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Abstract—The characteristics of assessment 

instrument are important to obtain representative 

information about students' knowledge and abilities in 

education. The representation ability is fundamental 

ability to solve problems in learning Physics. This study 

aims to determine the characteristics of assessment 

instrument for the representation abilities of diagram 

and verbal in high school Physics. The assessment 

instrument consists of two test sets with four category 

response according to Partial Credit Model (PCM). The 

subject of the research was a sample of 305 students of 

XI IPA class from high schools in Yogyakarta. The 

subject was selected through purposive sampling based 

on the result of national high school examination year 

2016/2017. The research data were analyzed with item 

response theory (IRT) according to PCM. Based on the 

result estimation of parameter and student ability, that 

(1) item difficulty index ranged from -1.02 to +1.17, 

which satisfies the criteria of good test items; (2) all test 

items fit with the PCM model; (3) the information 

function is 10 and SEM is 0.21; and (4) the ability 

estimation ranges from -2.08 to +2.10, indicating that 

students’ abilities are varied. The assessment instrument 

fits with PCM model and can be categorized as  good, 

meaning that it can be used to measure diagram and 

verbal representation abilities of high school  students in 

Physics. 

Keywords—assessment instrument, representation 

ability, Partial Credit Model 

I. INTRODUCTION 

Assessment becomes an important activity in 
education. Assessment has been regulated in the 
Minister of Education and Culture Number 104 of 

2004. Assessment includes all the means used to 
know and interpret the ability of each student to the 
competence of the material that has been studied on 
the basis of a specific criterion [1,3]. Teachers always 
make an assessment to know the students' abilities 
before, during and after learning. Assessment can be 
conducted with instrument test. The instrument tests 
must have validity in order to obtain valuable 
information. The result was expected to improve the 
quality of education.  

The assessment instrument was used teachers 
usually in the test form. A test is a measuring 
instrument which requires correct or incorrect 
answers to obtain student information about 
knowledge and ability were learned during the lesson 
in evaluating achievements [2,4]. The instrument test 
must have the goal to be achieved based on basic 
competences (Kompetensi Dasar/ KD) in Curriculum 
2013. The test plays an important role in the 
assessment of cognitive aspects. The learning process 
can be improved based on the results of decision 
making on the assessment. In the development 
process, the characteristics of the instrument test must 
be validated in order to obtain a good test item [5,6]. 
Based on interviews from teachers in senior high 
school, the developed assessment instruments  have 
not been through the analysis process of test item both 
from experts and empirics validation. Assessment 
instrument developed by teachers is referred to only 
on a basic competencies and indicators. Assessment 
instrument developed by teachers was tested directly 
on students without qualitative and quantitative 
analysis. This is a weakness of teachers in education, 
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especially the assessment using the writing test. The 
lack of information on the characteristics results in the 
low quality of test items .  

Similar things occur on the tests in learning 
Physics. Students' ability in Physics learning can be 
known from assessment by using an assessment 
instrument. The test fits the goals and needs of 
learning Physics. In senior high school, Physics is the 
study of the natural laws underlying the phenomenon 
of everyday life which related in a complex way [7,8], 
and emphasizes students in problem solving [9]. The 
Physics was underlying development of study and 
technology. Therefore, assessment instrument 
consisting of tests and assessment guides are 
necessary to measure problem solving skills . So need 
to develop assessment instruments in the aspects of 
problem solving. However, because the related study 
of problem solving ability is still less specific to be 
measured and still too wide in scope, so it needs to be 
limited the topic of the study. 

Problem solving ability is related to students' 
representational ability. Problem solving ability is 
seen as cognitive activities that involve the 
construction of student representation [10]. The 
ability of representation is an expression, idea or idea 
embodied in various ways or forms to solve a 
problem [11,12]. Representations are classified into 
verbal representations (text or words), visual 
(diagrams, pictures, graphics, tables) and symbols 
(numeric, symbolic). The use of representation is an 
effective way for students to understand Physics 
problems so as to assist in solving problems [13,14]. 
In this study the test used is to measure the ability of 
students' verbal and diagrams representation. 

