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Abstract

Objective. This study investigated the validity, reliability, responsiveness, and interpretability of the Patient-Specific Functional
Scale (PSFS) in subacute stroke rehabilitation to determine its suitability to measure patient-identified rehabilitation goals.
Methods. A prospective observational study was designed according to the checklist from Consensus-Based Standards for
Selecting Health Measurement Instruments. Seventy-one patients diagnosed with stroke were recruited in the subacute
phase from a rehabilitation unit in Norway. The International Classification of Functioning, Disability and Health was used
to assess the content validity. Assessment of construct validity was based on hypotheses for correlation of the PSFS and
comparator measurements. We assessed reliability by calculating the Intraclass Correlation Coefficient (ICC) (3.1) and the
standard error of measurement. The assessment of responsiveness was based on hypotheses for the correlation of change
scores between the PSFS and the comparator measurements. A receiver operating characteristic analysis was conducted
to assess responsiveness. The smallest detectable change and minimal important change were calculated.
Results. Eighty percent of the PSFS items were classified as activities and participation in the International Classification
of Functioning, Disability and Health, indicating satisfactory content validity. The reliability was satisfactory with an ICC of
0.81 (95% CI = 0.69–0.89). The standard error of measurement was 0.70 point, and the smallest detectable change was 1.94
points. Five of 7 hypotheses were confirmed for construct validity, and 5 of 6 were confirmed for responsiveness, indicating
moderate construct validity and high responsiveness. Assessing responsiveness with a criterion approach resulted in an area
under the curve of 0.74. A ceiling effect was identified for 25% of the participants 3 months after discharge. The minimal
important change was estimated to be 1.58 points.
Conclusion. This study demonstrates satisfactory measurement properties for the PSFS in individuals undergoing inpatient
stroke rehabilitation.
Impact. This study supports the use of the PSFS to document and monitor patient-identified rehabilitation goals in patients
receiving subacute stroke rehabilitation when applied using a shared decision approach.
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2 Measurement Properties of the PSFS

Introduction

Stroke remains a leading cause of adult disability.1,2 More
than 50% of patients with a stroke have limitations in
activities of daily living, and up to 40% use a manual
wheelchair at rehabilitation discharge.3 Other challenges after
a stroke include visual field loss (15%–52%) and dysphagia
(42%–67%).3 More than one-half of individuals with stroke
experience reduced cognitive function such as problems
with memory, orientation, and attention.4 Further, 30%
experience aphasia5 and 50% experience fatigue.6 However,
evidence-based stroke rehabilitation can maximize recovery
and improve quality of life.3 Rehabilitation facilitates the
achievement of a person’s functional potential in their work
and living environments. Health professionals should tailor
rehabilitation interventions in collaboration with the patients
to achieve each patient’s goals.7 Shared decision-making
during the goal-setting process may increase motivation,
confidence, and the sense of ownership of rehabilitation.8,9

Guidelines recommend that health professionals use standard-
ized measurements to detect functional changes and evaluate
the rehabilitation benefits for individuals with stroke.10

Patient-reported outcome measures capture patients’
self-reported functioning.10 These measurements are often
predefined with standardized questions and replies, limiting a
questionnaire’s relevance. Patient-specific measurements are a
subcategory of patient-reported outcome measures that do not
contain standardized questions. Instead, these measurements
enable patients to identify their problems and current level
of functioning using a rating scale.11 Hence, patient-specific
measurements may be more specific to each patient’s func-
tional problems than other standardized measurements.12,13

Further, these measurements require the active involvement
of patients to identify and rate their problems.11 Moore et al
developed a clinical practice guideline containing a core set of
outcome measurements for adults with neurologic conditions
(ie, an injury or disease to the central or peripheral nervous
system) undergoing rehabilitation.10 The authors emphasized
that health professionals should document patient-identified
goals and monitor changes using a relevant outcome
measurement.

