
There is a growing health policy mandate
for comprehensive monitoring of functional
outcomes across post-acute care (PAC) set-
tings.  This article presents an empirical
comparison of four functional outcome
instruments used in PAC with respect to
their content, breadth of coverage, and
measurement precision.  Results illustrate
limitations in the range of content, breadth
of coverage, and measurement precision in
each outcome instrument.  None appears
well-equipped to meet the challenge of mon-
itoring quality and functional outcomes
across settings where PAC is provided.
Limitations in existing assessment method-
ology has stimulated the development of
more comprehensive outcome assessment
systems specifically for monitoring the qual-
ity of services provided to PAC patients.

INTRODUCTION

A fundamental barrier to fulfilling the
emerging health policy mandate in the
United States for monitoring the quality
and outcomes of PAC is the absence of
standardized, patient-centered outcome
data that can provide policy officials and
managers with outcome data across differ-
ent diagnostic categories, over time, and
across different settings where PAC ser-
vices are provided (Wilkerson and Johnston,

1997).  Recently, the  National Committee
on Vital and Health Statistics (NCVHS)
(2002) made recommendations on the
potential for standardizing data collection
and reporting for the purposes of quality
assurance as well as for setting future
research and health policy priorities in the
U.S.  The NCVHS (2002) was unanimous in
stressing two major goals: “…to put func-
tional status solidly on the radar screens of
those responsible for health information
policy, and to begin laying the groundwork
for greater use of functional status infor-
mation in and beyond clinical care…” The
NCVHS project used the term functional
status very broadly to cover both the indi-
vidual’s ability to carry out activities of
daily living (ADLs) and the individual’s
participation in various life situations and
society.  

Within PAC, functional outcome instru-
ments have been developed and are widely
used for various applications and for use in
specific settings.  Examples include the
functional independence measure (FIMTM)
for acute medical rehabilitation (Guide for
the Uniform Data Set for Medical
Rehabilitation, 1997; Hamilton, Granger,
and Sherwin, 1987), the minimum data set
(MDS) for skilled nursing and subacute
rehabilitation programs (Morris, Murphy,
and Nonemaker, 1995), the Outcome and
Assessment Information Set for Home
Health Care (OASIS)  (Shaughnessy,
Crisler, and Schlenker, 1997) and the Short
Form-36 (SF-36) for ambulatory care pro-
grams (Ware and Kosiniski, 2001).    If one
looks carefully at the content of these
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instruments, it becomes apparent that sub-
stantial variations exist in item definitions,
scoring, metrics, and content coverage,
resulting in fragmentation in outcome data
available for use across different PAC set-
tings (Haley and Langmuir, 2000).
Differences in conceptual frameworks
used to construct each instrument, the
inability to translate scores from one
instrument to another, and the lack of out-
come coverage and precision to detect
meaningful functional changes across set-
tings, severely limit the field’s ability to
measure and analyze recovery through the
period of PAC service provision.  If the
PAC field is to achieve the goal of compre-
hensive functional outcome assessment
and quality monitoring for different patient
diagnostic groups across different PAC
settings, efforts are needed to develop
functional outcome assessments that are
applicable across a continuum of post-
acute services and settings. 

To our knowledge, no studies exist that
have directly compared the content and
operating characteristics of functional out-
come instruments commonly used in PAC
to examine their relative merits for moni-
toring outcomes across care settings.  In
this article, therefore, we report the results
of a direct empirical comparison of the
FIM™, OASIS, MDS, and the physical
function scale (PF-10) of the SF-36, focus-
ing on three aspects of each: instrument
content, range of coverage, and measure-
ment precision. The objective of this com-
parative analysis is to evaluate the com-
monly held assumption that there exist
fundamental deficiencies in the current
armamentarium of setting-specific out-
come instruments that prevents their
applicability for more comprehensive patient-
centered functional outcome assessment
across diagnoses, over time, and across dif-
ferent settings where PAC is provided.  In
response to identified deficiencies in exist-

ing instruments, we also discuss the poten-
tial utility of contemporary measurement
techniques, such as item response theory
(IRT) methods and computerized adaptive
technology (CAT), to yield functional out-
come instruments better suited for out-
come monitoring across PAC settings. 

