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Abstract

Background: Gait impairments are common in stroke survivors, negatively impacting their overall quality of life. Therefore,
gait rehabilitation is often targeted during in-clinic rehabilitation. While standardized assessments are available for inpatient
evaluation, the literature often reports variable results when these assessments are conducted in a home environment. Several
factors, such as the presence of an observer, the environment itself, or the technology used, may contribute to these differing
results. Therefore, it is relevant to establish unsupervised capacity assessments for both in-clinic use and across the continuum
of care.

Objective: This study aimed to investigate the effect of supervision on the outcomes of a sensor-based 10-meter walk test
conducted in aclinical setting, maintaining a controlled environment and setup.

Methods: Intotal, 21 stroke survivors (10 female, 11 male; age: mean 63.9, SD 15.5 years) were assigned alternately to one of
two data collection sequences and tested over 4 consecutive days, alternating between supervised test (ST) and unsupervised test
(UST) assessments. For both assessments, participants were required to walk a set distance of 10 meters asfast as possible while
data were collected using a single wearable sensor (Physilog 5) attached to each shoe. After each walking assessment, the
participants completed the Intrinsic Mativation Inventory. Statistical analyses were conducted to examine the mean speed, stride
length, and cadence, across repeated measurements and between assessment conditions.

Results: The intraclass correlation coefficient indicated good to excellent reliability for speed (ST: k=0.93, P<.001; UST:
k=0.93, P<.001), stride length (ST: k=0.92, P<.001; UST: k=0.88, P<.001), and cadence (ST: k=0.91, P<.001; UST: k=0.95,
P<.001) across repeated measurements for both ST and UST assessments. There was no significant effect of testing order (ie,
sequence A vsB). Comparing ST and UST, there were no significant differencesin speed (t;5=—0.735, P=.47, 95% CI 0.06-0.03),
stride length (z=0.835, P=.80), or cadence (t33=—0.501, P=.62, 95% CI 3.38-2.04) between the 2 assessments. The overall
motivation did not show any significant differences between the ST and UST conditions (P>.05). However, the self-reported
perceived competence increased during the unsupervised assessment from the first to the second measurement.

Conclusions:  Unsupervised gait capacity assessments offer a reliable alternative to supervised assessments in a clinical
environment, showing comparable results for gait speed, stride length, and cadence, with no differences in overall motivation
between the two. Future work should build upon these findings to extend unsupervised assessment of both capacity and performance
in home environments. Such assessments could allow improved and more specific tracking of rehabilitation progress across the
continuum of care.
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Introduction

More than 80% of stroke survivors experience gait impairments,
and between 55% and 75% continue to experience functional
problems 3 to 6 months after their stroke [1,2]. These
impairments frequently lead to reduced activity levels and
diminished community participation [3-5]. Due to this, one of
the most common goals in gait rehabilitation is to enhance
functional independence and quality of life [3,6-8]. Despite
these efforts, many survivors continueto experience gait deficits
even after discharge from their inpatient rehabilitation programs.

Within theclinical setting, observational gait analysisand scaled
assessments are often used to identify gait deficitsand functional
improvements [9,10]. In these assessments, visual observation
isused to qualitatively identify gait deviations. These types of
assessments are popular dueto their simplicity and avail ability.
However, the literature indicates that gait and mobility
parameters differ when assessments are conducted at home
versusin the clinical setting; this difference may become more
relevant as advancements in digital therapeutics and
telerehabilitation offer promising avenues for long-term
rehabilitation outside the clinic [9-14]. These differences in
assessment outcomes could stem from various factors, such as
the transition from a supervised to an unsupervised setting, the
change in the environment itself, or technical limitations [11].
Therefore, to determine the feasibility of conducting accurate
and consistent assessmentsin ahome environment, it is essential
tofirst isolate and address these variablesin acontrolled manner
using a standardized clinical assessment.

Among the array of tools used in the clinical setting to evaluate
walking capacity isthe 10-Meter Walk Test (10-MWT) [15-18].
The test measures walking speed in meters per second over a
distance of 10 meters, with the speed being indicative of
functional outcomesand prognosisfor stroke survivors[19-21].
In addition to providing a strong indicator of functional ability
and being a predictor of health outcomes, the 10-MWT is a
particularly valuable tool due to its applicability across
populations, its convergent validity with other clinical gait
capacity assessments, and the fact that it is standardized and
easy to administer [22,23]. Moreover, combining the 10-MWT
with wearable sensors, such as inertial measurement units,
allows for the extraction of additional spatiotemporal gait
parameters. These parameters are not only robust, but they
enhance the interpretation of clinical assessment outcomes and
aid in detecting motor recovery poststroke aswell as predicting
prognosis after stroke [24-26]. Future precision rehabilitation
approaches will rely more strongly on the assessment of these
kinds of granular gait metrics, making it relevant to validate
these in current systems [27,28]. Standardized assessments to
measure capacity, such asthe 10-MWT may be complemented
by data from continuous monitoring, which measures
performance [29,30].

https://www.jmir.org/2025/1/e66123

While unsupervised assessments and continuous monitoring
are mostly associated with home settings, there are also many
useful applications within a clinical environment. First,
unsupervised assessments can reduce the assessment load on
clinical staff, thus enhancing clinical efficiency [31]. Second,
unsupervised assessments can be performed more frequently
dueto their independence from clinical planning, which allows
insights into day-to-day fluctuations of test outcomes [11].
Third, enabling patients to perform their own assessments in
an unsupervised manner can mitigate observer effects on
outcomes[32]. Fourth, giving patients some level of autonomy
concerning some aspects of their rehabilitation process can
empower them and increase their involvement and ownership
[33]. Finally, exposing patients to unsupervised assessments
within a controlled, in-clinic context already prepares them to
continue these across the home aspect of the continuum of care,
removing learning effects and boosting adherence [34]. In
synthesis, introducing unsupervised capacity assessmentswithin
the clinical setting has potential benefits on multiple levels,
while also laying the foundation for assessments across the
complete continuum of care.

For these reasons, this study investigates the supervision aspect
of capacity assessments by maintaining a controlled clinical
environment and using a simple-to-use tool that can easily be
transferred outside the clinic. In other words, this study will
determine whether a standardized gait capacity assessment
conducted in the clinical setting without supervision maintains
the same validity, replicability, and motivation as when
conducted with supervision. We hypothesize that the
unsupervised assessmentswill provideresultsthat are asreliable
and replicable as those collected in a supervised manner with
no differences in motivation. This study will provide insights
into the self-administration of gait capacity assessments,
providing abasisfor interpreting any potential differences that
may arise in future studies expanding into home or less
controlled environments.