The Patient-Specific Functional Scale (PSFS) is 1 of 11
patient-specific measurements used during goal setting11 and
to document a patient’s problems during functional activi-
ties.14 First, the patients identify 1 to 5 activities (ie, PSFS
items) in which they are experiencing difficulties because of
injury or illness. Then, patients rate their current level of
functioning associated with each activity on a numeric rating
scale from 0 to 10, where 0 is “unable to perform the activity”
and 10 is “performs the activity without difficulties or at
the same level as before the injury/ illness.”14 The PSFS can
be used across ages and levels of disability and by vari-
ous professions across different levels of health services.15 It
requires few resources for training and minimal equipment,16

is easy to administer, and is easily understood by patients.15

A Norwegian version of the PSFS was validated for patients
with musculoskeletal disorders in primary care.17,18

Pathak et al19 used Consensus-Based Standards for Select-
ing Health Measurement Instruments (COSMIN) guidelines
to assess measurement properties of the PSFS in a systematic
review and found sufficient measurement properties in muscu-
loskeletal disorders and some nonmusculoskeletal disorders.
However, the authors emphasized the PSFS needs further

evaluation before clinical use in health conditions such as
stroke. Moore et al10 found that no patient-specific measure-
ment had sufficient evidence across neurologic conditions to
support a clinical practice guideline recommendation. The
authors stated that the PSFS might be appropriate to adminis-
ter but concluded that there were gaps in the literature regard-
ing its measurement properties for these populations. Evensen
et al20 investigated the applicability of the PSFS in patients
with acquired brain injury (92% with stroke) and concluded
that 92% (n = 54) could complete the PSFS. The patients
who could not complete the PSFS (n = 5) demonstrated severe
cognitive or language impairment.

A barrier to PSFS administration in patients with neurologic
conditions is the potential impact of cognition, self-awareness,
and language impairments.10,21,22 Heldmann et al23 reported
that the PSFS has satisfactory measurement properties for
assessing patient-specific functional limitations and changes
in older patients with and without cognitive impairment hos-
pitalized for acute stroke. The authors found good to excellent
relative reliability, and construct validity was supported in
both groups. Research on a similar patient-specific measure-
ment, the Canadian Occupational Performance Measure,24

demonstrated excellent test–retest reliability and confirmed
discriminant validity in patients with stroke.22 Although this
demonstrates the potential to use patient-specific outcome
measurements in stroke rehabilitation, the measurement prop-
erties of the PSFS have not been established in this diagnostic
group.10,19

The literature demonstrates the need to identify a measure-
ment that can document and monitor goals for patients under-
going stroke rehabilitation.10 Hence, this study investigated
the validity, reliability, responsiveness, and interpretability of
the PSFS in subacute stroke rehabilitation to determine its
suitability to measure patient-identified rehabilitation goals.

Methods

Study Design, Participants, and Setting

This was a prospective observational study and was designed
and reported according to the COSMIN checklist.25–27

Patients with stroke admitted to a specialized rehabilitation
unit in a Norwegian regional hospital for ≥10 days were
invited to participate. Inclusion criteria were <6 months after
stroke, ability to communicate in Norwegian, and ability to
provide informed consent. In addition, exclusion criteria were
inability to perform the PSFS and the presence of progressive
cancer or a progressive neurological disorder.

The patients were admitted to the rehabilitation unit within
6 months after stroke onset, and the mean length of stay in
2019 for patients with stroke was 13 days (range = 1–66).
The PSFS was administered within 2 days of admission and
discharge. In addition, a 3-month follow-up was completed
after discharge (Tab. 1). The care team at the rehabilitation
unit applied an interdisciplinary rehabilitation model, and a
coordinator (ie, a nurse, occupational therapist, or physical
therapist) organized the rehabilitation goal setting and
activities during the stay. In collaboration with the patient,
each coordinator applied the PSFS using a shared decision
approach (example in Suppl. Appendix 1). Goal setting was
guided by an evidence-based Norwegian guideline instructing
how long-term goals can be transformed into specific and
short-term goals and a PSFS activity.28 The patients received a
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Evensen et al 3

Table 1. Measurement Description, Scoring, and Assessment Timing

Construct Measure Description and Scoring Used For: Assessment Time
Point(s)a

Problems during
functional activities

PSFS14 Patient-specific outcome measure scored
on a numeric rating scale (0–10)

Measurement to be
assessed

T1, T2, T3, T4

Stroke severity National Institutes of
Health Stroke Scale36,62

4 items on ocular movement, vision,
speech, and language, scored on a 3- or
4-point ordinal scale

Medical characteristics T1

Cognitive function Montreal Cognitive
Assessment35

11 items scored on a 1- to 5-point
ordinal scale (0–30, worst to best); <26
identify impairments in cognition63

Medical characteristics T1

Functional independence Modified Rankin Scale64 Single-item questionnaire with a 7-point
ordinal scale (0–6, best to worst)

