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ABSTRACT

BACKGROUND: There is a tremendous clinical and research need to bridge the gap between disorder of consciousness and functional indepen-
dence scales with a single unidimensional measure in people with acquired brain injury.

AIM: To calibrate an essentially unidimensional subset of items from the Italian Early Functional Abilities (EFA), demonstrating internal con-
struct validity and sufficient reliability for individual patient measurement.

DESIGN: Multicenter observational cross-sectional study.

SETTING: Inpatients from 11 different Italian Rehabilitation centers.

POPULATION: Three hundred sixty-two adult patients with a disorder of consciousness due to an acquired brain injury.

METHODS: The Italian version of EFA was administered to the sample and then submitted to Mokken analysis, Confirmatory Factor Analysis,
Rasch analysis, Confirmatory Bifactor Analysis, and external construct validity.

RESULTS: According to Mokken Analysis (all item scalability coefficients Hj positive; all item-pair scalability coefficients Hij >0.3; scale
coefficient H=0.762), and Confirmatory Factor Analysis (RMSEA=0.081; SRMR=0.048; CF1=0.995; TLI=0.995), the Italian EFA showed a suf-
ficient preliminary unidimensionality. Within Rasch Analysis, a final 12-item solution for the EFA (EFA-R) was calibrated. EFA-R is “essentially
unidimensional” according to the following requirements: 1) analysis of residual correlations which supported item essential local independence;
2) a robust correlation between item subtests (rho=0.950); 3) only 2.1% of cases with significant difference between person parameter estimates
by different subscales; 4) an explained common variance equal to 0.916 obtained from a final Confirmatory Bifactor Analysis. It also satisfied in-
variance requirement (unconditional ¥2,,=9.81; P=0.457, conditional class-interval based 32;5=33.1; P=0.557), and monotonicity. The reliability
(Person Separation Index=0.887) was adequate for person measurements. A practical raw-score-to-measure conversion table based on the EFA-
R calibration was devised. Finally, EFA-R strongly correlated with Coma Recovery Scale-Revised (tho=0.922) and motor FIM™ (rho=0.808).
CONCLUSIONS: EFA-R is an essentially unidimensional subset of 12 items with adequate internal construct validity and sufficient reliability
for individual patient measurement under the Rasch Model Theory framework.

CLINICAL REHABILITATION IMPACT: EFA-R has the potential to measure people’s functional abilities whose consciousness is improving
despite ongoing severe motor-functional impairments during the early stages of rehabilitation. It provides “a measurement bridge” between the
disorder of consciousness and the functional independence scales in patients with severe acquired brain injury.

(Cite this article as: Caselli S, Kreiner S, Ianes AB, Piperno R, La Porta F. The Early Functional Abilities-revised may bridge the gap between the
disorder of consciousness and the functional independence scales: evidence from Rasch analysis. Eur J Phys Rehabil Med 2022;58:805-17. DOI:
10.23736/S1973-9087.22.07522-0)

KEY worDs: Brain injuries; Consciousness disorders; Neurological rehabilitation; Outcome assessment (health care); Psychometrics.
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Following severe acquired brain injury, patients may ex-
perience a state of Disorder of Consciousness (DOC),
either in the form of an Unresponsive Wakefulness State
(UWS) or a Minimally Conscious State (MCS). After
emergence from MCS (eMCS), patients are often quite
severely disabled and completely dependent, although
they may show signs of further recovery of sensorimotor
and cognitive functions.! These early functional changes
on emergence from DOC typically occur below the mea-
surement range of functional independence scales (e.g.,
Barthel Index [BI] and the FIMT™L 2), Differently, scales
for DOC (e.g., Coma Recovery Scale-Revised [CRS-R]?)
are equally unable to measure these functional changes,
as they usually occur above their measurement range.? In
other words, there is a measurement gap between DOC
scales and functional independence scales, as both cannot
measure the recovery of early functional changes taking
place on emergence from DOC.

To bridge this measurement gap, Heck et al. developed
the Early Functional Abilities scale (EFA) in 2000.1.3 EFA
aims to assess people’s functional abilities whose con-
sciousness is improving despite ongoing severe motor-
functional impairments occurring during the early stages
of rehabilitation. The scale describes clinically observable
changes concerning purposeful activities, illness and dis-
ability awareness, and the ability to comply with the neces-
sary medical, nursing, and therapeutic interventions.3 The
psychometric properties of the EFA scale have been stud-
ied in Danish and German populations4 in terms of concur-
rent validity with other instruments (CRS-R, FIM™, BI,
and others),3 5 predictive validity related to rehabilitation
outcomes, like morbidity and length of stay, inter-rater
reliability,! and combined assessment with FIM™ 4, 6 In
2018, Poulsen et al.7 assessed the internal construct valid-
ity, reliability, and measurement precision of EFA in pa-
tients with traumatic brain injury (TBI) within the Rasch
Measurement Theory (RMT) framework. They provided
evidence that measurement by the different EFA subscales
is valid, objective, and reliable. However, their analyses
rejected unidimensionality, and thus they did not recom-
mend summarizing the four subscale measures into a total
EFA scale.”

Notwithstanding Poulsen et al.’s findings, there is an ur-
gent clinical and research need to bridge the gap between
DOC scales and functional independence scales with a
single unidimensional measure. Addressing such issues,
Stouts. 9 introduced the notion of “essential unidimension-
ality.” This term describes those situations where multidi-
mensional measurement functions as if it were unidimen-
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sional for practical purposes. Unfortunately, Poulsen et al.
did not address this issue.

For this reason, this study aimed to investigate whether it
was possible to select a valid content subset of items (Early
Functional Abilities-Revised, EFA-R) from the four EFA-
dimensions, providing an essentially unidimensional mea-
surement of early functional ability. In doing so, we applied
the perspective of the RMT framework to ensure that the
revised scale had adequate internal construct validity and
sufficient reliability for individual patient measurements.

Materials and methods
Setting and patients

Data were collected retrospectively across eleven Italian
centers, including eight rehabilitation wards, one interme-
diate care facility, and two nursing homes (NH), between
July 2009 and February 2018. We included in this study all
patients aged >18 years with a diagnosis of DOC due to an
acquired etiology on admission to these units. Exclusion
criteria were: pre-existing neurological degenerative pa-
thologies and/or concurrent illnesses (e.g., tumors) likely
to compromise survival within six months. Patients with
severe medical instability were also temporarily excluded
from enrolment until their clinical conditions had not im-
proved. As all patients had a variable number of EFA as-
sessments during their hospital stay, we randomly selected
one evaluation only. Thus, each patient was represented
once in the dataset to avoid the risk of time dependency.!0

Data collection complied with the ethical principles
outlined in the Helsinki Declaration.!! Indeed, upon ad-
mission, the legal representatives of the patients had given
their informed consent for using anonymously any assess-
ment material generated during the hospital stay also for
research purposes. Therefore, as the scale was part of the
routine assessment protocol for inpatients, we did not sub-
mit the study to the local Ethics Committee.

