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CAT-format questionnaire

* An IPQ-18 presented in a previous paper:

Chien TW, Wang WC, Wang HY, Lin HJ:
Online assessment of patients' views on
hospital performances using Rasch
model's KIDMAP diagram. BMC Health
Serv Res. 2009,9:135.
http://www.biomedcentral.com/1472-
6963/9/135



Step (threshold) difficulties are
vielded

« The category Rasch-Andrich thresholds (step

difficulties) were ordered as -3.76, -1.91, 1.57
and 4.11.

http://www.biomedcentral.com/1472-
6963/9/135

» Ex. Overall difficulty=3.78 for item 39 yields step
difficulty as followings:

step 1= 0.02[3.78+(-3.76)],
step 2=1.87[3.78+(-1.91)],
step 3=5.35[3.78+1.57],
step 4=7/.89[3.78+4.11].




Item bank prepared in Excel

Qverall Step difficulties

Item_no Items difficulty bl b2 b3 b4 despl desp2 desp3  despd desp5
1 Staff... 3.78 002 187 535 789 StonglyNS  NotSatisfied  Fair  Satisfied  Strongly S
2 Docto.... 2.76 -1 085 433 687 StonglyNS  Not Satisfied  Fair  Satisfied  Strongly S
3 Hospi.... 2.22 154 031 379 633 StonglyNA  NotAgree  Fair  Agree  Strongly A
4 Ever .... 1.58 218 033 315 569 Hard to Tolerance Fair  Alitile None
5 Were.... 0.67 309 -124 224 478 StonglyNA  NotAgree  Fair  Agree  Strongly A
6 Howl.... 0.42 334 -149 199 453  StronglyNS  Not Satisfied ~ Fair  Satisfied  Strongly S
7 Staff.... 0.3 406 -221 127 381  StronglyNS  NotSatisfied  Fair  Satisfied  Strongly
8 Youf.... -0.63 439 254 094 348 StonglyNS  NotSatisfied  Fair  Satisfied  Strongly S
9 How w.... 0.71 447 262 086 34  StronglyNS  NotSatisfied  Fair  Satisfied  Strongly S
10 How o.... 095 471 -286 062 3.16 StonglyNS  NotSatisfied  Fair  Satisfied  Strongly S
11 Were ... -1.08 484 299 049 303 StonglyNS  NotSatisfied  Fair  Satisfied  Strongly
12 Bothe.... -1.1 486 301 047 3.0l Hard to Tolerance Fair  Alitile None
13 Havin.... -1.1 486 301 047 301 None Hard to Fair  Alitile Trust
14 Staff.... -1.1 486 -301 047 301 StronglyNA  NotAgree  Fair  Agree  Strongly A
15 Staff.... -1.1 48 301 047 301 StonglyNA  NotAgree  Fair  Agree  Strongly A
16 Docto.... -1.12 48 -303 045 299 StronglyNA  NotAgree  Fair  Agree  Strongly A
17 Youg.... -1.12 488 -303 045 299 StronglyNA  NotAgree  Fair  Agree  Strongly A
18 Hospi.... -1.12 48 303 045 299 StronglyNA  NotAgree  Fair  Agree  Strongly A




Logic of CAT

1.Begin with initial score estimate }

!

2. Select & present optimal scale item

1.MSE <= 0.51
2.At least
10 items are
required

. Is stopping
rule satisfiec

‘ 3. Score response

<{mmmm 4. Re-estimate score

On next 2 slides, to see:
1)Rasch Rating Scale Model
2) Newton-Raphson Method



The Rasch rating scale model
(RSM) O |I difficul

Person ability Step difficulty

E}cpz[ﬁﬁ — (o, +*rj.)]
P(X, =x)=— x=01..m

k

> expY 4, ~(6,+7,)]

Where P(Xni = x) is the probability that a person n is assigned
to rating scale category x on item i, each item has m + 1 rating
scale categories

And

> |6, -6 +7)]=0



Newton-Raphson method,
information, SE and outfit

To re-estimate score en pfovisional estimate of a person and item difficulties known)
for Newton=1 to n
for item=1 to selected item

. first_order = first_D + (obs. score- expected score )---=-======n=nmmmmmmmmmmmm oo -
. second_order = second_D + variance
Stop | * information = information + variance ---------=---mmmmmmmmmm o ->
rule |* nextitem

»SE = 1/ information® 0.5
Ability = Ability - first_order / second_order
Convergency to a limit

if abs(first_order / second_order)<.05 then exit for
next Newton

To obtain the probability,variance and outfit MNSQ

a) Compute the cumulative exponential of observing each category, ex. A1,al... was shown in
previous slide

b) ALL_ p=a0+al +a2+a3+a4 v

c)The expected score for eachitem=(0) *a0/allLp+(1)*ail/al_p+(2)*a2/all_pl+(3)*al3/
allp +(4)*a4/all p

d)The variance for each item is stated as:

variance =a0/all p* (0 -ex)*2+al/al p*(1 -ex)*2+a2/all p* (2 -ex)~2+a3/all_p* (3
-ex) "2 +ad/allp*(4-ex)n2

Zsquare = (obs. score- ex) " 2 /var
for j=1 to selected item

outfit = outfit + Zsquare(i)
next i




Select & present optimal scale item
by Select the maximum
iInformation for unselected items

*

Information=variance =al0/all p* (0 -ex)*2+al/all p
(1 -ex)*"2+a2/all p*(2 -ex)*2+a3/all_ p*(3-ex)
N2 +ad/all p*(4-ex)n2

« expected score foreachitem=(0) *a0/all p+ (1) * aft
/fall p+(2)*a2/all p+(3)*a3/ allp +(4) a4/
all_p

