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Abstract— Variations in biofeedback coding schemes for
postural control, in recent research, have shown significant
differences in performance outcomes due to variations in
coding schemes. However, the application of vibrotactile
biofeedback coding schemes to gait symmetry training is
not well explored. In this paper, we devised various vibrotac-
tile biofeedback modes and identified their efficacy during
gait symmetry training of individuals suffering from hemi-
paresis due to stroke. These modes are composed of vari-
ations in vibration type (on-time or intensity), and relation
type (proportionalor inversely-proportional)with the error in
symmetry ratio. Eight individuals with stroke participated in
walking trials. From dependent t-tests on the collected data,
we found improved achievement of temporal gait symmetry
while utilizing all the provided biofeedback modes com-
pared to no biofeedback (P < 0.001). Furthermore, two-way
repeated measures ANOVA revealed statistically significant
difference in symmetry ratio for main effect of vibration
type (P-value = 0.016, partial eta squared = 0.585). The
participants performed better with modes of biofeedback
with varying vibration on-times. Furthermore, participants
showed better performance when the biofeedback varied
proportionally with the error. These findings suggest that
biofeedback coding schemes may have a significant effect
on the performance of gait training.

Index Terms— Biofeedback, Gait Rehabilitation, Stroke,
Symmetry, Vibrotactile.
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I. INTRODUCTION

WORLDWIDE, stroke ranks as the leading cause of
disability [1]. Lack of mobility due to post stroke gait

abnormalities causes reduced quality of life and increased
long-term care needs among stroke recovering individuals [2].
Thus, the primary goal of rehabilitation after stroke is to regain
independent walking at home and in the community [3], [4].
Close supervision of a physical therapist is required to properly
carry out the gait training procedures. Physical therapists
address gait asymmetry to improve balance control and reduce
gait inefficiencies. However, the patient to therapist ratio is
becoming larger day by day, and creating a situation that
demands the use of engineering technology to provide ther-
apist like improvements in rehabilitation programs [5].

Gait rehabilitation is necessary to increase the functional
walking ability of the patient to an acceptable level for per-
forming normal tasks, thus reducing risk of subsequent health
defects. A complexity in the achievement of this task is that the
gait velocity and symmetry of individuals with mild to moder-
ate stroke are affected by different physical impairments [7].
Therefore, due to the variations in the causes and symptoms
of gait disorders, rehabilitative methods are often tailored
specifically for the particular individual [8]. As task-specific
and context-specific training are widely accepted principles
for motor learning, the training scheme adopted for each
individual should target their particular needs [37]. Adequate
gait rehabilitation demands committed time with a therapist,
expensive instrumentation and training devices, and the use
of a gait laboratory. In order to reduce these complexities,
technologies such as augmented feedback are being explored
for use in rehabilitative procedures. Augmented feedback can
play an important role when learning or improving a motor
skill [9].

Vibrotactile systems have been used recently to provide
feedback for postural sway reduction and gait rehabilitation
applications. In community-dwelling elderly subjects, vibro-
tactile biofeedback enabled control of mediolateral sway dur-
ing gait and reduction of fall risk [10]. Vibrotactile biofeed-
back reduced trunk sway during quiet standing and locomotor
activities in individuals with vestibular loss [11], [12]. Balance
training of individuals suffering from Parkinson’s disease
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using a vibrotactile biofeedback system showed beneficial
effects on trunk stability [13]. Likewise, use of vibrotactile
biofeedback has been explored for gait training of individ-
uals recovering from surgery to remediate knee osteoarthri-
tis [14], athletes [15], transtibial amputees [16] and stroke
survivors [17]. These studies demonstrate the effectiveness
of vibrotactile biofeedback in providing instructional cueing.
Hence, vibrotactors can provide effective cues with the least
amount of interference to the subject’s activities of daily life.
The small size and low power consumption of these device
elements makes them suitable for use in low-cost and easy-
to-use portable biofeedback systems to provide overground
gait training experience for gait rehabilitation after stroke.
Vibrotactors have also garnered great interest due to the
contemporary trend towards development of wearable systems.
Recently, we developed a wearable system that provides vibro-
tactile cues for post-stroke gait training. Through pilot testing
with that system, we identified the potential of vibrotactile
biofeedback for gait symmetry training of hemiparetic stroke
suffering individuals [18].