The ability of representation diagrams becomes 
one of the fundamental ability of Physics learning. 
The representation diagram is used to analyze the 
forces acting on the object [15]. Students who 
describe the diagram correctly can solve the problem 
correctly rather than misrepresent the diagram or not 
at all [16].  Nevertheless, there are still many students 
who have difficulty when applying the diagram 
representation in Newton mechanics [17]. This 
indicates a lack of diagram representation ability. 
Students need to understand that the ability in 
diagram representation is an important step in 
organizing and simplifying the information provided 
into a more appropriate representation. This can be 
due to the learning or assessment model. In this case,  
assessment will be discussed, because inappropriate 
judgment will make unsuitable results. 

The ability of verbal representation is important as 
the first step in solving the problem [18]. Students 
must understand the problems faced. Students process 
information into words and notes (written text). 
However, students do not use verbal representations 
effectively, resulting in errors when solving problems 
[19,20]. Students' habits in studying Physics tend to 
memorize mathematical equations without 
emphasizing the concept of understanding or the 
appearance of other representations. Students do not 

understand the language of Physics correctly so that 
understanding the concept of Physics becomes weak. 
This may be due to an improper assessment model, 
especially its assessment test. 

The representation abilities of verbal and diagram 
becomes important in solving a Physics problem. 
Based on the test form, multiple choice tests are often 
found during observations in some schools. Multiple 
choice tests are relatively easy in scoring. But in this 
study using essay form. This is because during the 
completion of Physics problems related to the 
representation of diagrams and verbal there is a 
process which can be assessed by scoring with 
polytomous models. The weaknesses of the multiple-
choice test are (1) the possibility of the student to 
guess the answers, and (2) the student's thought 
process that cannot be seen because the scanning of 
the student's response uses a dichotomous model that 
has not yet assessed the stage of problem solving. The 
weakness can be overcome with a form of essay test 
using scoring with a polytomous models, although the 
time needed to correct the response of students 
becomes longer. Therefore, an essay test is valid and 
has characteristics that can describe the ability of 
students' verbal and diagrams representation. 

In previous research, the test instrument has 
passed the process of content validation or expert 
judgment.  Therefore, the main problem raised in this 
study is the test characteristics that measure the 
representation ability of verbal and diagram. The 
characteristic of the test must be proven to be an 
empirically valid and accountable instrument. This 
will make decisions more meaningful. These results 
can be used as information about students has 
mastered competencies that have been studied. But 
the items developed are still not known 
characteristics. Therefore, it is necessary to do a test 
or calibration analysis to find out the characteristics of 
the test item.  

There are two ways of analyzing items, namely 
the classical test theory (CTT) and the item response 
theory (IRT). The classical test theory approach still 
has limitations because it is group dependent and item 
dependent [21]. IRT was developed to overcome the 
weaknesses of CTT. IRT uses a probabilistic model to 
improve the limitations of CTT. IRT is used to 
identify the problem characteristics by calibrating the 
items on an IRT model. Item calibration is the process 
of estimating item parameters (item difficulty index, 
item discrimination and guessing) and parameters of 
respondent ability on IRT model [22]. There are 
several IRT models on known polytomous scans such 
as the Partial Credit Model (PCM), the Generalized 
Partial Credit Model (GPCM), and the Graded 
Response Model (GRM). However, this study used 
PCM model with scoring model polytomous. The 
PCM estimates the item difficulty parameter by 
assuming the same power discrimination for each 
item. The thing to note in this IRT is the number of 
test participants because different parameter models 
will require different numbers of participants to have 
stable item characteristics [21]. In addition, the item 
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response theory assumption also needs to be met first. 
To make it easier in the analysis or the estimation, 
computer software is used. 

The characteristics of assessment instrument can 
determine a good item, with certain criteria. Hence, 
the purpose of this research to get the characteristics 
of assessment instrument for measuring the 
representation ability of verbal and diagram in 
learning Physics, especially (1) the goodness of fit on 
PCM model, (2) the item difficulty index, (3) the 
information function and (4) the estimation of student 
ability. It is expected that teachers who want to 
develop the test calibrate the item to ensure its 
quality. 

