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Abstract

A number of studies have evaluated the psychometric properties of the Functional Independence Measure (FIM™) using
Rasch analysis, although none has done so using the National Institute on Disability, Independent Living, and Re-
habilitation Research Traumatic Brain Injury Model Systems National Database, a longitudinal database that captures
demographic and outcome information on persons with moderate to severe traumatic brain injury across the United States.
In the current study, we examine the psychometric properties of the FIM as represented by persons within this database
and demonstrate that the FIM comprises three subscales representing cognitive, self-care, and mobility domains. These
subscales were analyzed simultaneously using a multivariate Rasch model in combination with a time dependent con-
current calibration scheme with the goal of creating a raw score-to-logit transformation that can be used to improve the
accuracy of parametric statistical analyses. The bowel and bladder function items were removed because of misfit with the
motor and cognitive items. Some motor items exhibited step disorder, which was addressed by collapsing Categories 1-3
for Toileting, Stairs, Locomotion, Tub/Shower Transfers; Categories 1 and 2 for Toilet and Bed Transfers; and Categories
2 and 3 for Grooming. The strong correlations (r=0.82-0.96) among the three subscales suggest they should be modeled
together. Coefficient alpha of 0.98 indicates high internal consistency. Keyform maps are provided to enhance clinical
interpretation and application of study results.
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Introduction

HE PRIMARY OBJECTIVE OF THIS STUDY was to investigate the

FIM™ instrument (previously the Functional Independence
Measure) as contained in the Traumatic Brain Injury Model Sys-
tems (TBIMS) National Data Base (NDB) by way of Rasch anal-
ysis. The TBIMS NDB is a national database of treatment outcomes
for persons with TBI.! In comparison with classic test theory, Rasch
analysis is psychometrically advantageous because it provides an
understanding of person ability as well as item difficulty and ar-
ranges estimates of each on an equal interval linear continuum.

These features allow investigation of the dimensionality of an in-
strument, are robust against missing data, and allow transformation
of ordinal measures to interval-level scaling.”™

Score transformation is valuable because equal-interval mea-
sures can be used in parametric statistical analyses, where by doing
s0, accuracy of study results are improved. Such transformations of
the FIM instrument have been performed for specific patient groups
including persons with stroke, spinal cord injury, and TBI, yet none
has been developed based exclusively on the data contained within
the TBIMS NDB, representing the specific characteristics of these
individuals.”™'! Consequently, the aim of this study is to generate
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an interval-level transformation of the FIM instrument for the
purpose of reducing measurement error, thus enhancing the accu-
racy of statistical analysis for studies using the TBIMS NDB.

Rasch models have evolved as our understanding of the ap-
proach has grown. For instance, tools such as keyform maps have
been developed to facilitate clinical interpretation of measure-
ments, and methods have been developed to manage violation of
the assumption of independence among repeated measures.'''
Another advancement is the development of the Multidimensional
Rasch Model (MRM), a special case of the Multidimensional
Random Coefficient Multinomial Logit Model, which, among other
features, allows latent ability to be a function of dimension.'?

The MRM does not have the same constraints as does the tra-
ditional Rasch model, which requires all items within a measure-
ment instrument to represent a single, unidimensional construct.
Instead, MRM allows for inclusion of subscales that, when con-
sidered independently, are unidimensional, but when combined are
not. For instance, in previous studies that concluded the FIM in-
strument was multidimensional, the authors’ strategy was to model
subscales separately as independent dimensions.®'*!

In many cases, however, subscales are not independent, but are
instead correlated. How well one performs on one subscale is as-
sociated with how well one performs on another, where the MRM
considers the correlation between subscales in generating model
estimates. Consequently, the MRM provides rehabilitation re-
searchers and clinicians with an attractive option when the goal is
to approximate interval level transformations for measurement
instruments consisting of a set unidimensional yet correlated sub-
scales. The advantages of applying the MRM have been discussed
extensively.'>'!7

Methods
Instrument

The FIM instrument is an 18-item measure of burden of care
associated with physical and cognitive functioning. Clinicians
rate items on a 7-point scale that ranges from total assistance (1)
to complete independence (7). The FIM assesses problem solving,
memory, expression, comprehension, social interaction, eating,
grooming, bathing, dressing—upper body, dressing—lower body, toi-
leting, bowel management, bladder management, transfers to bed,
chair, or wheelchair, transfers to toilet, and transfers to shower/tub,
locomotion, and stair climbing. FIM instrument data are collected by
TBIMS clinicians at admission and discharge from rehabilitation,
and certified data collectors record scores by telephone interview 1,
2, and 5 years post-discharge and every 5 years thereafter.