METHODS

Subjects

These analyses use data from a sample
of 485 PAC patients drawn from six health
provider networks in the greater Boston
area.  All patients enrolled in the study
were recruited by study coordinators with-
in their own health care facility and com-
pleted informed consent prior to participat-
ing in the study.  Patients were recruited
from inpatient (199 from acute inpatient
rehabilitation and 90 from transitional care
units); and community settings (90 from
ambulatory services; and 106 from home
care). Eligibility criteria included: (1)
adults, age 18 or over, (2) recipients of
skilled rehabilitation services (physical,
occupational, or speech therapy), and (3)
English speaking.  The sample was strati-
fied by impairment group to include
approximately an equal number of subjects
within three major patient groups: (1) 33.2
percent neurological (e.g., stroke, multiple
sclerosis, Parkinson’s disease, brain injury,
spinal cord injury, neuropathy); (2) 28.4
percent musculoskeletal (e.g., fractures,
joint replacements, orthopedic surgery,
joint or muscular pain); and (3) 38.4 per-
cent medically complex (e.g., debility
resulting from illness, cardiopulmonary
conditions, or post-surgical recovery).  To
assure good representation of levels of
functional severity, the sampling design
was stratified to yield a wide distribution of
subjects representing three distinct severi-
ty levels: slight (35.9 percent), moderate
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(44.1 percent), and severe (20.0 percent)
based on scores from an adapted modified
Rankin scale (vanSwieten et al., 1988). 

The sample reflects the racial and ethnic
distribution of the greater Boston metro-
politan population. The sample contained a
wide age range (19-100 years; mean age =
62.7 years.)  The majority of the subjects
were female (58.8 percent), white (81.6
percent), and non-married (61.1 percent).
More than one-half (51.3 percent) had
beyond a high school education.  The wide
range of onset from initial injury/ illness
(2.0-3.9 years) characterizes different stages
of recovery within both inpatient and com-
munity settings.  The SF-8 Health Survey
(Ware et al., 1999) data indicated that phys-
ical functioning of the overall sample
(mean=40.3, standard deviation (s.d.)=9.9)
was below the U.S. population norms
(mean=50, s.d.=10), although mental func-
tioning (mean=50.2, s.d.=10.3) was consis-
tent with U.S. population norms (mean=50,
s.d.=10).

Data Collection Procedures  

Our overall data collection strategy was
to assess items from existing functional
outcome tools used in PAC so that they
could be combined for analysis into one
common scale.  Due to practical data col-
lection considerations and potentially high
patient response burden, we did not admin-
ister items from all four instruments to all
485 subjects. Rather, we linked items
together by administering to the entire
sample a core set of 58 activity items applic-
able for patients in both home and commu-
nity service settings.  This method has
been referred to as a common-item test
equating design, in which a core set of
items serve as a scale anchor from which
unbiased parameters can be estimated on
items with missing data (McHorney and
Cohen, 2000).  

We collected activity items, when avail-
able, from standardized instruments admin-
istered and recorded in the medical record.
These included the 18-item FIMTM for per-
sons in inpatient rehabilitation settings
(N=108), 19 MDS items (physical function-
ing and selected cognitive items) for per-
sons in skilled nursing home settings
(N=91), and 19 ADL/individual ADL items
from the OASIS or persons receiving home
care (N=103).  Since there were no consis-
tent data available from charts in the out-
patient setting, we administered the 10
physical functioning items of the SF-36 to
individuals receiving outpatient services
(N=82).

We applied specific rules for handling
missing item data within two of the stan-
dardized instruments.   In accordance with
FIMTM scoring rules, items that were not
administered are scored as “total depen-
dence.”  The MDS items have a response
option of “activity did not occur.”   We con-
verted these codes to the lowest score for
that item, namely “total dependence.”  We
reasoned that the most likely explanation
for the activity not occurring was that the
item could not be performed, an assump-
tion that others have made when compar-
ing functional instruments.  (Buchanan et
al., 2002).  Missing data for the PF-10 and
OASIS were not systematically recoded.  

