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Abstract 

This study aims to develop a valid and reliable diagnostic instrument to measure students' numeracy skills 

in the context of chemistry learning. The instrument development followed a systematic procedure based on 

the Oriondo & Antonio model, which includes the stages of planning, construction, validation, and revision. 

The instrument was designed based on numeracy indicators integrated with chemistry content, particularly 

on topics requiring quantitative understanding, such as reaction rates. Content validity was reviewed by 

chemistry and education experts, while empirical reliability testing was conducted using Rasch modelling. 

The analysis results showed that the instrument had an Aiken validity of 0.80 (valid category), item reliability 

of 0.88 (very good category), person reliability of 0.80 (good category), and Cronbach's alpha value of 0.75 

(good category). These findings indicate that the developed instrument meets the criteria for validity and 

reliability and is capable of specifically identifying students' misconceptions and numeracy gaps. Therefore, 

this instrument has the potential to be used as an initial diagnostic tool in designing remedial or enrichment 

learning strategies in chemistry classes. 
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INTRODUCTION 

The 21st century demands that individuals 

possess strong essential competencies to actively 

and productively participate in an increasingly 

complex, dynamic, and data-driven society. One of 

the primary competencies is numeracy, which 

involves not only basic arithmetic skills but also the 

ability to think logically, analyze data, and solve 

contextual problems using quantitative information 

(Safitri et al., 2024). Numeracy is defined as the 

ability to apply number concepts and mathematical 

operations, as well as the ability to read, interpret, 

and use graphs, tables, and numerical data to make 

informed decisions (Ananiadou et al., 2009; Mullis 

et al., 2021)  

The importance of numeracy is emphasized 

in national education policy through the 

implementation of the Minimum Competency 

Assessment (AKM), which positions numeracy, 

alongside reading literacy, as the foundation for 

lifelong learning (Education Assessment Centre, 

2023). This skill is not only required in 

mathematics but also plays a crucial role in 

chemistry education, particularly in topics 

involving quantitative analysis and numerical data 

processing (Morel & Morgan, 1972). Topics such 

as reaction rates, stoichiometry, solution 

concentration, and gas laws require students to 

understand the mathematical relationships between 

variables and apply them in experimental contexts 

and chemical problem-solving (Bravenec & Ward, 

2023; Moruk & Sulisworo, 2024). 

Studies show that students often struggle to 

transfer their numerical skills to a chemistry 

context, leading to misconceptions and errors in 

interpreting scientific data (Ariani et al., 2024). 

Strong numeracy skills are a prerequisite for 

students to understand and master chemistry 

concepts in depth (Aldossary et al., 2024). 

However, in reality, many students still struggle to 

integrate their understanding of chemical concepts 

with the necessary numerical skills, which impacts 

their learning outcomes and conceptual 

understanding (Nguyen et al., 2021). This 

condition highlights the need to strengthen the 

integration of numeracy in chemistry learning 

through an approach that is not only outcome-

oriented but also capable of detecting students' 

weaknesses and misconceptions early on 

(Suparman et al., 2024). Therefore, a diagnostic 

approach is an appropriate alternative for 

specifically identifying gaps in students' numerical 

understanding, enabling teachers to design more 

adaptive learning strategies, both for remediation 

and enrichment. 

In response to the need for integrating 

numeracy into chemistry education, this study 

focuses on developing a diagnostic instrument for 

numeracy skills specifically designed for reaction 

rate material. The selection of this material is based 

on its high level of complexity, as it involves 

abstract concepts, mathematical calculations, and 

the ability to interpret experimental data such as 

concentration, time, and reaction rate (D’Alessio et 

al., 2020). The main advantage of this instrument 

lies in its open-ended question format, which 

allows for in-depth exploration of students' error 

patterns and difficulties in applying numeracy 

concepts in a chemistry context (Üce & Ceyhan, 

2019). This diagnostic approach differs from 

conventional formative or summative tests, as it is 

designed to uncover detailed information about 

students' understanding gaps, enabling teachers to 

design more targeted and effective learning 

interventions (Sayre et al., 2025) 

