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ABSTRACT 
In the current trend of dwindling number of students in a class, educational assessment method is required to be flexible in 
evaluating such as possible to handle the small samples as well as the large samples to create the unity in all cases. The purpose 
of this paper is to propose a new assessment method which is based on combining Grey Student Problem chart and Rasch GSP 
method to evaluate the question difficulty and student ability in the test. This method utilized the advantages of two mentioned 
model to create the creative evaluation based on the arrangement in order of statistical data according to priority criteria. The 
results processed by this method have been compared with results processed by previous model, the Item Response Theory one-
parameter logistic, to determine the suitability of method. This comparison result showed that the fit between two methods was 
high, moreover, the advantage of proposed method was simple and easy to apply. Especially, it was not only best for handling 
small samples but also applicable for large samples. This proposed method is a more convenient way for educators to perform the 
evaluation process after a teaching stage. 

Keywords: Grey Student Problem; question difficulty; student ability; small sample; large sample 

1. INTRODUCTION 
For teaching in any form, educational assessment is always essential, not only to guide the development of individual 
students but also to monitor and continuously improve the quality of programs and to inform and provide evidence of 
accountability to prospective students and their parents [1]. Whether within the scope a school or within wider scope, 
evaluating academic achievement of students occurs frequently to ensure the provision of timely feedback results in 
service of teaching, it requires evaluation results to be obtained quickly but accurately and objectively. Therefore, the 
design of assessment method that has high effectiveness is very interesting. An important requirement for assessment 
methods is that they must be valid, reliable, and practicable to meet the needs of teaching [2]. In the trend of dwindling 
number of students in a class in some countries such as Japan and Taiwan, a good educational assessment method not 
only satisfies the important criteria such as valid, reliable, and feasible but also has to be flexible in evaluating, that is it 
can well handle the small samples as well as the large samples to create the unity in all cases. In the classroom space, the 
Student-Problem chart (S-P chart) is an analytical and diagnostic method, which effectively diagnoses the results of 
students’ learning, has been in use for many years. The main purpose of the S-P chart is to get the diagnostic data of each 
student, and teachers can provide better advise for each student academically depending on the analyzed data [3, 4]. In 
1982, Deng proposed grey system theory wherein grey relational analysis is an effective mathematical tool, this analysis 
method can measure the degree of similarity or difference between two sequences based on the grade of relationship 
between them [5, 6]. In order to overcome the weaknesses of S-P chart which only processed dichotomous data, Nagai 
proposed Grey Student-Problem (GSP) chart in 2010. GSP chart is a combination of S-P chart and grey system theory to 
analyze S-P chart data more specifically. With GSP chart analysis, the uncertainty factors in the study are analyzed 
clearly [7]. In 1960, Rasch model was proposed for analyzing the test data to assess an examinee’s level of ability in a 
particular domain such as math or reading. The aim of this model is to measure each examinee’s level of a latent trait 
that underlies his or her scores on items of a test [8, 9]. Going abreast with Rasch model, the concept of Item Response 
Theory (IRT) was known during the 1960s and 1970s. The purpose of IRT is to provide a framework for evaluating how 
well assessments work, and how well individual items on assessments work. The most common application of IRT is in 
education, it was used for developing and designing exams, building item banks for exams, and equating the difficulties 
of items for successive versions of exams [10]. It is clear that both Rasch model and IRT are suitable for the analysis of 
large data, they need to have the support from computer for processing data. In practical application, the parameters of 
IRT are estimated by computer programs because of the vast number of parameters that must be estimated, and BILOG-
MG is one of the most popular software used [11]. The view of the Rasch model was applied in GSP chart to form Rasch 
GSP method that was a creativity suggestion by Nagai in 2010. This method has been used to judge uncertain factors as a 
nonparametric statistics method [12]. It can make problem analysis more specific and clear, so it can help the students 
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and questions be classified through the test [13]. S-P chart analysis method has been used popularly for last many years, 
however it is often applied for analyzing small samples. Meanwhile, BILOG-MG software processed data based on IRT to 
put out the results of evaluating parameters of the questions and the ability of students very clearly and specifically, but 
the samples which satisfied its assumptions are always large statistical data sets. It is hypothesized that it was possible to 
design an assessment method which not only applied for small samples but could also handle large samples. The present 
study proposes the combination of GSP chart with Rasch GSP method to construct a new assessment method in order to 
evaluate the difficulty of questions and ability of students in the test, it could be applied for both small and large samples 
in order to solve the faced problem as mentioned above. In that way, the proposed method would in turn be used to handle 
small and large samples, the obtained results are then compared to the results processed by the previous methods to test 
the validity and reliability of the proposed method. 

