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Abstract: This study aimed to evaluate the quality of test items in a science learning assessment instrument designed to 
measure students' conceptual understanding of the human body system using Rasch model analysis. A quantitative descriptive 
research design was employed, involving 100 junior high school students as participants. These students completed a 
conceptual understanding test consisting of 35 multiple-choice items. The Rasch model was applied using Winsteps software 
to assess item fit, analyze the person-item distribution through the Wright Map, and evaluate the overall validity and reliability 
of the instrument. The analysis results showed that all test items met the Rasch model criteria, indicating their suitability for 
assessing students' conceptual understanding. The instrument provided an item reliability score of 0.85, reflecting strong 
internal consistency, while the item separation index of 2.38 confirmed its capability to distinguish items based on difficulty 
levels. The Wright Map further illustrated a proper alignment between item difficulty and student ability, ensuring fair 
measurement across varying levels of proficiency. These findings confirmed that the developed instrument was valid and 
reliable, making it a valuable tool for both evaluative and diagnostic purposes in science education. 
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INTRODUCTION  
Science is one of the important fields of study in the 

secondary education curriculum because it provides a 
foundation for understanding life and the underlying 
scientific principles.  In science subjects, students learn to 
understand concepts, think critically, find problem solving 
and make the right decisions [1]. One of the important 
topics in science subjects is the human body system, 
including organ systems and their functions. These systems 
do not work in isolation; instead, they interact with each 
other in a complex way to ensure the body functions 
properly [2]. Therefore, a deep conceptual understanding of 
the human body system is important for students to be able 
to apply concepts with real-life contexts [3]. Accurately 
measuring students' conceptual understanding is a challenge 
in science learning, especially on this topic. Effective 
assessment should be able to identify the extent to which 
students understand concepts, not just memorize facts. 
Therefore, a valid and reliable assessment instrument is 
needed to evaluate students' conceptual understanding of 
the human body system [4]. 

Various studies show that there are still many 
assessment instruments used in schools that have not been 
able to measure students' conceptual understanding in a 
valid and reliable manner. The assessment method still 
focuses on testing the memorization aspect so that it does 
not reflect thinking skills at a higher level [5]. Many 
educational environments still rely on traditional 
assessments such as multiple-choice tests that often 
emphasize memorization and low-level cognitive skills [6]. 
This approach can lead to a superficial understanding of 
concepts, as students can remember information but have 
difficulty applying it in new contexts. So that the 
assessment process becomes less meaningful and does not 
provide a complete picture of the student's understanding of 
concepts. Therefore, it is important to have a strong 

assessment instrument that accurately measures students' 
conceptual understanding. 

To overcome these problems, a better approach to 
question item analysis is needed to improve the quality of 
assessment instruments. One approach that can be used is 
the Rasch model, which allows for an in-depth analysis of 
the characteristics of the question items and the ability of 
students [7]. The Rasch model allows for estimation of the 
difficulty level of the question item and the student's ability 
on the same scale, providing a clear picture of how well the 
student understands the material and how challenging each 
question item is [8]. The Rasch model is a probabilistic 
model used in item response theory to analyze data from 
assessment instruments. Using the Rasch model, 
researchers can ensure that the assessment instruments have 
high validity and reliability [9]-[10]. In addition, this model 
can also be used to identify biases in question items, such 
as gender bias or educational background.  

