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¢ Test takers
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One Parameter Logistic Model

ption for small sample sizes

. mthe real model underlying a test

labeled as three parameter

. Less costly

. “The simple solution is always the
best”
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Tuwo Parameter Logistic Mode

- b)

Two param
a=Discrimination
b=Item Difficulty



Two Parameter Examples

a=.5,b=5,c=.1 a=1.5b=5,c=.1 a=2.5b=5,c=.1
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Three Parameter Logistic Mode
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b= Item Difficulty
c= Guessing



Three Parameter Logistic Model (3pL)

. Requires a large sample size

. Saﬁcant research demonstrating
that theoretically 3PL is better, but

practically has little advantage over
1PL

. “Most accepted theoretical model”




Three Parameter Examples

ltem Response Function
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a=1.5b=5,c=.1 a=2.5,b=.5,c=.25
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Ite e Theory
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be used for comparison

r rating on “hard items”-
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S worse rating on “easy items” -
The person is lower on the trait

ltems that measure the same construct can be
aggregated into longer assessments



IRT

Reliability is calculated for
each patient “ability” and
varies across the
continuum.

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




modified in any way.

IRT

Validity is assessed
for the entire item bank.

Subsets of items (full length
tests, short forms and CAT) A |l
inherit the validity
assessed for the original
item bank.




How Sme Difficulty of Test Items

A 4

A 4

Medium
Test

A 4

Expected
Score 5

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



S. IRT Measures
val Measurement

1.00 125 1.50 2.50



How Differ Person Ability and Item Difficulty
Ought of a Correct Response

rson Ability

Item Difficulty
Person Ability

l

[ |
T p =.5
Item Difficulty
Reprinted with permission from: Wright, B.D. & Stone, M. (1979) Best test design, Chicago: MESA Press, p. 13.




The Item Characteristic Curve

Sample Item Characteristic Curve (1CC)
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| Have a Lack of Energy

raditional Test Theory

0 = Very Much 2=Somewhat 3 =A Little Bit 4 = Not atAll

Iltem Response Theory

Trait Measure



The IRT "Reality” of a 10 Point
Rating-Scale Item

1 12 |34|56| 7 8



Probability Curve
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option has its own curve)
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Probability Curve
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Probability Curve

I have a lack of energy
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Probabllity Curve
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IRT Polytomous Responses

ave beentoo tired to feel happy

All of the
time
e of
e Mos_t of
the time
-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00

Energetic Severe Fatigue

Fatigue



Polytomous Responses

None of

the time
T e e S
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Fatigue
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IRT Polytomous Responses

ave been too tired to read.

All of the
time
Most of
the time
0.0 ¥ | T T
-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00
Energetic Severe Fatigue
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Calibrated Item Banks can be used to
Creat us Instrument Types

E Custom Item Selection
Emotional ‘
Distress Prostate Breast Brain
Pain Cancer Cancer Tumor
. —lItem4 —ltem 4
Physical — e B0
Function —ltem 36
| Bank —ltem34 —ltem 34
tem Ban Item32 _tem32 || —Hem32
—ltem40 A
—Item38 —Iltem 28
—Item36 —ltem26 —ltem 26
—ltem34 —ltem 24
—ltem32 —ltem 22 —ltem 22
] Ighs —Iltem30 &
medium, or low) —Iltem28 1| —ltem18
—ltem26 —ltem 16 —ltem 16
—ltem24 —ltem 14
: ) ) —ltem22
Computerized Adaptive Testing (CAT) —ltem20 —Item 10
. ) —ltem18 —Iltem 8 —ltem 8
*Custom individualized assessment ) —ltem16
: - N —lItem14
Suitable for clinical use ) —ltem12 —ltem 2 —ltem 2
‘ —ltem10
Accuracy level chosen by researcher | | —ltems *3 Diseases
—Iltem6
— —ltem4 *3 Trials
—ltem2 4
*3 Unique Instruments
. » Each based on content interest
Source: Expert Rev. of Pharmoeconomics Outcomes Res. (2003) of individual researchers




Source: Expert Rev. of Pharmoeconomics Outcomes Res. (2003)
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Co tive Testing (CAT)

*Custom i
*Suitable for cli

*Accuracy level chosen

-~

Source: Expert Rev. of Pharmoeconomics Outcomes Res. (2003)