Instruments

The EFA Scale3 includes 20 items grouped in 4 subscales:
vegetative functions, facio-oral functions, sensorimotor
functions, and perceptual and cognitive functions. Each
item is rated on a five-point scale (1="no function,” 2="se-
vere disturbance,” 3="moderate disturbance,” 4="slight
disturbance,” 5=“normal’), providing a total score ranging
from 20 to 100.5-7 The English version of the EFA scales
was translated into Italian and back-translated into English
using standardized methods.!2
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The Italian version of the EFA was administered by the
rehabilitation team members, including nurses (vegetative
functions items), speech and language therapists (facio-
oral functions), physiotherapists (sensorimotor functions),
and occupational therapists (perceptual and cognitive
functions). In addition, all raters were adequately trained
based on the initially written scoring guidelines of the EFA
scale to minimize inter-rater variability.

Where available, the following other scales collected for
each person at the same time as the EFA assessment were
used for sample description and external validity purposes:

* CRS-R: a bedside standardized neuro-behavioral as-
sessment tool for individuals with DOC, incorporating and
operationalizing all current diagnostic criteria for UWS,
MCS, and eMCS.13 It consists of six items addressing au-
ditory, visual, motor, oromotor/verbal, communication,
and arousal functions, yielding a total score from 0 to 23.2

e FIM™: one of the most widely used outcome mea-
sures to assess independence in activities of daily living
in neurological rehabilitation.!4 Only the motor FIM™
(mFIM™ of 13 items) was administered. All items are rat-
ed on a 7-point ordinal scale, with higher scores indicating
more independence (total score 7-91).

Definition of “essential unidimensionality”

* A multidimensional scale is defined as “essentially
unidimensional” if the measurement functions as if it only
depends on a single latent trait variable for practical pur-
poses. Since multidimensionality is known to induce evi-
dence of local dependence among items, Stout® 19 defined
“essential unidimensionality” in terms of “essential local
independence.” He required that the average of the partial
correlations between items, conditionally given the latent
trait, must be a small number that disappears as the number
of items increases towards infinity. In our paper, we adopt-
ed this definition, insisting that the average of the so-called
“residual correlations” had to be a small number, e.g., less
than 0.10 or less than 0.20. We referred to Marais!5 and
Christensen et al.'¢ for information on the response re-
siduals calculated during Rasch analyses. Since response
correlations are known to be biased with expected values
less than zero under the Rasch model, they suggested us-
ing adjusted correlations, defined by the observed correla-
tions minus the average of the observed correlations. !5, 16
Hence, during our assessment of “essential unidimension-
ality,” we required that the average of the absolute values
of the adjusted correlations was less than 0.20.

¢ In addition to Stout’s requirement, we added three dif-
ferent requirements to “essential unidimensionality’:
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* First, correlations between scores measuring es-
sential unidimensional measurement had to be high. Test-
retest reliability calculation assumes that repeated mea-
surements are conditionally independent given the latent
trait. Essential unidimensionality assumes that subscales
should measure close to the same trait and should be con-
ditionally independent given the latent trait. For this rea-
son, the correlation between the subscales plays the same
role as the test-retest correlation. Since a test-retest cor-
relation equal to 0.9 is regarded as excellent reliability in
supporting the clinical application of test results, we in-
sisted that the correlation between two subscales (r) must
be close to 90%.17

* Second, a Confirmatory Bifactor Analysis (CBA),
defined by a general factor and several specific factors,
should show that the specific factors have little effect on
test scores above and beyond the effect of the general fac-
tor. One commonly used requirement for “essentially uni-
dimensionality” is that the general factor explains close to
90% of the variance of the test scores (explained common
variance, ECV).18. 19

e The third requirement considers “essential unidi-
mensionality” from a different point of view. One way
to test unidimensionality in a Rasch model is to compare
estimates of person parameters defined by different sub-
scores.20. 21 Only if the person estimates are significantly
different in close to 5% of the cases do we conclude that
unidimensionality is satisfied.20: 2! In large sample stud-
ies, the difference between the expected 5% and the ob-
served number of cases needs not be much larger than 5%
to provide significant evidence against unidimensionality
because of the power of the statistical tests. In such cases,
we claimed that measurement was “essentially unidimen-
sional” if the number of cases with significantly different
estimates of person parameters was less than 10%.

Psychometric analyses

The following analyses were undertaken:

» Sample descriptive statistics (persons and EFA items);

* Initial analysis of the scalability of EFA items by
Mokken analysis (MA);

* Preliminary assessment of local dependence and di-
mensionality of EFA items using Confirmatory Factor
Analysis (CFA);

* Item analysis of EFA by polytomous Rasch model;

* Evaluation of the ECV of the final EFA subset by
Confirmatory Bifactor Analysis (CBA);

» Concurrent validity (external construct validity) of
the final EFA subset.
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Descriptive statistics of persons and items

Descriptive statistics for persons’ main demographic and
clinical variables (age, gender, etiology, number of days
since lesion, setting) and analyses of the frequency of
score categories, missing data, and item-to-total correla-
tions (Spearman rho) were performed.

MA

To obtain initial information on the scalability of EFA
items, we performed a MA of the EFA, which is a scal-
ing procedure for ordinal items, based on the Monotone
Homogeneity Model.22 It assumes the unidimensionality
of the latent trait, the monotonicity, and the local indepen-
dence of responses. It can be used to partition a set of items
into Mokken scales using an automated item selection pro-
cedure.?2 We used the following indicators:

* item scalability coefficient Hj (normed covariance be-
tween the item and the rest scores?2): values should be >0.3
(recommended default value of positive lower bound c);

* item-pair scalability coefficients Hij (normed covari-
ance between the item scores): values should be positive
for items belonging to the same Mokken scale;23

* scalability coefficient H: indicates the overall quality
of a scale (i.e., the degree to which the test data follow a
perfect Guttman pattern23).