Methods

Participants and Setting

A convenience sample of 21 patients with stroke (10 female
and 11 male), aged 40-89 (mean 63.91, SD 15.54) years, were
enrolled in this study at the Swiss Neurorehabilitation Clinic
“cereneo” (Lucerne, Switzerland). Enrollment took place
between November 2021 and June 2023 and followed a
cross-over design. All stroke survivors who were more than 1
month post stroke, aged 18 years or older, able to use atablet,
with a Berg Balance Score greater than 31, and the ability to
walk for at least 2 minutes, met the inclusion criteria to
participate in the study. Exclusion criteriawere the presence of
comorbidities potentialy affecting gait (eg, polyneuropathy,
orthopedic impairments, and orthostatic hypotension),
uncorrected visua impairments, psychiatric comorbidities that
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may affect the participants’ ability to follow study protocols or
other medical reasons that would hinder participation.

Experimental Procedure

Thetotal experimental procedure for this study was conducted
across 4 days, with a single testing session per day. Upon
enrollment in the study, participants were sequentially assigned
in an aternating fashion to one of 2 sequences (A or B)
representing differing protocol sequences (Figure 1). This
approach was chosen to ensure balanced group sizes and
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facilitate study logistics. While this method does not introduce
selection biasin individual assignments, it may not fully control
for potential confounding factorsin group distribution. Sequence
A began with the 10-MWT conducted under supervised test
(ST) conditions, while Sequence B began with the 10-MWT
conducted under unsupervised test (UST) conditions (Figure
2). Participants then alternated the assessment type over the
remaining 3 days (Figure 2). Regardless of the seguence to
which they were assigned, participants aways completed both
the ST and the UST twice during the 4 days.

Figure 1. Schematic diagram outlining the enrollment and allocation to the intervention sequences of the study.
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Figure 2. Study groups showing how participants were allocated to either sequence A or sequence B upon enrollment. Participants in both sequences
completed the 10-MWT twice while supervised and twice while unsupervised. 10-MWT: 10-Meter Walk Test; ST: supervised test; UST: unsupervised

test.

Sequence Day 1

Day 2 Day 3 Day 4

A

B

The goal of the 10-MWT was to have participants walk a set
distance of 10 m as fast as possible in order to evaluate gait
capacity. Markers at the 0- and 10-m points delineated the
walking path to ensure consistent data collection conditions.
To objectively evaluate the outcome, participants completed
the assessment while wearing an inertial measurement unit on
each shoe.

For all STs, the therapist prepared the participant by attaching
theinertial measurement unitsto the shoes and positioning them
at the start line. The therapist then counted down the start, and
the participant walked asfast as possible over the marked finish
line. The therapist was responsible for starting the stopwatch
using the tablet app and stopping it when the finish line was
reached. The therapist was present for the entire setup and data
collection but did not provide feedback or guidance.

The UST was conducted following the same procedure as the
ST. However, there was no direct supervision of the tasks.
During the UST, a therapist or nurse was available in the
adjacent nursing room for technical assistance and support
during the setup. The participants were required to go to this
room and pick up the tablet and sensors before walking to the
designated track. If participantswere unableto attach theinertial
measurement units to the shoes themselves, the nurses or
therapists attached them in the nurses’ office. Additionally, if
the participants were unableto hold thetablet, for example, due
to hemiparesis, the tablet was attached to the participant’s arm
viaastrap so that they could operate it with one hand. Once at
the starting line, the participants got in place and started the
stopwatch using the tablet app before walking as fast as they
could over the finish line. Once across the finish line, the
participants stopped the time using the same stopwatch app.
The participants then removed the sensors and returned them,
together with the tablet, to the nursing office. During the UST,
the only interaction with the therapist was to attach or remove
the sensors in the nursing office if the participant could not do
it alone.

In both conditions, participants were required to complete the
Intrinsic Motivation Inventory on paper in the nurses' office.
The participants were required to do this on their own with no
help or interaction with the nurses or therapists. Participantsin
both sequences also always had a written information sheet

https://www.jmir.org/2025/1/e66123

available to them in both the ST and UST conditions, listing
the required steps and acting as a user guide for the tablet app.
In both conditions, there was no interaction between the
participants and nurses or therapists, the only difference was
that during the ST task, the nurse or therapist was there to start
and stop the stopwatch and observe the data collection. If there
were any problems, the data collection was repeated, either with
the nurse or therapist, or independently for the ST and UST
trials, respectively.

Data Collection Systemsand Materials

For this study, demographic information was extracted by the
clinical team from the clinical record and provided to the study
team in a pseudoanonymized form. Gait data was collected
using validated Physilog®5 (Gait Up), wearable inertial
measurement units, to assess the spatiotemporal gait outcomes
during the 10-MWT [35-37]. To keep the setup simple and easy
for patientsto use, only 2 sensorswere used in this study. Each
sensor was mounted on the top of the participant’'s foot,
specifically over the laces of their shoes (Figure Sl in
Multimedia Appendix 1). The sensors had a sampling rate of
128 Hz and collected acceleration and orientation data. Gait
data was subsequently analyzed using the Gait Analyser
software (V3.1; Gait Up), a valid and reliable tool for stroke
survivors[35,36]. Information about participant motivation was
also collected using the Intrinsic Motivation Inventory as a
standard pen-and-paper questionnaire that participants filled
out in the nurses’ office when returning the sensors [38].

Statistical Analysis

Descriptive statistics of al gait parameters were calculated to
provide an overview of the data. For each assessment, speed,
stride length, and cadence were calculated as the mean values
of theleft and right sensors. These specific gait parameterswere
chosen to provideasimplified overview of changesintemporal,
spatial, and combined spatiotemporal parameters. Additionally,
changes in these parameters are important to capture are they
represent amore cautious gait in the elderly population and are
known to change poststroke [39,40]. All statistical testing was
conducted for each of the 3 gait parameters. Normality was
determined using the Shapiro-Wilk test (significance level
0=.05), while the variances were determined using an F test
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(a=.05). Correctionsfor multiple comparisonswere doneusing
the Holm-Bonferroni method.

Difference Between Repeated Measurements

In thefirst step, the measurements conducted on different days
were compared viaapaired t test to determine if there was any
learning effect from measurement 1 to measurement 2 of the
same assessment type. Additionally, using a 2-way random
effect model and “single rater” unit, the intraclass correlation
coefficient was computed to assess the agreement between the
2 measurements per assessment condition.

