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Dichotomous Items Measure

Sample Dichotomous Item One Scale Level

* Did you feel downhearted and

depressed some of the time during Did you feel downhearted and depressed
the past month? some of the time during the past month?
U Yes

0 No AR

-5 -4 -3 -2 -1 0 1 2 3 4 5

) Did You Feel Downhearted
Did You Feel Downhearted and and Depressed During the Past
Depressed During the Past Month? P Month? &
YES, Some
of the Time All of None of
the time the ti
Y I e ¢ tme
melh 5 .4 -3 -2 -1 0 1 2 3 4 5 \l/ \l/
wort | [ T T T T DT T T B
- ~ AN ~ J -5 -4 -3 -2 -1 0 1 2 3 4 5
NO, NO,
More Often Less Often
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Categorical Rating Scale

How Much of the Time Have You
Felt Downhearted and Depressed

During the Past Month?
Most A little

A\ll/l l Scilr/ne \LNi)l/ne

Worst
Health

[T
-5 -4 -3 -2 -1 0 1 2 3 4

|
5

Best
Healt]
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Sixth Response Category
Doesn’t Add Much
How Much of the Time Have You Felt Downhearted
and Depressed During the Past Month?
Most Some

A good
All bit A little None

VIR 2 2

[T
=il 0 1 2 3 4

Worst |

T 1=
Health -5 —4 -3 -2

Healt]
5

Item Response Theory [IRT]

* IRT is a mathematical model for the
confrontation of a particular subject

with a particular item in terms of

parameters for that subject and item.

» IRT models individual responses to

items, can then specify performance

of the subjects as well as the items.

Latent Variable to Behavior
Relationship in Item Response Theory

PrX) =1, 1 )

Pr(X,) =1

Item 2 Response| Pr(X,,)=0
= 0
PrXp=1,1
Pr(X;) =2
Item I Response Lﬂ—' 2

Pr(Xp)=3 3

Latent Variable

©)

/

Item 1 Response
Item 2 Response

Item I Response

The Latent Trait

+ Early notions suggested that items all

ought to measure the same thing.
 IRT formalizes this by explicitly
positing a single underlying trait on
which all of the items rely.
* So each item may be placed on this
single dimension, 0.
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New Psychometric Models Improve
Scoring of Questionnaire Items

* During the past 4 weeks, how much
have you been bothered by emotional
problems (such as feeling anxious,
depressed or irritable)?

U Not at all
U Slightly

U Moderately
O Quite a bit
U Extremely
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Model Predicts Probability of
Each Item Response Choice
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Model Predicts Probability of
Each Item Response Choice

1.0
1 Extremely bothered
2 0.8 / y
3 06 -
3
o 0.4 4
& 02
0.0 T T T ] " "
-4 -3 -2 -1 0 1 2
Latent Trait

1.0

08 | Extremely bothered
z / y
% 061 Not at all
B 04 bothered
o

0.2

0.0 ~r ™ T T T

3 2 1 0 1 2 3
Latent Trait
Model Predicts Probability of
Each Item Response Choice
1.0
hoj Choi

> 0.8 1 < (:}ce 1ChoiceZ Choice 4 §1ce >
£ Choice 3
3 061
©
S 04
o

0.2

0.0 = T 7 = =

-3 -2 -1 0 1 2 3
Latent Trait

Model Predicts Probability of
Each Item Response Choice
1.0
—
08 Extremely Notatall -
2 N 5
S 06 \ Moderately
3 0.4 N : /
o 47
& /
02
o~ —
0.0 ‘ : — :
3 2 1 0 1 2
Latent Trait
Model Predicts Probability of
Each Item Response Choice
1.0
08 | Item Response Thresholds =
2 “Marks on Ruler”
Z 06
©
S 04
o
02
0.0 - A 1 S
3 2 1 0 1 2 3
Latent Trait
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Models Define Marks on “Ruler”
Not at all ]
bothered T

Slightly { 50—

Moderately { -
Quiteabit{ | 7]

30—

Extremely i
bothered -

10—
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Educational Testing

and Health Care Research Item “Difficulty” and

Subject “Proficiency”

. ; 7 )
Why am I talking about tests? » Items: Items are characterized as more

or less difficult. “Difficulty” =b

— Nothing forces this, though. We can * Suby e?tS: Subj eCts. are more or less
talk about any sort of item. proficient. Proficiency = 6
« Will I cut it out? » IRT gives Pr(response x for item i) based
on the values of b and 6.

— Easy to think about psychological or
achievement tests — foundations.

—TI'll try to focus on health measures.

