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Abstract

To develop an effective and efficient measurement system for tracking changes of functional status
across two measures, it i1s essential to integrate information and communicate scores across two
measures. The lack of communication between two measures leads to score incompatibility. A potential
solution would be the development of a crosswalk table between those measures. Prior to creating a
crosswalk table, selecting common items between two measures is critical. By using the Oswestry low
back pain disability questionnaire (Oswestry) and a short form measuring disability resulting from low
back pain, item level statistics as well as differential item functioning (DIF) using the Rasch
measurement were investigated. Eighty-two participants with known group validity were recruited. Based
on the application of the Rasch measurement model, item difficulties across the two measures were
logically and hierarchically ordered. Ceiling effects for both measures were detected, which were not be
able to be effectively measured with the two measures. The DIF analysis across the two measures
confirmed that five paired items were found to have DIF and five common items were selected for
common items. Although five paired items function differently across the Oswestry and the short form,
all items of both measures were well targeted study participants. The common items selected by the
Rasch measurement model may be effective when creating a crosswalk table between the Oswestry and
the short form.
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Introduction

A myriad of functional assessments related to low
back pain (LBP) has been developed over the past
few decades. These assessments typically measure
the health domain of disability caused by LBP
conditions. Despite the proliferation of such assess—
ments, scores from one instrument cannot be com-—
pared to similar scores gathered by another instru-
ment (McHorney, 2002). This lack of “communication”
across those instruments may impede clinicians from
choosing an efficient instrument that meets the se—
lection criteria for their clinical settings. The in-

compatibility of assessments prohibits rehabilitation

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

services in monitoring and evaluating the effective-
ness of clinical intervention for LBP. Furthermore,
hospitals or rehahilitation clinics that use different
instruments cannot be compared relative to their
outcomes. The most important reason is that being
incompatible arise from the different sensitivities of
those instruments. That is, most instruments, if not
all, are often created to target the average patients,
and therefore likely to be more sensitive on the pa-—
tients with average ability than one with low or high
ability (Choi, 2012; White and Velozo, 2002). Other
reasons for being incompatible may include that the
assessments are specifically developed for the per—
sons they are targeting (Kolen, 2004).



st A F =g X583 %] 201569 227 3% 61-70
Phys Ther Korea 2015;22(3):61-70

Linking, equating in another word, refers to the
statistical procedure rendering the need for com-
parable scores between two assessments. It has tra—
ditionally been introduced to compare two different
standard assessments in education fields such as the
college entrance examinations, the Scholastic Aptitude
Test or the American College Test. The admission
office of most colleges selects students based on the
interchangeable assessment scores. Hence, conversion
tables for the scores were developed by researchers
to allow
Similarly, communication between functional assess-

communicating between the scores.
ments in health care settings became a decisive is—
sue determining common items. That is, two assess—
ments measuring the functional status of individuals
share common items where the individuals take the
assessments that include additional common items to
all assessments. For example, researchers suggested
to select items that are at the average person’s abil-
ity level to avoid items that are too easy or too dif-
ficult and to spread the linking items across the per—
son ability continuum (Smith and Kramer, 1992).
Other researchers used common-item equating a
survey of functional status items where a set of
items was included on each of the three assessments
and a set of common items was administered to all
groups (McHormey and Cohen, 2000). Likewise, since
the common items are the only link between differ—
ent assessments, choosing linking items may be a
critical issue. In addition, identifying common items
and removing misfit items based on individual re—
sponse pattern were emphasized due to their poten-
tial misinterpretations.