Sequence Effect

Next, to determine whether there was a sequence effect in the
data, the difference in scores between the 2 measurements per
assessment typein each sequence was cal cul ated. For datafound
to be normally distributed and with equal variances, an
independent samples t test was conducted between sequences
(A vsB); for datafound to be not normally distributed and with
equal variances, a nonparametric Mann-Whitney U test was
conducted. Significant differences between sequences A and B
would suggest a sequence effect is present.

Supervised Versus Unsupervised Tests

The difference in scores between ST and UST measurements
for each participant was determined using a student’st test and
a nonparametric Wilcoxon signed-rank test, depending on the
outcomes of the normality testing.

Intrinsic Motivation I nventory

To determine if there were differences in motivation, the
subsections of the Intrinsic Motivation I nventory were analyzed.

Table 1. Participant characteristics.

Naef et al

Depending on the normality of the data, either a paired t test or
aWilcoxon signed-rank test was used to determineif there was
a change in motivation from the first to second measurement
day per assessment in each sequence. Additionally, a Student t
test or aWilcoxon signed-rank test was conducted to determine
if therewas a significant differencein motivation scores between
assessment types (ie, ST vs UST).

Ethical Consider ations

This study was approved via waiver by the loca ethics
committee of the Canton of Lucerne, Switzerland
(Reg-2020-00995) and was carried out in accordance with the
current version of the Declaration of Helsinki. The study
protocol was explained both orally and in writing to eligible
participants, and written informed consent was obtained before
participation. Participants did not receive any compensation for
their participation in this study, nor did they receive any direct
benefit from their participation. To ensure privacy and
confidentiality, all data were deidentified and securely stored
in an encrypted database accessible only to authorized
researchers. The wearable sensor data used for gait analysis
were coded and stored separately from participant identifiers.

Results

Demographics

A total of 21 poststroke participants were recruited for this study
(Table 1). All participants were able to complete all 4 days of
testing. The majority of the participants were in the subacute
phase and were largely community ambulators (Table 1) [41].

Characteristics Values
Agein years, mean (SD) 63.91 (15.54)
Sex, n (%)

Female 10 (48)

Male 11 (52)
Paretic body side, n (%)

Left 16 (76)

Right 5 (24)
Months since stroke, mean (SD) 5.19 (10.73)
Stroke onset 1-6 months, n (%) 18(85.71)
Stroke onset >6 months, n (%) 3(14.29)
Modified Rankin Scale, mean (SD) 1.95 (0.59)
Household ambulators: <0.4 m/s, n (%) 1(4.76)
Limited community ambulators: 0.4-0.8 m/s, n (%) 4(19.05)
Community ambulators: >0.8 m/s, n (%) 16 (76.19)
Assistivedevice, n (%) 2(9.52)

Rollator 1(4.76)

Dropped foot stimulator 1(4.76)
Foot orthoses, n (%) 3(14.29)
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Gait Outcomes

Difference Between Repeated Measurements

Shapiro-Wilk tests for normality showed that the results for
speed, stride length, and cadence were normally distributed
during each measurement, per assessment type and sequence

Table 2. Differences between repeated measurements.

Naef et al

(Table S1 in Multimedia Appendix 2). A paired samplest test
subsequently determined that there were no statistically
significant differences between the first and second
measurements for each assessment type within each sequence
(Table 2).

Variable and sequence Condition t test? (dff) P value® Adjusted P value® 95% Cl
Speed
A s7d 0.492 (7) 0.64 >.99 -0.09t00.14
A usTe -0.064 (11) 0.95 >.99 -0.09t0 0.08
B ST -0.238 (11) 0.82 >.99 -0.08t0 0.07
B usT —5.10E-16 (7) >.99 >.99 —0.06 to 0.06
Stridelength
A ST 1.011(7) 0.36 >.99 -0.05t00.12
A usT 0.165 (11) 0.87 >.99 ~0.06 t0 0.07
B ST 0.444 (11) 0.68 >.99 —0.05t00.08
B usT 0.097 (7) 0.93 >.99 -0.12t00.13
Cadence
A ST -0.322(7) 0.76 >.99 —5.21t0 3.96
A usT -0.679 (11) 0.51 >.99 —5.41102.86
B ST -0.132 (11) 0.90 >.99 —5.52t0 4.89
B usT 0.353 (7) 0.73 >.99 -3.31to 4.47
®Paired samplest test.
bp<, 05,

®Holm-Bonferroni correction for multiple comparisons.
dsr: supervised test.
€UST: unsupervised test.

The intraclass correlation for speed found the ST (k=0.93,
adjusted P<.001) and UST (k=0.93, adjusted P<.001) to both
have excellent reliability across measurements. For stride length,
theintraclass correlation was found to have excellent reliability
for ST (k=0.92, adjusted P<.001) and good reliability for UST
(k=0.88, adjusted P<.001). For cadence, both the ST (k=0.91,
adjusted P<.001) and UST (k=0.95, adjusted P<.001) were
found to have excellent reliability.

Sequence Effect

Anindependent samplest test found no sequence effect between
seguences A and B for the normally distributed speed, cadence,
and stride length (ST only; Tables S2 and S3 in Multimedia
Appendix 2). A nonparametric Mann-Whitney U test equally
found that there was no sequence effect between sequences A
and B for the nonnormally distributed stride length (UST only;
Table S2 and $4 in Multimedia Appendix 2). Before this, the

https://www.jmir.org/2025/1/e66123

resultsfor the F test found no significant differencesin variance
across sequences (Table S5 in Multimedia Appendix 2).

Supervised Versus Unsupervised Tests

A paired-sample t test found that there was no significant
difference between speed (t3g=—0.735, adjusted P>.99, 95% ClI
—0.06 to 0.03) and cadence (t;5=—0.501, adjusted P>.99, 95%
Cl —3.3810 2.04) recorded when collecting datawhile supervised
versus unsupervised (Figure 3). A pairwise Wilcoxon
signed-rank test found that there was no statistically significant
difference between the stride length (z=0.835, adjusted P>.99)
collected during the ST versus UST. Additional resultsregarding
the normality tests can be found in Table S6 in Multimedia
Appendix 2.