Although the importance of numeracy has 

been widely recognized, and various general 

numeracy measurement instruments are available, 

this study identifies a significant gap, namely the 

lack of diagnostic instruments specifically 

designed to measure numeracy skills in the context 

of chemistry learning in Indonesia. Existing 

instruments tend to be general or focus solely on 

final outcomes, without providing an in-depth 

understanding of students' thinking processes or 

the conceptual error patterns they experience. As a 

result, teachers struggle to obtain detailed 

information that can be used to design learning 

tailored to each student's needs.  

The novelty of this research lies in the 

development of a diagnostic instrument for 

numeracy skills in reaction rate material using the 

Oriondo & Antonio development model. This 

model provides a systematic framework that 
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includes instrument design, expert validation, field 

testing, and empirical data analysis using the Rasch 

Model approach. The use of the Rasch Model 

enables more accurate evaluation of item 

characteristics, such as difficulty level and 

discriminative power, as well as students' abilities 

through reliability estimation and response patterns 

(Wright, 1977). Thus, the resulting instrument not 

only meets statistical validity and reliability criteria 

but also provides in-depth diagnostic insights into 

students' numeracy profiles in the context of 

chemistry learning (Easa & Blonder, 2022). 

Through the use of this instrument, teachers are 

expected to diagnose more accurately the location 

of students' numeracy difficulties on the topic of 

reaction rates, so that remedial and enrichment 

learning strategies can be designed more 

effectively and tailored to their needs. 

METHOD 

This study adopted a Research and 

Development (RnD) approach using the Oriondo 

Antonio development model, which was chosen for 

its systematic and comprehensive nature in 

instrument development (Oriondo & Antonio, 

1984). The development of diagnostic instruments 

for numeracy skills in this study was carried out in 

three main stages, namely: (1) test design, (2) 

product testing, and (3) final instrument assembly. 

Test Design, The initial stage began with 

determining the purpose of the instrument, which 

was to diagnose students' numeracy skills in 

understanding reaction rate material. This material 

was chosen because of its high complexity, 

encompassing conceptual, quantitative, and 

interpretative aspects, particularly in analysing the 

relationship between concentration, time, and 

reaction rate. Next, an instrument grid was 

developed, containing important components such 

as basic competencies, question indicators, and 

numeracy ability indicators. The numeracy 

indicators referenced include the ability to use 

numbers and symbols, analyse quantitative 

information, and interpret analysis results in a 

scientific context. Based on this framework, 25 

open-ended questions were developed to assess 

students' numeracy skills in contextual chemistry 

situations. After the questions were developed, 

content validation was conducted by two chemistry 

education lecturers and three experienced high 

school chemistry teachers specialising in 

instrument development. Validation was 

conducted on the content, construct, and language 

aspects using a validation sheet with a specific 

rating scale. The validation results were analysed 

using Aiken's V formula to determine the level of 

agreement among experts on the suitability of each 

question item (Merino-Soto, 2023). Items that 

received low scores or received feedback for 

improvement from the validators were then 

revised. At this stage, scoring guidelines 

(assessment rubrics) were also developed for each 

item to ensure objectivity and consistency in the 

assessment process. 

Product Testing, The revised instrument is 

then pilot-tested on 30 Grade XII students at one of 

the state high schools in Semarang. The purpose of 

this pilot test was to obtain empirical data for use 

in analysing question quality, including difficulty 

level, discriminative power, and reliability. The 

analysis was conducted using Rasch modelling 

through the Winsteps application. Additionally, a 

readability test was conducted with students to 

evaluate how well the language, terms, and 

instructions in the questions could be understood 

by the students. 

Final Instrument  Development, After the 

pilot test results were analysed and revisions were 

made based on empirical findings, the final version 

of the instrument was developed. This instrument 

is now ready to be used to identify students' 

numeracy skills in reaction rate material in a more 

in-depth and diagnostic manner. The instrument's 

strength lies in its ability to reveal students' 

thinking errors and specific weaknesses in 

integrating chemistry concepts with numeracy 

skills. 

