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Abstract1)

For maintaining adequate psychometric properties when reducing the number of items from an

instrument, item level psychometrics is crucial. Strategies such as low item correlation or factor loadings,

using classical test theory, have traditionally been advocated. The purpose of this study is to describe the

development of a new short form assessing the impact of low back pain on physical activity. Rasch

measurement model has been applied to the International Classification of Functioning, Disability and

Health Activity Measure (ICF-AM). One hundred and one individuals with low back pain aged 19-89

years (mean age: 48.1±17.3) who live in the community were participated in the study. Twenty-seven

items of lifting/carrying construct of the ICF-AM were analyzed. Ten items were selected from the

construct to create a short form. Item elimination criteria include: 1) high or low mean square (out of the

range: .6-1.4 for the fit statistics), 2) similar item calibrations to adjacent items, 3) person separation

value, and item-person map for potential gap in person ability continuum. All 10 items of the short form

fit to the Rasch model except one item (i.e., carrying toddler on back). Despite its high infit and outfit

statistics (1.90/2.17), the item had to be reinstated due to potential gaps at the upper extreme of person

ability level. The short form had a slightly better spread of person ability continuum compared to the

entire set of item. The created short form separated individuals with low back pain into nearly 4 groups,

while the entire set of items separated the individuals into 6 groups. The findings prompted

multidimensional models for better explanation of the lifting/carrying domain. The item level

psychometrics based on the Rasch model can be useful in developing short forms with rationally retained

items.
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Introduction

Creating fixed short forms have primarily been

used for decades to achieve “psychometric efficiency”

in health assessments (Caronni et al, 2014; Haley et

al, 2004; Jette, 2003; Velozo et al, 2000-2001).

Shortened instruments have developed in response to

growing demands for reducing test administration

time, respondent burden and study costs. In creating

the short form of an assessment, a goal would be

selecting the least number of items necessary while

maintaining adequate precision in measuring the la-

tent trait (Mallinson et al, 2004). That is, the major

challenge of shortening an existing well-developed

instrument is to achieve psychometric efficiency with

fewer items without sacrificing measurement pre-

cision (Haley et al, 2004; Jette and Haley, 2005; Lee

and Kang, 2013; Lerdal et al, 2013). Creating fixed

short form has largely been driven by the necessity

of establishing comprehensiveness and breadth of

prior assessments. However, when the number of

items are substantially reduced, as it is often the

case, the partial loss of measurement precision is in-

evitable (Ware and Sherbourne, 1992). Several stud-

ies indicated that balance between comprehensiveness

and precision of measurement should be taken into

Corresponding author: Bong-sam Choi bchoi@wsu.ac.kr



한국전문물리치료학회지 2014년 21권 4호 56-66 ISSN (Print) 1225-8962, ISSN (Online) 2287-982X

Phys Ther Korea 2014;21(4):56-66 http://dx.doi.org/10.12674/ptk.2014.21.4.056

- 57 -

consideration when developing short forms (Gum et

al, 2013; Haley et al, 2004; Johnsen et al, 2013). The

loss of precision may appear regardless of which

items investigators eliminate because fewer items

would leave more “gaps” in measurement across the

ranges of person ability (i.e., disability level). In

general, deficits in measurement precision often oc-

cur when items do not closely match particular abil-

ity levels. Thus, items should be chosen to match

ability in order to enhance measurement precision

(Haley et al, 2004).

Traditionally, classical test theory (CTT)-based

methodologies often include the deletion of items fo-

cusing low item-total correlations that would be the

least impact on overall internal consistency and fac-

tor loadings (Nunnally, 1994). Of these methods,

Cronbach’s α is one of the most commonly used

methods for selecting and eliminating items that

have the least impact on internal consistency.

However, copious studies indicated that Cronbach’s α 

is depending on the particular sample used (i.e.,

sample-dependent) and is not reflecting stable prop-

erty of the test (Raykov, 2008). The estimated

Cronbach’s α that is a property of observed re-

sponses of a sample cannot be generalized to differ-

ent samples. A study indicated that Cronbach’s α 

could be influenced by many factors such as test

length (i.e., longer tests are more reliable than

shorter ones) and missing data (Nunnally, 1994).