The intraclass correlation coefficient was computed to assess
the agreement between the supervised and unsupervised
assessments of speed, stride length, and cadence (Table 3).
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Figure 3. Distribution of data for speed (m/s), stride length (m), and cadence (steps/minute) during the ST and UST, with no significant differences
found. ST, supervised test; UST, unsupervised test.
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Table 3. Intraclass correlations between supervised and unsupervised assessments.
Variable ICC value P value? P adjusted® 95% Cl Type of ICCE Interpretation
Speed 0.90 <.001 <.001 0.81-0.94 ICC (A1) Good
Stride length 0.88 <.001 <.001 0.78-0.93 ICC (A1) Good
Cadence 0.88 <.001 <.001 0.79-0.94 ICC(C,1) Good

3 value: 0.05.
PHolm-Bonferroni correction for multi ple comparisons.
CAbsol ute agreement model for single measurement.

Bland-Altman Plots difference wasfound to be 0.003 (SD 0.125) m during the UST
compared with the ST. For cadence, the mean difference was
The effect of the assessment condition on the speed wasfound  found to be —0.672 (8.481) steps per minute during the UST
to result in amean difference of —0.016 (SD 0.137) m/s during compared with the ST. Based on the Bland-Altman plots, no
the UST compared with the ST. For stride length, the mean  proportional bias was observed for any variable (Figure 4).

Figure 4. Results from the Bland-Altman analysis showing the various effect zones when examining the ST and UST for speed, stride length, and
cadence. The darker bands represent the upper and lower limits of agreement, while the lighter band represents the bias zone. Data points are separated
into ambulator types, namely household, limited, or community. ST: supervised test; UST: unsupervised test.
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Intrinsic Motivation I nventory Outcomes
Theresults of the Wilcoxon signed-rank test and paired-sample

Naef et al

t test found that there are no significant differences in the
motivation scores for the subscales of the Intrinsic Motivation
Inventory between the ST and UST (Table 4).

Table 4. Comparison of the results of the Intrinsic Motivation Inventory, presented as its subscales, between the ST and UST b,

Subscale and condition Mean (SD) Score P values Adjusted P values®
I nter est/enjoyment _0.1949 0.42 >99
ST 415 (1.62)
usT 4.00 (1.70)
Per ceived competence _0.0689 0.47 >.99
ST 5.14 (1.60)
usT 5.18 (1.44)
Effort/importance _0.088¢ 0.47 >.99
ST 4.22 (0.83)
usT 4.28 (1.19)
Pressure/tension _0.435° 0.67 >.99
ST 2.02 (1.55)
usT 2.10 (1.43)

8ST: supervised test.

busT: unsupervised test.

“Holm-Bonferroni correction for multiple comparisons.
dz-score.

&-score.

Examining the difference between measurements 1 and 2, there
were no significant differences for the interest/enjoyment,
effort/importance, and pressure/tension subscales during both
the ST and UST. Conversely, there was a significant difference
in motivation scores for the Intrinsic Motivation Inventory
subscale perceived competence during measurement 1 (mean
4.04, SD 1.58) versus measurement 2 (mean 5.17, SD 1.40) of
the UST (t,=—2.979, P=.02, odds ratio 2.60, 95% Cl —2.02 to
—0.23) during sequence A. A significant difference between
measurement 1 (mean 5.25, SD 1.33) and measurement 2 (mean
5.86, SD 1.13) was also found during sequence B (z=—1.716,
P=.04). However, after applying the Holm-Bonferroni correction
for multiple comparisons, the differences were no longer
significant after adjustment (adjusted P values were .08 and
13, respectively). There were no differences between
measurements in the perceived competence during the ST.

Discussion

Principal Findings

There is a considerable gap in our understanding of whether
currently used standardized inpatient gait capacity assessments
can be effectively performed in an unsupervised manner while
maintaining the same levels of validity and replicability. Here,
we specifically investigated the 10-MWT, a common measure
of gait capacity, which is typicaly conducted under the
supervision of atherapist to ensure accurate results. Our findings
demonstrate that the execution mode of the 10-MWT, whether

https://www.jmir.org/2025/1/e66123

supervised by a health care professional or conducted
autonomously by the participants themselves, did not result in
significant differences in the measured gait parameters. These
results suggest that patients are capable of accurately
self-assessing their walking function without the need for direct
supervision.

The main results of this study demonstrate that participantswere
able to maintain their execution ability without continuous
guidance and feedback, suggesting that once an individual
becomes familiar and comfortable with the assessment and
related equipment, continuous supervison might not be
necessary to preservethis ability. Moreover, these findings show
the ability of stroke survivors to not only be able to carry out
thetest procedure, but also attach, connect, and start therequired
sensors with the help of a layperson after proper instruction.
Getting patients involved in their own assessments may also
promote greater flexibility and engagement in their rehabilitation
process [42]. Moreover, therapists can efficiently monitor
patients by leveraging reliable sensor systems for remote data
collection, leading to more efficient treatment planning and
timely interventions. This can not only reduce costs but also
make rehabilitation more accessible and portable.

Enabling patients to conduct the assessments themselves could
also have the added benefit of preventing experimenter-induced
changes, which multiple studies have found to influence gait
[32,43-45]. Thisis supported by work that found modifications
in gait speed, cadence, step duration, and stride length, among
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others, in the presence of researchers[32,45-49]. Evidence a so
suggests that gait changes may even depend on the number of
observers present [32]. However, the exact rel ationship between
gait parameters and observation remains unclear due to
contradictory results, which are thought to arise from differences
in study design. While the studies mentioned here involved
passive observers, another factor that could influence
performance in the real world is motivation.

Motivation remainsaclear confounder in thereliability of motor
assessments, both for simple and complex tasks. For instance,
Kuhl and Koch [50], model ed motor performance asadual task
or multiple tasks, with most nonmotor components being
dependent on the environment, personality, and priming.
Concerning the environment, sex, expectations, and the behavior
of the experimenter have long been known to have an effect on
motor performance [51,52]. In terms of personality, Strickland
[53] reported the effects of the need-for-approval on motor
outcomes in the 1960s. Regarding priming, a recent study
demonstrated that priming with positive or negative content
before a test resulted in distinct differences in simple motor
capacity in healthy college students [54,55]. Based on this
literature, we suspected that motivational scores would drop
when no active experimenter was present to administer the test.
However, in this study, we did not find this to be true. In fact,
therewere no reported differencesin overall motivation between
the supervised and unsupervised assessments. Before the
correction for multiple comparisons, the perceived competence
score during the unsupervised assessment was significantly
lower during the first measurement compared with the second.
Despitethisfinding no longer being significant after corrections
were applied, this difference could still represent an important
aspect to consider, as individuals may be less motivated to
continue doing an assessment if they feel incompetent while
doing it. This could be further examined in future work to
determine whether this effect truly exists or not. Additionally,
strategies to ensure that the highest level of understanding and
skill is achieved during the unsupervised assessments should
be anticipated.

