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ABSTRACT 
Assessment activities would provide useful information if instruments developed and used have good 

quality. One of the standards for a quality test instrument is having acceptable item parameters. This 

research aims to analyze the quality of the test instrument in terms of the item parameters' quality with 

difficulty level on polytomous scoring. This research is explorative research by using a quantitative 

approach. The data used in this research is the test participant responses data to the items of numeracy. 

The participants have involved as many as 273 students of class VIII SMP in DI. Yogyakarta Province. 

The polytomous item response theory model used in this research is the Partial Credit Model (PCM). The 

estimation of item parameters is carried out using the R Program. The results showed that of the ten test 

items analyzed, only six items had the right criteria based on the item location parameters (level of 

difficulty of the stage) and Item Characteristic Curve (ICC). The information function value obtained is in 

the range -3.00 to 3.00, representing the instrument developed is suitable for test participant with abilities 

from         -3.00 to 3.00 or from low abilities to high abilities. 
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1. INTRODUCTION 

An essential part of the learning process is 

assessment. If learning is likened to an 

adventure, then the assessment is a compass that 

determines the direction of adventure. 

Assessment is e process of collecting and 

unifying information in the form of attributes of 

an object based on measurement results, which 

are then interpreted based on a standardized 

standard [1],[2],[3],[4],[5],[6]. This information 

is gathered from tests and other measurements. 

The test results are then analyzed critically and 

integrated with additional information that will 

produce students' decisions. 

Assessment activities will produce useful 

information if the instruments used are of good 

quality. The quality of the test items in an 

instrument needs to be analyzed to sort out the 

right and wrong items. Often, item selection 

uses only the Classical Theory Test (CTT), 

whose analysis is based on the index of 

difficulty and discrimination. Although the 

results were sometimes quite good, item 

analysis with CTT did not provide information 

on how test participants responded to different 

ability levels. One approach to test development 

that produces a complete picture is Item 

Response Theory (IRT). 

CTT has several drawbacks which are 

enhanced by the IRT. The IRT tries to build a 

model of how latent psychological constructs 

can be expressed in ms of responses to observed 

items. In the classic test, the test participants' 

ability is estimated based on the correct answer. 

In item response theory, the ability is estimated 

by a non-linear function called a score. Such a 

model will provide beneficial information in 

developing, evaluating, and scoring tests. 

The characteristics of IRT include: 1) 

Characteristics of the items do not depend on 

the test participants, 2) the score produced by 

the test participants does not rely solely on the 

test, 3) the model is expressed at the item level, 

not at the test level, 4) the model does not 

require rigorous parallel testing for the 

assessment of reliability, 5) the model provides 

a measure of precision for each ability 

[7],[8],[9]. The item response's mathematical 

model means that the subject's probability of 

answering the item correctly depends on the 

subject's ability and item characteristics. It 

means that test participants with high abilities 

will have a greater probability of answer 

correctly when compared to participants with 

low abilities. That is one of the advantages of 

IRT when compared to CTT. 
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Apart from the dichotomy model, another 

scoring model in the IRT, namely the polytomy 

item response model. In contrast to the 

dichotomy model, which is characterized by two 

categories of answer scores (0 and 1), the 

polytomy model has a response of more than 

two types where each step of the process is 

taken into account [10]. Polytomy item response 

models can be categorized into nominal and 

ordinal items, depending on data characteristics' 

assumptions. The nominal item response model 

can be applied to items that have alternative 

answers that are not ordered, and there are 

various levels of measured ability. 

Simultaneously, the ordinal response model 

occurs on items that can score into the number 

of specific categories arranged in the answer. 

The polytomous models in the grain 

response theory include the Nominal Response 

Model (NRM), the Rating Scale Model (RSM), 

the Partial Credit Model (PCM), the Graded 

Response Model (GRM), and the Generalized 

Partial Credit Model (GPCM) [11],[12]. 

Analysis of the items in this study will use 

PCM. PCM is a development of the Rasch 

Model 1-PL. The model is used to analyze test 

items that require several steps of completion. 