Consequently, the test items may not well matched

to the individuals.

In addition, the use of the separation ratio (SR)

based on the Rasch measurement model has also

been advocated (Davidson, 2009; Mallinson et al,

2004). The SR indicates the impact that removing

an item or items has on measurement precision. The

previous studies recommended deleting items with

high/low mean square residuals, similar item diffi-

culty calibrations, and substantial influence on per-

son separation. In other studies using item response

theory (IRT) methods, items were selected based on:

1) frequency of administration in computer adaptive

testing, 2) high test information, and 3) broad item

difficulty coverage (Mallinson et al, 2004; Velozo et

al, 2000-2001).

In the current study, we attempted to develop a

short form using the Rasch measurement model,

one-parameter IRT model, for an underlying con-

struct of an instrument measuring activity that were

mostly relevant to individuals with low back pain.

The goal was to create an efficient short form while

maintaining adequate precision. The purpose of the

present study is two-fold. First, we removed items

from the lifting/carrying construct of an activity

measure to create a 10-item short form which is

psychometrically comparable to the entire set of

items. Second, we investigated the item level psy-

chometrics as well as precision of the created short

form.

Methods

Participants and design

The International Classification of Functioning,

Disability and Health (ICF) Activity Measure

(ICF-AM) has recently been developed to create an

efficient and precise measurement system based on

the activity dimension of World Health

Organization’s (WHO) ICF model. The ICF model

provides the conceptual framework and classification

system for generating the items on the ICF-AM.

Activities involving movement, moving around and

daily life activities were the subcategories of the

ICF activity dimension consulted in the development

of items. Funding for the development of ICF-AM

was obtained from the National Institute of

Disability and Rehabilitation Research (NIDRR,

#H133G000227). The study was approved by the

Institutional Review Board of the University of

Florida (Approved by IRB # 568-2000). Data from

the 101 individuals with back pain who completed

the paper-pencil version was retrieved and analyzed

for the current study.
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Instrumentation

The lifting/carrying construct was selected from

six constructs of the ICF-AM due to its relevance to

activity limitations resulting from low back pain. In

an effort to overcome limitations of the CTT-based

short form construction procedure, the Rasch model

(one-parameter IRT model) was employed. The

Rasch model is the most robust of the IRT models

with respect to sample size with a recent simulation

study proving invariant item difficulty (Wang and

Chen, 2005). That is, stable item calibrations can be

obtained with a relatively small sample size.

A series of Rasch analysis was performed to

identify items that could be eliminated based on the

following four criteria: 1) high mean square, 2) low

mean square, 3) similar calibrations to other items,

and 4) person separation value (i.e., item was re-

tained if analysis with the item removed sub-

stantially decreased person separation). High or low

mean square values indicate that the item may

measure a different construct or need further

clarification. Similar item calibrations may indicate

redundant items. Removal of redundant items was

considered to be appropriate if the range of ability

level and intervals between items were maintained

on the item-person map. To reduce the impact of lo-

cal item dependence, deleting similar items was

attempted.

Data analysis

Using WinstepsⓇ software program ver. 3.57.2

(Linacre, Chicago, IL, USA), the Rasch rating scale

model was employed to determine model fit as well

as item level psychometrics of the ICF-AM. The

Winsteps
Ⓡ

program produces goodness of fit sta-

tistics for each item and person. These fit statistics

are used to identify items that did not fit the unidi-

mensional Rasch model. Infit and outfit mean square

(MnSq) values greater than 1.4 and smaller than .6

indicate misfitting. That is, the item might have been

responded to erratic or overly predictive (Bond and

Fox, 2001; Wright and Linacre, 1994). High MnSq

values may indicate that the item is measuring a

different construct or that the item was poorly un-

derstood and needs clarification for that. Infit is in-

lier-sensitive or information-weighted fit. This fit is

more sensitive to the pattern of responses to items

at a person’s ability level. Outfit is outlier sensitive

fit. In contrast to infit, outfit is more sensitive to the

pattern of responses to items with difficulty far from

a person (Linacre, 2002).