Limitations and Future Outlook

It should be noted that despite this study finding no changesin
the motivation level between the 2 assessments, thisfinding is
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possibly biased, as participants were likely already highly
motivated due to the study being voluntary. Despite this, there
is currently no evidence to suggest that, when controlling for
environment and setup, the presence or absence of an observer
changes the motivation to compl ete the assessment.

To extend the generalizability of these findings to different
environments, the next step would be to expand this work to
the home environment. In doing so, future work would need to
take into consideration the safety and feasibility of this setup
outside of theclinical setting. While no participantsin this study
fell or were otherwise injured, a risk assessment should be
conducted, including in other populations, to ensure patient
safety. An additional aspect that may need to be considered for
future work is cognitive ability, which was not examined in this
study. As the magjority of the participants were only mildly
impaired, the applicability of the findingsto patients with more
severe impairment needs to be investigated. Finally, there are
additional aspects, such as reduced costs and boosted
self-efficacy, which were not considered here, that could be
explored in future work asthey could elucidate further benefits
of autonomous assessments for clinics and patients.

Conclusions

This validation study, using easy-to-use wearable sensors, has
demonstrated that the 10-MWT, a standardized gait capacity
assessment, can be performed reliably whether professionally
supervised or conducted autonomously, without significant
differencesin the measured gait parameters. Additionally, there
was no self-reported difference in motivation for completing
the 10-MWT when conducted under supervised or unsupervised
conditions. The findings of this study are important as they
demonstrate the validity of the unsupervised versus supervised
10-MWT insideclinics. Furthermore, theresults provide asolid
foundation for investigating the vaidity of the 10-MWT outside
of the clinic in combination with continuous monitoring. Both
topicswill play an increasingly important role as the frequency
and granularity of clinical assessmentsincrease and researchers
begin to focus more on monitoring survivors' rehabilitation
progress and quality of life in the real-world setting.

The authors would like to acknowledge the therapists and nurses who assisted us with this study and helped carry out the data

collection. This study was funded by the P & K Foundation.

Data Availability

All data generated or analyzed during this study are included in this published article and Multimedia Appendix 3.

Authors Contributions

CEA performed the conceptualization of the study and handled the funding acquisition. ACN conducted the formal analysis. DG,
SN, and M S carried out the investigation. MB and CEA managed project administration, resources, and supervision. ACN led
the visualization and wrote the original draft, with support from GD. For review and editing, ACN took the lead, with support
from GD, SN, MS, MB, and CEA.

https://www.jmir.org/2025/1/e66123 JMed Internet Res 2025 | vol. 27 | e66123 | p. 9

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Naef et al

Conflictsof Interest
None declared.

Multimedia Appendix 1

Sensor placement on the top of the participant’s shoes.
[PDF File (Adobe PDF File), 169 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Additional tables showing additional results per test type and sequence.
[PDF File (Adobe PDF File), 301 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Full, preprocessed, dataset used for the data analyses outlined in the manuscript.
[XLSX File (Microsoft Excel File), 28 KB-Multimedia Appendix 3]

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

Donkor ES. Stroke in the 21 century: a snapshot of the burden, epidemiology, and quality of life. Stroke Res Treat.
2018;2018:3238165. [FREE Full text] [doi: 10.1155/2018/3238165] [Medline: 30598741]

Lai SM, Studenski S, Duncan PW, Perera S. Persisting consequences of stroke measured by the Stroke Impact Scale. Stroke.
2002;33(7):1840-1844. [doi: 10.1161/01.str.0000019289.15440.f2] [Medline: 12105363]

Rehabilitation in health systems: guide for action. World Health Organization. URL: https.//www.who.int/publications/i/
item/9789241515986 [accessed 2024-03-04]

Fini NA, Bernhardt J, Churilov L, Clark R, Holland AE. Adherenceto physical activity and cardiovascular recommendations
during the 2 years after stroke rehabilitation discharge. Ann Phys Rehabil Med. 2021;64(2):101455. [FREE Full text] [doi:
10.1016/j.rehab.2020.03.018] [Medline: 33189943]

Fini NA, Holland AE, Keating J, Simek J, Bernhardt J. How physically active are people following stroke? Systematic
review and quantitative synthesis. Phys Ther. 2017;97(7):707-717. [doi: 10.1093/ptj/pzx038] [Medline: 28444348]
Harris JE, Eng JJ. Godl prioritiesidentified through client-centred measurement in individual swith chronic stroke. Physiother
Can. 2004;56(3):171-176. [FREE Full text] [doi: 10.2310/6640.2004.00017] [Medline: 23372280]

Rehabilitation. World Health Organization. Apr 22, 2024. URL : https.//www.who.int/news-room/fact-sheets/detail/
rehabilitation [accessed 2024-09-04]

Bohannon RW, Andrews AW, Smith MB. Rehabilitation goals of patients with hemiplegia. International Journal of
Rehabilitation Research. 1988;11(2):181-184. [doi: 10.1097/00004356-198806000-00012]

Wallmann HW. Introduction to observational gait analysis. Home Health Care Manag Pract. 2009;22(1):66-68. [doi:
10.1177/1084822309343277]

Toro B, Nester C, Farren P. A review of observational gait assessment in clinical practice. Physiother Theory Pract.
2009;19(3):137-149. [doi: 10.1080/09593980307964]

Warmerdam E, Hausdorff JM, Atrsaei A, Zhou Y, Mirelman A, Aminian K, et al. Long-term unsupervised mobility
assessment in movement disorders. Lancet Neurol. 2020;19(5):462-470. [doi: 10.1016/S1474-4422(19)30397-7] [Medline:
32059811]

Brodie MA, Coppens MJ, Ejupi A, Gschwind Y J, Annegarn J, Schoene D, et al. Comparison between clinical gait and
daily-life gait assessmentsof fall risk in older people. Geriatr Gerontol Int. 2017;17(11):2274-2282. [doi: 10.1111/9gi.12979]
[Medline: 28176431]

Corra MF, Atrsaei A, Sardoreira A, Hansen C, Aminian K, Correia M, et al. Comparison of |aboratory and daily-life gait
speed assessment during ON and OFF states in Parkinson's disease. Sensors (Basel). 2021;21(12):3974. [FREE Full text]
[doi: 10.3390/s21123974] [Medline: 34207565]

