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Objectives. This study examines the stability of a physical disability construct
across instruments and samples. The purpose is not to report a formal equating of
instrument calibrations, but to indicate whether such an effort would be likely to
succeed. Theory. The economics transforming health care from its orientation
toward crisis-driven disease reactions to population- and evidence-based
preventive health management and individualized disease management demand
general scale-free measures of functional independence. Methods. A new
method, pseudo-common item equating, is demonstrated. Similar, but not
identical items, from different instruments, calibrated on different samples, are
compared. Data. More than 30 articles presenting Rasch analyses of physical
functioning scales were reviewed. Four instruments provided data from ten of
these articles, for eleven different calibrations (two instruments are both included
in one article). Results. The final overall average correlation disattenuated for
error is .93, with an average of 7 pseudo-common items, and an average p-value
of .01, meaning that measures based on these calibrations should be linearly
transformable versions of the same metric. Scientific importance. The
quantitative stability of different areas of physical functional independence
across instruments and samples suggests that the development and deployment

of a universal metric is a realizable goal.
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OBJECTIVES

Researchers are increasingly appreciating the advantages of conducting
what L. L. Thurstone (Thurstone 1959, p. 228) called the “crucial
experimental test” of the hypothesis that an instrument’s measures are
mathematically sound, i.e., not affected by the abilities or attitudes of the
particular persons measured, nor by the difficulties of the particular survey
or test items used to measure. Georg Rasch independently derived a
similar, more efficient, and less cumbersome form of the same
experimental test, employing Ronald Fisher’s (Fisher, 1922) “formaliza-
tion of sufficiency [to] nail down the conditions that a model must fulfill in
order for it to yield an objective basis for inference” (Rasch, personal
communication recorded in Wright, 1980, p. xii).

Although application of Rasch’s models is growing steadily, little or
nothing has yet been done to try taking full advantage of the objective
bases for inference established in this work. What remains to be done is to
explore the extent to which instruments passing the “crucial experimental
test” can support metrological systems in which the concept of scale-free
measurement is pushed to its limit. Metrology to date has focused on the
calibration and maintenance of physical weights and measures, but if
scale-free measurement is what it appears to be, there should be no reason
why universal metrics cannot be established for the measurement of
constructs accessed via tests and rating scales.

This study examines the possibility that a single construct presents
itself as a stable phenomenon across instruments intended to measure
physical disability, and across samples of persons experiencing physical
disability. No formal equating of the instruments is attempted; the goal is
only to indicate whether such an effort would be likely to succeed.
Common-sample equatings (Wright & Stone, 1979, p. 107-112; Masters,
1985) of instruments intended to measure physical disability, or motor
skills (Fisher, Harvey, Taylor, Kilgore & Kelly, 1995; Heinemann, Segal,
Schall & Wright 1996), and this comparison of independently conducted
calibration studies, suggest that the construct is stable across several
instruments and diagnostic groups. Whether the construct retains its
definition across health care providers, geographic regions, and other
sources of possible variation remains to be seen.

Typical methods of equating employ either a common sample of
persons (to link different instruments) or common items across tests or
surveys (to link different samples of persons measured). Another method
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that suggests itself is a pseudo-common item equating, in which the
calibrations of similar, but not identical items, from different instruments
are compared. Common-sample equating shows that differences between
rating scales may cause similar items from different instruments to scale in
acommon order, but not at the same points on the measurement continuum
(Fisher, Harvey, Taylor, Kilgore & Kelly, 1995). Thus the results of this
study merely suggest directions that future research might take, and do not
delineate a common metric for the measures of physical disability studied.

THEORY

One of the reasons why little has yet been done to connect success in scale-
free measurement with metrological possibilities is because of insufficient
respect for the extent to which the history of measurement is tightly
intertwined with the history of economics. The history of British weights
and measures, for instance, shows that metrological systems proliferate
during periods of economic depression dominated by local trade, whereas
widely accepted metrological standards emerge in periods of economic
expansion characterized by regional and international trade (Zupko, 1977).

The economic transformation of health care taking place today thus
has many historical precedents. We are moving from local economies of
disease-crisis management to regional, national, and international
economies of population-based, preventive health management. As health
care shifts from the disease management of individuals to the health
management of populations, the need to compare health status (physical
and psychosocial functioning, quality of life and life satisfaction, risk
behaviors, and satisfaction with services) across groups, regionally,
nationally, and internationally, increases.