Different schemes of biofeedback delivery for postural
control tasks have been studied in recent researches [19]–[21].
Dozza et al. found that, for postural control, sigmoid-coded
audio biofeedback reduced sway acceleration more than
a linear-coded audio biofeedback, whereas a linear-coded
visual biofeedback reduced sway acceleration more than a
sigmoid-coded visual biofeedback [19]. Kinnaird et al. found
that in a standing postural control task performed by healthy
older adults, performance improved with both attractive and
repulsive cuing strategies. In each trial, the participants per-
formed better when using repulsive cuing strategy; however,
the rate of improvement over several trials was greater for
attractive cuing [20]. Lee et al. found that, while performing
dynamic exercises during an upright standing task, a con-
tinuous coding scheme produced significantly better perfor-
mance than a binary scheme when elderly individuals with
Parkinson’s Disease and healthy elderly individuals performed
dynamic weight-shifting balance exercises with assistive vibro-
tactile biofeedback [21]. Although, these studies provide a
useful insight into biofeedback coding schemes for postural
tasks, the application of such biofeedback coding schemes to
gait symmetry training is not yet well explored. Hemiparesis
results in reduced gait efficiency and reduced activity levels.
This weakness or inability to properly use one side of the body
causes gait asymmetry and increases risk of musculoskeletal
injury to non-paretic limbs [30]. Therefore, in the presented
research we have endeavored to explore the effect of different
vibrotactile biofeedback coding schemes on the training of gait
symmetry of individuals with hemiparetic stroke.

From our experimental study in [18], we acquired useful
insight about the vibrotactile biofeedback system’s perfor-
mance and effects on gait symmetry. Based on that under-
standing, we modified the system hardware to improve its
wearability and interface with PC [22]. In this paper, we have
briefly described the design and components of our inex-
pensive wearable vibrotactile cue delivery system for gait
training. The system description is followed by a description
of the development of various biofeedback coding schemes.

Afterwards, we have detailed the trials with individuals recov-
ering from stroke through which we identified the efficacy of
providing vibrotactile cues with different coding schemes for
gait symmetry training.

II. MATERIALS AND METHODS

A. System

Individuals suffering from hemiparetic stroke commonly
suffer from temporal asymmetry in gait cycle during ambu-
lation [32]. To detect the temporal gait parameters such as
stance-time and swing-time, contact based pressure-sensitive
insoles can be utilized. Change in pressure applied to a point
can be detected using Force Sensitive Resistor (FSR). Our
system (Figure 1), can detect temporal gait symmetry to
deliver various modes of vibrotactile biofeedback [23].

The insoles utilized in our system are designed with
FSRs placed at Toe, Metatarsal 1, Metatarsal 5 and Heel.
We have developed several insoles based on standard Korean
shoe sizes, to accommodate different foot size of users.
Each FSR (Tekscan, A401 [24]) can detect ground contact
through adjustment of a threshold to distinguish between
stance and swing phase of gait. Using this ground contact
information important gait parameters like stance-time on
each leg, swing-time on each leg and double-stance-time can
be calculated. Manipulation of this time data is useful in
determining gait abnormalities like temporal asymmetry. Each
FSR is connected to an interface circuit with wires (one circuit
for each leg); the circuit transforms the change in resistance
to change in voltage. This change in voltage is thus used
to determine the ground contact information. The interface
circuit is connected to a Lilypad Arduino [25] (one Lilypad for
each leg); the Lilypad continuously reads the analog voltage
signals, converts them into 10bit digital values and sends this
information to a Lilypad XBee module (one for each leg) via
wired serial (UART) communication. XBee module uses a Wi-
Fi transceiver [26] (one for each leg) to send this information
to a PC running a custom-made program executing inside the
LabVIEW (National Instruments) environment.

The FSR contact information received at the PC is run
through the LabVIEW program to identify gait parameters and
deliver vibrotactile biofeedback accordingly, at the same time
providing monitoring and data storage functionality through
the GUI. At each leg a 3.7V 2000mAh lithium polymer battery
combined with a 3.3V voltage regulator provides the necessary
power to run the portable system. The Lilypad Arduino, Wi-Fi
XBee, Battery, Interface circuit and Vibrotactors are securely
attached to soft knee wrap to make an easy to wear system.