At the end of the procedure, the analysis shows the
number of scales needed for scaling all items. Should the
automated algorithm estimate the need for more than one
scale to accommodate all the items, we would consider
this information on the item scalability in the following
analysis steps.

Confirmatory factor analysis

To assess the fit of the EFA items to a unidimensional
factor analysis model, we calculated several fit statistics
and tests of local dependence?4 25 referred to as modifica-
tion indices (MI).26.27 Since items are ordinal categorical
variables, we used polychoric correlations?’- 28 during the
analysis. The indicators of fits included:

¢ the Root Mean Square Error of Approximation (RM-
SEA): values <0.08 indicative of “mediocre fit” but suf-
ficient for a preliminary assessment of dimensionality;2°

» the Standardized Root Mean square Residual
(SRMR): values <0.08 indicative of “adequate fit”30;

 the comparative fit index (CFI) and the non-normed
fit index (Tucker-Lewis Index — TLI): values >0.95 [0, 1]
were considered acceptable.2¢

Evidence against a CFA model does not necessarily im-
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ply evidence against a polytomous Rasch model. A CFA
model of polychoric correlations approximates a so-called
“graded response model3! and imposes restrictions on
the distributions of the latent variable that differ from the
assumptions of the Rasch model. However, evidence of
the CFA indicators model and local dependence can be
regarded as evidence against unidimensionality that prob-
ably extends to a Rasch model.

Rasch analysis

Following the above analyses, all 20 EFA items were fitted
to the Rasch model.32 We use the partial credit parameter-
ization of the model and address the following measure-
ment issues:33. 34

¢ Internal construct validity, which included: 1) the
assessment of item homogeneity or invariance;20. 32, 35 2)
the adherence to a probabilistic Guttman pattern;20. 35 3)
monotonicity;20: 3¢ 4) local independence;!5: 16.36.37 5) uni-
dimensionality;20. 21,36 and 6) absence of differential item
functioning (DIF) relative to subgroups defined by age,
gender, etiology, days since lesion, setting.20. 36

* Targeting,?5.38 expressed as floor and ceiling effects3?
and targeting index.39

» Assessment of reliability, represented by the Person
Separation Index (PSI) and the Cronbach’s o..20. 35. 40

Where these assumptions failed, an iterative phase in-
volving item modifications (item rescoring, item grouping,
item splitting, item deleting) aimed at finding a solution
that satisfied the model requirements was undertaken.29 32

In the case of a final two-testlet solution, conditional
total item-trait interaction chi-squares were calculated be-
cause the unconditional ones are known to be unreliable
for sample sizes of 200 or more. Compared to this, the
conditional fit statistics remain reliable for sample sizes
<2,000.41

Should DIF be detected, the influence of the item/test-
let splitting on the person estimates would be tested using
the procedure presented by Maritz et al.4? After item/test-
let splitting, we anchor the “splitted” solution on the “un-
splitted” one, using an item/testlet free from the DIF, and
compare the person estimates of the two solutions, calcu-
lating an effect size (Cohen’s d) of the paired t-test of the
difference. Should Cohen’s d be <0.2, it would be consid-
ered negligible; thus, the DIF would not be adjusted for.42
Otherwise, the “splitted” solution would be the final one.42

Should a final fitting solution following the above modi-
fications be found, its total score would be transformed

into interval-level measurements, whose unit is the log-
it.20,32,35
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Confirmatory bifactor analysis

Finally, because one of the requirements of “essential uni-
dimensionality” is that the general factor explains close
to 90% of the variance of the test scores (ECV),!8. 19 we
performed a CBA of the final EFA subset (EFA-R).

Concurrent validity (external construct validity)

We calculated pairwise Spearman’s correlations (rho) be-
tween EFA-R estimates and CRS-R and mFIM™ total
scores to test the hypothesis that the EFA-R could bridge
the gap between DOC and functional scales. Indeed, we
hypothesized that the degree of correlation of EFA-R es-
timates with both the CRS-R and mFIM™ scores would
be similar and higher than the direct correlation between
CRS-R and mFIM™,

Statistical notes, softwares, and sample size issues

All descriptive statistics and correlations were performed
using SPSS software (SPSS. Version 13 for Windows;
www.spss.com). We undertook CFA and CBA for ordinal
data using the Mplus software (Mplus version 6.0. Mu-
then & Muthen, 1998-2010; www.statmodel.com). MA
was performed using R (R version 3.5.0 [2018-04-23]).
We carried out the Rasch analysis using the RUMM2030
software (version 5.52 for Windows. RUMM Laboratory
Pty Ltd, Perth, Australia; 1997-2016; www.rummlab.
com), estimating that a sample size of 362 cases would
be sufficient to estimate item difficulty to <+.5 logits,
with a confidence of 99%, irrespective of the targeting of
persons to the items.43 A significance value of 0.05 was
used throughout and corrected for the number of tests
by Bonferroni correction. For all reliability analyses,
cutoffs of >0.70 and >0.90 were considered adequate
for group and individual person measurements, respec-
tively.24 An ad hoc Excel 2007™ application “RUMM
logbook” (La Porta F, on behalf of the European Rasch
Research & Teaching Group. RUMM Logbook v1.9.5.
Bologna, Italy; 2018) was developed using Microsoft
Visual Basic™ macros (Microsoft Excel for Windows,
version 12.0)33 to facilitate the interpretation of each
Rasch analysis results. A free copy of this application
can be requested from the corresponding author (fabiola-
porta@mail.com). Finally, to facilitate the interpretation
of the absolute values of correlation and effect size coef-
ficients, a modified version of the cutoff criteria provid-
ed by Pallant* was adopted: negligible: 0-0.09; weak:
0.10-0.29; moderate: 0.30-0.49; strong: 0.50-0.79; very
strong: >0.80.
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Data availability statement

The raw data supporting the conclusions of this article are
available for download at Zenodo.org (according to the li-
cense Creative Commons Attribution 4.0 International) from
the following link: https://doi.org/10.5281/zenodo.7178651.

Results
Psychometric analyses
Descriptive statistics

All observations were collected on a convenience sample
of 362 patients. 268 patients (74%) were enrolled with-
in the Rehabilitation Units, 49 (13.5%) in two Nursing
Homes, and the remaining 45 patients (12.5%) in Severe
Brain Injury Units. The main demographic, clinical, and
scale descriptive statistics are summarized in Table I. The
median EFA total score for the whole observation sample
was 37 (range: 20-100; mean=46; SD=22.4). No missing
data were present.

