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Item Response Theory and 

Computerized Adaptive Testing



ÊItem Response Theory

Êversus Classical Test Theory

ÊUses of IRT

ÊItem Banking

ÊShort Forms

ÊComputerized Adaptive Tests



ÎPsychometricsis the field of study concerned 
with the theory and technique of educationaland 
psychologicalmeasurement, which includes the 
measurement of knowledge (achievement), 
abilities, attitudes, and personalitytraits. 

ÍSource-Wikipedia

http://en.wikipedia.org/wiki/Educational
http://en.wikipedia.org/wiki/Psychological
http://en.wikipedia.org/wiki/Measurement
http://en.wikipedia.org/wiki/Personality


ÊMeasurement requires the concept of an 
underlying trait that can be expressed in terms of 
more or less

ÊTest items are the operational definition of the 
underlying trait

ÊTest items 
- can be ordered from easy to hard

ÊTest takers
- can be ordered from less able to more able



ÊA latent trait is an unobservablelatent 
dimension that is thought to give rise to a set 
of observed item responses.

I am too tired to do errands

False True

Fatigue

Low Severe



ÊThese latent traits (constructs, variables, q) 
are measured on a continuum of severity.

I am too tired to do errands?

Fatigue

energetic severe
False True

Latent Traits (conôt)



Ê Equal Interval Measure

Ê Test-takers and items are represented on the same 
scale

Ê Item calibrations are independent of the test-takers 
used for calibration

Ê Candidate ability estimates are independent of the 
particular set of items used for estimation

Ê Measurement precision is estimated for each person 
and each item



Ê Item Difficulty = Severity = Measure = Theta = 
Item Calibration = Location

ÊPerson Ability = Measure = Theta = Person 
Calibration = Location



Easy Hard

Low High

Person QOL

Item Difficulty

Test-takers and Items are 

Represented on the Same Scale



ɆDiscrimination = the degree to which an item 
discriminates person ability

Ɇ Item Information = the area where an item 
discriminates

ɆTest Information = the area where the test 
discriminates



Ê)ÔÅÍ Ȱ0ÁÒÁÍÅÔÅÒÓȱ Ђ 

ÍIRT statistics about an item

ÍPrimary: Item Difficulty

ÍOften: Item Discrimination

ÍSometimes: Guessing

Í,ÏÔÓ ÏÆ ÏÔÈÅÒ ȰÕÇÌÙ ÌÏÏËÉÎÇ ÎÕÍÂÅÒÓȱ



ÊDifferential Item Functioning (DIF)

ÍDoes an item have different item parameters for 
different subgroups?

ÍGender

ÍRace

ÍAge

ÍDisease



Î Rasch model one parameter logistic 

model (1PL)

Î Two parameter logistic model(2PL)

Î Three parameter logistic model(3PL)



How to choose an 

appropriate IRT Model

OR

My religion is better than 

your religion!



ÎYou are about to see about to see mathematical 
formulas!



P1,0 =

e (0)

1 + e (0)

=
1

2

= .50

e (ability - difficulty)

1 + e (ability - difficulty)
P1,0 =

When the difficulty of a given item exactly matches the 

Examineeôs ability level, then the person has 50% chance 

of answering that item correctly:

One Parameter Logistic Model



Ê Only option for small sample sizes

Ê Often the real model underlying a test 
labeled as three parameter

Ê Less costly

Ê Ȱ4ÈÅ ÓÉÍÐÌÅ ÓÏÌÕÔÉÏÎ ÉÓ ÁÌ×ÁÙÓ ÔÈÅ 
ÂÅÓÔȱ



e a (ability - b)

1 + e a (ability - b)

Two Parameter Logistic Model

P1,0 =

Two parameters

a=Discrimination

b=Item Difficulty



a=.5,b=.5,c=.1 a=1.5,b=.5,c=.1 a=2.5,b=.5,c=.1



e
a (ability - b)

1 + e
a (ability - b)

Three Parameter Logistic Model

P1,0 = c + (1-c)

Three parameters

a= Discrimination 

b= Item Difficulty

c= Guessing



Ê Requires a large sample size

Ê Significant research demonstrating 
that theoretically 3PL is better, but 
practically has little advantage over 
1PL

Ê Ȱ-ÏÓÔ ÁÃÃÅÐÔÅÄ ÔÈÅÏÒÅÔÉÃÁÌ ÍÏÄÅÌȱ



a=1.5,b=.5,c=.1 a=2.5,b=.5,c=.25



One Parameter

ÎRating Scale Model

ÎPartial Credit Model

Two Parameter

ÎGraded Response Model

ÎGeneralized Partial Credit Model



ÎThere are also IRT models which consider 
more than one unidimensional trait at a time



How does IRT differ from conventional 

test theory?