At the PC the custom-made LabVIEW program receives the
FSR ground contact data. This ground contact information is
processed to obtain swing-time and stance-time of each leg of
the subject. Furthermore, symmetry ratio (SR) is calculated for
each gait cycle. SR is defined as the ratio between stance-time
of healthy leg and stance-time of paretic leg [27]. Generally,
the SR of a healthy individual will range between 0.95 and
1.05. Thus, an individual with stroke would exhibit a SR value
of larger than 1.05 in case of an asymmetric gait pattern due to
hemiparesis [28]. In this system, the vibrotactile biofeedback
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Fig. 1. (a) The developed system hardware and its components (adapted
from [23]). (b) Block diagram showing information flow. Each side has
identical components and mirrored placements to allow its use with left
and right hemiparetic stroke survivors (adapted from [22]). (c) Partici-
pants wore the two soft knee wraps upon which the whole system with
its components is affixed and shoes containing the instrumented insoles.

signal is generated based on the error between a desired SR
value and actual SR value.

The control signal for vibrotactile biofeedback is generated
by the PC and is transmitted over Wi-Fi to be received by
the Lilypad Arduino, which in turn switches the vibrotactor
array (Precision Microdrives ™310-101 [29] on Lilypad-Vibe-
Board, 6 for each leg) through a Darlington transistor. Operat-
ing at 3.3v, the amplitude of vibration is 1.5g at 100% intensity

(with a test load of 100gram), and a rise time of 91ms. The
vibrotactile feedback is delivered only at the paretic leg during
the swing phase.

In order to devise the different feedback coding schemes,
we looked at the different aspects of the processing of tac-
tile stimuli. Human brain is prone to control motor tasks
by processing and incorporating time-discrete somatosensory
information in its internal models [33], [34]. So, we aim
to identify the effects of a time variable feedback on gait
symmetry training. Human motor performance and learn-
ing is affected by variable intensity biomechanical feed-
back [21], [35]. Thus, exploration of the effects of an intensity
variable feedback on gait symmetry training is also warranted.
Furthermore, we hypothesized that the user may like the
increase in vibration as a sensory input signifying that they are
doing the task correctly or they may consider it a nuisance that
they would like to avoid by doing the task correctly. There-
fore, the proportional and inversely-proportional relationship
between the feedback and the error magnitude has also been
considered. Hence, in this research we have employed four
vibrotactile biofeedback modes (2 vibration types x 2 relation
types) that are explained below.

1. Proportional Time-change (PT): vibration on-time is
changed proportionally to error between desired and actual SR.

2. Inversely-proportional Time-change (IT): vibration on-
time is changed inverse proportionally to error between desired
and actual SR.

3. Proportional Intensity-change (PI): vibration intensity is
changed proportionally to error between desired and actual SR.

4. Inversely-proportional Intensity-change (II): vibration
intensity is changed inverse proportionally to error between
desired and actual SR.

In all the modes, the change (on-time/intensity) is kept
discrete to amplify the perception of tactile cues. In PT and
IT modes, the vibration signal is provided at full intensity and
only the on-time is changed between 500ms (maximum) and
200ms (minimum). In these modes, vibration starts with start
of the swing phase of the paretic leg and ends at the end of
the vibration on-time or the end of the swing phase, whichever
comes first. In PI and II modes, the vibration signal remains
on during the swing phase of the paretic leg and the intensity
is changed between 100% (maximum) and 25% (minimum).
The minimum intensity value was so selected to ensure that it
was above the sensitivity threshold of the calf musculature [44]
and that it was distinguishable from an unperceived feedback
signal. Figure 2 further explains the modes of vibrotactile
biofeedback used in this research, with an example of how
an individual with stroke can make use of the biofeedback to
achieve a target SR.

B. Participants

We conducted experimental trials involving eight individuals
with stroke to test the system efficacy in providing vibrotactile
cues for achieving a target SR. The purpose of doing this
experiment was twofold; firstly, we wanted to quantify the
effectiveness of each of the biofeedback modes in assisting
the subjects to improve SR, and secondly, to ascertain the
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Fig. 2. Modes of vibrotactile biofeedback ((a) PT, (b) IT, (c) PI and
(d) II) depicted with assumed application for a subject with stroke whose
objective is to reduce the asymmetric temporal gait pattern (target
SR < 1.05). In all plots, horizontal axis represents the subject’s symmetry
ratio.

difference in achieved outcomes under various biofeedback
modes. Participants of the study had suffered single onset of
unilateral hemiparetic stroke, and were in the sub-acute phase
of recovery. All participants were able to walk more than 10 m
without assistance. Individuals who were unable to follow ver-
bal requests, had foot drop condition, limitations in joint range
of motion, pain in the lower extremities, unstable medical
conditions, or other diagnosed neurologic or musculoskeletal
diseases were excluded from the study. None of the subjects

TABLE I
DEMOGRAPHIC DETAILS OF PARTICIPANTS

TABLE II
PROTOCOL OF EXPERIMENTAL TRIALS

suffered from any peripheral neurological conditions. Details
of the subjects who participated in this study are mentioned
in Table 1.

