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Abstract

Keywords

Background and aims: Despite the significant advances in robotics in
industrial, medical, military, and service fields, the role of the human agent for Transcranial Direct Current
optimal control of robots is still important. In this regard, anodal transcranial
Direct Current Stimulation (tDCS) is proposed as an intervention with the
potential to improve cognitive-motor performance in the field of human-robot Primary motor cortex
interaction. This study aims to explore how anodal tDCS could improve fine
motor skills in a task that involves interacting with a robotic arm

Methods: In this laboratory study, 40 healthy adults were asked to perform Human-robot interaction
an object transfer task using a robotic arm in test sessions with sham (control

group) and real (intervention group) anodal tDCS. Before and after sham

and real stimulation, the intelligent circuit of the robotic arm recorded the

performance of the participants using indices such as the number of errors

(transfer, return, and total error), error duration, number of transferred objects,

and number of correctly transferred objects. The effects of anodal tDCS on

the changes in performance indicators between and within the study groups

(difference between pre- and post-anodal tDCS) were compared, considering

the significance level of p<0.05.

Stimulation (tDCS)

Motor skills

Results: The within-group comparison showed that the number of transferred Received: 2024/01/31
objects and the number of return errors before and after anodal tDCS (real and
sham) had a significant improvement trend. Additionally, the error duration and Accepted : 2024/11/16

the number of correctly transferred objects were significant for real and sham
stimulation, respectively. However, the comparison of the mean differences of
post-test and pre-test scores for all variables of the study indicated no significant
statistical difference between the intervention and control groups.

Conclusion: The results suggest that anodal tDCS did not have a specific
effect on hand motor skills in a human-robot interactive task, but rather a
general effect on the learning and performance of the task. This implies that
anodal tDCS may not be a suitable intervention for enhancing fine manual
motor control and coordination with a robotic arm, but rather for improving
the cognitive-motor processes involved in the task. This study contributes to
the understanding of the potential applications of anodal tDCS in the field of
human-robot interaction.
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EXTENDED ABSTRACT

INTRODUCTION

Despite significant advances in robotic technology,
the role of the human agent in the optimal control of
robots remains crucial. Human-robot interaction
(HRI) is the interdisciplinary study of how humans and
robots interact and cooperate with each other. One of
the challenges in HRI is to enhance the cognitive and
motor performance of human operators who control
or collaborate with robots, especially in tasks that
require fine manual motor skills and coordination.

One of the possible interventions that can
modulate brain activity and influence cognitive
and motor performance is transcranial Direct
Current Stimulation (tDCS). tDCS is a non-invasive
brain stimulation technique that delivers a weak
electric current through electrodes attached to the
scalp. Depending on the polarity and location of
the electrodes, tDCS can increase or decrease the
excitability of the underlying brain regions. Anodal
tDCS, which increases the excitability of the targeted
brain region, has been shown to have positive effects
on various aspects of motor skill learning and
performance, such as accuracy, speed, precision, and
retention.

However, the effects of anodal tDCS on motor
skills in HRI tasks are not well documented. Although
most of the previous studies have focused on the
effects of anodal tDCS on the primary motor cortex
(M1), which is responsible for the execution of motor
commands, there is a lack of consensus on the impact
of tDCS on motor function in healthy individuals.
Therefore, there is a need for more systematic and
comprehensive research on the effects of anodal tDCS
on motor skills in HRI tasks, and on the underlying
neural mechanisms and the optimal stimulation
parameters.

The aim of this study was to investigate the effect
of anodal tDCS on the primary motor cortex (M1) on
hand motor skills in a human-robot interactive task.
We hypothesized that anodal tDCS would enhance the
performance of the participants in a task that required
fine manual motor control and coordination with a
robotic arm.

METHODOLOGY

In this laboratory study, 40 healthy adults were
asked to perform an object transfer task using a
robotic arm in test sessions with sham (control group)
and real (intervention group) anodal tDCS. Before
and after sham and real stimulation, the intelligent
circuit of the robotic arm recorded the performance
of the participants using indices such as the number
of errors (transfer, return, and total error), error
duration, number of transferred objects, and number
of correctly transferred objects. The Neurostim2,
S/N: MD 2-8002, was used for applying the tDCS.
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The effects of anodal tDCS over the primary motor
cortex (M1) on the changes in performance indicators
between and within the study groups (difference
between pre- and post-anodal tDCS) were compared.