Van Ancum JM, van Schooten K S, Jonkman NH, Huijben B, van Lummel RC, Meskers CGM, et al. Gait speed assessed
by a4-m walk test is not representative of daily-life gait speed in community-dwelling adults. Maturitas. 2019;121:28-34.
[doi: 10.1016/j.maturitas.2018.12.008] [Medline: 30704562]

Moore JL, Potter K, Blankshain K, Kaplan SL, O Dwyer LC, Sullivan JE. A core set of outcome measures for adults with
neurologic conditions undergoing rehabilitation: aclinical practice guideline. J Neurol Phys Ther. 2018;42(3):174-220.
[FREE Full text] [doi: 10.1097/NPT.0000000000000229] [Medline: 29901487]

Otterman N, Veerbeek J, Schiemanck S, van der Wees P, Nollet F, Kwakkel G. Selecting relevant and feasible measurement
instruments for the revised Dutch clinical practice guideline for physical therapy in patients after stroke. Disabil Rehabil.
2017;39(14):1449-1457. [FREE Full text] [doi: 10.1080/09638288.2016.1196399] [Medline: 27374876]

https://www.jmir.org/2025/1/e66123 JMed Internet Res 2025 | vol. 27 | e66123 | p. 10

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v27i1e66123_app1.pdf&filename=0390fa61bd346b6a5c6473fb9f3b8b1c.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e66123_app1.pdf&filename=0390fa61bd346b6a5c6473fb9f3b8b1c.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e66123_app2.pdf&filename=d4ab564840ac74f59c7d8159d73bd0e4.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e66123_app2.pdf&filename=d4ab564840ac74f59c7d8159d73bd0e4.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e66123_app3.xlsx&filename=1ae9b748ac101b1b4f8fbffe4ffd7edb.xlsx
https://jmir.org/api/download?alt_name=jmir_v27i1e66123_app3.xlsx&filename=1ae9b748ac101b1b4f8fbffe4ffd7edb.xlsx
https://doi.org/10.1155/2018/3238165
http://dx.doi.org/10.1155/2018/3238165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30598741&dopt=Abstract
http://dx.doi.org/10.1161/01.str.0000019289.15440.f2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12105363&dopt=Abstract
https://www.who.int/publications/i/item/9789241515986
https://www.who.int/publications/i/item/9789241515986
https://linkinghub.elsevier.com/retrieve/pii/S1877-0657(20)30204-9
http://dx.doi.org/10.1016/j.rehab.2020.03.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33189943&dopt=Abstract
http://dx.doi.org/10.1093/ptj/pzx038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28444348&dopt=Abstract
https://europepmc.org/abstract/MED/23372280
http://dx.doi.org/10.2310/6640.2004.00017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23372280&dopt=Abstract
https://www.who.int/news-room/fact-sheets/detail/rehabilitation
https://www.who.int/news-room/fact-sheets/detail/rehabilitation
http://dx.doi.org/10.1097/00004356-198806000-00012
http://dx.doi.org/10.1177/1084822309343277
http://dx.doi.org/10.1080/09593980307964
http://dx.doi.org/10.1016/S1474-4422(19)30397-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32059811&dopt=Abstract
http://dx.doi.org/10.1111/ggi.12979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28176431&dopt=Abstract
https://www.mdpi.com/resolver?pii=s21123974
http://dx.doi.org/10.3390/s21123974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34207565&dopt=Abstract
http://dx.doi.org/10.1016/j.maturitas.2018.12.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30704562&dopt=Abstract
https://europepmc.org/abstract/MED/29901487
http://dx.doi.org/10.1097/NPT.0000000000000229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29901487&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.1080/09638288.2016.1196399?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/09638288.2016.1196399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27374876&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Naef et al

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

Teasell R, Salbach NM, Foley N, Mountain A, Cameron JI, de Jong A, et al. Canadian stroke best practice recommendations:
rehabilitation, recovery, and community participation following stroke. Part one: rehabilitation and recovery following
stroke; 6th edition update 2019. Int J Stroke. 2020;15(7):763-788. [doi: 10.1177/1747493019897843] [Medline: 31983296]
Kwakkel G, Lannin NA, Borschmann K, English C, Ali M, Churilov L, et al. Standardized measurement of sensorimotor
recovery in stroke trials: consensus-based core recommendations from the stroke recovery and rehabilitation roundtable.
Int J Stroke. 2017;12(5):451-461. [FREE Full text] [doi: 10.1177/1747493017711813] [Medline: 28697709]

Kollen B, Kwakkel G, Lindeman E. Hemiplegic gait after stroke: is measurement of maximum speed required? Arch Phys
Med Rehabil. 2006;87(3):358-363. [doi: 10.1016/j.apmr.2005.11.007] [Medline: 16500169]

Cheng DKY, DagenaisM, Alsbury-Nealy K, Legasto JM, Scodras S, Aravind G, et al. Distance-limited walk tests post-stroke:
a systematic review of measurement properties. NeuroRehabilitation. 2021;48(4):413-439. [FREE Full text] [doi:
10.3233/NRE-210026] [Medline: 33967070]

Tyson S, Connell L. The psychometric properties and clinical utility of measures of walking and mobility in neurological
conditions: a systematic review. Clin Rehabil. 2009;23(11):1018-1033. [doi: 10.1177/0269215509339004] [Medline:
19786420]

Kahn J, Tefertiller C. Measurement characteristics and clinical utility of the 10-meter walk test among individuals with
spinal cord injury. Arch Phys Med Rehabil. 2014;95(5):1011-1012. [doi: 10.1016/j.apmr.2014.01.021]

Lindholm B, Nilsson MH, Hansson O, Hagell P. The clinical significance of 10-m walk test standardizationsin Parkinson's
disease. J Neurol. 2018;265(8):1829-1835. [FREE Full text] [doi: 10.1007/s00415-018-8921-9] [Medline: 29876762]
Wonsetler EC, Bowden MG. A systematic review of mechanisms of gait speed change post-stroke. Part 1: spatiotemporal
parameters and asymmetry ratios. Top Stroke Rehabil. 2017;24(6):435-446. [FREE Full text] [doi:
10.1080/10749357.2017.1285746] [Medline: 28220715]

An S, LeeY, Shin H, Lee G. Gait velocity and walking distance to predict community walking after stroke. Nurs Health
Sci. 2015;17(4):533-538. [doi: 10.1111/nhs.12234] [Medline: 26310714]

Gouelle A, Mégrot F. Interpreting spatiotemporal parameters, symmetry, and variability in clinical gait anaysis. In: Miiller
B, Wolf SI, Brueggemann GP, Deng Z, McIntosh A, Miller F, et a, editors. Handbook of Human Mation. Cham. Springer;
2017.

