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Main Outcome Measures: A principal component analysis of the residuals from the Andrich Rating
Scale Model (RSM) was used to evaluate unidimensionality and item local dependence. The RSM
was also used to examine the rating scale structure, item and person fit, item difficulty hierar-
chy, and person separation index and to generate a keyform.

Results: Principal component analysis of the residuals confirmed the FGA’s unidimensionality and
that no items had local dependence. The category rating scale met the criterion and advanced
monotonically. The item difficulty hierarchy was similar to that of community-dwelling older
adults. The sample’s mean ability level (ie, person measure) was 0.28 logits (SE=0.63). The FGA
had high person reliability (0.90) despite 10% of persons misfitting. There were no floor or ceiling
effects, and the FGA separated people into 4 strata. The scored FGA keyform visually showed an
individual’s response pattern relative to their measure value.

Conclusion: Rasch analysis supports the use of the FGA to measure walking balance ability in
ambulatory persons with chronic stroke. An FGA keyform can provide instantaneous interval
measurement for individuals.

Published by Elsevier Inc. on behalf of American Congress of Rehabilitation Medicine. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Walking balance ability is commonly measured for persons
with stroke by the Functional Gait Assessment (FGA). The
FGA has 10 items that challenge an individual’s performance
across a span of daily walking tasks varying in difficulty."
Items are rated on a 4-category rating scale by a clinician
observing the individual’s performance for each task. FGA
performance criteria are robust to variability, evidenced by
having high inter- and intrarater reliability without requiring
specific decision-making guidelines, training, or discussion
between clinicians.” An overall FGA score is calculated by
summing the items’ ratings (the maximum score is 30).

Conventional classical test theory psychometric properties
of the FGA have been reported for persons with chronic
stroke.”* The FGA has excellent test—retest (ICC=0.95), inter-
rater (ICC=0.94), and intrarater (ICC=0.97) reliability and has
strong correlations (r>0.7) with measures of mobility (ie, Bar-
thel Index, Rivermead Mobility Index), walking (ie, gait speed,
Functional Ambulatory Category), and balance ability (ie,
Berg Balance Scale).?* Similar psychometrics have also been
reported for other patient populations, including community-
dwelling older adults,” persons with vestibular disorders," and
Parkinson’s disease.>® The similarity in classical test theory
psychometrics across clinical diagnoses commonly seen in out-
patient neurologic rehabilitation resulted in a clinical practice
guideline recommendation for the FGA to be part of a core
set of outcome measures.’

Despite professional organization support, clinicians cite
significant barriers to standardized measurement use. Com-
mon barriers include time (eg, lengthy administration time
relative to the value of information gained), lack of clinical
relevancy (eg, information is too subjective and items are not
relevant to the patient), and limited interpretability (eg, does
not contribute to the plan of care).®® Addressing clinician-
reported barriers to measurement by improving the usefulness
of measures, especially because individual test scores appear
to have little value to the clinical reasoning process, should
be the focus of future research efforts. '

Rasch analysis is one way to address these barriers because
it generates item-level psychometrics and item difficulty hier-
archies that can inform clinicians about an individual patient’s
ability based on how they perform across items of various
challenges. Models, like the Rasch model for dichotomous
items and the Andrich Rating Scale Model (RSM) for

polytomous items (ie, items with more than 2 categories), use
a probabilistic relationship between a person’s ability and
item difficulty, with persons having a high probability of suc-
cessfully completing items that are easier than their ability
and a low probability of success with items that are harder
than their ability.'> A person’s measure is determined when
their ability matches item difficulty (when the patient has a
50% probability of passing an item at a particular rating). This
offers several benefits for clinicians, including improved mea-
surement efficiency and score interpretability by identifying
where a patient’s ability falls along a continuum. Clinicians
can take advantage of this improved clinical utility by using a
keyform (or score sheet). Keyforms, first introduced by Lina-
cre," are Rasch-informed score sheets for generating “instan-
taneous” measurement values on an interval scale of a
person’s performance or response to items. In addition, key-
forms visually depict a patient’s response pattern in relation
to the item difficulty hierarchy, which can facilitate the
interpretability of scores for clinicians.'®"'*!”

