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ABSTRACT 
 

Classical Test Theory (CTT) and Item Response Theory (IRT) are two competing theory in measurement field. Superiority of 
invariance property of item difficulty parameter in item response theory to classical test theory was proved theoretically. This 
qualitative empirical study is designed to answer how invariant the item difficulty parameter derived from each measurement theory 
across different samples? Material and Method The present study empirically examined, using norm-referenced large scale data of 39th 
comprehensive Pre-training examination of medical students of IRAN with 2075 examinee to show invariance property of the item 
difficulty parameter under the two competing measurement theory. Winestep version 3.71 and SPSS version 17 softwares were used 
for item analysis in two models. Joint maximum likelihood procedure with Expectation Maximization was applied in this study.  
Results The findings indicated that the degree of invariance of the item difficulty parameter across different samples, usually considered 
as the theoretical superiority IRT models, also appeared to be similar for the two measurement frameworks. Discussion The findings 
suggest that across samples the degree of invariance of the CTT item difficulty index was very similar with IRT item difficulty 
estimates. 
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Introduction   

Invariance of Item Difficulty Parameter estimates based on 
Classical Test Theory and Item Response Theory. There are 
two competing measurement theory in the theory of 
measurement, Classical Test Theory and Item Response 
Theory. The statistical analysis concerning each framework 
reflects the differences between two theories. Classical test 
theory is considered as the true score theory. The assumption 
that organized effect between answers of examinee is due just 
to difference in ability of interest is the initial point of the 

theory. Internal and external condition of examines showing 
subsets of all other potential sources of differences in the 
testing materials are assumed either to be constant through 
robust standardization or to have a disorganized effect or 
accident by intention [1]. Lord made the remarkable 
consideration that ability score are not synonymous with 
examinee observed score and true score. As ability scores are 
test independent, it is fundamental whereas observed scores 
and true scores are test dependent [2]. The main concept of the 
classical test theory is that observed test scores (To) are 
composed of a true score (T) and an error score (E) were the 
true and error scores are independent. It was best illustrated in 
the equation: TO= T+E and the variables are established by 
spearman (1904) and Novick (1966). It means that examinees 
with different ability levels or scores pertaining to the test 
construction participate in a test. Therefore, choice of 
assessment tools affects examinee test scores and corresponding 
true scores. While examinees ability scores remain constant 
over any test might be built to measure the construct, they will 
have lower true scores on difficult test and higher true scores 
on easier tests [3]. The standard deviation of errors as the basic 
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measure of error is used in classical test theory. It is usually 
called the standard error of measurement. To estimate the 
standard error of measurement, the standard deviation of the 
observed score and the reliability of the test are applied [4].  
According to Adedoyin and Nenty, the true scores reflects 
what the examinee actually knows, but it is always 
contaminated by different sources of errors [5]. The test 
reliability is expressed as a ratio between the true score 
variance and observed score variance” [5]. In CTT framework, 
calculating difficultly and discriminative parameters is the 
cornerstone of item analysis. To estimate the item difficulty of 
an item, the proportion of examinees endorsing a dichotomous 
item by choosing the correct response is calculated. The item 
mean, item difficulty, or item p value is referred to the rate of 
item endorsement. This value indicates an easy item, 
approaching 1.0 and indicates a difficult item approaching 0.0. 
[6]. Evaluation the test is the basic methods of analysis on 
classical test theory. To indicate item difficulty, frequency of 
correct responses is computed and the emphasis is on the total 
test score [7-9]. Under CTT framework, item statistics and item 
discrimination and test statistics such as test reliability are 
sample dependent (i.e, dependent on the examinee sample) [10]. 
According to Fan, The major of CTT can be summarized as 
circular dependency: (a) The person statistic (i.e., observed 
score) is (item) sample dependent, and (b) the item statistics 
(i.e., item difficulty and item discrimination) are (examinee) 
sample dependent. This circular dependency poses some 
theoretical difficulties in CTT`s application in some 
measurement situations (e.g., test equating, computerized 
adaptive testing)” [11]. Because of lack of information related to 
prediction to examinee performance on a specified item, the 
CTT framework is unable to designate the test to determine an 
examinee’s proficiency level. And as item parameter indices 
are sample dependent, it lacks invariance of item parameters 
across groups of examinees [12]. Simplicity is the main advantage 
of CTT: to estimate the measured trait, scored responses 
should be added to items. The true score can be defined 
operationally as the average score on the infinite number of 
equivalent repetitions of the measurement, despite the true 
score is not empirically observable [2]. According to 
Hambleton, Advantages of many classical test models are that 
they are based on relatively weak assumptions (i.e., they are 
easy to meet in real test data) and they are well-known and 
have a long track record [13]. On the other hand, both person 
parameters (i.e., true scores) and item parameters (i.e., item 
difficulty and item discrimination) are dependent on the test 
and the examinee sample, respectively, and these dependencies 
can limit the utility of the person and item statistics in practical 
test development work and complicate any analyses [14].      
Item Response theory (IRT) has obtained considerable 
development in recent decades though CTT has served the 
psychometric community for most of the 20th century [11, 13]. 
IRT is a model-based paradigm modeling the link between 
latent trait and item response. In IRT analysis, finding an 
accurate model rather than precise estimation is a key feature, 
in this framework, item statistics do not depend on the 