The problem is that the transformation of the system cannot take place
as long as health status is measured in scale-dependent units that vary in
their size and meaning by instrument brand, provider, plan, and patient,
and in the presence of missing data (skipped items). The most commonly
proffered solution to this problem is to have all users employ the same
scale and always supply complete data, which at least offers the
appearance that the same thing is measured. A number of data-sharing
schemes based on common scale use have emerged (HEDIS, NCQA,
UDS, etc.), but these are flawed in a number of ways, including their need
for complete data; their incapacity to adapt to the needs of individuals;
their insufficient data quality assessment and improvement procedures;
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their treatment of ordinal data as interval; their lack of individual error
estimates for each measure; and their mutual incommensurability.

Scientific instruments are often described as embodying experiments
and theory in a practical portable device (Ackermann, 1985; Heelan, 1983;
Ihde, 1991; Schaffer, 1992). Rasch measurement theory works well in this
context as a framework for defining the relevant experimental and
theoretical structures. In order for physical disability to be counted on as a
measurable construct, 1) experimental data must mediate the relationship
between a theory of the variable and the instrument embodying it; 2) theory
must mediate the relationship between the instrument and the data; and 3)
the instrument must mediate the theory-data relationship (Ackermann,
1985; Thde, 1991). These mediations succeed to the extent that each of
them is mathematically invariant enough to support the separation of the
parameters associated with each facet of the design (Bachelard, 1984,
Kline, 1985).

In other words, the instrument must provide a theoretically transparent
window on the data, and the data on the instrument. We must be able to
look through the instrument and see the component ratings comprising the
measure (Feinstein, 1987), otherwise the summary scores are not
sufficient statistics, the parameters will not separate, the instrument is
seriously affected in its measuring function by the object of measurement,
the crucial experimental test has not been passed, and the hypothesis that
the variable is quantitative (Michell, 1990) has been falsified.

In the present case, the successful eleven tests of the hypothesis that
physical disability is a quantitative variable provides extensive
information on the relationships among theory, data, and instruments in
this field. The eleven experiments suggest a theory of physical disability in
which gross motor skills are affected by at least two factors: 1) the extent
to which upper and lower extremities must work together in coordinated
activity, and 2) the amount of strength available in these extremities. In
1991, a cursory glance at the Rasch scalings of two physical disability
scales, from the PECS (Silverstein, Kilgore, & Fisher, 1989; Silverstein,
Fisher, Kilgore, Harvey, & Harley, 1992) and the FIM (Heinemann,
Hamilton, Granger, Wright, Linacre, etal., 1991), suggested the rudiments
of the theory tested in the present study, namely, that:

« feeding and grooming, strictly upper extremity functions, are the
easiest tasks (with the lowest calibrations) usually found on
disability instruments;
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upper extremity dressing and bathing are easier than lower extremity
dressing and bathing, but more difficult than feeding and grooming;
transfers to and from chairs or seats of various kinds, involving some
coordination of, and strength in, both upper and lower extremities,
are of medium difficulty;
 walking, requiring more extensive coordination of the upper body
and lower extremities, as well as more strength, is also of medium
difficulty, but of greater difficulty than most transfer activities;
« stair climbing, demanding more coordination and strength than of
the activities usually included on physical disability assessments,
is of greatest difficulty, with the highest calibrations;
and
 motor skills that have something of an involuntary muscle control
component to them, such as bowel and bladder management, will
vary in the amounts of difficulty they pose, and so will not fit the
measurement model as well as the more consistently structured
skills.

From this data-informed theory of task difficulty, we can more clearly
state the expectations concerning the variable’s structure that are
implemented when data are fit to a Rasch model. Following Thurstone,
Fisher, and Rasch, an objective basis for inference requires this clear
statement of theoretical expectations, so that unmodeled variation can be
detected and so that exactly what is being counted on in the quantification
process to produce a mathematically invariant unit of measurement is
made as explicit as possible. As is persuasively argued by Andersen
(Andersen, 1977), summated scores must necessarily be assumed
sufficient statistics for them to be meaningful. Since sufficiency is rarely
demonstrated (Michell 1990; Wright 1984; Wright, 1985; Fisher, 1994),
objective bases for inference from summated ratings are equally rare.
For a score based on summed ratings to be a sufficient statistic, it must
be transparent (Feinstein, 1987), in the sense of allowing one to reproduce
from it, and from it alone, the most likely response to every question on the
instrument used to measure, whether or not every question was in fact
administered. When a construct is stable, in the sense of producing a
particular order to the areas addressed by items on scales, an order that
remains invariant no matter which scale or which sample is involved, such
reproducibility, to use Guttman’s (Guttman 1950) term, is obtained. Fit to
a Rasch model demonstrates that, given a stable construct, an instrument
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embodying it in an invariant item order, and a logit value (the natural
logarithm of the rating odds derived from a sufficient statistic), it is
possible to reproduce the pattern of most likely responses across the length
of the instrument, within an error of measurement.

