

framework: Define, Design, and Develop, involving observation, interviews, and curriculum analysis. 

The Design phase produced five integrated components test blueprints, item sets, answer keys, scoring 

rubrics, and interpretive guidelines differentiated across Bloom's cognitive levels (C1–C6) and anchored 

in local culture. Prototype I was validated by nine experts: three lecturers and two practitioner teachers 

per grade level, covering content, construct, and language aspects. Quantitative scores were analyzed 

using Aiken's V; qualitative feedback through thematic analysis. Three aspects achieved highly valid 

ratings across all grades (mean: 95.09%), with Aiken's V exceeding 0.80 for all items. Validators 

affirmed alignment with diagnostic purposes, numeracy indicators, and local context, guiding revisions 

producing Prototype II. Findings show that integrating Bloom's Taxonomy, numeracy literacy, and local 

culture within a diagnostic framework is theoretically coherent and feasible. The absence of student trials 

and psychometric analyses are acknowledged, with future directions proposed. 

 

Keywords: Bloom's Taxonomy; Cognitively Oriented Diagnostic Assessment; Local Context; Numeracy 

Literacy; Phase D. 

 

Abstrak  

Capaian literasi numerasi siswa Indonesia masih tergolong rendah, sementara instrumen asesmen 

diagnostik yang kontekstual masih sangat terbatas. Penelitian ini mengembangkan instrumen asesmen 

diagnostik berorientasi kognitif dalam matematika, berbasis konteks literasi numerasi lokal Sumbawa, 

untuk siswa Fase D pada kelas VII, VIII, dan IX. Pengembangan mengikuti kerangka 4D Thiagarajan: 

Define, Design, dan Develop, yang melibatkan observasi, wawancara, dan analisis kurikulum. Tahap 

Design menghasilkan lima komponen instrumen yang terintegrasi kisi-kisi, butir soal, kunci jawaban, 

rubrik penilaian, dan pedoman interpretasi yang didiferensiasikan berdasarkan tingkat kognitif 

Taksonomi Bloom (C1–C6) dan dikontekstualisasikan pada budaya lokal. Prototipe I divalidasi oleh 

sembilan validator: tiga dosen dan dua guru praktisi per jenjang kelas, mencakup aspek materi, konstruk, 

dan bahasa. Skor kuantitatif dianalisis menggunakan Aiken's V; umpan balik kualitatif melalui analisis 

tematik. Ketiga aspek mencapai kategori sangat valid pada semua jenjang (rata-rata: 95,09%), dengan 

nilai Aiken's V melebihi 0,80 untuk seluruh butir. Validator mengafirmasi keselarasan instrumen dengan 

tujuan diagnostik, indikator literasi numerasi, dan konteks lokal, memandu revisi yang menghasilkan 

Prototipe II. Hasil menunjukkan bahwa pengintegrasian Taksonomi Bloom, literasi numerasi, dan 

budaya lokal dalam satu kerangka diagnostik bersifat koheren secara teoritis dan layak. Ketiadaan uji 

siswa dan analisis psikometri diakui sebagai keterbatasan, dengan arah penelitian selanjutnya diusulkan. 

 

Kata kunci: Asesmen Diagnostik Berorientasi Kognitif; Fase D; Konteks Lokal; Literasi Numerasi; 

Taksonomi Bloom. 
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INTRODUCTION  
Numeracy literacy is a core 

mathematical competence encom-

passing critical thinking, quantitative 

reasoning, and the application of mathe-

matical concepts in real-world contexts 

(OECD, 2023). According to the 2022 

PISA report, only 18% of Indonesian 

students reached Level 2 or above in 

mathematical literacy, compared to an 

OECD average of 69% (OECD, 2023). 

At the national level, a large proportion 

of junior high school students encounter 

significant challenges in higher-order 

mathematical processes, including rea-

soning, analytical thinking, and model 

construction (Simbolon & Nurjanah, 

2024), a pattern also evident in TIMSS 

results (Chang, 2023). Addressing this 

challenge requires precise diagnostic 

instruments capable of identifying 

specific learning difficulties at the cog-

nitive attribute level. Diagnostic assess-

ment provides teachers with actionable 

information about students' prior know-

ledge, reasoning strategies, and miscon-

ceptions (Black & Wiliam, 2009; 

Heritage, 2021), and has been shown to 

improve instructional tar-geting and 

adaptive learning efficiency (Zhan et 

al., 2021). Although Cognitive Diagnos-

tic Models such as the G-DINA (Torre, 

2011) and LCDM (Templin & 

Bradshaw, 2013) represent the frontier 

of this approach, their application requi-

res large-scale empirical data beyond 

the scope of instrument deve-lopment 

studies. The present study occupies an 

earlier, foundational stage: developing 

and validating a cognitively oriented 

diagnostic instrument structu-rally 

aligned with the attribute-based logic of 
cognitive diagnosis, designed as a 

precursor to subsequent CDM analysis. 

