JRM

JRM

JRM

J Rehabil Med 2019; 51: 566-574

ORIGINAL REPORT /M) Check for updates

RASCH ANALYSIS OF THE UK FUNCTIONAL ASSESSMENT MEASURE IN
A SAMPLE OF PATIENTS WITH TRAUMATIC BRAIN INJURY FROM THE UK
NATIONAL CLINICAL DATABASE

Lynne TURNER-STOKES, DM, FRCP*?, Oleg N. MEDVEDEV, PhD3*and Richard J. SIEGERT, PhD*

From the 'King’s College London, Department of Palliative Care, Policy and Rehabilitation, Faculty of Life Sciences and Medicine,
2Regional Hyper-acute Rehabilitation Unit, Northwick Park Hospital, London North West Healthcare NHS Trust, London, UK, 3University
of Waikato, School of Psychology, and “Auckland University of Technology, School of Public Health & Psychosocial Studies and School

of Clinical Sciences, Auckland, New Zealand

Objective: To determine whether the UK Functional
Assessment Measure (UK FIM+FAM) fits the Rasch
model in patients with complex disability following
traumatic brain injury.

Design: Psychometric evaluation including prelimi-
nary exploratory and confirmatory factor analyses
followed by Rasch analysis.

Participants: A multicentre UK national cohort of
1,956 patients admitted for specialist rehabilitation
following traumatic brain injury.

Results: The suitability of the Partial Credit Mo-
del was confirmed by the likelihood-ratio test (3>
(df86)=7,325.0, p<0.001). Exploratory and confir-
matory factor analyses supported 3 factors (Motor,
Communication, Psychosocial). Rasch analysis of
the full scale incorporating the 3 factors as super-
items resulted in an acceptable overall model fit (32
(df24)=36.72, p=0.05) and strict uni-dimensiona-
lity when tested on a sub-sample of n=320. These
results were replicated in a full sample (n=1,956)
showing uni-dimensionality and good reliability with
Person Separation Index=0.81, but item trait inte-
raction was significant due to the large sample size.
No significant differential item functioning was ob-
served for any personal factors. Neither uniform re-
scoring of items nor exclusion of participants with
extreme scores improved the model fit.

Conclusion: The UK FIM+FAM scale satisfies the
Rasch model reasonably in traumatic brain injury.
A conversion table was produced, but its usefulness
in clinical practice requires further exploration and
clinical translation.
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Outcome measurement is a key requirement for
rehabilitation services to support comparison
of programmes, practices and populations. Trauma-
tic brain injury (TBI) poses particular challenges

(LAY ABSTRACT )
The UK Functional Assessment Measure (UK FIM+FAM)
is a scale used to evaluate the outcome of rehabilitation
after acquired brain injury as part of the UK Rehabili-
tation Outcomes Collaborative (UKROC). The FIM+FAM
is administered by clinicians and measures how well
people are recovering their independence. It has 30 se-
parate questions concerning a person’s physical (e.g.
eating, toileting, bathing) and cognitive (e.g. expres-
sion, memory, safety awareness) independence. Data
from 1,956 UK patients who had survived a traumatic
brain injury were analysed. The main purpose of this
study was to establish that the FIM+FAM meets some of
the stringent technical standards for clinical and scien-
tific measurement. A statistical method known as Rasch
analysis was used to demonstrate that the FIM+FAM
produces accurate and reliable scores. The results sho-
wed that the FIM+FAM is a practical and useful scale
for measuring change in people in rehabilitation after a

\traumatic brain injury. J

for outcome evaluation in rehabilitation. As well as
improvement in independence for activities of daily
living, measurement tools need to encompass chan-
ges in cognitive, communicative and psychosocial
function, which are often the main factors that limit
independence following TBI.

The Functional Independence Measure (FIM™)
(1, 2) is an 18-item measure of functional indepen-
dence, which is widely used as a measure of outcome
from rehabilitation. Although 5 of the items address
elements of communication and cognitive function,
its predominant focus is on physical function and it
has well recognized “ceiling” effects (3). The Fun-
ctional Assessment Measure (FAM) was developed
in the 1990s specifically for more ambulant patients
with TBI. It adds 12 items to the FIM scale, mainly
addressing cognitive and psychosocial function, with
the intent of extending the range of difficulty in this
group (3, 4). From a scaling perspective, the FAM
items as a whole may have little impact on the ceiling
effects of the FIM™ in higher functioning patients (5),
but from a clinical perspective they may still provide
useful information about the less visible aspects of
neurological disability for patients at all levels (6).
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Adapted from the original US version, the UK Fun-
ctional Assessment Measure (UK FIM+FAM) was first
published in 1999 (7). The 30-item scale comprises 16
motor items (including self-care and mobility) and 14
cognitive items (including communication, cognition
and psychosocial adjustment).