Interpreting the Rasch (1-PL)

The Rasch Model: Simple IRT Model
* Probability of someone with proficiency 0 * Lots of interesting applications when
responding “correctly” to an item of you have dichotomous items.

difficulty b, described by a logistic model

- —Rasch (1960, 1980)
* One-parameter Logistic (1-PL):

— Wright & Stone (1979)
1 * To see the effect of parameters, we
P (9 ) = —(6-b) look at item characteristic curves.
I+e
Item Characteristic Curve for 1-PL Item Characteristic Curves

the 1-PL withb =0 !

081

-

o
@
L

0.6

o
o
L

Probability (Correct)

Pr(Correct Response)

04 ¥~ Inflection 1
point b ICCs are
02 1 021 “parallel”
for 1-PL
0 ‘ ; ; ‘ ‘ ‘ ; ; —_— L=
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4
Latent Trait Latent Trait (Theta)
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No Distributional Assumptions Conditional Independence
about 0!
) * We model response probability
* Scaling of the latent trait is arbitrary. using only subject’s 6 and item’s b.
» Convenient to use a scale with mean of * No parameters for other items, or for
zero and a standard deviation of one. the order of the items, etc.
* Regardless of the 0 distribution, it is * Imposes requirements on the patterns
common to find nearly all scores within we Would elxpec.t to see in data:
three standard deviations of the mean. * Basis of estimating both 6 and item
parameter(s).
Generalizing the Model 2-PL Item Characteristic Curves

1

* 1-PL forces parallel ICCs (“slopes” 08 ]
must be the same for all items)

 Can allow the slopes to be divergent

 Item’s discrimination, denoted a,
characterizes the slope of the ICC.

0.6

0.4

Probability (Correct)

a represents slope

e 2-PL Model: P(e ) 1 021 of ICC at point b
C1+e ) —
) ? ’ Laltent Tr:it (Thetla) ’ ’ )
" The 3-PL
The 3-PL Model y
Model
* ¢ = a binomial floor on the probability % oo /@
of correctly responding to an item S s a. Slope
« Appropriate when “guessing” 1. b. Difficulty /
prevents ICC from flooring at zero... 0 Location
« 3-PL: 1 o c. “Guessing” /
P(e ) = C + - [~ 1\ 0.1 ¢ b Floor
]+ 0 : <
v L;:enl 'rr:m (The:a) ’ ’ )
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Graded Response Model Graded Response Model for An
Item with Five Response Choices

» Appropriate for Likert-style scales « Ttem has categories 0, 1, 2, 3, and 4.

* Ordered caFegorlcal re:sponses * Pr(response x is category j or higher
* 5-category items described by given latent trait level 0) =
—one slope parameter a P (9 ) exp {ai (e ~b; )}

B 1+exp {al_(e —b, )},x =j=1..,4

» Category Response Curves:

P©0)=F0)-P.0)

—4 “threshold” parameters b;, b,, bs, b,
represent trait level required to get to
higher response with probability .50

» Item treated as 4 dichotomies...

Sample OCCs for a 5-choice item Sample Category Response
Curves for a 5-choice item

1.0
0.8 1.0
£ o6 > 0.8
g = 06 -
S 04 | 8
a 8 04
o
0.2 02 |
0.0 0.0
-3 -2 -1 0 1 2 3 3 2 1 0 1 2 3
Trait Level Latent Trait

Graded response model: a = 1.5,b, =-1.5,b, =-.5,b, =.5,b, = 1.5 Graded response model: a = 1.5, b, =-1.5, b, =-.5,b; = .5,b,= 1.5

Predictive Strategies for Interpretation Predicting the Costs of Health Care
Focus on Consequences -
E | ® _J— $1,800
70 —
VG — $3,200
60 —
CAUSES CONSEQUENCES i
« Diagnosis -
« Severity of » Job Loss & Productivity Self- G | 50— $4,000
Disease « Utilization of Services EValuathn< o T
+ Treatment + Future Health Of Health . _EI
* Mortality 30 —

20
p - $12,000
10

Source: Health Care Fin. Rev. 1997 vol 18 #4

Center for Health Care Research & Policy
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Predicting 5-Year Mortality

70 —

60 —[I 1.8%
50— 4.7%

SF-36 < 40 0
Physical n 6.2%
Summary D=
(SchrSe) 20— 17.3%

10—

Source: Ware, Kosinski and Keller, 1994
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Example: Items from Multiple Forms
Define Physical Functioning “Ruler”

— Vigorous activities

— Vigorous activities with limitations
— Moderate activities

— Moderate activities with limitations
— Walk slowly — trouble bending, stooping
— Need help to bathe

Cannot maintain balance

— Move about with help

— Stand up with help

— Staying in bed / partly undressed
— Lying down most of time

— Confined to room, bed

—_—
O =

O =N WA UGN 00
|

Source: Health Assessment Lab (HAL)

Interpreting a 5 Point Improvement
in Physical Health (PCS)

» Content-Based: Decrease from 28% to 13% limited
in climbing stairs.