Linking two assessments in health care has tradi-
tionally been investigated on previously developed
functional measures. While those measures are de-
veloped to assess the same construct, they are de—
veloped differently in many aspects including the
number of test items, rating scale categories and
item definitions. Since decisions to link the assess-
ments in health care occur following assessment de—

velopment, researchers or clinicians may have to

confront the inherent differences that exist between
those assessments. Linking assessments in health
care have therefore focused on creating a translation
between each item on the assessments. For example,
a crosswalk between the functional independence
measure (FIM) and the minimum data set (MDS)
using an expert panel was created by choosing MDS
items, re-scaling and matching to similar FIM items
(Velozo et al, 2007). Furthermore, the conversion al-
gorithm was developed based on item-to-item rating
scale category comparison (Wang et al, 2008). The
reported correlation coefficients between the items
later provided an indication of how well scores of one
assessment can be predicted from scores of the other
assessments, which may indirectly imply how well
the algorithm may act in the assessments (Williams
et al, 1997). Using similar methods, Barthel index
score (e, 4-point rating scale) was compared with
7-point rating scale FIM items, which converted to a
corresponding 4-point rating scale. The agreement
between the converted and actual scores ranged from
75 to 100% and kappa statistics were varied ranging
from 53 to 1.00 (Nyein et al, 1999). These equating
procedures are based on the rationale that both sets
of items are measuring the same construct.

The Oswestry LBP disability
(Oswestry) has been considered a ‘gold standard” in-

questionnaire

strument measuring the impact on patients abilities
to manage daily life tasks (Fritz and Irrgang, 2001).
Its original version was first created by John O'Brien
in 1976, then known as Oswestry Disability Index,
and published by Fairbanks and colleagues
(Fairbanks et al, 1980). An updated version of the
Oswestry was later developed by Fritz and Irrgang
(2001) which replaced sex item with the employment
item. Despite their popularity, several studies in-—
dicated a shortcoming of the summated total score
yielded. That is, it was unable to provide detailed
information on individual test items, only an overall
sense of an individual's functional status (Devillis,
2006; Hambleton, 2000). In addition,

Oswestry was created differently compared to other

since the



back-related disability instruments, the total score
yvielded is unable to be compared to other similar
instruments. Consequently, by only comparing the
total scores, there is no sense in how similar items
between two instruments similarly respond across
the instruments (Davidson, 2008; Lu et al, 2013). The
limitation depends on the set of items selected
(test-dependent) and the scores obtained from a
sample reflect characteristics of only the sample,
which cannot be compared across other samples
(sample-dependent) (White and Velozo, 2002). These
characteristics often lead to failure to providing item
level psychometrics such as how individuals respond
on the individual items or how the relative items re—
spond similarly across different assessments. These
are due to a function of short-comings in conven—
tional classical test theory (CTT)-based assessments.

Compared to conventional instruments based on
CTT-based models, the Rasch model (1-parameter
item response theory model) greater emphasizes item
level psychometric properties, person and item char—
acteristic, than the test as a whole (Velozo et al,
2006). The item level psychometric properties ob-
tained from the Rasch model are estimated by the
probability of an individual's response to test item.
Due to the application of the probabilistic mathemat—
ical model, the estimated person and item difficulty
measures always represent invariant measures over
time. These estimated measures are presented as a
unit of measurement called a logit (e, log-odds
unit). The logit scale never changes to whomever
one may apply (e, sample free measure) and with
whichever these measures asses (e, scale-free
measure). In turn, the invariant property of item dif-
ficulty enable one to investigate how well the item
difficulties match with the sample person abilities
(Taherbhai and Young, 2004).

Differential item functioning (DIF) is a statistical
procedure identifying items that appear to be having
difficulty levels that are dependent on membership to
a particular group after controlling for the ability
(Finch and

levels of groups being compared
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Hernandez Finch, 2014; Huang, 2014; Teresi, 2001).
The Rasch model has a strong assumption that item
discrimination parameters are equal across all items.
This assumption makes the Rasch model able to de—
tect DIF, since item characteristics should be con-—
sistent across different patient groups, where there is
a relative advantage for one group over the other
group through the entire ability range. The DIF
methodology has become central to the investigation
in health-related measurement fields to compare re-
sponse patterns across group membership (Fleishman
and Lawrence, 2003; Haley et al, 2004). This leads to
the investigation in the consistency of item perform-
ance across two instruments.