The UK Rehabilitation Outcomes Collaborative
(UKROC) (8) provides the national clinical database
for all specialist in-patient rehabilitation services in
England. These services cater for a selected population
of patients with severe complex neurological disabi-
lity. The UK FIM+FAM is the principal measure of
functional outcome within the dataset and, since 2013,
its collection is a mandated requirement for reimburse-
ment within these services. It is therefore pertinent to
understand its psychometric properties in this context.
In addition, transformation of the scale from ordinal
to interval-level data (using techniques such as Rasch
analysis (9—11)) confers theoretical advantages for
clinical practice, potentially increasing sensitivity by
stretching the existing ogive raw score points at both
the upper and lower margins, as well as enabling the
calculation of valid change scores.

Traditional psychometric evaluations of the UK
FIM+FAM in both a general neuro-rehabilitation
cohort and in stroke patients (12, 13) have shown the
UK FIM+FAM to have 3 distinct subscales: Motor,
Communicative, and Psychosocial. Two studies from
the 1990s have explored the linear Rasch transforma-
tion of the original US FIM+FAM scale following TBI
and showed partial conformation to the Rasch model
(14, 15). However, approaches to Rasch analysis have
changed significantly in the last 20 years (16), and as
yet there are no published Rasch analyses of the UK
FIM+FAM scale in patients with TBI.

Our recent Rasch analysis of the UK FIM+FAM in
patients with complex disability following stroke (17)
provided evidence for uni-dimensionality. It showed
that the best fit was achieved where responses for the
16-item ”Motor”, 5-item ”Communicative” and 9-item
”Psychosocial” subscales were summarized into 3 su-
per-items, and were split for left and right hemisphere
stroke location due to differential item functioning
(DIF). This approach satisfied the expectations of the
Rasch model without the need for re-scoring of item
thresholds or exclusion of extreme scores.

The aim of this study was to determine whether the
UK FIM+FAM fits the Rasch model in patients with
complex disability following TBI in a similar manner
to patients with stroke, and if so, to derive a conver-
sion table of Rasch-transformed scores for potential
clinical use.

Rasch analysis of UK FIM+FAM in patients with TBI 567

METHODS

Setting and participants

In the UK, rehabilitation services are broadly categorized on 3
levels (18). Following TBI, the majority of patients will have
relatively simple rehabilitation needs and make a good recovery
with the support of their local (Level 3) rehabilitation services.
However, a smaller number have more complex disability
requiring specialist rehabilitation in either local district (Level
2) or regional (Level 1) rehabilitation services. The UKROC
database provides the national clinical database for all Level
1 and 2 rehabilitation services in England. The study sample
therefore represents a selected group of adults with complex
disability following severe brain injury.

Principles of approach

Where an instrument is already established in clinical use and
the content and ordinal scoring system have some meaning for
clinicians, a balance may need to be found between maintaining
the integrity of the scale and finding the best fit solution for a
transformed scale. In addition, patients with complex disability
following TBI form a more diverse patient group than stroke
patients, with deficits ranging from ambulant patients with
highly challenging behaviours to severe physical disability. The
diversity of this sample represents a challenge for the psycho-
metric properties of the FIM+FAM. Hence, we expected that
this analysis might not fit the Rasch model quite as readily as
in more homogeneous conditions.

UK FIM~+FAM

The 30 items of UK FIM+FAM are each scored on a 7-point
ordinal scale as follows: 1 (Total assistance); 2 (Maximal as-
sistance); 3 (Moderate assistance); 4 (Minimal assistance);
5 (Supervision/set-up); 6 (Independent with device); and 7
(Fully independent). A category of 6 or 7 implies no help from
another person, whilst assessment for categories 1 to 4 is often
based on frequency of intervention. Like the US version, the
FIM components of the UK FIM+FAM are retained in order
to maintain comparability for that component of the scale with
units that use the FIM only. Amongst the FAM items, 3 are
structurally different in the UK version (1999) compared with
the original US version (1994): ”Concentration”’ replaces " At-
tention”; ”Safety awareness” replaces ”Safety judgement”; and
”’Use of leisure time” replaces ”’Employability”. The rationale
for these differences is described in the 1999 source paper for
the UK FIM+FAM.

Data source

The data source for this analysis was the UKROC database,
which was initially set up by a National Institute for Health
Research Programme Grant (19). It is now commissioned
directly by NHS England to provide the national clinical and
commissioning database for specialist inpatient rehabilitation
in England. The dataset comprises socio-demographic and
clinical data as well as information on rehabilitation needs,
inputs and outcomes on admission and discharge from inpa-
tient rehabilitation. Reporting of UK FIM+FAM data has been
a commissioning requirement for Level 1 and 2 rehabilitation
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services since April 2013. Specialist Level 1 and 2 rehabilitation
services have a mean length of stay of approximately 90 days
(SD 66) (20). The UK FIM+FAM is usually completed for each
patient within 10 days of admission and during the last week
before discharge, to evaluate the functional gains made during
the episode of care.

Sampling

We extracted the cohort of all 1,956 TBI patients consecutively
admitted to the 58 Level 1 and 2 specialist neurorehabilitation
centres that submitted data to the UKROC database between
1 January 2010 and 30 May 2016, for whom a UK FIM+FAM
score was available both at admission and discharge from the
rehabilitation programme. A similar process for data extraction
and analysis was used to that in the previous publications for
stroke (12, 17), as summarized in Fig. 1.