C. Protocol

The trials commenced with introduction of the system and
its use. Participants were given instructions on how to interpret
the various biofeedback modes. The instrumented insoles were
installed in their shoes and the wearable system that includes
knee wraps was put on each of their legs and fastened using
Velcro straps (see Figure 1). After this initial setup, each user
walked on the ground to acquire threshold FSR values. These
threshold values were subsequently used in the LabVIEW
program to distinguish between stance and swing phase of
each leg (see Figure 3.). The target SR was set at < 1.05 in
order to compel the participants to correct their asymmetric
gait. In order to get acquainted with the system, all subjects
utilized the various modes of vibrotactile biofeedback prior to
the recording of experimental trials.

Each subject underwent five trials of self-paced overground
walking. All subjects underwent the trials in random order.
The five trials were as follows: one trial of Normal Walk (NB),
where the subject walked with normal gait without any feed-
back, and four trials with the biofeedback modes (PT, IT,
PI, II) to achieve the target SR. Here, P stands for directly
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Fig. 3. (a) Graphical User Interface developed for the operation of the system in LabVIEW development environment. The operator has controls for
calibrating the instrumented insoles, selecting the type of feedback and data recording. (b) Flowchart of the system control software. This diagram
depicts a single iteration of the system workflow. In implementation, the modules work in parallel to ensure availability of data for each subsequent
cycle.

TABLE III
THE MEAN OBSERVED SR DURING VARIOUS WALKING TRIALS

proportional, I in the first letter space stands for inversely-
proportional, T denotes variations in on-time of vibration and
I in the second letter space denotes variations in intensity of the
vibration. This study was conducted following the principles of
the Declaration of Helsinki. All subjects gave written informed
consent prior to data collection.

D. Data Analysis

The experimental trials were conducted with coordination
of a PC operated by one of the researchers. The custom-built
LabVIEW program handled two-way real-time data communi-
cation with the two Arduino Lilypads. The live-communication
setup between LabVIEW and Arduinos was made possible
with the use of XBEE Wi-Fi transceivers. The LabVIEW
program monitored the signals from the FSRs and performed
gait segmentation to determine the swing-time and stance-
time at each leg (see Figure 4.). Subsequently, the ratio of
stance-times was used to calculate SR. The LabVIEW program
stored these SR values to determine the efficacy of vibrotactile
biofeedback on gait symmetry of the participants. Gait speed
during the various trials was measured using a handheld
stopwatch by one of the researchers who observed the gait
trials.

In post-experimental data analysis, these SR and gait speed
values of the participants obtained during the five trials were
evaluated. Using dependent t-test, we compared the SR and
gait speed of trials done under different modes of feedback,
here the statistical significance was defined at P<0.05. Fur-
thermore, a two-way repeated measures ANOVA was used to
identify the effects of vibration type (factor, 2 levels: time-
change, intensity-change) and relation type (factor, 2 levels:
proportional, inversely-proportional) on SR and gait speed
while the subjects tried to achieve the target SR during various
biofeedback modes. In addition, Mauchly’s test of Sphericity
was used to validate the repeated measures ANOVA. Post-
hoc tests were conducted using the Bonferroni correction
method. Partial eta squared was calculated as a measure of the
effect size for two-way repeated measure ANOVA. Cohen’s d
was also calculated and used for pairwise comparisons. All
statistical analysis was performed using SPSS V20.0 (IBM
Corp., Armonk, NY, USA).

III. RESULTS

The mean observed SR and gait speed of each par-
ticipant measured during the experiment are presented in
Table 3 and 4, respectively.
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Fig. 4. Modes of vibrotactile biofeedback explained with subject’s left-side assumed to be paretic (RHC: right heel contact, DS: double support,
LTO: left toe off, Right SS: right single support, LHC: left heel contact, RTO: right toe off, and Left SS: left single support).

TABLE IV
THE MEAN OBSERVED GAIT SPEED DURING VARIOUS WALKING TRIALS

The t-tests revealed statistically significant differences
(P-value <0.001) between SR of NB trial and each of the
biofeedback trials (PT, IT, PI and II) (see Figure 5). The
Cohen’s d values for pairwise comparisons of SR following the
t-tests were as follows: NB vs PT = 5.55, NB vs. IT = 4.37,
NB vs PI = 3.55, NB vs. II = 3.80. However, from t-tests,
no statistically significant differences were observed between
gait speeds of all trials (see Figure 6).