2. BASIC THEORY 
This study proposes a new assessment method which is based on the combination of GSP chart and Rasch GSP to 
evaluate difficulty of questions and ability of students, its experimental results are compared with results processed by 
Classical Test Theory (CTT) and IRT (using BILOG-MG 3). Thus, the basic theories needed to introduce as follows: 

2.1 Rasch model  
The Rasch model was named after the Danish mathematician Georg Rasch. The model shows what should be expected in 
responses to items (also called questions) if measurement is to be achieved [9]. The model assumes that the probability of 
a given respondent affirming an item is a logistic function of the relative distance between the item location and the 
examinee location on a linear scale. Georg Rasch first announced this model for analyzing the response of the answerers 
to obtain an objective interval scale that can measure the latent trait of an answerer [14]. In the Rasch model, the correct 
response probability of a student is a logistic function of the difference between that student’s ability and the item 
difficulty [15]. The relation between latent trait (theta) and correct response probability is described by an item 
characteristic curve (ICC) (in Fig. 1).  

 
Figure 1: ICC for three different items in Rasch model 

Note: Adapted from “Rasch measurement theory and application in education and psychology,” by W. C. Wang, 2004, 
Journal of Education & Psychology 27(4), p. 644. 
The Rasch model has descriptive function and predictive function. In descriptive function, this model can clearly explain 
the relationship between student’s ability and item difficulty, the difference between students and the difference between 
items. In predictive function, this model can predict the probability of a student who has a specified ability to answer a 
specified item correctly [14].  
2.2 Student - Problem chart  
S-P chart is known as a method that can analyze, process, and arrange data in a defined order, it is very useful for 
diagnosing the learning state of student and quality of problem (also called question) [16, 17].  
Definition 1: (The S-P chart matrix) Let nmijxX  ][  be the S-P chart matrix, where mi ,,2,1   is the order of 
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The students would be diagnosed and classified according to the criteria of CS value and the rate of problems answered 
correctly by students, similarly, the problems would be diagnosed and classified according to the criteria of CP value and 
the rate of students answering problem correctly [18].  
2.3 Grey relational analysis (GRA)  
In grey system theory, grey mathematic is an effective tool to treat the uncertain, multiple, discrete and incomplete 
information [19]. This study refers the localized grey relational grade (LGRG) which is proposed by Nagai [20]. Its 
procedure as follows: 
Establishment of original vectors 
Definition 2: (Original vectors) The reference vector 0x  and inspected vectors of original data ix  are established:  
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Let nmijxjixX  ][)]([ representing original data in S-P chart, if iS  is called a vector of answered states by the i-th 

student for all questions and jP  is a vector of answered states by all students for the j-th question, then: 
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The data of S-P chart which have been shown in (5) will be applied for GRA [21]. 
Calculation of GRA: In original formula, 0x  is a reference vector of localized grey relational grade, and ix  are the 
inspected vectors. The established vectors have to satisfy three conditions: non-dimension, scaling, polarization. In this 
paper, grey relational generation uses the way: larger-the-better (the expected goal is the bigger the better).  
Definition 3 
(LGRG) The localized grey relational grade is defined: 
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where max  and min are maximum and minimum value of i0  respectively, i0  is the absolute distance between 

0x and ix [18]. 

The formula for i0  as follows:   
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i0  is called Minkowski distance. This study applies 2 , so i0  is also known as Euclidean distance. When i0  is 

close to 1, it means that 0x  and ix are highly correlated, in contract, i0  is close to 0, the relationship between 0x  and 

ix  is lower. 
Grey relational ordinal 
 The whole decision-making is made by the comparison of the grey relation i0 . Through the ordinal, different causes 
can be identified, and the most important influence can be found, becoming the relational standard in the system. 
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2.4 GSP chart and Rasch GSP 
GSP chart is the combination of GRA and S-P chart, it was developed in order to overcome the weaknesses of the S-P 
chart. GSP chart can make the analysis more concrete and accurate, and the uncertain factors in the studies can also be 
analyzed [22]. Its description is shown in Table 1. 
 