Construct validity and
responsiveness with
construct approach

T1, T3

Independence in mobility
and daily activities

Barthel Activities of Daily
Living Index31

10 items containing activities of daily
living, bowel and bladder control,
transfer, and ambulation scored on a 3-
or 4-point ordinal scale (0–100, worst to
best)

Construct validity and
responsiveness with
construct approach

T1, T3

Ambulation and
assistance required to
walk

Functional Ambulation
Categories32

Single-item questionnaire with a 6-point
ordinal scale (0–5, worst to best)

Construct validity and
responsiveness with
construct approach

T1, T3

Comfortable gait speed 4-M Walk Test33,34,37 Speed to walk 4 m without acceleration
or deceleration, measured in m/s

Construct validity and
responsiveness with
construct approach

T1, T3

Perceived change in
function

Global Rating Scale26,65 Single-item questionnaire (scored 1–7)
with response option of “much
improved,” “improved,” “slightly
improved,” “no change,” “slightly
worsened,” “worsened,” or “much
worsened”

Responsiveness with
construct approach,
subgroup analyses of
responsiveness, and
calculation of minimal
important change

T2, T3, T4

aPSFS = Patient-Specific Functional Scale; T1 = within 2 days of admission; T2 = 48 hours after T1; T3 = within 2 days of discharge; T4 = 3 months after
discharge.

written brochure about goal setting in a rehabilitation process.
The coordinators attended training in utilizing the PSFS
that included role-play exercises, observing a collaborative
goal-setting process that involved PSFS completion, and
supervision.

Measurements and Data Collection

This study included the assessment of content validity,
construct validity, reliability, and responsiveness of the PSFS.
The comparator measurements modified Rankin Scale (mRS),
Barthel Index for Activities of Daily Living (BI), Functional
Ambulation Categories (FAC), and 4-M Walk Test (4MWT)
measure construct areas that are commonly affected by stroke
and targeted by rehabilitation interventions.16,29,30 The
comparator measurements Montreal Cognitive Assessment
(MoCA), National Institutes of Health Stroke Scale, and
Global Rating Scale (GRS) and assessment time points are
presented in detail in Table 1. All of the measurements
have satisfactory measurement properties for patients with
stroke.30–37

Health professionals from the interdisciplinary care team
and the first author (J.E.) collected the data from January
2020 to December 2021. Because of the COVID-19 pandemic,
we could not collect data from March to September 2020.
Occupational therapists and the first author administered
the MoCA and completed the measure’s official training.38

The physical therapists applying the 4MWT were trained
in administrating the test. Medical and sociodemographic
information were extracted from the medical record. Three
months after discharge, the PSFS, mRS, FAC, and BI were
administered in an in-person interview or by telephone by the
first author (J.E.) because of the COVID-19 pandemic.

Assessment of Measurement Properties
According to COSMIN
Content Validity

We used The International Classification of Functioning,
Disability and Health (ICF)39 to assess the correspondence
between the rehabilitation goals represented by the PSFS
items for each patient and the construct measured by the
PSFS.26 The authors J.E. and B.A.B. independently linked
goals into either body functions or activities and participation
components.40 A third author (H.L.S.) was consulted to
resolve disagreement. We linked the goals based on the
meaningful units in the text and selected multiple codes when
a goal contained more components.40,41 The content validity
was considered satisfactory if 80% of the goals could be
classified in the ICF activities and participation component.
Examples of goals classified into the ICF main components
“body functions” and “activities and participation” are
presented in Supplementary Appendix 2.

Construct Validity

We established construct validity using hypotheses for cor-
relation between the PSFS and comparators mRS, BI, FAC,
and 4MWT. The hypotheses were based on previous stud-
ies22,23,42–44 and consensus among the investigators. Table 2
describes the hypotheses.

Reliability

The health professionals completed the test–retest reliability
scoring on the PSFS 48 hours apart. To determine the stability
of each patient’s symptoms at the retest, we used the GRS,
asking each patient, “With respect to your stroke, how do you
perceive your difficulties now compared with 48 hours ago?”
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4 Measurement Properties of the PSFS

Table 2. Hypotheses, Justifications, and Results for Assessing Construct Validity and Responsiveness With a Construct Approacha

Parameter Tested Aspect of PSFS Comparator Hypotheses and Justifications Result Confirmed
Hypotheses

Construct validity Total score (n = 71) BI Fair (r = 0.26–0.49) based on previous studies;
PSFS and BI assess related constructs23,42

r = 0.27b Yes

Items similar to BI
items (n = 58; 121
items)