Results of two-way repeated measures ANOVA of SR and
gait speed are presented in Table 5 and 6, respectively. There
was a significant main effect of vibration type on the subjects’
symmetry ratio (P-value = 0.016, partial eta squared = 0.585).
No significant interaction between vibration type and relation
type led to post-hoc analysis of relation types (proportional

and inversely proportional) separately (see Table 5). Post-hoc
analysis revealed significant difference between PT and PI
(P-value = 0.025, Cohen’s d = 1.28) and between IT and
II (P-value = 0.017, Cohen’s d = 1.42) (see Figure 7).

No statistically significant difference was found in gait
speed between main effects of vibration type and relation type,
and their interaction (see Table 6).

IV. DISCUSSION

In this paper, we presented the work we carried out using
our wearable vibrotactile biofeedback system that is capable
of providing various schemes of tactile cues for gait sym-
metry training. This system enables the user to experience
over-ground walking while receiving vibrotactile biofeedback
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Fig. 5. Mean and SD of the SR of all participants during various walking
trials, marked with statistically significant difference obtained from the
t-tests. Here ∗ represents P-value < 0.001 and error bars represent the
standard deviation.

Fig. 6. Mean and SD of the gait speeds of all participants during various
walking trials. T-tests revealed no statistically significant differences
between them. Here, error bars represent the standard deviation.

TABLE V
STATISTICS OF THE TWO-WAY REPEATED

MEASURES ANOVA FOR SR

for correction of temporal asymmetry of gait. The presented
work focused on gauging the efficacy of various modes of
vibrotactile feedback in ameliorating gait symmetry and on
the comparison of the different modes in terms of the obtained
outcomes. In this study, individuals with stroke underwent
walking trials with the aim to achieve a target symmetry ratio
while utilizing the provided modes of vibrotactile cues.

TABLE VI
STATISTICS OF THE TWO-WAY REPEATED MEASURES

ANOVA FOR GAIT SPEED

Fig. 7. Post-hoc analysis of SR under different biofeedback coding
schemes. Analysis revealed significant difference between PT and PI
(p = 0.025) and between IT and II (p = 0.017). Here, error bars represent
the standard deviation.

These modes were defined by changes in vibration on-time
or intensity, and their relation to error between desired and
actual SR, i.e. the changes were either proportionally or
inverse proportionally related to the magnitude of the error.
All subjects were able to utilize the various coding schemes of
vibrotactile biofeedback. The walking trials conducted under
these different biofeedback conditions allowed us to observe
the differences in performance of the subjects in achieving a
target symmetry ratio. The results show that coding schemes
can potentially have a significant effect on the training of gait
symmetry.

The participants of this study were individuals recovering
from hemiparetic stroke and were in the gait rehabilitation
phase of recovery. Hemiparesis, or one-sided weakness, is the
most common movement impairment among stroke survivors.
The most efficient gait pattern is a symmetrical one, as gait
asymmetry and energy expenditure are correlated [31]. In post-
stroke chronic stage, 55.5% of the individuals exhibit temporal
asymmetry [32]. Post-stroke stance-time symmetry ratio is cor-
related with swing-time and step-length symmetry ratio, thus it
can indicate improvements in gait symmetry [27], [28]. There
exists a possibility that training using the split-belt treadmill
may remediate post-stroke asymmetric walking patterns [6].
However, it is not easy for the individuals requiring reha-
bilitation to use the split-belt treadmill rehabilitation systems
by themselves on a daily basis. This difficulty is caused in
part by the large size and complex working of the equipment
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involved. Another cause of difficulty is the high cost of such
equipment that hinders its wide availability. Hence, there is
an evident need for a low-cost in-home usable system for gait
rehabilitation using biofeedback.

The participants of the study were able to achieve the
target SR with all the biofeedback modes. As compared to the
no biofeedback walking trial, all biofeedback walking trials
exhibited statistically significant improvements in SR of the
participants. However, the participants performed better with
the biofeedback modes where the vibration on-time varied with
the error in SR. The outcome of two-way repeated measures
ANOVA revealed statistically significant difference (P-value =
0.016, partial eta squared = 0.585) between time encoded and
intensity encoded vibrotactile biofeedback. Post-hoc analysis
revealed significant difference between PT and PI (P-value =
0.025, Cohen’s d = 1.28) and between IT and II (P-value
= 0.017, Cohen’s d = 1.42). Time-discrete somatosensory
cues lead to the perception of a rhythm that the subjects
can incorporate in their body control scheme and learn to
associate with a physiological gait pattern, without having
to pay continuous attention to the modulation of a time-
continuous stimulation [36]. The current study shows that it
is plausible that such time-discrete stimuli provided during
cyclical tasks may provide a rhythm that can be integrated in
the body control scheme and hence improve locomotion [16].