The purposes of this study were: 1) to investigate
how the Rasch measurement model can be applied to
determine the hierarchical order of the Oswestry and
the items of a newly created short form, 2) to dem-
onstrate how the items of the measures differently
function among the measures, 3) to delineate the
common items to be selected for equating the
Oswestry and the short form.

Methods

Study participants

The six of 10-item short form were created from
created
web-based program was based on a paper and pen-—

a research that ICFmeasure.com. The
cil version of self-reported questionnaire with 255
items as well as 6 domains for 101 individuals with
LBP. A newly created short form for walking/mov—
ing domain was compared to 10 items of the
Oswestry. For a direct comparison of item level psy—
short form and the
Oswestry were applied to eight-four participants for

chometric properties, the

known group validity (42 participants for each back
pain and non-back pain groups). Inclusion criteria for
participants with LBP were: 1) currently having LBP,
2) having previous treatments for LBP, 3) having
ability to read and understand English, and 4) being
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age 18 years or older, while the criteria for partic—
ipants without LBP were: 1) currently having no
LBP, 2) able to read and understand English, and 3)
18 years of age or older. The study was approved
by the Institutional Review Board at the University
of Florida (approval number: #17-2009).

Instrumentation

The Oswestry used in this study includes ten items
of pain intensity, personal care, lifting, walking, sitting,
sleeping,
traveling. The rating scale was categorized from a 5
(most disabled) to 0 (least disabled) ordinal scale based
on how much difficulty one experiences in daily life.
The summated total score yielded is then converted to
a percentage score ranging from O (no disability) to

standing, employment/home-making, and

100 (most severe disability). These response categories
were reversely coded so that high scores on particular
items semantically indicated high levels of activity (.e.,
less disabled). A 10-item short form of walking/moving
which was developed from the paper and pencil version
of the ICFmeasure.com measuring activity limitations
was administered to &4 individuals. The short form
contains 10 items for an underlying construct of activ—
ity limitation perceived by individuals with LBP.
Participants were asked to respond to one of four cate—
gories; ‘3 (no difficulty), 2 (some difficulty), ‘1" (a lot
of difficulty), and ‘0" (have not done or never have op-
portunities to perform). The original logit measure of
the short form was later converted to 0~100 scale to
be compared with the Oswestry measure.

Winsteps®  software program  version 3.57.2
(Linacre, Chicago, 1L, USA) was used to determine
the dimensionality of the Oswestry and the two
short forms. Fit statistics from the Rasch measure-
ment model determines dimensionality by scrutinizing
mean square standardized residuals (MnSq), which
represents observed variance divided by expected
variance (Bond and Fox, 2001). Wright and Linacre
(1994) suggested that acceptable ranges for the fit
statistics would be between 6 and 1.4 for general

survey data, while the optimal value of the fit sta-

tistics for an item is 1.0. By using UMEAN and
USCALE (user-set mean and user-scaled unit re-
spectively) commands of the Winsteps® software
program, the logit measures of the short forms were
transformed into 0~100 scale and allow meaningful
short form and the
Oswestry with a same metric system. An item with

comparisons between the

low or high fit statistics suggest that the item may
be redundant or not belong to the underlying con-—
struct being measured. Rasch measurement model
linearly converts raw scores into logit estimates and
places items in the hierarchical order of item diffi—
culty on a linear continuum along with person ability
measures (i.e., person-item map). That is, by plotting
logit measures of items and persons on the linear
continuum, the person-item map can reveal how well
the items capture the disability levels and visually
inspect any ceiling or floor effects.

The DIF method used in this study was based on
the differences between two parameters calibrated on
the two relevant items (Wright and Stone, 1979). In
general, the DIF findings are similar to those found
when including the misfit items. When comparing
the Oswestry and the short form in the pairs of item
calibrations and associated estimates of the standard
error of estimate from the Rasch model, the DIF
analysis can determine whether hierarchically ordered
test items of both instruments have more difficulty
or not. Thus, the analysis allows clinicians or re—
searchers to select the best relevant items measuring
disability resulting from LBP.