examinees and person statistics do not depend on the items. 
So, person parameters are invariant across items, and item 
parameters are invariant in different sample of examinees [14]. 
According to fan (1998) IRT is more theory grounded and 
models the probabilistic distribution of examinees `success at 
the item level. As its name indicates, IRT primarily focuses on 
the item level information in contrast to the CTT`s primary 
focus on test level information. The IRT framework 
encompasses a group of models, and the applicability of each 
model in particular situation depends on the nature of the test 
items and the viability of different theoretical assumptions 
about the test items [11]. As CTT emphasizes process of 
dependability rather than measurement, it is not reliable to 
item difficulty parameter and calibration nor on total score for 
estimating the ability, IRT offer a model instead of classical 
theory [14]. IRT may be considered as latent trait theory 
sometime. It is referred as the robust true score theory or 
modern mental test theory because IRT makes stronger 
assumptions in comparison to classical test theory. Item 
analysis in this approach considers the probability of getting 
particular items dichotomously. Each item on a test is based on 
own item characteristic cure describing the probability of 
getting each item dichotomously relating to ability of the 
examinees [3]. IRT is based on two fundamental assumptions. 
First, an examinee having more ability has greater probability 
of success getting item right in comparison to less able 
examinee. Second any examinee always likely to be better on 
an easier item than on a more different one. In IRT item 
difficulty is the parameter influencing examinee responses and 
examinee ability is the feature influencing item difficulty 
parameter [13]. The basic feature of IRT is that item 
performance is related to examinee’s latent trait [15]. According 

to Magno (2009) A latent trait is symbolized as the (θ) which 
refers to a statistical construct. In cognitive test, latent traits 
are called the ability measured by the test. Ten total score on a 
test is taken as an estimate of that ability. A person’s specified 

ability (θ) succeeds on an item of specified difficulty” [16].   
In IRT framework, the Rash model is appropriate for modeling 
dichotomous responses and the probability of an examinees` 
correct response, in this one parameter logistic model, all 
items discriminations are assumed to be equal to one. The 
logistic item characteristic curve forms the probability 
answering an item dichotomously [17]. In the one-parameter 
IRT model, the only parameter to be estimated is the item 
difficulty bi. The one-parameter IRT model formula is  

𝑃𝑃𝑃𝑃 (𝜃𝜃) =
𝑒𝑒𝐷𝐷𝐷𝐷 (𝜃𝜃−𝑏𝑏𝑏𝑏)

