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Abstract

This study focused on developing and validating an instrument to assess 
elementary school students’ abilities in solving mathematical word problems, 
specifically targeting their skills in understanding, planning, applying strategies, 
and evaluation. Using the ADDIE instructional design model, a 30-item multiple-
choice test consisting of word problem-solving was administered to 500 fourth-
grade students (252 males, 248 females, aged 9–11) from three schools in Depok, 
Indonesia. Each of the 30 items was presented in a story-telling question format, 
requiring students to read and comprehend a real-world mathematical scenario 
before solving it. The questions were designed to test different cognitive aspects, 
including the student’s ability to understand the problem, plan an appropriate 
solution, apply mathematical strategies, and evaluate the correctness of their 
solution. The validity and reliability of the instrument were analyzed using 
Rasch analysis. Two trials were conducted. In Trial 1 (n = 200), the instrument 
demonstrated high item reliability (0.96) but low person reliability (0.58), with 
seven items identified as misfitting. Trial 2 (n = 300) showed an improvement 
in person reliability (0.67) and sustained high item reliability (0.98), though 
overfitting was observed. The results contribute to the creation of a valid and 
reliable tool for assessing problem-solving abilities in mathematical word 
problems. The findings emphasize the importance of targeted interventions to 
enhance students’ problem-solving skills, offering insights for improving teaching 
and assessment practices. This research adds to the development of assessment 
instruments in mathematical problem-solving and deepens the understanding of 
elementary students’ problem-solving abilities.

© 2026 Kasetsart University.

Article Info

Article history:
Received 7 June 2024
Revised 13 October 2024
Accepted 18 November 2024
Available online 18 March 2026

Keywords: 
elementary school students,
instrument development,
mathematical word problems,
problem-solving skills, 
Rasch Analysis



Yanti, S. et al. / Kasetsart Journal of Social Sciences 47 (2026) 4701132

Introduction

	 Mathematics is crucial in modern society, impacting 
science, technology, economics, and finance (Maass  
et al., 2019). However, Indonesian students struggle  
with mathematics, performing poorly in PISA and 
TIMSS assessments (Ehmke et al., 2020). Specifically, 
fourth-grade students demonstrate below-average 
mathematical literacy, struggling with problem-solving 
and reasoning. Existing assessments lack validity and 
reliability, hindering accurate evaluations (Putri & 
Wutsqa, 2019). Limited research focuses on developing 
context-specific instruments for Indonesian elementary 
education (Kim et al., 2019). This disparity highlights the 
need for effective, tailored assessments to identify areas 
requiring improvement and enhance mathematical word 
problem-solving skills.
	 Previous research on mathematical assessment 
instruments for problem-solving skills has limitations. 
Studies often lack comprehensive validation methods, such 
as Rasch analysis, leading to inaccurate measurements 
(Hellstrand et al., 2020). Instruments typically focus on 
one aspect of problem-solving, neglecting evaluation and 
reflection (Alias et al., 2022). Limited, non-representative 
samples reduce generalizability. Assessments often lack 
real-world contexts and fail to accommodate individual 
differences in literacy levels or learning difficulties 
(O’Neill & Padden, 2021), making them less adaptable to 
diverse student needs.
	 Addressing these gaps is essential to improve the 
accuracy, relevance, and effectiveness of assessments 
in measuring students’ problem-solving abilities.  
A well-validated instrument ensures that the data 
collected accurately reflects students’ true abilities, 
leading to better insights for educators and researchers. 
By incorporating all aspects of problem-solving 
such as understanding, planning, applying strategies, 
and evaluating as an instrument can provide a more 
comprehensive evaluation of students’ cognitive skills 
(Aguhayon et al., 2023). Moreover, using diverse and 
representative samples enhances the generalizability 
of the results, making the instrument applicable across 
different student populations. Real-world contexts in 
problem-solving tasks make the assessments more 
meaningful and practical for students, better preparing 
them for challenges outside the classroom (Nilimaa, 
2023). Accounting for individual differences allows the 
instrument to be more inclusive and adaptive, ensuring 
that students with various abilities and backgrounds 
are fairly assessed. Filling these gaps will ultimately 

