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Item Banking and CATItem Banking and CAT
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Principles of Adaptive Principles of Adaptive 
TestingTesting

!! IRT preIRT pre--calibrated item bankcalibrated item bank
!! Initial item selectionInitial item selection
!!Test scoring methodTest scoring method
!! Item selection during test Item selection during test 

administrationadministration
!!Stopping rulesStopping rules
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Item BankItem Bank

!! IRTIRT--calibrated items/questionscalibrated items/questions
!! Items cover entire latent continuum Items cover entire latent continuum 
!! Items represent differing traitItems represent differing trait
!! Items provide differing informationItems provide differing information
!! Basis for tailored/adaptive testingBasis for tailored/adaptive testing
!! Items can be selected to maximize Items can be selected to maximize 

precision and retain clinical relevance precision and retain clinical relevance 
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Item Banking is InterItem Banking is Inter--
disciplinarydisciplinary

!! PsychometriciansPsychometricians
!! Information scientistsInformation scientists
!! Clinicians/healthcare providersClinicians/healthcare providers
!! Outcomes researchersOutcomes researchers
!! Content expertsContent experts
!! ……
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Approaches to Develop Approaches to Develop 
Item BanksItem Banks
!! TopTop--Down ApproachDown Approach
!! BottomBottom--Up ApproachUp Approach

Health
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Functioning Pain
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Data Collection DesignsData Collection Designs

!!Random GroupsRandom Groups
!!Single group with Single group with 

counterbalancecounterbalance
!!CommonCommon--item nonequivalent item nonequivalent 

groupsgroups
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Chang C-H, & Cella, D. (1997). Equating health-related quality of life instruments in applied oncology settings. Physical 
Medicine and Rehabilitation: States of the Art Reviews, 11(2), 397-406.
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Independent vs. OverlappingIndependent vs. Overlapping
Item BanksItem Banks
!! MultiMulti--form Structure Design (Multiple form Structure Design (Multiple 

Assignment)Assignment)

XXXXXX

XXXX
XXXX

SocialSocialMentalMentalPhysical Physical 
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Why Short/Brief Forms?Why Short/Brief Forms?

!! Reduce respondent burdenReduce respondent burden
!! Clinical applications in busy clinicsClinical applications in busy clinics
!! Large scale data collectionLarge scale data collection
!! Retain comparability with its long formRetain comparability with its long form
!! Automation via CAT?Automation via CAT?
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Item Reduction: 66Item Reduction: 66--item Rapid item Rapid 
Estimate of Adult Literacy in Estimate of Adult Literacy in 
Medicine (REALM)Medicine (REALM)
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55 - 63

64 - 66

Matrix Plot of Item Characteristic Curves
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Item Characteristic Curve Item Characteristic Curve 
and Item Information Curveand Item Information Curve

3-Parameter Model, Normal Metric  Item: 7
The parameter a is the item discriminating power, the reciprocal (1/a) is the item

dispersion, b is an item location parameter and c the guessing parameter.
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Content RedundancyContent Redundancy
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Do you have a lot of energy?Do you have a lot of energy?
Did you feel full of pep?

Did you feel tired?

Did you feel worn out?

All of the time – Most of the time – Good bit of the time – Some of the time – Little of the time – None of the 
time
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TwoTwo--Target Information Functions Target Information Functions 
in Automated Test Designin Automated Test Design
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Content DeficiencyContent Deficiency
P

E
R

S
O

N
S

 M
A

P
 O

F ITEM
S

<m
ore>|<rare>

6 #############  +
|||||

5                +|
.######  |

.  ||S
|

4                +|||
.###  |  PF01 vigorous activities

.  |
3             .  +|T|

.##  |
.  |
.  |

2            .#  +
. M

||
.#  |S
.  |

.#  |
1                +

.#  |  P
F04 clim

bing several flights of stairs
PF07 w

alking m
ore than a m

ile
.  |
.  |
.  |  PF06 bending, kneeing, or stooping
.  |

0             .  +M
 P

F02 m
oderate activities

.  |  PF08 w
alking several blocks

. S
|

.  |  PF03 lifting or caring groceries
.  |
.  |

-1                +  P
F05 clim

bing one flight of stairs
.  |
.  |  PF09 w

alking one block
|S

.  |
.  |

-2             .  +
.  |
.  |  PF10 bathing or dressing yourself
. T|
.  ||T

-3             .  +|||
.  |
.  |

-4             .  +
<less>|<frequ>

E
A

C
H

 '#' IS
 60.

