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Abstract 
This study aims to develop a valid and reliable essay test instrument to assess 

mathematical conceptual understanding in ninth-grade junior high school students, focusing on 
similarity and congruence. Employing a modified 4D model (Define, Design, Develop, 
Disseminate), the research involved designing a test blueprint based on seven conceptual 
understanding indicators, expert validation using the Content Validity Ratio (CVR), and field 
testing to evaluate construct validity, reliability, item difficulty, and discrimination indices. The 
results indicated that all test items were valid, achieved a high reliability coefficient (α = 0.83), 
and exhibited varied difficulty and discrimination levels meeting established criteria. 
Consequently, this instrument is capable of comprehensively measuring students' conceptual 
understanding and serves as an effective assessment tool in mathematics education. 
 
Keywords: Essay Instrument, Mathematical Conceptual Understanding, Similarity and 

      Congruence. 
 
INTRODUCTION 

Conceptual understanding is 
fundamental to mathematics education, 
enabling students to construct meaning, 
establish connections between ideas, and 
apply procedures logically to solve problems 
(Saputra, 2022). Unlike rote memorization, 
deep comprehension empowers learners to 
justify their reasoning and adapt strategies to 
various problem contexts. This capability is 
particularly vital in geometry topics such as 
similarity and congruence, which demand 
both visual and logical reasoning to interpret 
relationships between figures. However, 
research indicates that students often 
struggle to grasp these concepts profoundly, 
frequently relying on formula memorization 
without true conceptual insight (Permana, 
2021). Consequently, a more robust 
evaluation approach is required to accurately 
assess the depth of student comprehension. 

In this context, developing a valid and 
reliable instrument specifically designed to 
assess conceptual understanding is critical. 
Current assessments predominantly utilize 
multiple-choice formats, which fail to fully 
capture students' cognitive processes 

(Iskandar et al., 2022). Furthermore, while 
previous studies utilizing the ADDIE model 
have focused on developing teaching 
materials to improve general learning 
outcomes, they have not yet established a 
structured measurement tool grounded in 
specific indicators of conceptual 
understanding (Loi, 2023). This highlights 
an urgent need for a systematically designed 
essay-based instrument focusing on 
similarity and congruence to provide a 
comprehensive and accurate evaluation of 
students' conceptual proficiency. 

Concept mastery is a prerequisite for 
achieving the primary goals of mathematics 
instruction, moving beyond content 
memorization to genuine understanding. The 
theoretical framework for this study relies on 
the National Council of Teachers of 
Mathematics (NCTM, 2000), which defines 
conceptual understanding as the ability to: 
define concepts verbally and in writing; 
identify examples and non-examples; 
represent concepts through models, 
diagrams, and symbols; translate between 
different modes of representation; recognize 
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defining characteristics and conditions; and 
compare or contrast related concepts. Based 
on this framework, this study adapts these 

standards into a curriculum-aligned 
instrument featuring seven key indicators, as 
follows:

  
Table 1. Indicators of Students’ Conceptual Comprehension Skill 

No Indicator Description 
1 Restating a concept 
2 Classifying objects according to specific properties based on the concept 
3 Providing examples and non-examples of the concept 
4 Presenting concepts in various forms of mathematical representation 
5 Developing necessary or sufficient conditions for a concept 
6 Applying, utilizing, and selecting specific procedures or operations 
7 Applying concepts or algorithms to problem-solving 

Sources: (NCTM, 2000; Pasha & Aini, 2022; Saputra, 2022)

Previous studies have explored the 
development of evaluation instruments for 
conceptual understanding. However, these 
efforts have predominantly focused on 
multiple-choice formats, which are often 
insufficient for deeply exploring students' 
cognitive processes. (Iskandar et al., 2022) 
support this observation, noting that most 
existing conceptual comprehension tests rely 
heavily on selected-response items. 
Furthermore, (Retno Kuncoro & Martila 
Ruli, 2022) highlighted low student mastery 
of conceptual indicators, particularly in 
essay questions, although their study was 
limited to elementary levels or different 
topics such as sets and algebra. 
Consequently, developing an essay-based 
instrument is essential to assess the seven 
indicators of conceptual understanding 
holistically and validly. 