The item parameters analyzed only contained 

parameters for the item location/stage difficulty 

level. Operating characteristic functions/ OCF 

of PCM are defined by the following equation 

[13],[14]: 

𝑃𝑖𝑥(𝜃) =  
exp[∑ (𝜃𝑛− 𝛿𝑖𝑗)

𝑥

𝑗=0
]

∑ [exp[∑ (𝜃𝑛− 𝛿𝑖𝑗)
𝑥

𝑗=0
]]𝑚𝑖

𝑟=0

         (1) 

 

𝑃𝑖𝑥(𝜃) is  The Probability of obtaining on 

item i, 𝜃  is the test participants' ability, and 

𝛿𝑖𝑗  is the Item location parameter j for item i.

  

The item location parameter on the PCM 

shows the point where two category probability 

lines meet one item. Location parameters of 

items at each stage do not have to be sequential 

[12]. It means that the difficulty level at one 

step can be more complicated than the difficulty 

level at a later step. Item location parameters 

will be easily understood by looking at the grain 

characteristic curve (ICC)/CRF graph. ICC 

describes the relationship between the chance to 

answer correctly(𝑃𝑖  (𝜃))with the ability of the 

test participants (θ). ICC is a mathematical 

relationship related to the chance of success on 

the items measured by looking at the test's 

ability and the characteristics of the items [7]. 

The higher a person's ability, the more the 

chance to answer an item correctly will 

increase. 

ICC's most famous mathematical form is the 

logistic form, whose graph is an S-shaped curve 

[15]. Absis at the ICC shows the test 

participants' ability, while the ordinate shows 

the chance to answer correctly. In general, 

above the intersection point items indicate 

relatively easy items because test participants 

with moderate ability can answer correctly with 

a chance of more than 0.5. On the other hand, 

the item whose curve is below the intersection 

point shows the chance to answer correctly is 

less than 0.5, which indicates the item is 

relatively difficult. 

Item response theory has several 

assumptions that need to be verified before the 

modeling process is carried out. These 

assumptions are data unidimensionality, local 

independence, and invariance of measurement 

[16]. Unidimensionality indicates whether the 

model measures single or multiple attributes, 

local independence indicates whether responses 

to other items do not influence one item's 

response. In contrast, invariance shows that 

sample characteristics do not affect the model. 

Unidimensional means that each test item 

measures only one ability [8]. In practice, the 

unidimensional assumption cannot be strictly 

fulfilled due to cognitive, personality, and test-

taking factors, such as anxiety, motivation, and 

a tendency to guess. Therefore, the 

unidimensional assumption can be demonstrated 

if the test contains only one dominant 

component that measures subject achievement. 

Local independence is a condition in which the 

test participants' responses to any items will be 

statistically independent because other factors 

are constant. The concepts of unidimensional 

and local independence are interrelated. If 

unidimensional assumptions are met, then local 

independence will be fulfilled [17]. This 

assumption of local independence will be 

fulfilled if the participant's answer to one item 

does not affect the participant's response to 

another item. 

The third assumption is parameter 

invariance. The parameter invariance 

concerning the sample's parameters' parameters 

to estimate model parameters, the parameter 

estimate will be linearly related to the parameter 

estimated with several other samples taken from 

the same population [18]. The test participant's 

abilities vary, from low to high. All test 

participant's low to high ability groups should 

invariably refer to the same item characteristic 

curve. The strength or contribution of test items 

in revealing the test's latent traits is expressed 

by the item information function [19]. Through 

Advances in Social Science, Education and Humanities Research, volume 619

233



the item information function, it can be seen 

which items are good and evil. The test 

information function is also the reliability of the 

IRT. The test information function is denoted by 

I (θ) and is estimated by the formula [14]:   

I (𝜃)= ∑ 𝐼𝑖(𝜃)𝑛
𝑖=1            i= 1, 2, 3,… n      (2) 

I (𝜃) is the Information function test, and 𝐼𝑖  

(θ) is information function item i. 