The data from the instrument trial was 

analysed quantitatively using Rasch Modelling 

with the assistance of Winsteps software. Rasch 

Model analysis allows for a careful evaluation of 

the quality of the instrument, including: (1) Item 

Validity (Item Fit): Determining whether each item 

behaves in accordance with the Rasch model, 
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indicating whether the item measures the same 

construct as other items. Items that fit are 

considered statistically valid. (2) Item and Person 

Reliability: Measuring the consistency of the 

instrument's measurement (item reliability) and 

how well the instrument can distinguish between 

students' ability levels (person reliability). 

Cronbach's Alpha values are also calculated as an 

indicator of the instrument's internal consistency. 

(3) Item Difficulty: Determining how difficult each 

item is for students, estimated based on the 

proportion of students who answered correctly. 

Items are categorised as very difficult, difficult, 

moderate, easy, and very easy. (4) Item 

Discrimination: Measuring the ability of each item 

to distinguish between high- and low-ability 

students. 

RESULTS AND DISCUSSION 

The development process of the diagnostic 

instrument for numeracy skills in reaction rate 

material followed the Research and Development 

(RnD) model by Oriondo Antonio. The initial 

stage, namely test design, began with determining 

the instrument's objectives: to measure students' 

numeracy skills, including indicators of 

number/symbol usage, quantitative information 

analysis, and interpretation of analysis results, 

particularly in the context of reaction rate material 

(covering reaction rate concepts, influencing 

factors, and reaction order calculations). The 

selection of the Oriondo Antonio model provides a 

systematic framework, ensuring that the instrument 

is developed through measurable and planned 

stages, from needs identification to product 

validation (Abdurrahman & Mahmudah, 2023). 

Next, a question matrix was developed to 

serve as a blueprint for writing question items. This 

matrix maps Core Competencies into specific 

question indicators and links them to numeracy 

ability indicators, which are essential to ensure that 

the scope of the material and numeracy aspects are 

covered. From this framework, 25 initial essay 

questions were developed. Essay questions were 

chosen because they allow for the exploration of 

students' thinking processes and reasoning in 

solving numerical problems in chemistry, unlike 

multiple-choice questions, which tend to only 

measure the final answer (Pradana et al., 2023). 

The next stage was expert validation to 

assess the quality of the instrument in terms of 

content, construct, and language. Validation was 

conducted by two chemistry education lecturers 

and three experienced high school teachers, who 

provided crucial feedback for improvements. This 

expert validation process is important to ensure the 

instrument has high content and construct validity 

before being empirically tested (Aiken, 1980). The 

expert validation results in Table 1 show that most 

questions met the eligibility criteria, with minor 

revisions made based on validator suggestions. The 

Aiken’s V validity test result of 0.88 > 0.80 falls 

within the valid category (Merino-Soto, 2023). 

Table 1. Expert validation results 
Aspects Evaluated Average Score 
Instructions 90 Very good 

Numbering system 90 Very good 

Font type and size 95 Very good 

Tables/graphs/images 83 Very good 

Use of sentences 85 Very good 

Easy understanding 

questions on 

numerical ability in 

reaction rate material 88 

Very good 

Likelihood of 

questions being 

solvable 

85 

Very good 

Average 88 Very good 

After revision based on expert validation, the 

instrument was tested on 63 grade XII students 

majoring in Mathematics and Natural Sciences at a 

public high school in Semarang. The test results 

were then analysed using Rasch modelling. Initial 

identification took the form of a dimensionality test 

of the developed items. The results of the 

unidimensionality of the developed test items were 

good (Table 2). These results indicate that the 

developed items have the ability to objectively 

estimate individual ability and item characteristics, 

independent of the sample used, and provide rich 

diagnostic information about item behaviour 

(Huang et al., 2023). This analysis allows the 

determination of which items are "fit" or consistent 

with the model, making them suitable for use as 

measurement instruments.
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Tabel 2. Results of dimensionality identification in Eigenvalue units 