lead to more effective teaching strategies and targeted 
interventions that can significantly improve student 
learning outcomes.
	 This study addresses the gap in mathematical word 
problem-solving assessments for Indonesian fourth-
grade students, aligning with the national curriculum. 
The instrument evaluates critical skills: understanding, 
planning, strategy application, and evaluation. 
Mathematics is vital in daily life, with broad applications. 
Strong skills are crucial for tackling everyday challenges. 
Indonesia’s mathematics education spans elementary to 
university levels, ensuring a solid foundation. Superior 
mathematical abilities correlate with overall education 
quality (Sumarni et al., 2018). International assessments 
like PISA and TIMSS evaluate Indonesia’s education 
quality. This study’s instrument will enhance assessment 
validity, supporting effective mathematics education and 
improved student outcomes.
	 The mathematical abilities of Indonesian students 
have consistently ranked among the lowest in the 
PISA (Program for International Student Assessment)  
for 15-year-old students, which includes the domains 
of Mathematics, Science, and Literacy (Setiawan et al., 
2022). Since Indonesia’s first participation in PISA from 
2000 until 2018, the position of Indonesian students 
has always been at the bottom among participating 
countries (Rastuti & Prahmana, 2021). Although there 
was a significant score increase of 11 points in 2015, the 
ranking remained below the Organisation for Economic 
Co-operation and Development (OECD) (OECD, 2015) 
member countries.
	 The Trends in International Mathematics and 
Science Study (TIMSS) assesses students’ mathematics 
and science abilities globally. Conducted every four 
years since 1999, TIMSS provides reliable data for 
policymakers. Cognitive domains include knowledge, 
application, and reasoning, with ability levels ranging 
from advanced to low. Indonesia’s TIMSS scores (2003–
2015) were consistently below 400, indicating room for 
improvement. Mathematical problem-solving abilities 
involve understanding, planning, applying strategies, 
and evaluating results. Word problems require complex 
interpretation and resolution skills. Studies show students’ 
problem-solving abilities need enhancement (Santos-
Trigo, 2024). Developing mathematical skills through 
word problems is crucial for daily life applications and 
problem-solving proficiency.
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Literature Review

	 Research highlights the significance of mathematical 
word problem-solving skills in elementary education. 
Studies have explored assessments aligned with Cognitive 
Load Theory (CLT), reducing extraneous cognitive load 
and enhancing validity. CLT, developed by John Sweller 
(1994), emphasizes human working memory limitations 
and the need for instructional design to facilitate 
learning. Considering young learners’ limited working 
memory, math word problems must manage cognitive 
load effectively. Educators should balance intrinsic 
load (mathematical concept difficulty) and minimize 
extraneous load (unnecessary complexity) to prevent 
overwhelm (Chen, 2018; Plass, 2019). Clear, concise 
wording and step-by-step scaffolding reduce cognitive 
burden, allocating mental effort toward understanding 
math concepts (germane load). Applying CLT principles, 
teachers can design appropriately challenging word 
problems, facilitating better learning and schema 
building in elementary mathematics education (Paas, 
2020). Effective CLT-based design enhances student 
outcomes, making math word problems more accessible 
and enjoyable.
	 A significant research gap exists in applying 
Cognitive Load Theory (CLT) to math word problem 
development for elementary school students. Despite 
CLT’s established relevance in instructional design, its 
direct implementation in elementary math problem-
solving remains underexplored. Previous research 
provides general guidelines, but lacks specific assessment 
instruments for elementary math problems (Cook, 2006). 
Furthermore, limited studies have examined the impact 
of CLT-informed word problems on learning outcomes 
in real-world elementary settings. Consequently, 
several research gaps persist, including the need for 
practical guidelines on applying CLT principles and  
a deeper understanding of CLT-informed word problems’ 
effectiveness in enhancing student outcomes.
	 On the other hand, the ADDIE model has proven 
effective in developing assessments instrument (Spatioti 
et al., 2022). Existing research highlights the need 
for valid assessments, cognitive load management, 
and problem-solving strategies. Key findings indicate 
Indonesian students struggle with mathematical literacy, 
particularly problem-solving and reasoning. Existing 
assessments lack validity and reliability. This study 
addresses these gaps by developing a mathematical word 
problem-solving instrument for Indonesian elementary 
education, integrating CLT and the ADDIE model. 

The instrument aims to assess critical skills, including 
understanding, planning, strategy application, and 
evaluation. By enhancing mathematical literacy skills, 
this study contributes to improving Indonesian students’ 
performance in international assessments like PISA 
and TIMSS, ultimately benefiting their future academic 
success (Glaesser, 2019). Effective assessments are 
crucial for identifying areas requiring improvement.
	 By applying CLT and the ADDIE model, this 
study develops an instrument that reduces cognitive 
load, enhances validity and reliability, and effectively 
evaluating mathematical word problem-solving abilities. 
Findings inform the development of an instrument 
tailored to Indonesian elementary education, addressing 
gaps in existing assessments. This study addresses  
a significant research gap by focusing on the development 
of mathematical word problem-solving instruments for 
lower-level elementary school students, aligning with 
the national curriculum and incorporating Cognitive 
Load Theory (CLT) and the ADDIE model. Unlike 
previous studies, which primarily concentrated on 
teaching methods, this research prioritizes instrument 
development (Paas & Van Merriënboer, 2020).

Methodology

Research Design

	 This research aimed to construct and validate  
an assessment instrument to measure and evaluate 
problem-solving skills in elementary school students 
by using the ADDIE method, which was modified from 
(Spatioti et al., 2022). The ultimate goal was to assess the 
positive impact of the instrument on enhancing students’ 
learning and understanding. The ADDIE model’s five 
stages - Analysis, Design, Development, Implementation, 
and Evaluation - ensured the production of an effective 
instrument, as supported by previous studies (Durlak 
et al., 2011). This systematic approach allowed for 
comprehensive understanding, design, development, 
implementation, and evaluation (Meilani et al., 2022; 
Waisakanitri et al., 2023), ultimately ensuring a positive 
impact in the educational context (Richter & Richter, 
2024).