A previous Rasch analysis of the FGA reported item-level
psychometrics for community-dwelling older adults.”® The
FGA was unidimensional, had an ordered rating scale struc-
ture, and had a clinically valid item difficulty hierarchy.'®
However, there is a need to examine the item-level psycho-
metrics in persons with stroke because the performance-based
rating scale used in the FGA may result in a different item
hierarchy because of lasting gait and balance impairments
that are not commonly found in community-dwelling older
adults. The purpose of this study was to examine the item-
level psychometrics and item difficulty hierarchy of the FGA
and to generate a keyform (or score sheet) for clinicians. It
was hypothesized that the FGA would be unidimensional and
fit the RSM, as evidenced by an appropriate rating scale struc-
ture, good item and person fit, and high person separation.

Methods
Data source

This study used a retrospective, cross-sectional research
design. Item-level FGA data for 101 individuals with chronic
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stroke (>6mo poststroke) were provided by a research data-
base. The database is maintained by the National Institutes
of Health Center of Biomedical Research Excellence in
Stroke Recovery at the Medical University of South Carolina
and approved by the local Institutional Review Board. This
study is considered nonhuman subjects research under the
revised Federal Policy for the Protection of Human Subjects
(Revised Common Rule)' because all data provided from
the database were deidentified. Informed consent was not
applicable. Individuals were excluded if a lower extremity
Fugl-Meyer score or overground self-selected walking speed
were not available within a 6-month window from their FGA
data collection date. Physical therapists and research staff
participated in an internal training session to promote con-
sistency in scoring. Participants were allowed 1 trial for
each task. Participants completed FGA items without an
assistive device to standardize the protocol across research
studies in the database. An ankle brace that freely allowed
ankle dorsi- and plantarflexion but provided medial-lateral
support was permitted for participants with severe ankle
instability in the paretic leg to prevent injury. Demographic
data were analyzed with SAS? (version 9.4; SAS Institute).

Rasch analysis

A Rasch analysis of the FGA with the RSM was done with Win-
steps® (version 3.93.1; John Lincare/Winsteps.com) in
agreement with the Rasch Reporting Guideline for Rehabili-
tation Research (RULER) guidelines.?%?!

Sample size justification

The recommended sample size for evaluating item-level psy-
chometrics with the RSM is based on the desired confidence
for stable item calibrations or person measures. A sample of
101 participants is sufficient for obtaining stable item and
person calibrations because a sample size of at least 61 par-
ticipants is recommended to obtain calibrations within 1
logit with a 99% Cl for polytomous items.??

Rating scale structure

The rating scale structure was evaluated against Linacre’s 3
essential criteria: (1) a minimum of 10 observations per rating
scale category, (2) rating scale category average measures
advance monotonically (ie, demonstrate increasing item diffi-
culty with increasing category value), and (3) outfit mean-
squares are <2.”* Rating scale categories were collapsed or
removed if criteria were not met before continuing the analysis.

Unidimensionality

Unidimensionality was tested with principal component
analysis (PCA) of the residuals from the RSM. The FGA was
considered unidimensional if (1) the RSM model explained
>40% of the variance, (2) contrast eigenvalue ratios were
<2, and (3) the observed variance of the first contrast was
<4%.%* Disattenuated correlations were used to test whether
additional factors were potentially measuring different
latent variables if any of the criteria were not met. Disatte-
nuated correlations between additional contrasts and the
RSM dimension were considered to be measuring the same
construct, indicating sufficient unidimensionality for mea-
surement when >0.82.%*

Local dependence

Item local dependence was tested with Pearson correlations
between item standardized residuals from the PCA. Correla-
tions >0.7 or <-0.7 indicated items were locally
dependent.?%%#

Item and person fit

Items or individuals were labeled as misfitting when fit statis-
tics for infit or outfit had mean-square standardized residuals
>1.4 and standardized z scores >2.2%?° Misfitting items were
removed to test for the effect on the remaining item fit, and
person measures were compared between item sets. Misfit-
ting items were retained if removing items caused additional
item misfit and/or person measures were not meaningfully
different, evidenced by a Pearson correlation >0.9.%¢

Person-item match

The item difficulty hierarchy was used to evaluate the FGA’s
theoretical construct validity. Our cutoff to assign a floor
and/or ceiling effect was that 15% or more individuals
scored the worst or best possible outcome.?”

Person separation index

Person separation was used to quantify how well the FGA can
differentiate people into statistically distinct strata. The fol-
lowing formula was used to calculate the number of strata®®:

Strata = [4 x (person separation index) + 1]/3

FGA keyform

Winsteps was used to create a keyform for scoring persons.
The sample was separated into terciles, and 1 individual was
randomly selected from the middle tercile whose responses
fit the RSM to demonstrate an example keyform.