The item-to-total correlations were high (median value:
0.851), ranging from 0.385 (EFAO1) to 0.905 (EFA07).

MA

The automated item selection procedure within the MA
showed the scalability of all the 20 items on one single
scale. Indeed, all item-pair scalability coefficients Hijs
were positive, and all the item scale coefficient Hjs were
higher than 0.3. Furthermore, the scalability coefficient for
the entire scale H was equal to 0.762, which qualifies as a
“strong scale.”

Confirmatory Factor Analysis

The baseline Confirmatory Factor Analysis (CFA), under-
taken on the whole sample (N.=362), failed to support the
unidimensionality of the scale (RMSEA=0.109; SRMR=
0.059; CFI=0.991; TLI=0.990). However, six pairs of
items showed large modification indices (EFA01-02,
EFA05-06, EFA06-07, EFA09-10, EFA12-15, EFA17-18).
After allowing correlation of the errors within the depen-
dent pairs, it was possible to fit a final model almost reach-
ing the intended cutoff for sufficient unidimensionality
before Rasch analysis (RMSEA=0.081; SRMR=0.048;
CFI1=0.995; TL1=0.995).

Rasch analysis

The base Rasch analysis showed that the scale did not fit
the Rasch model (Table 11, “Base analysis”), failing the
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TABLE .—Sample descriptive statistics (N.=362).

RASCH ANALYSIS OF THE EARLY FUNCTIONAL ABILITIES

N % Median Range [min, max] Mean SD
Setting
Rehabilitation Unit 268 74.0
Nursing Home 49 13.5
Severe Brain Injury Unit 45 12.5
Missing values 0 -
Gender
Males 236 65.2
Females 125 34.5
Missing values 1 0.3
Age 357 98.6 59.0 [15,90] 56.2 16.8
Missing values 5 1.4
Etiology
Hemorrhagic stroke 157 43.4
Traumatic brain injury 123 34.0
Anoxic brain injury 31 8.6
Ischemic stroke 28 7.7
Other etiologies* 23 6.3
Missing values 0 -
Time since lesion (days)
Whole sample 344 95.0 42.0 [1,4341] 205.9 464.9
Rehabilitation 258 75.1 34.0 [1,479] 53.0 63.5
Nursing home 49 14.2 540.5 [63, 4341] 802.8 790.8
Severe Brain Injury Unit 37 10.7 129.0 [26, 2023] 465.7 673.9
Missing values 18 5.0
Scales
EFA 362 100 21 [20, 100]
CRS-R 175 48.3 10.0 [0, 23]
mFIM™ 217 59.9 13.0 [13,91]

*e.g., meningoencephalitis, poisoning, etc.

SD: standard deviation; EFA: Early Functional Abilities; CRS-R: Coma Recovery Scale-Revised; mFIM™: motor FIM™,

item invariance requirement (24,=628.4; P=0.000).20 Fur-
thermore, two items (EFA01 and EFA02) had fit residuals
>2.5, highlighting model underfit. Beyond this, there were
highly significant chi-squares for seven items (violation
of the stochastic invariance of the item hierarchy). Also,
the scale failed the unidimensionality requirement, as the
Proportion of Significant T-test (PST) was 24.7%, and the
Lower Bound of Binomial Confidence Interval for propor-
tions (LBBCI) was 23%. Besides, there were disordered
thresholds for eleven items (violation of the monotonicity
requirement). Finally, twenty-five pairs of items had ad-
justed residual correlations above the Q3,* critical value
proposed by Christensen et al.20 (here set at 0.18 at 95t
percentile for 20 polytomous items, sample size of 350,
latent mean 0), indicating a violation of the local indepen-
dence requirement.
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In the next steps of analysis, we performed several item
modifications to achieve a final fitting solution for the
scale:

* Eight items (EFA 01,02,03,08,09,11,13,15) were de-
leted to account for local dependence and misfit to the
model (Supplementary Digital Material 1, Supplementary
Table I);

* Five items were rescored (EFA 06,10,12,14,16), as
they showed disordered thresholds;

» “Testlets” (or super-items) were created between
clusters of items that demonstrated some left-over local
dependence, obtaining a two-testlet solution (EFA 04-05-
06-07-10-12-20: “facio-oral functions and ADL” cluster;
EFA14-16-17-18-19: “sensorimotor and cognitive func-
tions” cluster).

* The sensorimotor and cognitive functions testlet was
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TABLE Il.—Rasch analysis details for the Early Functional Abilities.?°

Fitness to the

Analysis Rasch Model Internal Construct Validity Requirements Reliability and targeting
description Item-trait Unidi ionalit Other Separation Tareeti
interaction mdimensionality ICV requirements reliability argeting
A%%'S N 2y p  Cutoffi PST(%) BLCOIVFE/;,] T-DF LD¢ Q3% T-DIFe PSI  a  PLmean PLSD SEMs gy
1 Base analysis 362 628.45, 0.000 0.002 24.7 23 55% 25 0.18 269 0.951 - -1.134  1.837 0.407 -2.78
2 After deleting 362 94.5¢, 0.003 0.004 11.3 9.9 41.7% 12 0.15 107 0.940 0.962 -0.355 2.366 0.580 -0.63
3 After rescoring 362 85.64, 0.016 0.004 11.3 9.9 0% 10 0.15 103 0.943 0960 -0.378 2.539 0.607 -0.64
4 After subtesting 362 9.8, 0.457 0.025 2.1 0.6 0% 0 - 22 0.887 0911 -0.189 1386 0.467 -0.40
Recommended values — - - - <5.0¢  Lower 0% 0 - 0 2085 0 0.000 - - [-2, 2]
BCI<5.0

ICV: internal construct validity; N: sample size; ¥4+ unconditional chi-square for model fit and its degrees of freedom; p: Bonferroni-corrected 2 probability value;
PST: proportion of significant t-test carried out on the estimates that, within a principal component analysis of residuals, loaded positively and negatively (factor
loading >+.3) on the first component; BCI: binomial confidence interval for PST; T-DT: percentage of items with disordered thresholds; LD: number of item pairs with
adjusted residual correlations above the respective Q3,*; Q3,*, critical value at 95t percentile to interpret adjusted residual correlations; T-DIF: total DIF load; PSI:
Person Separation Index; a: Cronbach’s alpha; PL mean: person location mean; PL SD: person location standard deviation; SEM: Standard Error of Measurement of
the person locations.