II. LITERATURE REVIEW 

A. Partial Credit Model 

 In the execution of the description test, 
scoring is usually done partially based on the steps to 
be taken to correctly answer a point. Scoring is done 
stepping and grading score obtained by the 
participants by summing the students score each step, 
and ability is estimated with raw score. This scoring 
model is not necessarily correct, because the difficulty 
level of each step is not taken into account. An 
alternative approach that can be used is the item 
response theory approach (IRT) for polytomous 
scoring, one of them with partial credit model (PCM). 
The PCM is an extension of the Rasch model. PCM is 
a scoring model of polytomous, while the Rasch 
model on dichotomous data. The data on this research 
involve four categories with polytomous model. The 
scoring on the PCM model is based on a category 
score showing the number of completion stages. A 
higher score indicates a greater ability than a low 
category score. The category scores on PCM indicate 
the number of steps to correctly complete the item, 
that the student ability of each test participant can be 
estimated by calculating the probability of each 
participant in answering each step in completing a test 
question. 

The results of this type of compound test can be 
analyzed according to the Rasch model, whereas the 
essay or description test can be analyzed using the 
partial credit model (PCM). The early development of 
IRT in the model polytomous more familiar as an 
extension of the Rasch model is now called the partial 
credit model (PCM). There is an assumption used in 
PCM where each item has the same discrimination 
power. There are several considerations in the use of 
PCM which is an extension of Rasch model 1-PL. 
The first consideration is the use of samples that are 
not as big as if the process of calibrating data 
polytomous using 2PL or 3PL model [23]. The 
second consideration is that the response 
characteristic of each item following the PCM model 
is the degree of difficulty (threshold) of a category 
stage below it to the above categories are not the same 
among items one and the other. Therefore, the 
difference between categories is not the same. 

It is important to know the difficulty levelof the 
item, so that the information obtained is more valid. 
The item is considered as good if it has an item 
difficulty index (bi)  in the range of -2 to +2 [21]. This  
indicates that item with index value nearing -2 means 
that it is categorized as having a low degree of 
difficulty, while item approaching +2 means that it 
has a high difficulty level. If the index of difficulty 
passes the limit it is said that the question can be too 
easy or too difficult; so it does not describe the ability 
of the respondent. The equation of PCM with item 
parameter and item difficulty index (bi) following 
equation (1) can be described as follows [24]: 
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b          : item difficulty index of category k item j 

1) Goodness of fit  
 The goodness of fit was analyzed by statistical test 
using likelihood comparison test (likelihood ratio 
test). This test is used to check whether the estimation 
of item parameters in different scoring groups is equal 
in the sampling error of the estimate. The test items fit 
with PCM model, if INFIT MNSQ was close to 1.0 
and standard deviation close to 0.0 according to  
Adams and Khoo [24]. This means that the test 
instrument which developed for representation skills 
of diagram and verbal in senior high school fulfil 
criteria according to PCM (1PL).  

2) Information Function 
The information function is an important method 

in Item Response Theory (IRT). The item information 
function describes the quality of an item on the test 
instrument, the selection of test items, and the 
comparison of some test instrument [25]. The item 
information function states the item contribution of 
the test in uncovering the latent trait as measured by 
the test. The item information function can help in the 
selection model which items fit the model. The test 
information function is the sum of item information 
function [21]. The test information function will be 
high if the test item has a high information function as 
well. The test information function can be 
mathematically written as follows: 
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The values of the item parameter index and the 
ability of the test participants are the results of 
estimates in which the truth is probability and not 
independent of measurement error. In IRT, standard 
error measurement (Standard Error of Measurement, 
SEM) has a close relationship with the information 
function. The information function has a relationship 
of inverse quadratic with SEM [26]. The larger of 
information function so the value of SEM will be 
smaller with quadratic. The SEM is defined by the 
following formula: 

 
 
1ˆSEM

I



     

         (3) 

with  

 I   : information function 

 ˆSEM  : standard error measurement estimation 

value 

III. METHOD 

A. Type of research 

This research was  a quantitative descriptive 
research. This research was conducted to find out the 
characteristics of test item in measuring the ability of 
students' verbal and diagrams representation. The 
population of research is all students of XI IPA class 
in senior high school in Yogyakarta. The sample used 
in this research is 305 students of XI IPA class in 
senior high school. The subjects of this study were 
chosen by purposive sampling, based on the result of 
national high school examination year 2016/2017. 
The sample involved  all students present in the 
execution of the test. This is in accordance with the 
terms of the number of samples for IRT analysis, 
which ranges from 200 to 1000 people [27].  