Reinkensmeyer DJ, Burdet E, Casadio M, Krakauer W, Kwakkel G, Lang CE, et al. Computational neurorehabilitation:
modeling plasticity and learning to predict recovery. J Neuroeng Rehabil. 2016;13(1):42. [FREE Full text] [doi:
10.1186/s12984-016-0148-3] [Medline: 27130577]

Schweighofer N. Computational neurorehabilitation. In: Reinkensmeyer DJ, Marchal-Crespo L, Dietz V, editors.
Neurorehabilitation Technology. Cham. Springer; 2022.

KlugeF, Del Din S, Cereatti A, Gal3ner H, Hansen C, Helbostad JL, et al. Mobilise-D consortium. Consensus based
framework for digital mobility monitoring. PLoS One. 2021;16(8):€0256541. [FREE Full text] [doi:

10.1371/journal .pone.0256541] [Medline: 34415959]

Osuka Y, Chan LLY, Brodie MA, Okubo Y, Lord SR. A wrist-worn wearable device can identify frailty in middle-aged
and older adults: the UK biobank study. JAm Med Dir Assoc. 2024;25(10):105196. [doi: 10.1016/j.jamda.2024.105196]
[Medline: 39128825]

Jing Q, Xing Y, Duan M, Guo P, Cai W, Gao Q, et a. Study on the rehabilitation therapist estimation under institutional
perspective by applying the workload indicators of staffing needsin the aging context. Front Public Health. 2022;10:929675.
[FREE Full text] [doi: 10.3389/fpubh.2022.929675] [Medline: 35784252]

Friesen KB, Zhang Z, Monaghan PG, Oliver GD, Roper JA. All eyes on you: how researcher presence changes the way
you walk. Sci Rep. 2020;10(1):17159. [FREE Full text] [doi: 10.1038/s41598-020-73734-5] [Medline: 33051502]

Riva G, Gaggioli A. Rehabilitation as empowerment: the role of advanced technologies. Stud Health Technol Inform.
2009;145:3-22. [Medline: 19592783]

Ramsay CR, Grant AM, Wallace SA, Garthwaite PH, Monk AF, Russell IT. Assessment of the learning curve in health
technologies. A systematic review. Int J Technol Assess Health Care. 2000;16(4):1095-1098. [doi:
10.1017/50266462300103149] [Medline: 11155830]

physilog. URL: https://research.gaitup.com/physilog/ [accessed 2024-03-04]

Lefeber N, Degelaen M, Truyers C, Safin |, Beckwee D. Validity and reproducibility of inertial physilog sensors for
spatiotemporal gait analysisin patients with stroke. IEEE Trans Neural Syst Rehabil Eng. 2019;27(9):1865-1874. [doi:
10.1109/TNSRE.2019.2930751] [Medline: 31352347]

Mariani B, Rouhani H, Crevoisier X, Aminian K. Quantitative estimation of foot-flat and stance phase of gait using foot-worn
inertial sensors. Gait Posture. 2013;37(2):229-234. [doi: 10.1016/j.gaitpost.2012.07.012] [Medline: 22877845]

Ryan RM. Control and information in the intrapersonal sphere: an extension of cognitive evaluation theory. J Pers Soc
Psychol. 1982;43(3):450-461. [doi: 10.1037/0022-3514.43.3.450]

Olney SJ, Richards C. Hemiparetic gait following stroke. Part |: characteristics. Gait Posture. 1996;4(2):136-148. [doi:
10.1016/0966-6362(96)01063-6]

https://www.jmir.org/2025/1/e66123 JMed Internet Res 2025 | vol. 27 | €66123 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.1177/1747493019897843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31983296&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/1747493017711813?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1747493017711813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28697709&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2005.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16500169&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.3233/NRE-210026?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.3233/NRE-210026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33967070&dopt=Abstract
http://dx.doi.org/10.1177/0269215509339004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19786420&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2014.01.021
https://europepmc.org/abstract/MED/29876762
http://dx.doi.org/10.1007/s00415-018-8921-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29876762&dopt=Abstract
https://europepmc.org/abstract/MED/28220715
http://dx.doi.org/10.1080/10749357.2017.1285746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28220715&dopt=Abstract
http://dx.doi.org/10.1111/nhs.12234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26310714&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-016-0148-3
http://dx.doi.org/10.1186/s12984-016-0148-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27130577&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0256541
http://dx.doi.org/10.1371/journal.pone.0256541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34415959&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2024.105196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39128825&dopt=Abstract
https://europepmc.org/abstract/MED/35784252
http://dx.doi.org/10.3389/fpubh.2022.929675
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35784252&dopt=Abstract
https://doi.org/10.1038/s41598-020-73734-5
http://dx.doi.org/10.1038/s41598-020-73734-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33051502&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19592783&dopt=Abstract
http://dx.doi.org/10.1017/s0266462300103149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11155830&dopt=Abstract
https://research.gaitup.com/physilog/
http://dx.doi.org/10.1109/TNSRE.2019.2930751
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31352347&dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2012.07.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22877845&dopt=Abstract
http://dx.doi.org/10.1037/0022-3514.43.3.450
http://dx.doi.org/10.1016/0966-6362(96)01063-6
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Naef et al

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

Herssens N, Verbecque E, Hallemans A, Vereeck L, Van Rompaey V, Saeys W. Do spatiotemporal parameters and gait
variability differ across the lifespan of healthy adults? A systematic review. Gait Posture. 2018;64:181-190. [doi:
10.1016/j.gaitpost.2018.06.012] [Medline: 29929161]

Kwakkel G, Stinear C, Essers B, Munoz-Novoa M, Branscheidt M, Cabanas-Valdés R, et a. Motor rehabilitation after
stroke: European stroke organisation (ESO) consensus-based definition and guiding framework. Eur Stroke J.
2023;8(4):880-894. [FREE Full text] [doi: 10.1177/23969873231191304] [Medline: 37548025]

Stephenson A, Howes S, Murphy PJ, Deutsch JE, Stokes M, Pedlow K, et al. Factors influencing the delivery of
telerehabilitation for stroke: a systematic review. PLoS One. 2022;17(5):e0265828. [FREE Full text] [doi:
10.1371/journal .pone.0265828] [Medline: 35544471]