Rasch analysis provides point measure correlation

coefficients as an immediate evaluation of re-

sponse-level scoring. If the item-level scoring ac-

cords with the latent variable, these correlations will

be positive. A negative correlations coefficient may

indicate a reverse scored item. The point measure

correlations are acceptable if they are greater than .3.

The Rasch analysis also produces estimates of per-

son ability and item difficulty. These estimates are

on a log-odds unit (i.e., logit) scale. The average

item difficulty is arbitrarily set at zero logits with

positive logits indicating higher than average proba-

bilities and negative logits indicating lower than

average probabilities (Bond and Fox, 2001).

Rasch analysis also provides person separation,

which is an index of the sample standard deviation

in terms of standard error units and person reliability

(analogous to Cronbach’s α), and the proportion of

observed sample variance that is not attributable to

measurement error (Wright and Masters, 1982). The

SR values, which allows determining whether items

are effective in separating individuals into statisti-

cally distinct ability levels. The SR provides an in-

dication of the number of statistically significant

strata into meaningful categories (e.g., low, medium,

and high ability back pain groups). The formula used

to calculate is SR=(4Gp+1)/3, where “Gp” represents

person separation (Wright and Masters, 2002).

Confirmatory factor analysis (CFA) and exploratory

factor analysis (EFA) were used to test the unidi-

mensionality of the short form by using Mplus
TM

software program ver. 4.21 (Muthén & Muthén, Los

Angeles, CA, USA). The software was used to de-
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termine the goodness of fit to one-factor model of the

short form. The following criteria were used to de-

termine the goodness of fit to the one factor model: 1)

p-value of chi square >.05, 2) Comparative Fit Index

(CFI) and Tucker-Lewis Index (TLI) close to 1.0, 3)

root mean square error of approximations (RMSEA)

<.06, and 4) weighted root mean square residual

(WRMR) <.01 (Brown, 2003). Since the one-factor

model was not sufficient, EFA was performed to fur-

ther investigate the potential factor structure. We ap-

plied the unweighted least squares method for estima-

tors, varimax rotation following the initial factor ex-

traction, and replaced missing values with mean

values. Criteria to determine the number of factors to

retain was: 1) Kaiser’s eigenvalues greater than 1, 2)

factors accounting for greater than 5% of total var-

iance, and 3) scree test where the slope changes sub-

stantially in the factor versus eigenvalue graph was

performed (Cattell, 1966). A criterion of greater than

.5 was used to indicate a significant loading on a

factor.

Test information function reports the “statistical in-

formation” in the data corresponding to the complete

test. In general, the precision with which a parameter

is estimated is measured by the variability of the es-

timates around the value of the parameter. The

amount of information is the reciprocal of variance.

Statistically, when the standard deviation of person

ability estimates about the examinee’s ability is

squared, the term represents the variance and is a

measure of the precision with which a given ability

level can be estimated. From the above explanation,

the amount of information at a given level is the re-

ciprocal of this variance. If the amount of information

is large, it means that the person ability may be esti-

mated with high precision at a given ability level and

the estimates will be close to the true value of ability.

If the amount of information is small, it means that

the person ability may be estimated with low pre-

cision and the estimates will be widely scattered

around the true value of ability. In order to determine

how precisely the items on each of the short forms

estimate person ability across the full range of the

construct, the test information function was examined.

Results

The average age of the sample was 48.1±17.3

years and nearly 80% of participants reported having

back pain more than a year, which indicated a

chronic condition. 64% (65/101) of the sample in the

study were females and nearly 31% (31/101) were

males. Five subjects did not fill out this section.