Results

The average age of the sample was 58.6 years (SD, 12.6).
There were 44 women (43.6%) and 42 individuals with left
hemiparesis (41.6%). The mean lower extremity Fugl-Meyer
score was 25.2 (SD, 5.5), and the mean overground walking
speed was 0.76 m/s (SD, 0.29). The average raw score for
the FGA was 15.7 (SD, 6.1). Descriptive statistics are pre-
sented in table 1.

Rating scale structure

The FGA’s 4-category rating scale satisfied each of Linacre’s
essential criteria.?> Each category on the rating scale had
more than 10 observations, with outfit mean-square values
<2.0, and average category measures advanced monotoni-
cally. The rating scale structure is presented in table 2.

Unidimensionality

The FGA met 2 of the 3 criteria for unidimensionality:
(1) measures explained 66% of the variance, and (2) the first
contrast eigenvalue was 1.78. However, the first contrast
explained 5.9% of the variance, which was greater than the
4% threshold. Disattenuated correlations between the first
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Table 1 Participant demographic information.
Total No. of Participants = 101
Variable Summary Statistics
Age (y) 58.6 (12.6, 23-85)
Male (n=57) 56.4%
Female (n=44) 43.6%
Right hemiparesis (n=59) 58.4%
Left hemiparesis (n=42) 41.6%

Lower extremity Fugl-Meyer

Overground self-selected
walking speed (m/s)

Functional Gait Assessment

25.2 (5.5, 14-34)
0.76 (0.29, 0.11-1.4)

15.7 (6.1, 6-30)

NOTE. Continuous variables are presented as mean (SD, range).
Categorical variables are presented as percentages. Overground
walking speeds were collected without the use of an assistive
device or orthotic unless a medial-lateral support brace allowing
free ankle dorsi- and plantarflexion was used to prevent ankle
injury.

and second factors with the Rasch dimension were r=0.90
and r=0.86, respectively, indicating that the FGA was suffi-
ciently unidimensional.

Local dependence

No item pairs in the PCA of the residuals had correlations
>0.7 or <—0.7, indicating no local dependence.

Table 2 FGA rating scale structure.

Item and person fit

Three items misfit the RSM model. Removal of the most misfit-
ting item (“Gait with narrow base of support”) did not cause
additional misfit, and person measures generated with and
without “Gait with narrow base of support” were highly corre-
lated (r=0.993); therefore, the item was retained. The FGA
had high person reliability (0.90). Ten persons (10%) misfit the
RSM, which did not exceed expectations,” and was unlikely
to have a concerning effect on item-level psychometrics.?>*
Misfitting persons were retained, and item fit statistics are
presented in difficulty order in table 3.

Person-item match

The person-item map is presented in figure 1. The person-
item map shows the distribution of people based on ability,
also known as person measures (left: low ability; bottom:
high ability, top), against item difficulty (right: easy; bottom:
hard, top) for each item’s rating scale score (0, 1, 2, and 3).
The FGA did not have a ceiling or floor effect. The sample’s
mean ability level was 0.28 logits (SE=0.63). This is slightly
above the mean difficulty level of the items (anchored at 0
logits), indicating that the item distribution adequately cov-
ered the spread of the sample’s walking balance ability.

Separation index

The FGA differentiated the sample into 4.31 distinct strata
with a separation index of 3.01.

Rating Scale Score Frequency Count (%) Observed Measure Average Infit Outfit
Mean-Square Mean-Square

0 131 (13) —3.53 0.98 0.98

1 341 (34) —1.17 0.84 0.81

2 370 (37) 1.32 0.95 1.18

3 168 (17) 3.30 1.21 1.19

Table 3 Item measure order.