No Standardized Residual Variance 
Value 

Category 
Empirical Modelled 

1 Raw variance explained by measures 67.3 64.4 Special 

2 Raw variance explained by persons 31.0 29.7 Good 

3 Raw variance explained by items 36.3 34.7 Good 

4 Raw unexplained variance (total) 32.7 35.6 Good 

 

Based on the Rasch Model analysis Table 2, 

Standardized Residual Variance shows that the 

Rasch model is able to explain most of the data 

variation in the conceptual test instrument with 

polytomous scoring. The raw variance explained 

by measures reached 67.3% in the empirical data 

and 64.4% in the model data, indicating an 

excellent level of model fit. This value exceeds the 

minimum recommended threshold to meet the one-

dimensionality assumption, and the 25 essay 

questions tested, 15 were deemed suitable and 

appropriate for use. The items that did not fit 

indicated deviations from the model, such as 

questions that were too difficult or too easy for 

most respondents, or had low discriminative 

power. This is consistent with the person fit 

analysis conducted on 134 response sheets, where 

88.05% or 118 responses were considered normal 

and aligned with the model, while 11.95% or 16 

responses showed deviations from the model. 

These deviations indicate that not all items or 

responses are reliable or in accordance with the 

expectations of the Rasch model, which 

emphasizes the need for stringent selection of items 

used in the assessment. This finding aligns with the 

work of Fauzi et al. (2022), which demonstrated 

that not all designed items will consistently align 

with psychometric models and require strict 

selection to ensure the validity of assessment 

instruments. 

This is in line with other studies showing 

that not all items designed will always fit the 

psychometric model and require strict selection 

(Fauzi et al., 2022). Analysis of the response 

patterns of assessors to the level of difficulty of the 

items revealed a varied distribution: 3 items in the 

very difficult category, 7 items in the difficult 

category, 4 items in the easy category, and 4 items 

in the very easy category. This distribution 

indicates that the instrument has an adequate range 

of difficulty, enabling it to measure students' 

abilities at various levels. Questions that are too 

easy or too difficult do not provide enough 

information about students' abilities, so variation in 

difficulty levels is a desirable characteristic for 

diagnostic instruments. A good question is one that 

can showcase students' abilities and skills at a 

certain level, with the ability to distinguish between 

students who have a better understanding and those 

who need improvement. Therefore, variation in the 

difficulty level of questions is crucial to ensure that 

assessment instruments can provide an accurate 

picture of students' ability levels (Ramadhan et al., 

2023). The response patterns based on the 

difficulty levels of the developed questions fall into 

the category of Stochastically Modeled 

Diagnostics (Linacre & Wright, 1994). 

 
Figure 1. response patterns of assesses to the 

difficulty level of items for the developed items 

Figure 1, The sigmoid curve shown in the 

graph indicates that the item has good 

psychometric characteristics. At low ability levels 

(θ < -2), the probability of students obtaining a high 

score is very small, indicating that students with 

low numeracy abilities tend not to be able to solve 

the problem correctly. This is in line with the 

instrument's purpose as a diagnostic tool capable of 

identifying initial difficulties and misconceptions 

about numeracy in the context of reaction rate 

material. The reliability aspects of the instrument 
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were carefully evaluated (Table 3). The item 

reliability of the instrument showed a value of 0.88, 

which falls into the good category. This figure 

indicates that the items in this instrument 

consistently measure numeracy ability 

(Hakkarainen et al., 2023). However, the person 

reliability showed a value of 0.75, which also falls 

into the good category. Nevertheless, the lower 

person reliability value (compared to item 

reliability) may indicate that the instrument is less 

able to consistently distinguish between the ability 

levels of individual students in the test sample 

(Chin & Chew, 2023). This may be due to a 

relatively homogeneous sample or the presence of 

unpredictable response variations (Patac et al., 

2021). Nevertheless, Cronbach’s Alpha value of 

0.75, which is categorized as adequate, indicates 

that the instrument has acceptable internal 

consistency (Ahmad et al., 2024). This internal 

consistency is crucial to ensure that the instrument 

is reliable in measurement (Pentapati et al., 2025). 

