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ABSTRACT

Augmented visual-audio feedback supports rhythmic motor performance in both sports training
and sensorimotor synchronization practise. In home-based rehabilitation for minor stroke patients,
training on a fine motor skill using rhythms not only helps to recover sophisticated motion ability but
also increases their confidence and mental health recovery. Auditory information has been shown to
have advantages for improving rhythmic motion performance, but it can be masked by environmental
noise and may be intrusive to non-stakeholders. Under these circumstances, patients may be reluctant
to practice actively due to difficulties hearing the auditory stimuli or through a concern for disturbing
others. To address this issue, we explored an inconspicuous way of providing vibrotactile feedback
through wristband. In order to investigate the general feasibility of a sensorimotor synchronization
task, we conducted a preliminary user study with 16 healthy participants, and compared the visual-
tactile feedback with visual-audio, visual-audio-tactile and visual-only feedback. Results showed that
rhythmic motion accuracy with visual-tactile feedback has the equivalent facilitatory effect with
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visual-audio feedback. In addition, visual-tactile feedback supports smoother movements than the
visual-audio feedback. In the future, after refinement with stroke patients, the system could support
customization for different levels of sensorimotor synchronization training.
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INTRODUCTION

Sensorimotor synchronization (SMS) refers to a motor ability that temporally coordinates movements
with the perception of an external referents, such as a sequence of visual patterns or musical notes
[9]. This ability enables the practice of a variety of sophisticated activities such as playing sports,
dancing or performing music. For patients undergoing rehabilitation, it can also play an important
role in supporting a good quality of life and a feeling of well-being. However, most stroke survivors
have to endure long-term motor dysfunction, including lost SMS ability [15]. Many research efforts
have endeavoured to develop technology and training guidelines to help patients regain muscle
strength and limb flexibility, with the focus on recovering gross motor function [8, 10]. It is reasonable
that gross motor ability is primarily important for patients to maintain independence. However, for
patients in whom the gross motor ability has somewhat recovered, or patients who have suffered a
minor stroke with intact gross motor ability, training on SMS is becoming an increasingly important
component of their rehabilitation. Unfortunately, the effective approaches for SMS rehabilitation
have rarely been evaluated so far.

Augmented auditory feedback has been shown to facilitate SMS in sports training, motor skill
Figure 1: Study setup with a wristband, practising and home-based rehabilitation [5]. However, auditory feedback can be masked by environ-
sketchpad and a screen. mental noise, as well as potentially being intrusive to non-stakeholders in shared spaces [1, 7], which

may lead to reluctance on the part of patients to make use of this form of self rehabilitation.
Tactile feedback, in comparison, can overcome this disadvantage by representing effective feedback
in a private and inconspicuous manner. However, the question of whether visual-tactile feedback
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is able to provide equivalent facilitation for SMS is unknown. The aim of the current research is to
evaluate the feasibility of visual-haptic implementation with an SMS task, a rhythmic sketch task
that requires finger moves in different rhythms.

BACKGROUND

Augmented feedback, also refers to as extrinsic feedback, is defined as information feedback that
cannot be elaborated without an external source of stimuli [12]. It is one of the instructional strategies
that signify gestural or bodily movement features, such as trajectory, speed, force exception etc., to
increase self-awareness of motion quality and facilitating motion-correction in the context of music

Table 1: Correlations between sample
rhythm and reproduced rhythm

Rhythms Feedback Correlation

Pear- performance and motor skill learning [14].
son’s P value In the motor training research field, the effect of visual-audio feedback on SMS performance has
r been extensively investigated for the close neurological coupling between auditory perception and the
Rhythm 1| Vv -0.524  0.021 motor area in the brain [2]. In an experiment conducted by Bengtsson et al., three types of rhythmic
VA 0.11 0.072 sequence and one unpredictable sequence were presented to participants while their brain activity
VH 0.139 0.027 was recorded through functional magnetic resonance imaging (fMRI). Results of this experiment
VHA 0.248 0.005 . . . .
showed that the motor area in the brain was activated by all three rhythmic sequences but not by the
Rhythm 2 \% 0.273 0.631 . . . . . . .
VA 0.563 0.01 unpredictable sequence. This observation confirms that rhythmic patterns perception could indeed
VH 0.568 0.043 modul;.ite motor responses. . .
VHA 0556 0.002 Previous behavioural research showed that augmenting motor performance through tactile feedback
Rhythm3 |V 0.597 0.09 (with visual information) can facilitate manipulation in an operation simulation with a needle insertion
VA 0.712 0.00 task [4] and a medical navigation task [11]. In stroke rehabilitation area, augmented vibrotactile
VH 0.768 0.00 feedback has been evaluated in gross motor function recovery, e.g. gait training, and yield promising
VHA 0.783 0.00 results on restoring mobility and SMS ability [6].
Rhythm 4 |V 0.731 0.008 Based on neurological discoveries and previous evaluation on tactile feedback implementation, the
VA 0.811 0.00 current research focuses on the fine motor function, especially the SMS ability with finger movement,
VH 0.72 0.013 and evaluate the feasibility of visual-tactile feedback by comparing it with other types of feedback.
VHA 0.68 0.005
Correlation is significant at .05 level. PROTOTYPE DESCRIPTION