Iltem Item Number Measure SE Infit Mean-Square Outfit Mean-Square

(Logits) (z score) (z score)

Gait with narrow base of support* 7 3.17 0.21 1.78 (4.4) 1.52 (2.4)

Gait with eyes closed*® 8 2.48 0.20 1.60 (3.8) 1.54 (3.1)

Step over obstacle 6 0.55 0.18 1.10 (0.7) 1.10 (0.8)

Gait level surface 1 0.31 0.18 0.63 (—3.1) 0.64 (—2.9)

Ambulating backwards 9 -0.34 0.19 0.73 (—2.1) 0.74 (—2.0)

Change in gait speed 2 —0.93 0.19 0.83 (—1.3) 0.82 (—1.3)

Gait with horizontal head turns 3 —1.00 0.19 0.83 (—1.3) 0.82 (—1.3)

Steps 10 —1.03 0.19 0.78 (—1.7) 0.92 (-0.5)

Gait with vertical head turns 4 —1.18 0.19 0.75 (—1.9) 0.74 (—2.0)

Gait and pivot turn® 5 —2.04 0.20 0.98 (—0.1) 1.52 (2.7)

NOTE. Items are presented in difficulty order to show their hierarchy, with the hardest item at the top, followed by items in decreasing

level of difficulty.
" Indicates misfitting items.
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Item Score = 2

Item Score =3
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Gait Level Surface
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Change in Gait Speed
Gait with Horizontal Head Turns

Steps
Gait with Vertical Head Turns

Gait and Pivot Turn

Gait with Narrow Base of Support

Gait with Eyes Closed
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Gait Level Surface
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Gait with Horizontal Head Turns
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Gait with Vertical Head Turns
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| More Ability | | Greater Item Difficulty
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7
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2 XXXXX
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o 2 XXXXXXX Ambulating Backwards
XX / Change in Gait Speed
XXXXXX Gait with Horizontal Head Turns
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-3
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Step Over Obstacle Gait and Pivot Turn
-4 Gait Level Surface
Ambulating Backwards
-5
Change in Gait Speed
// Gait with Horizontal Head Turns
Steps
Gait with Vertical Head Turns
6
v Gait and Pivot Tum
-7
| Less Ability | | Easier Item Difficulty |

Fig 1

| Key

/ Represents a break in the logit
/ scale to accommodate items at
the same ability level

X Represents one person

Person-item map. The person-item map presents person ability and item difficulty measures on the same logit scale. The ver-

tical black line represents the logit scale. The distribution of person ability measures (ie, walking balance ability) for the sample is
presented to the left of the black line. To the right of the black line, items are presented in a hierarchy from most difficult (top) to
least difficult (bottom) at the category rating level. The hierarchy of items is fixed by the RSM. The items are plotted at the corre-
sponding logit measure where the highest probability of an individual receiving a specified value (0, 1, 2, or 3) for that item.

Scoring an FGA keyform

The FGA keyform is presented in figure 2. The keyform shows
the items in order of difficulty, with the most difficult item
listed at the top. Items clustered together and separated by
a blank line had overlapping or similar difficulty. The x-axis
shows the interval-level measurement scale. The logit scale
was scaled to match the original scoring range to enhance

clinical interpretation. The row for each item contains the
following category rating values: O=severe impairment,
1=moderate impairment, 2=mild impairment, and 3=normal.
Clinicians can circle the rating of each item and draw a verti-
cal line through the “bulk” of the circles to quickly estimate
a patient’s measure.’® In general, the vertical line should be
at the mid-point of the circles’ distribution across the key-
form.
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11 14 17 20 23 26 29

Item I
Gait with Narrow Base of Support

Gait with Eyes Closed

Step Over Obstacle 0

Gait Level Surface 0

Ambulating Backwards 0

Change in Gait Speed 0 : 1
Gait with Horizontal Head Turns 0 : 1

Steps 0 : 1
Gait with Vertical Head Turns 0 : 1

Gait and Pivot Turn 0 : 1
|
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0 1 2 3
1 2 3
1 2 3
2 : 3

2 3

2 3

2 3
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2 3
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Fig2 FGA keyform. The top and bottom horizontal axes represent the interval score scale for the FGA. The logit scale produced by
the RSM was scaled to match the raw score range for ease of interpretation. The rows of the FGA keyform contain individual items
with their category rating values. The items are arranged from easiest to hardest, with the easiest item at the bottom. Items are clus-
tered by similar difficulty, and each cluster is separated by a gray space. The rating scale categories remain the same as the original
FGA instructions (ie, O=severe impairment, 1=moderate impairment, 2=mild impairment, and 3=normal).