After an initial Rasch analysis run with 27 items,

items with high infit/outfit statistics (boxed items)

were removed (Table 1). With several iterations of

Rasch analysis, attempting to maintain adequate per-

son separation and confirm if there is any changes

in the fit statistics, ten items were selected from the

entire set of 27 items (Table 2). The 10 items re-

tained to create the short form all conformed to the

Rasch model except one item. The item, carrying

toddler on back, had a problematic fit statistic (outfit

1.47). However, despite the high fit statistic

(1.90/2.17), this item had to be reinstated into the

short form due to a potential gap. All 10 items of

the short form exhibited moderate to high point

measure correlations ranging from .42 to .83, com-

pared to the range of the entire set of items (.41 to

.78). The 10 items of the short form had a slightly

better spread of person ability (-3.10 to 4.80 logits)

than the entire set of items (-2.72 to 4.30 logits).

Item calibrations of the 10-item short form remained

relatively stable after the 17 items were deleted.

However, person separation decreased from 3.67 to

2.49 (SR decreased from 5.23 to 3.65). That is, the

created 10-item short form separated the sample into

nearly 4 groups, while the entire item separated the

sample into 6 groups. After the short form creation,

person reliability (analogous to Cronbach’s α) de-

creased from .93 to .86.

A CFA was conducted to test for dimensionality

of the created short form. The one factor model
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Items
Measure

(logits)
Error

Infit

MnSq
a ZSTD

b Outfit

MnSq
ZSTD Corr

c

Carrying toddler on shoulders 2.84 .19 1.45 2.0 1.73 1.7 .43

Carrying toddler on back 2.69 .19 1.35 1.7 1.47 1.3 .51

Lifting 25 pounds shoulder to above head 1.77 .15 .86 -.9 .76 -1.1 .70

Carrying toddler on hip 1.55 .14 1.43 2.4 1.26 .9 .56

Carrying infant in arms 1.39 .13 1.82 4.3 2.14 3.0 .46

Lifting 25 pounds waist to shoulder 1.25 .14 .77 -1.7 .77 -1.3 .72

Lifting 25 pounds floor to waist 1.18 .14 .79 -1.6 .81 -1.2 .73

Carrying 10 pounds down one flight stairs 1.15 .14 1.43 2.8 1.63 2.8 .56

Carrying 10 pounds up one flight stairs .99 .13 1.27 1.9 1.48 2.4 .58

Carrying 25 pounds 25 feet .89 .14 .80 -1.5 .76 -1.6 .74

Lifting 10 pounds shoulder to above head .67 .13 .63 -3.1 .58 -2.8 .78

Lifting 10 pounds waist to shoulder .35 .13 .63 -3.2 .60 -3.1 .78

Lifting 10 pounds floor to waist .07 .13 .93 -.5 .89 -.7 .69

Lifting 5 pounds shoulder above head -.31 .13 .87 -.9 .77 -1.2 .70

Pulling open a heavy door -.53 .17 .98 -.1 .91 -.5 .58

Carrying 10 pounds 25 feet -.55 .14 .76 -1.8 .67 -2.0 .72

Lifting 5 pounds floor to waist -.71 .14 .83 -1.2 .87 -.7 .68

Lifting 5 pounds waist to shoulder -.85 .14 .73 -2.1 .66 -2.1 .71

Pushing open a heavy door -.86 .17 .86 -1.0 .74 -1.1 .61

Pulling wet laundry out washing machine -.94 .15 .97 -.1 .93 -.3 .62

Lifting 1 pound shoulder to above head -1.08 .14 1.16 1.0 1.05 .3 .57

Lifting 1 pound floor to waist -1.42 .15 1.00 .1 1.38 1.2 .55

Carrying 5 pounds 25 feet -1.45 .17 .74 -1.5 .80 -.8 .63

Pushing a shopping cart -1.73 .18 1.60 2.4 1.42 1.2 .41

Carrying 1 pound 25 feet -1.94 .19 1.29 1.2 1.19 .5 .45

Lifting 1 pound waist to shoulder -2.00 .18 .89 -.5 .70 -1.0 .57

Pulling open refrigerator door -2.43 .27 1.00 .1 .71 -.4 .40
amean square standardized residuals, bZ-score standardized, cpoint measure correlation coefficient.