Guttman’s (Guttman, 1950) rigid, deterministic sense of reproducibility
is impractical (Wilson, 1989). Rasch’s probabilistic approach brings an
objective basis for inference within reach by requiring 1) that items
obtaining higher proportions of their maximum possible scores always
have a higher probability of being succeeded on by any person than items
with lower proportions, no matter which scale the items come from; and 2)
that persons achieving higher proportions of their maximum possible
scores always have a higher probability of success on any item than
persons with lower proportions, non matter which scale(s) the persons
were measured with.

These requirements make it possible to test explicitly what is usually
merely assumed about data, namely, that the abilities of the persons
measured and the difficulties of the tasks posed at each rating scale step are
the only factors affecting the outcome of the rating process. The basic
Rasch rating scale model,

Pnik

log(5—) =B, - D,-F,

ni(k-1)

is nothing but a mathematical statement of this expectation concerning the
relation of person ability (B ) to item difficulty (D,) at each rating scale step
(F), and so constitutes a formalization of what is necessarily assumed
whenever summated scores are treated as measures (Andersen, 1977).
After all, the reason why raters are trained to record observations
according to a standardized protocol is so that higher scores on the
instrument can be inferred to represent greater amounts of the variable. But
can summary scores simply be assumed to function as sufficient statistics?
What if a particular score is produced by high ratings on tasks that are
typically difficult, and low ratings on tasks that are typically easy? The
diagnostic utility of such variation evaluated in the context of Rasch
measurement has already been documented (Daltroy, Logigian, Iversen,
Liang, 1992; Granger & Wright, 1993). Currently, inordinate variation in
the meaning of scores is almost always completely unnoticed, but it would
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seem to have large consequences for the understanding of the natural
history of degenerative diseases, of treatment progress, the quality of care,
and the evaluation of treatment effects. A far superior strategy is not to
assume that scores are sufficient statistics, but to require that sufficiency
be supported by the results of the relevant tests so that congruence with, or
divergence from, the relevant theoretical expectations can be observed and
evaluated before the “foundations of misinference” (Merbitz, Morris, &
Grip, 1989) are laid.

METHODS

Scale-free measurement models (Rasch, 1960; Andrich, 1988; Wright &
Masters, 1982) provide the relevant tests. As it becomes increasingly clear
that the accountability of educators, psychologists, health care providers,
and other professionals cannot remain tied to scale-dependent indicators of
unknown or low statistical sufficiency, the practicality, scientific rigor,
and mathematical beauty of scale-free measurement will become more
widely appreciated. Furthermore, as the computational capacity to
implement accountability measures, and the telecommunications capacity
to implement wide-scale comparisons, mount hand-in-hand, the
intellectual and methodological skills required to use scale-free
measurement techniques will become automated. Taken together with the
economic demand for accountability and comparisons, these factors will
greatly heighten demand for scale-free measurement.

To take full advantage of scale-free measurement’s possibilities, all
scales designed to measure a single construct, such as physical disability,
will need to be calibrated together on a common sample of persons (which
is not to say that some missing data could not be tolerated). Since disability
measurement scales rarely, if ever, share identical items administered in
exactly the same way, common item equating is not a viable option as a
means of co-calibration. But in contrast with common sample and
common item equating, pseudo-common item equating requires neither
shared items across scales nor ratings of a single group of persons’ physical
disabilities on all the items from all the scales to be studied.

Instead, items that actually differ in the details of their content and
administration, but which address conceptually similar areas of functional
assessment, are treated as though they are the same for the purposes of
exploring the likelihood that a large scale equating study would meet with
success. This provisional methodology falls short of providing equated
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values for the different scales’ items, but has the advantage of being able
to make use of calibrations that are readily available in published sources.

The item orders delineated by the scales were examined for mutual
congruence by evaluating correlation coefficients and scatter plots of the
pseudo-common item values. Scatter plots of the items from the pairs of
scales with the lowest correlations were examined in order to find and
remove mismatched item pairs, in preparation for calculating another set
of correlations. Like common item equating, this pseudo-common item
equating method does not require that all respondents be rated on all items,
since subsets of items can be used to establish a common metric. Once the
common metric is established, however, the items omitted in the equating
study would be replaced in each of the respective scales for normal use.
The last step of this study was to remove the effect of calibration error from
the correlations.