Despite formal recognition of 

diagnostic assessment within Indo-

nesia’s Merdeka Curriculum, school-

based implementations remain largely 

undifferentiated conducted without 

reference to students’ cognitive levels 

or local cultural contexts (Supriyadi et 

al., 2022). This reduces diagnostic 

precision, particularly in regions such as 

Sumbawa where mathematical reaso-

ning is embedded in culturally specific 

everyday practices.  

Contextually and socially situated 

assessment promotes deeper mathe-

matical understanding by connecting 

abstract concepts to students’ lived 

experiences (Koskinen & Pitkäniemi, 

2022; Mahmuti et al., 2025). In Indo-

nesia, integrating local cultural elements 

has been shown to strengthen relevance 

and deepen conceptual understanding 

(Fajri et al., 2022; Nur Qomaria & 

Fatanur Baity Tsulutsya, 2024; Rezky et 

al., 2022). However, despite the 

richness of Sumbawa’s cultural 

resources including traditional practices 

such as Barapan Kebo (buffalo racing), 

local trade contexts, and regional 

landmarks these elements have not been 

systematically incorporated into 

diagnostic instruments (Frentika & 

Rizki, 2020; Rizki & Frentika, 2021), 

leaving students without culturally 

anchored diagnostic assessment in 

numeracy literacy (Nursakiah et al., 

2022; Susanta et al., 2023). 

Prior studies have developed 

diagnostic and numeracy oriented 

instruments addressing higher order 

thinking skills, contextual literacy, and 

local cultural contexts (Alfageh et al., 

2024; Amelia et al., 2023; Endang 

Susetyawati & Kintoko, 2022; Putri, 

2021; Supriyadi et al., 2022; 

Utariningsih, 2018). However, three 
persistent gaps remain. First, no prior 

study has simultaneously integrated 

cognitive level differentiation based on 

Bloom’s revised taxonomy (Anderson 

& Krathwohl, 2001), and local cultural 
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contextualization within a single multi-

grade diagnostic framework. Second, 

existing Indonesian instruments address 

a single grade level or topic rather than 

a cross-grade diagnostic system. Third, 

instruments at the expert validation 

stage rarely articulate theoretical 

connections to the cognitive diagnostic 

tradition, leaving the path to CDM 

application unclear. These three gaps 

constitute the rationale for the present 

study. 

The present study addresses these 

gaps through an integrated conceptual 

framework mapping Bloom’s revised 

taxonomy (C1–C6) to two numeracy 

literacy types: (1) pure numeracy 

(symbol manipulation and mathematical 

operations without real-world context 

dependency) and (2) contextual nume-

racy (mathematical reasoning within 

authentic, culturally situated problems). 

Lower-order levels (C1–C2) engage 

pure numeracy demands; middle-order 

levels (C3–C4) engage contextual 

numeracy requiring interpretation and 

application within real-world situations; 

and higher-order levels (C5–C6) engage 

advanced contextual numeracy requi-

ring evaluation and model construction. 

Table 1 presents this mapping expli-

citly, anchoring each cognitive level to 

specific numeracy indicators, item 

categories, and diagnostic functions 

consistent with the structure operationa-

lized in the instrument’s test blueprints. 

 

Table 1. Conceptual Mapping of Bloom’s Revisied Taxonomy to Numeracy Literacy 

Indicators, Numeracy Types, and Diagnostic Functions 

Bloom’s 

Level 
Numeracy 

Type 
Numeracy Literacy 

Indicator 
Item 

Category 
Diagnostic 

Function 
C1 – 

Remember 

Pure & 

Contextual 

Numeracy 

Identifying variables, 

coefficients, or data 

from mathematical 

models and real-world 

contexts 

Prerequisite Detects gaps in 

foundational 

mathematical 

knowledge 

C2 – 

Understand 

Pure 

Numeracy 

Processing and mani-

pulating algebraic or 

numerical forms; 