The research data was obtained from student 
response from the test. The essay-related test is 
related to students' representational and verbal ability 
on the subject of Physics. The scoring model of test 
was the  polytomous model with four categories. The 
test consists of two test sets of problems, namely A 
and B test sets. This was aimed to reduce cheating by 
students who sat  side by side during the test. 

B. Data analysis techniques 

Analysis of a research data is using the response 
theory of items following the Partial Credit Model 
(PCM). PCM as an extension of the Rasch (1-PL) 
model using a sample that is not as large as doing a 
calibration of polytomous data using a 2-PL or 3-PL 
model [23].  This model is used because the essay test 
instrument with the scoring polytomous. Aspects 

analyzed using the PCM model are (1) the item 
difficulty index, (2) the goodness of fit, (3) the 
information function and SEM, and (4) the ability 
estimation. The estimation of item parameters and the 
ability of test participants may be assissted by the use 
of computer software, asmaking iterative calculations 
can be very difficult if done manually. The analysis 
program is used to estimate the item and ability 
parameters [24]. 

The results of the analysis can be seen to know the 
characteristics of item and students ability. Items that 
meet the difficulty criteria of item b have an index 
value of difficulty between -2 to +2 logit scales. The 
goodness of fit based on INFIT MNSQ value. The test 
items fit with PCM model, if INFIT MNSQ was close 
to 1.0 and standard deviation close to 0.0 according 
established by Adams and Khoo [24]. The 
interpretation result of the students' ability has a value 
of -4 to +4 in logit scale. From the plot, the graph of 
test information function and student ability was 
obtained. 

IV. RESULTS AND DISCUSSION 

A. The result of parameter estimation with Partial 

Credit Model 

Item parameter estimation was done to get the 
information of test item which useful in assessments. 
Student response data obtained from assessment 
instrument in the form of essay test. The essay test 
consists of two test set, i.e. A and B test sets. Each 
test sets has ten items including two anchor items. 
The assessment instrument of A and B test sets was 
equivalent in measuring the ability of students' verbal 
and diagram representation ability. The parameter of 
item difficulty index in A and B test sets was 
homogeneous. The scoring model used was the PCM 
scoring in the polytomous form with four categories. 
The result of parameter estimation of item difficulty 
index b using the PCM model can be seen in Figure 1.  

Based on Figure 1, it is known that the item 
difficulty index on the assessment instrument of 
representation ability has a value b in the range of -
1.02 to +1.17. The item difficulty on the test are 
various, i.e. easy, average and hard levels. The item 
difficulty index b -1.02 was categorized as test item 
with easy level which near a value b -2 in logit scale. 
The test item with the lowest difficulty is 6th item. 
The item difficulty index b +1.17 was categorized as 
test item with difficult level which near a value b +2 
in logit scale. The test item with the highest difficulty 
is 18th item. Each test item is in the good category 
because it has an item difficulty index b ranging from 
-2 to +2 [21]. None of the item test was in the very 
easy or very hard difficulty level. The item difficulty 
index has not passed the limit of meeting  a good item 
difficulty criteria. 
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Fig. 1. The parameter estimation of item difficulty index b 

according to the PCM model. 

B. Goodness of fit 

Determining the goodness of fit with model is 

called the item calibration. The field testing providing 

the characteristics of the test instrument of 

representations abilities. The test instrument fits with 

the PCM model based on INFIT MNSQ and standard 

deviation. All test items fit with PCM model, as the 

INFIT MNSQ was close to 1.0 and standard deviation 

close to 0.0, according to the model established by 

Adams and Khoo [28]. Based on the goodness of fit 

on PCM model shown in Figure 2, the goodness of fit 

for each test item can be found. The INFIT MNSQ 

values of all test items are in the range of 0.80 to 1.17, 

with standard deviation close to 0.0. According to 

Adams and Khoo, all test items can be modelled with 

PCM in the IRT.  