Definition 4: (Gamma value)  
In GSP chart, iGS  is the localized grey relational grade of the i -th student, and jGP  is the localized grey relational 

grade of the j -th problem. They are general called Gamma value, and in specific, LGRG-S is called Gamma value for 
student and LGRG-P is called Gamma value for problem [18]. 
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Table 1: GSP chart 
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Note. Adapted from “An Applied Research of Rasch GSP for Evaluating Difficulty of Test Questions,” by T. W. Sheu, P. 
T. Nguyen D. H. Pham, P. H. Nguyen and M. Nagai, 2014, International Journal of Application or Innovation in 
Engineering and Manegement 3(3), p. 217.  Copyright 2014 by the IJAIEM. Nagai applied the view of Rasch model in 
GSP chart to propose the Rasch GSP method that can analyze the relationship between two sets of data which were sets of 
the order value of students (or problems) and the localized grey relational grades. The purpose was to find a function that 
represented the characteristics of the entire data. This function is called Rasch GSP function, and its graph is called the 
Rasch GSP graph [23, 24].  

Definition 5 

(Rasch GSP function) Let )(1
1)(






 xe

xfy  be the three-parameter logistic regression function, where 

R ,, are regression coefficients. When x is the order of student ability or the order of item difficulty and y is the 
localized grey relational grade, the above function )(xfy   is called Rasch GSP function. If x is the order of student 
ability and y is LGRG-S then the above function )(xfy   is called Rasch GSP function for students, similarly, if x is the 
order of item difficulty and y is the LGRG-P then )(xfy   is called Rasch GSP function for problems [18]. 

3. METHODOLOGY 
3.1 Item response theory with BILOG-MG software  
IRT has become one of the most popular scoring frameworks for measurement data. IRT models are used frequently in 
computerized adaptive testing, cognitive diagnostic assessment, and test equating. One of the programs that perform for 
this purpose is BILOG-MG, this has proven particularly useful and reliable over recent decades for many applications. In 
order to fit into IRT models estimated with BILOG-MG, experimental data have to satisfy three assumptions, these are 
local independence, mono-tonicity, and uni-dimensionality [25]. For estimation of the IRT model parameters in BILOG-
MG, the degree of bias and estimation error for parameter estimates depends on factors such as the number of parameters, 
number of examinees and test length. If any general guidelines can be given, it appears that for tests with between 15 and 
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50 items, approximately at least 250 examinees are required for the one-parameter logistic (1PL) model, and two-
parameter logistic (2PL) model approximately at least 500, maybe even 1,000 examinees are required for the three-
parameter logistic (3PL) model [26]. 

3.2 Research design with proposed method 
This study creatively applies Rasch GSP method to propose new assessment method in evaluating the academic 
achievement of students, the procedure of this research is presented in the following flowchart (Fig. 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Figure 2: Flowchart for the procedure of this research 
And the flowchart for applying the proposed method as follows 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Figure 3 Flowchart for the process of proposed method 

The process of processing data to evaluate the difficulty of questions in the test: 
Step 1: Calculate and arrange the data with GSP chart. The original data are processed and arranged according to the 
rule of GSP chart, the results are presented according to specifications as in GSP chart (in the basic theory section). 
Step 2: Arrange the data according to Gamma value. The questions are arranged in the order of their Gamma values 
(GP) from small to large. 
Step 3: Rearrange the order according to the caution index for problem (CP). The questions, which have the same 
Gamma value (GP), are rearranged in order of CP value from large to small.   
Step 4: Apply the Rasch GSP method for Gamma values arranged according to the above steps. The Rasch GSP method 
is applied, Rasch GSP curve is plotted for the entire data set. 
Step 5: Match the new Gamma values for all the questions. Each question corresponds to a point on the Rasch GSP 
curve, the value corresponding to each question on the y axis is its new Gamma value that needs to be determined. The 
difficulties of questions are calculated according to their Gamma values, the larger the Gamma value a question obtains 
the higher its difficulty presents. 
The process of processing data to evaluate the ability of examinees 
Step 1: Calculate and arrange the data with GSP chart. The original data are processed and arranged according to the 
rule of GSP chart, the results are presented according to specification as in GSP chart. 
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Step 2: Arrange the order according to Gamma value. The examinees are arranged in the order of their Gamma value 
(GS) from large to small. 
Step 3: Rearrange the order according to caution index for student (CS). The examinees who have the same Gamma 
value (GS), are rearranged in order of CS value from small to large. 
Step 4: Apply the Rasch GSP method for Gamma values arranged according to the above steps. The Rasch GSP method 
is applied, Rasch GSP curve is plotted for all data. 
Step 5: Match the new Gamma values for all the examinees. Each examinee corresponds to a point on the Rasch GSP 
curve, the value corresponding to each examinee on the y axis is its new Gamma value that needs to be determined. The 
abilities of examinees are calculated according to their Gamma values, the larger the Gamma value an examinee obtains 
the higher his (her) ability presents [27]. 