» Normative: A 5 point change in PCS is about half a
standard deviation.

» Psychometric: Very unlikely to be due to chance.

» Disease Burden: Larger than the impact of Type II
diabetes patients relative to the norm.

+ Consequences:
— 1/3 reduction in Pr(hospitalized in next 6 months)

— Predicted reduction in estimated health care cost
from $1500 to $1100.

Measurement Strategies

Y&

* Suppose the runners ran on different days, or
different courses, or both?

+ Establish standards for all courses. [Control]
« Statistically correct for differences. [Adjust]

Standardization of Tests

+ Adjustment strategy for large-
scale assessments.

» Make tests and testing situations
as identical as possible.

+ Different forms with different
items taken at different times are
still comparable.

* Scaling and Equating

Center for Health Care Research & Policy
www.chrp.org/love tel3@po.cwru.edu

“Static” Testing

 Items are selected to be suitable for
some hypothetical “average”person.

» Each subject receives the same batch of
items, in the same order, and is scored
in the same way.

* Pool of items is homogenous — often
designed to cover entire population,
regardless of efficiency.
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“Tailoring” and High Jumping

+ Starting height that competitors
choose depends on their ability.

* Very good jumpers “pass”
lower heights.

Which jumper is superior?

6 feet 7 feet
Jumper A “Pass” Clears
Jumper B Fails to Clear

July 12, 2002
Thomas E. Love, Ph. D.

Adaptive Testing

 Each subject receives an individually
tailored sequence of items.

* Items in the pool vary markedly in
terms of information to the scorer.
» High Jump: if you miss, you’re out.

» Adaptive Testing: if you miss, you
get an easier question.

Adaptive Selection of Items

* Present each subject with items that
are particularly informative.

» Key Issue: how can we maximize the
precision of your measurement for a
given amount of assessment time?

» Key Step Forward: you keep giving
us some new information.

Dynamic Assessments Match
Questions to Each Patient’s Level

80 —

Severe 70—

60 —1

50 —
Moderate .

40—

30 —

20 —

Mild

10—

First Question:
Noisy Score Estimate (+/- 15)

80 —

Severe 70—

] First Item
00— € Score = 62
o] +/-15
Moderate =
40 —
Mild 7]

20 —

10 —

Center for Health Care Research & Policy
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Second Question: Standard
Error Reduced by One Third

80 —

Severe 70— Second Item
o0 € Score = 64
_ +/-10
50 —
Moderate 4

40 —

Mild ]
20 —

10 —
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Third Question:
Standard Error Now Cut in Half

80 —

Severe 76 Third Item
0——, «— Score =63
| +/-7
50 —
Moderate .

Mild

Challenges of Adaptive
Assessment

1. Characterize the variation among
items usefully.

2. Determine efficient rules for selecting

items to administer to a subject.

3. Aurrive at scores on a common scale,

even though subjects see different sets
of items.

Item Selection

* No point in asking questions about
whether you can walk several
hundred yards if you've already said
you can’t walk 100 yards.

» No point in asking if you have
trouble climbing stairs if you’ve said
you have no physical problems.

Which Item To Select Next?

» Want to estimate your trait value
efficiently.

* Want to pick an item that will help us
distinguish you from people who have
given similar previous responses.

* Want to “hone in” on your “correct”
score for the trait.

“Maximum Information” Strategy
for Adaptive Assessment

1. Evaluate all items not yet administered to
determine which will be best to administer
next given currently estimated trait level

2. “Best” next item administered, and subject
responds

3. New estimate of trait computed using
responses to all administered items

4. Repeat 1 through 3 until stopping criterion.

Rudner, LM (1998). An On-line, Interactive, Computer Adaptive Testing

Tutorial http://ericae.net/scripts/cat

Item Information Function

+ Estimates the information at various
trait levels provided by an item.

» At what level is this item effective?
» How well can this item discriminate?

* Information Function is the reciprocal
of the variance of the likelihood
function...

Center for Health Care Research & Policy
www.chrp.org/love tel3@po.cwru.edu
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Item Response Theory Tutorial at

http://128.8.182.4/scripts/cat/genicc.asp National Center f‘?r Fair and
Item.Responsg Fur!ction ltem !nforrnatign Fu.nctior1 Open TeStlng

 Test-makers claims that the scores of
computerized and pencil-and-paper tests are
equivalent are inadequately supported.