Analytic approach and analysis

The MRM described in this article was developed in two stages:
unidimensional Rasch model development and MRM building. The
initial sample included 8909 TBIMS participants but was reduced
to 8136 after dropping participants with extreme scores, which are
not estimable in the Rasch model. All analyses were performed
using standard Rasch/IRT analysis software packages: Winsteps
Version 3.80.1 and ConQuest Version 3.0.1.

The sample was randomly split into three independent equal-
sized subsamples before analysis. The subsamples contained FIM
item information for one person at one time point—admission,
discharge, and 1 year follow-up, respectively, using the method
described by Mallinson.'” These three samples were recombined
before calibration so that the transformed measure is applicable to
both cross-sectional and longitudinal analysis.

The collection of information was limited to admission, dis-
charge, and 1 year follow-up time points because: (1) it is within
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these time points that the majority of change occurs and (2) sample
size was maximized.'® Analysis of differential item functioning
conducted before calibration demonstrated no sufficient differences
(>0.5 logits) between clinician-rated (i.e., admission and discharge)
and telephone-administered (i.e., 1-year follow-up) FIM items.

The analysis focused on establishing the dimensionality of
the FIM and assessing the extent to which item responses were
monotonic (rating scale categories increased as patient ability in-
creased). The initial calibration included all 18 FIM items. The data
were fit to the Rasch-Masters Partial Credit model, because the
assumption of a common threshold structure (i.e., identical dis-
tances between response options for each item) made by the Rasch-
Andrich Rating Scale model was not expected.

Monotonicity was evaluated by comparing the average per-
son ability measure associated with each item response. Uni-
dimensionality was evaluated by principal components analysis
(PCA) of residual variance not accounted for by the unidimen-
sional Rasch model.> In combination with PCA, unidimensionality
was established by way of parallel analyses, which were con-
ducted to determine whether the separate dimensions accounted
for more variance than similar dimensions in random data that fit
the Rasch model."®

Specifically, three data sets were simulated based on estimated
model parameters from the initial Rasch calibration and were an-
alyzed using the same approach as described above. Finally, using
the original sample, fit of the item responses to the Rasch model
was examined using item infit and outfit statistics where values less
than 1.5 indicate items perform well relative to the expectations of
the model. Joint maximum likelihood estimation was used to cal-
culate logit estimates and their corresponding standard errors.

On confirmation of the multidimensional nature of the FIM, we
proceeded to fit the MRM under the Rasch-Masters Partial Credit
paradigm. We compared deviance statistics from the MRM to its
unidimensional counterpart—i.e., a single model that ignores
subscales. In addition, we examined item infit and outfit using the
same criterion noted above and investigated step disorder within
items using item probability curves—i.e., Rasch-Andrich thresh-
olds. Finally, we examined the separation reliability, coefficient
alpha, and correlations between subscales.

Results
Sample characteristics

Women comprised 26.9% of the study sample. White patients
comprised 73.1% of the sample, Black (18.9%), Hispanic (8.4%),
and Asian (2.4%). The mean (standard deviation) age at injury was
39.6 (18.6) years. The sample included 33.1% who were married,
19.7% who were separated, divorced, or widowed, and 47.2% who
were never married. The mean length of rehabilitation stay was
27.3 days (25.3).

Monotonicity and dimensionality

Study results are discussed starting with the examination of
monotonicity and dimensionality in the actual and simulated sam-
ples. Person ability increased monotonically with item responses for
all items in each sample. The PCA of Rasch residuals showed the first
two contrasts (i.e., secondary and tertiary dimensions to the primary
Rasch dimension) explained 4.6 and 2.0 eigenvalue units worth of
residual variance, respectively. The variance explained by the mea-
sures and first two contrasts in the actual and simulated data are
presented in Table 1.