The development of this instrument is 
underpinned by three theoretical 
frameworks. First, Skemp’s theory 
distinguishes between instrumental and 
relational understanding, emphasizing that 
students must not only master procedures 
but also grasp the underlying reasons for 
their application. This establishes the 
foundation for measuring indicators such as 
mathematical representation and the 
formulation of necessary and sufficient 
conditions (Erawati et al., 2025). Second, the 
principle of authentic assessment Brown & 
Hudson, (1998) argues that effective 
evaluation must assess not only the final 
result but also the thinking process through 
meaningful tasks, such as essay questions 

(Noordin & Darmi, 2022). Third, 
constructivist theory serves as the 
pedagogical basis, viewing knowledge as 
actively constructed through contextual and 
reflective experiences. (Erawati et al., 2025) 
suggest that this approach enhances 
conceptual comprehension through active 
exploration. Synergistically, these theories 
reinforce the principle that evaluation 
instruments must reflect the profound 
cognitive processes underlying 
mathematical understanding. 

In the context of geometry learning—
specifically similarity and congruence—
there is a critical need for an instrument 
capable of comprehensively assessing 
conceptual understanding. Existing tools 
generally fail to thoroughly evaluate 
students based on established conceptual 
indicators. Therefore, the central research 
question of this study is: "How can a valid, 
reliable, and standardized essay instrument 
be developed to measure the mathematical 
concept comprehension of ninth-grade 
students on the topic of similarity and 
congruence?" Accordingly, this study aims 
to design an essay-based assessment that is 
not only content-valid but also empirically 
tested for its psychometric properties, 
including validity, reliability, discrimination 
power, and difficulty index. 

This study aims to provide both 
theoretical and practical contributions. 
Theoretically, the findings are expected to 
enrich the literature regarding instrument 
development based on conceptual 
understanding indicators. Practically, the 
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instrument can serve as a diagnostic tool for 
teachers to identify students' comprehension 
levels, while for researchers and curriculum 
developers, it offers a reference for 
designing more meaningful evaluations. 
However, this study has limitations: the 
scope is restricted to the topic of similarity 
and congruence for ninth-grade students. 
Additionally, as the instrument was tested on 
a limited research subject within a specific 
school, the development outcomes cannot be 
directly generalized to the broader 
population without further empirical study. 

RESEARCH METHOD 
Research Design 

This study employs a Research and 
Development (R&D) approach aimed at 
constructing a valid and reliable essay test 
instrument to assess the mathematical 
conceptual understanding of ninth-grade 
students on the topic of similarity and 
congruence. Specifically, the development 
process adopts the 4D model—comprising 
Define, Design, Develop, and Disseminate 
phases—as the systematic framework to 
guide the creation of the instrument 
(Thiagarajan et al., 1974). This model was 
selected to ensure a structured progression 
from needs analysis to final dissemination. 
Consequently, this approach emphasizes not 
only product creation but also rigorous 
validation and quality evaluation to meet 
practical and academic standards (Creswell 
& Creswell, 2018). 

Participants 
The participants comprised 43 ninth-

grade students from Mutiara Bangsa 2 Junior 
High School, Tangerang, during the 
2024/2025 academic year. The subjects were 
selected using purposive sampling to ensure 
representation of diverse academic abilities 
and backgrounds. The sample consisted of 
23 students from Class 9B and 20 students 
from Class 9C, all of whom had previously 
studied similarity and congruence, ensuring 
they possessed sufficient prior knowledge to 
participate in the instrument trial (Nyimbili 
& Nyimbili, 2024). 