= D] 1 2 )

= s » Computerized tests constrain test-takers
compared to paper-and-pencil tests (only one
[Please pick your item parameters: a m b:. lﬂ c:'m Graph this ltem on the screen a't a tlme? etc)
« An item provides its maximum information at » The a}dditional cost of computerized tests is
ability level b. certain to have a large effect on who chooses
* Amount of information provided is a function to take them. i
of the item’s a and ¢ parameters. http://www.fairtest.org/facts/computer.htm
What's Wrong with Short-Form Surveys Alone Do
Today’s Outcome Measures? Not Provide a Solution
Health Status Questionnaires Not Enough Marks
Are Not Practical 9—
Short i
Forms 7—
« Face-to face interview  $300 Measure Too Low i
$ $200 (Ceiling Effect) S
* Telephone interview w/ $38 3= —
.. 2= -
» Self-administered §50/ $15 = | —
Shor?F?rms
The Ideal Ruler is Not Practical Using
the Old Way of Collecting Data What Are The Advantages of
Not Enough Dynamic Assessments?
arks
g— g— * More accurate risk screening
- = » Reliable enough to monitor individual
7— = ‘ ‘ : ‘ patient outcomes
Measure - = * Brevity of a short form — 90% reduction in
c Tlc')o LEof\;v ) 5— 5= ﬂ ‘{\! respondent burden
e1l1in; €eC — = .
3g_: , , = ‘ » Markedly reduced data collection costs
o= _| = ﬂ{\!{\/ * Elimination of “ceiling” and “floor”
= = : effects
1= 1— 1=
Short Forms Ideal Ruler

Center for Health Care Research & Policy
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Do Dynamic Assessments Dynamic Internet Assessments
Reduce Respondent Burden? Greatly Lower Costs
» (N = 2753, overall r = .985) « Face-to face interview  $200-$300
- * Among patients in ' _
. poorer mental health * Telephone interview $50-$75

(worst third), 92%
met clinical standard
of precision with five
or fewer questions

 Self-administered $25-$50

0 W W N N N 0 N 0 % 10

» Internet administered  $1

Source: John Ware at Academy Annual Meeting 2001 Short Course

amlhealthy.com
Dynamic SF-36 SF-36 Scales

Physical Functioning [PF]

* Role Functioning — Physical [RP]
Bodily Pain [BP]

General Health Perceptions [GH]
Vitality [VT]

Social Functioning [SF]

* Role Functioning — Emotional [RE]
Mental Health [MH]

.

€10 3 g e

Question 1

Blurb for Patients

e The Dynamic SF-36® Health & amlhealthy.com-
Survey is a state of the art T —— i
"smart" survey designed to . OV, oy Yot hs g1 PAST 4 WEEKS?
measure your overall health. After %] vorot
you answer the first few questions, vy
the survey can customize the c
number and types of additional « voee
questions you get. . Em

Center for Health Care Research & Policy
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Questions 2-7 for Patient 1 Questions 8-13 for Patient 1

M= E3

amlhcal(hy.com‘ F ey i parest | spskoset

measuring your héalth

355 Health Survey

amlhealthy.com-
semeiog your
2. During the PAST 4 WEEKS,

your ususl physical activities {(such a8 walking or climbing stairs)?

& | Motata 13. During the PAST 4 WEEKS, hew much did personal or smotional
problems keep you fram doing your usial work, schoal or other daity
C Veryhttie activi
€ Somewhat & | Notatal
 Cuite akot € Verylime
€ Coud not do physical acnities € Somenhat
€ Could not do daly activties
o 1 02 oyt st m “
=l Corupt 1490 002 ot Ferscrsted
] =
;]
] =

D ic Health S ™ eport for Anonymous .
0 YRR SRS S Remainder of Report for

A e ———_—,. Patient 1
Aga: Und past 4 wirks, sus esvarch shows th,

at:
Gunder: Unknewn
Conditions:  Unkniwn Compared 10 the general pepulation...
FPhysically, your... Dale  Physical Health  Mental Health
rrvsicaL HEaLTH summary [IEEN * functioning ix hetter than most Summary Summary worlinue mondorng yeur prog
. - - i 2 § &3
w1t I wame o less [Currens; 074064 & & = By shawing this riegiort 10 your doctor or athie
53 = perormnance of wark, hame or schesl sctmlies vt cane privadier, you can work togethir to
b4 Sightly worse * W encourags you 1o become a ragistersd user 50 1hat | make sure that your physical & mental health are
v - p v ¥ Emotionaty, wi 30 raport and interprat your changes in 5cores 090 | as good as thay can be
= “ = - ™ AMEORE Y time. )
WORST s AV, BesT bulhéred less thar mast T T T Y T Ty Ty T T T T T e e
* participation in soial actiities is less limited u harva any o st o he a2, 1 5 eays 3 gaod idua $3 pesk ane-somone prtessional madical cosmuttio
Your physical heshh “% I8 Abaut RAGR, | purfurmance of work, home and school actaities is
Lating mto accoun roe