Dissimilarity between the PCA of residuals in the actual and
simulated data and eigenvalues >2.0 in the actual data suggested
two secondary dimensions. Notably, the items with positive load-
ings on the first contrast were conceptually related: problem solving,
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TABLE 1. RESULTS OF PARALLEL ANALYSIS

Study data

Simulated data set #1

Simulated data set #2 Simulated data set #3

60.3 (77.0%)
4.6 (5.9%)
2.0 (2.6%)

Raw variance explained by measures
1st contrast eigenvalue
2nd contrast eigenvalue

62.3 (77.6%)
1.7 (2.2%)
1.1 (1.4%)

62.9 (77.8%)
1.7 (2.1%)
1.1 (1.4%)

61.9 (77.5%)
1.7 (2.1%)
1.1 (1.4%)

memory, expression, comprehension, and social interaction (i.e.,
FIM cognitive subscale). Separate calibration of the cognitive
FIM items indicated no item misfit. Accordingly, these FIM cogni-
tive subscale items were removed and the remaining 13 motor items
calibrated.

As in the previous calibration, person ability increased mono-
tonically with item responses for all items. The PCA of Rasch
residuals suggested two salient dimensions in the 13 ‘“‘noncogni-
tive” items: a “‘mobility’’ dimension composed of locomotion, stair
climbing, transfers to toilet, transfers to shower/tub, and transfers
to bed items, and a “‘self-care” dimension composed of grooming,
dressing—upper body, dressing—lower body, bathing, and toileting
items.

Bowel management, bladder management, and feeding items
demonstrated misfit (>1.5) when modeled with either the mobility
or self-care subscales and thus were removed from subsequent
analysis. Separate calibration and analysis of item residuals sug-
gested mobility (eigenvalue of first contrast=1.7) and self-care
(eigenvalue of first contrast=1.5) subscales were unidimensional
(=2.0), and no item in either calibration demonstrated misfit (>1.5).
These results replicate the work of Chen and associates®® in 2002
who demonstrated that the FIM comprised three dimensions, al-
though this article is the first to demonstrate the FIM consists of
three dimensions based on a TBI population.?

Identification of the three subscales prompted development of a
MRM. The initial calibration of the MRM showed no evidence of
item misfit; however, Grooming, Toileting, Stairs, Locomotion,
Toilet Transfer, Bed Transfer, and Shower/Tub Transfer items
exhibited step disorder. To resolve this problem, categories were
collapsed as follows: Categories 1-3 were collapsed for Toileting,
Stairs, Locomotion, Tub/Shower Transfers; Categories 1 and 2
were collapsed for Toilet and Bed Transfers; and Categories 2 and 3
were collapsed for Grooming. After collapsing the categories, the
resulting MRM had satisfactory fit statistics without step disorder.

Item estimates, corresponding standard error, and fit statistics
are presented in Table 2. Once step disorder was eliminated, de-
viance statistics were used to compare the MRM with its unidi-
mensional complement; results (p <0.0001) suggest that the MRM
provides a better characterization of the data. In addition, the three
subscales were strongly correlated (Table 3), suggesting that
treating them as independent entities is not warranted.

Construct definition

Table 2 presents the item difficulties arranged in ascending order
for each item within its respective dimension. All outfit and infit
statistics fall below 1.5, which indicates items adhere well to the
Rasch model, while small standard errors reflect the precision of the
estimates. A separation reliability of 1.0 suggests items will likely
hold their relative positions in a similar sample where a coefficient
alpha of 0.98 indicates high internal consistency.

A raw score to interval level transformation for each dimension
is presented in Table 4. Raw scores reflect the aforementioned
collapsing of categories.

Some readers may find the logit scale unwieldy. Thus, to en-
hance interpretation, the logit scale has been transformed so that it
ranges from O to 100. Transformations for each dimension are
provided in the supplemental content (Supplementary Table 1; see
online supplementary material at ftp.liebertpub.com).