3.3 Design of Experiment 
The study has conducted two different examinations to collect the data for verifying the proposed method about the ability 
to assess. The first examination was a 25-question Math test for junior high school student, and the collected data was a 
small sample with 33 answer sheets of student in Taichung, Taiwan, the obtained result has Cronbach’s Alpha reaching 
0.864. Using the program written in MATLAB (Program for Rasch GSP) to analyze the data and applied the proposed 
method, the obtained result would be compared with the result processed based on the Classical Test Theory (CTT). The 
second examination was a 48-question English test for 320 high school students also in Taichung, the test result also had 
high Cronbach’s Alpha reaching 0.839. This satisfied the assumptions of IRT and estimation of IRT model parameters in 
BILOG-MG. Data were analyzed using the Program for Rasch GSP and the proposed method to give assessment results, 
then these data were also analyzed with the BILOG-MG 3 software, the two analytical results were compared with each 
other.   

4. RESULTS AND DISCUSSIONS 

4.1 Results 
For evaluating on small sample, the results of Rasch GSP analysis were Rasch GSP curve for problems (Fig. 4) and Rasch 
GSP curve for students (Fig. 5) mentioned in step 4. To show the result of evaluating difficulty of each problem, a 
coordinate method was applied. The difficulty of questions were calculated and exported from Program for Rasch GSP 
and presented in Table 2 (in appendix), they were arranged in order from small to large value. This result was compared 
with the result calculated by CTT (in Table 3). The questions were highlighted in two tables to compare together to show 
that the order of their difficulties were arranged in the same position for the two methods.  In Table 3 (seen in appendix), 
the difficulty jp of the j-th question was calculated by the following formula: 

N

n
p j

j   

where jn is the number of students who answered the j-th question correctly, N is the number of students taking this test. 

The larger the jp  value is the smaller the question difficulty gets, so the questions are arranged by value of jp  from 

large to small. Similarly, the student abilities estimated by two methods were compared with each other (shown in Tables 
4 and 5), students are sorted according to their ability value in order from small to large. 

 
 Figure 4: Rasch GSP curve for problems in the case of small sample 
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Figure 5: Rasch GSP curve for students in the case of small sample 

For evaluating on large sample, the results of Rasch GSP analysis were Rasch GSP curve for problems (Fig. 6) and Rasch 
GSP curve for students (Fig. 7) presented. The difficulty of questions were exported from Program for Rasch GSP and 
shown in Table 6, they were arranged in order from small value to large value. This result was compared with the result 
processed by BILOG-MG 3 which presented in Fig. 10. The difficulty of questions represented by the parameter b 
(according to IRT) were also arranged from small value to large value (in Table 7) to compare with the results of the 
proposed method.  

