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Item Response Theory Modeling 

 

In the tradition of CBM, the principles of GOM measurement, and more generally in early 

childhood assessment practices (e.g., IGDIs 1.0), classical test theory (CTT) has been the 

standard tool for scoring and evaluating score quality, since the focus is on number-correct 

scoring. Certainly, the psychometric standards recommend CTT approaches for small samples, 

which includes classroom application. 

 

In large-scale applications, because of the larger samples and sampling designs that begin to 

allow for broader generalizations, stronger measurement models can be used. The work of the 

CRtIEC provides a context for the implementation of a stronger measurement model – Item 

Response Theory (IRT). 

 

 

Background Ideas 

 

 IRT is a way of thinking about measurement: a probabilistic model. 

 We give an item or task to a person and obtain an “item-person” interaction. 

 This results in a score with a probability, given a person’s ability. 

 If the item is an indicator of the target ability, then knowing a person’s ability should allow 

us to estimate the likelihood that person will correctly respond to a given item. 

 Similarly, knowing how a person responds to a set of items should allow us to estimate the 

likely ability that results in the particular response pattern. 

 

Ability scores are more fundamental because they are test independent.  Examinees come to a 

test administration with trait levels in relation to the construct being measured – not necessarily 

in relation to the test being administered. 

 

Each child has a trait score that is defined in relation to the construct at the time of an 

assessment, and this remains invariant over samples of assessment tasks that may be used.  Their 

trait score is not a function of what tasks they perform – their performance on the tasks is a 

function of their ability. 

 

Most models assume that the dimensionality of the latent space is unidimensional – we measure 

one thing at a time. 

 

The second assumption is local dependence – response on one item does not affect (or depend 

on) a response on another item.  If persons are all of the same trait level on the underlying 

dimension, there will be a 0.00 correlation among items. 
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The IRT Model 

 

We can define an item characteristic curve (ICC).  This is a mathematical function that relates 

the probability of correctly responding to an item (or correctly performing a task) to the trait 

measured by the item or test that contains it.  This relationship is assumed.  We typically use a 

logistic function to describe this relationship (actually, the shape is an Ogive shape, but can be 

estimated with a logistic function). 

 

Mathematically speaking, these curves are monotonically increasing:  As ability (Theta) 

increases the probability of correctly responding to an item or task (or the score on the item) 

increases. 

 

 
 

 

Task Bias 

 

If the ICCs are identical for subgroups of examinees, the item is fair and unbiased. 

 

If the ICC for one subgroup is above that for another at all ability levels, we have a case where 

one item is uniformly easier than the other for all ability levels, which is a function of something 

other than , the trait being measured, indicating possible bias. 
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Benefits of IRT Modeling 

 

The models link item responses and item statistics on the same scale as the trait.  This helps 

us to know where on the trait continuum the item makes a contribution to the measurement of 

a construct. 

 

Information 

 

Information tells us about the precision of estimation of person’s trait level. 

The item information function shows us the contribution of a particular item to the 

measurement of the trait. 

This is a function of (a) the slope of the item characteristic curve and (b) the variance of the 

test score at each trait level. 

 

 
 

Test Construction 

 

1. Decide on test’s target information curve:  Where do we need information? 

2. Select tasks (items) with ICCs to fill the needed areas under the target curve 

 