Figure 3 shows a completed FGA keyform for a represen-
tative individual with moderate walking balance ability.
Actual ratings for each item are circled. The vertical line in
figure 3 is reflective of the person’s interval measure from
the Rasch analysis. The dashed vertical lines show 2 SEs
around this measure and represent the general area where
the clinician’s line should be on the keyform.'® Visualizing
the response pattern to the item difficulty hierarchy pro-
vides an additional understanding of the person’s measure
relative to their ability, which clinicians could use to guide
treatment'®3" and would not be able to be deduced from
simply summing the ratings for each item. For example, in
figure 3, the individual’s response pattern included a normal
(ie, 3) rating for the easiest item, primarily mild impairment
(ie, 2) ratings for the next cluster of items, a normal rating
(ie, 3) for the next harder item, moderate impairment (ie,
1) for the next 4 items, followed by severe impairment (ie,
0) for the most difficult item, with an overall measure value
of 15 (SE=1.12). Ideally, as an individual improves their per-
formance on individual items (ie, an increase in rating cate-
gory), the vertical line will move to the right of the score
sheet, demonstrating an increase in ability.

Discussion

A PCA of the residuals from the RSM implies that the FGA is
sufficiently unidimensional, which supports the hypothesis
that the FGA is only measuring a single construct (ie, walking
balance ability). A Rasch analysis of the RSM supported the
hypothesis that the FGA’s rating scale structure is appropri-
ate and that there was a good match between items and per-
sons’ walking balance ability. Three items potentially misfit

the RSM. Fit thresholds have been debated for their accu-
racy in identifying misfits and can be influenced by the sam-
ple.*? This study found 3 items marginally exceeded fit
thresholds, and the removal of the most misfitting item did
not have a significant effect on person measures. Despite
potential item misfitting, the item difficulty hierarchy is
consistent with clinical and theoretical expectations. >3

This study’s results were also consistent with a previous
Rasch analysis completed on the FGA with data from commu-
nity-dwelling older adults using the RSM.'® Beninato and
Ludlow'® reported that a PCA of the residuals supported the
unidimensionality of the FGA, and the rating scale structure
for the FGA items met the recommended criteria for the
RSM. They reported similar person reliability (0.83) and did
not have a ceiling or floor effect.'® Beninato and Ludlow'®
reported a similar item hierarchy to this study, where “Gait
with narrow base of support” was the worst-fitting item.
Two differences observed in this study were (1) “Change in
gait speed” was a more difficult item for persons with stroke
and (2) the item “Gait and pivot turn” was the easiest item
for persons with stroke compared with “Change in gait
speed,” which was the easiest for older adults.'® One possi-
ble explanation for these differences is that the persons in
this sample did not use an assistive device when completing
the FGA. The FGA has 4 items that allow for assistive device
use because assistive devices are listed in the rating scale
criteria. A second possibility is that persons poststroke have
lasting sensorimotor deficits that result in gait deviations,
which may not be present in community-dwelling older
adults. A third possibility is that the differences are poten-
tially arbitrary because logit estimates are sample-depen-
dent,** and the sample size of both studies was appropriate
for estimating item difficulty measures within a 99% Cl of 1
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Person with Moderate Ability [Person measure = 15 ; standard error = 1.12]

2 5 8

11 14 17 20 23 26 29

Item I
Gait with Narrow Base of Support

Gait with Eyes Closed

Step Over Obstacle 0
Gait Level Surface 0
Ambulating Backwards 0

Change in Gait Speed

Gait with Horizontal Head Turns 0 : 1

Steps 0 : 1
Gait with Vertical Head Turns 0 : 1

Gait and Pivot Turn 0 : 1

I
2 5 8

11 14 17 20 23 26 29

Fig 3 Example of a scored FGA keyform. A scored FGA keyform is presented for a representative individual with moderate walking
balance ability. The rating scale from 0-3 matches the original rating scale used with the FGA. The representative individual’s perfor-
mance on each item is circled. The person’s measure is found by drawing a vertical line through the “bulk” of the circles. The individ-
ual’s true ability level (determined by the RSM) is presented by a solid vertical line. The SE associated with the individual’s ability
level is presented as 2 dashed vertical lines. The vertical line should move to the right as people improve their balance ability.
Observing the response pattern should show clinicians the items that an individual may have difficulty with, given a specific measure-

ment value.

logit.?? The overall similarity in item difficulty hierarchies
between persons poststroke and community-dwelling older
adults’ sample abilities suggests that the FGA may be “diag-
nosis-free,” where measurements could be interpreted simi-
larly across diagnostic groups.