Table 1. Fit statistics for the lifting/carrying construct of the ICF-AM

proved to be inadequate because none of criteria

were met to determine the goodness of fit. The

p-value was significant at .001, the CFI and TLI

were far less than 1.0 (.016 and .016 respectively),

the RMSEA was larger than .06 (.579), and the

WRMR was larger than .1 (5.728) (Table 3). For the

two factor model, both CFI and TLI were approx-

imate to 1.0, yet other criteria were not met.

An EFA to further investigate the factor structure

suggested that a two factor solution would be more

appropriate (Table 4). We retained two factors based

on the Kaiser criterion of eigenvalue greater than

one. These two factors accounted for 64% of total

variance (the first factor accounting for 48% and the

second factor accounting for 16%). The table pres-

ents factor loadings of 10 items (factor loadings

greater than .5 are in bold). Five items loaded onto

factor 1 and another 5 items loaded onto factor 2.

The factor loadings of item 5 and 6 involving “lifting

10 pounds waist to shoulder and lifting 5 pounds
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Indices criteria 1-factor model 2-factor model

Chi-square 1380.940 810.136

Degree of freedom 39 32

p-value (>.001) .000 .000

CFIa (1.0) .016 .897

TLIb (1.0) .016 .945

RMSEA
c

(<.06) .579 .294

WRMR
d

(<.1) 5.728 3.907
a
comparative fit index,

b
Tucker-Lewis index,

c
root mean square error of approximation,

d
weighted root mean square

residual.

Table 3. Results of confirmatory factor analysis for the short form of the ICF-AM

Items
Measure

(logits)
Error

Infit

MnSq
a ZSTD

b Outfit

MnSq
ZSTD Corr

c

Carrying toddler on back 3.58 .21 1.90 3.7 2.17 2.2 .49

Lifting 25 pounds shoulder to above head 2.25 .17 .80 -1.3 .75 -1.1 .79

Lifting 25 pounds floor to waist 1.51 .16 .77 -1.7 .77 -1.3 .80

Carrying 25 pounds 25 feet 1.20 .15 .78 -1.6 .71 -1.8 .82

Lifting 10 pounds waist to shoulder .50 .15 .69 -2.5 .65 -2.5 .83

Lifting 5 pounds shoulder above head -.33 .15 1.15 1.0 .99 0 .72

Pulling wet laundry out washing machine -1.02 .16 1.07 .5 1.05 .3 .65

Pulling open a heavy door -1.45 .17 .96 -.2 1.13 .5 .61

Lifting 1 pound waist to shoulder -2.45 .20 1.06 .4 .74 -.5 .57

Pulling open refrigerator door -3.78 .29 1.05 .3 .62 -.2 .42
a
mean square standardized residuals,

b
Z-score standardized,

c
point measure correlation coefficient.

Table 2. Fit statistics for lifting/carrying construct following 17 items removal

shoulder above head” were nearly the criterion used.

Items had a tendency to load onto factors based on

item difficulty. That is, items with activities involv-

ing lifting heavy objects loading onto factor 1 and

those involving lifting light objects onto the other

factor2.

Figure 1 presents how 10 items of the short form

are spreaded before and after the item reduction and

carrying a toddler on back item measures individuals

at the upper extreme in ability level. The item re-

duction has led the ICF-AM instrument to an im-

provement in terms of comprehensiveness. That is,

the short form showed slightly better capability to

measure a wide range of ability levels compared to

27 items of its original instrument.

Figure 2 presents that the removal of 17 items

from entire 27 items resulted in considerable loss of

test information from 12.09 to 4.85. That is, the en-

tire 27 items of the construct of the ICF-AM esti-

mated person ability with greater precision than did

the 10 item short form, particularly near the center

of ability range.

Discussion

This study demonstrated how the Rasch model

can be applied to achieve measurement efficiency and

reduce items while maintaining adequate precision.