Several previous studies that applied the Rasch 
model to analyze the quality of the assessment instruments 
stated that the Rasch model was effective in identifying 
inappropriate and biased question items in the research 
instrument [11]. The Rasch model provides complete 
diagnostic information that helps in improving the 
measurement properties of scale. This model can identify 
non-compliant items and suggest modifications to improve 
the accuracy of the instrument [12]. The analysis of the 
Rasch model can explain the quality of critical thinking 
questions based on the level of difficulty and suitability and 
can categorize students' abilities and their suitability with 
the learning carried out [13]. For question items that are 
identified as inappropriate, the Rasch model provides 
information that helps researchers determine whether they 
need to be revised, replaced, or maintained [14]. Rasch's 
analysis model produces more stable and accurate 
measurements than the classical analysis approach [15]. 
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Although the Rasch model has been widely used in 
various studies to analyze the quality of assessment 
instruments in education, its specific application to evaluate 
students' conceptual understanding of the material of the 
human body system is still relatively limited. Existing 
research generally focuses more on other topics such as 
ecosystems, genetics, or on measuring critical thinking 
skills and science literacy in general. In fact, the human 
body system is one of the core materials in the biology 
curriculum which has high complexity and requires a deep 
understanding from students [16]. Instruments designed to 
measure understanding of the topic of human body systems 
need to be carefully evaluated in order to truly reflect 
students' abilities objectively. The integration of Rasch 
analysis in the development and evaluation of instruments 
is specifically aimed at measuring students' conceptual 
understanding of human body systems. Therefore, this 
study applies the Rasch model as the main tool in analyzing 
the quality of question items, so that it can provide a valid 
and comprehensive empirical picture of the effectiveness of 
the instruments used in measuring student competence in 
this material. 

The application of the Rasch model in analyzing the 
quality of question items on the topic of human body 
systems is expected to make an important contribution to 
the development of more valid and reliable assessment 
instruments in the context of biology learning. Through the 
Rasch approach, this research offers an objective 
quantitative perspective and creates a new way of 
evaluating the appropriateness and accuracy of question 
items to measure students' conceptual understanding. 
Rasch's analysis allows the identification of problem items 
that are not functioning optimally [17]. Problematic 
question items can be revised or even eliminated 
immediately, so that the overall quality of the instrument 
improves. The results of the assessment become more 
representative of the actual competencies of students, and 
support efforts to improve the quality of biology learning in 
a sustainable manner. 

The main problem that is the focus of this study is 
how to evaluate the quality of question items in assessment 
instruments specifically designed to measure students' 
conceptual understanding of the material of the human 
body system, using the Rasch model analysis approach. 
This study aims to assess whether the assessment 
instrument can accurately measure student competence 
related to the understanding of the concept of human body 
system material. By applying the Rasch method, it is hoped 
that it can provide a strong empirical basis for the 
development and refinement of these assessment 
instruments so as to support a more objective, diagnostic, 
and oriented evaluation process towards improving the 
quality of learning.  

RESEARCH METHODS  
This study is quantitative descriptive research that 

focuses on the analysis of the Rasch model for the 
evaluation of the quality of students' concept understanding 
test questions about the material of the human body system. 
The stages in this study include testing test instruments to 
respondents, conducting Rasch modeling using the Winstep 
application, reviewing item match statistics and wright 
maps, and determining the validity and reliability of 
concept understanding test instruments. The research 
procedure is shown in Figure 1.    

The respondents in this study were 100 junior high 
school students on the condition that they had received 
lessons about the human body system. Respondents were 
then asked to solve 35 concepts understanding problems. 
The test questions are multiple-choice questions and are 
made according to the indicators of concept understanding 
by Mayer. These indicators include: interpreting, 
exemplifying, classifying, summarizing, summarizing and 
comparing, and explaining.  

After the data collection is complete, data analysis is 
carried out using the Winstep Rasch Model. Rasch analysis 
offers an objective and comprehensive approach to 
evaluating the quality of test instruments.  

 

 
Figur 1. Research Procedures 
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Instrument tests were carried out to see the level of 
conformity of the item (fit-statistic) with the Rasch 
measurement model on the quality of the question item. To 
see the conformity of an item, Output Tables with Item Fit 
Order are used.  

The measurement of the validity of the instrument 
was also based on the logit values on the criteria of outfit 
means-square (MNSQ), outfit z-standard (ZSTD), and 
point-measure correlation (PTMEASUR-AL CORR). The 
range of values in the three criteria is shown in Table 1. 