Instrument 

The primary instrument developed is 
an essay test comprising seven items, each 
specifically designed to measure distinct 
dimensions of mathematical conceptual 
understanding. The essay format was chosen 
for its capacity to capture students' cognitive 
processes more comprehensively than 
selected-response formats. It allows students 
to explain their reasoning, connect concepts, 
and apply knowledge in real-world 
contexts—nuances often missed by 
multiple-choice tests (Eldakhakhny & 
Elsamanoudy, 2023). This format enables 
students to explicitly demonstrate their 
logical thinking, providing richer diagnostic 
information for educators. 

The items were constructed based on 
a blueprint mapping relevant conceptual 
competencies, including: restating concepts, 
classifying objects, providing examples and 
non-examples, utilizing representations, and 
applying procedures or algorithms. This 
structure aligns with psychometric 
development principles (Maric et al., 2023), 
prioritizing content validity to ensure the 
assessment is representative and 
contextually appropriate. By integrating 
these indicators into essay questions, the 
instrument is intended to capture the depth 
of student understanding accurately. 

Instrument Development Procedure 
The study adapted the 4D model 

(Define, Design, Develop, Disseminate) for 
educational instrument development. The 
Define phase involved a needs analysis and 
a review of conceptual understanding 
indicators to establish the test blueprint. The 
Design phase focused on prototyping the 
essay test and conducting initial expert 
validations, followed by revisions based on 
feedback. The Develop phase involved field 
testing the instrument on ninth-grade 
students to evaluate its psychometric 
properties quantitatively, including item 
validity, internal reliability, discrimination 
power, and difficulty index. Finally, the 
Disseminate phase entailed finalizing the 
instrument based on trial data and preparing 
it for broader utilization by teachers and 
researchers (Johan et al., 2023). 

Data Analysis Technique 
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Data analysis focused on evaluating 
four key psychometric properties: item 
validity, internal consistency reliability, 
discrimination power, and difficulty index. 
Item validity was tested using Pearson 
Product-Moment correlation between item 
scores and total scores, while reliability was 
measured using Cronbach’s Alpha. 
Discrimination power was determined by the 
score difference between high- and low-
achieving groups, and the difficulty index 
was calculated based on the proportion of 
correct responses. The analysis procedures 
and threshold values followed 
recommendations by (Sivakumar & 
Thirumoorthy, 2019) and utilized Microsoft 
Excel for efficient calculation (Amelia & 
Erita, 2024). 

Content Validity Analysis Before field 
testing, the instrument underwent a rigorous 
content validity assessment. This process 
involved a panel of three experts, consisting 
of mathematics education lecturers and 
experienced junior high school mathematics 
teachers. These experts evaluated the 
relevance of each item against the theoretical 
indicators. The analysis utilized the Content 
Validity Ratio (CVR) method proposed by 
Lawshe, as refined by (Obilor & Miwari, 
2022). The CVR formula is as follows: 

𝑪𝑽𝑹 =
𝒏𝒆 − '

𝑵
𝟐*

𝑵
𝟐

 

where 𝑛! 	represents the number of experts 
rating an item as "essential," and 𝑁 denotes 
the total number of experts. The calculated 
CVR value is then compared against the 
critical minimum threshold established for 
the specific number of panelists. According 
to (Obilor & Miwari, 2022), for a panel of 
five or fewer experts, an item is considered 
valid if the CVR is ≥ 0.99. Confirming 
content validity ensures that the instrument 
fulfills criteria for clarity and relevance 
regarding content, face, and language. Once 
validated by experts, the instrument 
proceeds to empirical testing for construct 
validity (Amelia & Erita, 2024). 

Subsequently, construct validity 
testing is conducted to determine the extent 
to which the items accurately measure the 

theoretical construct of mathematical 
conceptual understanding. This step is 
crucial to ensure that the instrument 
demonstrates theoretical consistency with 
the measured indicators in an empirical 
setting, beyond mere content relevance. 
Construct validity was assessed using the 
Pearson Product-Moment Correlation 
coefficient to measure the relationship 
between individual item scores and the total 
instrument score. A high correlation 
coefficient indicates strong consistency 
between the item and the overall construct. 
The Pearson Correlation formula is as 
follows: 