Discussion

The main goal of this study was to provide a raw score to interval
level transformation for the FIM instrument using a MRM, and a
secondary goal was to introduce the MRM to the rehabilitation
research community. In achieving these goals, we extended pre-
vious studies that reported two subscales for the FIM and provide
evidence that the FIM instrument, when administered to persons
with TBI using the data contained within the TBIMS NDB, can be
described as consisting of three dimensions measuring cognition,
mobility, and self-care.

This scoring approach has several advantages over a combined
motor subscale; separate self-care and mobility subscales are useful
to rehabilitation clinicians because they correspond to the practices
of occupational and physical therapy, respectively. Within the self-
care domain, Grooming is the easiest item while the Toileting item
is the most difficult. Likewise, within the mobility domain, the Bed
Transfer item is easiest while the Stairs item is the most difficult. In
examining the item hierarchy of the cognitive domain, we found the
verbal comprehension item is easiest and the memory item is most
difficult, where the overall item hierarchy for the cognitive subscale
mirrors those of earlier studies.

The raw score to Rasch transformation tables can be used in
statistical analyses of TBI samples. Because the transformed

TABLE 2. ITEM ESTIMATES AND FIT STATISTICS

Item Estimate SE Outfit Infit
Cognition (Dimension 1)
Comprehension -0.795 0.011 1.05 1.09
Expression —-0.601 0.010 1.00 1.04
Social -0.428 0.010 1.29 1.28
Problem solving 0.844 0.010 0.86 0.95
Memory 0.980 0.021 1.00 1.07
Self-Care (Dimension 2)
Upper body dress —0.798 0.013 0.89 1.08
Grooming -0.675 0.013 1.08 1.27
Lower body dress 0.107 0.012 0.88 0.96
Bathing 0.320 0.026 0.97 1.14
Toileting 1.046 0.013 1.30 1.15
Mobility (Dimension 3)
Bed ransfer -1.301 0.014 0.83 0.91
Toilet transfer —1.108 0.014 0.72 0.82
Locomotion -0.039 0.017 1.34 1.41
Tub/shower transfer 0.644 0.030 0.83 1.09
Stairs 1.804 0.015 1.23 1.35

SE, standard error.
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TABLE 3. CORRELATION BETWEEN DIMENSIONS

Dimension Cognitive (1) Self-Care (2)
Self-Care (2) 0.85 —
Movbility (3) 0.82 0.96

measures approximate interval level scaling, they are useful with
parametric statistics that assume measures are equal-interval and
distributed normally. The added precision of the transformed sub-
scores provided by the MRM are an additional benefit. Although
greater precision is warranted in conducting any statistical analysis,
increased precision may be especially salient when applied to the
investigation of change in function over time modeled at the in-
dividual level, as is done in random effects modeling such as in-
dividual growth curve analysis.

In conjunction with transformation tables, keyform maps provide
a link between expected within item endorsement—i.e., categories
within the items—and the total score (or the logit equivalent). A
keyform map for each dimension can be found in the Supplementary
Figures 1, 2, and 3; see online supplementary material at ftp.liebert
pub.com).

Keyform maps indicate, based on a range of logit values, which
item category is most likely. For example, the Mobility keyform
map (Supplementary Fig. 2; see online supplementary material at
ftp.liebertpub.com) suggests that for the Locomotion item (delin-
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eated by a triangle), a response of 1, 2, or 3 on the item falls between
negative infinity to —3.06 logits, a response of 4 falls between —3.06
and —1.89 logits, a response of 5 falls between —1.89 to 0.87 logits.
This configuration allows one to determine, for a given item rating,
which categories, across items, are likely to be endorsed. For in-
stance, based on the Mobility dimension keyform map, raw score of
20 (or a logit equivalent of —1.71) corresponds to a score of 4
(minimal assistance) on Bed, Toilet, and Tub/Shower Transfers, a 5
(supervision) on Locomotion, and a score of 1, 2, or 3 (total to
moderate assistance) on the most difficult item, Stairs.