1 + 𝑒𝑒𝐷𝐷𝐷𝐷(𝜃𝜃−𝑏𝑏𝑏𝑏) 

Where D is a scaling constant (usually D=1.702). The item 
discrimination parameter ai is constrained such that all items 
have equal and fixed discrimination level a [6]. IRT conquers the 
main weakness of CTT, the circular dependency of CTT`s 
item/ person statistics` theoretically. Consequently, in theory, 
IRT models produce item estimates free of person samples and 
person statistics free of item samples. This invariance property 
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of item and person statistics of IRT has been proved 
theoretically. The item parameter invariance is the main 
advantage of IRT making distinction between IRT and CTT. 
The invariance property of IRT item parameters makes it 
theoretically enable to solve main measurement problems to 
CTT framework like test equating and computerized adaptive 
testing [13,18].   
The cornerstone of specific objectivity in measurement 
community is invariance property and lack of it makes many 
questions about reliability of educational measurement. 
According to Fan (1998), it is somewhat surprising that 
empirical studies examining and/or comparing the invariance 
characteristics of item statistics from the two measurement 
frameworks are so scarce. It appears that the superiority of IRT 
over CTT in this regard has been taken for granted in the 
measurement community, and no empirical scrutiny has been 
deemed necessary. The empirical silence on this issue seems to 
be anomaly [11].  
There is a lack of empirical knowledge about how, and to what 
extent, the IRT and CTT item parameter estimates are 
invariant across different samples of examinees. The purpose of 
this qualitative empirical comparison is to find out whether the 
item difficulty parameter estimates are invariant across 
different samples of person on samples extracted from real data 
of large scale norm referenced 39th comprehensive pre-training 
examination of medical students of IRAN using CTT and IRT 
theoretical framework. To determine whether or not, the item 
difficulty parameter estimates based on CTT and IRT are 
significantly invariant across different samples of examinees one 
research question and two research hypotheses were tested 
using Pearson correlation at an alpha level of 0.001. 
Q: Which of two item difficulty parameter estimates based on 

CTT or IRT are invariant across different samples of 
examinees? 

H1: Different samples of examinees have no significant 
influence on the item difficulty parameter estimates based 
on CTT across different samples of persons.  

H2: Different samples of examinees have no significant 
influence on the item difficulty parameter estimates based 
on IRT across different samples of persons. 

Materials and Methods 

The data used in this study are from the 39th comprehensive 
pre-vocational Assessment of medical students in October 
2014 to third-grade students in IRAN. This assessment is taken 
by over 2000 medical student each year. Nearly 50 medical 
schools of IRAN recommend that applicants submit 
comprehensive pre-vocational Assessment result. 
This paper and pencil four-option multiple choice test is 
composed of 200 items in 16 sub-tests: General surgery, 
Gynecology, Pediatric diseases, Internal medicine diseases, 
Orthopedy, Urology, Ophtomolgy, ENT, Biostatistics & 
Epidemiology, Pharmacology, Brain and Nerves diseases, 
Infectious diseases, Radiology, Pathology, Psychiatry, and Skin 
diseases, distributed into two different form test booklets. The 

total of 2075 examinees participated in the 39th comprehensive 
pre-training test was targeted in this study. The details of 
participant were entered in the table 1. 
 

Table 1. The number of medical students participated 
in the 39th comprehensive pre-training test. 