The scores are expected to be lower (more dependent) on ad-
mission and higher (more independent) on discharge. Therefore,
to ensure the full range of the response category necessary to
evaluate reliability, and in line with previous analyses (17), we
pooled admission and discharge scores from the complete sam-
ple of n=1,956 into a single dataset. In order not to violate the
Rasch assumption of local independence between observations,
we included only one time-point for each patient, with both
time-points equally represented. For the main dataset the random
sampling function in SPSS was used to divide the dataset into
approximately equal halves, giving 960 admission scores and
996 discharge scores. A mirror dataset was prepared using the
remaining scores (996 admission and 960 discharge scores) for
confirmatory factor analysis (CFA) of an independent sample.

Extraction from UKROC dataset 1.1.2010- 30.5.2016
Adults 16+ admitted for specialist rehabilitation following TBI

N=1956 with complete UK FIM+FAM on admission and discharge

Randomisation in SPSS

Mirror dataset
n=1956
Admission scores n=996
Discharge scores n=960

Main dataset
n=1956
Admission scores n=960
Discharge scores n=996

|

Residual dataset

______________

Full dataset Mirror dataset
n=1956 [ > 3 factor solution [« - n=1956
Exploratory FA Confirmatory FA

1
l 1
A 2
Full dataset n=1956 Uni-dimensional
Rasch analysis Scale
Acceptable fit
Conversion table

Randomised n=320
Chi Squared tests

Fig. 1. Summary of data sampling. Of the 1,956 consecutively admitted
traumatic brain injury (TBI) patients with complete UK Functional
Assessment Measure (UK FIM+FAM) data, admission and discharge scores
were randomly selected (using 1 time-point only for each patient) to
form the main dataset for exploratory factor analysis (EFA) and Rasch
analysis. A mirror dataset was prepared using the remaining scores
for confirmatory factor analysis of an independent sample. UKROC: UK
Rehabilitation Outcomes Collaborative; SPSS: IBM Statistical Package
for Social Sciences; confirmatory FA: confirmatory factor analysis.

www.medicaljournals.se/jrm

Overview of analysis
The key steps were as follows:

* Aninitial exploratory factor analysis (EFA) was conducted on
the main dataset (n=1,956) using the IBM Statistical Package
for Social Sciences (SPSS) v23 software. A principal compo-
nents analysis (PCA) was applied with varimax rotation. The
decision regarding the number of factors to rotate was based
on consideration of the number of factors with Eigenvalues
>1.0 and visual inspection of the scree plot.

» CFA was conducted on the mirror dataset (n=1,956) using

the IBM Analysis of Moment Structures (AMOS) software,

which uses visual statistical software for CFA. The quality of
the model fit was assessed on 5 indices: y*/df ratio, p-value,
root-mean-square error of approximation (RMSEA), the

Comparative Fit Index (CFI), the Tucker-Lewis Index (TLI)

and the Normed Fit Index (NFI). In general, excellent fit is

represented by a model where y*/df <2.0, p>0.05, RMSEA
<0.08, CF1>0.95, TLI >0.95 and NFI >0.95. We tested the
best factor model identified in the EFA.

Rasch analysis was conducted on the main dataset (n=1,956)

using RUMM2030 software (23) incorporating the method

detailed below. Sample size for Rasch analysis depends on the
degree of precision required for item calibration (16). Linacre
et al. recommends a minimum sample size of 108243, depend-
ing on how well the subjects are targeted to the scale, although
for “high stakes settings” (e.g. with assessments contributing
to clinical diagnosis) a minimum sample is recommended of

20 cases per item or 250 participants, whichever is the greater

(24). This would mean that the FIM+FAM scale would require

up to 600 cases if the intended use was for individual patient

assessment (16). However, larger datasets (n>500) are as-

sociated with inflated y? fit statistics in RUMM2030 (25, 26)

and a smaller sample size was used for the y*tests of a similar

study in stroke (e.g. n=320) (17).

Rasch analysis

The most suitable type of Rasch model for the analysis was deter-
mined by the likelihood-ratio test examining the assumption of the
Rating Scale Model acting as a null hypothesis that distribution
of item thresholds across individual scale items is the same. If
the likelihood-ratio test is significant it rejects the Rating Scale
Model. Since we are examining the full scale and not specific
groups of items, there is no alternative for the unrestricted Partial
Credit Model if the Rating Scale Model is rejected. The summary
statistics of the Rasch model were assessed based on mean item
and person location, fit residual, item-trait interaction * test/p-
value. A scale with the items ideally targeted to the population has
the mean person location and the mean item location approxima-
tely at zero logits (SD 1), and item and person distributions that
mirror one another. The item-trait interaction reflects the fit of the
data to the model’s expectations; a significant p-value of <0.05
indicates inadequate fit to the model. Reliability was estimated
using Person Separation Index (PSI). The PSI is a measure of
scale ability to discriminate between persons with different trait
levels. Its values can be interpreted similar to Cronbach’s alpha
used in classical test theory (27); values above 0.7 are required
for group use and above 0.8 for individual assessment (although
values of over 0.9 are preferred).