 
Table 1. Criteria for accepting question items 

Criteria Value Range 
MNSQ 0,50 < MNSQ < 1,50 
ZSTD -2,0 < ZSTD < +2,0 

PTMEASURE-AL CORR 0,32 < PTMEASURE AL CORR < 0,85 
Each of the values of the three criteria is interpreted 

to find out the extent to which the question items on the test 
instrument meet the criteria that have been set. There are 
four categories of interpretation of the suitability of 
question items based on the number of criteria met. If all 
three criteria (MNSQ, ZSTD, PTMEASURE-AL CORR) 
are met, the question item is considered highly appropriate, 
indicating that it meets high quality standards and is reliable 
to measure the ability or knowledge in question. If two of 
the three criteria are met, the question item is considered 
appropriate, although it may still need a slight revision to 
the question item. If only one of the three criteria is met, the 
question item is considered inappropriate, which means that 
the item requires further revision or refinement. Finally, if 
all criteria are not met, the  question item is considered 
inappropriate and should be deleted or replaced with a 
better question item [18].  
 
RESULT AND DISCUSSION 

The results of the test analysis of the conceptual 
understanding test instrument using the Rasch analysis 

model have a question item reliability value of 0.85 which 
is shown in Table 2. This means that the reliability of the 
question items is in the very good category which shows 
that the instrument has high consistency in measuring 
students' understanding of concepts. Conceptual 
understanding instruments are able to distinguish precisely 
between students with different levels of conceptual 
understanding in the material of the human body system. 
This shows that students with high abilities tend to answer 
questions correctly, while students with low abilities tend to 
answer incorrectly, according to the Rasch model's 
prediction. The high reliability value indicates that the test 
question items provide stable and reliable results for 
repeated measurements. Reliability refers to the consistency 
of the test in measuring what it is intended to measure, free 
from measurement errors [19]. Varying scores are more due 
to differences in students' abilities than measurement error 
factors. Test instruments that have high reliability and are 
able to accurately differentiate student ability levels reduce 
the possibility of measurement errors as the main cause of 
score variation [20]. 

Table 2. Summary Statistics of Rasch Model 
Measure MNSQ 

Separation S.E. Item Mean Reliabilitas Item 
Mean S.D Infit  Outfit 
0,00 0,57 1,00 1,00 2,38 0,22 0,85 

Based on the results of the analysis presented in 
Table 2, it is known that the reliability value of the item 
reaches 0.85. According to Bond [21], the reliability value 
above 0.80 is relatively high, which indicates that the 
instrument has excellent internal consistency. This means 
that most of the variability in a student's score is due to a 
noticeable difference in their ability level, not due to 
measurement errors or noise in the data. This is important 
because high reliability strengthens the validity of decision-
making based on test results. For example, Saputra et al. 
[22] showed that a reliable scientific literacy test could 
effectively reflect real differences in student ability, 
reinforcing the importance of reliability in fair educational 
assessment. 

In addition to reliability, an Item Separation value of 
2.38 indicates that the instrument is able to distinguish 
items based on their difficulty level well. A separation score 
above 2.0 indicates that items are evenly distributed from 
easy to difficult, thus being able to accurately measure 
students with different skill levels. Thus, the difficulty level 
of the questions in this test is distributed quite widely and is 
able to accommodate the spectrum of students' abilities 
effectively [23]. The standard error (S.E) on the mean item 
was 0.22, relatively low, reinforcing the finding that the 
estimation of the item parameters was carried out with 

adequate precision. Meanwhile, the Mean Square (MNSQ) 
value for Infit and Outfit is both at 1.00, which is the ideal 
value in Rasch's analysis. This shows that the student's 
response to the question item is according to the model's 
expectations, without any systematic deviant answer 
patterns [24]. 