Extensive attempts to create short forms for the in-

dividuals with low back pain have previously focused

on classical test theory methodologies such as mostly
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Figure 1. Item-person map of lifting/carrying construct of the ICF-AM before/after 17 items
removal (Note that item calibrations are provided from easy to difficult items.).

Items (difficulty order) Factor 1 Factor 2

1. Carrying a toddler on your back (for example, piggyback)? -.151.636

2. Lifting 25 pounds (for example, large bag of dog food or cat litter) from

shoulder height to above your head with your hand(s) and arm(s)?
.859 .223

3. Lifting 25 pounds (for example, large bag of dog food or cat litter) from

floor to waist height with your hand(s) and arm(s)?
.806 .289

4. Carrying 25 pounds (for example, a large bag of dog food or cat litter) in

your hand(s) and arm(s) 25 feet?
.814 .320

5. Lifting 10 pounds (for example, bag of groceries or 12-pack of soft

drinks) from waist height to shoulder height with your hand(s) and

arm(s)?

.696 .488

6. Lifting 5 pounds (for example, bag of sugar or large telephone book)

from shoulder height to above your head with your hand(s)? .429 .631

7. Pulling wet laundry out of a washing machine? .323 .647

8. Pulling open a heavy door (for example, department/convenience store

door)?
.225 .727

9. Lifting 1 pound (for example, a can of soup) from waist height to

shoulder height with your hand(s)?
.128 .747

10. Pulling open a full-size refrigerator door? -.092 .790

Percent of total variance accounted for by factors 48% 16%

Table 4. Factor structure of short form for the lifting/carrying contruct of the ICF-AM
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Figure 2. Test information function of short
form versus entire item set of lifting/
carrying construct of the ICF-AM. [The
graph presents to what extent item reduction
lost test information (i.e., precision) with the
short form (dotted line) and the entire 27
items (solid line). The arrow presents what
level of ability was targeted with each
measure.].

internal consistency and test-retest reliability (Kopec

et al, 1996; Müller et al, 2004; Müller et al, 2006). In

this study, we used the Rasch model to provide item

level psychometrical properties on a construct of the

ICF-AM. Criteria for the item removal were focused

on infit/oufit MnSq, person separation, item-person

map, and hierarchical order of item difficulty.

Ten items of the short form fit to the Rasch

model except one item (i.e., carrying toddler on

back). The individuals with low disability may have

tendency to select low ratings or individuals with

high disability may have tendency to select un-

expected high ratings on the item. These response

patterns might have been the result of a lack of ob-

servations for the item. Rasch analysis also aided

item selection by identifying items that best capture

the range of person ability to be estimated and iden-

tifying gaps where item difficulty calibrations did not

match person-ability measures. These gaps provided

directions in selecting items along with item

statistics. Thus, in determining whether or not items

are equally distributed across the full ranges of abil-

ity continuum, items are selected based on the per-

son location on the map. That is, we placed items at

or near the middle of the scale where average in-

dividuals aggregate even though candidate items dis-

tributed toward both extremes. For example, in the

initial modification phase, “carrying toddler on back”

item was identified due to high fit statistics. By in-

specting the item-person map (Figure 1) revealed

that the item was needed to reduce possible ceiling

effects as no other items remained on the short

forms that were as difficult as these items. The item

was later reinstated to the short form because of a

lack of the most difficult item to match individuals

at the extremes of the scale.

It should be noted that we treated a response cat-

egory ‘have not done’ as the lowest rating based on

the rationale that the most likely explanation for an

activity not occurring was that the item could not be

performed (Jette et al, 2003). Thus, we determined

that treating the category ‘have not done’ as the

lowest rating would have been more appropriate. In

fact, nearly half of individuals with above average

person ability scored the rating on “carrying toddler

on back” item. A plausible explanation is that these

individuals might have responded to the absence of

opportunity on these items (i.e., you can do the ac-

tivity but have not done so for any reason in the

last 30 days). In addition, other individuals might

have responded to other instructions indicating the

lowest score.