Based on the mathematical equation of the 

information function items and the test 

information function, the test information 

function is a linear combination of the item 

information function. Therefore the test 

information function will have a high value if 

the item information function value is also high.  

Lord [20] expresses the function item 

information with the following equation: 

𝐼𝑖  (θ) = 
[𝑃𝑖

′ (𝜃)]2

𝑃𝑖 (𝜃)𝑄𝑖 (𝜃)
          i = 1, 2,… n     (3) 

Where 𝐼𝑖  (θ) is the information function item 

i, 𝑃𝑖 (𝜃)  is the probability of the participant's 

ability to answer correctly θ point i. 𝑃𝑖 ′(𝜃) is 

derivative function  𝑃𝑖 (𝜃) against 𝜃, and 𝑄𝑖 (𝜃) 

is odds participants with the ability to 𝜃 answer 

correctly point i.  Test information function 

relating to the measurement error. The amount 

of information generated from a test on a 

specific ability is inversely proportional to the 

estimated ability precision and is expressed by 

the mathematical equation [21]: 

SE(�̂�) = 
1

√𝐼 (𝜃)
                              (4) 

S.E. (�̂�) is the estimation error, and I (𝜃)  is 

Test Information Function. The test information 

function is inversely proportional to the 

measurement error. It means that the higher the 

value of the information function, the smaller 

the error in estimating the test participants' 

ability. Therefore, a good test kit has a high 

information function because it shows accuracy 

and precision in estimating the ability of test 

participants. This study aims to reveal the 

characteristics of test items that have been tested 

and have evidence of validity. 

 

2. METHODS  

The type of research used to reveal the test 

items' characteristics is exploratory research 

with a quantitative descriptive approach. The 

test items to be analyzed are Mathematical 

Literacy test items developed by the researcher 

and have proof of the content and construct 

validity. The empirical data used comes from 

the mathematical literacy instrument's test 

results with a total sample of 273 students of 

class VIII SMP in DI. Yogyakarta Province. 

There were ten items analyzed using 

polytomous scoring. The questions given are 

developed systematically in the form of story 

questions that use narration and pictures to 

describe the situation of the problems raised. 

After working on the question  items, the 

test participant's response data were analyzed 

using the IRT modeling procedure for 

polytomous scores. The technique used is 

testing the IRT assumptions, which are then 

continued to estimate the item parameters with 

the Partial Credit Model (PCM) using the R 

application.  

Confirmation of the unidimensional 

assumptions is carried out with SPSS assisted 

factor analysis. The unidimensional assumption 

test is carried out by looking at the eigenvalues 

and the percentage of variance in factor 

analysis. Based on the eigenvalues' magnitude, 

two criteria become the conditions for fulfilling 

the unidimensional assumptions, namely 1) the 

first eigenvalues are much greater than the 

second eigenvalues, 2) the second eigenvalues 

are not too big compared to the other 

eigenvalues [24].   Based on the output of factor 

analysis and scree-plotEigenvalues and the 

percentage of variance. The fulfillment of the 

unidimensional assumption also shows the 

fulfillment of the local independence 

assumption.  

After testing the IRT assumptions, the next 

step is to estimate the item parameters. 

Parameter estimation was done using PCM. The 

parameter estimated on the PCM is the level of 

grain difficulty. The item difficulty level is in 

the interval -∞ to +∞. Good grains have a 

difficulty level between -2 to +2 [7]. The final 

step taken is to estimate the information 

function of the test. 

 

3. RESULT 

After working on ten items, responses to the 

test participants scored Mathematical Literacy 

using the developed scoring guidelines. Scoring 

is done by looking at the stages of students 

solving questions based on a combination of 

criteria. Score 2 (full credit) if all phases are 

correct, score 1 (partial credit) if only part of 

the steps is correct, and score 0 (no credit) if 

there are no correct steps. Item characteristics 

are estimated using the PCM polytomous model 

approach with software R. Before estimating 

item parameters, it is necessary to confirm the 

item response theory's assumptions. The 

assumptions are data unidimensionality, local 

independence, and parameter invariance.   