Major Female Percent male Percent Total 
Medicine 883 42.5 1192 57.5 2075 

          
Participation in comprehensive pre-training test, subjected to 
the success in all sectors and subjects tested in the clinical 
training phase. The passing score of the theoretical courses, 
clinical in tern ships, and related wards of the third stage of 
medical education was 12 out of 20. Average total of 14 in the 
third stage of medical education was required to participate in 
the exam. 
The grade threshold for the exam 70% of the mean of 5% of 
examinees has achieved the highest score all over the country. 
Therefore, it was a norm-referenced test. The test was 
constructed based on syllabuses approved by Postgraduate 
Medical Planning Council. The examinees must answer test 
booklet A or B in 200 minutes.  
The minimum sample size of examinees proposed for the 
effective application of  CTT is in the range of 300-500. The 
minimum sample size of 250 examinees proposed to obtain the 
parameters of IRT. But a sample of 500 examinees is 
recommended to decrease the measurement error. 
The three sub-test of internal medicine, pediatric diseases and 
General surgery with 45, 25, 24 items respectively was 
considered. To equal the number of items using simple random 
sample, 20 items were obtained for each sub test.  
Three different sampling plans were used to estimate item 
difficulty parameter under the CTT and IRT in each of three 
sub-tests. Two random samples of 500 examinees of each sub-
test of internal medicine, pediatric diseases, and general 
surgery were obtained based on simple random sampling 
method. Also, both male and female sample of 500 examinees 
of each of these sub-tests were obtained from the statistical 
community. Finally, two truncated of high ability and low 
ability group of 500 examinees were obtained so that the 
examinees whose total score belonged to 24% of highest scores 
were classified in high ability group and those whose total score 
belonged to 24% of lowest scores were classified in low ability 
group. These sampling plan generated samples that were 
different in terms of performance on the tests. The high-ability 
group was defined as those whose total scores fell within the 
66% to 100% range and the low ability group was defined as 
those whose total scores fell within the 0 to 24% range of each 
three sub test. 
The degree of invariance of item difficulty parameter was 
assessed by correlating item difficulty parameter estimates of 
two different samples within each measurement framework. 
The three different sampling plans permitted to assess of item 
difficulty invariance across increasingly dissimilar samples: (a) 
between two random samples of the same population, (b) 
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between female and male samples, and (c) between high and-
low-ability samples.  
The CTT analysis was conducted by means of SPSS version 17 
to estimate the item difficulty parameters under CTT 
framework, the proportion of correct response to particular  
item was computed.  
The IRT analysis was conducted by means of winestep version 
3.71 by joint maximum likelihood (JML) method with 
Expectation maximation and 24 iterations and 
0.05convergence criteria. The Pearson correlation was used to 
investigate the item difficulty invariance within the same 
sampling plan, within the same measurement framework (i.e., 
IRT to IRT, CTT to CTT) across each sub-test. To correct the 
bias in the sample correlation coefficient, fisher correlation was 
used to investigate item difficulty invariance within the same 
sampling plan within the same measurement framework (i.e., 
IRT to IRT, CTT to CTT) across each sub-test.  
The following ethical issues were considered in the research: 
After obtaining permission from the authorities, the 
educational program began at the Department of Shiraz 
University of Medical Sciences. At the start after introduction, 
the researcher explained the research purposes and the need for 
its implementation to participants and obtained informed 
written consent from them. The participants were assured that 
all information collected will remain confidential. Moreover, 
considering ethical issues and security, the samples were asked 
to refrain from writing their name and surname in the 
questionnaire. They were also assured that the information will 
only be investigated by the researcher, and only the coding 
method was utilized for questionnaires to track questionnaires 
before and after education.  

Results 

Table 2 and 3 present the results addressing the research 
question how invariant are the CTT based and IRT-based item 
difficulty estimates? By analyzing the comparability of average 
correlation between item difficulty estimates from two 
different samples derived from same measurement framework 
in 500 examinees and 20 items for each sub-test. 
Table 2 indicates that CTT item parameters were strong 
invariant for the random sampling plan with correlation 
ranging from/ 0.986 to, 0.991. For gender sample plan, CTT 
item parameters showed signs of strong invariance with 
correlations ranging from, 0.986 to 0.987. The ability sample 
plan showed opposite results to other sampling plans. There 
was no invariance between CTT difficulty estimates in 
performance groups. Nearly all of the correlations generated 
using the fisher correlation matched with Pearson correlations, 
however, the largest disagreement between the correlations 
was 0.114. 
 