Physical FunctioningEasier Harder



Slide prepared by ChihSlide prepared by Chih--Hung Chang, Ph.D.Hung Chang, Ph.D.

17

MultiMulti--Dimensionality:Dimensionality:
FullFull--Information Item BiInformation Item Bi--Factor Analysis*Factor Analysis*

0.490.490.000.000.000.000.000.000.670.6716.* enjoyed life.16.* enjoyed life.

0.410.410.000.000.000.000.000.000.660.6612.*  was happy12.*  was happy

--0.170.170.000.000.000.000.000.000.660.6610.  felt fearful10.  felt fearful

0.610.610.000.000.000.000.000.000.440.448.*  felt hopeful about future 8.*  felt hopeful about future 

0.710.710.000.000.000.000.000.000.450.454.*  felt I was as good as others4.*  felt I was as good as others

0.000.000.520.520.000.000.000.000.620.6219. felt people disliked me19. felt people disliked me

0.000.000.570.570.000.000.000.000.300.3015. people unfriendly15. people unfriendly

0.000.000.000.00--0.010.010.000.000.630.6320. could not get going20. could not get going

0.000.000.000.000.100.100.000.000.460.4613. talked less than usual13. talked less than usual

0.000.000.000.00--0.090.090.000.000.550.5511.  sleep was restless11.  sleep was restless

0.000.000.000.000.610.610.000.000.410.417.  everything I did was an effort7.  everything I did was an effort

0.000.000.000.00--0.030.030.000.000.470.475.  trouble keeping my mind5.  trouble keeping my mind

0.000.000.000.000.300.300.000.000.480.482.  did not feel like eating2.  did not feel like eating

0.000.000.000.00--0.110.110.000.000.500.501.  bothered by things1.  bothered by things

0.000.000.000.000.000.000.360.360.720.7218. felt sad18. felt sad

0.000.000.000.000.000.000.490.490.680.6817. had crying spells17. had crying spells

0.000.000.000.000.000.000.280.280.760.7614. felt lonely14. felt lonely

0.000.000.000.000.000.000.000.000.710.719.  my life had been a failure9.  my life had been a failure

0.000.000.000.000.000.000.340.340.780.786.  felt depressed.6.  felt depressed.

0.000.000.000.000.000.000.140.140.700.703.  could not shake off the blues 3.  could not shake off the blues 

PAPAIRIRSRASRASASADepressionDepressionItem ContentItem Content

*Gibbons RD, *Gibbons RD, HedekerHedeker DR. FullDR. Full--Information Item Information Item BifactorBifactor Analysis. Analysis. PsychometrikaPsychometrika 1992;57 (3):4231992;57 (3):423--36.36.
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What kind of short form?What kind of short form?

1. I was bothered by things that 
usually don't bother me

All of the 
time

(5-7 days)

Occasional
ly or a 

moderate 
amount of 

time
(3-4 days)

Some or a 
little of the 

time
(1-2 days)

Rarely or 
none of 
the time

(less than 1 
day)

Question 1Question 1
00 I do not feel sad.I do not feel sad.
11 I feel sadI feel sad
22 I am sad all the time and I can’t snap out of it.I am sad all the time and I can’t snap out of it.
3 I am so sad or unhappy that I can’t stand it.3 I am so sad or unhappy that I can’t stand it.

Are you basically satisfied with your life? True/False
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Other ConcernsOther Concerns

!! Response CategoriesResponse Categories
–– True / FalseTrue / False
–– Not at all Not at all ------ Very muchVery much
–– None of the time None of the time ------ All of the timeAll of the time

!! Time FrameTime Frame
–– during the PAST month, including todayduring the PAST month, including today
–– during the past 4 weeksduring the past 4 weeks
–– during the past week / past 7 daysduring the past week / past 7 days
–– during the past two weeksduring the past two weeks



Slide prepared by ChihSlide prepared by Chih--Hung Chang, Ph.D.Hung Chang, Ph.D.