interpreting mathe-

matical symbols 

Prerequisite Detects difficulties 

in symbol manipu-

lation and mathe-

matical compre-

hension 

C3 – Apply Contextual 

Numeracy 

Interpreting quantita-

tive information from 

verbal statements; 

solving problems in 

local contexts 

Prerequisite 

& Core 

Detects difficulties 

in translating real-

world situations into 

mathematical 

representations 

C4 – 

Analyze 

Contextual 

Numeracy 

Analyzing relation-

ships among quanti-

tative variables; dif-

ferentiating relevant 

from irrelevant con-

textual information 

Core Detects difficulties 

in higher-order 

quantitative 

reasoning 

C5 – 

Evaluate 

Contextual 

Numeracy 

Assessing validity of 

mathematical results 

within contextual 

constraints 

Advanced Detects difficulties 

in critical reflection 

on mathematical 

outcomes 
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Bloom’s 

Level 
Numeracy 

Type 
Numeracy Literacy 

Indicator 
Item 

Category 
Diagnostic 

Function 
C6 – Create Contextual 

Numeracy 

Formulating mathe-

matical models from 

open-ended problems 

in local cultural 

contexts 

Advanced Detects difficulties 

in mathematical 

modeling and 

creative problem-

solving 

 

This conceptual mapping serves 

two interconnected functions within the 

present instrument. First, it provides the 

theoretical basis for item construction: 

each item in the test blueprint is 

explicitly anchored to a specific 

Bloom's cognitive level, numeracy type, 

and numeracy literacy indicator as 

operationalized in the instrument's 

blueprints ensuring that the instrument 

captures a differentiated cognitive 

profile rather than an undifferentiated 

difficulty score. Second, it provides the 

interpretive basis for diagnostic use: 

patterns of student performance across 

C1–C6 levels and across pure and 

contextual numeracy demands generate 

a cognitive attribute profile that 

identifies not only whether a student is 

experiencing difficulty, but at which 

level of cognitive demand and in which 

numeracy domain the difficulty 

originates. 

The present study therefore aims 

to develop a cognitively oriented 

diagnostic assessment instrument in 

mathematics, grounded in the local 

numeracy literacy context of Sumbawa 

and differentiated by Bloom's cognitive 

levels (C1–C6), for Phase D students 

across Grades VII, VIII, and IX. The 

specific objectives are: (1) to produce 

an integrated instrument comprising test 

blueprints, item sets, answer keys, 

scoring rubrics, and interpretive guide-

lines; (2) to validate the instrument's 

content, construct, and language aspects 

through expert review; and (3) to 

establish the instrument's theoretical and 

structural readiness to serve as the 

foundation for subsequent empirical 

trials and cognitive diagnostic modeling 

in future research. 

 

METHODS 

This study employed a Research 

and Development (R&D) design to 

develop and validate a mathematics 

diagnostic assessment instrument 

grounded in the local numeracy literacy 

context of Sumbawa and differentiated 

by Bloom's cognitive levels (C1–C6) 

for Phase D students across Grades VII, 

VIII, and IX. A three-phase develop-

ment model Define, Design, and 

Develop was adapted from 

Thiagarajan's 4D framework 

(Thiagarajan et al., 1974). 

The Define phase was conducted 

through curriculum document analysis 

and semi structured interviews with 

mathematics teachers at SMPN 1 Lape, 

Sumbawa. . Interviews addressed three 

themes: the curriculum currently imple-

mented, existing assessment practices, 

and the extent of local context 

integration in learning and assessment. 

Interview data were transcribed and 

analyzed through thematic content 

analysis to identify key contextual needs 

informing the subsequent design phase. 

Classroom observation data supple-

mented interview findings, particularly 

in identifying recurring patterns of 

student difficulty in numeracy related 

tasks. 

The Design phase produced 

Prototype I, comprising five integrated 

components: test blueprints, item sets, 

answer keys, scoring rubrics, and result 
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interpretation guidelines. All compo-

nents were developed with explicit 

reference to Bloom's revised taxonomy 

cognitive levels (C1–C6) (Anderson & 

Krathwohl, 2001), numeracy literacy 

indicators spanning multiple represen-

tations (narrative, tabular, graphical, and 

pictorial), and the local cultural context 

of Sumbawa. Each item set included 

items categorized as prerequisite, core, 

or advanced, enabling the instrument to 

function as a tiered cognitive map of 

student readiness. 