Source: Expert Rev. of Pharmoeconomics Outcomes Res. (2003)

Custom Item Selection

Prostate Breast Brain
(0F:1)[-1 Cancer Tumor
—ltem40 —ltem 40
—ltem38
—ltem 36
—ltem34 —ltem 34
—ltem32 —ltem 32 —ltem 32
—ltem 28
—ltem26 —ltem 26
—ltem 24
—ltem 22 —ltem 22
—ltem 18
—ltem 16 —ltem 16
—ltem 14
—ltem 10
—ltem 8 —ltem 8
—ltem 2 —ltem 2
3 Diseases
3 Trials

*3 Unique Instruments

* Each based on content interest

of individual researchers




In Summary, ‘
Calibrated Item Banks can be used to:

trument
gue content interests

short-form or full-length
Instrume
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CAT In the Military



CAlfforCertification

AANA

American Association of Nurse Anesthetists

COO0 CompTlA.




CAT for Licensure

.-
oy

AMERICAN DIETETIC ASSOCIATION

NATTONAL

COUNGIL

National Council
of State Boards of Nursing, Inc.




CAll torCollege Entrance

HOME STWESEARCH GMACSTORE FAQ  ABOUT GMAC
gmac,Com

; e
O GRADUATE MANAGEMENT ADMISSION COUNCIL T h GM 3 Tm } ;

THE GMAT THE MBA MBA CAREER PATHS SCHOOL SERVICES I!ESEAIICI-I & TRENDS .
The
College
Euar-::l

Test of English as a Foreign Language

Graduate Record Examinations’



CAT for Education

Northwest Evaluation Assoctation

Renaissance Learning™



CAT for Clinicalliesting

MMPI-2

Workshops @f Symposia




CAT for Personnellesting

The Measure of IT Proficiency

PSTC

Personnel Systems & Technologies Corporation

Business Language Testing Service B U L ATS

P

Y
sl UNIVERSITY of CAMBRIDGE AL f }.

“#* Local Examinations Syndicate A
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Calibrating items
Part

| data from
tered items

person-data
d create raw estimates

. Several software packages exist for this
purpose
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+ Opti
. Overlapping items (items that cue other items)

ow same items to be used during retesting



339585900 Entry- 1 Clear Pass

VLT Ver: 10/01/01

Tested: 01/28/02
Status: 2
P
A
-3.0 -2.0 -1.0 S0 1.0 2.0 3.0
Item AN Cont Diff Ans & = Time ! Meas SE [+ 5 | 5 | 5 S | 5 | R | |
1 21151 BBN -0.09 1 1 o 2'30 9.99 9.99 +
2 22805 CHE 0.03 2 1 o 2'56 9.99 9.99 [+
3 22479 HEM 0.13 4 0 o 0'36 0.72 1.22 * |+ X *
4 21986 MIC 0.13 3 1 o 0'29 1.15 1.15 * |+ X >
5 22397 IMM 0.26 1 1 o 0'10 1.48 1.12 * + X >
6 21793 UA 0.46 4 1 o 0' 9 1.76 1.10 | * + X >
7 22504 BBN 0.50 3 1 o 0'56 1.99 1.08 | * o+ X >
8 22083 CHE 0.57 4 1 o 0'22 2.19 1.07 \ * oy X >
9 22641 HEM 0.74 4 1 o 0'59 2.38 1.06 \ * X >
10 20194 MIC 0.90 2 1 + 3'17 2.56 1.05 [ *4 X >
11 22032 BBN 1.00 4 0 o 1'26 1.92 0.78 \ * X >
12 20344 CHE 1.00 4 1 o 1' 0 2.08 0.77 [ * X >
13 22261 HEM 1.12 4 0 o 1' 9 1.72 0.66 [ * + X *
14 21851 MIC 0.94 4 1 o 1'15 1.85 0.65 \ *y X *
15 21511 IMM 1.02 1 1 o 2'14 1.97 0.65 \ *y X >
16 21450 UA 1.27 1 1 + 1'17 2.09 0.64 \ x4 X >
17 20537 BBN 0.93 3 1 o 0'35 2.18 0.64 [ + X >
18 22330 CHE 1.12 2 1 + 2132 2.28 0.63 \ +* X >
19 21218 HEM 1.02 1 1 o 0'37 2.36 0.63 [ * X >
20 21628 MIC 0.96 3 1 o 1' 3 2.44 0.63 \ + * X >
21 22748 BBN 1.07 1 1 o 2'10 2.51 0.62 [ + * X >
22 22553 CHE 1.22 3 1 o 0'31 2.59 0.62 [ + * X >
23 22639 HEM 1.28 1 1 o 0'57 2.66 0.62 [ v * X >
24 22646 MIC 1.35 2 0 = 2'44 2.40 0.55 \ + * X >
25 22663 IMM 1.27 1 0 o 1'17 2.19 0.50 \ +% X >
26 22557 UA 1.06 2 1 o 0'41 2.25 0.50 [ + % X >
27 20686 BBN 1.15 1 1 o 0'27 2.31 0.50 \ + * X >
28 22634 CHE 1.37 3 0 o 1'19 2.15 0.46 \ + X *
29 21646 HEM 1.16 2 1 o 0'15 2.20 0.46 \ + X *
30 22387 MIC 1.31 4 1 o 0'23 2.26 0.46 \ * X >
31 20018 BBN 1.27 3 1 o 0'34 2.31 0.45 [ X >
32 22059 CHE 1.40 1 1 o 0'48 2.37 0.45 \ + X >
33 22471 HEM 1.34 1 1 o 0'41 2.42 0.45 \ + % X >