DATA

More than 30 articles presenting Rasch analyses of physical disability
scales were reviewed. Four instrument provided data from ten of these
articles, for eleven different calibrations (two instruments are both
included in one article). The primary criterion for including an instrument
was that it address a range of difficulty relevant to assessing the treatment
needs of persons with disabilities. The instruments included are the
Functional Independence Measure (FIM) (Chang & Chan, 1995; Fisher,
Harvey, Taylor, Kilgore, & Kelly, 1995; Grimby, Andrén, Holmgren, Wright,
Linacre, et al., 1996; Heinemann, Hamilton, Granger, Wright, Linacre, etal., 1991;
Heinemann, Linacre, Wright, Hamilton & Granger, 1993; Linacre, Heinemann,
Wright, Granger, & Hamilton, 1994; Mayes, Perez, Mipro, & Fisher, 1996;
Pollack, Rheault, & Stoecker, 1996; Qayum, Ortenberg, Morstead, Siddiqui,
Mipro, etal., 1996);the Katz ADL Index (Katz) (Teresi, Cross & Golden, 1989);
the Levels of Rehabilitation Scale - III (LORS) (Velozo, Magalhaes, Pan &
Leiter, 1995); and the Patient Evaluation Conference System (PECS)
(Kilgore, Fisher, Silverstein, Harley & Harvey, 1993; Fisher, Harvey, Taylor,
Kilgore, & Kelly, 1995).

Though the Assessment of Motor and Process Skills (AMPS) (Fisher,
A., 1993; Fisher, A., 1994) and the Tufts Assessment of Motor Performance
(TAMP) (Fisher, A., 1992; Haley & Ludlow, 1992; Ludlow & Haley, 1992;
Ludlow, Haley & Gans, 1992) meet the criterion of relevance to assessing the
treatment needs of persons with disabilities, they were not included
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because of their more tightly focused and detailed assessment approaches.
Where the FIM, PECS, LORS, and Katz focus on gross motor skills such as
dressing, walking, and bathing, the TAMP and the AMPS focus on fine
motor skills, such as lifting, grasping, reaching, balancing, etc. Although
common sample equating of instruments intended to measure gross and
fine motor skills may be possible and highly desirable, it is difficult to
conceive of a way in which the pseudo-common item methodology could
be applied.

Pediatric assessment instruments also were not included, more for
reasons of relevance to a common population than as a result of
methodological considerations.

General measures of health status that have been calibrated via fit to
Rasch models, such as the Health Status Questionnaire 2.0 (HSQ)
(Radosevich, Wetzler & Wilson, 1994; Fisher, Marier, & Hunter, 1995); the
Louisiana State University Health Status Instruments (LSU HSI) (Fisher,
Marier, & Hunter, 1995; Fisher, Eubanks, Marier, & Hunter, 1996; Fisher, Marier,
Eubanks, & Hunter, 1997); and the Medical Outcomes Study Short-Form 36 (SF-
36) 10-item Physical Functioning scale (PF-10) (Fisher, Marier, & Hunter, 1995;
Fisher, Eubanks, Marier, & Hunter, 1996; Haley, McHomey & Ware, 1994;
Heinemann, Segal, Schall & Wright, 1996; Stucki, Daltroy, Katz, Johannesson, &
Liang, 1996) do not meet the inclusion criterion since they are not primarily
intended for assessing the functionality of persons with disabilities. Instead,
the greater difficulty of their items make them better suited for assessing the
physical functioning of persons who may be sick or reaching advanced ages,
but who are not in need of rehabilitation services. Common-sample equating
of the LSU HSI and the SF-36 PF-10 is nearing completion (Fisher, Eubanks,
Marier, & Hunter, 1996).Separate common-sample equatings of the FIM and
several cancer quality of life instruments with the SF-36 are underway
(Heinemann, Segal, Schall, & Wright, 1996; Cella, Lloyd & Wright, 1996).

A common-sample equating of the physical disability scales from the
FIM and the PECS (Fisher, Harvey, Taylor, Kilgore, & Kelly, 1995) shows that
differences between the two instruments’ rating scales results in a 1-logit (10
rehabit) difference between the scale values for similar items. Other
differences of this kind among the instruments studied here cannot be
illuminated without further common sample equatings.

Item calibrations obtained for each instrument from the articles reviewed
are shown in Table 1. The lowest number of assessment areas shared by two
instruments is three, and the most is 13, with the majority sharing 6-8 items.
Missing data are not always an indication that the instrument lacks an item
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concerning the relevant assessment area as some articles do not provide
information on all the items’ scale values. Seven of the eleven studies involve
the FIM, so the FIM item letters have been included in Table 1 to aid in item
identification. The FIM Dressing item is sometimes applied separately to
upper and lower extremity functions; when this is the case, the two are
averaged for comparison with other studies employing only one Dressing
item. The averaged item is removed from comparisons of calibration sets that
include the distinction between upper and lower extremities.

The values shown in Table 1 relate the calibrations for items on each
instrument to the common core of physical functioning areas assessed. For
instance, the LORS Mobility items are associated with the other
instruments’ Walking items.