Implications for research and clinical practice

Findings from this study have important implications for
research and clinical practice. First, the findings from this
analysis support the validity of the FGA for measuring walk-
ing balance in persons with stroke in research and clinical
practice. Second, FGA measures for persons with stroke and
community-dwelling older adults can be interpreted simi-
larly. This is important for research designs that have older
adults as a comparison group. Third, the Rasch analysis pro-
vides an interval scale for measurement that can address
limitations when using summative scores. Fourth, FGA item-
level psychometrics can be used to inform targeted mea-
surement practices like computerized adaptive testing,
which can improve efficiency. Lastly, the quantifiable item
hierarchy provides a basis for interpreting measures with
respect to tasks a person is likely able to do.*' Clinicians can
use the keyform to visualize this relationship, giving mean-
ing and interpretability to an individual’s measure, %1133
With the keyform, clinicians can quickly see what a patient
can or cannot accomplish and which tasks could be plausible
treatments (ie, tasks just above the person’s measure or
ability). Additionally, keyforms can be used to track patient

progress and show patients their expected progression dur-
ing treatment, %416

Study limitations

There are several limitations to this study. First, the restric-
tion to retrospective data of individuals with chronic stroke
associated with 1 research site may limit the generalizability
of the results. Second, participants did not use an assistive
device when performing FGA items, which may have influ-
enced the item difficulty measures and limited the generaliz-
ability of these findings. The similarity of item difficulty
measures between Beninato and Ludlow'® and this study may
indicate that preventing assistive device use did not influence
item difficulty measures. Because this remains an empirical
question, clinicians should be aware that allowing an assistive
device may influence the interpretability of the keyform as it
was presented in this study. Third, the measures on the key-
form range from 2-29, not 0-30, which may be a barrier to
implementation. Rasch measures corresponding to zero and
perfect raw scores have infinite SEs.>> This may confuse some
clinicians who are familiar with 0-30 scores.>®

Conclusions

In conclusion, the Rasch analysis supports using the FGA for
measuring walking balance ability in persons with chronic
stroke. The FGA keyform provides clinicians with a way to
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use the new interval measurement scale and interpret indi-
vidual patient measures. This study provides item-level psy-
chometrics for the FGA and additional support for the use of
FGA in outpatient neurologic physical therapy settings, as
recommended by clinical practice guidelines.”

Suppliers

a. SAS, version 9.4; SAS Institute Inc.
b. Winsteps, version 3.93; John Lincare.

Corresponding author

Bryant A. Seamon, PT, DPT, PhD, Division of Physical Therapy,
Department of Rehabilitation Sciences, College of Health
Professions, Medical University of South Carolina, 151-B Rut-
ledge Ave, Charleston, SC 29425. E-mail address:
seamon@musc.edu.

Disclosure

B.A.S. is currently receiving a subaward from the National
Institutes of Health (NIH) Learning Health Systems (LHS)
Scholar Program — NIH Learning Health Systems Rehabilita-
tion Research Network (LeaRRn) and a grant from the
Department of Veterans Affairs (VISN7 Research Develop-
ment Award). S.A.K. is currently receiving grants from the
NIH (grant nos. P20 GM109040-10, U54 GM104941-10, P2C
HD086844-09, and C06 0D036020-01), grants from the
Department of Veterans Affairs (grant nos. 11K6 RX003075,
11K2 RX003540, 1101 RX003146-01A1, and 121 RX003881-
01A1), an internal grant from the Medical University of South
Carolina (award amount $200,000), and an industry grant
from Helius Medical Technologies (award amount $164,258).
J.C.D. is currently receiving a grant from the NIH (grant no.
RO1 HD103923), a grant from the Department of Veterans
Affairs (grant no. 101 RX004545), and a grant from the
National Science Foundation (grant no. 2242812). R.R.N. is
currently receiving funding from the Congressionally
Directed Medical Research Program (grant no.
W81XWH2010164) and the Department of Veterans Affairs
(grant no. 1101 RX003138). C.M.G. was also receiving a grant
from the NIH (grant no. RO1HD095137) during the time of
this project. The other authors have nothing to disclose.

References

1. Wrisley DM, Marchetti GF, Kuharsky DK, Whitney SL. Reliability,
internal consistency, and validity of data obtained with the
functional gait assessment. Phys Ther 2004;84:906-18.