The test instrument used in this study has a strong 
performance in measuring the construct of concept 
understanding. The high reliability value, supported by a 
balanced distribution of items (adequate separation) and a 
low error standard, indicates that the instrument can be used 
reliably and fairly in the context of biology learning,   both 
for  evaluative  and  diagnostic purposes [25]. With the 
absence of an indicator of the item that deviating from the 
model, as well as the stability of the data in terms of 
measurement consistency, it can be concluded that this 
instrument is suitable for widespread use to measure 
students' conceptual understanding of the material of human 
body systems. 

In addition, the high reliability value suggests that 
test results tend to be stable even if they are used at  
different times or applied to other groups of students who 
come from similar populations. In biology learning, this 
condition is important because it shows that the instrument 
can be relied upon to be used repeatedly, both as an 
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evaluation and diagnostic tool, without compromising the 
accuracy in measuring the understanding of the targeted 
concept. 

For the validity of the concept comprehension test 
instrument, it is seen from the values of MNSQ, Z-STD, 
and Point Measure Correlation shown in Table 3. Based on 
the results of the analysis, it can be seen that most of the 
question items meet two of the three criteria set so that they 
fall into the appropriate category and can be used. Overall, 
the MNSQ outfit value is in the range of 0.91 to 1.07 which 
indicates that the question items correspond to the Rasch 
model. There are no question items that are overfit (score 
too low) or underfit (score too high). The overall ZSTD 

value of the question item is in the ideal range, which is -
2.0 to +2.0.  Although there are some question items that 
have ZSTD values close to the lower and upper limits, they 
are still within the tolerance limit, so the question items are 
considered appropriate and can be used. The PT Measure-
Al Corr score shows the correlation value between the score 
of the question item and the total score which ranges from 
0.05 to 0.36. Question items with high correlation values 
mean that the items are very appropriate and able to 
distinguish students' abilities well. Question items with 
lower correlation values are still considered appropriate 
even though they need a slight revision to improve their 
quality [26]. 

Table 3. Results of Rasch Test Instrument Analysis 

Question 
Item 

Outfit 
PT 

Measure-
Al Corr Decision 

Question 
Item 

MNSQ ZSTD 
1 1,03 0,68 0,14 Accepted 
2 1,01 0,16 0,14 Accepted 
3 1,00 0,02 0,19 Accepted 
4 0,98 -0,10 0,18 Accepted 
5 1,01 0,11 0,13 Accepted 
6 0,95 -0,74 0,29 Accepted 
7 0,96 -0,80 0,29 Accepted 
8 0,97 -0,15 0,19 Accepted 
9 1,00 0,09 0,19 Accepted 
10 0,99 -0,06 0,19 Accepted 
11 1,01 0,16 0,18 Accepted 
12 0,98 -0,38 0,23 Accepted 
13 0,95 -0,22 0,29 Accepted 
14 1,00 0,07 0,19 Accepted 
15 0,93 -1,23 0,35 Accepted 
16 1,07 1,00 0,08 Accepted 
17 0,98 -0,18 0,22 Accepted 
18 0,91 -1,00 0,36 Accepted 
19 1,05 0,51 0,07 Accepted 
20 1,01 0,15 0,19 Accepted 
21 1,02 0,15 0,15 Accepted 
22 0,95 -0,29 0,24 Accepted 
23 1,02 0,21 0,19 Accepted 
24 1,04 0,47 0,19 Accepted 
25 0,99 -0,11 0,19 Accepted 
26 0,94 -0,63 0,28 Accepted 
27 1,07 1,10 0,05 Accepted 
28 1,07 0,84 0,08 Accepted 
29 1,04 0,55 0,09 Accepted 
30 0,96 -0,35 0,27 Accepted 
31 1,06 0,95 0,09 Accepted 
32 0,95 -0,47 0,27 Accepted 
33 1,04 0,51 0,09 Accepted 
34 0,98 -0,19 0,22 Accepted 
35 1,04 0,37 0,13 Accepted 
36 1,00 0,07 0,20 Accepted 

 

Validity is an important thing in evaluating 
assessment instruments, because it shows the extent to 
which a test is able to measure the construct of the 
instrument that was developed appropriately. The Rasch 
approach provides a strong analytical framework in 

assessing construct validity, through examining the level of 
agreement between student responses and the predictions of 
the measurement model used. This finding indicates that all 
test items are acceptable and in accordance with the 
assumptions of the Rasch model. Each test item contributes 
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meaningfully to measuring students' conceptual 
understanding of the human body system and does not 
cause measurement error or bias. 