434843789 Entry= 1 Clear Fall

HT Ver: 01/01/02

Tested: 01/28/02
Status: 1
P
A
-3.0 -2.0 -1.0 0 s 1.0 2.0 3.0

Item AN Cont Diff Ans & = Time ! Meas SE |4+ bt | 5 | 5 | S+ | 5 |+ |

1 31384 ST 0.35 1 0 0'34 -9.99 9.99 |+

2 31009 FIX 0.22 3 1 0'18 0.29 1.41 * +X *

3 31113 LO 0.18 1 0 0'26 -0.44 1.22 * X + *

4 30385 MIC 0.36 3 1 0'33 0.28 1.00 * X+ *

5 30873 ST 0.24 3 0 0'31 -0.14 0.91 * X+ *

6 30533 PRO 0.05 2 O 0'30 -0.46 0.87 * X + *

7 30525 ST 0.35 2 0 0'16 -0.67 0.84 * X [+ *

8 31008 FIX 0.37 4 0 0'31 -0.83 0.82 * X | +%

9 30664 ST 0.30 2 0 0'32 -0.98 0.80 * X +

10 31086 LO 0.35 4 0 0'12 -1.11 0.79 * X |+

11 31626 ST 0.34 2 0 0'23 -1.22 0.78 * X * o4

12 31356 MIC 0.32 4 1 0'41 -0.81 0.67 * X +

13 31210 PRO 0.21 2 O 0'35 -0.92 0.66 * X +]

14 31148 ST 0.39 1 0 0'20 -1.01 0.65 * X * o+

15 31620 FIX 0.25 4 0 0'10 -1.10 0.65 * X * 4

16 30224 ST 0.20 4 0 0'25 -1.19 0.64 * X * o4

17 30940 FIX 0.40 2 0 0'32 -1.25 0.64 * X * |+

18 31288 ST 0.25 3 1 1'14 -0.97 0.57 * X * 4

19 31529 LO 0.28 1 0 0'58 -1.04 0.56 * X * 4

20 31120 ST 0.40 2 0 0'11 -1.10 0.56 * X * |+

21 31355 MIC 0.36 2 0 0'59 -1.15 0.56 * X * |+

22 31207 PRO 0.33 2 0 0'34 -1.21 0.55 * X * +

23 30745 ST 0.33 4 0 0'33 -1.26 0.55 * X * +

24 31285 FIX 0.40 3 0 0'13 -1.31 0.55 * X * |+

25 30237 ST 0.39 3 0 0'22 -1.35 0.55 * X * |+

26 30179 ST 0.26 1 0 0'24 -1.40 0.54 * X * +

27 31055 FIX 0.23 4 1 0'24 -1.18 0.50 * X * +]