The Rasch analysis was carried out in 2 main analytical
pathways using the full main dataset, but, as the subjects were
found to be well-targeted to the scale (see Results section), item
trait and y° tests were conducted on the reduced subset (n=320)
to account for the effects of sample size. In the first analysis, all
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Table I. The UKROC: trauma brain injury population and the
Rasch random sample characteristics

UKROC Random sample
Study sample (Rasch analysis)?
n=1,956 n=320
Age, n (%)
16-40 years 689 (35.2) 114 (35.6)
41-65 years 830 (42.4) 140 (43.8)
>65 years 437 (22.3) 66 (20.6)
Male, n (%) 1,466 (74.9) 241 (75.3)
Ethnicity, n (%)
White 1,463 (74.8) 236 (73.8)
Asian/Asian British 88 (4.5) 13 (4.1)
Black/Black British 28 (1.4) 5(1.6)
Other 138 (7.1) 23 (7.2)
Unknown 239 (12.2) 43 (13.4)
Length of stay, days, mean (SD) 78.2 (68.2) 77.5 (71.3)
Diagnosis localization, n (%)
Global/diffuse 640 (32.7) 110 (34.4)
Left hemisphere 480 (24.5) 65 (20.3)
Right hemisphere 428 (21.9) 75 (23.4)
Frontal 408 (20.9) 70 (21.9)
FIM+FAM, mean (SD)
Total FIM on admission 66.6 (35.0) 68.0 (35.5)
Total FAM on admission 107.7 (52.6) 109.5 (53.3)
Total FIM on discharge 91.9 (35.5) 93.0 (35.7)
Total FAM on discharge 149.7 (55.8) 151.6 (55.9)

@Random sample extracted from the dataset (n=1,956) derived across
admission and discharge values, so that each patient is only in the dataset
once, but both time-points are equally represented.

UKROC: UK Rehabilitation Outcomes Collaborative; SD: standard deviation;
FIM: Functional Independence Measure; FAM: Functional Assessment Measure.

Table II. Principal component loadings after varimax rotation

Rasch analysis of UK FIM+FAM in patients with TBI 569

30 items were fitted to the Rasch Model without adjustment of
any kind. The second used a super-item approach based on the
method used by Lundgren Nilsson and colleagues (16) to solve
local dependency issues between items of distinct domains.
Locally dependent items were combined into 3 super-items
based on the 3-factor structure identified by steps 1 and 2 above.

In line with our previous analysis in stroke (17), item cali-
brations and DIF were explored across potential person factors
including age group (1632, 3349, 50-65, >65 years), sex, di-
agnosis subcategory (global/diffuse, frontal, left hemisphere, right
hemisphere), and time-point (admission or discharge) and patient
dependency level based on The Northwick Park Dependency
Score (28). The uni-dimensionality of the scale was assessed
using PCA of the residuals (29). This involves comparing person
estimates of the 2 groups of items with highest positive and ne-
gative loadings on the first principal component of residuals after
controlling for the latent Rasch factor using a #-test procedure.
Evidence of uni-dimensionality is obtained if the percentage of
significant z-tests is below 5% or the lower bound of a binomial
confidence interval computed for the number of significant t-tests
overlaps the 5% cut-off point (29). A significance value of 0.05
was used throughout.

RESULTS

The socio-demographic and clinical characteristics of
the Rasch study sample, and the UKROC population
from which it was drawn, are shown in Table 1. The

UK FIM+FAM item

Single component* 2-factor solution

3-factor solution

70% 73%
Variance accounted for: 60% Motor Cognitive  Motor Psychsocial Communication
Eating 0.827 0.634 (0.533) 0.703
Swallowing 0.763 0.550 (0.529) 0.631
Grooming 0.904 0.709 (0.566) 0.719
Bathing 0.887 0.807 0.788
Dressing upper body 0.897 0.789 0.802
Dressing lower body 0.883 0.854 0.839
Toileting 0.879 0.869 0.868
Bladder 0.832 0.747 0.760
Bowels 0.860 0.778 0.799
Bed transfers 0.850 0.914 0.900
Toilet transfers 0.847 0.915 0.903
Bath transfers 0.809 0.894 0.859
Car transfers 0.682 0.753 0.610
Locomotion 0.810 0.880 0.839
Stairs 0.661 0.779 0.635
Community mobility 0.598 0.580 0.408
Comprehension 0.762 0.799 0.640
Expression 0.770 0.780 0.655
Reading 0.677 0.665 0.759
Writing 0.670 0.615 0.723
Speech Intelligibility 0.732 0.606 0.572
Social interaction 0.700 0.772 0.714
Emotional status 0.586 0.650 0.663
Adjustment 0.681 0.814 0.832
Leisure activities 0.746 0.699 0.669
Problem solving 0.768 0.789 0.757
Memory 0.710 0.812 0.813
Orientation 0.739 0.821 0.781
Concentration 0.762 0.805 0.784
Safety awareness 0.704 0.752 0.779
Cronbach’s alpha 0.976 0.976 0.954 0.976 0.913 0.943

Loadings < 0.5 were suppressed. Pearson Item - total correlations for the single scale were all significant at p<0.001.