BI Fair but higher than with PSFS total score,
because ADL items in PSFS and BI assess the
same construct

r = 0.48b Yes

Total score (n = 57) 4MWT, gait speed Fair (r = 0.26–0.49) based on previous studies;
PSFS and 4MWT assess related constructs23,42

r = 0.16 No

Items similar to
gait function
(n = 52; 62 items)

4MWT, gait speed Fair but higher than with PSFS total score; gait
function items in PSFS and 4MWT assess the
same construct

r = 0.41b Yes

Total score (n = 71) FAC Fair (r = 0.26–0.49) based on previous studies;
PSFS and FAC assess related constructs

r = 0.32b Yes

Items describing
gait function
(n = 52; 62 items)

FAC Fair but higher than with PSFS total score; gait
function items in PSFS and FAC assess the same
construct

r = 0.32b No

Total score (n = 71) mRS Low (r < 0.25) because mRS assesses a related
but different construct

r = −0.23b Yes

Responsiveness Change score GRS Fair correlation (r = 0.26–0.49) because GRS
and PSFS assess the same construct46,66

r = 0.46b Yes

Change score BI Low correlation (r < 0.25) because BI assesses a
dimension of functional problems that may not
be relevant to all patients with stroke

r = 0.25b No

Change score 4MWT, gait speed Low correlation (r < 0.25) because 4MWT
assesses a dimension of functional problems
that may not be relevant to all patients with
stroke42

r = 0.12 Yes

Change score FAC Low correlation (r < 0.25) because FAC
assesses dimensions of functional problems that
may not be relevant to all patients with stroke42

r = 0.12 Yes

Change score mRS Fair correlation (r = 0.26–0.49) because mRS
assesses a construct related to but differs from
the construct that PSFS assesses42

r = 0.27b Yes

Change score GRS, stable and
improved subgroups

Expectation of significant difference in PSFS
change score for the 2 subgroups (improved
and stable) because GRS and PSFS assess the
same construct

p = .003 Yes

aADL = activities of daily living; BI = Barthel ADL Index; FAC = Functional Ambulation Categories; GRS = Global Rating Scale; mRS = modified Rankin Scale;
4MWT = 4-M Walk Test; PSFS = Patient-Specific Functional Scale. bp < .05.

Those who reported “slightly improved,” “no change,” or
“slightly worsened” were categorized in the stable subgroup
and were included in the test–retest analysis.

Responsiveness

We evaluated responsiveness using a criterion approach. First,
categorizing the GRS scores at discharge and 3 months after
discharge into either the improved or the stable subgroup. The
improved subgroup consisted of participants who reported
“improved” and “much improved.” The stable subgroup con-
sisted of participants who reported “slightly improved” and
“no change.”

A second method to evaluate responsiveness was based on
hypotheses for correlations between changes in PSFS scores
and comparator changes (ie, GRS, mRS, BI, 4MWT, FAC) and
hypotheses concerning expected mean differences between
changes in PSFS scores in the improved and stable sub-
groups.45 We formulated the hypotheses based on previous
studies42,46 and consensus among the authors. Because the
comparator measurements included items that may be irrel-
evant to some patients, we did not expect them to capture
the same amount of change as the PSFS. Further, we did not
expect the single-item instruments (ie, mRS, 4MWT, and FAC)

to capture change to the same extent as the PSFS.44 Table 2
describes the hypotheses.

Data Analysis

We tested normality with Q-Q plots, Shapiro–Wilk tests, and
visual inspection for all groups and subgroups and analyzed
the data using parametric and nonparametric approaches as
indicated by the test results. Continuous data are presented
using means and SDs, range, and median and interquartile
range. The categorical variables are presented as frequencies
and percentages. We calculated a PSFS mean score by dividing
the sum of the ratings by the number of identified activities.
Further, we calculated a mean PSFS score for items describing
gait function and another PSFS mean score for items similar
to the BI (eg, ADL, transfer, and ambulation). The mean
difference between groups was assessed with an independent-
sample t test. In addition, we assessed the mean difference in
repeated measures with the paired-sample t test or Wilcoxon
signed rank test. P <.05 was considered statistically signifi-
cant.