Table 2. Invariance of item difficulty parameter from 
CTT measurement framework: Average between 

sample correlations of CTT item difficulty parameters 
(number of examinees = 500) (number of items = 20) 

CTT model 

Sampling 
frame 

 Sub-tests P values 
Fisher 

correction 
P values 

Random Samples    

  
Internal 

medicine 
0.986(p<0.001) 0.987 

  
General 
surgery 

0.990(p<0.001) 0.990 

  
Pediatric 
diseases 

0.991(p<0.001) 0.991 

Female-Male 
Samples 

   

  
Internal 

medicine 
0.961(p<0.001) 0.963 

  
General 
surgery 

0.961(p<0.001) 0.963 

  
Pediatric 
diseases 

0.986(p<0.001) 0.987 

Samples    

  
Internal 

medicine 
-0.098(0.682) -0.100 

  
General 
surgery 

0.111(0.640) 0.114 

  
Pediatric 
diseases 

0.118(0.621) 0.121 

 
Note: The p-values are presented in parentheses. Pearson 
correlation was used to investigate item difficulty parameters 
invariance across different samples. Fisher correlation was used 
for bias.   
Table 3 shows that IRT-based item difficulty parameters were 
also strong invariant, with correlations ranging from. 987 to 
990 for the Random sampling plan. For gender sample plan, 
the IRT-based item difficulty estimates also indicate strong 
signs of invariance, with correlations ranging from .954 to 
.987. 
Ability sampling plan displays contrary results to other 
sampling plans. There was no invariance between IRT difficulty 
parameters in performance groups. Nearly all of the 
correlations generated using the fisher correlation matched 
with Pearson correlation. However, the largest disagreement 
between the correlations was. 0.003.   
 

Table 3. Invariance of item difficulty parameter from 
IRT measurement framework: Average between sample 
correlations of IRT item difficulty parameters (number 

of examinees=500) (number of items=20) 
IRT model 

Sampling 
frame 

Sub-tests 1 P 
Fisher 

correction 
1 P 

Random 
Samples 

   

 

Internal 
medicine 

0.987(p<0.001) 0.988 

General 
surgery 

0.992(p<0.001) 0.992 

Pediatric 
diseases 

0.990(p<0.001) 0.990 

Female-Male 
Samples 

   

 
Internal 

medicine 
0.957(p<0.001) 0.959 
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General 
surgery 

0.954(p<0.001) 0.956 

 
Pediatric 
diseases 

0.987(p<0.001) 0.988 

High-low 
ability 

Samples 

Internal 
medicine 

-0.170(0.473) -0.174 

General 
surgery 

-0.078(0.745) 0.035 

  
Pediatric 
diseases 

-0.175(0.460) 0.179 

 
Note: The p values are presented in parentheses. Pearson 
correlation was used to investigate item difficulty parameters 
invariance across different samples. Fisher correlation was used 
for bias.  1P=one-parameter 

Discussion  

This qualitative empirical comparison attempted to answer the 
question of invariance property of item difficulty parameter 
based on CTT and IRT across different group of examinees. 
The findings suggest that across samples the degree of 
invariance of the CTT item difficulty index was very similar 
with IRT item difficulty estimates. The result of our study 
supported previous findings by these authors [19-21] 
Overall, the findings of this study didn`t demonstrate the 
superiority of invariance property of item difficulty parameter 
based on IRT to CTT. The similarity of invariance property of 
item difficulty estimate was quite obvious in two measurement 
framework. 
The results of this study are part of developing body of 
literature that supports Thorndike’s Skepticism (1982) made 
the following comment with regard to IRT measurement 
framework: for the large bulk of testing, both with locally 
developed and with standardized test, I doubt that there will be 
a great deal of change. The items that we will select for a test 
will not be much different from those we would have selected 
with earlier procedures, and the resulting test will continue to 
have much the same properties” [22]. 
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