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ABSTRACT

Objectives: Using auditory concurrent feedback with the goal of gaze path
learning is a novel method in the attention field. The present study aimed to
determine the effect of bisensory feedback using eye movement sonification
on the decision-making of the badminton clear shot direction.

Method: In a semi-experimental strategy, with pre-post design without a
control group and clinical method, participants performed recognizing the
direction of the shot under unisensory and bisensory training conditions.
Response accuracy, response time, and fixation duration were measured in
the pre-test, immediate retention, and delayed retention.

Results: The results showed that in the immediate and delayed retention,
the bisensory group had higher response accuracy and shorter response
time than the unisensory group. The bisensory group had a longer fixation
duration in key areas than the unisensory group in both times.

Conclusion: The use of auditory feedback can probably be considered as a
way to improve decision-making skills at the novice level.
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Extended abstract

Objectives: The successful performance of tasks requires anticipating the
opponent's future movements to compensate for the delay in processing sensory-
motor information and, ultimately, decision-making. Athletes use rapid decision-
making with the aim of positively and directly influencing the outcome of the
competition. In research related to decision-making, it has been reported that the
use of perceptual-cognitive exercises leads to improved decision-making and
anticipation skills in athletes with semi-skilled and novice skill levels. According
to research, there are a variety of instructions, but what matters is the
effectiveness of that instruction. A widely discussed strategy for improving motor
learning is the provision of external feedback instructions. In various studies,
feedback has often been used in the form of visual and monosensory input. The
latest sports simulators not only provide monosensory feedback but can also use
multisensory feedback in complex tasks. Multisensory feedback operates through
multisensory integration, which means that sensory information reaches its
maximum encoding in the nervous system, which may be beneficial for the
learning process. The present study aimed to determine the effect of bisensory
feedback using eye movement sonification on the decision-making of the
badminton clear shot direction.

Method: In a semi-experimental strategy, with pre-post design without a control
group and clinical method, participants of the present study were 40 beginners
(age: 21.58 £ 2.40, no previous badminton experience, right-handed, normal or
corrected vision) and were randomly divided into two groups: Vvisual
(monosensory) and visual-auditory (binaural).

For data sonification, three skilled badminton players with an average playing
experience of (9.30+0.89) years were first invited to the laboratory. They were
asked to watch 20 video clips. The visual search pattern of the skilled players
was extracted for each clip, then transformed into audio by an algorithm and
sanified using parameter mapping, in which the data values and their distances
from reference regions on a time scale were mapped to sound parameters. The
participants' eye movement inputs were then mapped online and directly to
sounds with a range between 0 and 300 Hz with MIDI notes 45 and 93,
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corresponding to pitch and tone. To convert the information from the vision
tracking device into audio, SuperCollider software (version 3.6.6) and a program
written in C++ were used. Participants wore eye-tracking glasses. Three-point
calibration was performed to link participants' eye positions to specific locations
on the screen. Each video clip began with a sound at the beginning of the film to
prepare participants for the start of the video. The duration of each clip (4 s) was
the same across trials. The film consisted of a preparation phase and a hitting
phase, with the film being interrupted at the moment the ball hit the racket (time
occlusion) and played from the receiver's perspective. The order of the video clips
presentation was completely randomized. Participants had to quickly decide
whether the shot was stroked to the left or right of the court. Response speed
was measured by pressing the response button after the film was interrupted.
The dependent variables of the present study were response time, response
accuracy, and viewing duration. For this purpose, the screen was divided into five
areas (1) AOI-1, the skilled athlete's head; (2) AOI-2, the body; (3) AOI-3, the
foot; (4) AOI-4, the arm; and (5) AOI-5, the racket-hand. All fixations outside these
AOIs were considered as out-of-focus fixations. To compare the performance of
the groups in the pre-test, immediate retention, and delayed retention, a mixed
analysis of variance test (2 (visual group, visual-auditory group) * 3 (pre-test,
immediate, and delayed retention)) was used. A repeated measures analysis of
variance and an independent t-test were used at a significance level (a<0.05).