pewared by

imited more -‘ CopTIEHLE 1HRI00Z CuatitiMets Incossarated
mentaL weaLTH summary  [EER "

* rating of your health i bitter

53 .
anoray bevel is highar
v
v v T v v
£ © = & i
'WORST s AvG. BEST

Your mental heskh sumeary score (e about swerage,
Laking into account the msgin of e

Report for Patient 2 (saw 33 items)
First 7 Items for Patient 2 0
R . . D Health Survey™ Repon for Anomymous

SJuly 3, 2002
g amlhealthy.com-
semeiog your

Dy

[Barsed on your snwwsrs sbout your bealth s e
[past 4 walkes, our revesich shows that:

356 Health Survey Comparad 1o the genaral pepulation...
Phoysicaity, your...

7. How TRLUIE or FALSE is the following statement for you? | am a8 healthy as.
anybody | Know.

" Definitely s i harma e achosl sctiitins it
C Mostyrue
€ Deatknow

c
(® | Definitely faise

48 than mest

y false ol acivies 1s bess bmited
wirh_ st e Schosl actastind id

= raing of your baskh is meach worps N Y0UT Pl vt 10 the docter be ure to
. i discuss the impact bealth protéams are having on
g el 13 ot oun
D 1100 e Peersirsted i

In one month, Take s sury again 1o conbinue
manitoneg your pros
By showng this 1eport fo your doctoe of ofher
haskh care prasicer, you 2an work lagethes 16
sk sure than you physical & rantal heslth an
aa.0nod st can iy

=
woRST

Ve matal baslth gum
Taking irta st the

] =

TS
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. . Dynamic Health Survey™ Report for Anonymous
Question Set for Patient 3 0 Y L 5
m:pnn o .m , 2002 Based on your answers about your health in the
3 (rymamec 51 -0 Hpalh Survey - Macrosal balsmel {aplosss & Age: h:ﬁ past 4 wasks, aur research shows that:
= Conditiors:  Unkrvown Compared to th general population,..
FPepsicaity, your...
PHYSICAL HEALTH SUMMARY * functioning i better than moss
o < s ok, e r sk o
1. Overall, how would you rate your health during the PAST 4 WEEKS? ' tha same or hatter
(% | Exceert ; ; !T‘1 ; ; |E matiomally, ..
v WORST US AV, BEST b bess han most
o L o e . ket
- P o v oo ] R P
Gl ® ey o et
o = LD S S S
S WORST us VG BEsT
= Wour mental health summary oo i abive Svbrage,
") B [ i taking A0 sccount the maegin of eeror
Summary: Three Breakthroughs Summary: What is IRT?
* Modern psychometric models * Item Response Theory is a family of
« Computerized dynamic assessments mathematical descriptions of what
* Availability on the world-wide web hap pens when a subject meets an
1item.
» The most fundamental aspect of IRT
is its depiction of the interaction
between item and subject.

Internet Sources

Summary: Advantages of .
» The Basics of Item Response Theory

Dynamlc Assessments (Frank Baker) http://ericae.net/irt
* More accurate risk screening » SF-36, SF-12, and SF-8 Surveys www.sf-36.com
+ Reliable enough to monitor * Dynamic Health Assessments www.qmetric.com

www.amlhealthy.com www.headachetest.com

individual patient outcomes » Understanding Health Outcomes Videos

* BreVity Ofa short form —up to 90% Educational Series www.healthstatprod.com
reduction in respondent burden « Latent Class Analysis
° Markedly reduced data COHCCtiOH http://ourworld.compuserve.com/homepages/jsuebersax/index.htm

http://www?2.chass.ncsu.edu/garson/pa765/latclass.htm

» General Resources http:/lib.stat.cmu.edu
http://www.math.yorku.ca/SCS/StatResource.html
http://www.education.umd.edu/EDMS/tutorials/frontpage.html

Costs

Center for Health Care Research & Policy
www.chrp.org/love tel3@po.cwru.edu Page 13
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