Unidimensionality indicates whether the 

model measures single or multiple attributes. 

Confirmation of assumptions is carried out 

using factor analysis with the help of SPSS 

software. The analysis begins by checking the 

adequacy of the sample. Analysis of the 

adequacy of the sample using the KMO and 

Bartlett test results. The results of the analysis 

are presented in Table 1. 
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Table 1. KMO and Bartlett Test Results 

 

Based on Table 1, the Chi-Square value 

sample in the Bartlet test is 608.608 with 45 

degrees of freedom, value p <0.05, and a KMO 

value of 0.781. A group of data is said to meet 

the sample assumption's adequacy if the KMO 

value is> 0.5 [22]. It means that the sample size 

of 273 used in the instrument trial was 

sufficient; therefore, what can continue the 

analysis.  The analysis was carried out by 

looking at the number of eigenvalues and 

variance in the total output variance from the 

factor analysis results. The recapitulation of the 

analysis results is presented in Table 2.  

The analysis shows that the ten items 

analyzed are grouped into three main factors: 

the number of components that have 

eigenvalues ≥ 1. Percentage of variance 

explained from each of these factors. The first 

factor has a variant of 33,822%, the second 

factor is 12,423%, and the third factor is 

10,864ined %, so that these three factors can 

explain about 57.109% of the total variant. 

 
Table 2. Eigenvalues and Proportions of Variants 

Component 
Eigen 

Value 

Percentage 

of 

Variance 

Percentage 

Cumulative 

of Variance 

1 3,382 33,822 33,822 

2 1,242 12,423 46,245 

3 1,086 10,864 57,109 

4 0,911   

5 0,854 

6 0,667 

7 0,563 

8 0,510 

9 0,438 

10 0,346 

  

Variance percentage shows that the first 

component is more dominant because it has a 

much larger percentage of the variance than the 

other two components. Eigenvalues and the 

percentage of variance can also determine the 

number of factors formed by observing the 

Scree plot of the distribution of eigenvalues. 

Figure 1 shows the Scree plot of eigenvalues.  

Based on the scree plot in Figure1, there is 

one slope resulting from changes in the decline 

of eigenvalues in the first and second 

components. The steepness occurs because the 

first and second components' eigenvalues are 

very different as for eigenvalues of the second 

component to tenth component slope generated 

inclined ramps. It is because the eigenvalues of 

the second component and the other 

components are not much different. It means 

that the first component is very dominant 

compared to other components. In conclusion, 

the model measures a single attribute because 

there is only one measured dimension in the 

instrument. Unidimensional assumptions are 

met in the Mathematical Literacy test 

instrument developed.   

 

Figure 1. Scree Plot Factor Analysis  

 

The fulfillment of the unidimensional 

assumption also proves the local independence 

assumption's completion. The concepts of 

unidimensional and local independence are 

interrelated. The unidimensional concept shows 

that the instrument developed measures only 

one dimension, that is, Mathematical Literacy. 

Local independence is a condition in which the 

subject's response to any pair of items will be 

statistically independent because factors that 

influence performance are constant. 

After testing the IRT assumptions are 

fulfilled, the next step is to estimate the 

parameters of the Mathematical Literacy test 

items being developed. Item parameter 

estimation was carried out to determine the 

quality of the developed questions. The item 

parameter estimated was the grain difficulty 

level. Results of analysis for polytomous 

scoring with PCM obtained an estimate of the 

difficulty level of the developed ten 

mathematics literacy test items. The level of 

difficulty on the PCM consists of the stage 

difficulty level and the item difficulty level. The 

analysis of the test item parameter estimates in 

the field trial is presented in Table 3. 

The level of difficulty of the step is a 

transition from one category to another. The 

difficulty level is the intersection of the item 

characteristic curve between two consecutive 

types having the same chance of being owned 

by test participants with specific abilities. 