FIM: Functional Independence Measure; FAM: Functional Assessment Measure.

J Rehabil Med 51, 2019
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full dataset, and the Rasch sub-sample of n=320 were
similar on all parameters.

The results of EFA are summarized in Table 1I. All
items loaded strongly onto a single first component
(all loadings >0.58) with Cronbach’s alpha 0.976,
accounting for 60% of the variance. Four factors had
eigenvalues > 1.0, but the fourth contained only one item
(’Community mobility”), which is rarely assessed and
so rated 1 (’not assessed”) by scoring convention. The
remaining 3 factors (Motor (16 items), Psychosocial (9
items) and Communication (5 items)) together accoun-
ted for 73% of the variance. As suggested by a previous
factor analysis in TBI patients, a 2-factor model was
also explored, which accounted for 70% of the variance.

CFA for a 3-factor model showed a marginal fit as
shown in Figure 2. This model included correlated
of error terms for nine pairs of items with the largest
modification indices. The fit indices did not meet the
criteria for an excellent fit, but were all in the border-
line acceptable range (RMSEA 0.094, CF1=0.926,

| Eating 0.82
\> Swallowing 0,74
? Grooming 0.91
(’ Bathing 0.94
>I Dressing — upper 0.94
| Dressing — lower 0.96

Toileting 0.96
2| Bladder 0.88
" Bowels 0.91
2| Bedtransfers 0.95
‘> Bath transfers 0.95

Toilet transfers 0.92

Car transfers 0.84

Locomotion 0.92

2| Stairs 0.81

\
> Community mobility 0.70

Comprehension 0.95
) Expression 0.94
,'l,) Reading 0.81
{\3 Writing 0.76
> Speech intelligibility 0.70

P Social interaction 0.79
b Emotional Status 0.69
Adjustment 0.88
Use of leisure time 0.85
Problem solving 0.91 PSVChOSOCiaI
Memory 0.90
Orientation 0.90
Concentration 0.90
Safety awareness 0.87

Fig. 2. Summary of findings from confirmatory factor analysis. CFA confirmed
a 3-factor solution. Correlations between the factors ranged from 0.74 to 0.86.

www.medicaljournals.se/jrm

TLI=0.918, NFI=0.922) While the y*/df ratio was
large (18.103), giving a highly significant p-value
(0.000), this is more likely to be a reflection of the
large sample size than the model fit (30). The fit was
only marginally improved by further correlation of
error terms and thus we proceeded to Rasch analysis.

Rasch analysis

The suitability of the Partial Credit Model for Rasch
analysis was confirmed by the significant likelihood-
ratio test (* (df86) =7,325.0, p<0.001) Table III
includes fit statistics for individual items together
with response frequencies for each category within
the main dataset (7=1,956) and for the domain scores
presented for both the full dataset and the sub-sample
(n=320). A preponderance of scores at the ends of
the range is expected for a dataset that includes both
admission and discharge data, and indeed there was
a greater preponderance of response category scores
at the lowest end of the scale for the admission
sample, and upper end in the discharge sample.
Table IV summarizes the overall fit statistics from
the main stages of the Rasch analysis.

First analytical pathway (all 30 items). The initial
analysis of the full 30-item scale is marked by
satisfactory reliability (PSI=0.94). However, the
overall model fit was poor with significant item-
trait interaction. At the individual item level, 14
out of 30 items showed significant misfit to the
Rasch model on the n=320 sub-sample (Table III).

Second analytical pathway (3 super-items). The
second analytical pathway was conducted using 3
super-items created by combining the items within
the Motor, Communication and Psychosocial do-
mains identified from the factor analyses. Prior to
combining domain items into super-items residual
correlation matrix was examined. Residual cor-
relations exceeding the cut-off point of 0.20 above
the mean of all residual correlations were found
for 59 pairs of items in Motor, 5 pairs in Com-
munication, and 26 pairs in Psychosocial domain.
Rasch analysis of 3 super-items resulted in accep-
table overall model fit () (df24) =36.72, p=0.05),
strict uni-dimensionality and no local dependency
when tested on the sub-sample (n=320) (Table IV,
Pathway 2). The proportion of common error-free
variance A=0.88 was marginally below 0.90 sug-
gesting that use of transformation table based on
this 3 super-item solution may be preferable to
the ordinal scale for calculation of change scores.
This analysis was replicated with the full dataset
(n=1,956) showing good reliability PSI of 0.81,
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Table III. Frequency distribution of responses and Rasch model fit statistics for the UKFIM+FAM items (n=320). See Table SI* for an

equivalent table for individual items the full dataset (n=1,956)