Table 3. Reliability Test Results 
Reliability Value Category 

Person Reliability 0.80 Good 

Item Reliability 0.88 Good 

Cronbach's alpha 0.75 Good 

Furthermore, item discrimination shows that 

there are 4 groups of items, while respondent 

discrimination shows 2 groups of respondents. 

Good item discrimination is important to ensure 

that the items can distinguish between high-ability 

and low-ability students. The more groups of items 

discriminate, the better the instrument is at 

identifying differences in ability. Item 

discrimination refers to a question's ability to 

differentiate between students with high and low 

abilities (Surhasimi & Arikunto, 2016). Item fit 

testing provides information that the response 

patterns of the 3 categories of assessed ability 

levels are in 3 patterns: low, medium, and high. 

 
Figure 2. Measurement information graph models 

 

Figure 2 illustrate the response patterns of 

students to questions based on difficulty levels 

analyzed using the Rasch Model. For questions 

with low difficulty levels (b low), participants with 

low ability (θ low) still have a high chance of 

answering correctly. Overall, these three 

Measurement Information Function graphs 

confirm that the developed diagnostic numeracy 

instrument has comprehensive measurement 

coverage across various student ability levels. The 

instrument performs best at medium-sized ability 

levels but remains informative at low and high 

levels. This finding is consistent with previous 

reliability, discrimination, and item fit results and 

strengthens the conclusion that the instrument is 

suitable for diagnostically mapping students' 

numeracy ability profiles in chemistry learning, 

particularly in reaction rate material. Participants 

with medium to high ability almost always answer 

correctly, as the questions are below their ability 

level. This is reflected in the Item Characteristic 

Curve (ICC), which tends to be steep on the left 

side, indicating a high overall success rate 

(Andersen, 1973). For items with moderate 

difficulty, the response pattern shows that 

participants with low ability tend to answer 
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incorrectly, participants with moderate ability have 

approximately a 50% chance of answering 

correctly, and participants with high ability 

generally answer correctly. Items in this category 

are highly effective in distinguishing participants' 

abilities, as they are positioned at the midpoint of 

the ability scale (θ = b), resulting in the ICC curve 

intersecting the 0.5 probability point.  

Meanwhile, for high-difficulty questions, 

only high-ability participants (high θ) have a high 

probability of answering correctly. Low- and 

medium-ability participants show low probabilities 

of correct answers, reflecting the high selectivity of 

the questions toward high-ability participants 

(Andersen, 1973). Overall, this instrument 

demonstrates strong diagnostic capabilities in 

mapping students' ability profiles probabilistically. 

Through these response patterns, teachers can 

identify areas of basic mastery, identify initial 

misconceptions, and obtain detailed information 

about numeracy concepts that students have not yet 

mastered in the context of chemistry learning. 

CONCLUSION 

This study successfully developed a valid 

and reliable diagnostic instrument to measure 

students' numeracy skills in the context of 

chemistry learning. The developed instrument can 

identify variations in students' numeracy skills, 

detecting specific misconceptions, and 

demonstrating high discriminating power. The 

theoretical contribution of this study lies in the 

integration of numeracy concepts and chemistry 

content in the form of a diagnostic assessment 

based on the Rasch Model. Meanwhile, its practical 

contribution provides concrete solutions for 

chemistry teachers in designing adaptive learning 

strategies, both for remedial and enrichment 

purposes. Therefore, this instrument has strong 

potential to be used as an initial diagnostic 

assessment tool in the learning process. Further 

development is recommended to expand the scope 

of the material and increase sample heterogeneity 

to strengthen the instrument's ability to 

differentiate students' ability levels more 

comprehensively. 
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