Jeon J, Kwon SY, Lee YM, Hong J, Yu J, Kim J, et a. Influence of the hawthorne effect on spatiotemporal parameters,
kinematics, ground reaction force, and the symmetry of the dominant and nondominant lower limbs during gait. J Biomech.
2023;152:111555. [doi: 10.1016/j.jbiomech.2023.111555] [Medline: 37030040]

Farhan S, Avalos MA, Rosenblatt NJ. Variability of spatiotemporal gait kinematics during treadmill walking: isthere a
hawthorne effect? J Appl Biomech. 2023;39(3):151-156. [doi: 10.1123/jab.2022-0185] [Medline: 37001865]
Robles-GarciaV, Corra-Bergantifios Y, Espinosa N, Jicome MA, Garcia-Sancho C, Cudeiro J, et a. Spatiotemporal gait
patterns during overt and covert evaluation in patients with Parkinson’s disease and healthy subjects: is there a hawthorne
effect? J Appl Biomech. 2015;31(3):189-194. [doi: 10.1123/jab.2013-0319] [Medline: 25536440]

Vickers J, Reed A, Decker R, Conrad BP, Olegario-Nebel M, Vincent HK. Effect of investigator observation on gait
parameters in individual s with and without chronic low back pain. Gait Posture. 2017;53:35-40. [doi:
10.1016/j.gaitpost.2017.01.002] [Medline: 28073085]

Hutchinson LA, Brown MJ, Deluzio KJ, De Asha AR. Self-selected walking speed increases when individuals are aware
of being recorded. Gait Posture. 2019;68:78-80. [doi: 10.1016/j.gaitpost.2018.11.016] [Medline: 30465945]

Malchow C, Fiedler G. Effect of observation on lower limb prosthesis gait biomechanics: preliminary results. Prosthet
Orthot Int. 2016;40(6):739-743. [doi: 10.1177/0309364615605374] [Medline: 26420262]

Takayanagi N, Sudo M, Yamashiro Y, Lee S, Kobayashi Y, Niki Y, et al. Relationship between daily and in-laboratory
gait speed among healthy community-dwelling older adults. Sci Rep. 2019;9(1):3496. [FREE Full text] [doi:
10.1038/s41598-019-39695-0] [Medline: 30837520]

Kuhl J, Koch B. Motivational determinants of motor performance: the hidden second task. Psychol Res. 1984;46:143-153.
[doi: 10.1007/bf00308599]

Johnson RW. Subject performance as affected by experimenter expectancy, sex of experimenter, and verbal reinforcement.
Can JBehav Sci. 1970;2(1):60-66. [doi: 10.1037/h0082711]

Rumenik DK, Capasso DR, Hendrick C. Experimenter sex effectsin behavioral research. Psychol Bull. 1977;84(5):852-877.
[doi: 10.1037//0033-2909.84.5.852]

Strickland BR. Need approval and motor steadiness under positive and negative approval conditions. Percept Mot Skills.
1965;20:667-668. [doi: 10.2466/pms.1965.20.2.667] [Medline: 14279360]

Clément-Guillotin C, Colombel F, Easthope CA, Fontayne P. Being incidentally exposed to a sport context: same
consequences on gender schema activation as being in a sport context? Mov Sport Sci/Sci Mot. 2022;(116):61-72. [doi:
10.1051/sm/2022012]

Chalabaev A, Brisswalter J, Radel R, Coombes SA, Easthope C, Clément-Guillotin C. Can stereotype threat affect motor
performance in the absence of explicit monitoring processes? Evidence using a strength task. J Sport Exerc Psychol.
2013;35(2):211-215. [doi: 10.1123/jsep.35.2.211] [Medline: 23535978]

Abbreviations

10-MWT: 10-Meter Walk Test
ST: supervised test
UST: unsupervised test

Edited by A Coristine; submitted 04.09.24; peer-reviewed by C Kraan, H Karimi; comments to author 30.11.24; revised version
received 20.12.24; accepted 28.02.25; published 26.03.25

Please cite as:

Naef AC, Duarte G, Neumann S, Shala M, Branscheidt M, Easthope Awai C

Toward Unsupervised Capacity Assessments for Gait in Neurorehabilitation: Validation Sudy
J Med Internet Res 2025;27:€66123

URL: https.//www.jmir.org/2025/1/e66123

doi: 10.2196/66123

PMID:

https://www.jmir.org/2025/1/e66123 JMed Internet Res 2025 | vol. 27 | €66123 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.gaitpost.2018.06.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29929161&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/23969873231191304?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/23969873231191304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37548025&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0265828
http://dx.doi.org/10.1371/journal.pone.0265828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35544471&dopt=Abstract
http://dx.doi.org/10.1016/j.jbiomech.2023.111555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37030040&dopt=Abstract
http://dx.doi.org/10.1123/jab.2022-0185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37001865&dopt=Abstract
http://dx.doi.org/10.1123/jab.2013-0319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25536440&dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2017.01.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28073085&dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2018.11.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30465945&dopt=Abstract
http://dx.doi.org/10.1177/0309364615605374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26420262&dopt=Abstract
https://doi.org/10.1038/s41598-019-39695-0
http://dx.doi.org/10.1038/s41598-019-39695-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30837520&dopt=Abstract
http://dx.doi.org/10.1007/bf00308599
http://dx.doi.org/10.1037/h0082711
http://dx.doi.org/10.1037//0033-2909.84.5.852
http://dx.doi.org/10.2466/pms.1965.20.2.667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14279360&dopt=Abstract
http://dx.doi.org/10.1051/sm/2022012
http://dx.doi.org/10.1123/jsep.35.2.211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23535978&dopt=Abstract
https://www.jmir.org/2025/1/e66123
http://dx.doi.org/10.2196/66123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Naef et al

©Aileen C Naef, Guichande Duarte, Saskia Neumann, Migjen Shala, Meret Branscheidt, Chris Easthope Awai. Originally
published inthe Journal of Medical Internet Research (https://www.jmir.org), 26.03.2025. Thisisan open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of
Medical Internet Research (ISSN 1438-8871), is properly cited. The complete bibliographic information, a link to the original
publication on https://www.jmir.org/, as well as this copyright and license information must be included.

https://www.jmir.org/2025/1/e66123 JMed Internet Res 2025 | vol. 27 | e66123 | p. 13
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