Data Collection and Sampling

	 The population focus of this study is limited to 
elementary school students, specifically those in  
Depok City, West Java, Indonesia, with a specification  
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on fourth-grade students in schools with an A accreditation 
and implementing the Kurikulum Merdeka. The study 
uses a sample from five elementary schools in Depok 
City, with a total of 500 respondents as the actual sample.  
The first trial phase was conducted with a small-
scale sample before data collection, followed by the 
second trial phase using the main sample. The study 
targeted Indonesian fourth-grade students from public 
and private elementary schools in Jakarta, Indonesia.  
The participants were typically 9-10 years old and had 
completed the third-grade mathematics curriculum.  
This study employed stratified random sampling to 
ensure representation from various school types (public 
and private) and locations (urban and suburban). Schools 
were selected based on random sampling, and then 
students were randomly selected from each school.  
The sample size was calculated using Cochran’s formula:
		  n	 =	(Z² × p × q) / E²
	 where:	 n	 =	sample size
	 	 Z	=	1.96 (95% confidence level)
		  p	 =	.5 (estimated proportion of students with  
				    adequate mathematical literacy)
		  q	 =	0.5 (1 - p)
		  E	=	0.05 (margin of error)
Substituting the values:	 n	 =	 (1.96² × 0.5 × 0.5) / 0.05²
					     n	 =	 384.16 ≈ 385
	 Therefore, the study aimed to recruit 385 Indonesian 
fourth-grade students.
	 The sampling procedure involved several steps. First, 
permission was obtained from school administrators to 
conduct the study. Next, schools were randomly selected 
using stratified sampling to ensure representation from 
various school types (public and private) and locations 
(urban and suburban). Within these selected schools, 
students were then randomly chosen to participate.  
To ensure ethical standards, informed consent was 
obtained from parents/guardians of the selected students. 
Finally, the developed mathematical word problem-
solving instrument was administered to the selected 
students, comprising a total sample size of 385 Indonesian 
fourth-grade students.

Research Instrument Development

	 The developed assessment instrument consists of word 
problems aimed at addressing fundamental mathematical 
issues for elementary school students. It includes a total 
of 40 questions, with 20 percent categorized as low-order 
thinking skills (LOTS), 50 percent as medium-order 
thinking skills (MOTS), and 30 percent as high-order 
thinking skills (HOTS). The questions are designed 

to align with the competency dimensions of students, 
ranging from levels C3 to C6.

Data Analysis

	 The results of the instrument development include 
items and the evaluation of item validity based on the 
assessment of four experts. The data were recorded 
in an Excel file and analyzed using Aiken’s V validity 
method. The validity and reliability of the assessment 
instrument were established through Rasch modeling 
using Winsteps software, which enables detailed analysis 
at the item, person, and instrument levels. The following 
steps for Rasch modeling are 1) item fit order, 2) item 
difficulty level, 3) differential item functioning (DIF),  
4) person ability measures, and  5) measurement 
information function.

Result

	 Constructing and validating an assessment instrument 
is crucial to measure and evaluate problem-solving 
skills in elementary school students. The following 
are the results of the construction and validation of the 
instrument based on the stages of the ADDIE (Analysis, 
Design, Development, Implementation, and Evaluation) 
research and development model.

Analysis

	 The analysis shows that students’ difficulties in 
learning mathematics are influenced by internal factors, 
such as motivation and intellectual ability, as well as 
external factors, including teaching methods and family 
environment. Students often struggle with word problems 
due to the need for a strong grasp of mathematical concepts 
and problem-solving skills. Therefore, they require  
an assessment tool that measures their understanding  
of math within real-life contexts (Saha et al., 2024).  
This research phase identified the needs and characteristics 
of the instrument and developed strategies to address 
students’ challenges with math word problems, aligned 
with the Kurikulum Merdeka. The curriculum aims to 
foster independent learning, motivation, creativity, and 
academic success.
	 The development of math word problem instruments 
for fourth-grade students in Depok should include a variety 
of real-life situations, range in difficulty from simple to 
complex, and assess cognitive aspects like understanding, 
application, and analysis. The problems should also be 
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contextualized in ways that make mathematical concepts 
relatable to everyday life (Pongsakdi et al., 2019).

Design

	 At this stage, the research instrument is developed 
based on the results of the needs analysis conducted 
in the field. The design process includes selecting the 
material, context, concepts, and the level and type 
of questions. This conceptual design serves as the 
foundation for further development. The analysis phase 
involves identifying needs based on the curriculum 
and relevant competency standards for fourth-grade 
students, as well as understanding their characteristics 
and learning environments to ensure alignment with their 
abilities. A review of existing literature and research is 
conducted to inform the types of math word problems, 
appropriate difficulty levels, and cognitive aspects to 
assess. The learning process aims to provide high-quality, 
interactive experiences relevant to students’ lives, using 
math word problems as assessment tools to evaluate 
learning objectives. Regular evaluation and revision of 
the instrument based on feedback from educators and 
students allow for continuous improvement. Overall, the 
development of math word problem instruments within 
the Kurikulum Merdeka framework supports learner-
centered education, enabling students to achieve their full 
potential in mathematics.