As far as can be determined from the articles reviewed, the sample
sizes reported indicate the total number of measures. Because most studies
incorporate at least two applications of the instrument, this means that the
actual number of persons measured is typically half of the sample size
reported. The only studies that do not employ two applications of the
instrument are the Chang and Chan study of the FIM (FIMCHA), which
includes three administrations (admission, discharge, and follow up), and
the Grimby, et al., study (FIMGRI), which includes one administration.

Several of the studies do not report a single value for each item.
Linacre, et al. (FIMLIN) report only separate admission and discharge
calibrations for the FIM; Velozo, et al. (LORS) report separate calibrations
for the same LORS-III activities based on ratings from nurses and
therapists; Chang and Chan (FIMCHA) reported only separate FIM
admission, discharge, and follow up values; and Teresi, et al., (KATZ)
reported two Katz calibrations, one for a New York City sample and one
for a London sample. In each of these cases, the calibrations have been
averaged across raters, times or sites to simplify the analysis.

The Teresi, et al. (KATZ) data are further complicated by four other
factors: 1) the items point in the opposite direction from the items on the
other scales; 2) the article states that improvements were made to the scale,
but the effect of these changes on the scale values is not indicated; 3) an
unstated number of original response options were converted to
dichotomous responses; and 4) this is the only study to employ a 3-
parameter Item Response Theory model for item difficulty estimation.
Because of its rating scheme, and unlike the other instruments, low
measures on the Katz indicate less disability, and high measures, more, so
the resulting negative signs on the correlation coefficients are reversed
when these coefficients are averaged.

Table 1
Pseudo-Common Item Calibration Values in Theoretical Order

FIM

FIM

FIM FIM

FIM

PECS FIMW

FIM

PECS

FIM

Letter KILG' LRI>? WF?> PECS* LIN® CHA RST’ LOR® kKATz®° GRI'® PoOL

Item Name

Hard

2.86
-.10

17
1.35

-.62
-.28

1.58 95 1.52
-.44

1.00

2.24 1.00

1.03

Stairs

.30
-.40

.86

.39
.81

.43

.80

.83 .20

.52

.39
.32

Walking
Bathtrn

.55

.88

M edium
Bathing

12

-.15

-.90
-.80

.01 .23 .89 .44
.43 .08

.24
.08

.45
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.09

.50
.17

51

Tolietin

-.28

.15

.50
.30
.30
-.20

-.50
-.70
-.60
-1.00

.29

Toiltran

BatheLE

.05

- 11

.58
-.09

.14

-.11

-.07
-.07

.70
.50

.24
-.14

DressLE

.63

.01
-.25
-.30

.02
-.17
-.39

Dressing

.47

W heelch

-.33

-1.00

.36

.05

.70 .01

-.40

Gentrans

Easy

-.27

-.75

-.35

-.80 -.50 31

-.80

-1.50
-1.60

DressUE
BatheUE
Grooming

.45

-1

-1.00

-.81
-1.98

-.61
-.96

-.54
-1.92

-.78
-1.25

-1.39
-1.65

-.32
-1.77

.77

.42

-1.60

-1.80

Feeding

Unclassified

Bladder
Bowel

-.05

.32
.65

.42
-5
1,900

-.65
-.69

-.49
-.59

100 29,600

-.43
-.28
250

-.56

6,000

53 98

300 300

100

3,700

Sample Size

12
.73

10
.63

13
.64

13
.83

13
14
02

1.00

13
98

Max # items
Stad. Dev.
Error’

.16
.02

.89

90
.15
97

.81

97

.10
.99

.20
.93

.30
.82

.05 .02

1.00

.15
97

.15
98

.02

.00

Reliability
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Pseudo-Common Item Calibration Values in Theoretical Order
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Table 1 footnotes:

1.
3.
8.
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The Grimby, et al., (FIMGRI) study is the only one in which the FIM’s
seven-point rating scale is modified; perhaps because of the particular
problems experienced by persons suffering with cerebral palsy and spina
bifida, the middle three categories were collapsed into a single one.
Grimby, et al., omit the Bladder and Bowel items; Pollack, et al., (FIMPOL)
omit the Toileting item.

Where Walking and Wheelchair use are rated separately, both
calibrations are used; where only one calibration is reported, it is included
in the Walking item.