Construct validity was assessed using the Spearman correla-
tion coefficient: low (r < 0.25), fair (r = 0.26–0.49), moderate
to high (r = 0.50–0.74), and high to excellent (r ≥ 0.75).47
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Evensen et al 5

The construct validity was considered to be high if <25% of
the hypotheses were rejected, moderate if 25% to 50% were
rejected, and poor if >50% were rejected.26

Fifty participants are recommended for the test–retest anal-
ysis.26 Assuming that 70% of the participants were stable, 70
participants were required to obtain 50 participants in the
stable subgroup. Reliability was assessed using the ICC(3.1)
(2-way mixed-model single measure) with 95% CIs.26,48 An
ICC ≥0.70 was considered satisfactory.27,49 A Bland–Altman
plot was used to examine the mean difference between test
and retest scores and estimated an agreement interval, within
which 95% of the differences fell.50 The standard error of
measurement (SEM) was derived from the ICC and was
calculated as follows: SEM = SD × √1 − r.26

Responsiveness based on hypotheses was quantified by
the Spearman correlation coefficient: low (r ≤ 0.25), fair
(r = 0.26–0.49), moderate to high (r = 0.50–0.74), and high to
excellent (r ≥ 0.75).47 The responsiveness was considered high
if <25% of the hypotheses were rejected, moderate if 25%
to 50% were rejected, and poor if >50% were rejected.26

We assessed perceived recovery with the GRS as an anchor,
dichotomized as improved and stable. The GRS anchor was
acceptable if the results identified a minimum correlation
of 0.30 between the PSFS change scores and the anchor.51

Receiver operating characteristic (ROC) analysis investigated
the extent to which the PSFS discriminates between the 2
subgroups (stable and improved).49 We considered that an
area under the curve (AUC) ≥0.70 would be satisfactory.49

We estimated the smallest detectable change at the 95%
confidence level (SDC95) as follows: SDC95 = 1.96 × √2 ×
SEM.49 The minimal important change was estimated using
an anchor-based approach and an ROC. The optimal ROC
cutoff point identified the minimal important change value.52

PSFS ceiling and floor effects were considering present if
>15% of the participants achieved the minimum or maximum
score.

The missing data are reported in the Results section. We
used IBM SPSS version 28 (IBM SPSS, Armonk, NY, USA) for
the statistical analysis.

Role of the Funding Source

The funders had no role in the study’s design, conduct, or
reporting.

Results

Participants

A total of 107 patients were assessed for inclusion. Twenty-
one were excluded due to severe aphasia (n = 15), inability
to speak Norwegian (n = 2), or inability to complete the PSFS
for other reasons (n = 4). Six patients were excluded because
their stroke onset occurred >180 days before admission.
Nine declined to participate. Hence, the total sample was 71
patients. Seven participants were lost at the 3-month follow-
up, and <5% of the data were missing because of practical
data collection challenges for the health professionals. The
missing data included a PSFS score at retest and 1 at 3 months
after discharge. Two GRS scores were missing at retest, and
1 was missing at discharge. Table 3 presents participants’
characteristics at admission.

The PSFS mean scores were normally distributed, but the
BI and MoCA scores were not. The PSFS mean scores were

Table 3. Sociodemographic and Medical Characteristics of 71 Participants
at Admission

Characteristic Valuea

Men/women 46 (65)/25 (35)
Age, mean (SD), y 71 (11)
Discharged to:

Home 52 (73)
Nursing home 15 (21)
Other places 4 (6)

Education level, y
≤12 53 (75)
≥13 18 (25)

Length of stay in rehabilitation unit, mean (SD), d 17 (5)
Days after stroke, mean (SD) 31 (39)

≤6 9 (13)
7–89 57 (80)
90–180 5 (7)

Stroke location or type
Ischemic stroke, right side 22 (31)
Ischemic stroke, left side 23 (32)
Hemorrhagic stroke 9 (13)
Cerebellar stroke 2 (3)
Brain stem stroke 6 (8)
Unclassified 9 (13)

Aphasia 20 (28)

aData are reported as number (percentage) of participants unless otherwise
indicated.

3.8 (SD = 1.6) at admission, 6.6 (SD = 2.2) at discharge, and
7.9 (SD = 1.9) at the 3-month follow-up. The PSFS mean score
improved by a mean of 2.6 (SD = 2.0) points from admission
to discharge and by a mean of 1.2 (SD = 1.8) points from
discharge to the 3-month follow-up. The median admission
MoCA score was 20 (interquartile range = 17–25) points,
and 84% of participants had cognitive impairments. Table 4
describes the test results.