Development

	 The assessment instrument constructed includes  
a total of 40 questions, thoughtfully categorized to 
reflect varying levels of cognitive demand. Specifically, 
20 percent of the questions are classified as low-order 
thinking skills (LOTS), which focus on basic recall and 
comprehension. Meanwhile, 50 percent are categorized 
as medium-order thinking skills (MOTS), requiring 
students to apply their knowledge and engage in more 

complex reasoning. The remaining 30 percent of the 
questions are classified as high-order thinking skills 
(HOTS), which challenge students to analyze, evaluate, 
and create solutions to intricate problems. Additionally, 
the development of these questions takes into account 
the various dimensions of student competency, spanning 
levels C3 to C6. This ensures that the assessment not only 
evaluates basic understanding but also encourages deeper 
cognitive engagement, fostering a more comprehensive 
development of mathematical skills in young learners. 
	 The mathematical word problem instrument 
underwent rigorous validation and reliability testing 
to ensure its accuracy and consistency. Four experts 
evaluated the instrument’s content validity, yielding  
a high Aiken’s V score of 0.81, indicating strong alignment 
between the measured mathematical content and the 
developed instrument. Additionally, test-retest procedures 
demonstrated exceptional reliability with a coefficient of 
0.918, confirming the instrument’s ability to produce 
consistent results. Statistical analysis using Pearson 
Product Moment Correlation at a 0.05 significance level 
further validated the instrument’s reliability. Following 
expert evaluation, 10 items were eliminated due to low 
content validity, while 30 items demonstrated moderate 
to high validity with Aiken’s V scores exceeding 0.75. 
Cronbach’s Alpha analysis revealed a remarkable internal 
consistency score of 0.918, underscoring the instrument’s 
exceptional item reliability. These results collectively 
establish the instrument’s high validity and reliability, 
instilling confidence in its ability to effectively assess 
students’ mathematical word problem-solving skills.  
The following is the reliability analysis results based on 
the Rasch Model (Figure 1):
	 Reliability is a measure of the trustworthiness of 
an instrument. The estimated item reliability of 0.90 
indicates that the instrument has adequate sensitivity in 
classifying students based on their abilities (Jang et al., 
2022). The reliability data generated from the Winsteps 
analysis can be seen in the Summary Statistics in Figure 1.  

Figure 1	 Summary Statistic Item
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Based on this analysis, the instrument reliability (R) 
reaches 0.96, indicating a high and dependable level of 
reliability. Additionally, the item separation index of 5.41 
indicates good variation in item difficulty levels. The 
higher the item separation index, the better the variation 
in the difficulty levels of the items.

Implementation

	 The assessment instrument was implemented in five 
elementary schools in Depok City, with a total of 500 
respondents as the actual sample. The first trial phase 
was conducted with a small-scale sample before data 
collection, followed by the second trial phase using the 
main sample. Here are the following implementation 
results for two phases of implementation. 

Trial Phase I

	 After the mathematical word problem-solving ability 
instrument has been validated by experts, the next step 
is to distribute it to respondents, referred to as Trial 
Phase I or Sample Testing, involving 200 fourth-grade 
elementary school students in Depok. The data generated 
from the first trial phase are then analyzed to verify the 
individual and item validity and reliability using the 
Rasch Model with Winsteps software. Figure 2 presents 
the summary results of the Rasch analysis for Trial Phase 
I, including person–item measures and reliability indices. 
	 Based on Figure 2, the mean measure person value 
of -0.14 is lower than the mean measure item value, 
indicating that students’ abilities do not match the 
difficulty levels of the items. Good items are those that 
measure the same level of ability between items and 
students. A mean measure < 0.00 indicates a tendency for 
students to answer fewer items correctly than expected. 
Rating scale instrument quality criteria with the Rasch 
model suggests that good person and item measurement 
reliability values are > 0.67. Based on the analysis above, 

the consistency (reliability) of student responses is weak, 
with a reliability value of 0.58, while the quality of items 
is exceptional with a reliability value of 0.96.

Item Fit Order

	 Item Fit refers to the extent to which an item or 
question is appropriate within the context of measurement 
or evaluation, indicating how well an item aligns with 
the intended measurement or evaluation objectives. 
In item analysis using the Rasch Model, the level of 
item fit is measured by various statistics, such as Outfit 
Mean Square (MNSQ) or Infit Mean Square (MNSQ). 
These values reflect the extent to which participants’ or 
individuals’ actual responses to the item align with the 
predictions of the model or measurement theory used. 
When the MNSQ value approaches 1, it indicates that 
the item fits the model well. However, if the MNSQ 
value is too high or too low, it indicates a mismatch 
between actual responses and model predictions, which 
could be caused by factors such as the presence of 
ambiguous or irrelevant items. Therefore, optimal item 
fit is crucial to ensure the accuracy and reliability of 
the measurement or evaluation instrument used in the 
measurement or evaluation process. Item fit analysis is  
a key step in the development and validation of evaluation 
or measurement instruments. 
	 Based on the sum of the Mean and S.D. of Infit Mean 
Square (MNSQ) = 1.00 + 0.06 = 1.06. Logit values per 
item greater than 1.06 categorize the respective items as 
unfit with the Rasch model. Based on the data above, the 
unfit items are BS16, BS23, BS14, and BS15 because 
their Infit MNSQ values are greater than 1.06, namely: 
1.07; 1.07; 1.07; 1.09.
	 Items are considered fit when they consistently 
behave as expected by the model. According to Boone 
et al. (2013), three criteria are used: outfit mean square 
(MNSQ) values, outfit Z-standard (ZSTD) values,  
and point measure correlation (Pt Mean Corr) values. 