Values are mean (SD) or as otherwise indicated.

aBonferroni-corrected P-value, which varies by analysis, and that is used to interpret the corresponding 2 P-value; bunidimensionality is considered achieved either
when PST is <5% or when the lower bound of its BCI is <5%; cthe T-DT statistic is calculated as the percentage of items with disordered thresholds out of the total
number of items. The values range from zero to 100%, where zero indicates the absence of items with disordered thresholds; dLD value indicates the number of item
pairs with adjusted residual correlations above the respective Q3,* critical value at 95t percentile.2 For each analysis cycle it was set according to the type and the
number of items, the sample size, and the latent mean; ¢the T-DIF summary statistic is calculated as the absolute value of the base ten logarithms of all p-values for
uniform and non-uniform DIF across all items and across all person factors, which are below the Bonferroni-corrected p-value. The values range from zero to infinite,
where zero indicates no DIF; fa value of >0.850 suggests a precision of measurement at the individual level, whereas a value between 0.700 and 0.849 indicates
precision only at the group level; e$SEM is calculated with the formula: SD x (1—reliability)'2, where SD is person location standard deviation, and reliability is the
PSI with extremes; hthe targeting index is calculated as the ratio between the average person measures and the SEM. Targeting is good and respectively fair, when the
average person measure is beyond [-1 +1] and [-2, +2] SEM the average item measure (set by default at 0 logits).

splitted to resolve a uniform DIF for setting (subjects ad- quest) showed a satisfying fit to the Rasch model (Table
mitted to the severe brain injury units found this super- II)!5.16 The scale was “essentially unidimensional” accord-
item systematically more challenging to pass than the oth- ing to the satisfaction of the above requirements: local in-
ers). However, the difference between the paired person dependence between item residuals (average of the abso-
estimates of the splitted vs. the un-splitted solution yielded lute values of the adjusted correlations close to negligible44
Cohen’s d of 0.140. Given this effect size <0.2, the effect 0.127, see Table I1I for all adjusted correlations), a correla-
of DIF on person estimates was considered negligible, and  tion between subtests “r”” equal to 0.950, a significant dif-
DIF was not accounted for.42 ference between estimates of person parameters “overall

After these modifications, the final 12-item solution PST” equal to 2.1% (LBBCI 0.6%). It also satisfied in-
for the EFA (EFA-R - Supplementary Digital Material 2, variance requirement (unconditional ¥2,,=9.81; P=0.457,
Supplementary Text File 2, Italian version available on re- conditional class-interval based ¥235=33.1; P=0.557), and

TABLE lIl.—Adjusted residual correlations between EFA-R items (N.=362, analysis no. 3).15.16

EFA04 EFA05 EFA06 EFA07 EFA10 EFA12 EFA14 EFA16 EFA17 EFA18 EFA19
EFA05 -0.033
EFA06 0.021 0.277
EFA07 0.029 0.242 0.543
EFA10 0.112 -0.066 -0.045 -0.038
EFA12 0.352 -0.134 0.058 0.011 0.209
EFA14 -0.099 -0.138 -0.119 -0.144 0.133 0.013
EFA16 -0.120 -0.041 -0.168 -0.175 -0.014 -0.025 0.286
EFA17 -0.104 0.110 -0.061 -0.069 -0.067 -0.157 -0.125 0.017
EFA18 -0.146 0.030 -0.193 -0.125 -0.091 -0.256 0.052 0.220 0.286
EFA19 -0.203 -0.024 -0.162 -0.110 -0.142 -0.192 0.055 0.115 0.133 0.258
EFA20 0.099 -0.134 -0.085 -0.124 0.132 0.300 0.087 -0.003 -0.093 -0.164 -0.008

The adjusted residual correlations (defined by the observed correlations minus the average of the observed correlations!5 16) between EFA-R items (N.=362, analysis
no. 3) were reported in the table.

Vol. 58 - No. 6 EUROPEAN JOURNAL OF PHYSICAL AND REHABILITATION MEDICINE 811



CASELLI

Person-Item threshold distribution
(Grouping set to interval length of 0.20 making 40 groups)

PERSONS INFORMATION
40 — 162

No. Mean  SD
[362] -0.189 1.388 .Y

Total

<osecom~m

0%
Location (logits)

MEMS - 0.0%

16%

s0n

1 233%

Figure 1.—Targeting of the EFA-R (N.=362).

Freq: frequency. In the figure, persons and items are displayed, separated
by the logit scale in the upper and lower part of the graph. Grouping set
to interval length of 0.20, making 40 groups.

monotonicity (no disordered thresholds). Furthermore,
all the subjects’ responses fitted the model. The targeting
graph of the EFA-R (Figure 1) highlighted that subjects
were spread across eight logits, with negligible floor (5%)
and ceiling effects (2%). The mean person ability of -0.189
logits and a targeting index of -0.405 indicated, on aver-
age, a proper matching between person ability and item
difficulty (set by default at 0 logits).

The separation reliability expressed as PSI and Cron-
bach’s Alpha was 0.887 and 0.911, respectively, indicating
the precision of measurement at the individual level.

The item hierarchy, the scoring model, and the item
thresholds are reported in Table IV. Based on the item

TABLE [V.—[tem parameters, fit statistics, scoring model, and item

RASCH ANALYSIS OF THE EARLY FUNCTIONAL ABILITIES

calibration, it was possible to construct a table to convert
raw scores into interval-level estimates of early functional
abilities (Table V).

Confirmatory Bifactor analysis

The Confirmatory Bifactor analysis performed on the
EFA-R showed an ECV equal to 0.916, satisfying the re-
maining requirement for “essential unidimensionality.”

Concurrent validity (external construct validity)

The EFA-R person estimates correlated “very strongly”
both with CRS-R (rho=0.922, P<0.000, N.=175) and with
mFIM™ (rho=0.808, P<0.000, N.=217) total scores. As
hypothesized, the correlation between CRS-R and mFIM-
™ total scores was “strong” (rho=0.619, P=0.000, n=134)
but lower than the previous ones. Figure 2 shows that the
EFA-R scores overlap with the CRS-R ceiling and the
mFIM™ floor, overcoming the reciprocal overlap of the
two scales.