Based   on the   results of the analysis, no misfit or   
deviation items were found,   which  means that the 
instrument  is  valid  to measure  the  competence of 
students' understanding of concepts towards the material of 
the human body system.  

In addition to reliability and validity, the Wright 
map is important to explain the relationship between the 
difficulty level of the question and the ability of students to 
understand the concept of the material of the human body 

system. So that overall, the quality of the concept 
understanding instruments developed can be ensured to be 
accurate and consistent. The use of the Wright Map in the 
development and evaluation of concept comprehension test 
instruments not only improves the accuracy and consistency 
of measurements, but also ensures that the instrument is in 
accordance with the characteristics and needs of learners. 
This is in line with efforts to improve the quality of learning 
and assessment in science education, especially in the 
material of the human body system. Wright's map is shown 
in figure 2. 

 
Figure 2. Item person map (Wright map) for conceptual understanding 

From the Wright map, it is explained that the 
distribution of students' abilities is relatively even and 
forms a normal curve that is quite ideal. Students have an 
adequate variety of abilities, so that the instrument can 
detect differences in students' levels of understanding. 

Most students are in the middle of the scale, but there are 
also students with very high and very low abilities, which 
is characterized by the logical position at the top and 
bottom of the map. 
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On the other hand, the distribution of question 
items covers a proportional range of difficulty. There are 
question items located in high logit (U5, U13), indicating 
that the question is in the difficult category, because it can 
only be answered by students with high ability. In contrast, 
some items such as U7, U1, and U9 are at the bottom of 
the scale, which indicates that the questions are more 
accessible to students with low abilities. This distribution 
is important because it allows the instrument to detect the 
entire spectrum of capabilities, not just at one specific 
level [27]. Recent studies have highlighted the importance 
of analyzing item difficulty to determine test quality and 
provide feedback for learning. For example, Dewi and 
Putrayasa (2020) emphasized that analyzing item difficulty 
is crucial for increasing test validity and reliability, 
adjusting to students' abilities, and improving test quality 
for future assessments [28]. 

Overall, the results from the Wright Map support 
previous findings that this instrument has good 
measurement quality. An even distribution of items from 
easy to difficult allows measurements to be made fairly 
against students of different skill levels. The absence of a 
stack of question items in one particular area also indicates 
that there is no "over-represented" ability level, which can 
lead to bias in measurement. 

The balance between the difficulty of the question 
and the ability of the students strengthens the argument 
that the conceptual understanding instruments that have 
been developed  are constructively and operationally 
appropriate for evaluative and diagnostic purposes. 
Teachers can use this instrument not only to assess overall 
comprehension, but also to map students at a particular 
level of mastery of a particular concept. Thus, the Wright 
Map provides visual and statistical confirmation that the 
instrument has met the principles of validity and 
measurability in the context of Rasch, and can be used as a 
credible measuring tool in biology learning at the 
secondary school level. 

CONCLUSION  
Based on the results of the research and analysis 

that has been conducted, it can be concluded that the 
assessment instrument developed to measure students' 
conceptual understanding of the human body system has 
met the characteristics as a valid and reliable measuring 
tool. The application of the Rasch model allows for 
comprehensive instrument testing, both from the aspect of 
item function, conformity with the measurement model, to 
mapping students' abilities to the level of difficulty of the 
questions. This research contributes to the development of 
assessment instruments based on modern measurement 
theory, which emphasizes accuracy, fairness, and 
measurability. In the future, similar models can be adapted 
and expanded to other materials or levels of education to 
support more meaningful assessments and are oriented 
towards strengthening students' conceptual understanding. 
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