Keyform maps allow clinicians to examine a patient’s functional
status at the item level, as well as monitor progress and goal setting.
Bode and colleagues'' describe the many clinical-related benefits
of keyform maps.""

Development of this MRM represents an evolutionary step in
measurement science for rehabilitation. While MRM provided a
more suitable model for the FIM instrument, it is not necessary for
other instruments that are unidimensional or multidimensional in-
struments that have subscales that have little to no correlation with
each other. Over time, MRM models can be developed and inte-
grated into practice for the FIM instrument for other populations
and for other multidimensional scales. For clinical and research
samples that resemble TBMIS NDB participants, clinicians and
researchers now have a MRM model to facilitate analysis and in-
terpretation of rehabilitation outcomes that accounts for correla-
tions between subscales.

TABLE 4. RAW SCORE TO LOGIT TRANSFORMATION FOR THE THREE FUNCTIONAL INDEPENDENCE MEASURE DIMENSIONS

Raw Logits (cognitive SE (cognitive Logits (self-care SE (self-care Logits (mobility SE (mobility
score dimension) dimension) dimension) dimension) dimension) dimension)

5 -5.99 1.58 - - - -

6 —4.71 0.96 - - - -

7 —4.02 0.78 - - - -

8 -3.51 0.69 -6.44 1.6 - -

9 -3.09 0.63 -5.05 0.99 - -
10 -2.73 0.59 —4.31 0.80 - -
11 —2.40 0.57 -3.78 0.70 - -
12 -2.10 0.54 -3.36 0.64 - -
13 -1.82 0.53 -2.99 0.60 -6.12 1.53
14 -1.56 0.51 —2.66 0.58 -4.94 0.96
15 -1.30 0.50 —2.34 0.57 —4.28 0.81
16 -1.05 0.50 -2.03 0.56 -3.74 0.75
17 -0.811 0.50 -1.73 0.56 -3.22 0.73
18 -0.572 0.49 -1.42 0.57 -2.70 0.71
19 -0.332 0.50 -1.10 0.57 -2.20 0.70
20 —-0.088 0.50 -0.77 0.59 -1.71 0.68
21 0.16 0.50 -0.42 0.60 -1.26 0.65
22 0.411 0.51 -0.05 0.61 -0.86 0.63
23 0.670 0.51 0.34 0.63 -0.49 0.61
24 0.932 0.52 0.76 0.64 -0.14 0.60
25 1.21 0.53 1.19 0.64 0.21 0.60
26 1.49 0.54 1.61 0.63 0.57 0.62
27 1.78 0.55 2.00 0.62 0.95 0.63
28 2.09 0.57 2.37 0.61 1.36 0.66
29 242 0.59 2.72 0.61 1.81 0.68
30 2.78 0.62 3.07 0.62 2.30 0.72
31 3.17 0.66 3.44 0.64 2.83 0.76
32 3.63 0.72 3.85 0.69 343 0.82
33 4.18 0.82 4.34 0.77 4.16 0.93
34 4.96 1.01 5.00 0.94 5.14 1.13
35 6.38 1.66 6.24 1.55 6.80 1.80

SE, standard error.
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Limitations

This study used data from the TBIMS NDB; thus, results are
generalizable primarily to TBIMS study participants. Results of
this study cannot be compared precisely with earlier publications
because this study used a MRM along with a concurrent calibration
scheme. Thus, item difficulty estimates are based on information
gathered at admission, discharge, and 1-year follow-up.

Conclusions

Because of the correlation between subscales, this study more
used a MRM instead of treating subscales as independent to in-
crease measurement accuracy. In addition, for persons with TBI,
we demonstrated the FIM instrument comprised three unidimen-
sional subscales measuring cognitive, self-care, and mobility do-
mains that correspond to the clinical foci of psychologists and
speech-language pathologists, occupational therapists, and physical
therapists, respectively. Within each subscale, the Rasch trans-
formed scores can be used in parametric statistical analyses to
increase the accuracy of results. Finally, to aid in interpretation of
study results, keyform maps can be used to translate raw scores
into likely category responses within items, which allows for esti-
mation of functional status and can assist in patient progress moni-
toring as well as goal setting.
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