Figure 2	 Results of Rasch Analysis Trial 1
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From these criteria, it is determined that items are 
considered fit if the MNSQ value falls between 0.5 < 
MNSQ < 1.5, the ZSTD value falls between -2 < ZSTD 
< 2, and the Point Measure Correlation (Pt Mean Corr) 
value is non-negative or falls between 0.4 < Pt Measure 
Corr < 0.85.

Item Fit Measure 

	 The difficulty level of items is expressed in statistics 
such as outfit mean square (MNSQ) or chi-square (χ²), 
indicating how much actual student responses to the 
item differ from what is expected based on the Rasch 
model. The ideal value for item difficulty level is around 
1. Values greater than 1 indicate that the item is too 
difficult or too easy for the population of students being 
tested, while values less than 1 indicate that the item is 
too difficult for that population of students. Therefore, 
the Item Fit Measure provides an indication of how well 
the item fits the Rasch model and how accurately it can 
measure students’ abilities.
	 The difficulty levels of items, can be observed 
through the Measure values in the corresponding column. 
A larger Measure value indicates a greater level of 
difficulty for that item. This finding also indicates that 
the overall scores move in line with the measure values, 
reflecting the number of correct responses. For example, 
for item No. 17, it can be seen that its measure value 
is 1.50, and only 39 students answered it correctly.  
In the measured item, useful data can also be provided 
to classify the difficulty levels of each question  
(item measure), which can be observed through the 
standard deviation values (0.89). When this value is 
combined with the average measure value, there are  
4 groups of questions based on their difficulty levels. In 
this case, the difficulty levels of questions are grouped 
into 4 types: very difficult, difficult, very easy, and easy. 
For the difficult question group, there are questions 
(BS23, BS21, BS29, BS27, BS24, BS28, BS22, BS14, 
and BS12) with determinations (0.0 logits + 1 SD). 
Meanwhile, the group of questions with very difficult 
difficulty levels is found in questions (BS17, BS9, 
BS15, BS11, and BS10) with determinations (greater 
than + 1SD). For the grouping of questions with easy 
difficulty levels, there are questions (BS25, BS26, BS2, 
BS18, BS16, BS7, BS30, BS19, BS20, and BS8) with 
determinations (0.0 logits - 1 SD). Conversely, for the 
grouping of very easy difficulty level questions, they are 
found in questions (BS13, BS6, BS3, BS5, and BS4) with 
determinations (less than -1SD).

	 For the group of most difficult questions, they are 
located at the top position with a determination greater 
than +1 logit, comprising 5 test items. Meanwhile,  
for the group of difficult questions, they are positioned 
in the middle with determinations (0.0 logit + 1 SD), 
and for the group of easy questions, they are also in  
the middle with determinations (0.0 logit - 1 SD). Lastly, 
for the group of very easy questions, they are located  
at the bottom position with determinations less than  
-1 logit.

Differential Item Functioning

	 The results of the analysis of Differential Item 
Functioning (DIF) using the Rasch model indicate 
differences in the functioning of test items among the 
groups being tested. This can indicate item bias, where 
there are differences in the likelihood of answering 
correctly between groups, regardless of ability. These 
results are important for improving the fairness and 
accuracy of the test as a whole by addressing or revising 
items that show item bias. Statistical methods such as 
Mantel-Haenszel, logistic regression, or item response 
theory (IRT) are used in DIF analysis. Below are the 
results of the DIF analysis for each test item obtained 
from the analysis using the Rasch model.
	 In this analysis of Differential Item Functioning 
(DIF), the class specification of DIF is DIF=$S1W1, 
indicating that all probability values are greater than 5 
percent. From Figure 3, the measurement of Differential 
Item Functioning (DIF) for a series of test items (BS1 to 
BS30). In this context, DIF refers to the difference in the 
probability of answering items correctly between two 
groups, which in this case may be between “PERSON” 
and “CLASS”. The DIF values listed in the “R” 
column indicate the extent of the difference between 
the “PERSON” and “CLASS” groups in the likelihood 
of answering items correctly. Positive values on BS9, 
BS10, BS11, BS15, BS17, BS18, BS21, BS22, BS23, 
BS24, BS27, BS28, BS29 indicate that the “PERSON” 
group is more likely to answer correctly compared to the 
“CLASS” group, while negative values on BS1, BS3, 
BS4, BS5, BS6, BS7, BS8, BS13, BS16, BS19, BS20, 
BS25, and BS30 indicate the opposite.
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Person Ability Measure