 

Fig. 2. Goodness of fit of Items with PCM model. 

C. Test Information Function (TIF) 

Based on the analysis result, there is a relationship 

between the ability with Test Information Function 

(TIF) and standard error of measurement (SEM). 

Figure 3 shows the relationship of TIF and SEM on 

assessment instruments of diagram and verbal 

representations. The curve of total information 

function is inversely proportional with standard error 

of measurement. The test information function (TIF) 

at the maximum point of 25 with standard error of 

measurement (SEM) of 0.06. The maximum 

information function provided from the test is within 

the ability ( ) of -1.2 in the logit scale. This means 

that the test instrument provides high information on 

students' representation ability and error of 

measurement. The test is appropriate and provides 

maximum information if done by students with 

average ability. The analysis result of total 

information function has an information function of 

10 and SEM of 0.21. This test is suitable for students 

with moderate ability in the range -2.30 ≤  θ ≤ 

+2.18. Students who perform the test are at low to 

high ability.  
 

 
Fig. 3. Test information function (TIF). 

D. The result of ability estimation 

Based on the result of the students ability estimate 

(  ) as shown as figure 4, it is known that the 

students' verbal and diagram representation ability in 

the learning Physics produces the score distribution 

between -2.08 to +2.10. The students’ representation 

ability is in the range of -4 to +4 in scale logit. The 

average result of student representation ability is 0.00. 

Based on the average result of the students' 

representation ability in learning Physics, it is known 

that the students have the ability of representation at 

the average level. 

 

 
 

Fig. 4. Distribution ability estimation with PCM model. 

E. Discussion 

Assessment in the Physics learning is very 
important to know the achievement of learning 
competence.Therefore, it is important to know the 
characteristics of assessment instruments. This study 
aims to determine the characteristic assessment of the 
ability of students' diagrams and verbal 
representation. The ability of diagram and verbal 
representations can use the assessment instrument in 
the form of an essay test. Scoring on the description 
test was usually done partially based on steps to be 
taken to correctly answer a point. The scoring of 
student responses to the classical test theory is done 
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by summing the overall score obtained by the 
students. Such scoring is not entirely appropriate. 
This is because the level of difficulty of each step is 
not taken into account. In addition, the likelihood of 
someone answering a particular matter correctly is 
also unpredictable [23]. For this reason, another 
approach is needed such as the item response theory 
(IRT) approach. IRT overcomes the weakness in the 
classical test theory where the IRT model has an 
independent between item and ability parameters 
[26]. According to this rule, item parameters 
(difficulty, discrimination and guessing) are not 
dependent on the distribution of students ability in test 
so as ability parameters independent on a specific set 
of test items. Test item with more than two response 
options can be modelled with polytomous IRT 
models. The model used is an extension of the Rasch 
model called the Partial Credit Model (PCM) [29]. 
PCM is a scoring model of polytomous. The 
assumption on PCM is that each item has the same 
discrimination. 

The test consists of two test sets i.e. A and B test 
set. Each question in the test set consists of 10 items 
containing two anchor items. Student response data 
are polytomous data with 4 categories. This 
assessment instrument has passed the validation 
process by experts. The assessment instrument was 
tried on subject of test. The data to be used in this 
study is primary data derived from the assessment of 
the ability of representation diagrams and verbal 
students given to students of XI IPA class in senior 
high school. The response data analyzed using PCM 
model according to IRT approach. The results showed 
that (1) all items have good item difficulty; (2) all of 
test items fit with PCM model; (3) there is a 
correlation between the ability to test information 
function (TIF) and standard error of measurement 
(SEM); and (4) the estimation of student ability is 
diverse. 