One FIM study (FIMRST) was taken from an unpublished source
(Heinemann, Hamilton, Granger, Wright, Linacre, et al., 1991) because the
relevant published source (Heinemann, Linacre, Wright, Hamilton, & Granger
1993) reports separate calibrations for each of several different samples of
diagnostic-related groups of patients, and these only in the form of scatter
plots. The unpublished source was consulted because it provides lists of
each diagnostic group’s calibration values, but the same data are presented
in the publication. The FIM calibrations based on assessments of patients
suffering right hemisphere strokes were selected from the available
diagnostic groups because of the sample size and as contrast with the
Chang and Chan study (FIMCHA), which includes only right stroke
patients. Both the 1991 Heinemann, et al. (Heinemann, Hamilton, Granger,
Wright, Linacre, etal., 1991)and the 1993 Heinemann, et al. (Heinemann, Linacre,
Wright, Hamilton, & Granger 1993) studies concluded that there were no
important variations in the instrument structure across diagnostic groups,.a

conclusion supported by a similar study of the PECS (Kilgore, Fisher, Harvey,
& Silverstein, 1993).

The FIMLRI data are from a retrospective study of about 100 medical
records (Mayes, Perez, Mipro, & Fisher, 1996; Qayum, Ortenberg, Morstead,
Siddiqui, Mipro, et al., 1996). The assessments included are ratings made at
admission, during treatment, and at discharge; the patients involved are a
diagnostically mixed group of persons presenting themselves for treatment at
a state public hospital affiliated with a state university medical center.

Finally, two studies (FIMLIN and FIMRST) are of samples drawn from
the same database. Because the sample size of the earlier study (FIMRST)
is less than 6.5 percent of the later study (FIMLIN), including both in these
comparisons helps make the point concerning the stability of the construct
across wide differences in sample size.



100 FISHER

Table 2
Pseudo-Common Item Scale Correlation Coefficients

o we  mes o an w0 K2 gy
FIM 89
LRI (9
P= .00
PECS 92 96
WF (5 (90
P= 01 P=.00
FIMW 89 83 91
PECS (5 (6 (9
P-02 P-.02 P-.00
FIM 91 95 96 .88
LIN (1 (7 ()]
P=00 P=.00 P00 P=.00
FIM 88 76 60 69 m
CHA (n (1 D D (13
P-00 P-.00 P-08 P=.04 P-.00
FIM 89 94 95 8 9 5
RST (8 (13 7 (D (13 (13
P=00 P-.00 P-00 P=01 P-.00 P-.00
LORS 95 94 85 94 9 87 96
(49 (6 (3 (3 (6 (6 (9

~.03 P-.00 P-.18 P=lIl
KATZ -.80 -60 -8 -.64
(6 (19 3 )
=03 P-.03 P-.04 P=.12

FIM 79 73 57 5l
GRI (GRONE G | )) ()
P=.04 P-01 P-.09 P-.12
FIM 80 90 83 63
POL (n (10 D ()