	 The level of student ability is measured relative to  
the difficulty of items. The higher the level of student 
ability, the more likely they are to be able to answer more 
difficult items in the evaluation instrument. Conversely, 
students with lower levels of ability may only be able 
to answer easier items. Individual Ability Level (Person 
Measure) is typically expressed on a logit scale, where the 
midpoint of the scale (usually 0) represents the average 
level of ability in the tested population sample. Positive 
values indicate ability levels above average, while 
negative values indicate ability levels below average. 
Below are the data of 200 students as respondents  
in test I.
	 Person Ability is R181 with a logit value of +1.78. 
This student can correctly answer 25 out of the 30 items 
in the instrument. Comparatively, students with codes 
R051, R054, R072, R119, R123, R141, R154, R156, 
R158, R167, R169, R173, R174, R185, and R199, who 
have a logit value of +0.09, can correctly answer 16 out 
of the 30 items. 
	 Students with the lowest abilities are R020 and R021, 
with a logit value of -1.78, and they can correctly answer 
6 out of the 30 items. Looking at the overall abilities 
of students, the item answered correctly by the most 
students (20 students) is R006, R033, R109, R118, R121, 
R122, R131, R144, R149, R151, R160, R163, R164, 
R171, R176, R183, R184, R187, and R197, with a logit 
value of +0.41. Students can correctly answer 18 out of 
the 30 items. Additionally, the average logit person value 
is known to be -0.14 logit.
	 For the group of students with high abilities, they are 
positioned at the top with a determination of (0.0 logit + 
1SD), where there are 9 items that can be answered by the 
most out of 200 student respondents. Meanwhile, for the 
group of students with low abilities, they are positioned 
in the middle with a determination of (0.0 logit - 1SD), 

where there are 10 items that can be correctly answered 
by students. Additionally, for the group of students with 
very low abilities, they are positioned at the bottom with 
a determination of less than -1 logit, where there are  
5 items that can be answered by students. Easy questions 
are positioned in the middle with a determination of  
(0.0 logit - 1SD), and very easy questions are positioned 
at the bottom with a determination of less than -1 logit. 
From this explanation, it is known that the average level 
of student ability respondents is above the standard item 
difficulty level.

Trial Phase II

	 The summary of Stage II of the instrument test for 
Mathematics story problems for fourth-grade elementary 
students involves 300 respondents from 3 schools.  
The instrument has been revised after Stage I and applied 
to the selected sample, with data collected according to 
established procedures. Statistical analysis is conducted 
to evaluate the reliability, validity, and effectiveness of 
the instrument.
	 Figure 3 presents the results of the Rasch analysis 
for Trial Phase II, including person–item measures and 
reliability indices. The results of the data analysis are 
evaluated to determine whether the instrument meets the 
established objectives and whether any improvements 
are needed. Key findings, recommendations for 
improvement, and conclusions are comprehensively 
presented in the report. This stage is crucial in instrument 
development as it provides a clearer insight into the 
quality and performance before widespread use.
	 Based on Figure 3, the Mean Measure Person value of 
0.78 is lower than the mean measure item value, indicating 
that the student’s abilities do not match the difficulty 
level of the items. Good items are those that measure the 
same level of ability between the items and the students.  
A Mean measure < 0.00 indicates a tendency for students 

Figure 3	 Results of Rasch Analysis Trial II
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to answer fewer items correctly than expected. The rating 
scale instrument quality criteria with the Rasch model 
states that person and item measurement reliability 
should be > 0.67. Based on the analysis results, the 
consistency (reliability) of student responses is moderate 
with a reliability value of 0.67, while the quality of the 
items is excellent with a reliability value of 0.98.

Item Fit Order 

	 The item fit, in the context of measurement or 
evaluation, measures the extent to which an item or 
question aligns with the established objectives. In Rasch 
Model item analysis, we use statistics such as Outfit 
Mean Square (MNSQ) or Infit Mean Square (MNSQ) 
to measure the level of item fit. These values help us 
understand how well participants’ responses align with 
the model or theory predictions. The sum of Mean and 
S.D. Infit Mean Square (MNSQ) is calculated as 1.00 + 
0.11 = 1.11. If the logit value per item exceeds 1.11, the 
corresponding items are categorized as not fitting the 
Rasch model. Based on the data above, the items that do 
not fit are BS21, BS23, BS24, BS28, BS18, BS17, and 
BS12 because their Infit MNSQ values are greater than 
1.11, specifically 1.15, 1.18, 1.14, 1.17, 1.30.
	 The fit of items is measured based on three criteria 
established by Boone et al. (2013): the value of outfit 
mean square (MNSQ), the value of outfit Z-standard 
(ZSTD), and the value of point measure correlation  
(Pt Mean Corr). An item is considered fitting if it meets 
the established criteria, namely, MNSQ value within 
the range of 0.5 < MNSQ < 1.5, ZSTD value within the 
range of -2 < ZSTD < 2, and Point Measure Correlation  
(Pt Mean Corr) value is non-negative or within the range 
of 0.4 < Pt Measure Corr < 0.85.