Discussion

Within this study, we calibrated an essentially unidimen-
sional subset of 12 items (EFA-R) from the Italian ver-
sion of the EFA under the RMT framework. The analysis
provided evidence of adequate internal construct validity
and sufficient reliability for individual patient measure-
ments. Furthermore, given the strong correlation with
CRS-R and mFIM™, EFA-R may successfully bridge the

thresholds for the EFA-R (N.=362, analysis no. 3).

i . Item parameters and fit statistics Scoring Item thresholds and standard errors
EFA-R items Subdomain model
Loc SE FR @ P* 01234 Thrl SE Thr2 SE Thr3 SE Thr4 SE
EFA16 — Tactile information P&C functions -1.670 0.093 -0.545 6.5 0273 1 2 2 3 4 -2.451 0.152 0.983 0.145 1.468 0.160
EFA14 — Voluntary movements  Sensorimotor functions -1.486 0.091 -0.161 1.9 0.853 1 2 2 3 4 -1.263 0.164 0.298 0.150 0.965 0.162
EFA18 — Auditory information ~ P&C functions -1.325 0.082 -0.817 3.4 0.636 1 2 3 4 5 -2.355 0.185 -0.857 0.153 0.406 0.129 2.807 0.162
EFA10 — Head control Sensorimotor functions -1.057 0.089 0.182 4.3 0.501 1 2 3 3 4 -0.822 0.177 -0.536 0.135 1.358 0.155
EFA17 — Visual information P&C functions -0.529 0.081 -0.056 2.2 0.825 1 2 3 4 5 -2.371 0.170 -1.336 0.134 0.918 0.137 2.788 0.190
EFAO05 — Oral stimulation and Oro-facial functions -0.491 0.076 -2.057 7.5 0.183 1 2 3 4 5 -2.227 0.158 -0.880 0.137 1.426 0.157 1.682 0.178
hygiene
EFA06 — Swallowing function Oro-facial functions -0.383 0.087 -0.350 13.9 0.016 1 2 3 3 4 -1.413 0.146 -0.063 0.135 1.476 0.163
EFA19 — Communication P&C functions -0.152 0.073 0.835 11.6 0.040 1 2 3 4 5 -1.346 0.163 -0.441 0.160 0.570 0.156 1.217 0.174
EFAO07 — Tongue movements and Oro-facial functions -0.053 0.071 -1.798 82 0.143 1 2 3 4 5 -1.149 0.162 0.027 0.186 0.074 0.156 1.048 0.173
chewing
EFA20 — Problem-solving in P&C functions 2.004 0.081 -1.280 7.2 0.204 1 2 3 4 5 -1.811 0.149 -1.136 0.161 -0.285 0.187 3.232 0.545
ADL
EFA12 — Transfers Sensorimotor functions 2.499 0.103 -0.528 2.6 0.755 1 2 2 3 4 -2.166 0.131 -0.350 0.182 2.516 0.521
EFA04 — Excretory functions Autonomic functions  2.644 0.091 0.837 16.1 0.006 1 2 3 4 5 -1.261 0.152 -0.542 0.200 0.848 0.333 0.955 0.485

SE: standard error; EFA-R: Early Functional Abilities-Rasch; P: 2 probability; Thr: threshold; ADL: activities of daily living; P&C: perceptual and cognitive. EFA-R
items are ordered by progressively increasing the difficulty from top to bottom. Locations and thresholds are expressed in logits. The degrees of freedom for each y2

were 5 for all items.

*The Bonferroni-corrected P value indicating statistical significance at the 0.05 level was 0.004.
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TABLE V.—Raw-score-to-measure-estimates conversion table for ~ Mmeasurement gap between DOC and functional indepen-

the EFA-R. dence scales, in agreement with other published results on
Raw score Logit scale +95% CI 0-100 scale +95% CI samples of people with severe acquired brain injury}, 4,6,7
0 -3.217 2.097 0.0 14.8 The 362-person sample, enrolled across 11 different
1 -2.588 1.488 8.9 10.5 . D . )

5 2154 1172 15.0 33 Italian rehabilitation and chronic care centers, included
3 -1.854 1.011 193 72 patients within the full spectrum of DOC (from UWS to
4 -1.621 0.904 226 64 emergence from MCS) and fully emerged from it. Fur-
5 -1.429 0.825 25.3 5.8 th like th . Ks.7 le includ

6 1265 0764 276 54 ermore, unlike the previous works,” our sample includ-
7 -1.124 0.711 29.6 5.0 ed not only persons with TBI but also with hemorrhagic
g '8322 82‘7“1‘ ;;3 jg and ischemic stroke and anoxic brain injury. Finally, it
10 0786 0.613 344 43 con-mdered persons at different rehabilitative stages, from
11 -0.693 0.590 35.7 42 patients who had just left ICU to those already discharged
g -8-627 8-56515 gg? ‘3‘-(9) to nursing homes. Furthermore, at least 50% of the pa-
14 0452 0.537 30 13 Qents assessed in a Rehabilitation unit ente.red.thls. set-
15 -0.381 0.523 40.1 3.7 ting, on average, 53 days from the event, highlighting a
16 -0.314 0.514 41.1 3.6 longer length of stay in the acute phase due to the severity
17 -0.249 0.504 42.0 3.6 . S . .

18 0187 0.496 429 35 and 'compl.exny of their clinical conditions. Given thfase
19 -0.127 0.490 43.7 35 considerations, the sample can represent the population
20 -0.068 0.488 44.5 3.5 recovering early functional abilities following a severe
21 -0.011 0.486 45.4 34 brain iniu

22 0.047 0.486 46.2 3.4 yury. o o L

23 0.105 0.488 47.0 3.5 The item classical descriptive statistics, the initial infor-
24 0.163 0.490 47.8 35 mation on item scalability with MA, and the preliminary
%2 8'%; 8"5‘(9)2 :g‘g gg assessment of the unidimensionality of the EFA using CFA
27 0.346 0.515 504 3.6 provided complementary evidence. According to MA, all
28 0.413 0.529 51.4 3.7 the items represented a single robust unidimensional scale
gg 8“5‘22 8'2‘6‘; 2?‘51 431.3 solution. Differently, it was possible to achieve a fitting
31 0648 0592 547 40 unidimensional solution within the CFA only after allow-
32 0.744 0.621 56.0 A4 ing the correlation of errors between several locally de-
;Z 83% 8%2 g;; ‘5‘(7) pendent item pairs. In addition, the item-to-total correla-
35 1114 0.753 61.3 53 tions analysis identified EFAO1 (Vegetative stability) as
36 1.279 0.811 63.6 5.7 the item that contributes less to the operational definition
g; i%g g'ggg gg'g gé of the construct “early functional abilities.” Clinically,
39 1.978 1.053 735 74 it may be explained because this construct, as defined in
40 2298 1.164 78.0 8.2 item EFAO1, is related to the stability and supervision of
j; ?%3 }g;g gg'g 1?"5‘ the patient at rest and when stimulated. Considering the
43 3850 2199 100.0 156 varied composition of the sample, it represents a funda-
95%CI: 95% confidence interval (equal to 1.96 standard errors of measurement). mental prerequisite for developing early functional abili-
Person estimates are expressed in logits and 0-to-100 scale. ties. It seems a different construct from the latter, and it