Frequency distribution across scoring categories

Description Location Fit Residual ~ x** Catl1 Cat2 Cat3 Cat4 Cat5s Cat 6 Cat7 % Cat1+7
Motor
Eating -0.56 -0.71 8.34 37 7 7 8 30 35 170 70.4
Swallowing* -0.69 4.23 29.30 28 9 7 3 17 27 203 78.6
Grooming* -0.21 -4.56 34.33 43 16 16 23 44 47 105 50.3
Bathing* 0.05 -4.54 33.87 50 24 14 36 47 45 78 43.5
Dressing - upper* -0.23 -4.74 33.27 43 21 13 24 39 36 118 54.8
Dressing - lower* -0.05 -4.58 33.17 51 22 20 26 40 33 102 52.0
Toileting* -0.15 -5.24 31.61 58 17 17 10 25 32 135 65.6
Bladder -0.25 -1.71 7.08 57 12 12 11 16 27 159 73.5
Bowel* -0.24 -2.80 11.17 58 10 14 9 15 26 162 74.8
Bed transfers* -0.17 -3.62 15.82 55 9 23 13 30 36 128 62.2
Toilet transfers* -0.12 -3.59 18.48 60 8 20 15 28 37 126 63.3
Bath transfers 0.10 -0.49 3.12 72 10 16 20 42 38 96 57.1
Car transfers 0.29 0.55 8.11 112 7 11 21 13 31 99 71.8
Locomotion 0.08 -1.53 6.78 72 12 6 12 40 57 94 56.7
Stairs 0.54 0.79 8.67 138 4 4 4 24 60 60 67.3
Community mobility 0.93 1.25 1.99 132 28 39 10 29 27 29 54.8
Communication
Comprehension -0.42 -0.41 2.06 22 16 16 14 76 68 82 35.4
Expression -0.36 -0.30 5.52 29 16 15 18 55 66 95 42.2
Reading* 0.02 4.03 38.31 59 8 10 23 60 45 89 50.3
Writing* 0.23 2.90 33.34 84 10 22 31 33 34 80 55.8
Speech intelligibility -0.67 2.09 7.68 20 11 18 11 35 40 159 60.9
Psychosocial
Social interaction* -0.36 3.55 18.71 24 17 16 22 52 62 101 42.5
Emotional status* 0.01 9.35 89.26 45 33 18 16 37 71 74 40.5
Adjustment to limitations ~ 0.39 1.14 7.76 51 50 40 31 40 45 37 29.9
Use of leisure time 0.38 0.52 1.61 56 44 29 21 39 69 36 31.3
Problem solving 0.59 -0.68 5.16 73 32 27 32 53 51 26 33.7
Memory* 0.34 2.67 16.23 58 48 29 32 36 47 44 34.7
Orientation -0.03 0.64 4.77 47 36 21 29 24 41 96 48.6
Concentration 0.04 0.42 1.69 33 42 27 22 59 51 60 31.6
Safety awareness 0.54 -0.42 4.17 54 77 34 18 32 42 37 31.0
Domain subtests
Motor 0.01 -1.28 11.43
Communication -0.07 -0.08 18.95
Psychosocial 0.06 0.99 6.34

*Significant misfit to the Rasch model (p <0.05, Bonferroni-adjusted); Response options in bold were endorsed by less than 10 people.

**y< degrees of freedom for items (df =4) and for subtests (df =8)

Percent cat 1+7: response category scores in the lower and upper end of the scale

(Cronbach’s alpha=0.78), strict uni-dimensionality
(<5% t-tests significant at <0.05), and no local de-
pendency. However, the item-trait interaction was
significant (y* (df24)=159.1, p<0.001) confirming the
expected inflation of ? statistics due to large sample
size. As with our previous analysis for stroke (17),
neither uniform re-scoring of items nor exclusion of
participants with extreme scores improved the fit of
the model, so these data are not presented.

Analysis of DIF showed no significant DIF by any
of the personal factors. At the individual super-item
level there were no signs of local dependency and all
showed acceptable fit residual and y? values (Table IIT).
Fig. S1! shows the person-item threshold distribution
for the final analysis with the full sample and indicates

Thttp://www.medicaljournals.se/jrm/content/?doi=10.2340/16501977-2580

Table IV. The UK FIM FAM: Rasch model summary statistics (overall fit of the scale)

UK FIM+FAM Item - trait interaction e ) .
Uni-dimensionality

Rasch model ¥2/df p-value PSI  (Sig. t-tests in %) Local dependency
Pathway 1: Initial all 30 items

Sub-sample (n=320) 521.36/120 <0.001 0.94 No (>35)

Full dataset (n=1,956) 2,253.69/120 <0.001 0.94 No (>35) Yes
Pathway 2: Three super-items

Sub-sample (n=320) 36.72/24 0.05 0.78  Yes (2.19)