The 58 core activity items collected on all
485 subjects were used as scale anchors.  In
order to compare items from instruments
across PAC settings, a common link was
needed to provide a stable functional base
for comparison purposes. The common-
item test equating design was used so that
every subject had a similar core set of
items.  Rasch (1980) models (Wright and
Masters, 1982) can be conducted with miss-
ing data if a core set of items is used to link
the setting-specific instruments into a
common scale.   Core items included: 15
physical functioning, 14 self-care, 12 daily
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routine, 11 communication, and 6 interper-
sonal interaction items. Activity questions
asked, “How much difficulty do you cur-
rently have (without help from another per-
son or device) with the following activi-
ties…?”  A polytomous response choice
included “not at all,” “a little,” “somewhat,”
“a lot,” and  “can not do.”  We framed the
activity questions in a general fashion with-
out specific attribution to health, medical
conditions, or disabling factors.    For some
individuals in the community settings, we
also collected 52 additional functional items
(N=196) and added those to the common
linking solution, however the results of
these items are not reported here.  None of
the subjects had difficulty in completing the
core set of 58 items.    

Data on items from three of the existing
instruments (e.g., FIMTM, OASIS, and
MDS) were recorded from retrospective
chart review.  Data on the PF-10 items (out-
patient programs) and core and communi-
ty items were collected via subject or proxy
interviews.   Each interview (approximate-
ly 45-60 minutes) was conducted in a quiet
atmosphere in an inpatient setting, an out-
patient facility, or participant’s home.  The
ability of a subject to take part in the inter-
view self-report was assessed by a treating
clinician who determined if the respondent
could:  (1) understand the interview ques-
tions, (2) sustain attention during an inter-
view, and (3) reliably respond to the ques-
tions.  If the answer to any of these screen-
ing questions was no, then the interview
was completed by either a clinician or fam-
ily member proxy participant.  A proxy par-
ticipant completed less than 3 percent of
the interviews. 

Interviews that included information on
core items were timed to coincide with
administration of standard outcome instru-
ments. For example, FIMTM is adminis-
tered in most facilities within 3 days of
admission and prior to discharge in the

inpatient rehabilitation setting. Thus, the
subject interview was arranged to take
place within 3 days of admission or dis-
charge such that FIMTM information was
collected close to the time of the interview.
Likewise, interviews of subjects in transi-
tional care units were scheduled to coin-
cide with the MDS assessment.  Subjects
receiving home care therapy were inter-
viewed either near to admission or dis-
charge such that the OASIS assessment
was performed in close proximity to the
subject interview.  The interview was fully
scripted, with standard instructions and an
answer card to help subjects identify the
desired response choice.  The order of pre-
sentation of test sections was randomly
assigned to mitigate the possibility of large
portions of missing data in any one section
due to respondent fatigue.  

Interviewers, who were experienced
rehabilitation clinicians (mean years of
clinical experience=5.7 years), received
training and quality assurance from: (1) an
initial 3-hour training session, (2) a proto-
col manual, (3) supervision by the research
project staff on all first interviews, and (4)
acceptable completion of a procedural
checklist and inter-rater reliability on a
subsequent interview. A project staff mem-
ber accompanied interviewers on approxi-
mately every 10th interview to check on
adherence to study protocol and to assure
overall quality control.  All subjects,
regardless of setting, were administered
the SF-8 items to establish a normative
description of the sample. 

Analyses 

Analyses were conducted in three
stages.  First, we conducted one-parameter
Rasch (1980) partial credit analyses for the
entire item pool (instruments and
core/community items) to develop an
overall functional ability scale (Wright and
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Masters, 1982).  The Rasch partial credit
model allows for different number of
response categories across items.  For
example, the FIM™ scale has a seven-point
rating scale, while the OASIS incorporates
multiple response categories that differ per
item.  This overall scale was used to esti-
mate parameters for all items in each of the
four comparison instruments.  We used a
method of concurrent calibration, which
involves estimating item and ability para-
meters in the overall subject and item pool
simultaneously.  This treats items not
taken by subjects as missing, as the Rasch
program uses information available to esti-
mate person and item parameters. Our
goal was to develop a general scale for
functional abilities, and specifically to see
the location of item content across the four
existing instruments.  We calculated inter-
nal consistency estimates—Cronbach
alpha (1951)—for each of the individual
instruments and for the overall functional
scale to determine the levels of consisten-
cy of the items within the overall function-
al scale.  We also calculated goodness of fit
tests for all items with the overall function-
al scale using the standardized infit statis-
tic (+/-2.0) to determine the number of
items with poor fit within the overall scale. 