Results

Dimensionality

By investigating the extent to which items represent
the dimensionality of the Oswestry, the fit statistics
from the Rasch analysis were inspected. Table 1 pres—
ents the Oswestry items in the order of item calibrations
with the fit statistics. The item calibrations of all items
were ranged from 4048 (easiest) to 5870 (most diffi-
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Items Difficulty (logits) SE?* Infit MnSq® ZSTD* Outfit MnSq ZSTD
Lifting 58.70 1.99 .86 -7 93 -3
Standing 55.56 1.93 1.05 3 99 0
Pain 52.72 1.94 1.07 4 97 -1
Emp]oyment 51.10 1.87 77 -1.3 .69 -1.7
Sitting 47.30 2.00 1.22 1.2 1.14 i
Social life 46.54 1.97 1.18 1.0 1.06 4
Travel 46.11 2.01 .86 -7 87 -6
Walking 45.90 2.03 1.20 1.1 1.11 6
Self care 4438 2.01 92 -3 92 -3
dstandard error, Pmean square standardized residuals, *Z-score standardized.
Table 2. Fit statistics of the walking/moving short form
Difficulty . b .
Items . SE? Infit MnSq ZSTD Outfit MnSq ZSTD
(logits)
Running one block 73.33 2.19 3.1 1.62 2.1
Climbing up or down a
2.88 2.1 1. 1 94 -1
6-foot ladder ! ) 00 )
Climbi d
imbing up or down a 55.59 2.12 89 -5 82 -8
3-step stool
Walking 4~8 blocks 54.74 2.13 71 -1.6 .68 -15
limbi fligh
Climbing down one flight =, 2.14 101 1 1.10 5
of stairs
Walking 2~4 blocks 45.31 2.32 .89 -5 75 -8
Walking crowded place 41.98 2.43 .88 -5 78 -6
Steppi d
cppinig ub of cown & 35.17 266 99 0 92 0
standard curb
Walking on carpet 28.44 3.04 1.40 1.5 81 -1
Walki ithi
e e 28.42 3.04 7 -1.0 63 -5

home/living environment

standard error, Pmean square standardized residuals, *Z-score standardized.

cult). All items of the Oswestry fit to the Rasch model.

Table 2 presents items of the walking/moving short
form with fit statistics representing that an item was
(running one block) misfitted. The item calibrations of
the most and least challenging items were, 69.36 and
2445, respectively. In a comparison of the Oswestry
versus the short form, the Oswestry showed a slight—
ly less a difficulty range than the short form.

Table 3 represents the hierarchically paired items
of the Oswestry and the walking/moving short form
in logit scale. Items difficulties for 5 items (pain,
employment, sitting, social life, and travel items)
were similarly calibrated those of the short form
(climbing up or down a 3-step stool, walking 4~8
blocks, climbing down one flight of stairs, walking 2

~4 blocks, and walking crowded place). These
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Table 3. Item difficulty of the Oswestry and the short form

Oswestry items

Difficulty (logits)

Difficulty (logits)

Short form items

Lifting 58.70 73.33 Running one block
Standing 55.56 72.88 Climbing up or down a 6—foot ladder

Pain 52.72 55.59 Climbing up or down a 3-step stool

Employment 51.10 54.74 Walking 4~8 blocks

Sitting 47.30 53.04 Climbing down one flight of stairs
Social life 46.54 45.31 Walking 2~4 blocks

Travel 46.11 41.98 Walking crowded place
Walking 45.90 35.17 Stepping up or down a standard curb
Self care 44.38 28.44 Walking on carpet
Sleeping 40.48 28.42 Walking within home/living environment

paired items were considered as common items for

two measures. Excluding the 5 items, however, the

other 5 items were differently calibrated.