Gait speed of the participants during various modes of
biofeedback was also observed (see Table 4). Gait speed is
considered to be an important marker of deficit severity and
functional ability after stroke [42]. Gait speed is adversely
affected by increase in cognitive load [43]. We observed no
statistically significant difference in participant gait speeds
during the various biofeedback modes. This maintenance of
gait speed was observed among all participants, showing that
the various modes of biofeedback may not have imposed a
high cognitive load.

Differences between how the central nervous system nat-
urally processes tactile input and the afferent information of
on-time or intensity may explain why the different modes of
biofeedback generated different outcomes. Perceptual thresh-
olds for haptic afferents depend on type of skin, stimulus type,
and timing of the stimulus [38]. Mechanoreceptors are respon-
sible for the perception of stimulus intensity [40], whereas dif-
ferent parts of the human brain, including cerebellum, cerebral
cortices and basal ganglia, cater to the temporal perception of
short-term events [39]. As somatosensory sensitivity in sub-
jects with stroke is compromised, their perception of afferent
intensity variations may be reduced [41]. While subjects can
use these different modes of biofeedback to achieve the target,
the outcomes may also differ due to user preference and/or
ease-of-understanding of certain schemes. We initially hypoth-
esized that the subjects would prefer vibrotactile biofeedback
with either proportional or inversely-proportional relation-
ship with error magnitude. The results show no statistically
significant difference in SR between the two relationships.
However, the subjects did perform better with the proportional
relationship (increase in error causes increase in feedback
magnitude) over the inversely-proportional one (increase in
error causes decrease in feedback magnitude). The difference

between observed values of SR during PT (1.0481 ± 0.0103)
and IT (1.0523 ± 0.0169) trials, and that between PI
(1.0661 ± 0.0170) and II (1.0747 ± 0.0146) trials highlights
this phenomenon. This may be attributed to the general pref-
erence that users have for intuitive feedback schemes [38].

Limitations of the present study are the relatively small
sample size, and an imbalance in gender distribution and side
of hemiplegia. Despite the limitations, this study suggests that
biofeedback schemes may have a significant effect on the
performance of gait training. Therefore, careful selection of
the biofeedback scheme is necessary.

The eventual goal of this research is to devise a system that
can be used in non-laboratory settings for gait rehabilitation of
individuals with sub-acute stroke. The modifications necessary
to achieve that include the use of a smartphone based interface
to replace the PC used in the current system. Future work
includes application of this system with its various vibrotactile
biofeedback coding schemes for gait symmetry training and
identification of the mode preferred by individuals suffering
from gait asymmetry due to ailments other than stroke. In addi-
tion, the changes in lower-limb kinematics corresponding
to the use of various biofeedback schemes warrant further
investigation.

V. CONCLUSION

In the current research, we analyzed the efficacy of various
biofeedback modes provided to individuals recovering from
stroke tasked with improving their temporal gait symmetry.
The different vibrotactile biofeedback modes used included
variations of on-time or intensity with varying relationships
with error magnitude. We carried out walking trials of individ-
uals with stroke to determine the effectiveness of the different
biofeedback modes in assisting the subjects to improve SR,
and to ascertain the difference among outcomes achieved
with them. Results show that while using all the biofeedback
modes, subjects were able to significantly improve their SR.
Upon comparison of outcomes obtained with the different
modes, we found that the subjects preferred feedback provided
in terms of vibration on-time variation as compared to that
with intensity variation. We also found that the relationship
between feedback and error magnitude influences performance
of the subjects. The results of the current study suggest
that the particular biofeedback scheme chosen may have a
significant effect on the performance of gait training. This
may be due to neurophysiological factors and/or a preference
that the subject may have. To enable the inclusion of vibro-
tactile coding schemes in post-stroke gait symmetry training
it is necessary to identify the underlying mechanism that
causes varied performance among subjects. Future researches
should also investigate the extent of differences in performance
among a more diverse (severity, type) group of individuals
with stroke.
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