𝒓𝒙𝒚 =
𝑵∑𝑿𝒀 − (∑𝑿)(∑𝒀)

1[𝑵∑𝑿𝟐 − (∑𝑿)𝟐][𝑵∑𝒀𝟐 − (∑𝒀)𝟐]
 

where 𝑋 represents the individual item score, 
𝑌 denotes the total score, and 𝑁 refers to the 
number of respondents. The calculated 
correlation coefficient (𝑟"#$%&) is compared 
against the critical value (𝑟&'()!) at a 5% 
significance level (𝛼 = 0.05) with degrees 
of freedom 𝑑𝑓	 = 	𝑁 − 2. If 𝑟"#$%& > 𝑟&'()!, 
the item is deemed to possess construct 
validity (Amelia & Erita, 2024). 

Reliability refers to the consistency of 
test outcomes when administered under 
comparable conditions. A reliable 
instrument yields stable and reproducible 
scores (Saputri et al., 2023). To measure 
internal consistency, this study utilized 
Cronbach's Alpha coefficient, which 
evaluates the correlation among items within 
the instrument. A high Alpha value indicates 
strong reliability. The formula is defined as 
follows: 

𝛼 =
𝑘

𝑘 − 1
71 −

∑𝜎*+

𝜎,+
: 

where 𝑘 represents the number of items, 𝜎*+	 
denotes the variance of each item, and 𝜎,+ 
refers to the total variance. A coefficient of 
𝛼 ≥ 0.70 indicates acceptable reliability 
(Amelia & Erita, 2024). Since Microsoft 
Excel lacks a built-in function for 
Cronbach's Alpha, the value was calculated 
manually using variance components 
derived from the dataset. The interpretation 
of the Alpha value is presented in Table 2.
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Table 2. Reliability Criteria 
Alpha Score Criteria 
≥ 0,80 High 

0,70 – 0,79 Moderate 
< 0,70 Low 

Sources: (Amelia & Erita, 2024; Sivakumar & Thirumoorthy, 2019) 

Discrimination power measures an 
item's ability to differentiate between high-
ability and low-ability students. A high 
discrimination index implies that the item 
effectively distinguishes students based on 
their mastery of the material (Qomariyah et 
al., 2022). To calculate this, participants 
were categorized into two groups based on 
their total scores: the upper group (top 27%) 
and the lower group (bottom 27%). The 
discrimination power (𝐷) is determined 
using the following formula: 

𝑫 =
𝑩− 𝑺
𝑵  

Keterangan: 
D : Discriminative Power 
B : Upper Group 
S : Lower Group 
N : Number of students of each group 
This calculation was performed in Microsoft 
Excel by computing the difference in the 
proportion of correct answers between the 
upper and lower groups. The criteria for 
interpreting discrimination power are 
detailed in Table 3.

Table 3. Discrimination Power Criteria 
Score Criteria 
> 0.70 Very Good 

0,40 − 0.70 Good 
0.30 – 0.39 Moderate 

< 0.30 Low 
Source: (Khumaira et al., 2024). 

The difficulty index (𝑃) indicates the 
proportion of students who answered a 
specific item correctly, serving as a metric to 
balance the test's complexity. It is calculated 
by dividing the number of correct responses 
by the total number of participants (Saputri 
et al., 2023). The formula is as follows: 

𝑃 =
𝑁-
𝑁

 

where 𝑃 represents the difficulty index, 𝑁- 
is the number of students answering 
correctly, and 𝑁 is the total number of test-
takers (Saputri et al., 2023). This analysis 
was conducted using standard frequency 
functions in Microsoft Excel. The 
interpretation of the difficulty index levels is 
provided in Table 4.