The Develop phase involved 

validation of Prototype I by nine 

validators: three university lecturers in 

mathematics education serving as 

content experts, and two practitioner 

mathematics teachers per grade level 

(VII, VIII, IX). This composition 

ensured evaluation of both theoretical 

alignment and practical applicability of 

the instrument across all three grade 

levels. Validation data were collected 

using a structured questionnaire cove-

ring three aspects content, construct, 

and language each comprising five 

indicators. Validators assigned scores 

using a four-point scale (1= no indicator 

met; 2= one to two indicators met; 3 = 

three to four indicators met; 4= all five 

indicators met). In addition to 

quantitative ratings, validators provided 

written qualitative comments and 

suggestions for each instrument 

component. 

Quantitative data were analyzed  

using two complementary approaches. 

First, percentage scores were computed 

for each validation aspect per grade 

level as a descriptive summary of 

validator consensus. Second, and more 
critically for establishing content 

validity evidence, Aiken's V coefficient 

was calculated for each item across 

validators, following the procedure 

described by Aiken (Aiken, 1980) and 

recommended as the standard for 

content validity in educational 

instrument development (Kania et al., 

2024). Aiken's V is defined as: 

𝑉 =
∑𝑆

[𝑛(𝑐−1)]
  (1) 

where s is the difference between each 

validator's rating and the minimum 

rating, n is the number of validators, 

and c is the number of scale points. An 

item was considered to have established 

content validity if its Aiken's V value 

exceeded the critical value of 0.75 for 

nine validators at p < .05 (Aiken, 1980; 

Kania et al., 2024). Qualitative data 

from validators' written comments were 

analyzed through thematic content 

analysis, categorizing feedback into 

areas requiring revision and areas of 

consistent strength, which directly 

informed the systematic revision of 

Prototype I into Prototype II. 

 

RESULTS AND DISCUSSION  

Define Phase 

The Define phase established the 

foundational needs guiding instrument 

development. Semi-structured inter-

views with three mathematics teachers 

at SMPN 1 Lape revealed that diag-

nostic assessment had been practiced 

only sporadically typically as brief 

written tests administered without 

structured follow-up interpretation or 

linkage to adaptive instruction. Teachers 

acknowledged the necessity of syste-

matic diagnostic assessment to map 

students' initial abilities but reported 

lacking appropriate instruments calibra-

ted to cognitive levels or local context. 

Classroom observations identified 

three recurring patterns of student 

difficulty: processing narrative-based 

problems, extracting meaning from 

graphical and tabular data, and selecting 

appropriate mathematical operations 

based on contextual information. These 
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difficulties correspond to core numeracy 

literacy sub-competencies identified in 

the PISA framework  particularly the 

interpret and evaluate, and employ 

dimensions and confirm that existing 

assessment practices were insufficient 

to capture the specific cognitive nature 

of students' learning difficulties in 

numeracy literacy. 

Curriculum document analysis 

confirmed that Phase D competencies 

spanning numbers, algebra, geometry, 

measurement, statistics, and probability 

require application in real life situations 

connected to students' everyday 

experiences and local cultural contexts. 

These findings collectively defined the 

scope, cognitive demand structure, and 

contextual orientation of the instrument 

developed in the subsequent phase. 

 

Design Phase 

The Design phase produced 

Prototype I, comprising five core com-

ponents. The test blueprints specified 

the distribution of items across Bloom's 

cognitive levels (C1–C6), numeracy 

literacy indicator types (narrative, tabu-

lar, graphical, pictorial), item formats, 

and material categories (prerequisite, 

core, advanced) for each grade level. 

Each item was developed according to 

four design principles: contextualization 

(embedding mathematical tasks within 

authentic Sumbawa cultural contexts), 

variation (representing diverse nume-

racy indicator types), gradation 

(mapping to distinct cognitive levels), 

and numeracy literacy orientation 

(requiring active interpretation rather 

than mere calculation). 

Answer keys specified complete 

solution steps, and scoring rubrics 

employed a 0–2 scale, enabling partial 

credit and supporting fine-grained 

analysis of students' reasoning 

strategies. Interpretive guidelines 

categorized diagnostic results into high, 

medium, and low readiness levels, each 

linked to concrete adaptive follow up 

learning recommendations. This five-

component architecture particularly the 

explicit linkage between diagnostic 

scores and adaptive instructional 

pathways distinguishes the present 

instrument from prior diagnostic 

assessments that focused exclusively on 

item construction without providing 

operationalized follow up guidance for 

teachers (Putri, 2021; Rachmah, 2018; 

Utariningsih, 2018). 