2. Thieme H, Ritschel C, Zange C. Reliability and validity of the
functional gait assessment (German version) in subacute stroke
patients. Arch Phys Med Rehabil 2009;90:1565-70.

3. Lin JH, Hsu MJ, Hsu HW, Wu HC, Hsieh CL. Psychometric com-
parisons of 3 functional ambulation measures for patients with
stroke. Stroke 2010;41:2021-5.

4. Wrisley DM, Kumar NA. Functional gait assessment: concurrent,
discriminative, and predictive validity in community-dwelling
older adults. Phys Ther 2010;90:761-73.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Leddy AL, Crowner BE, Earhart GM. Functional gait assessment

and balance evaluation system test: reliability, validity, sensi-
tivity, and specificity for identifying individuals with Parkinson
disease who fall. Phys Ther 2011;91:102-13.

. Yang Y, Wang Y, Zhou Y, Chen C, Xing D, Wang C. Validity of the

Functional Gait Assessment in patients with Parkinson disease:
construct, concurrent, and predictive validity. Phys Ther 2014;
94:392-400.

. Moore JL, Potter K, Blankshain K, Kaplan SL, O’Dwyer LC, Sulli-

van JE. A core set of outcome measures for adults with neuro-
logic conditions undergoing rehabilitation: a clinical practice
guideline. J Neurol Phys Ther 2018;42:174-220.

. Stevens JG, Beurskens AJ. Implementation of measurement

instruments in physical therapist practice: development of a
tailored strategy. Phys Ther 2010;90:953-61.

. Jette DU, Halbert J, Iverson C, Miceli E, Shah P. Use of standard-

ized outcome measures in physical therapist practice: percep-
tions and applications. Phys Ther 2009;89:125-35.

Velozo CA, Woodbury ML. Translating measurement findings into
rehabilitation practice: an example using Fugl-Meyer assess-
ment-upper extremity with patients following stroke. J Rehabil
Res Dev 2011;48:1211-22.

Haley SM, Fragala-Pinkham MA. Interpreting change scores of
tests and measures used in physical therapy. Phys Ther 2006;86:
735-43.

Bond TG, Fox CM. Applying the Rasch model: fundamental mea-
surement in the human sciences. 3rd ed. New York and London:
Routledge; 2015.

Linacre JM. Instantaneous measurement and diagnosis. Phys
Med Rehabil 1997;11:315-24.

Haley SM, Ni P, Ludlow LH, Fragala-Pinkham MA. Measurement
precision and efficiency of multidimensional computer adaptive
testing of physical functioning using the pediatric evaluation of
disability inventory. Arch Phys Med Rehabil 2006;87:1223-9.
Grattan ES, Velozo CA, Skidmore ER, Page SJ, Woodbury ML.
Interpreting action research arm test assessment scores to plan
treatment. OTJR (Thorofare N J) 2019;39:64-73.

Woodbury ML, Anderson K, Finetto C, et al. Matching task diffi-
culty to patient ability during task practice improves upper
extremity motor skill after stroke: a proof-of-concept study.
Arch Phys Med Rehabil 2016;97:1863-71.

Hong I, Lim Y, Han H, Hay CC, Woo HS. Application of the Korean
version of the modified Barthel Index: development of a key-
form for use in clinical practice. Hong Kong J Occup Ther
2017;29:39-46.

Beninato M, Ludlow LH. The Functional Gait Assessment in older
adults: validation through Rasch modeling. Phys Ther 2016;96:
456-68.

Revised Common Rule 45 CFR 46. United States Department of
Health and Human Services, Office for Human Research Protec-
tions (OHRP). Federal Registrar; January 19, 2017. Available at:
https://www.hhs.gov/ohrp/regulations-and-policy/regula-
tions/common-rule/index.html. Accessed May 3, 2025.
Mallinson T, Kozlowski AJ, Johnston MV, et al. Rasch Reporting
Guideline for Rehabilitation Research (RULER): the RULER
Statement. Arch Phys Med Rehabil 2022;103:1477-86.

Van de Winckel A, Kozlowski AJ, Johnston MV, et al. Reporting
guideline for RULER: Rasch reporting guideline for rehabilita-
tion research: explanation and elaboration. Arch Phys Med
Rehabil 2022;103:1487-98.

Linacre JM. Sample size and item calibration stability. RMT
1994;7.

Linacre JM. Rasch power analysis: size vs. significance: stan-
dardized chi-square fit statistic. RMT 2003;17:918.