 
Figure 6: Rasch GSP curve for problem in the case of large sample 

 
Figure 7: Rasch GSP curve for students in the case of large sample 

In order to compare the result evaluated by proposed method with result evaluated by IRT 1PL model, Person-Maps were 
presented for both methods. Person Map (PM) gave a picture of the frequency distribution of the examinees on their 
ability measurement scale. In the PM, the frequency distribution of the measured ability of the students was from most 
able at the top to least able at the bottom. The evaluation results of two methods were presented on PM (as described in 
Figures 8 and 9) satisfying for the convenience of comparison. In Fig. 8, the map was plotted by the data exported from 
BILOG-MG 3 and modeled according to WINSTEPS software. Similarly with Fig. 9, the map was plotted by using the 
data exported from Program for Rasch GSP and modeled by WINSTEPS. 
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4.2 Discussion 
There was a problem posed whether an evaluation method can be applied to both small and large sample to create unity in 
all cases. The present study has proposed a method to perform this duty. The experimental result showed that the 
proposed method has evaluated and given the difficulty of each question in the test, the ability of each student has been 
also estimated with determined value at the same time. In the case of small sample, the sorting the order of question 
difficulty by the proposed method and the CTT were similar (Tables 2 and 3), namely at highlighted position of 09 
questions. At these positions, the difficulties of these questions are completely different, so they are arranged in logical 
order. At the positions which are not highlighted, the proposed method distinguished the difficulty of questions obviously, 
so they are also arranged in logical order. Meanwhile, according to the CTT, these questions are not arranged in order 
clearly, namely at two questions number 1 and 7, three questions number 22, 2 and 6, two questions number 9 and 19, 
etc., because they have the same difficulty values. This weakness is due to the fact that the CTT did not consider the 
priority criteria, the questions which have the same correctly answered rate, always have the same difficulty while the 
ability of students are different from each other. This shows the advantages of the proposed method which has already 
considered the quality and reliability of questions. In the same way, the students’ ability are evaluated and differentiated 
by the proposed method clearly, so the students are arranged in order according to their ability reasonably even their 
correct answer rates are similar (seen in Tables 4 and 5), the students numbered 10, 14, and 21 or 17 and 22, for example. 
This work has not been done by the CTT, because they have been assessed having the same ability (the same correct 
answer rate), but their correct answer status are different from each other. In the case of large sample, the results of 
arrangement of questions according to their difficulties were completely similar for the results processed by two methods. 
This confirms the rationality and reliability of the proposed method which can be used to handle large sample. 
Comparing the PMs in the Figures 8 and 9, two frequency distributions of the measured ability of the students are very 
similar, the students who are placed in the same row are also identical in two maps, confirming again the ability to 
handle large samples of the proposed method. Especially, the proposed method have shown the feature to differentiate the 
ability of students who are on the same row in PM, they are arranged in the more logical order (Fig. 9) based on the new 
Gamma value, because these students had the correct answer rate similarly but their correct answer status were different 
while the questions which were answered correctly might have the difficulty differently. For example, the third line 
contains the students coded D08, D39, E03, A37, F01, and D16 similarly for two PMs, they were not arranged in order by 
processed result of BILOG-MG 3 because they were estimated having the ability relatively similar. However, they were 
arranged in order from the right to the left by proposed method, because they were estimated beyond with different 
stability of ability according to new Gamma value: 0.784, 0.783, 0.781, 0.780, 0.778, and 0.776 respectively. This is 
striking advantage of the proposed method. 

 
Figure 8:  The Person Map for evaluation result processed by IRT 1PL model, it is modeled according to WINSTEPS (M: 

mean, S: one standard deviation (SD), T: two SDs).   
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Figure 9:  The Person Map for evaluation result processed by proposed method, it is modeled according to WINSTEPS 

(M: mean, S: one standard deviation (SD), T: two SDs) 

This study has randomly conducted the tests that the participants were students of the same class, the same school or the 
wider range of students who learned at the same grade in a region. In these cases, the proposed method can handle data to 
give output results accurately and objectively. Of course, in any case, the questions of test must be designed suitably for 
the obtained results to have high reliability. Because the proposed method can be applied to both small and large sample 
form, so wherever and whenever the teachers and education managers can use it to assess the student ability and question 
difficulty through the tests after a period of teaching. Especially with the advantage in the evaluation of small samples, 
the proposed method will be useful and meets the needs of assessment and measurement in the situation of the number of 
students increasingly declined in a class. This creates favorable conditions for the educators to perform their tasks to 
achieve teaching objectives. 
Advantages and limitation of the study: The proposed method overcame the disadvantages in the calculation of 
question difficulty and student ability by the CTT, especially the ability that not only handled small samples well but also 
can apply for large samples. The limitation of this study was that it has not built the scale of question difficulty and 
student ability scale that can compare with the scale in IRT. However, this task is enormous beyond the scope of the 
research. 

5. CONCLUSION 
There was a hypothesis that it was possible to build an educational assessment method which can be applied to both small 
and large statistical samples to create the unity in all cases. The present study proposed a new assessment method based 
on the combination of GSP and Rasch GSP to evaluate the difficulty of questions and the ability of students through the 
test. The findings of this study are as follows: 

 (1) The study has developed an assessment method that does not only well apply for small statistical samples, but also 
can handle large statistical samples. 

 (2) Evaluation results of the proposed method are compared with the evaluation results of the previous methods. The 
fit between the results is relatively high and shows the advantages of the new method. 

(3) The advantage of the proposed method is that it is simple and easy to apply; the processed results are accurate and 
objective.  