Second, we examined the relative
amount and range of activity content cov-
ered by each of the four existing instru-
ments and made comparisons across
instruments.  To do this, we used the
extreme (highest and lowest) item thresh-
old estimate for each instrument.  A
threshold represents the point of separa-
tion between adjacent item response cate-
gories for each item. The Rasch partial
credit model estimates thresholds for each
item, and the minimum and maximum
threshold values per instrument were used
to establish the range of content within the
overall functional ability scale.  

Third, we calculated item and test infor-
mation functions (Lord, 1980; Dodd and
Koch, 1987; Murnki, 1993) to estimate the
location of optimal measurement precision
of each instrument.  The item information
function is an index of the degree and loca-
tion of information that a particular func-
tional item provides for estimating a score
along a functional ability scale.   Item infor-
mation functions are related to the location
and shape of the item characteristic curve
(ICC), which describe the probabilities of
responding to particular response options
of an item.  The steeper the slope of the
ICC, the more information about function-
al ability provided by an item in the scale,
thus the greater level of item discrimina-
tion and precision associated with esti-
mates of the score at that point along the
scale.   ICCs that have a broad range of cov-
erage along the scale provide information
functions across a wide range of the scale.
Therefore, the information function is the
relationship of the amount of information
of an item at a particular scale level and is
described by the ratio of the slope of the
ICC and the expected measurement error.
Test information functions were calculated
by summing the item information func-
tions to obtain an estimate of the measure-
ment precision of the entire test at differ-
ent levels of the functional ability continu-
um. We compared the test information
function with the ability levels of the sam-
ple in each major setting (inpatient, com-
munity).  We calculated a summary score
converted to 0-100 metric for each person
based on the overall item pool. 

RESULTS

The internal consistency values of the
four functional ability instruments were as
follows:  MDS=0.97, OASIS=0.99, FIM™=
0.99, and the PF-10=0.99.  The internal 
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consistency of the items within the full
functional ability scale was 0.85.  Only five
of the items within the existing instru-
ments (7.2 percent) exceeded the good-
ness of fit values.  Thus, we felt it was
acceptable to combine the items from each
of the four functional outcome instruments
into an overall functional ability scale for
the purposes of directly comparing their
range of functional content, breadth of cov-
erage, and measurement precision.   

Figure 1 illustrates and compares the
location of items in each of the four func-
tional outcome instruments along the

broad content dimension of functional abil-
ity.  These locations are derived as esti-
mates of the average functional ability para-
meter generated for items in each instru-
ment included in the analysis.  Across all
four instruments it can be seen that cogni-
tive, communication, and bowel and blad-
der continence function items achieved the
lowest functional ability estimates, indicat-
ing that those items were usually less diffi-
cult for persons in the sample to perform
compared with other items contained in
these instruments.   In general, the PF-10
scale contained items with the highest item
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Figure 1

Rasch Model Comparison of the Four Post-Acute Care Instruments



functional ability calibrations compared
with the other three. A substantial number
of items in the FIM™, OASIS, and MDS
instruments achieved average functional
ability calibrations in the mid-point of the
functional ability continuum.  Figure 1 also
reveals the substantial overlap of item con-
tent across these four instruments.  

The actual range of functional ability that
is covered by the items contained in each of
the four functional outcome instruments is
presented in Figure 2.  The content cover-
age is calculated by the high and low step
estimates for each item’s response cate-
gories instead of average estimates, which
were the basis of the information presented
in Figure 1.   Consistent with the general
spread of the functional ability parameters

illustrated in Figure 1, the range of cover-
age shown in Figure 2 appears greatest for
both the MDS and the OASIS instruments
as compared with either the FIM™ or PF-10
scales. Because of the high step estimate
for one of the transportation items in the
OASIS, the actual range of coverage of the
OASIS is nearly the entire range of all four
instruments. 