Content Validity

The participants (n = 71) identified 232 PSFS items with a
median of 3 PSFS items per patient (range = 1–5). The content
validity was satisfactory because 80% of the PSFS items were
classified as activities and participation in the ICF.

Construct Validity

The results demonstrated a fair to low correlation between the
PSFS admission score and the comparator measurements. As
shown in Table 2, we confirmed 5 of the 7 hypotheses (71%),
indicating moderate construct validity.

Reliability

The stable subgroup consisted of 51 participants, and 28
(55%) reported “slightly improved.” There was a significant
change (P < .001) in PSFS mean score for the stable subgroup
with a higher retest score of 0.25 (SD = 1.2) point. The ICC
was 0.81 (95% CI = 0.69–0.89), and the SEM was 0.70 point.
As shown in Figure 1, no systematic variability was demon-
strated in a Bland–Altman plot, with 95% limits of agreement
being −2.15 and 2.60 points.

Responsiveness

The correlations between mean PSFS and comparator
measurements’ change scores were low to fair. We identified
statistically significant differences (p = .003) when comparing
the mean PSFS score for the stable subgroup (1.49 points)
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6 Measurement Properties of the PSFS

Table 4. Results at Admission and Discharge and Change Scores from Admission to Dischargea

Measurement Value at: Change Score

Admission Discharge

PSFS, mean (SD) 4.0 (1.8) 6.6 (2.2) 2.6 (2)b

mRS, median (IQR) 4 (3–4) 3 (2–4) 0 (−1 to 0)b

BI, median (IQR) 74 (60–95) 83 (70–100) 5 (0 to 15)b

FAC, median (IQR) 3 (3–4) 4 (3–5) 1 (0 to 1)b

Walk without assistance/alone, no. (%) of participants 29 (41) 50 (70)
Walk with assistance, no. (%) of participants 42 (59) 21 (30)

4MWT, mean (SD), m/s 0.79 (0.32) 0.90 (0.28) 0.11 (0.23)b

Unable to walk in 4MWT without physical assistance, no. (%) of participants 15 (21) 7 (10)
MoCA total score, median (IQR) 20 (17–25) d

Cognitive impairments of <26 points on MoCA, no. (%) of participants 58 (84)c

aBI = Barthel Activities of Daily Living Index; FAC = Functional Ambulation Categories; MoCA = Montreal Cognitive Assessment; mRS = modified Rankin
Scale; 4MWT = 4-M Walk Test; PSFS = Patient-Specific Functional Scale. bP < .05. cn = 69. d Not used at discharge (T3) because of a short time space between
admission (T1) and discharge (T3) to avoid a learning effect.

Figure 1. Bland–Altman plot of the Patient-Specific Functional Scale (PSFS) scores showing the mean difference between test and retest and
constructing limits of agreement to estimate an agreement interval, within which 95% of the differences fall. The horizontal line in the middle represents
the mean of the differences (d) between test and retest scores. The upper and lower lines indicate the 95% limits of agreement, obtained as d ± 1.96
SD of d.

with the improved subgroup (3.11 points). We rejected 1 of
6 hypotheses (17%), and the responsiveness was considered
high (Tab. 2).

According to the GRS, 50 of the participants (71%)
improved their scores, and 20 (29%) were stable from
admission to discharge. The PSFS discriminated between
participants in the stable subgroup and those in the improved
subgroup with an AUC of 0.74 (95% CI = 0.61–0.87). Further,
responsiveness testing from discharge to the 3-month follow-
up identified 45 participants (70%) in the improved subgroup
and 19 participants (30%) in the stable subgroup. The AUC
was 0.30 (95% CI = 0.16–0.45), indicating low responsiveness
for this period.

Interpretability

In this study, no participants scored zero on the PSFS items
at any time point or 10 at admission. Four participants
scored 10 at discharge. At 3 months after discharge, 16

of 64 participants (25%) scored 10, indicating a ceiling
effect at this time point. The SDC95 was 1.94 points. The
correlation between the PSFS and the GRS change scores was
0.46 (p< .001); hence, the GRS was an acceptable minimal
important change anchor. Figure 2 illustrates the optimal
cutoff value of 1.58 in the ROC curve with a sensitivity of
0.82 and a specificity of 0.60. Hence, the minimal important
change from admission to discharge was estimated to be
1.58 points.