Table 4. Difficulty Index Criteria 
Difficulty Score Criteria 
0,00 − 0,30 Very Difficult 
0,31 – 0,50 Difficult 
0,51 − 0,70 Moderate 
0,71 − 1,00 Easy 

Source: (Qomariyah et al., 2022) 

The results from the validity, 
reliability, discrimination power, and 
difficulty index analyses serve as the 
empirical basis for refining and finalizing 
the essay test instrument. This rigorous 
evaluation ensures that the instrument 
fulfills the psychometric standards required 
for a standardized assessment tool suitable 
for broader application. By employing these 

comprehensive data analysis techniques, this 
study guarantees that the final instrument is 
not only valid and reliable but also possesses 
appropriate discrimination and difficulty 
levels. Consequently, it effectively and 
accurately measures the mathematical 
conceptual understanding of ninth-grade 
students regarding similarity and 
congruence. 
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RESULT 
The development of the essay test 

instrument followed the systematic phases of 
the 4D model: Define, Design, Develop, and 
Disseminate (Johan et al., 2023; Thiagarajan 
et al., 1974). This section presents the 
empirical findings obtained from each stage, 
with a primary focus on the psychometric 
evaluation of the instrument. The analysis 
covers content and construct validity, 
internal consistency reliability, as well as 
item characteristics, specifically difficulty 
indices and discrimination power. The 
following subsections detail the specific 
outcomes of each development phase. 

1) Define Phase 
The Define phase aimed to identify 

the instructional problems and specify the 
requirements for developing the assessment 
instrument. This stage primarily involved 
front-end analysis and concept analysis 
based on preliminary research conducted at 
Mutiara Bangsa 2 Junior High School. The 
needs analysis revealed that ninth-grade 
students frequently experienced difficulties 
in comprehending conceptual problems 
related to similarity and congruence. 
Observations indicated that students often 
failed to recognize the underlying geometric 

rules or postulates (e.g., Side-Side-Side, 
Side-Angle-Side) required to determine 
similarity. Furthermore, students struggled 
to connect these geometric concepts with 
related mathematical topics, leading to 
fragmented understanding. Consequently, 
there was a critical need for an instrument 
capable of diagnosing these conceptual gaps. 
Following this analysis, the key concepts 
were formulated to align with the seven 
indicators of mathematical conceptual 
understanding adapted from the National 
Council of Teachers of Mathematics 
(NCTM, 2000). 

2) Design Phase 
The Design phase focused on 

constructing the instrument prototype based 
on the conceptual framework established in 
the Define phase. This stage began with the 
development of a criterion-referenced test 
blueprint to ensure content validity by 
explicitly mapping the subject matter—
similarity and congruence—against the 
seven indicators of conceptual 
understanding. This blueprint served as a 
strategic guide to guarantee that the 
instrument comprehensively measured the 
intended cognitive skills, as detailed in the 
item distribution presented in Table 5.

 
Table 5. Blueprint of Mathematical Conceptual Understanding Instrument 

Indicator of Mathematical 
Concept Understanding Topic Indicator Item 

Number 
Restating a concept Explaining the definition of similarity and 

congruence. 1 

Classifying objects according to 
specific properties based on the 
concept 

Distinguishing and classifying plane figures 
that exhibit properties of similarity, 
congruence, or neither. 

2 

Providing examples and non-
examples of the concept 

Giving examples of everyday objects that 
exhibit similarity, congruence, or neither. 3 

Presenting concepts in various 
forms of mathematical 
representation 

Determining the length of sides or magnitude 
of angles in similar or congruent figures using 
visual models. 

4a,4b 

Developing necessary or 
sufficient conditions for a 
concept 

Determining the necessary or sufficient 
conditions for two triangles to be considered 
congruent. 5a, 5b 

Applying, utilizing, and 
selecting specific procedures or 
operations 

Calculating the length of sides or angles using 
the concept of similarity/congruence to solve 
geometric problems. 

6 
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Indicator of Mathematical 
Concept Understanding Topic Indicator Item 

Number 
Applying concepts or 
algorithms to problem-solving 

Solving contextual problems related to 
similarity and congruence in real-life 
scenarios. 