Figures 1 and 2 illustrate two 

representative components of Prototype 

I: the test blueprint, which operationa-

lizes the conceptual mapping presented 

in Table 1, and the interpretation 

guideline, which translates diagnostic 

scores into tiered readiness profiles 

linked to adaptive instructional recom-

mendations. The complete instrument 

package comprising test blueprints, item 

sets, answer keys, and scoring rubrics 

for all three grade levels is available 

upon request from the corresponding 

author. 
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Figure 1. Sample Test Blueprint for Grade VII 

 

 
Figure 2. Sample Interpretation Guideline for Grade IX 

 

Develop Phase  

Prototype I was submitted for 

expert validation by nine validators. 

Table 3 presents the percentage scores 

and Aiken's V values for each validation 

aspect across all three grade levels. 
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Table 3. Quantitative Validation Results: Percentage Scores and Aiken's V by Aspect 

and Grade Level 
Validation 

Aspect 

Grade 

VII (%) 

Grade VII 

Aiken’s V 

Grade 

VIII (%) 

Grade VIII 

Aiken’s V 

Grade 

IX (%) 

Grade IX 

Aiken’s V 

Content 95.86 0.86 95.00 0.84 95.71 0.85 

Construct 97.86 0.89 95.00 0.84 91.75 0.82 

Language 97.29 0.88 95.36 0.85 92.25 0.82 

Overall Mean 97.00 0.88 95.12 0.84 93.24 0.83 

 

As shown in Table 3, all 

validation scores across every aspect 

and grade level exceeded 81%, and all 

Aiken's V values exceeded 0.80, placing 

the instrument firmly within the highest 

validity category. The content aspect 

yielded the most consistent scores 

across grade levels (range: 95.00–

95.86%), indicating that item alignment 

with Phase D competency standards and 

Bloom's cognitive levels was perceived 

as uniformly strong regardless of grade. 

The construct and language aspects 

showed a declining trend from Grade 

VII to Grade IX  construct scores 

ranging from 97.86% to 91.75% and 

language scores from 97.29% to 

92.25%  suggesting that the greater 

mathematical complexity at the Grade 

IX level introduced challenges in both 

the structural organization of items and 

the clarity of their linguistic expression. 

Importantly, however, all scores 

remained above the 81% validity 

threshold and all Aiken's V values 

remained above 0.80, confirming that 

these differences reflect gradations 

within the highly valid category rather 

than validity concerns. 

In addition to quantitative ratings, 

validators provided written qualitative 

feedback across four dimensions of the 

instrument. Table 4 presents a thematic 

summary of this feedback by grade 

level. 

 

Table 4. Thematic Summary of Qualitative Validator Feedback by Grade Level 

Evaluation 

Dimension 
Grade VII Grade VIII Grade IX 

Alignment of test 

items with the objec-

tives of cognitive 

diagnostic 

assessment 

Appropriate; minor 

revision of wording 

is needed 

Appropriate; items 

are varied, prere-

quisite items need to 

be added 

Appropriate; some 

items require simpli-

fication of wording 

Reflection of nume-

racy literacy 

indicators 

Indicators of nume-

racy literacy are well 

represented; able to 

assess understanding 

in various contexts 

Indicators of nume-

racy literacy are 

well represented; 

require students to 

read, interpret, and 

use data 

Indicators of nume-

racy literacy are well 

repre-sented; assess 

the ability to identify, 

interpret, and analyze 

information 

Representation of 

Sumbawa local 

context 

Sufficient; utilizes 

culture and daily 

activities 

Sufficient; 

integrates local 

culture (e.g., 

barapan kebo, Pulau 

Moyo, etc.) 

Sufficient; incorpo-

rates culture, envi-

ronment, village 

names, and tourist 

attractions 
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Evaluation 

Dimension 
Grade VII Grade VIII Grade IX 

Mapping students 

for differentiated 

learning 

Able to map learning 

levels; items vary 

from prerequisite to 

advanced 

Able to map lear-

ning levels; tiered 

items support diffe-

rentiated learning 

Most items support 

mapping; some items 

require revision 

 

Table 4 reveals that validators 

consistently affirmed the instrument's 

alignment with diagnostic purposes, 

numeracy literacy indicators, and local 

context across all three grade levels. 