Discussion

This study supports the use of PSFS for goal setting in patients
undergoing stroke rehabilitation. The results showed that
the content validity, construct validity, and relative reliability
(ICC = 0.81) were satisfactory. Further, the SEM and SDC95
were 0.70 and 1.94 points, respectively. The results indicated
high responsiveness, and the PSFS discriminated between
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Figure 2. Receiver operating characteristic (ROC) was used to estimate
the minimal important change by identifying the optimal cutoff point
between the improved and stable subgroup.

participants in the stable subgroup and those in the improved
subgroup with an AUC of 0.74. The minimal important
change was estimated to be 1.58 points.

Content Validity

Eighty percent of the PSFS items were classified as activities
and participation in the ICF, which is less than the num-
ber in this domain in a study on musculoskeletal disorders
(median = 95%).19 Individuals with subacute stroke may be
more concerned about their impairments and sudden loss of
function than individuals with musculoskeletal disorders may
be.53 In patients with traumatic brain injury and dizziness
and balance problems, the PSFS items were classified as 65%
activities and participation and 31% body functions.54 The
amount of PSFS items classified as activities and participation
is lower than in the present study (80%), which may reflect
that dizziness and balance problems more often are classified
as body function.

Construct Validity

We confirmed 5 of 7 construct validity hypotheses. The corre-
lation between gait speed assessed with 4MWT and the PSFS
total score was lower than expected (r = 0.16). This conflicts
with research identifying several associations between walk-
ing speed and functional tasks.34 Individuals with stroke often
report challenges such as visual field loss, dysphagia, reduced
cognitive function, and aphasia, which may influence the PSFS
total score and reduce the correlation with gait speed. Fifty-
nine percent of the participants in this study needed assistance
for walking, and patient goals likely focused more on walking
ability than walking speed.

The fair correlation between the PSFS and the compara-
tors may indicate that the PSFS captures other aspects of

functioning than the standardized measurements. The patient-
centered nature of the PSFS that requires the exploration of
individual needs may explain this finding. Thus, the PSFS
may complement standardized measurements to provide a
more comprehensive and patient-centered representation of
functional problems for patients with stroke.

Reliability

The relative reliability (ICC = 0.81) is consistent with
PSFS studies in patients with musculoskeletal disorders
(ICC = 0.55–0.98).19 Patients included in our study were
admitted to rehabilitation ≤180 days after the stroke onset
when poststroke recovery is rapid.55,56 In our research, the
PSFS mean score was 0.25 point higher at retest than at test,
which indicates an improvement for some of the participants
over 48 hours. In addition, 55% of participants who were
categorized as stable reported they improved slightly on
the GRS at retest. An acute care study of older adults with
and without cognitive impairments acknowledged a known
rapid change in function during the first days.23 Therefore,
the study investigators used a 24-hour period for assessing
the test–retest reliability. Despite a shorter time from test
to retest, the ICC was lower (0.76) than in the present
study.23

Some authors recommend selecting measures with an
ICC >0.90 when the measure guides decisions about an
individual’s care, whereas an ICC >0.70 is acceptable when
applied to group-level changes.57 For example, de Vet et al26

considered an ICC of 0.70 acceptable but values >0.80 or
0.90 to be more beneficial. Our study resulted in an ICC of
0.81 when trained health professionals administered the test.
These data suggest that when applying the PSFS in clinical
practice, training and minimizing sources for error will be
critical to ensure reliable measurement.

In this study, the SEM accounts for the possibility that a
change of 0.70 point may be due to random error. This finding
is consistent with previous studies of patients with muscu-
loskeletal disorders (SEM = 0.35–1.50)19 and older patients in
an acute care setting with and without cognitive impairment
(SEM = 0.78 and 0.83).23

Responsiveness

We did not confirm the hypothesis regarding a low correlation
between the PSFS and the BI change scores. Instead, the
correlation was 0.25, which was just above the criterion. In
this study, 58 of 71 participants identified PSFS items similar
to items in the BI, indicating many participants have prob-
lems with activities of daily living and ambulation. Hence,
we slightly underestimated this correlation in the a priori
hypothesis.