7 

Source: Adaptable from (Giriansyah et al., 2023) 

Based on the blueprint above, the 
researcher designed the initial draft of the 
instrument in the form of an essay test. The 
essay format was selected to allow students 
to explicitly demonstrate their reasoning 
processes and ability to connect concepts, 

which is often limited in multiple-choice 
formats. This draft included seven items, a 
scoring rubric, and an answer key, which 
were subsequently prepared for expert 
validation.

 
Figure 1. Preliminary Design of Mathematical Concept Understanding Ability Test Questions 

3) Development Phase 
The Develop phase focused on 

validating and refining the drafted 
instrument. This stage comprised two 
primary steps: expert validation (content 
validity) and empirical field testing. The 
initial draft was evaluated by a panel of three 

experts, consisting of mathematics teachers 
from Mutiara Bangsa 2 Junior High School. 
The experts assessed the relevance of each 
item against the conceptual understanding 
indicators using the Content Validity Ratio 
(CVR) method. The results of this assessment 
are presented in Table 6.

 

Table 6. Content Validity Ratio (CVR) Results 

Item No. Essential 
(𝒏𝒆) 

Experts 
(N) 

CVR 
Score Category 

1 3 3 1 Valid 
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Item No. Essential 
(𝒏𝒆) 

Experts 
(N) 

CVR 
Score Category 

2 3 3 1 Valid 
3 3 3 1 Valid 
4a 3 3 1 Valid 
4b 3 3 1 Valid 
5a 1 3 0.33 Revision 
5b 1 3 0.33 Revision 
6 3 3 1 Valid 
7 3 3 1 Valid 

Based on Table 6, items 5a and 5b 
achieved a CVR score of 0.33, indicating the 
need for revision. The experts noted that 
these items, which aimed to measure the 
indicator "developing necessary and 
sufficient conditions," implicitly required 
students to use conditions (e.g., side lengths 
in rectangles) but did not explicitly ask them 

to identify or explain those conditions. 
Consequently, the items were revised to 
explicitly prompt students to state the 
necessary requirements before performing 
calculations. Following this revision, the 
instrument was declared content-valid and 
ready for field testing.

 

 
Figure 2. Revised Question Item Number 5 

The revised instrument was tested on 
May 26, 2025, involving 43 ninth-grade 
students (24 boys and 19 girls) from classes 
9B and 9C at Mutiara Bangsa 2 Junior High 
School. The trial aimed to evaluate construct 

validity, reliability, difficulty index, and 
discrimination power. Validity was tested 
using the Pearson Product-Moment 
Correlation between item scores and the total 
score. The results are summarized in Table 7. 

Table 7. Construct Validity Results 
Item 
No 

Correlation 
(𝒓𝒄𝒐𝒖𝒏𝒕) 

Critical Value 
(𝒓𝒕𝒂𝒃𝒍𝒆) 

Note 

1 0.45 0.36 Valid 
2 0.49 0.36 Valid 
3 0.57 0.36 Valid 
4a 0.83 0.36 Valid 
4b 0.71 0.36 Valid 
5a 0.62 0.36 Valid 
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Item 
No 

Correlation 
(𝒓𝒄𝒐𝒖𝒏𝒕) 

Critical Value 
(𝒓𝒕𝒂𝒃𝒍𝒆) 

Note 

5b 0.65 0.36 Valid 
6 0.83 0.36 Valid 
7 0.70 0.36 Valid 

As shown in Table 7, all items yielded 
correlation coefficients (𝑟"#$%&) ranging 
from 0.45 to 0.83, surpassing the critical 
table value of 0.36 (at 5% significance 
level). Thus, all items are considered valid. 
Internal consistency was measured using 
Cronbach's Alpha. The analysis yielded an 

Alpha coefficient of 0.83, which exceeds the 
minimum threshold of 0.60. This indicates 
that the instrument has High Reliability and 
can produce consistent measurements of 
students' conceptual understanding. 
The difficulty index analysis classifies items 
into easy, medium, and difficult categories. 
The results are presented in Table 8.