P=.02 P=.00 P=.01 P= .07

P-.00 P=.01 P=.00

-6l =70 -6l -63

(9 9 g (9

P=-.04 P=02 P=.03 P=.13

60 77T 68 70 -54

(1) (1) (12 (6 (9

P-0l P-.00 P=.02 P=.13 P=.17

92 6 94 92 -4 5
(i o5 D (10
P=.00 P-.01 P=.00 P=.03 P=.30 P=.0l
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Std. Dev.=.14 Mean=.80 N =55
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RESULTS Table 3
Pseudo-Common Item Scale Correlation Coefficients
Table 2 shows the correlations, number of items, and p-values for the Outliers Identified and Omitted for Bolded Correlations
pseudo-common item comparisons across instruments. Figure 1 shows the
correlations’ frequency distribution. Thirty-one of the 55 correlations PECS FM  PCS FMW FM FM FM LoRrs karz M
(56%) are over .80, and 23 (42%) are .87 or higher; the range extends from — K_:;G = i S LN Gl RS GrI
.50 to .99, with a mean of about .79, a median of about .82 and a mode of IRI (9
about .92. All 24 of the correlations below .80 are associated with four of P=00
the eleven studies, the Katz, the Chang and Chan (FIMCHA), the Grimby, PECS 92 96
et al. (FIMGRI), or the Pollack, et al. (FIMPOL), studies. The variations in i 9 (6
the item order signified by the correlations below .80 may have emerged as T P’g;‘ P=sf° o
aresult of several unidentifiable influences, including patient diagnoses or - (' 5 (' 6 (' 9
rater behaviors. Pro2 P02 oo
The 21 correlations among the LORS, the two PECS, and the Fisher, et 1M 91 95 % 8
al. FIMWPECS), Heinemann, et al. (FIMRST), Linacre, et al. (FIMLIN), and the 1IN ) (1) (] (N
Mayes, et al./Qayum, et al. (FIMLRI) FIM calibrations average .92, with P=00 P-00 P00  P-00
an average of 7 pseudo-common items, and an average p-value of .02. ('m ('9:) (1:2) '7' 80 84
Each of the 24 pairs of instrument calibrations producing correlation oo P P(:(; P(:(L :20
coefficients less than .80, along with seven other pairs that Table 1 1M % o4 95 © .9'9 0
suggests have significant outliers, were plotted. These plots were used to RST (9 1 (D (D (1 (m
identify item pairs not posing corresponding levels of difficulty. Such P=00  P=00 P<00 P<0l P=-00 P-.00
items can be considered to measure different aspects of the construct for HORS 95 94 85 94 9 » %
different populations, as these are defined by diagnosis, age, etc., so the (9 6 (3 (3 (6 (5 (9
) 4 ) P=.03 P=.00 P=.18 P=.11 P=00 P<.01 P-00
value of undertaking a common-sample equating of the instruments can be KTz o - % . % w5 0
determined without them. For each pair of calibrations, items lying outside (9 (9 (4 (9 8 (' 6 (' 0 ('4)
the bounds of the 95% confidence intervals were identified and omitted @2 P P2 P2 P00 P-01 P-02 P-3
from the subsequent correlations. 1M 54 91 £ 98 9 88 91 2 -%
Table 3 shows the new correlations in bold print, along with the Rl €9 (8 (9 (9 (9 (& (9 (9 (9
original correlations for the unchanged pairs, and Figure 2 shows the new " ‘;m p;)w P=9'l°2 POl P00 P-00 P00 P-01 P01
frequency distribution. There are now 53 (96%) of the 55 correlations over - (' 9 ('”) (' 5 7 2. MoM 2 -8
.80, and 43 (78%) over .87. The average correlation for all 55 pairs increases B0t P~ P-.2 l‘(=6) o e oy Lo (8
, K = = 3 P=00 P-00 P=00 P=03 P=.01 P-.00
to .91, with an average of 7 pseudo-common items, and an average p-value  oefficient / (Cases) / I-tailed Significance)

of .01. The median correlation is about .91, and the mode, about .95.
The effect of measurement error on the correlations can be removed
by dividing them by the square root of the product of the relevant pair of
scales’ reliabilities. Not all of the articles from which the calibrations were
derived include reliability coefficients or calibration error
information.Calibration reliability can be roughly estimated, however,
using error terms derived from known patterns of relationships, where
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30w

20 o

N =55

FIGURE 2 Correlations with outliers removed ~ Std. Dev. = .06 Mean=.91
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error decreases as sample size and the number of rating scale options in-
crease (Wright & Stone, 1979). To be conservative in disattenuating the
crror from the correlations, it is best to under estimate error and over esti-
mate reliability, or the correlations may be inflated by removing more
cerror from them than actually exists. The correlation of two scales with
reliabilities of 1.0 will be unaffected by the disattenuation as there is no
crror to remove. This calculation can result in numbers higher than 1.0, if
the square root of any multiplied pair of reliabilities is greater than its
associated correlation. Any results higher than 1.0 were changed to 1.0.
Sample sizes range from 53 to almost 30,000, and numbers of rating
options range from the Teresi study’s dichotomization of the Katz data, to
the LORS’s five-point scale, to the Grimby study’s five-point FIM, and to
the similar seven-point scales used with the FIM and the PECS.
Under-estimated error for the Katz is probably about .30 due to the
sample size of 300 and dichotomous data. The Grimby study does not
1cport complete errors for its modified FIM, but with a sample size of 53,
rror is probably slightly under-estimated at .20. All of the other studies
ither report error or have sample sizes so large as to make calibration
1:liability virtually 1.0.
The reliabilities shown in Table 1 were calculated using these errors
and the standard deviations of the calibrations shown, using the formula

(SD/Error)2 / (1+(SD/Error)2) described by Wright and Masters (Wright
v Masters, 1982, p. 92). The Dressing item is omitted when calibrations
‘or the UE and LE Dressing items are available.

Talbe 4 and Figure 3 show the effect of error disattenuation on the corre-
! -tions. The mean disattenuated correlation is .93, with a median of .94, and
‘.0 modes, with frequencies of 7, at .95 and at 1.00. All but one of the 55
v orrelations (98%) are now over .80, and 46 of them (84%) are over .87.

These results are evidence in support of the stability of the physical
* mctioning construct across the instruments and samples. Measures based
« = these calibrations should be linearly transformable versions of the same
1etric. The trouble and expense of research employing these instruments
m common-sample equating efforts are likely to be well-rewarded.