DIF analysis for selecting common items
DIF analysis revealed that 5 items exhibited sig-
nificant DIF (Figure 1). When comparing the paired
items of the short form to the Oswestry, five items

Ttem difficulty of the Oswestry

demonstrated significant DIF. Of the items showing
significant DIF, three easy paired items plotted in the
third quadrant were “stepping up or down a standard
curb/walking”, “walking on carpet/self care”, and
“walking within home/living”. In addition, the two most
difficult items located in the first quadrant were
“running one block/lifting” and “climbing up or down a
6-foot ladder/standing”. The other five items which

These two items are
overlapped because of
nearly the same in
item difficulty.

LO
Sl

a

100

&

Item difficulty of walking/moving

short form

Figure 1. Differential item functioning (DIF) plots for the Oswestry items versus the
walking/moving short form (The dashed lines connecting the triangles represent the upper
and lower 95% confidence intervals. The circled 5 items were selected for common items,
which were climbing up or down a 3-step stool/pain, walking 4~8 blocks/employment,
climbing down one flight of stairs/sitting, walking 2~4 blocks/social life, walking crowded

items represent DIF responding differently across the two

measures. The measures were converted to 0~100 score from logits following the Rasch

place/travel.

analysis.).

The other 5
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Figure 2. Item-person map of the walking/moving short form (left) versus the Oswestry (right)
(The graph represents item difficulty measures on the right side of each map with the 0~100
converted score in logit and the person ability measures on the left side following the Rasch
analysis. Each analysis is anchored on the average item difficulty measure to 50 for comparisons.
The circled ‘M’ represents the average item calibrations for both measures.).

were plotted within the upper and lower 9% confidence
intervals were selected for common items to equate the
Oswestry and the short form. These items were hier—
archically presented as well as persons in Figure 2.

Hierarchical order of the common items
for the Oswestry versus the short form

Figure 2 presents the hierarchical order of item
difficulty of the Oswestry and the walking/moving
short form. The Rasch analysis placed persons and
items onto the same linear scale with the same local
origin. The average item difficulty was anchored to

“0” for direct comparisons between two measures.

Ceiling effects were noted for both measures which
were unable to measure persons with high ability.
However, all items of both measures targeted per—
sons with middle and low ability (ie., middle and
high disability). The five common paired items pre-
viously stated from Figure 1 measured persons with
persons with slightly low ability.

Discussion

A direct comparison of a single measure to another

measure may be necessary to determine the score
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compatibility across the measures. The score in-—
compatibility generally lead to the development of new
instruments that meet the criteria of rehabilitation
clinicians and their rehabilitation programs. That is,
these inconsistent instruments developed had later
been proven to be cumbersome measurement tools.
For maximizing the effectiveness of a single meas—
ure, linking or equating across the measures may ul—
timately be a promising method. A newly created
short form of an activity measure for LBP (Choi,
2014) was attempted to link the Oswestry measuring
disability resulting from LBP.

The present study demonstrated that acceptable fit
statistics were exhibited for the Oswestry and the
short form except “running one block” item of the
short form. This indicates that the participants’ re-
sponses to the item were not predictable. Otherwise,
the intent of the item was to measure a latent trait
other than the walking/moving construct. This finding
would prompt further investigations to clarify if the
item of “running one block” would be appropriate in
the short form. Despite the unacceptable value ob-—
tained, the item was included for further analyses due
to the necessity of the most challenging item within
the short form. The criterion for the acceptable fit
statistics in the study was =14 or <.6 for infit or
outfit square (MnSq), which was suggested by Bond
and Fox (2001). Additionally, although the “pain” and
“employment” items of the Oswestry have traditionally
been reported within the instrument (Lu et al, 2013;
White and Velozo, 2002), all items except the item of
“running one block” were fit to the Rasch model.