Table 8. Dificulty Index Result 
Item 
No Average Max 

Score 
Difficulty 

Index Description 

1 2.79 3 0.93 Easy 
2 2.63 3 0.88 Easy 
3 2.00 3 0.67 Moderate 
4a 1.63 3 0.54 Moderate 
4b 0.84 3 0.28 Difficult 
5a 2.44 4 0.61 Moderate 
5b 1.91 3 0.64 Moderate 
6 1.19 4 0.30 Difficult 
7 2.09 4 0.52 Moderate 

The analysis shows a balanced distribution: 
two items are easy (1, 2), five are moderate 
(3, 4a, 5a, 5b, 7), and two are difficult (4b, 
6). This variety allows the instrument to 
accommodate students with varying ability 
levels. 

Discrimination power measures the item's 
ability to distinguish between high and low-
performing students. The results are detailed 
in Table 9.

Table 9. Discrimination Power Result 

Item No. Discrimination 
Index Description 

1 0.17 Low 
2 0.31 Moderate 
3 0.36 Moderate 
4a 0.92 Very Good 
4b 0.61 Good 
5a 0.69 Good 
5b 0.47 Good 
6 0.92 Very Good 
7 0.61 Good 

Most items demonstrated effective 
discrimination, with four items classified as 

"Good" and two as "Very Good." Items 2 and 
3 were "Moderate." Item 1 showed low 
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discrimination (0.17), which is expected 
given its high difficulty index (0.93/Easy); 
since most students could answer it 
correctly, it did not significantly differentiate 
between the upper and lower groups. 

4) Dissemination Phase 
The Disseminate phase constitutes the 

final stage of the development process, 
aiming to promote the adoption and 
utilization of the developed product. 
Following the rigorous empirical testing in 
the Develop phase, the instrument was 
finalized into a complete assessment 
package. This package consists of the seven 
validated essay items, a standardized scoring 
rubric, and a comprehensive answer key, 
ensuring that the instrument is ready for 
practical implementation. 

The dissemination process was 
conducted through two primary 
mechanisms. First, the final instrument was 
distributed to mathematics teachers at 
Mutiara Bangsa 2 Junior High School to be 
utilized as a diagnostic tool for measuring 
students' conceptual understanding in future 
learning sessions. Second, the dissemination 
was expanded to the broader academic 
community through the publication of this 
research article. By making the instrument 
accessible via this publication, it allows 
other researchers and practitioners to adopt, 
adapt, or further develop the instrument for 
various educational contexts. Consequently, 
this phase confirms that the product has 
transitioned from a developmental prototype 
into a standardized assessment tool ready for 
wider application. 

DISCUSSION 
The successful development of this 

essay-based instrument underscores the 
growing imperative of qualitative 
assessment in mathematics education. The 
findings of this study align with (Tadhkiroh 
et al., 2023), who demonstrated that 
instruments developed using the 4D model 
are capable of generating robust qualitative 
and quantitative data to validate constructs 
in educational assessments. Furthermore, 
these results reinforce the work of (Sriyanti 
et al., 2019), which highlighted that essay-
based diagnostic tools offer a more accurate 

identification of students' conceptual 
understanding compared to selected-
response formats. This study confirms that 
such instruments can meet rigorous 
psychometric criteria, achieving high 
content validity (CVR = 1.00) and high 
reliability (α = 0.83), supported by a score 
distribution that facilitates in-depth analysis 
of difficulty and discrimination. 

A specific psychometric observation 
was noted regarding Item 1, which exhibited 
low discrimination power (𝐷 = 0.17) 
despite being constructively valid. This 
occurrence is attributed to the item's low 
difficulty level (index > 0.90), categorized as 
"easy," meaning nearly all respondents from 
both upper and lower groups answered 
correctly. This phenomenon is consistent 
with findings by (Mustaqim & Sulisti, 
2024), who state that extremely easy items 
tend to have poor discrimination because 
they fail to effectively differentiate between 
varying ability levels. Similarly, (Saputri et 
al., 2023) note that easy items often produce 
low discrimination indices statistically. 
However, despite its low discrimination 
power, Item 1 was retained in the final 
instrument. This decision is justified because 
the item remains valid and serves an 
essential instructional function: measuring 
the basic level of conceptual comprehension 
required by the indicators and building 
student confidence at the beginning of the 
test. 