Results: The results showed that there was a significant main effect for groups,
times, and interaction between the two groups at three times in response time
(p<0.05). The response time of the visual group in immediate retention
(472.951£19.33) was shorter than the pre-test (80.524+13.75), in immediate
retention (472.95+£19.33) was shorter than the delayed retention (516.50+£15.89),
and the response time in delayed retention (516.50£15.89) was shorter than the
pre-test (80.524+13.75). The response time of the audio-visual group in
immediate retention (40.407+6.43) was shorter than the pre-test (50.531+£9.41).
However, there was no difference between immediate and delayed retention

(p>0.05). A difference was also observed between the pre-test and delayed
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retention (p<0.05), so that the response time in delayed retention (420+65.11)
was shorter than the pre-test (50.531+9.41) (Figure 1).
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Figure 1. Response time (milliseconds) of the visual and visual-auditory groups
at three measurement times (pretest, immediate recall, and delayed recall)
The results showed that there was a significant main effect for groups, times, and

interaction between the two groups at three times in response accuracy (p<0.05)

(Table 1).

Table 1. Results of the mixed ANOVA on the factors of groups and time
Mean df F sig Partial Eta
squares

Groups 18901.32 1 54.62 0.007 069
Times 23001.30 2 79.91 0.001 076
Groupsxtimes  27021.09 2 566.91 0.001 0.94

The response accuracy of the visual group in immediate retention (30.20+6.43)
was higher than the pre-test (30.301£9.46), in immediate retention (30.20+6.43)
was higher than delayed retention (40.21+£4.39), and the response accuracy in
delayed retention (40.21+£4.39) was higher than the pre-test (30.30+£9.46). Also,
the accuracy of the response of the audio-visual group in immediate retention
(65.65+10.31) was higher than the pre-test (8.90+£3.22). However, there was no
difference between immediate and delayed retention (p<0.005). A difference was
also observed between the pre-test and delayed retention (p<0.005), so that the
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accuracy of the response in delayed retention (48.90+8.24) was higher than the
pre-test (8.90+£3.22). In the pre-test, there was no significant difference between
the fixation duration to the head, trunk, and hand regions in the visual and visual-
auditory groups (p>0.05). In the immediate retention, there was a significant
difference between the visual and visual-auditory groups in the head, trunk, and
hand regions (p<0.005). So that in immediate retention, the fixation duration to
the head region in the visual-auditory group (102.14+85.38) was less than the
visual group (264.69+51.86), the fixation duration in the visual-auditory group
(10.413+£16.07) was longer than the visual group (305.59+38.40), and fixation
duration in the visual-auditory group (44.417+8.32) was longer than the visual
group (80.356+27.84) in trunk region.

In the delayed retention, there was a significant difference between the visual and
audio-visual groups in the head, trunk, and hand regions (p<0.05), so that the
fixation duration in the audio-visual group (39.47+16.70) was also less than the
visual group (275.75+£50.47) in the head region, also, the fixation duration in the
visual-auditory group (409.29+16.89) was longer than the visual group
(274.23+28.73), and the fixation duration in the visual-auditory group
(410.11+9.08) was also longer than the visual group (323.31+30.87) in the hand
region. Also, the results for the foot and racket region showed that there was no
significant interaction between the two groups at three times (p>0.05).
Conclusion: The results showed that participants in the visual-auditory feedback
group had higher accuracy and significantly shorter response times after the
intervention than the visual group. Also, examining the participants' eye
movement patterns showed that using sound can bring the gaze behavior of
beginners closer to that of skilled athletes. The augmented bisensory feedback
used in this study likely facilitated the learning of complex eye movements and
subsequent correct decision-making in a short period. Since the use of sound
mediates the dynamic aspects of movement, the participants in the present study
also used this facilitating tool to learn spatial and temporal aspects. The added
auditory feedback probably did not impose an additional load on the participants'
working memory, and it can be concluded that simultaneous and frequent

feedback does not necessarily hinder learning. The results of the present study
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also challenge the specificity learning theory. According to the sensory-motor
specificity principle of this theory, learning motor skills is a sensory-motor
representation that integrates motor components with sensory information during
practice. This means that removing or adding sensory information in the
acquisition phase will impair the performer's ability in the transfer or retention test.
However, in this study, using an additional sense in the acquisition phase caused
a difference in the sensory-motor representation between the acquisition and
retention phases, and according to the specificity learning theory, this type of
training should have impaired the participants' learning. However, the results
showed that using bisensory feedback improved the detection of direction, even
though simultaneous bisensory feedback was removed in the delayed retention

test.
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