XpY [B,—(3,+7,)]
PX, =x)=—

p x=0L..m
D expd [B,—(5,+7,)]
k=0 j=0
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A screencast of the module in
Excglalect & present optimal scale item

CAT based inpatient satistaction survey

2

»

o

Item  Items difficult

1 Staff told vou abo 3,73

z Dockors or nurses 2,70

3 Hospital staff talk 2,22

4 Ever bothered by 1,58 —
5 were vou involver 0,67 —
& How long after usi 0,42 (D
7 Staff bald wou how -0.3

g You Feel wait a lor -0.63 3
El How would voura  -0,71

11 Were vou given e -1.05 w
1z Bothered by noise -1.1 m
13 Having confidence -1.1 D
14 Staff savingone b -1.1 x
15 Staff explained th -1.1

16 Dactars talked inF -1.12

17 You get answers b -1.12

18 Hospital staff dide -1.12

(| ol

Mo Measure response |Z-score|
10 3,14 3 0,77
5 2.47 4 1.85
4 2.1 3 0,72
1 1.87 Z2 0.26
2 1.67 3 1.58
3 1.19 3 1.22
b 0.64 4 1.73
9 -4.39 3 0.62
g -2.21 1 3.97
7 u} 2 2,03
e 1]
1.NO: 001414 +Date: 2010/10/24
) ' End
email: ‘
2.0ver satisfied Bl oo B

| Ssender ;J | Age ;] | Dept
(" Extreme N © Yery NS * Fair " Sakisfied " Wery Sati,  © Extreme 5

How organized was the care you received in A&E?

Strongh! Not Satil

Fair ‘ @tisi;b Strongly

(Time costh consured)

send by mail

Next ‘ Guide

|
Scoring ‘ —

Satisfied 3.14

TaT

2.Select -

SE 0.47 6. Stop
Inform 4.53

Outfit 3.21
‘ Infit 3.3

Item 10

5. Is stopping
rule satisfied

3. Score response
- 4. Re-estimate score



A web-based computerized
adaptive testing (CAT)

* http://www.healthup.org.tw/cat.asp

Inpatient survey on CAT

l=MIail or s=lf-dssign nu_rnbs-::| |
2 exiremely not 2 werw not 2 not . . e ) wer s 0 extreme
o el satisfied satisfied satisfied - i © waidsiiod satisfied satisfied
E(-:-Tsiﬁeal(:‘f 3 1 ) Hosital & 2 Hosital B 0 Hosital © 0 Hosital D 0 Hosital E 2 Hosital F
subroit
Inpatient survey CAT(IRT-polytomy) 12211: To Start
[111]

100tem answered)
Estimate = 0 SE_dif=0 MSE=0 Outfit MNS0Q=0 At least 10 items

CAT Tutorialexzamines:1221 1 vour placement:

Indicatorsi{To ses item after clicking) To selact ones appropriate fesling

23.Did staff say one thing and something quite different
happened to you?

El4-10




CAT item-by-item selection
report for an examinee

This test terminated when the SE less

than 0.5
Maximum number of items
Minimum number of items = 10 = 18
Examinee Name: Theta was estimated by maximum likelihood
Examinee ID: 001412 The standard error band plotted as that pluses mor minumes MSE around theta
Date tested: HHHEHEHE X=initial theta value C=Correct answer I=incorrect answer
ltem Theta SE -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 1Z]
7 0 0 3 S
6 1.27 0 2 >
8 -1.49 0 1 2.41*
9 0.2 067 e C——
4 0.36 062 e P
5 0.72 059 e -
3 0.85 055 e I
1 0.86 052 e —-—
2 0.52 049 0-mn-
10 0.53 047 e 2o

>Arbitrarily assigned value, These values were not used to terminate the test.

* |Z]>2 denotes that unexpected response occurred

The final theta estimate based on the tested items was 0.53 with a standard error of 0.47,
resulting in a standard error band of 6.00000000000001E-02 to 1



How to simulate Rasch data

Person measures and item difficulties (including step
ditficulties) known after CAT

How to Simulate Rasch Data

A | B | ¢ | o | E | F
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Using a item response generation method that has been
introduced at http://www.rasch.org/rmt/rmt213a.htm to generate
18-question responses for each patient when question difficulties
and patient perception measure (by CAT) are known.



WINSTEPS control file to yield
measures of NAT

&INST ; this starts the control specifications; it is optional
TITLE = 'LIKING FOR SCIENCE (Wright & Masters p.18)’
NI =18 ;25 items

ITEM1 =1 ;responses start in column 1 of the data

NAME1 = 12 ; person-label starts in column 28 of the data

ITEM = ACT ; items are called "activities"

PERSON= KID ; persons are called "kids"

CODES = 0123456789 ; valid response codes (ratings) are 0, 1, 2

0 Disike : nams of the faponss catagories Using the 18-question response to

1 Neutral .

e beondofali re-estimate NAT responses

for each patient using

a0 WINSTEPS software [17]

5 0.67 . . . .

6 042 (when 18-question difficulties

s o1 are known using WINSTEPS

@ anchored command file

13 -1.1

14 1. Shown In left, so that

17T the comparison. in efficiency

NUMB=Y can be made in next slide.
data S%}EVNVE e fo;"tohvivsi,nzr;?s the control specifications

021222211223232222

221222133333333442



Comparison of CAT and all
answered items (NAT) in
efficiency with paired t-test

Mea Varia Respo Maxim Minim Prob.>
n nce nse um um t V4
Test length:

NAT 18 0.00 3600 18 18 B}
10.4 476.7 < .001

CAT 2 0.25 2084 12 10 2

Estimated
ability:

NAT 0.69 266 3600 4.16 -2.69
CAT 0.71 262 2084 4.00 -2.56

1.10  0.14