The novelty and significance of this 
research lie in its comprehensive focus on 
similarity and congruence—a topic that has 
rarely been assessed using a fully validated 
essay instrument covering all conceptual 
indicators. This addresses a gap identified in 
previous studies, such as those by (Sutriani 
et al., 2021) and (Sriyanti et al., 2019), which 
often relied on instruments that did not 
explicitly measure all dimensions of 
mathematical concept comprehension or 
were limited to multiple-choice formats 
lacking cognitive depth. By utilizing a 
rigorous essay format, this instrument 
provides a more accurate and holistic 
depiction of students' conceptual mastery. To 
illustrate the instrument's capacity to capture 
deep reasoning, the following analysis 
presents a subject's response to Item 7, 
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which corresponds to the indicator of 
"applying concepts or algorithms to 
problem-solving”.

 
Figure 3. Sample Student Response to Problem Number 7 

As depicted in Figure 3, the subject 
successfully answered Item 7 by accurately 
applying the concept of similarity with a 
comprehensive problem-solving approach. 
The response demonstrates that the student 
did not merely apply a rote comparison 
formula; instead, they began by 
systematically identifying the given 
information (frame size and distances) and 
translating it into a visual representation to 
aid understanding. Subsequently, the student 
devised a logical solution strategy, 
calculating the unknown distance of the 
lower side of the frame to determine the 
photo's width, ultimately finding the actual 
dimensions of the photo. This structured 
response provides empirical evidence that 
the essay instrument effectively measures 
the depth of students' mathematical 
conceptual understanding, confirming the 
instrument's validity beyond statistical 
metrics. 

The development of this valid and 
reliable instrument for ninth-grade students 
regarding similarity and congruence offers 
significant practical implications for the 
field of mathematics education. Teachers 
and researchers can utilize this instrument as 
a robust diagnostic tool to identify specific 
gaps in students' conceptual understanding, 
enabling the design of targeted and effective 
pedagogical interventions. Furthermore, this 
instrument serves as a valuable reference for 
curriculum developers and educators in 
designing evaluation assessments, 
particularly for geometry topics. Ultimately, 

this study contributes to the improvement of 
mathematics education quality, supporting 
the optimization of student learning 
outcomes in mastering the concepts of 
similarity and congruence. 

CONCLUSION 
This study successfully developed a 

valid and reliable essay-based instrument to 
assess mathematical conceptual 
understanding of similarity and congruence 
for ninth-grade students. The development 
process, guided by the systematic 4D model 
(Define, Design, Develop, and 
Disseminate), ensured that the instrument 
met rigorous psychometric standards. 
Statistical analysis confirmed that the 
instrument possesses high content and 
construct validity, as well as strong internal 
consistency reliability. Furthermore, the 
analysis of item characteristics—
specifically discrimination power and 
difficulty indices—demonstrates the 
instrument's capability to effectively 
differentiate between varying levels of 
student ability while maintaining an 
appropriate difficulty distribution. 
Consequently, this instrument is deemed 
suitable as a standardized diagnostic tool for 
evaluating mathematical learning outcomes 
in junior high schools. 

Despite the positive findings, this 
study acknowledges several limitations. 
First, the empirical trial was conducted with 
a relatively small sample size (𝑁 = 43) 
from a single junior high school, which may 
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limit the generalizability of the results to a 
broader population. Second, the scope of the 
instrument is restricted solely to the topic of 
similarity and congruence, meaning it 
cannot be used to assess conceptual 
understanding in other geometry topics 
without further adaptation. Therefore, future 
research is recommended to test this 
instrument on a larger and more diverse 
demographic to enhance its external validity. 
Additionally, further studies could expand 
the development of similar essay-based 
instruments to cover other critical 
mathematical topics, thereby enriching the 
repository of quality assessment tools 
available for mathematics educators. 
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