Item Fit Measure
 
	 The Item Fit Measure analysis utilizing the Rasch 
Model in Trial II assessed the conformity of items 
to Rasch assumptions, ensuring that the probability 
of correct answers depends solely on student ability.  
The analysis evaluated item suitability through statistics 
such as INFIT and OUTFIT Mean Square (MNSQ) 
and Point Measure Correlation (Pt-Measure). Results 
revealed varying levels of item suitability, with most 
items exhibiting acceptable MNSQ and ZSTD values, 
indicating a good fit to the Rasch model. However, 
some items displayed discrepancies, warranting further 
examination.

	 The average MNSQ and ZSTD values approached the 
ideal value of 1, indicating adequate overall suitability. 
Nonetheless, the high standard deviation highlighted 
significant variation in item suitability. Item measures 
facilitated the categorization of difficulty levels into 
four distinct groups: very difficult (10 items, > +1SD), 
difficult (11 items, 0.0 logits +1SD), easy (1 item,  
0.0 logits -1SD), and very easy (7 items, < -1SD).
	 These groupings enable targeted instruction and 
assessment refinement. Specifically, educators can focus 
on the most challenging items (BS14, BS10, BS15, BS24, 
BS22, BS18, BS15, BS23, BS12, and BS17) and adjust 
instruction to meet students’ needs. Conversely, easier 
items (BS7, BS8, BS6, BS2, BS5, BS4, and BS3) may 
require minimal instructional emphasis.

Differential Item Functioning

	 The results of the analysis of Differential Item 
Functioning (DIF) using the Rasch model revealed 
variations in how different groups responded to each 
item. This indicates the potential presence of bias in some 
items, where differences in the ability to answer items 
are found among groups, not solely due to differences in 
their abilities. These findings are crucial in improving the 
fairness and accuracy of the test overall. Therefore, there 
is a need to revise or correct items that exhibit such bias. 
Various statistical methods such as Mantel-Haenszel, 
logistic regression, or item response theory (IRT) can be 
employed to analyze DIF. Below are the DIF analysis 
results for each item, generated from the analysis using 
the Rasch model.
	 In this analysis of Differential Item Functioning 
(DIF), the class specification of DIF is DIF = $S1W1, 
indicating that all probability values are greater than  
5 percent. The curve graph above presents data covering 
the measurement of DIF (Differential Item Functioning) 
for a series of test items (BS1 to BS30). In this context,  
DIF refers to the difference in the probability of answering 
an item correctly between two groups, potentially 
between “PERSON” and “CLASS”.
	 The DIF values listed in the "R" column indicate 
how much difference exists between the “PERSON” and 
“CLASS” groups in the likelihood of answering an item 
correctly. Positive values for BS9, BS10, BS11, BS12, 
BS13, BS14, BS15, BS16, BS17, BS18, BS19, BS20, 
BS21, BS22, BS23, BS24, BS25, BS26, BS27, BS28, 
and BS29 indicate that the “PERSON” group is more 
likely to answer correctly compared to the “CLASS” 
group, while negative values for BS1, BS2, BS3, BS4, 
BS5, BS6, BS7, BS8, and BS30 indicate the opposite.
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Person Ability Measure

	 The ability level of students is measured relative 
to item difficulty, with higher ability levels indicating 
a greater likelihood of answering challenging items 
correctly. On a logit scale, where 0 represents average 
ability, the study of 300 students revealed varying levels 
of proficiency. The highest ability level was R213 (+3.33 
logits), correctly answering 28/30 items, while the lowest 
was R246 (-1.55 logits), answering only 8 correctly. 
The average logit person value was 0.78. Ability groups 
emerged: high ability (+1 logit and above) with 11 items 
answered correctly, moderate ability (0.0 logit + 1SD) 
with 10 items, low ability (0.0 logit - 1SD) with 1 item, 
and very low ability (-1 logit and below) with 8 items. 
These results highlight the range of abilities among the 
student population, underscoring the need for tailored 
instruction and assessment.

Evaluation

	 Evaluation is conducted at each stage of the research 
process to ensure that the research objectives are 
met effectively. This systematic approach allows for 
continuous assessment and refinement of the methods and 
strategies employed throughout the study. By incorporating 
evaluation at each phase, researchers can identify potential 
challenges and areas for improvement early on, thereby 
enhancing the overall quality and reliability of the findings. 
Moreover, this iterative process facilitates adjustments 
based on feedback and data collected, ensuring that the 
research remains aligned with its goals. Ultimately, such 
thorough evaluations contribute to the robustness of the 
research outcomes, providing valuable insights that can 
inform future studies and practical applications.

Discussion

Quality of Assessment Instrument Developed

	 The findings from the analysis and comparison  
of the first trial with the instrument developed  
using the ADDIE method highlight significant 
advancements in the quality of the assessment tool  
designed to measure mathematical problem-solving 
abilities. The systematic approach of the ADDIE 
framework, which includes stages of Analysis, Design, 
Development, Implementation, and Evaluation, has 
proven effective in refining the assessment instrument 
to better meet educational goals (Mayfield, 2011).  