The hierarchically ordered item difficulties of the
Oswestry and the short form were supported in a
logical fashion. That is, participants in the present
study had a tendency to rate their disability on the
difficult items (.e, liftng and running one block
items) more severly relative to the easy items (e,
sleeping and walking within home/living environment).
The lifting activity is typically one of the leading
causes of back related injury compared to the injury
from during sleeping or walking activities. This em-—

pirical evidences also supported a postulation that item
difficulties across two measures may possibly be cali—
brated at the same time. In fact, item difficulties of
the five items across these two measures were sim-
ilarly calibrated (boxed items in Table 3). In empirical
evidences, participants would have more difficulty
with “running one block” activity than lifting activities
or appear to have more difficulty with “climbing
up/down a 6-foot ladder” than standing activities. In
addition, participants appeared to be somewhat slightly
less influenced by the Oswestry items than the short
form items ranged from 5870 to 4048 versus from
73.33 to 2842. That is, the Oswestry items were tar—
geting more on average persons than the shot form,
while the short form items were measuring slightly
more on the persons with high and low ability.

As previously demonstrated in tables and figures,
five items were selected for common items that
showed similar item calibrations and further analyzed
to determine if any paired items across the Oswestry
and the short form would differently function as their
ability levels are controlled. The DIF analysis showed
that participants differently perceived those items of
“stepping up or down a standard curb/walking”,
“walking on carpet/self care”, “walking within home
or living environment/sleeping”, “running one
blockAlifting”, and “climbing up or down a 6-foot lad-
der/standing”. That is, these participants perceived
“lifting” function item of the Oswestry to be easier
than the “running one block” item of the short form
(5870 versus 73.33 logits), while they rated the
“sleeping” item of the Oswestry to be more difficult
than the “walking within home or living environment”
item of the short form (40.48 versus 2842 logits). In
addition, the walking item of the Oswestry showed
DIF in the present study. The finding was somewhat
expected because the walking item has traditionally
been reported as a DIF item within the Oswestry
(Davidson, 2008). Except for the DIF items, five
paired items were identified for common items. These
common items are later to link or equate the
Oswestry and the short form. While sample dis—



tributions were similar, however, individual item
comparisons fell short of expectations. Only half of
the paired items of the two measures were within a
95% confidence interval. This lack of “connection”
between two measures was probably due to severe
ceiling effects on the both measures (34 persons for
the short form and 27 persons for the Oswestry).
That 1s, if individuals are at the ceiling of both
measures, we would expect a better estimate despite
the subtle difference in disability levels resulting from
LBP. However, item difficulty range of the short
form pushed study participants into wider range of
the measure than did the Oswestry. This may mean
that the Oswestry items converge into average in-—
dividuals, while the short form items spread out
slightly wider ranges of the disability level.

A limitation of the current study is the application
of the Oswestry and the short form to participants
with no back pain despite the use of known group
validity. Those two measures were originally in-—
tended to detect a potential disability status resulting
from LBP. This method had led participants with
low disability level (or high ability) to high ceiling
effects on both measures. Another limitation would
be on the issue of local independence assumption of
the short form items. This must have violated the
assumption of the item response theory model. That
is, test items should be locally independent from
which test items in the short form should not be re-
lated each other. In turn, the response to a test item
should not affect the response to another item.
However items in the short form were similarly
worded such as walking 2~4 blocks and walking 4
~8 blocks. Further research in the future should
consider the assumption for validating the application

of item response theory models.

Conclusion

The goals of this study were to demonstrate how

to apply the Rasch measurement model to generate
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item difficulty, the hierarchical order and DIF analy-
sis of the Oswestry and the short form items with
the use of known group validity. The items of both
measures showed acceptable fit statistics except for
“running one block” item of the short form. The hi-
erarchical order of item difficulty was logically sup—
ported by the empirical evidences. Five paired items
across the two measure were detected as a sig—
nificant DIF indicating the items were differently
functioned across the two measures. Despite the DIF
items across the two measures, five paired items
were selected for common items and well targeted
participants with LBP.
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