ÊAn individual takes an assessment

ÊTheir total score on that assessment is used for 
comparison purposes

ÊHigh Score ɀThe person is higher on the trait

ÊLow Score-The person is lower on the trait



ÊEach individual item can be used for comparison 
purposes

Ê0ÅÒÓÏÎ ÅÎÄÏÒÓÅÓ ÂÅÔÔÅÒ ÒÁÔÉÎÇ ÏÎ ȰÈÁÒÄ ÉÔÅÍÓȱ-
The person is higher on the trait

Ê0ÅÒÓÏÎ ÅÎÄÏÒÓÅÓ ×ÏÒÓÅ ÒÁÔÉÎÇ ÏÎ ȰÅÁÓÙ ÉÔÅÍÓȱ -
The person is lower on the trait

Ê Items that measure the same construct can be 
aggregated into longer assessments



CTT

ÊReliability is based upon 
the total test.

ÊRegardless of patient
ȰÁÂÉÌÉÔÙȱȟ ÒÅÌÉÁÂÉÌÉÔÙ ÉÓ ÔÈÅ 
same.

IRT

ÊReliability is calculated for 
ÅÁÃÈ  ÐÁÔÉÅÎÔ ȰÁÂÉÌÉÔÙȱ ÁÎÄ 
varies across the 
continuum.

Ê Typically, there is better 
reliability in the middle of 
the distribution.



CTT

Ê Validity is based upon the 
total test. 

Ê Typically, validity would 
need to be re-assessed if 
the instrument is 
modified in any way. 

IRT

Ê Validity is assessed 
for the entire item bank. 

Ê Subsets of items (full length 

tests, short forms and CAT)all 
inherit the validity 
assessed for the original 
item bank.



How Scores Depend on the Difficulty of Test Items

Very 

Easy 

Test

Very 

Hard 

Test

Medium 

Test

1 8

1 8

1

Expected 

Score 8

Person

Expected 

Score 0

Person

Expected 

Score 5

Person

8

Reprinted with permission from:  Wright, B.D. & Stone, M. (1979) Best test design, Chicago: MESA Press, p. 5.



4 Item Test
Raw:

Logit Measures:

1 2 3 4

1.00 1.25 1.50 2.50

Raw Scores vs. IRT Measures

IRT has Equal Interval Measurement



How Differences Between Person Ability and Item Difficulty 

Ought to Affect the Probability of a Correct Response

Person Ability

Item Difficulty

Person Ability

Item Difficulty

Person Ability

Item Difficulty

p  > . 5

p  = . 5

p  < . 5

Reprinted with permission from:  Wright, B.D. & Stone, M. (1979) Best test design, Chicago: MESA Press, p. 13.



The Item Characteristic Curve



0 = Very Much 1 = Quite a Bit 2 = Somewhat 3 = A Little Bit 4 = Not at All

I Have a Lack of Energy

Traditional Test Theory



0 = Very Much 1 = Quite a Bit 2 = Somewhat 3 = A Little Bit 4 = Not at All

I Have a Lack of Energy

Traditional Test Theory

Item Response Theory



0 1 8765432 9

The IRT Reality  of a 10 Point 

Rating-Scale Item

Worst PainNo Pain

9876543210



I have a lack of energy
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0 = Very Much; 1 = Quite a Bit; 2 = Somewhat; 3 = A Little Bit; 4 = Not at All

This is an Item 

Characteristic Curve (ICC) 

for a rating scale item (each 

option has its own curve)



I have a lack of energy
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I have a lack of energy
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I have a lack of energy
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I have a lack of energy
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0 = Very Much; 1 = Quite a Bit; 2 = Somewhat; 3 = A Little Bit; 4 = Not at All
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