CRS-R— mcr&
mFIM 13 13)116(19)22(29)33(43)|48(60|63 |91 | mFIM
mFIM [ 13 ] mFIM
EFA-R[o0[1]2]3]asTe[7[8]o]ron]12]13]1a]1s[16]17] 1810202122 [23 242526273031 ]32]33]| [19]20]21[25]26[27[29]30[31]32[33[35]36[37[38]30[4a1][a3]| EFAR

Figure 2.—EFA-R “bridges the measurement gap” between CRS-R and mFIM™,

CRS-R: Coma Recovery Scale-Revised; mFIM™: motor FIM™; EFA-R: Early Functional Abilities-Revised.

As shown in the left part of the figure, there are 18 CRS-R score levels corresponding to the mFIM floor score compared to the 30 EFA-R score
levels. Similarly, there are more EFA-R score levels (18) at the ceiling of the CRS-S in comparison to the 11 mFIM™ score levels (right part of the
figure). Thus, although CRS-R and mFIM™ have a partial overlap, EFA-R allows a better separation of subjects both at the ceiling and at the floor
of mFIM™ and CRS-R, respectively. Therefore, when a patient obtains an extreme score near the ceiling of the CRS-R, it may be more appropriate
to administer the EFA-R scale, as it better discriminates the subject’s ability given its greater score progression and granularity.
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has already been recovered at discharge from ICU, where
patients have started their rehabilitative treatment.

We performed the internal construct validity analysis on
the full item set in the Rasch analysis context, assuming
that a subset of items across the four subscales could be
essentially unidimensional to measure a single underlying
construct. However, it highlighted several violations of the
specific requirements of the Rasch model. To account for
these violations, we followed a different analytical strategy
from Poulsen ef al.7 Indeed, as their analysis was based on
each subscale, their approach was more conservative, as
only one item (EFA13 — sensorimotor subscale) was delet-
ed. On the other hand, we removed several items (EFA 01,
02, 03, 08, 09, 11, 13, 15), given their serious misfit to the
model and multidimensionality. It is worth noting that al-
though this action removed 28 thresholds (35% of the total
thresholds), the drop in separation reliability was just mild
(1.5%, from 0.951 to 0.940), the model fit increased signifi-
cantly, and multidimensionality was reduced. At the same
time, the Spearman’s Rho correlation coefficient between
the total scores of the original EFA (20 items) and the EFA-
R (12 items) was 0.978 (Spearman’s rho), which gives an
extremely high value of shared variance between the two
scales (0.9783=0.956). In synthesis, the loss of information
in the revised scale is minimal, precisely as we would ex-
pect in the case of item/thresholds multidimensional to the
main latent variable and, hence, do not contribute to the va-
lidity and the information of the total score of the EFA-R.

We also hypothesized the clinical reasons for these
violations of the deleted items. The explanation already
given for EFAOQ1 (vegetative stability) can also be applied
to EFA02 (Wakefulness/fatigue) and EFA03 (Positioning).
The achievement of a stable sleep-wake rhythm, the resis-
tance to strains exceeding 10 minutes, and the possibility
of maintaining all positions in the bed can be considered
more preconditions for early functional abilities. They
may contribute to describing, together with EFAO1, a dif-
ferent construct like the “stability of clinical parameters.”
EFA08 (Mimic) could represent one of the first signs of
wakefulness before the initial communication. EFA09
(Tonus) describes tonus modifications of the extremities,
which does not seem to express the recovery of early func-
tional abilities. Another deleted item, EFA11 (Trunk con-
trol/sitting), is defined in the scale as the reconditioning to
the sitting position, together with the possibility to main-
tain this position independently with an active and sym-
metrical trunk erection. Once again, this item probably
quantifies different variables like the cardiorespiratory re-
conditioning to the effort and the trunk control, connected
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but separated constructs than functional abilities. Finally,
a similar thought can be made for EFA13 (Standing) and
EFA15 (Locomotion/mobility in the wheelchair). Indeed,
other constructs described by these items are static and dy-
namic “balance” and “mobility,” which probably consti-
tute higher-level activities and are currently quantified by
functional independence scales.

The fact that the described items cannot contribute to
measuring the main construct does not imply that they are
neither clinically useful nor usable. For instance, in our
clinical contexts, we regularly use the EFA item 11 to as-
sess trunk control/sitting. By practice, we have observed
that for scores in this item ranging from 1 to 3, the total
score of the Trunk Control Test (TCT) is always 0. In con-
trast, a score of 5 is always associated with TCT scores
>12, while a score of 4 is associated with a TCT score of
<12. Given the overlap between the two scales, we use
EFAT11 as a guideline on when to start assessing trunk con-
trol with the TCT. This highlights that the deleted items
may still provide valuable clinical information if used as
single-item scales.

In seven of the 13 remaining items, disordered thresh-
olds were resolved following the “classical” approach of
collapsing adjacent score categories to obtain an ordered
threshold structure for all items. Besides, fit to the model
and separation reliability improved further,* although the
degree of multidimensionality remained unchanged.