The striking advantage is the ability to logically arrange the objects (persons or items) that have the same correct answer 
rate. The feature of processing small sample helps teachers and education managers to have more convenience to perform 
their evaluation in the new context. 
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APPENDICES 

Table 2: Evaluation result for question difficulty by the proposed method in the case of small sample 

Question-number 11 13 10 1 7 22 2 6 24 9 19 12 18 
Difficulty 0.164 0.187 0.213 0.241 0.271 0.304 0.340 0.378 0.418 0.459 0.502 0.546 0.590 

Question-number 17 14 20 4 16 23 21 25 3 8 15 5  
Difficulty 0.633 0.676 0.718 0.759 0.797 0.833 0.866 0.898 0.926 0.952 0.975 0.996  

Table 3: Evaluation result for question difficulty by the classical theory test in the case of small sample 

Table 4: Evaluation result for student’s score by the proposed method in the case of small sample 

Student-number 2 7 6 18 24 30 10 14 21 17 22 16 25 
Score 0.790 0.790 0.742 0.706 0.649 0.649 0.587 0.546 0.504 0.463 0.424 0.387 0.352 

Student-number 33 1 9 20 27 29 31 13 15 28 32 3 8 
Score 0.320 0.291 0.265 0.241 0.221 0.203 0.188 0.175 0.163 0.154 0.146 0.139 0.133 

Student-number 5 11 12 26 23 19 4       
Score 0.128 0.124 0.121 0.118 0.116 0.114 0.112       

Table 5: Evaluation result for student’s score by the classical theory test in the case of small sample 

Student-number 2 7 6 18 24 30 10 14 21 17 22 16 25 
Score 1.000 1.000 0.920 0.880 0.880 0.880 0.760 0.760 0.760 0.720 0.720 0.680 0.680 

Student-number 33 1 9 20 27 29 31 13 15 28 32 3 8 
Score 0.640 0.560 0.560 0.560 0.560 0.560 0.520 0.440 0.440 0.440 0.440 0.400 0.400 

Student-number 5 11 12 26 23 19 4       
Score 0.360 0.360 0.320 0.320 0.280 0.240 0.160       

 

 

 Figure 10:  Estimated result for item parameter from BILOG-MG 3 in the case of large sample 

Question-number 11 13 10 1 7 22 2 6 24 9 19 12 18 

jp  0.878 0.848 0.788 0.758 0.758 0.727 0.727 0.727 0.667 0.636 0.636 0.606 0.606 

Question-number 17 14 20 4 16 23 21 25 3 5 8 15  

jp  0.576 0.545 0.515 0.515 0.485 0.485 0.455 0.364 0.333 0.303 0.303 0.303  
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Table 6: Evaluation result for question difficulty by proposed method in the case of large sample 

Question-number 24 6 30 22 38 17 10 2 21 31 26 18 

Difficulty 0.16
0 0.169 0.178 0.189 0.199 0.210 0.221 0.233 0.246 0.259 0.272 0.286 

Question-number 33 20 25 23 7 27 35 42 41 46 28 37 

Difficulty 0.30
0 0.315 0.330 0.346 0.363 0.379 0.396 0.414 0.432 0.450 0.468 0.487 

Question-number 32 43 36 19 34 1 4 16 45 40 44 5 

Difficulty 0.50
6 0.526 0.545 0.565 0.585 0.604 0.624 0.644 0.664 0.684 0.703 0.722 

Question-number 14 15 29 3 13 11 8 48 47 39 12 9 

Difficulty 0.74
2 0.761 0.779 0.797 0.815 0.833 0.850 0.867 0.884 0.899 0.915 0.930 

Table 7: Evaluation result for question difficulty from BILOG-MG 3 in the case of large sample 

Question-number 24 6 30 22 38 17 10 2 21 31 26 18 
Difficulty -4.102 -3.796 -2.864 -2.776 -2.734 -2.653 -2.577 -2.399 -2.301 -2.239 -2.179 -2.121 

Question-number 33 20 25 23 7 27 35 42 41 46 28 37 
Difficulty -1.805 -1.686 -1.641 -1.618 -1.618 -1.596 -1.487 -1.323 -1.323 -1.168 -1.150 -0.949 

Question-number 32 43 36 19 34 1 4 16 45 40 44 5 
Difficulty -0.914 -0.827 -0.776 -0.725 -0.659 -0.659 -0.609 -0.544 -0.527 -0.463 -0.383 -0.240 

Question-number 14 15 29 3 13 11 8 48 47 39 12 9 
Difficulty -0.224 0.042 0.263 0.278 0.668 0.668 0.787 0.963 1.129 1.186 1.324 2.026 
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