Figure 3 displays the measurement pre-
cision of each instrument as depicted by
the test information function curves.
These curves are superimposed with the
average score on the functional ability con-
tinuum and ±2 standard deviation for the
inpatients and community samples.  Note
the location of the peak amount of preci-
sion for each instrument in relationship to
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Figure 2

Comparison of Actual Ranges Covered by the Four Post-Acute Care Instruments



each sample.  Although the OASIS items
contain a broad range of content, as was
seen in Figure 2, the OASIS items provide
a high degree of measurement precision at
only the very low end of the functional abil-
ity dimension for both the inpatient and
community samples. The precision of
MDS items is also greatest at the lower
functional ability dimension levels,
although the MDS items have a greater
span of functional ability in which they pro-
vide some levels of precision. The FIM™
items peak at the low to moderate end of
the inpatient sample.  In contrast, the infor-
mation function of the PF-10 items peaks at
the high end of the community outpatient
sample with very poor precision for the
inpatient sample. 

DISCUSSION

The results of these analyses of instru-
ment content, coverage, and measurement
precision provide direct evidence of what
many have argued are the major limita-
tions of existing functional outcome instru-
ments currently in use within PAC. While
each of the four instruments compared in
this analysis appears well suited for its pri-
mary application, none of them appears
well-equipped for the current policy man-
date for monitoring the quality and out-
come of PAC provided over time and
across different PAC settings.  

If one looks at the results for the FIM™,
the most widely used outcome instrument
in PAC, one can see that the FIM™ items
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Measurement Precision of Post-Acute Care Instruments, by Test



cover a very small portion of the functional
ability continuum within a narrow range of
functional content.  The FIM™ is most pre-
cise and relevant for PAC inpatients whose
function is at the low end of the continuum.
All of these characteristics of the FIM™ are
acceptable when one considers its primary
application is for evaluation of inpatient
rehabilitation services.  These FIM™ char-
acteristics become severe limitations, how-
ever, if the intended application is assess-
ment of outcomes or quality across PAC set-
tings.  An instrument such as the PF-10 suf-
fers from a similar type of limitation, as does
the FIM™.  The PF-10 covers a narrow
range of functional content, although, unlike
the FIM™, the content covered by the PF-10
is at the higher end of the functional activity
continuum.  The PF-10 appears most pre-
cise for community dwelling outpatients,
but much less so for inpatients such as
those seen in many rehabilitation facilities.
When used with high functioning communi-
ty patients, the PF-10 covers appropriate
content; its content and range is severely
limited in application to patients within insti-
tutions.  The MDS and OASIS instruments,
in comparison with the FIM™ and PF-10,
cover content from the mid portion of the
functional ability continuum with less con-
tent covering the low or high ends. Patients
functioning at the very high or very low end
of the functional continuum would not be as
well served by the OASIS and MDS.  

Concerns about existing instruments
used in PAC, such as the four examined in
this analysis, have stimulated the develop-
ment of more comprehensive functional
outcome instruments developed specifical-
ly for application across diagnostic groups,
and across PAC settings.  An example of
this type of work is found in the activity
measure for PAC (AM-PAC), developed by
the Rehabilitation Research & Training
Center for Outcomes based at Boston
University (Haley and Jette, 2000).   In con-

structing the AM-PAC, its developers used
the strategy of combining functional ability
items found in existing instruments and
from a variety of other sources into quanti-
tative scales that can be employed to
assess a wide range of functional content
needed to assess quality and outcomes of
patients seen across PAC settings.  

Although instruments such as the AM-
PAC are promising, the continued use of
traditional, fixed-form measurement method-
ology for constructing functional outcome
instruments presents the researcher with
two common problems that limit their utility
in clinical outcomes assessment.  One fun-
damental problem encountered with fixed-
form instruments of modest length is floor
and ceiling effects where large numbers of
individuals who complete these outcome
instruments score at either the top or the
bottom of the range of possible scores.
These ceiling and floor effects severely
reduce measurement precision and thus,
restrict the utility of the instruments
(Andresen et al., 1999; Brunet et al., 1996;
DiFabio et al., 1997; Rubenstein et al.,
1998).  In response to concerns over inade-
quate measurement precision and inade-
quate coverage of important outcome
domains, some researchers develop more
comprehensive and lengthy outcome instru-
ments. Lengthy instruments lead to the
frustration and fatigue faced by many sub-
jects and busy clinicians overwhelmed by
large and burdensome batteries of instru-
ments (Meyers, 1999).  