We found widespread violations of local independence
within the item set that were solved by creating two testlets
(super-items) between clusters of locally dependent items.
Following this, fit to the Rasch model improved further,
and multidimensionality was resolved. These violations
frequently occur in health outcome scales.33 They may
be linked to multidimensionality, where some variations
among responses are accounted for by a different latent
variable.15. 20, 46 [n the “facio-oral functions and ADL”
cluster, items related to swallowing, tongue movements,
and facio-oral stimulation showed local dependence on the
head control item. It is well-known in the literature that de-
creased postural control exacerbates swallowing and oral
movement disorders.3® In turn, this item demonstrated a
high correlation with “excretory functions” and the abil-
ity to transfer to the toilet seat, the wheelchair, and the
realization of self-care tasks. Indeed, these latter activities
require good head and trunk postural control. Simultane-
ously, “eating” requests the integrity of oral functions, and
“transfers to the toilet” becomes significant in case of at
least a partial integrity of excretory functions. In the other
“sensorimotor and cognitive functions” cluster, items that
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quantify voluntary movements and tactile information
show local dependence on visual, acoustic functions, and
communication. This result is not surprising because, in
these patients, the cited functions are related and influence
the others. They are also measured by CRS-R items, of
which the internal construct validity and reliability have
already been demonstrated.!3

Our solution allowed the calibration of an “essentially
unidimensional” reduced subset of 12 items (EFA-R), cov-
ering all four original conceptual domains with at least one
item. The “essential unidimensionality” was defined by
the satisfaction of all four described requirements, which
represent the evolution of Stout’s initial definition:® 10 lo-
cal independence between item residuals, a correlation be-
tween subtests over 90%, a proportion of explained com-
mon variance across subtests over 90%, and a significant
difference between estimates of person parameters less
than 10%. These findings are different but not in opposi-
tion to Poulsen et al.’s results, which concluded that EFA
subscales measure four latent variables and, thus, could
not be summarized into a single EFA Total Score.” In con-
trast, we aimed to select a valid content subset of items
from the four EFA dimensions that measured the same un-
derlying latent construct (“early functional abilities™).

Besides, the analysis suggested that the final item hier-
archy of the 12 items was consistent with the theoretical
and expected hierarchy of functional recovery in patients
with DOC. The earlier recovered functioning aspects are
processing sensory information (EFA16: tactile informa-
tion, EFA18: acoustic information) and performing basic
motor acts (EFA14: voluntary motricity, EFA10: head con-
trol). On the other hand, the latest functioning aspects to
be recovered are the more complex motor and cognitive
abilities (EFA20: self-care ability, EFA12: transfers) and
the control of the excretory functions (EFA04). Table IV
also showed that all the four subdomains of the original
version of EFA were represented in the revised version:
vegetative (1 item), facio-oral (3 items), sensorimotor (3
items), perceptual and cognitive functions (5 items).

Although we found uniform DIF for setting (severe
brain injury unit vs. rehabilitation unit vs. nursing home) in
the cognitive and sensorimotor testlet, we demonstrated its
negligible impact on the person estimates. It is well known
that DIF could be “artificial” (i.e., just an artifact of the
statistical method employed to detect it).4¢ Therefore, this
result could also be considered an indirect demonstration
of the inter-rater reliability of EFA-R. Furthermore, con-
sistent with our findings, Poulsen et a/l. did not find evi-
dence of DIF for sex and age.”
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In our sample, we calculated the reliability index in the
Rasch model context dependently on the person-item dis-
tribution using PSI (0.887), which was adequate for the in-
dividual patient measurement. A reliability level >0.850 is
crucial for clinicians because it is indispensable to perform
precise measurements at the subject level. Indeed, this pre-
cision level is mandatory for quantifying the variable, the
treatment effectiveness, the patient’s improvement over
time, and the comparison between different patient levels
of the variable. Similarly, Poulsen et al. showed high-re-
liability values for all EFA subscales, although this was
calculated using Hammond & Mesbah’s Monte Carlo es-
timates.”

In Poulsen’s work, three of the four EFA subscales (veg-
etative functions, facio-oral functions, and sensorimotor
functions) were somehow off-target, considering that the
sample mean ability was lower than the item set mean dif-
ficulty.” On the contrary, our analysis showed good target-
ing, with negligible floor and ceiling effects and a mean-
person ability close to the mean item difficulty. These dif-
ferences could be explained considering that we enrolled a
composite sample in terms of ability, selecting one obser-
vation randomly for each patient collected at any time dur-
ing patients’ recovery. In this way, we considered patients
with DOC and those who emerged from it and measured
precisely the different range of “early functional abilities”
of the two states.35

Based on our item calibration, it is possible to use the
designed table to convert the scale raw scores into inter-
val-level estimates of early functional abilities. As the
latter satisfy the requirements for interval-level measure-
ment, clinicians and researchers are encouraged to use
these linear estimates, which, unlike the total scores, have
absorbed all the local dependence causing multidimen-
sionality. In other words, the EFA-R measures satisfy all
the requirements for a scientific measurement like those
of the physical sciences (e.g., centimeters, kilograms,
etc.)35- Moreover, they are essential for correctly interpret-
ing change scores*s and the possibility of using parametric
statistics (e.g., ANOVA).20. 42

Finally, the pattern of intercorrelations between the
EFA-R estimates and the total scores of the CRS-R and
mFIMT™ may be explained in terms of shared item content
between the three scales. In particular, the lower correla-
tion between CRS-R and mFIM™ could be interpreted
considering that the two scales do not share specific items.
On the other hand, EFA-R and CRS-R contain items as-
sessing oro-facial functions, voluntary movements, and
sensory and communication functions. In contrast, there
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is a similar overlap in item content between EFA-R and
mFIM™ (transfers, excretory functions, and self-care
tasks). These overlaps explain not only the “very strong”
correlation of the EFA-R with the two other scales but
provide a substantive explanation for the potential of the
EFA-R to overcome both the ceiling and floor effects of
the CRS-R and the mFIM™, as shown in Figure 2.

Limitations of the study

In this study, the number of available observations was
sufficient for a large calibration sample but not for a con-
firmatory sample analysis, which would have further mini-
mized the risk of capitalizing on chance concerning the fit
to the model. As shown in another paper,!3 this is attribut-
able to the relative rarity of UWS, MCS, and emergency
from MCS conditions.4” Given this sample size limitation,
it would be necessary to replicate these findings in a larger
sample.!0 Further observational studies are also needed to
test other external validity types, such as the predictive
validity of EFA-R estimates on the CRS-R and mFIM™
total scores and the development of usability criteria (e.g.,
“transitional” cutoff between CRS-R and EFA-R and be-
tween EFA-R and mFIM™™),

Conclusions

The EFA-R is an essentially unidimensional subset of 12
items from the Italian version of the EFA with adequate
internal construct validity and sufficient reliability for in-
dividual patient measurement under the RMT framework.
Furthermore, the possibility of converting EFA-R total
scores into linear estimates of early functional abilities,
which represent scientific measurements of the underlying
construct like the physical sciences, allows clinicians and
researchers to interpret change scores correctly and use
parametric statistics. Our results further support the hy-
pothesis purported by Poulsen’s? and other authors3-¢ that
the EFA-R may provide “a measurement bridge” between
DOC and functional independence scales for patients with
severe acquired brain injury.
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