Linacre JM. A user’s guide to Winsteps Rasch-model computer
programs. Help for Winsteps Rasch Measurement and Rasch
Analysis Software. Available at: https://www.winsteps.com/
winman/index.htm. Accessed January 11 2021.


mailto:seamon@musc.edu
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0001
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0001
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0001
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0002
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0002
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0002
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0003
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0003
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0003
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0004
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0004
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0004
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0005
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0005
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0005
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0005
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0006
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0006
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0006
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0006
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0007
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0007
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0007
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0007
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0008
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0008
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0008
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0009
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0009
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0009
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0010
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0010
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0010
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0010
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0011
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0011
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0011
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0012
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0012
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0012
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0013
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0013
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0014
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0014
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0014
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0014
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0015
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0015
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0015
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0016
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0016
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0016
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0016
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0017
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0017
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0017
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0017
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0018
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0018
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0018
https://www.hhs.gov/ohrp/regulations-and-policy/regulations/common-rule/index.html
https://www.hhs.gov/ohrp/regulations-and-policy/regulations/common-rule/index.html
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0020
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0020
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0020
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0021
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0021
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0021
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0021
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0022
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0022
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0023
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0023
https://www.winsteps.com/winman/index.htm
https://www.winsteps.com/winman/index.htm

FGA item-level psychometrics

25.

26.

27.

28.

29.
30.

31.

Wright BD, Linacre JM. Reasonable mean-square fit values. RMT
1994;8:370.

Linacre JM. When to stop removing items and persons in Rasch
misfit analysis? RMT 2010;23:1241.

Lim CR, Harris K, Dawson J, Beard DJ, Fitzpatrick R, Price AJ.
Floor and ceiling effects in the OHS: an analysis of the NHS
PROMs data set. BMJ Open 2015;5:e007765.

Wright BD, Masters GN. Number of person or item strata:
(4*Separation + 1)/3. RMT 2002;16:888.

Shaw F. Fits about "Misfit". RMT 1991;5:132.

Reeve BB, Hays RD, Bjorner JB, et al. Psychometric evaluation
and calibration of health-related quality of life item banks:
plans for the Patient-Reported Outcomes Measurement Infor-
mation System (PROMIS). Med Care 2007;45(5 Suppl 1):522-31.
Velozo CA. Using measurement to highlight occupational ther-
apy'’s distinct value. Am J Occup Ther 2021;75:7406150010.

33.

34.

35.

36.

. Su YH, Sheu CF, Wang WC. Computing confidence intervals of

item fit statistics in the family of Rasch models using the boot-
strap method. J Appl Meas 2007;8:190-203.

Franchignoni F, Giordano A, Ronconi G, Rabini A, Ferriero G.
Rasch validation of the activities-specific balance confidence
scale and its short versions in patients with Parkinson’s disease.
J Rehabil Med 2014;46:532-9.

Stenner JA. Measuring reading comprehension with the Lexile
framework. In: Paper presented at: 4th North American Conference
on Adolescent/Adult Literacy, Washington, DC; February 2-4, 1996.
Linacre JM. Standard errors and reliabilities: Rasch and raw
score. RMT 2007;20.

Kozlowski AJ, Cella D, Nitsch KP, Heinemann AW. Evaluating
individual change with the quality of life in neurological disor-
ders (Neuro-QolL) short forms. Arch Phys Med Rehabil 2016;97:
650-4.e8.


http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0025
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0025
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0026
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0026
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0027
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0027
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0027
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0028
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0028
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0029
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0030
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0030
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0030
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0030
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0031
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0031
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0032
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0032
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0032
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0033
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0033
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0033
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0033
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0034
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0034
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0034
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0035
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0035
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0036
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0036
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0036
http://refhub.elsevier.com/S2590-1095(25)00027-8/sbref0036

	Item-Level Psychometrics for the Functional Gait Assessment in Persons With Stroke
	Methods
	Data source
	Rasch analysis
	Sample size justification
	Rating scale structure
	Unidimensionality
	Local dependence
	Item and person fit
	Person-item match
	Person separation index
	FGA keyform


	Results
	Rating scale structure
	Unidimensionality
	Local dependence
	Item and person fit
	Person-item match
	Separation index
	Scoring an FGA keyform

	Discussion
	Implications for research and clinical practice
	Study limitations

	Conclusions
	Suppliers
	Disclosure
	References