20

Other ConcernsOther Concerns

!! Diversity of patient populationsDiversity of patient populations
–– Health LiteracyHealth Literacy
–– Language/Culture/EthnicityLanguage/Culture/Ethnicity
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Adaptive TestAdaptive Test

!! An adaptive test is a tailored, An adaptive test is a tailored, 
individualized measure which individualized measure which 
involves selecting a set of test involves selecting a set of test 
items for each individual that best items for each individual that best 
measures the psychological measures the psychological 
characteristics of that person characteristics of that person 
(Weiss, 1985)(Weiss, 1985)

"Weiss DJ. Adaptive testing by computer. J Consult Clin Psychol. Dec 
1985;53(6):774-789.
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Computerized Adaptive Computerized Adaptive 
TestingTesting
!! Adaptive testing selects questions based on Adaptive testing selects questions based on 

previous responsesprevious responses
!! Tailored item and test difficultiesTailored item and test difficulties
!! Eliminates floor and ceiling effectsEliminates floor and ceiling effects
!! Require fewer questions to arrive at an Require fewer questions to arrive at an 

accurate estimateaccurate estimate
!! Automate question administration, data Automate question administration, data 

recording, scoring, and prompt reportingrecording, scoring, and prompt reporting
!! Allows for immediate feedback Allows for immediate feedback 
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Principles of Adaptive Principles of Adaptive 
TestingTesting

!! IRT preIRT pre--calibrated item bankcalibrated item bank
!! Initial item selectionInitial item selection
!!Test scoring methodTest scoring method
!! Item selection during test Item selection during test 

administrationadministration
!!Terminating rulesTerminating rules
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CAT AlgorithmCAT Algorithm

Administer Item of Median 
Difficulty (or Screening Item)

Score Item

Estimate Latent Trait (Theta)

Termination 
Criterion 
Satisfied

Stop

Choose and 
Administer 

Next Item with 
Maximum 

Information

YesNo
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CAT Answer LogCAT Answer Log
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Potential Problems with CAT in Potential Problems with CAT in 
Health Outcomes MeasurementHealth Outcomes Measurement

!! Context effectsContext effects
!! Unbalanced contentUnbalanced content
!! Time frameTime frame
!! Response categoriesResponse categories
!! MultidimensionalityMultidimensionality
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Developing, Maintaining, and Developing, Maintaining, and 
Renewing Items in an Item Renewing Items in an Item 
BankBank
!! How to best calibrate existing items?How to best calibrate existing items?

–– Model selectionModel selection
–– Whose item parameters to use? Whose item parameters to use? 
–– Standardization? Generic vs. diseaseStandardization? Generic vs. disease--specificspecific

!! Item parameter driftItem parameter drift
–– Anchor or ReAnchor or Re--calibrate?calibrate?

!! How to write and best test new items?How to write and best test new items?
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Research Needed for Effective Research Needed for Effective 
CAT implementationCAT implementation

!! Item productionItem production
!! Item statisticsItem statistics
!! Maintaining a valid Maintaining a valid 

bank of items for bank of items for 
test constructiontest construction

!! Item exposureItem exposure
!! CostCost--benefit benefit 

considerationsconsiderations

!! FairnessFairness
!! Behavior of Behavior of 

examinees under examinees under 
different types of different types of 
test administration test administration 
conditionsconditions

!! Delivery optionsDelivery options
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Current PatientCurrent Patient--Reported Reported 
Outcomes MeasurementOutcomes Measurement
!! Mostly lack of …Mostly lack of …

––ubiquitous accessibilityubiquitous accessibility
––multimulti--language supportlanguage support
––clinicallyclinically--relevant PROs questionsrelevant PROs questions
––adaptive assessment capabilityadaptive assessment capability
––adequate privacy protectionadequate privacy protection
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The PROsIT SystemThe PROsIT System
PPatientatient--RReported eported OOutcomeutcomess with with IInnovative nnovative TTechnologiesechnologies
(R43 MH#####)(R43 MH#####)

!! MultiMulti--platformplatform
!! MultiMulti--linguallingual
!! Item response Item response 

theory basedtheory based
!! Item banksItem banks
!! Computerized Computerized 

adaptive testingadaptive testing

Chang, C.-H., & Yang, D. (2003, April 15). Patient-Reported Outcomes Information Technology: The PROsITTM System. ISPOR 
CONNECTIONS, 9(2), 5-6.

IRT-Based 
Adaptive 

Assessment 
Engine
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Multi-Access 
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Multi-AccessInternet
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Individual 
Researchers
Individual 

Researchers
Scientific 
Societies

Scientific 
Societies

Non-profit 
Institutions
Non-profit 

Institutions
Subscriber

IRT AnalysesIRT Analyses

Item 
Parameters

Consortium 
Approval

Consortium 
Approval

Customized Information 
Retrieval; CAT; (automated) 

Brief Form
National “Central” Item Bank

Infrastructure of a Infrastructure of a NationalNational
“Central” Item Bank (NCIB)“Central” Item Bank (NCIB)

Government 
Agencies

Government 
Agencies

Collector BuilderAnalyzer Retriever

Public

PROMIS 
SCC
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