One promising solution offered to mea-
surement problems faced by traditional
fixed form instruments is offered through
the combined application of IRT methodol-
ogy and CAT techniques (Ware et al., 1999;
Ware, Bjorner, and Kosinski, 2000; Weiss,
1982; Hambleton, 2000).  These techniques
of test construction are currently being
applied to the development of a new gener-
ation of functional assessment instruments
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designed for use in PAC settings (Haley
and Jette, 2000).  CAT methodology uses a
computer interface for the patient (or a
computerized interview/clinician report)
that is tailored to the unique functional abil-
ity level of the patient.  The basic notion of
an adapted test is to mimic what an experi-
enced clinician would do.  A clinician
learns most when he/she directs ques-
tions at the patient’s approximate level of
proficiency.  Administering outcome items
that are either too easy or too hard pro-
vides little information. An adaptive test
first asks questions in the middle of the
ability range, and then directs questions to
the level based on the patient’s responses,
without asking unnecessary questions.
This allows for fewer items to be adminis-
tered while gaining precise information
regarding an individual’s placement along
a continuum of functional ability.  CAT
applications require a large set of items in
any one functional area (item pools), items
that consistently scale along a dimension of
low to high functional ability, and rules
guiding starting, stopping, and scoring
procedures.   Large item sets such as the
AM-PAC can be readily adapted to a CAT
format in future work.

Methods like IRT that make it possible
to calibrate questionnaire items on a stan-
dard metric (ruler) also yield the algo-
rithms necessary to run the engine that
powers CAT assessments.  These statisti-
cal models estimate how likely a person at
each level of function is to choose each
response to each survey question.  This
logic is reversed to estimate the probabili-
ty of each health score from a particular
pattern of item responses. The resulting
likelihood function makes it possible to
estimate each person’s score, along with a
person-specific confidence interval.  In
principle, one can derive an unbiased esti-

mate of an outcome, i.e., an estimate with-
out systematic error, from any subset of
items that fits the model.  The number of
items administered can be increased to
achieve the desired level of precision. Most
statistical models for estimating such item
parameters can be traced to the work of
Rasch (1980) or on a second tradition—
IRT (Hambleton and Swaminathan, 1985).
Both models assume unidimensionality;
i.e., that the items included on a particular
scale measure only one concept.  Whether
these techniques, if applied to functional
outcome assessment, will solve the prob-
lems presented by traditional, fixed form
methodology, needs to be carefully evalu-
ated in future research.  

There are several limitations in the
analyses reprinted in this article.  To
achieve a direct comparison of these four
instruments, we used a liberal interpreta-
tion of unidimensionality to combine items
from all of the four comparison instru-
ments into a single scale.  This simplified
the presentation so that an instrument-
based rather than a content-based compar-
ison could be made.  A more detailed
examination of common functional dimen-
sions that underlie the item set was beyond
the scope of this article.  We also point out
that, for practical reasons, we combined
data from medical records and from inter-
views to develop the item calibrations for
the instrument comparisons.  Although not
ideal, we do find only small amounts of
error from clinician and self-report inter-
view modes of testing within these func-
tional items (Andres, Haley, and Ni,
Forthcoming).  More work in this area of
combining data across respondents and
modes of data collection will be needed as
the field advances in assessing functional
ability across post-acute core settings.
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CONCLUSION

Results of this analysis illustrate some of
the inherent limitations in the range of con-
tent, breadth of coverage, and measure-
ment precision found in functional outcome
instruments currently in use within PAC.
Limitations in existing functional outcome
methodology has stimulated the ongoing
development of more comprehensive out-
come assessment systems specifically for
monitoring the quality of services provided
for patients with different across diagnoses
and across PAC settings.  The careful use of
IRT-based measurement methods coupled
with CAT outcome assessment techniques
may hold future promise for making out-
comes assessment briefer and less burden-
some to patients, and thus more acceptable
for use in busy clinical settings.  What is
needed is functional outcome data that is
applicable to patients treated across differ-
ent clinical settings and applications, more
efficient and less costly to administer, and,
sufficiently precise to detect clinically
meaningful changes in functional outcomes.
Contemporary measurement methodology
may hold considerable promise as a vehicle
for advancing PAC outcomes evaluation,
thus avoiding the pitfalls of traditional
assessment methodology. 
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