Mathematical Literacy items have a polytomous 

Kaiser-Meyer-Olkin Measure of 

Sampling Adequacy 

0,781 

Bartlett’s 

test of 

sphericity  

Approx Chi-

Square 

608,608 

df 45 

significance 0,000 
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scoring with three categories. Therefore there 

are two steps of difficulty. The level of 

difficulty of step 1 is the intersection of the 

grain characteristic curve between categories 1 

and 2. Step 2 is the intersection of the item 

characteristic curve between categories 2 and 3. 

The ten items' estimation results' stage difficulty 

levels are in the range of –1,534 to 1,933. 

 
Table 3. Estimation of Parameters for Mathematical 

Literacy Test Items  

Item 

number 
Difficulty 

Level of 
Difficulty Decision 

Step 1 Step 2 

1 -1,0925 -1,385 -0,8 Good 

2 0,8375 -0,258 1,933 Good 

3 -0,3925 -1,534 0,749 Good 

4 1,18 1,936 0,424 Good 

5 0,161 0,192 0,13 Good 

6 0,815 0,444 1,186 Good 

7 -0,4085 -0,478 -0,339 Good 

8 -0,293 -0,204 -0,382 Good 

9 -0,1415 -0,451 0,168 Good 

10 0,6765 0,446 0,907 Good 

The item difficulty level is the average of the 

steep difficulty level. The result of the item 

difficulty level calculation shows that the item 

difficulty level is in the range of -1.0925 to 

1.18. It means that the difficulty level of the ten 

items developed is in the excellent category. It 

refers to the opinion of Hambleton et al. (1991: 

13), which states that useful items have 

difficulty levels between -2 to +2.  

The item difficulty level is proportional to 

the test participants' ability. The test 

participants' ability is relative to the items. 

According to Keeves and Alagumaia, if the test 

participant’s ability exceeds the item difficulty 

level, then the test response is expected to be 

correct. If the test participant's ability is less 

than the item difficulty level, then the test 

participants' response is expected to be wrong. 

Item location parameters will be easy to 

understand by looking at the ICC. ICC results of 

the analysis with the help of the R program are 

presented in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 presents the relationship between 

the probability to answer correctly(𝑃𝑖  (𝜃))with 

the ability of the test participant's (θ) of each 

item. Items 1, 2, 3, 6, 9, and 10 have a relatively 

good ICC because each category can distinguish 

the test participants' abilities. The ICC was not 

well demonstrated by ICC item number 4 

because it had an irregular pattern. The 

categories were unable to distinguish the 

abilities of the test participants. 

The relationship between the test and the 

individual being measured will produce accurate 

measurement information. The accuracy of the 

measurement results on various parameters of 

ability (θ) is indicated by the item information 

function's estimation results or the test. Figure 3 

presents a graph of the information function and 

standard error of the Mathematical Literacy test 

produced by the R program.  

 

 

 

 

 

 

 

 

 

 

 

 

 

The pink curve gives the standard error of 

the measurement results, and the blue curve 

shows the value of the mathematics literacy 

test's information function. Based on its 

constituent items' information function, 

Mathematical Literacy instruments have a 

higher information function value than their 

measurement error. The value of the 

information function obtained is in the range of 

-3.00 to 3.00. The value of the maximum 

information function received based on the 

graph is 5. The instrument developed is suitable 

for test participants with abilities from -3.00 to 

3.00 or test participants with low to high 

abilities. 

 

4. CONCLUSION 

The results showed that of the ten test items 

analyzed, all had an adequate level of difficulty. 

The value of the information function obtained 

Figure 2. Item Characteristic Curve 

 

Figure 3. Test  Information and Standard Errors  
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is in the range of -3.00 to 3.00, and an 

instrument developed suitable for test 

participants with abilities from -3.00 to 3.00 or 

from low to high abilities. Even though what 

fulfilled the test of the IRT assumptions and all 

items were of good quality, PCM's use did not 

seem appropriate. The ICC curve of the four 

items shows an irregular pattern. Therefore it is 

necessary to test the fit of the model. The item 

analysis approach with PCM may not be 

suitable for the instrument being developed. 

Analysis using other models can be carried out 

for improvement. 
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