Full dataset (n=1,956) 159.11/24 <0.001 0.81 Yes (2.51) No

UK FIM+FAM; UK Functional Assessment Measure; df: degrees of freedom; PSI: Person Separation Index (without extremes). ®Super-item 1=Communication;
Super-item 3 is Psychosocial domain. FIM: Functional Independence Measure; FAM: Functional Assessment Measure.
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Table V. The UK FIM+FAM conversion table based on raw and interval scores

Interval Interval Interval
Raw Score Scale Raw Score Scale Raw Score Scale
30 30.0 60 113.0 90 119.1
31 30.0 61 113.4 91 119.2
32 60.0 62 113.7 92 119.3
33 74.8 63 114.0 93 119.4
34 82.1 64 114.3 94 119.6
35 89.2 65 114.5 95 119.7
36 90.8 66 114.9 96 119.8
37 93.5 67 115.1 97 119.9
38 95.8 68 115.3 98 120.0
39 97.6 69 115.6 99 120.1
40 99.2 70 115.8 100 120.2
41 100.6 71 116.0 101 120.3
42 101.9 72 116.2 102 120.5
43 102.9 73 116.4 103 120.4
44 103.9 74 116.6 104 120.6
45 104.8 75 116.8 105 120.7
46 105.6 76 117.0 106 120.8
47 106.3 77 117.2 107 120.9
48 107.0 78 117.4 108 121.0
49 107.7 79 117.5 109 120.9
50 108.3 80 117.7 110 121.1
51 108.8 81 117.8 111 121.2
52 109.4 82 118.0 112 121.3
53 109.9 83 118.2 113 121.3
54 110.3 84 118.3 114 121.5
55 110.8 85 118.5 115 121.6
56 111.2 86 118.6 116 121.5
57 111.6 87 118.8 117 121.6
58 112.0 88 118.9 118 121.8
59 112.4 89 119.0 119 121.8

Interval Interval Interval

Raw Score Scale Raw Score Scale Raw Score Scale
120 121.9 150 124.6 180 130.0
121 121.9 151 124.6 181 130.4
122 122.2 152 124.8 182 130.7
123 122.1 153 124.9 183 131.1
124 122.3 154 124.9 184 131.5
125 122.4 155 125.0 185 131.8
126 122.3 156 125.2 186 132.3
127 122.5 157 125.3 187 132.8
128 122.6 158 125.5 188 133.2
129 122.7 159 125.6 189 133.8
130 122.8 160 125.7 190 134.4
131 122.9 161 125.9 191 135.0
132 122.9 162 126.0 192 135.6
133 122.9 163 126.2 193 136.3
134 123.0 164 126.3 194 137.0
135 123.2 165 126.5 195 137.9
136 123.1 166 126.6 196 138.7
137 123.3 167 126.9 197 139.8
138 123.3 168 127.0 198 140.8
139 123.4 169 127.2 199 142.0
140 123.5 170 127.4 200 143.3
141 123.6 171 127.6 201 144.9
142 123.7 172 127.9 202 146.6
143 123.8 173 128.0 203 148.7
144 123.9 174 128.3 204 150.4
145 124.0 175 128.5 205 154.0
146 124.1 176 128.8 206 157.8
147 124.2 177 129.1 207 162.9
148 124.3 178 129.4 208 170.5
149 124.4 179 129.7 209 184.5

210 210.0

excellent targeting of the sample by the items thresholds
with the person mean of —0.04 (SD 0.52). This justifies
using a smaller sub-sample (#=320) to estimate a >
statistic sensitive to the sample size. Table V shows the
conversion table for the full-scale model. We then cor-
related the interval scores from Table V with the interval
scores obtained for the same FIM+FAM raw score in

220

—TBI

Interval scale
i
e}
54

——Left stroke

100 ——Right stroke

80

60

40

20

20 40 60 80 100 120 140 160 180 200 220
Ordinal scale
Fig. 3. Scatterplot of interval vs ordinal data. A scatterplot illustrating
the relationship between the UK Functional Assessment Measure (UK
FIM+FAM) ordinal summed raw scores and Rasch interval scores
comparing traumatic brain injury (TBI) with left and right strokes.

www.medicaljournals.se/jrm

our previous Rasch analysis with a UKROC stroke
dataset to determine whether a single conversion table
could suffice. Fig. 3 shows a scatterplot illustrating the
relationship between ordinal summed raw scores and
Rasch interval scores comparing TBI with left and right
strokes. To investigate whether separate conversion
tables for TBI and stroke patients were necessary, we
pooled our previously reported stroke samples (=680
left; nn=638 right stroke) (17) with a randomly selected
TBI sample of comparable size (n=680) and conduc-
ted DIF analysis for 3 super-item solution. Significant
DIF was identified between left stroke and TBI for all
3 super-items: Motor (F(1, 1316)=152.03, p<0.001),
Communication (F(1, 1316)=59.84, p<0.001) and
Psychosocial (F(1, 1316)=137.94, p<0.001). Sig-
nificant uniform DIF was also identified between
right stroke and TBI samples for the Communication
(F(1, 1358)=8.64, p=0.003) and Psychosocial (F(1,
1358)=19.40, p<0.001) super-items. DIF plots (A-
F) are included in Fig. S2A—F. These would suggest
that separate conversion tables for stroke and TBI are
necessary. However, as demonstrated by Fig. 3, the
differences lie predominantly in the middle range of
the scale and further work is required to determine
whether they are sufficiently meaningful at a clinical
level to justify separate transformation tables for the
different conditions.
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DISCUSSION

This study represents the first Rasch analysis of the UK
FIM+FAM scale in patients with TBI. The aim was to
determine whether the instrument fits the Rasch model
in a similar manner to patients with stroke, and if so, to
derive a conversion table of Rasch-transformed scores
for potential clinical use.