28 31598 LO 0.29 2 0 0'33 -1.23 0.49 * X * +

29 30384 MIC 0.27 3 0 0'11 -1.27 0.49 * X * +

30 30524 ST 0.20 1 0 0'21 -1.31 0.49 * X * +|

31 31470 PRO 0.38 1 0 0'16 -1.35 0.49 * X * |+

32 30188 ST 0.31 3 0 0'21 -1.39 0.49 * X * +

33 31402 FIX 0.28 3 0 1' 9 -1.42 0.49 * X * +



411433522

Entry= 1

Ver: 10/01/01

Diff Ans &

PBT
Tested: 01/26/02
Status: 1
Item AN Cont
1 220576 SC -0.33
2 220304 LO -0.24
3 220935 SPH -0.13
4 220213 scC -0.03
5 220378 AP -0.11
6 220523 SC -0.30
7 220611 LO -0.37
8 220928 sC -0.38
9 220218 SPH -0.48
10 220975 sC -0.65
11 220709 scC -0.79
12 220634 LO -0.56
13 220708 SPH -0.81
14 220748 SC -0.65
15 220369 AP -0.88
16 220777 SC -0.68
17 220265 LO -0.97
18 220885 SC -0.95
19 220302 SPH -0.98
20 220044 scC -0.88
21 220442 scC -0.80
22 220263 LO -1.01
23 220507 spH -0.79
24 220037 scC -1.00
25 220317 AP -1.05
26 220535 sC -0.92
27 220987 LO -1.02
28 220342 scC -0.99
29 220089 spH -0.89
30 220860 SC -1.11
31 220754 ScC -0.98
32 220610 LO -1.08
33 220347 SPH -0.91
34 220856 SC -1.01

3

N P W w DN W b w wdh PP PPN PP DNDNDNDEPE NDEPE W wWE N w2 BN

H PP ORPORRFPLORFPRL ORORREIRFEOOR-R OR OFRF OOLRIKR O RO P P

+ O O O

o O O O O o |

O + O 0 0O 0O o o 0o o o o o I

+ O O O O O O O

Time
0'37
1'13
1" 3
0'52
0'40
0'10
0'17
0'33
0'50
0'46
0'35
0'41
0'22
0'34
0'39
0'40
0'12
0'33
o' 8
0'32
0'le
0'52
0'30
0'43
0'11
0'51
0'25
0'49
0'41
0'20
0'47
0'23
0'49
' 2

Meas
.99
.99
.46
.92
.24
.50
.70
.27
.04
.10
.21
.03

O O O O O O O O O O v v

-0.13
-0.04
-0.21
-0.37
-0.29
-0.22

-0.28
-0.22

-0.28
-0.23
-0.33
-0.28
-0.23
-0.33
-0.29
-0.38
-0.33
-0.29
-0.25

O O O O O O O O O O O O O O O O O OO O OO oo o o o oo o+ +F v v

SE

.99
.99
.22
.15
.91
.87
.84
.73
.67
.65
.63
.59
.57
.54
.53
.50
.49
.47
.46
.46
.44
.43
.42
.41
.41
.40
.39
.39
.38
.37
.36
.36
.36
.35

-3.0 -2.0 -1.0

P
A
s 0 1.0 2.0 3.0
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easure =48

Information Function

60 70 80 90 100

Item Meas SE

1

GP1 - | have a lack of energy
0 = Very Much; 1 = Quite a Bit; 2 = Somewhat; 3 = A Little Bit; 4 = Not at All



easure =48

Information Function

60 70 80 90 100

GP1 - | have a lack of energy
0 = Very Much; ; 2 = Somewhat; 3 = A Little Bit; 4 = Not at All

Item Meas SE
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Simulate Measure = 48

Iltem Meas SE 10 20 30 40
1 37 21
2 40 12
3 42 )
4 44 | 8
5 45 7
6 46 7
7 47 6
8 48 6
) 47 5
10 48 5
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Simulate Measure = 15
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PROMIS Fatigue Short Form

Never Rarely SOMe- - hien INWEVS
times
] O [ ] [l
FATEXP 1 2 3 4 5
20
] [l [ ] ]
1 2 B 4 5
] ] ] ] ]
1 2 B 4 5
] O [ ] ]
FATIMP 1 2 3 4 5

33

FATIMP
30

FATIMP
21

el How often dic 0 exercise

% strenuously?

Reprinted with permission of the PROMIS Health Organization and the PROMIS Cooperative Group © 2007.






