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� IRT vs Classical test theory (CTT)

� CTT: focuses test scores

observed score = true score + error (O=T+E)

� IRT: focuses on individual item characteristics

� IRT is a scaling method 

� Assigns numerical scores based on a set of item responses

� IRT is an item analysis tool 

� Evaluates quality of individual items based on estimated item parameters
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� Also called latent trait models

� Many variables in health assessments cannot be measured directly, such as 

physical functioning ability, fatigue, depression etc.

Physical 

functioning 

ability

Walking more than 1 mile

Climbing flights of stairs

Extending arms above 

shoulder

Stooping/kneeling

Picking up a coin
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� Raw total/Raw percentage

� Items weighted equally

� Item dependent

� Factor scores

� Usually assume continuous observed variables
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� Designed for dichotomous or polytomous items

� Pattern scoring instead of number scoring

� When the assumptions are met

� Scores are item invariant

� Considered equal-interval, so preferred scores for 

longitudinal analysis
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� Person parameter (    )

� Latent scores, theta scores (mean=0, SD=1)

� Item parameters

� Item difficulty/location (b), usually -3<b<3

� Item discrimination (a), >=0

� Pseudo-guessing (c), 0<=c<=1

� Item difficulty/location and theta scores on the 

same scale

θ
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� One-parameter IRT (Rasch model)

� Two-parameter IRT

� Three-parameter IRT
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Theta scores
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During the past week, did you ever feel sad?
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More difficult item

Easier item
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� Deals with items with more than 2 response 

options

� Model probability of each response option 

conditional on latent trait

11



� Parameters

� Latent trait: theta

� Discrimination parameters

� Threshold parameters

� Measurement questions

� How many categories are needed? 

� Are response categories really different one another?
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•Dichotomous IRT

•Theta

•Discrimination par

•Difficulty/location par
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How often do you feel sad?

1: rarely 

2: sometimes

3: most or all of the time
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1: rarely or none 

of the time;   

2: some or a little 

of the time

3: occassionally or a 

moderate amount;

4: most or all of the 

time



� Unidimensionality

� Local independence 

(residual covariance=0)

Unidimensionality implies 

LI, not vice versa.

Physical 

functioni

ng ability

Walking more than 1 

mile

Walking more than 1 

block

Bathing/dressing 

oneself

Doing laundry

Feeding self

15



� Test construction and item analysis

� Computerized adaptive testing (CAT) and item 

banking

� Test equating/linking

� Differential item functioning/item bias
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� Basic rule

� Select items with appropriate b & high a for 

dichotomous items

� Check ICCs for polytomous items
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� Basic idea

� Items tailored to individuals’ trait levels

� Why do we need it?

� Reduce test length, minimize fatigue

� Minimize floor/ceiling effects

� Challenges

� Large item pool

� Large sample of subjects for initial item calibration
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� Different types of adaptive testing

� Two-stage testing
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� Different types of adaptive testing

� Multi-stage testing

Difficulty increases
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� Definition

� Setting a common metric for scores from tests 

composed of different sets of items

� When do we need it?

� When two groups of subjects take different test forms

� How do we do it?

� Needs a valid link, either through common-item 

design, or common subject sample design
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� Linking test scores from two test forms (common 

item design

� Group A

� Group B

� Fixing item parameters to be equal across two forms
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unique items

unique itemscommon items

common items



� Definition

� different groups of subjects display different probabilities 
of endorsing a response option conditional on latent trait

� Why do we care?

� Test/survey bias when those items are included

� Anchor items

� Use anchor items to equate the groups on the latent trait.  
IRT often use rest items
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� “Do you have any difficulties with making phone 

calls?”

Functional ability
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� High correlation between number right scores and 

IRT scaled scores

� IRT estimates can be sample dependent (DIF)

� Large-sample technique

� >200 for 1PL models; >400 for 2PL models; >600 for 

3PL models
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� Computerized adaptive testing and test 

construction

� A large item pool AND

� A large number of subjects

� Test scoring when item discrimination vary a lot

� Cross-cultural comparison

� Longitudinal analysis
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� Multidimensional IRT

� Specialized software program

� BILOG, MULTILOG, Mplus

� R module
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