The best fit model was obtained when items were
combined into the 3 super-items, and the scale fitted
the Rasch model reasonably without any item dele-
tion, amendment or rescoring. However, as with the
stroke patients, at both ends of the scale the relations-
hip between the Rasch measure and the raw scores is
extremely steep, while in the middle of the scale the
distribution of the scores is notably "flat”. Table V also
confirms that the difference in the summed raw scores
between 97 and 197 (100 units on the horizontal axis
in Fig. 3) corresponds to a difference in the summed
Rasch interval admission scores between 120 and 140
(i.e. just 20 units on the vertical axis). That many raw
score points are to be found within a narrow logit range
of functioning reflects the fact that the thresholds from
different items fall closely together across this functio-
nal space and presents a good example of the tension
between a Clinimetric and Psychometric perspective
(31). The clinical information is important at indivi-
dual level, as patients are improving on tasks within a
clinical framework that is recognisable by clinicians,
but the psychometric evidence is that such improve-
ment (i.e. each additional raw score point) is marginal
in the overall scale of functioning, and could give a
misleading impression of the speed of recovery. The
opposite is true for those at the margins of the scale.
Linearisation thus confers the potential advantage of
greater discrimination in the upper and lower ends,
together with more robust statistical properties — for
example enabling calculation of valid change scores,
which may be important for research, but transformed
scores are less recognisable by clinicians, which may
explain their limited uptake to date in clinical settings.
We suggest that, while the Rasch-transformed scores
may be useful for research purposes, their widespread
adoption into routine clinical practice will require
further work at the translational level.

Because people were expected to have a preponde-
rance of lower scores on admission and higher scores
on discharge, our main Rasch analysis was conducted
on a mixed admission and discharge sample, to ensure
that the full range of the response categories were
represented. As illustrated in Table III, this resulted in
a preponderance of scores in the lowest and highest
response categories in the sample, which effectively
creates a U-shaped distribution, as opposed to the
more normal distribution that would be expected in a
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cross-section of a disabled population. This bi-modal
distribution reflects the chosen time-points at each end
of the programme, rather than being a reflection of the
scaling properties of the UK FIM+FAM (i.e. people
not being able to endorse answers in the middle range
ofthe scale). However, while the scarcity of mid-range
scores affected the PSI by inflating measurement error,
it should not have any influence on the Rasch logistic
model shape because the Rasch model has no distri-
butional assumptions. Given the extreme (bi-modal)
distribution of the TBI scores, the PSI value of 0.81
found in this study may be considered satisfactory
for group analyses, but use for individual assessment
warrants further clinical testing.

This relationship between study sample distribu-
tion and the Rasch model fit is an interesting finding
that deserves further exploration with psychometric
techniques, including generalizability theory (32). The
floor and ceiling effects of the UK FIM+FAM are well
recognized for the population as a whole (14, 15). Ho-
wever, as with many scales used for outcome evaluation
in rehabilitation, the level descriptors were designed
to capture the types of change that may be expected to
occur within an inpatient rehabilitation setting, as the
patient progresses to the level of independence required
for transition to the community. In this context the range
is quite suitable for the population of inpatients with
complex disabilities requiring specialist rehabilitation
following acquired brain injury (which is the setting
in which it is used in the UK(20)). But, because the
FIM+FAM is rated only on admission and discharge
in UK clinical settings, there is limited opportunity to
capture progression through the range of scores that
may be expected to occur during the rehabilitation
journey. Were the instrument to be rated at frequent
intervals throughout the programme (as occurs with
the FIM in some US rehabilitation programmes) one
might expect a more normal distribution of scores. In
view of the time commitment, this is not feasible in a
busy clinical setting. A more normal-shaped distribution
could be also achieved by purposive selection, but this
would not reflect normal clinical experience.

Limitations

In addition to the limitations above, the authors re-
cognize that the UKROC population is a selected
group of patients with severe TBI and highly complex
rehabilitation needs requiring specialist rehabilitation.
The findings may not therefore not be generalizable
to the overall TBI population. However, they would
be relevant to other groups of TBI patients requiring
treatment in specialist or tertiary centres, which are
probably the main services that are likely to be using
the UK FIM+FAM as an outcome measure.
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Conclusion

Our results suggest that UK FIM+FAM meets the
Rasch model expectations, confirming that it has ac-
ceptable properties as an interval scale. Further work is
required to determine whether the use of transformed
scores confers significant benefit in a clinical setting.
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