Qualitative feedback also exposed a 

systematic pattern: Grade IX items 

received the most revision-related 

comments, particularly regarding 

wording simplification and item 

completeness. This is consistent with 

the quantitative finding that Grade IX 

yielded the lowest scores in both 

construct and language aspects, and 

together these findings point to the need 

for greater attention to linguistic 

accessibility when constructing items 

for advanced mathematical content. 

Based on the convergent 

quantitative and qualitative evidence, 

Prototype I was systematically revised 

into Prototype II. Revisions were guided 

by the thematic categories identified in 

qualitative analysis and focused on three 

primary areas. First, item wording was 

simplified in Grades VII and IX, 

particularly for items at Bloom's C4–C6 

levels where language complexity was 

found to conflate linguistic difficulty 

with cognitive difficulty, potentially 

introducing construct-irrelevant 

variance. Second, prerequisite-level 

items were added to the Grade VIII 

battery to ensure adequate coverage of 

foundational cognitive demands as a 

diagnostic baseline. Third, the expli-

citness of local context integration was 

strengthened in several items where 

validators indicated that the cultural 

references were present but insuffi-

ciently foregrounded. 

Figure 3 illustrates a repre-

sentative example of a Grade IX test 

item before and after revision, demons-

trating the wording simplification and 

contextual refinement described above. 

Similar revisions were applied to items 

across all three grade levels. 

 

  
(a) (b) 

Figure 3. Grade IX Test Item (a) Before Revision; (b) After Revision 
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The findings are grounded in four 

interconnected theoretical traditions. 

First, diagnostic assessment theory posi-

tions assessment not as a summative 

judgment but as a formative mechanism 

for identifying the specific nature and 

location of learning difficulties, 

enabling teachers to make evidence-

based instructional adjustments (Black 

& Wiliam, 2009; Heritage, 2021). The 

present instrument operationalizes this 

function through its interpretive 

guidelines, which translate diagnostic 

scores into tiered readiness profiles 

directly linked to adaptive follow-up 

recommendations moving beyond ins-

truments that identify difficulties 

without prescribing instructional res-

ponses (Putri, 2021). Second, the 

numeracy literacy framework under-

pinning the instrument draws on the 

PISA mathematical literacy construct, 

which defines numeracy as the capacity 

to formulate, employ, and interpret 

mathematics in real-world contexts 

(OECD, 2023). The instrument's item 

design requiring students to process 

narrative, tabular, graphical, and picto-

rial representations within culturally 

situated problems  directly operationa-

lizes these three process dimensions 

across all grade levels (Susanta et al., 

2023; Zhang et al., 2025). Third, 

adaptive learning theory holds that 

instruction is most effective when 

calibrated to students' current cognitive 

readiness level rather than delivered 

uniformly (Nabila & Widjajanti, 2020; 

Tamur et al., 2020). The instrument's 

three-tier item structure prerequisite, 

core, and advanced provides the diag-

nostic baseline necessary for teachers to 
implement differentiated instructional 

pathways responsive to individual 

cognitive profiles. Fourth, cognitive 

diagnosis theory, as formalized in 

Cognitive Diagnostic Models such as 

the G-DINA (Torre, 2011) and LCDM 

(Templin & Bradshaw, 2013), requires 

that assessment items be explicitly 

mapped to cognitive attributes through a 

Q-matrix specification. The present 

instrument's differentiation across 

Bloom's C1–C6 levels constitutes a 

preliminary Q-matrix structure, posi-

tioning it as a theoretically coherent 

precursor to formal CDM analysis in 

future empirical phases (Zhan et al., 

2021). 

The high content validity scores 

(mean 95.34%) confirm that items 

accurately represented Phase D 

competency standards and Bloom's 

cognitive levels across all grade levels, 

demonstrating that a single framework 

can simultaneously satisfy cross-grade 

content alignment and fine-grained 

cognitive level differentiation a 

combination rarely achieved within a 

single instrument in the Indonesian 

context (Amelia et al., 2023; 

Utariningsih, 2018). The high construct 

validity scores (mean 94.87%). reflect 

the coherence of the five-component 

architecture as an integrated diagnostic 

system. Notably, construct and language 

scores declined from Grade VII to 

Grade IX (construct: 97.86% to 

91.75%; language: 97.29% to 92.25%), 

reflecting that Grade IX items  

addressing statistics, probability, and 

algebraic reasoning at C4–C6 levels 

required greater structural precision to 

maintain cognitive level differentiation 

and avoid conflating language 

complexity with cognitive complexity 

(Clark & Watson, 2019). All scores 

nonetheless remained above the 81% 

validity threshold, confirming these 
differences reflect gradations within the 

highly valid category. 