The application of the Rasch model further enhanced  
the reliability of both items and respondents, ensuring  
that the instrument is capable of effectively differentiating 
between students with varying levels of ability.
	 Despite these improvements, the results indicate 
that personal reliability remains an area requiring 
further attention. The initial Trial I demonstrated a mean 
measure person of -0.14 logits and a personal reliability 
of only 0.58, suggesting inconsistencies in measuring 
individual student abilities. Research by Boone et al. 
(2013) emphasizes the importance of ensuring that 
assessments accurately reflect individual competencies 
to avoid misrepresentations of student understanding. 
The subsequent Trial II showed a slight increase in 
personal reliability to 0.67, which is an improvement but 
still below the desired level of reliability. This indicates 
that while progress has been made, ongoing refinements 
are necessary to enhance the assessment’s ability to 
consistently measure student capabilities.
	 Item Fit Analysis revealed that several items did 
not conform to expected fit criteria, with a few items 
having logits less than the ideal threshold. This finding 
is consistent with the literature, which states that poorly 
fitting items can distort the overall assessment results. 
Additionally, there is the presence of an imbalance 
in item difficulty levels, some being too easy or too 
difficult, which suggests a need for recalibrating the 
items to ensure they align better with the target student 
population’s abilities. While the analysis showed no 
significant difference in item response based on student 
characteristics, as indicated by DIF values under  
5 percent, it remains critical to monitor item performance 
across diverse student groups to maintain fairness and 
validity. Although the development of the assessment 
instrument using the ADDIE method and Rasch modeling 
has yielded notable improvements in measuring students’ 
mathematical problem-solving skills, there are still 
opportunities for refinement. Further analysis of item 
performance and adjustments to enhance personal 
reliability will be essential for achieving a more consistent 
and accurate measurement of student abilities. Future 
research should focus on iterative testing and evaluation 
of the instrument to ensure that it remains responsive to 
the educational needs of students and reflects their true 
mathematical competencies.

The Instrument Ability to Measure and Evaluate Problem-
Solving Skills in Elementary School Students

	 The ability to solve mathematical word problems is  
a critical skill for elementary school students, as it not only 
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reflects their understanding of mathematical concepts but 
also their ability to apply these concepts to real-world 
situations. To effectively assess this skill, the development 
of quality assessment instruments is paramount. Such 
instruments must be designed with careful consideration 
of both their psychometric properties and their alignment 
with educational standards and learning outcomes.  
The importance of high-quality assessment instruments is 
supported by various educational theories. For instance, 
Constructivist Learning Theory posits that students build 
knowledge through experiences, and assessment should 
measure their understanding in meaningful contexts. In 
this light, a well-structured assessment tool that includes 
mathematical word problems enables educators to gauge 
students’ comprehension and their ability to transfer 
knowledge to practical scenarios.
	 Moreover, the Rasch model, a probabilistic 
measurement theory, offers a robust framework for 
evaluating the effectiveness of assessment instruments. 
It provides insights into the reliability and validity of 
test items by focusing on individual responses and their 
relation to the underlying construct being measured. 
The use of the Rasch model in developing instruments 
to measure problem-solving skills ensures that items 
are not only reliable but also accurately differentiate 
between students’ abilities. Previous research has 
highlighted the importance of using such models to 
enhance assessment quality. In the context of measuring 
problem-solving skills, prior studies have also identified 
specific attributes that contribute to the effectiveness  
of assessment instruments. For instance, research 
by Jensen et al. (2020) highlighted that assessment 
items should vary in difficulty and require a range  
of cognitive skills, from basic understanding to higher-
order thinking. This finding aligns with the principles 
of item development in the ADDIE framework, 
which advocates for a systematic approach to creating 
assessment tools that accurately measure a spectrum  
of abilities.

Conclusion

	 The analysis and comparison between the first trial 
and the instrument development using the ADDIE method 
showed significant improvements in mathematical 
problem-solving abilities assessment. The developed 
instrument demonstrated increased reliability of items 
and persons, enhanced ability to differentiate students 
with varying abilities, stable Cronbach’s alpha values 
indicating good internal consistency, and improved 

separation values for accurate measurement of student 
abilities. Initial findings revealed students tended to 
answer incorrectly, with item reliability at 0.96 and 
personal reliability at 0.58, requiring improvement. Item 
Fit Analysis identified misfitting items and imbalanced 
difficulty levels. Following refinements, Trial II 
showed increased mean measure person (0.78 logits), 
item reliability (0.98), and personal reliability (0.67). 
However, Infit and Outfit results indicated overfitting and 
misfitting items remained. Despite improvements, further 
refinement is necessary to address misfitting items, 
enhance personal reliability, and balance difficulty levels 
for consistent measurement of student abilities.
	 For future research, it is recommended to investigate 
the long-term impact of high-quality assessment 
instruments on students’ problem-solving skills and 
their retention of mathematical concepts. Expanding 
the research to include diverse student populations will 
enhance generalizability. Additionally, incorporating 
technology, such as digital platforms for administering 
word problems, could increase student engagement 
and provide real-time performance data. Employing 
qualitative methods may also yield deeper insights into 
students’ thought processes and strategies for solving 
mathematical problems, enriching our understanding of 
their capabilities.
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