The dimensionality of the 10-item short form was

examined by CFA and EFA. The CFA failed to sup-

port the proposed unidimensional structure of the

short form. Since CFA failed to support one factor

model, EFA was performed. One factor model for the

short form accounted for a moderate percentage of

the variance (>48%). Based on the Kaiser rule, we

retained the two factors for the short form. The

finding may implicate that the theoretically generated

the construct of the ICF-AM instrument might al-

ready have more than one dimension as well. The

EFA showed that the items grouped by the hier-
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archical order of item difficulty. The difficult items

had a tendency to load on factor 1, while the moder-

ate/easy items had a tendency to load on factor 2

(Table 4). The findings may indicate that dividing

the short form into more than one subscale would be

preferred.

The SR for the short form was adequate, separat-

ing the samples nearly 3 to 4 statistically meaningful

strata. The SR of the short form considerably de-

creased compared to its full 27 item set. This decre-

ment was unavoidable because nearly 63% of items

for the lifting/carrying construct were removed.

However the person reliability (analogous to

Cronbach’s α) only slightly decreased from .93 to .86.

Perhaps the reason for this is that the removal of

redundant items allowed the item deletion without

loss of internal consistency. Despite the reduction of

person reliability, the values were still in acceptable

ranges suggested by George and Mallery (2002).

Test information function (TIF) showed that the

entire set of items estimated the person ability with

greater precision than did the short forms near the

center of the ability range. The statistical meaning of

information is defined as the reciprocal of the pre-

cision with which a parameter could be estimated

(Fisher, 1925). Thus, when we estimate person abil-

ity with precision, we would know more about the

values of the person ability than if we estimated it

with less precision. The precision with which person

ability is estimated is measured by the variability of

the estimates around the value of person ability.

Therefore, a measure of precision is the variance of

the estimators (i.e., σ2
) and the amount of in-

formation at a given ability level is the reciprocal of

this variance. That is, if the amount of information

is large, person ability at a particular level can be

estimated with precision. Similarly, if the amount of

information is small, person ability at a particular

level cannot be estimated with precision. In this

study, TIF showed a considerable loss of information

as the number of items was reduced. As items were

eliminated to create the short form, the information

decreased about 60%. The peak of the TIF for the

positioning/transfer short form slightly moved to the

left side of the center, while the peak of the TIF the

short form slightly moved to the right side of the

center. This may suggest that we should have se-

lected items with lower item calibrations (i.e., easier

items) when we deleted items. In fact, we should

have selected items with higher item calibrations

(i.e., more difficult items). However, the total number

of individuals in the ceiling did not differ before and

after item reduction.

These evidences implicate that the newly created

short form could be improved in future research ad-

dressing by: 1) replacing problematic item, 2) devel-

oping items that more adequately fill the gaps in the

person ability to cover the wider range of ability. In

addition, the results of the present study suggest

that the short form was multidimensional. However

it is unrealistic to use a multidimensional model with

the sample size of the current study, which leads to

a limitation of this study. These findings may

prompt the use of multidimensional models with ad-

equate sample sizes to better explain physical activ-

ity domains. In addition, it is apparent that relative

to the entire item banks, the short form showed

decrement in measurement precision despite the use

of an IRT methodology (McHorney, 1999). One way

to avoid this decrement in measurement precision

would be to combine the IRT and computer adaptive

testing methodology. By selectively presenting items

that are matched to the ability levels of respondents,

these methodologies may accomplish both measure-

ment efficiency and precision (McHorney, 1997;

Velozo et al, 1999).

Conclusion

This study aimed to describe how to apply Rasch

measurement model to create a short form from its

original instrument. The short form separated in-

dividuals with low back pain into nearly 4 groups,
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while the full item set separated the same individuals

into 6 groups. Cronbach’s α slightly decreased from

.93 to .86. A considerable loss of test information

was inevitable because such a large number of items

deleted from its original instrument. However the

created short form had a slightly better spread of

test items covering the ability continuum. Despite

few disadvantages, the use of the Rasch model

would be useful in developing short forms with ra-

tionally retained items.
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