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ABSTRACT 

The instrument in the form of an essay math test is one of the tools to measure the progress of the learning process or 

learning outcomes.  The essay math test needs to be applied in education because students are trained to be 

independent, creative, innovative, and improve literacy skills. A good measurement model facilitates as much 

information as possible, for example, qualitative information, the accuracy of the interpretation of the instrument 

according to its function, provides a linear measure, can overcome missing data, and find data that is incorrect 

(misfits) or uncommon (outliers). Rasch's Partial Credit Model can identify the quality of the essay math test more 

accurately. The reliability value in Rasch modeling is indicated by the value of individual separation (person 

separation) and item separation. Output summary statistics to get information on the person and item reliability and 

Cronbach alpha. Analysis with the Rasch model produces a statistical analysis of suitability (fit statistics) which 

provides information that the data obtained ideally illustrates that people who have a high ability provide patterns of 

answers to items according to their level of difficulty. To analyze the quality of an essay math test using Rasch's 

Partial Credit Model, ministep software can be used. 
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1. INTRODUCTION
The teaching and learning process in schools always

involves educational assessment as a very important 

thing to do. Educational assessment is broader in scope 

than the test, which is more focused. The test is an 

evaluation procedure carried out by a teacher of the 

knowledge and skills of students to find out their 

performance using certain instruments. An essay math 

test is a test designed in the form of an essay to measure 

the basic mathematical abilities that students must 

master in certain subjects. The results of the math essay 

test need to be analyzed to determine the strengths and 

weaknesses of students in the mastery of mathematics 

so that more precise instruments can be prepared.  

The approach in question is the application of Rasch 

model measurement to the raw data of the test results, 

the main objective of which is to produce a 

measurement scale with the same intervals that can 

provide accurate information about the test taker and the 

quality of the questions being tested. Referring to the 

researchers also using Rasch Modeling for instrument 

validation, see [1], [2], and [3]. 

Many researchers use the Rasch model to check the 

quality of the instrument, for example, to observe 

validity and reliability of instrument development can 

be seen in [4], [5], [6], [7], [2], and [8]. Not only 

checking validity and reliability, but the Rasch model 

can also be used to observe the abilities of students, for 

example, it can be seen in [9], [10], and [11]. Other 

research on Rasch models is Bloom's Separation [12], 

Rasch model analysis of negative symptom trajectories 

[13]. Development of instruments for attitude scale [14], 

interpreting and visualizing the unit of measurement 

[15], analysis of the psychometric [16], the effect of 

gender on teaching [17], substance problem scale [18], 

development of rating scale [19 ] and [20]. Other studies 

use Rasch measurement models to effect technology in 

learning [21], [22], and [23]. Some researchers in 

several countries use the Rasch model, for example in 

China [24], in South Africa [25], Indonesia [26], 

Singapore [27] and Malaysia [28]. 

The form of examination or test most commonly 

used by teachers is the written test. However, other 

forms of testing can also be used, such as oral or 

practical tests. A test must be valid, meaning that the 

test measures something that must be measured. 
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Although this concept seems simple, teachers usually 

forget about it. For example, the exam questions are 

arranged at the end of the collection of questions for a 

limited time. As a result, the subjects that are given in a 

complete and in-depth manner at the beginning of the 

lesson are, for example, not accommodated or even 

missed as questions on exams whose contents tend to 

contain only the final part of the subject matter. In other 

cases, if the desired learning outcome includes changes 

in knowledge, skills, and attitudes, then the questions 

made must also cover these three things.  

There are various types of math tests, such as 

questions with a choice of answers, questions with 

correct or wrong answer choices, and essay questions. 

The type of description given to students has the same 

score pattern (the maximum number of scores is the 

same for each question) or the score pattern is not the 

same (the maximum number of scores is different for 

each question). In Rasch modeling to analyze data with 

different score patterns using the Partial Credit Model 

(PCM) Rasch measurement model. Research on PCM 

can be seen in [19] and [20]. 

This article will examine the use of the Partial Credit 

Model (PCM) Rasch measurement model to analyze an 

essay math test with a different maximum score for the 

graph theory course. Ministeps software tools are used 

to get output summary statistics, Write maps, misfit 

orders, measure order items, ICC charts, person measure 

orders, DIF plots, test information functions, and Partial 

credit scales to analyze the quality of an essay math test. 

 

 

2. METHOD 

The steps for using the Partial Credit Model (PCM) for 

Rasch modeling are described as follows. 

 Preparation of raw data obtained from the results 

of an essay math test with different maximum  

scores. Code item utilizing questions with the 

same maximum score are given the same code 

and given different codes for different 

maximum scores. The results of the total value 

of each student (N = 54) from 5 items are 

stored in an excel form. 

 Processing raw data into one column stored in 

.prn form 

 Analyzing data on the ministep software 

application.  

 Interpretation of the results of data processing. 

