
Item Response Theory (IRT) 
 

IRT models are useful for assessing the ability of criteria sets 

to measure underlying psychiatric disorders, e.g. substance 

use disorders.  IRT assumes the underlying psychiatric 

disorder is inherently continuous ranging from low to high 

severity and estimates how well each observable criterion 

measures different points along that continuum.  

The 2-parameter IRT model is commonly used and  

describes each of the diagnostic criterion in terms of its 

discrimination (slope) and severity (location) for measuring 

the underlying disorder   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Curves show the probability (estimated with 

IRT) that a person will exhibit a particular nicotine 

disorder criterion as a function of their location on the 

underlying disorder continuum.  A person’s true 

location on the underlying disorder continuum (x-axis) 

is not observed directly but can be inferred from the 

IRT based on their particular combination of observed 

criterion. 
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Nicotine Use Disorder 
 

We illustrate IRT with an application to Nicotine Use 

Disorder. With the changes proposed for the other DSM-5 

SUDs to combine dependence and abuse criteria along with 

cravings into a single disorder, we examined whether 

combining nicotine dependence, abuse and cravings criteria 

is warranted.  

 

 

 

  

Conclusions 

Adding abuse criteria to the dependence criteria  

significantly increased the TIA and thus improves 

measurement of the disorder.  The TIA is not further 

significantly improved by incorporating craving. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When examining results from IRT models it is important to 

consider that results depend on sampling variability.  We 

have provided a statistical method for properly taking into 

account that variability to help guide decisions between 

different criterion sets. 

As DSM 5 moves towards continuous measures of disorders, 

we suggest keeping in mind the relevant parts of the 

continuum for clinical decision-making.  A blind focus on 

the TIA index without considering the shape of the total 

information curve along the continuum could lead to 

choosing a criterion set with a better overall aggregate 

measurement that poorly measures the part of the continuum 

most relevant to clinical practice. 
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Study Sample  

 
Household residents were selected from the Israeli population register; 727 

were lifetime cigarette smokers. Of these, 81.7% were male, 28.5% were 

immigrants from the Former Soviet Union, 19.3%  were 21-29 years old, 

33.6% were 30-44, and 47.2% were 45 years or older.  

  

For further information 
About IRT Total Information: 

http://www.columbia.edu/~mmw2177/irtprog.html 

 

About DSM-5 substance use disorders: 

http://www.dsm5.org/Pages/Default.aspx 

Figure 3.  The total information curves are obtained by 

summing the respective criterion information curves 

shown in Figure 2.  Notice that adding abuse criteria 

provides more information on the higher end of the 

disorder severity and cravings provides more information 

in the middle range.  

Comparing alternative diagnostic criteria sets using Item Response Theory (IRT) 

Can the measurement of nicotine use 

disorder be improved by adding 

nicotine abuse and cravings criterion to 

existing nicotine dependence criterion? 

IRT Total Information Curves 
 

The total information curve (TIC) summarizes the 

combination of all the criterion and provides a visual 

inspection of where along the disorder continuum the 

criteria measure the disorder well (i.e. with more precision).  
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IRT Total Information Area Index 
 

By integrating the total information curve we can obtain a single 

number summary called the Total Information Area (TIA) Index.  

A larger TIA index indicates the criteria set provides more 

information about the disorder. 

 

 

 

 

 

 

 

 

 

 

The integral of the total information curve is equal to the sum of 

the individual criterion discrimination parameters.  Thus, given 

maximum likelihood estimates of the discrimination parameters 

and their associated asymptotic covariance matrix (both available 

from IRT software), the delta method was used to create a closed-

form estimate of the standard error of the TIA, allowing 

construction of 95% confidence intervals to compare across 

different criterion sets.   

Implementation was done in the R software. 

  

Prior to our current work, there was no 

way to statistically test whether a larger 

TIA was indeed a statistically 

significant increase.    

Figure 4.  95% confidence intervals for the TIA index 

for the 3 different criterion sets.  Larger values 

mean more information in the criteria set for 

measuring the disorder.  The confidence interval for 

Dep+Abuse is significantly higher (does not overlap) 

than the Dependence criteria alone. 
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Figure 2. Criterion information curves represent the 

precision (“information”) with which each criterion 

measures the underlying psychiatric disorder across the 

continuum.   

Latent Nicotine Use Disorder Trait 

http://www.columbia.edu/~mmw2177/irtprog.html