Validators affirmed across all 

grade levels that items effectively 

required students to interpret data, apply 
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mathematical symbols within authentic 

situations, and connect concepts to real-

life contexts. This directly addresses a 

limitation of prior Indonesian numeracy 

assessments, which rarely integrate 

procedural fluency, contextual rele-

vance, and explicit cognitive level 

differentiation simultaneously (Amelia 

et al., 2023; Endang Susetyawati & 

Kintoko, 2022). Local contextual 

integration was similarly affirmed as 

sufficient across all grade levels, 

supporting research that culturally 

grounded instruments enhance construct 

validity by reducing cultural distance 

between assessment context and 

students' experiences (Istihapsari et al., 

2023; Nursakiah et al., 2022). However, 

expert validation of contextual rele-

vance cannot substitute for student-level 

evidence  familiarity with cultural refe-

rences may vary within a region, and 

this gap remains an open empirical 

question for future field trials (Paunno 

et al., 2025). 

Compared to prior studies Amelia 

et al. (2023) who developed Phase D 

numeracy items without local cultural 

context or cross-grade diagnostic 

structure, Utariningsih (2018) who 

produced HOTS-oriented diagnostic 

items without thematic organizational 

framework or interpretive guidelines, 

and Nursakiah et al. (2022) and Susanta 

et al. (2023) who incorporated local 

context but addressed only single-topic, 

single-grade instruments the present 

instrument advances the field by 

integrating cross-grade, multi-topic, 

cognitively differentiated diagnostic 

assessment with adaptive instructional 

guidance within a single validated 

framework. 

Three limitations must be stated 

explicitly. First, content validity was 

established through expert judgment 

only; construct validity via EFA, CFA, 

or Rasch modeling remains necessary 

for broader deployment. Second, the 

instrument has not been administered to 

students, so empirical reliability, item 

difficulty, and usability evidence are 

absent limitations that reflect the deli-

berate scope of this study as the deve-

lopment and content validation phase of 

a multi-phase research program. Third, 

generalizability is bounded by the 

Sumbawa context; the framework may 

be transferable, but specific cultural 

references require systematic adaptation 

for other regional settings. 

 

CONCLUSIONS  

This study produced a cognitively 

oriented mathematics diagnostic 

assessment instrument grounded in the 

local numeracy literacy context of 

Sumbawa, developed through a three-

phase 3D model (Define, Design, and 

Develop) for Phase D students across 

Grades VII, VIII, and IX. Content 

validation by nine expert validators 

confirmed that the instrument achieved 

highly valid ratings across all three 

aspects content, construct, and language 

at each grade level, with an overall 

mean score of 95.09% and Aiken's V 

values consistently exceeding 0.80 

across all items. The five-component 

integrated architecture test blueprints, 

item sets, answer keys, scoring rubrics, 

and interpretive guidelines linked to 

adaptive learning recommendations 

represents a structurally coherent and 

theoretically grounded diagnostic tool 

designed to support adaptive and 

differentiated mathematics instruction. 

The study makes three 

contributions to the literature. First, it 

demonstrates the feasibility of inte-

grating Bloom's Taxonomy cognitive 

level differentiation, numeracy literacy 

indicators, and local cultural contextua-

lization within a single multi-grade 
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diagnostic framework. Second, it 

articulates the instrument's structural 

alignment with the attribute-based logic 

of cognitive diagnostic modeling, 

positioning it as a theoretically coherent 

precursor to CDM application in future 

empirical phases. Third, it provides a 

replicable development methodology 

for producing contextually valid 

diagnostic instruments in region-

specific educational settings. 

Future research should extend this 

work through: (1) empirical field trials 

with Phase D students to generate data 

for reliability analysis, item difficulty 

calibration, and discriminatory power 

assessment; (2) construct validity analy-

sis using confirmatory factor analysis or 

Rasch modeling; (3) application of 

Cognitive Diagnostic Models (G-DINA 

or LCDM) using the instrument's 

cognitive level structure as the Q-matrix 

specification; and (4) adaptation and 

validation of the instrument framework 

for other regional and national contexts 

to assess the generalizability of the 

development approach. 
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