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The importance of balance
function

* A key component to perform ADL
* An indicator of severity

* An indicator of prognosis

The importance of
measuring balance function

* Assist clinicians in
—Client management
* Clinical reasoning
» Making prognosis
* Intervention
—Outcome measurement

The most commonly used
balance scale in research

* The Berg Balance Scale (BBS), 1989

* Berg K, et al. Measuring balance in
the elderly: Preliminary development
of an instrument. Physiother Can.
1989;41:304-311.

Scoring: 0, 1, 2, 3, 4

Iltem Description

1 Sitting to standing

2 Standing unsupported
3 Sitting unsupported
4. Standing to sitting

5. Transfers
6

7

8

9

Standing with eyes closed

Standing with feet together

Reaching forward with outstretched arm

. Retrieving object from floor

10. | Turning to look behind

11. | Turning 360 degrees

12. |Placing alternate foot on stool

13. | Standing with one foot in front

14. Standing on one foot 6
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We have studied the BBS for years
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The BBS NOT often used
in clinical settings

» Time-consuming

—Places burden on patients and clinicians
» Complicated

—Scoring criteria vary from item to item

Flaws of balance scales

« Time-consuming
—Complicated design
—Redundancy
 Impractical
—Irrelevant items for extreme patients
* Floor/ceiling effects
—Imprecise for extreme patients
« Difficult to interpret the score

Recent advances of
assessment theories/techniques

Iltem Response Theory (IRT)

+

Computerized Adaptive Testing (CAT)

10
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» Computer-based testing

» Adaptive testing

—Mainly tested on items with
difficulty nearby clients’ ability !

11

The Advantages of CAT

* Provides a precise score for a client with
the minimal number of items

— Precise, valid, and efficient
— Minimizes floor and ceiling effects

* Provides instant reports to clinicians to
speed up decision making

 Data banking/sharing

12
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Steps of developing the Balance CAT

Item construction .
Jeoretlcal framework:

! — Maintaining a given posture
Item testing S/Iaintaining balance in changing position
"""""" |+ EXpert opinions and testing

. vering entire balance spectrum
Item analysis ) - X
. ith very easy and very difficult items
— Sitting with support

Simulation studies ;?\ffected leg jumping
WM items
Developing the I 3 response categories
CAT platform

Field testing
__________________________ e 13

Steps of developing the Balance CAT

3
Item construction :
........................ 4

¢ -5500 subjects

Item testing i .
———="Various balance function

Item analysis

Simulation studies

Developing the !
CAT platform

_________________________ 14

Steps of developing the Balance CAT

Item constructionj
X H
Item testing

_j“““?“ﬁonfirmatory factor analysis

ltem analysis  {Unidimensionality
{"<"Item response theory

Simulation studiestodeI fitting

________ —

Developing the
CAT platform
3

Field testing
S ———— 4 15

Steps of developing the Balance CAT

Item construction :
Item testing

--------- L,

Item analysis

""""""" I“‘"’-"Eixplore reliability and validity

Simulation studies Xp|0re efﬁciency
» Determine stopping rules

Developing the ]
__CAT platform |

_________________________ 16

Item construction

Item testing
L &
i
Iltem analysis WE
""""" [
Simulation studies internet_based
— Data banking
Dé‘VE'OI?if;? the L |nstant report
AT platform ..
—— Administered on PDA or
: ; notebook
Field testing
eI, ey 17

Steps of developing the Balance CAT

Item construction i
Item testing J

S -

Item analysis

Simulation studiesj

C——

Developingthe | <« Determine reliability and validity
_.CATplatform |, patermine efficiency
» Determine feasibility
* Ongoing 18
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Sample characteristics (N=763)

Characteristic m eoa/‘;]?rSD)
Age (y) (mean (SD)) 61.9 (12.0)
Diagnosis

Hemorrhage 25%

Infarction 75%
Sex (male/female) 64/36%
Side of hemiplegia (r/I/b) 46/50/4%
Months after stroke at evaluation 6.8 (14.2)lg

41-item analysis

Unidimensionality

Assumptions @ All OK
Local independence § """""""""""""""""""""""""

$

Model fitting it an IRT model b (iEmSMEIE

excluded
¥

Parameter estimation E

$

CAT simulation e

20

Sitting to supine .
Supine to sitting .

« Sitting with/without support *
» Reaching for a pen* .
 Sitting to standing .

¢ Standing with/without support*  *

* Picking up a pen on the floor* .

» Standing heel to toe* .

* Maintaining a stride posture .

* Maintaining a squatting position

« Turning the body to the affected side
« Standing with feet together*

34 items (2-3 levels) of the item
bank

Tapping alternate feet

Standing to squatting

Squatting to standing

Marching in place

Jumping vertically with both legs
Standing on tiptoe

Standing on the unaffected leg
Standing on the affected leg
Hopping on the unaffected foot
Hopping on the affected foot

21

ltem1: sitting with support

Item characteristic curve

Probability

0 2 4 6 8 10

Balance function
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Item 12: standing without support

Probability
2 8 8

I
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0 2 4 6

Balance function
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Iltem 22: Marching in place

Probability

o
)
T
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0 2 4 6 8 10

Balance function
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Histogram af ability

The patient-item
map
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Reliability vs test length

S ————
e
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© L/ bound
5 1 ] — -lower
-’ bound
@ os / ——average
/
0.7 bl L i
1 2 3 4 5 6 7 8 9 10
Test length
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Proposed stopping rules
for the Balance CAT

* Reliability > 0.90

The Balance CAT is efficient

About 4 items
> 0.9 reliability

» <6 items
The CAT scores highly correlated
with the 34-item scores (r = 0.98) Real testing
£ using PDA or Notebook
: oz http://140.112.116.44/cat/
; — : &
abili& estima"(éd by all items 29 30
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Standing with eyes closed for 10 Maintaining a stride position
seconds p—
Balmce H2A(ERERIDEE 29)
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Marching in place .
Summary: The promising CAT
Balance
ﬁs‘!ﬁ(!ﬂiﬁiﬁﬁ 25)
AT : « Appears efficient, reliable, and easy for
EiLE G 2087 ; ;
fHN - tpraET s | S Interpretation
IT - gehy_mcsnmm [ 8 °° . ) -
L e S o * Speeds up clinical reasoning, decision
©o iz Fail B oz making, and outcome measurement
O1 JLIER  Pass 0
[ﬁ] 0 2 4 6 8 10
T T A o
« A new generation of measurement tools
: « Benefits patients, clinicians, and researchers
Final score:
54105
Reliability 0.96| * 3
Results
Questions & Comments 95% Cl upper bound  6.34
95% CI lower bound 4.44
Ching-Lin Hsieh %ﬁ%é@'& Reliability 0.96
clhsieh@ntu.edu.tw
homepage.ntu.edu.tw/~clhsieh
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