SCIENTIFIC IMPORTANCE
e study results do not falsify the hypothesis that a common unit of

m asurement could be created for assessments of physical functioning made
ith different instruments, but on samples drawn from the same or similar
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Table 4
Pseudo-Common ltem Scale Correlation Coefficients
Effect of Error Removed

PECS FIM PECS FIMW FIM FIM FIM FIM
KILG LRI WF PECS LIN CHA RST LORS KATZ GRI
FIM .90
LRI (8
PECS 93 98
WF (5 ( 6)
FIMW .90 .85 .94
PECS (5 (6 (9
FIM 91 .96 .98 .89
LIN (7 (12) ()] D
FIM .96 .86 12 81 .84
CHA (6 (1) (606 6 (1)
FIM .89 95 97 .83 .99 .82
RST (8 (13 «n (7 (13) (1D
LORS 95 95 .86 95 97 .99 .96
(4 (6 (3 (3 (6 (9 6
KATZ -1.00 -93 -1.00 -1.00 -95 -.97 -94 -1.00
(5 (9 (»H (49 (& (9 (9 9 0
FIM 98 95 .93 1.00 93 91 95 .96 -1.00 ;
GRI (6 (8 (5 (H (9 (¥ (9 (5 9
FIM 92 .92 92 .81 .92 1.00 .94 93 -.97 94 &
POL (s) (10 (5 (& () ¥ (1) (5 (6 (3 é
(Coefficient / (Cases)) §
3 8
’ 1
2
[a]
=
n
B
wn
g
B=1
RS
g
5]
U] :
2
]
g
£
3
' Q 5
1)
o w - w
o 5 [=] o F_.E)
9}
™



108 TOWARDS A UNIVERSAL METRIC

populations. The theoretical structure embodied in instruments measuring
physical disability will be fleshed out as more attention is paid to new
calibrations made on new samples, and as new instruments are designed and
calibrated with the specific aim of improving the measurement of physical
disability.

Universal implementation of scale-free metrics will require the
cooperation of the many different groups who will use them. Social
networks for monitoring, maintaining, and improving data quality will
need to circulate standard instruments and standard samples among those
interested in having a common currency for the exchange of quantitative
values related to physical disability. Research has already shown that the
quality and stability of psychosocial measures are not strikingly less
consistent than results from the physical sciences (Hedges, 1987), but little
has been done to embody the crucial experimental tests establishing
variables’ mathematical structures in portable instrumentation that can be
used to support universal metrics for these variables.

Supplanting incommensurable measurement systems of unknown
data quality with quality-assessed and improved scale-free metric systems
will take time and effort. Although improved measurement cannot reverse
the effects of low quality care or of inadequate resource allocation, the
enhanced capacity to focus on invariant amounts of physical disability will
be crucial to establishing widely shared outcomes benchmarks. The
currently raging proliferation of mutually incommensurable scales is
building a Tower of Babel; equating methods, in contrast, make it possiblc
to coin common currencies for the exchange of quantitative information
(Cella, Lloyd, & Wright, 1996; Fisher, Harvey, Taylor, Kilgore, & Kelly,
1995; Fisher, Harvey, & Kilgore, 1996; Gonin, Lloyd, & Cella, 1996).

As different samples of data from instruments intended to measure the
same variables are fit to scale-free measurement models, the extent tv
which the constructs are stable across instruments and samples is tested.
These tests are not currently performed in an explicit way. We could ignore
the opportunity for equating instruments addressing common constructs
until the stability of the constructs and the equivalence of the measur>s
make themselves apparent in their own time. Alternatively, we cotd
proactively seize the opportunities presenting themselves for equati: g
existing instruments, for designing new instruments that better meet the
requirements of scale-free measurement, and for creating and monitoring

the metrological systems1 we need to maintain universal metrics for
measuring each of the variables required for continuously improving :e

unality of care. It appears th i FISHER 109
o pf at v.vhether o.r not \.)ve c%e.hberately work t(.) create|
. s for measuring physical disability and other variables
i ccessed via rating scales, these metrics may eventually emerge of their
own ‘accord. The human and economic values associated with universal
metrics demand that the deliberate and proactive approach win out.
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‘T'he creation and maintenance of standard measures and of data quality
@, «ds via metrological systems are important parts of the missions of
wlords organizations, such as the American Society for Testing and Materials

I't11), the American National Standards Institute (ANSI), and the International
wlirds Organization (ISO). A standard procedure for implementing scale-free

. 'ment principles in metrological systems based on rating scale instruments
ur~ ntly being drafted under the auspices of the ASTM E-31 Committee on the

it .sic Health Record. When completed, the standard will be submitted to
I wor approval and submission to the ISO, as all ASTM standards are.
.. st "d parties are invited to contribute their expertise to this project. Contact
« ‘endrowska, staff manager for Committee E-31 at ASTM (610 832-9718)

w | -r information.