The results of this study were in line with some 
previous research. Supahar examines the estimation 
of inquiry performance items which analyzed based 
on PCM model [30]. The result is the parameter 
estimate of the degree of difficulty of questions b in 
range -2 to +2 so test item fulfill the criteria of a good 
test item. The difference with the research that has 
been done is the ability of students who are measured. 
This study measures the ability of students' verbal and 
diagrams representation. There are some similarities 
found in the study. The result of student's response is 
the data of polytomous with category four which is 
analyzed using PCM model. The important thing is 
the result of the parameter estimation of this item has 
in common, where the index of difficulty point b 
about the ability of the representation of diagrams and 
verbs has a value in range -1.02 to +1.17. The whole 
item has a difficulty index (bi) ranging from -2 to +2, 
thus there is no item difficulty index which passes the 
boundary so as to satisfy the criteria of a good item 
[21]. 

According to the research conducted by Istiyono, 
the test item with polytomous data response checked 

the goodness of fit against the PCM model in the 
process of developing the instrument [31]. The 
goodness of fit to the PCM model is obtained by 
looking at the mean value of INFIT MNSQ. This and 
the standard deviation are developed by Adam and 
Khoo [28]. If the mean of INFIT MNSQ is about 1.0, 
and the standard deviation is 0.0, the whole test fits 
with the model. The similarity with the research 
conducted is the same using PCM model. The result 
shows the INFITMNSQ value in range 0.80 to 1.17 
and standard deviation of 0.12, which means whole 
item fit with PCM 1 PL model. In contrast to previous 
research, the Maydeu-Olivares study was concerned 
the goodness of fit assessment of item response theory 
models  with an asymptotic chi-square distribution 
[32]. 

The function of test information relates to the 
strength of the contribution to each item on the test. 
The function of the test information was used to 
discovering the latent trait measured by the test. The 
test information function (TIF) is the sum of item 
information function at a given ability level. The 
research that Supahar and Zuhdan have done in the 
development of assessment instruments is also 
concerned with the function of test information [33]. 
The assessment instrument on high school Physics 
subjects is exactly tested on the respondents with the 
ability of between -2.5 to +2.5. This assessment 
instrument will provide maximum information on 
students' abilities and low error rates when tested to 
students who have the ability of -1 in logit scale. The 
same is also found in the study, where the function of 
the test information provides the maximum 
information of 25 with error measurement of 0.06 if 
done by students with ability of -1.2. This test is 
suitable for test takers with moderate category ability 

in range -2.30 ≤ θ ≤ +2.18. Other findings in both 

studies are the best test information function with 
measurement error. The higher test information 
function (TIF) will result in a lower measurement 
error (SEM) which means the more accurate the 
scoring model is in estimating ability. High-ability 
students have a wider understanding so that the 
possibility of solving the problem is greater [34]. 

Retnawati describes the estimation of the ability 
of the test participants with the scoring of polytomous 
on the Generalized Partial Credit Model (GPCM) 
model following the IRT approach [35]. GPCM is an 
extension of the PCM model [24]. When estimating 
participants' abilities, the difficulty level at each stage 
of problem solving needs to be taken into account. 
Unlike the case with the assumption on PCM, in 
which each item has the same power difference. The 
results show the similarity between the distributions 
of student abilities with parameters θ at intervals -4 to 
+4 logit scale. In order to be exploited for a better 
interpretation, it is necessary to proceed with the 
usual linear transformation. The test items provide 
information on the latent trait (ability) which fit with 
the given item’s difficulty level. 
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V. CONCLUSION 

The conclusion of the research on the 
characteristics of assessment instrument is as follows: 
1) all test items fit with the PCM model; 2) the item 
difficulty index ranged from -1.02 to +1.17, meaning 
that the test items can be categorized as good; 3) the 
information function is 10 and SEM is 0.21; and 4) 
the ability estimation ranged from -2.08 to +2.10, 
indicating that the student abilities are varied. This 
assessment instrument is appropriate for measuring 
the  diagram and verbal representation skill on 
students with average ability. The characteristics of 
test items with IRT model facilitate the development 
of assessment instruments that provides useful data 
for both descriptive and parametric statistics. 

Further research is needed on the characteristics of 
the rating instrument with GPCM 2-PL and 3-PL 
model which estimates the difficulty parameter of 
item b, discrimination of item a, and guessing. The 
number of respondents used should also be wider, so 
that more can describe the characteristics of the test 
and the ability of students. Finally, it is recommended 
that teachers validate the characteristics of the 
assessment instrument to measure students' abilities. 
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