These data indicate that the PSFS discriminates between
participants in the stable subgroup and those in the improved
subgroup with an AUC of 0.74. This finding aligns with the
results of a systematic review that identified AUCs ranging
from 0.61 to 0.99.19 In these studies, the follow-up period
ranged from 6 days to 3 months, and the mean length of
stay in the present study was 17 days. However, we identified
low PSFS responsiveness between discharge and 3 months
after discharge. The ceiling effect we identified 3 months
after discharge may have hampered the capacity to capture
improvement using the same PSFS items across admission, dis-
charge, and follow-up.26 Hence, it may be optimal to consider
new goals after discharge from inpatient rehabilitation.58,59
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Interpretability

The high scores in the PSFS at 3 months after discharge
may indicate that the participants reached their preferred
functional level. Therefore, the high scores might have been
appropriate for the respective PSFS items.26 However, this
might also reflect a need for reassessment and identifying
new and more challenging goals throughout the rehabilitation
process.

Based on these results, health professionals can consider a
PSFS total score change of 2 points (SDC95) to reflect a change
beyond measurement error for patients with subacute stroke.
Similarly, the SDC95 values were 1.80 and 1.90 points for
older patients with and without cognitive impairments and
hospitalized for acute stroke, respectively, and 0.64 to 3.30 for
individuals with musculoskeletal disorders.23 In the present
study, the minimal important change was 1.58 points, which
is similar to the minimal important change range of 0.80 to
2.90 points identified in other studies.19,23

Implications for Practice

Disturbances of cognition, self-awareness, and language
impairment in patients with stroke are considered a barrier to
ascertaining the patients’ goals and ratings of the goals.10,22 In
this study, 84% of the participants had cognitive impairments
and 26% had aphasia. These results support the use of
the PSFS in patients with stroke in a subacute stroke
rehabilitation setting, even when language or other cognitive
impairments are present. Another study involving patients
with subacute stroke showed that 8% of the sample who
were unable to complete the PSFS had severe cognitive or
language impairment.20 Nevertheless, health professionals
should exercise caution when using PSFS results to guide
decision-making when patients have poor cognitive function
or language difficulties.

In this study, the PSFS was administered within 2 days
of admission and discharge, which allowed us to capture
changes throughout the length of stay. As such, we recommend
administering the PSFS at these time points to ensure all
possible changes are captured during a patient’s stay. We also
identified low responsiveness during the 3-month follow-up
and recommend asking patients to identify new goals for
periods after discharge from inpatient rehabilitation.

The SDC95 (1.94 points) in the present study was higher
than the minimal important change (1.58 points). When
applying the minimal important change to patients in practice,
we recommend using a value ≥2.0 points to account for
the SDC95. At a group level, achieving the SDC95 would
imply that minimal important change was achieved. However,
the threshold for the SDC95 should be exceeded when used
with individuals or aggregated data. The PSFS was applied
using a shared decision approach, and we recommend using
similar methods when administering the measure in practice
and research. These results may not be generalizable to
other methods, such as asking patients to self-administer the
PSFS.26

The scope of this study was to investigate the PSFS measure-
ment properties when administered using a shared decision
approach. Other clinical aspects that may be important for
future research include the impact of the PSFS on the col-
laboration between the multidisciplinary team and patients’
families.

Strengths and Limitations

Using COSMIN as a guide helped us design the study of
the PSFS on the measurement properties. However, this
also created a few challenges. Specifically, it was difficult
to define a priori hypotheses including correlations for
the construct validity analyses and responsiveness with
a construct approach. Although COSMIN recommends
these approaches, we found the literature that used these
approaches to be scarce.

Because of the COVID-19 pandemic, we revised our initial
data collection plan for the 3-month in-person follow-up.
Regarding the PSFS, mRS, FAC, and BI, the first author (J.E.)
collected the data in person or by telephone, which might have
resulted in bias. However, in a meta-analysis, Rutherford et
al60 reported that mixed modes of tests administration do not
cause bias and may be a helpful strategy for reducing missing
data.

Ideally, the percentage of participants in the improved or
stable subgroup should be 50% to estimate minimal impor-
tant change using an ROC analysis.61 Terluin et al61 found
that minimal important change was estimated higher when
the proportion improved was >50%. Further, de Vet et al
reported that at least 35 participants are needed in each
group to assess responsiveness with a construct approach.26

The stable and improved subgroups consisted of 20 and
50 in this study.26 Hence, the minimal important change
value and responsiveness with a criterion approach should be
interpreted with caution.52

This study demonstrates satisfactory measurement prop-
erties for the PSFS in individuals undergoing subacute
stroke inpatient rehabilitation when applied using a shared
decision approach. These data support using the PSFS
to document and monitor patient-identified rehabilitation
goals.
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