Non-significant results are greyed out.
The prototype system used for this investigation is composed of three parts as shown in figure 1. First,

the screen was used for displaying rhythms in visual form, which was showed as two horizontal circles
flash one after another in a rhythm. In addition, the auditory rhythms were displayed through Mac
pro speaker with output volume at level 12. Second, a wristband was designed for displaying haptic
rhythms as vibrotactile feedback. A Pico Vibe motor embedded in the wristband pocket without direct
contact to the skin. It was attached to participants’ right hand during the test. Lastly, an Apple magic
trackpad 2 was used for collecting participants rhythmic sketch drawing.
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6 1 3 3
Rhythm 1
I 1 1 11 1 1 | 1 1
0 250 850 1100 1200 1450 1750 2000 2300 2550
3 6 1 3
Rhythm 2
I 1 I 1 1 1 1 1 1
0 250 550 800 1400 1650 1750 2000 2300 2550
3 3 6 1
Rhythm 3
1 1 1 1 1 1 1 1 1
0 250 550 800 1100 1350 1950 2200 2300 2550
1 6 3 3

Rhythm 4
I 1 1 1 1 1 1 1
0 250 350 600 1200 1450 1750 2000 2300 2550

Figure 2: The four metrical rhythms with different time interval ratio. Rhythm 1 has the ratio of 6:1:3:3,
rhythm 2 has the ratio of 3:6:1:3, rhythm 3 has the ratio of 3:3:6:1, and rhythm 4 has the ratio of 1:6:3:3.

USER STUDY
Task and procedure

The task was to watch a rhythmic pattern that presented with either visual, visual-audio, visual-tactile
or visual-audio-tactile stimulus, then participants were required to mimic the rhythm by moving
finger rhythmically on the sketchpad. During the sketch, the augmented stimulus provided during the
watching phase was displayed again as feedback cues. Participants performed four types of metric

" /
] 0 rhythms in 16 task trials. All the rhythms were composed of five identical musical notes which have
% different interval ratio as shown in figure 2.
9
-0.754
100 : : 8 Experimetal design
\ VA VH  VHA \ VA VH VHA

This study was conducted with a within-subject design. The factor was augmented feedback in
different modality combination, which has four levels: visual-audio-tactile (VHA) condition, which
presents terminal feedback through visual, haptic and auditory modes simultaneously; the visual-
tactile (VH) condition, the visual-audio (VA) condition and the visual-only (V) condition. For the
purpose of minimizing learning effect, the four types of augmented feedback with four rhythms were
randomized by a 4*4 Latin square, resulting in sixteen experimental trials.

—e— Rhythm 1 Rhythm 2 —#— Rhythm 3 —#— Rhythm 4
Figure 3: Left figure: The correlation be-
tween participants’ reproduced rhythm
and sample rhythm in four rhythmic
patterns. Right figure: The movement
smoothness under four types of feedback,
which was indicated by the number of
velocity peaks. Fewer the velocity peaks,
smoother the movement.

Data acquisition and processing

The aim of the study was to conduct a first feasibility evaluation of the vibrotactile feedback imple-
mentation on the SMS task. Thus we focus on two measurements. The first is the temporal accuracy
of the reproduced rhythm, which was indicated by the correlation value between the reproduced
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rhythm and the sample rhythm. In other words, the time intervals between finger movements in the
reproduced rhythm were compared with the signal onset intervals in the sample rhythm. The second
is the movement smoothness. We first extracted the speed of finger movement during the rhythmic
sketch by taking the first order derivative of movement trajectory. Based on this calculation, the
number of velocity peaks was derived as the indicator of movement smoothness [3]. The coordinates
and time stamps of finger movement data were recorded during the experiment at the rate of 125 per

second.
Table 2: Number of velocity peaks in four

main movement phases

PRELIMINARY RESULTS

Rhythms VHA VA VH \Y SMS temporal accuracy
The Pearson’s r correlation reflected the SMS accuracy. The higher the correlation coefficient values,

Rhythm 1 x 1073 1196 10.19  9.67 the better the temporal accuracy of the SMS performance. The detailed statistical results from the
o 439 408 468 4.71 Pearson correlation coefficient test with & = 0.05 can be seen in table 1 and figure 3 (left).

Rhythm2 — 1094 1163 9.54  10.63 Correlatlor.] an..aly5|s shoyved that VH augmented feedback enable partlc.lpants to do the rhythmic
X task that maintain an equivalent level of temporal accuracy compared with VA and VHA feedback.
o 417 380 412  4.88 However, the performance on rhythm 1 was systematically lower than rhythm 2, 3, 4 in both cases as

Rhythm3 & 975 1215 10.35 1102 shown in figure 3 (left).
o 4.09 4.33 434 434

Movement smoothness
Rhythm 4 - 10.17 1144 9.75 10.38
Y X The number of velocity peaks is an indicator of movement smoothness [3, 13]. The results can be seen

o

3.45 350 3.68 391 in table 2 and figure 3 (right), which shows that the velocity peaks produced in the VH condition
were lowest compared with VHA, VA condition. This result indicates that the vibrotactile condition
improves the motion smoothness when participants perform the SMS task.

In general, the preliminary evaluation results showed that implementing visual-tactile feedback can
produce an equivalent facilitatory effect on the rhythmic sketch task with visual-auditory feedback.
In addition, vibrotactile-involved feedback supports better movement smoothness than the auditory-
involved feedback in terms of the number of velocity peaks.

FUTURE WORKS

The aim of the current stage of research is to propose an inconspicuous way of facilitating SMS perfor-
mance by providing vibrotactile feedback through wristband. We developed a first stage system and
evaluated the feasibility by looking at participants’ performance accuracy and movement smoothness.
The results indicate that vibrotactile feedback combined with visual information can indeed produce
the similar facilitatory effect with visual-audio feedback in an SMS task performed by moving finger.
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In the future, after the refinement with a more compact design, the system will be evaluated with
minor stroke patients with different levels of rhythm difficulty included in the SMS tasks. The intensity
of vibrotactile feedback needs to be evaluated with patients as well.
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