3. RESULTS AND DISCUSSION 

For example, the essay math test in the graph theory 

course are given to 54 students consisting of five essay 

items/problems. Problems no. 1 and no. 2 have the same 

maximum score, namely 6, problems no. 3 and 4 have 

the same maximum score namly 8 and problem no. 5 

has a maximum score namely 9. In preparing the data to 

be processed with the PCM Rasch modeling, the 

problems 1 and 2 are given code A, the problems no. 3 

and 4 are given code B and the problems no. 5 is coded 

C. 

The output from the Ministep program application 

can be in the form of summary statistics, in Table 1. 

Summary statistics can be obtained by person reliability, 

item reliability, and Cronbach's alpha.
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In Table 1, the statistical summary can be read that 

person reliability = 0.82 and item reliability = 0.84 

based on the instrument quality criteria shown in Table 

2, the criteria for person reliability and item reliability 

are both good. This result can be interpreted that the 

consistency of student answers and the quality of the 

question items in the instrument's reliability aspect is 

good. While Cronbach Alpha = 0.87 based on the 

criteria is very good. This means that the interaction 

between the person (student) and the item items as a 

whole is very good. 

The advantages of Rasch modeling can be observing 

a map that describes the distribution of respondents' 

abilities and the distribution of difficulty levels of items 

with the same scale. This map in the Rasch model is 

depicted in the Write map. In the case of the Partial 

Credit Model the Write map produced is like the Rasch 

model in general. The write map output is shown in 

Figure 1, this result can be explained that the left shows 

the student's ability level and the right side shows the 

difficulty level of the items. In Figure 1. The Write map 

shows student identity number 01, female, graph theory 

class (01PTE), 02PTE,…, and 41PTE have the highest 

ability, while student identity number 49, female, graph 

theory class (49PTE) has the ability the lowest. On the 

Write map, it can be observed that item 3 (S3) has the 

highest difficulty level while item 2 (S2) has the lowest 

difficulty level.
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Figure 1. Write map 

 

To see the level of suitability of the items with the 

ideal model, it can be seen in Table 3 the misfit order. 

Referring to [4-8] the criteria used to check the 

suitability of the items were 0.5 <Outfit MNSQ <1.5, -

2.0 <Outfit ZSTD <+2.0 and 0.4 <Pt Measure Corr 

<0.85. The condition fulfills the criteria meaning that all 

the items given are understood by the student and no 

one has a misconception. It can be seen that in Table 3 

the misfit order, the three criteria are accepted, namely 

that there are no outliers or misfit items. This is also 

supported by the graph of the expected score Item 

Characteristic Curve (ICC) which can be seen in Figure 

2 all responses (marked with an x) are located in the 

infit confidence space curve and the outfit follows the 

ideal model line curve. 

In Table 3, the misfit order can be seen that the point 

measure correlation (PT-Measure Corr) is all positive, 

this indicates that the item has construct validity. 

Discussion of validity can be seen in [4] and [7-8]. 

 

The level of difficulty of the items can be seen in 

Table 4. Measure order. The logit value can be seen in 

the measure column which is sorted from the highest to 

the lowest logit value. The highest logit value indicates 

the highest level of problem difficulty. It can be seen 

that item S3 with item code B has the highest difficulty 

level while S2 has the lowest logit value indicating the 

easiest item.
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To see the suitability of the model in addition to the 

results shown in Table 3 for the misfit order, the ICC 

expected score graph can be used. Figure 2 graph ICC 

problem no 1 (S1), the red curve is the ideal model line 

curve, the outfit confidence space curve is located on 

the right and the infit confidence space curve is the left 

side of the ideal model line curve. If all responses 

marked (x) lie around the curve of the ideal model line, 

nothing outside the infit confidence space curve and the 

outfit confidence space curve means the model is 

accepted. 

 

 

Figure 2. Graph ICC Problem no 1 
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An item needs to be checked whether there are items 

that contain bias for certain groups, for example, gender, 

domicile, class, or major. The output selected in the 

ministep application is a DIF item. Writing DIF = $ 

S3W1 means that the grouping of respondents is based 

on column 3, which is based on the gender of male (L) 

and female (P). Table 5. The results of the DIF item 

output and Figure 3 DIF plots are shown with different 

color curves.

 

 

 

Figure 3. Plot DIF Gender 

The use of partial credit models for rating scale 

development can be seen in [19]. Figure 4 shows the 

probability curve for the PCM category. Probability 

curves are useful for checking the level of difficulty of 

items that may not be suitable for respondents. 
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Figure 4. The probability curve for the PCM category 

 

4. CONCLUSION 

The Rasch Modeling Partial Credit Model (PCM) can 

be used to analyze the quality of the essay math test. 

The Cronbach alpha, person, and item reliability values 

can be interpreted from the output summary statistics. 

The distribution of student abilities and the level of 

difficulty of the items can be interpreted from the output 

of the Write map. These results can be used for 

grouping the level of student ability which is distributed 

linearly with the difficulty level of the items. The use of  

Rasch modeling in addition to educational assessments 

can also be used to analyze the quality of research 

instruments. 
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