Data analysis

Shapiro-Wilk tests were performed to check the
normality of the data distribution for each variable
and group. The results showed that the data were
normally distributed for some variables and groups,
and non-normally distributed for others. Therefore,
the appropriate statistical tests based on the normality
and the type of comparison were implemented.
For intra-group comparison, we used paired t-tests
for normally distributed data, and Wilcoxon tests
for non-normally distributed data. For inter-group
comparison, we used independent t-tests for normally
distributed data, and Mann-Whitney tests for non-
normally distributed data. We reported the mean,
standard deviation, p-value, and effect size (Cohen’s d
or r) of each test, and interpreted the results based on
the significance level of p<0.05 and the magnitude of
the effect size. All the data were analyzed using SPSS
V. 21 software.

RESULTS

The results of participants’ performance indices
during object movement using the robotic arm are
summarized in Table 1. The results of the within-group
comparison showed that the number of transferred
objects and the number of return errors before and
after anodal tDCS (real and sham) had a significant
improvement trend. Additionally, the error duration
and the number of correctly transferred objects were
significant for real and sham stimulation, respectively.
However, the comparison of the mean differences of
post-test and pre-test scores for all variables of the
study indicated no significant statistical difference
between the intervention and control groups.

In Table 1, for NTE, NRE, TNE and ED variables,
the negative mean values of the difference between
the pre-test and post-test scores (changes) indicate
improved performance in the post-test compared to
the pre-test in the studied group.

In Table 1, for NCTO and NTO variables, the
positive mean values of the difference between the pre-
test and post-test scores (changes) indicate improved
performance in the post-test compared to the pre-test
in the studied group.

DISCUSSION AND CONCLUSION

The aim of this study was to investigate the effect
of anodal tDCS on the primary motor cortex (M1) on
hand motor skills in a human-robot interactive task.
We hypothesized that anodal tDCS would enhance
the performance of the participants in a task that
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Table 1. The results of within -group and inter-group of participants performance indices during object movment using the robotic arm

Difference between

. pre-test and post-test Within-group Inter-group
Variabl G
ariable roup (Changes) P-Value p-value
mean+SD
NTE Intervantion 0.00 + 1.02 1.00 0.88
Control 0.05+1.14 0.84
Intervantion -0.65+1.18 0.02*
NRE 0.76
Control -0.55+0.94 0.01*
TNE Intervantion -0.65+1.81 0.12 079
Control -0.5+1.76 0.22
NCTO Intervantion 0.5+1.31 0.10 0.39
Control 0.85+1026 0.00*
NTO Intervantion 0.45+0.88 0.03* 0.06
Control 0.9+0.85 0.00*
Intervantion -0.97 £1.43 0.00*
ED 0.43
Control -0.53 +1.85 0.19

transferred objects , ED : error duration
* indicates significant difference

NTE: number of transfer error, NRE : number of return error ,TNE : total number of error ,NCTO: number of correct transferred object , NTO: number of

required fine manual motor control and coordination
with a robotic arm. However, the results of our
experiment did not support our hypothesis. We found
no significant difference between the intervention and
control groups in terms of the number of errors, error
duration, number of completed tasks, and number of
correct tasks in the object transfer task. The within-
group comparison showed that both groups improved
their performance over time, suggesting that anodal
tDCS did not have a specific effect on hand motor
skills, but rather a general effect on the learning and
performance of the task.

These findings imply that anodal tDCS may not
be a suitable intervention for enhancing fine manual
motor control and coordination with a robotic
arm, but rather for improving the cognitive-motor
processes involved in the task. This study contributes
to the understanding of the potential applications of
anodal tDCS in the field of human-robot interaction,
and provides insights into the neural mechanisms and
the optimal stimulation parameters of anodal tDCS on
motor skill learning and performance.

As noted in a study by Chen et al. (2020), the
lack of differences between the intervention and
control groups can undermine confidence in the
potential of offline tDCS for skill acquisition, while
it is more consistent with other claims that temporal
separation of the task and tDCS can reduce the
effectiveness of stimulation for skill acquisition. The
results of intergroup comparison in this study are in
accordance with the studies of Chen et al. (2020), Reis
etal. (2015), and Stagg et al. (2011). However, they are
contradictory to studies such as Wilson et al. (2022),
whose results showed that anodal tDCS applied to
the primary motor cortex (M1) can increase manual
precision and stability required for fine tasks, and the

y

study of Weightman et al. (2020), who reported that
MI stimulation increases performance during hand
and finger movements.

However, this study also has some limitations
that should be acknowledged and addressed in future
research. First, the participants were healthy adults
with no neurological or motor impairments. Therefore,
the generalizability of the results to other populations,
such as patients with stroke or Parkinson’s disease, or
children or elderly people, is limited. Second, the task
used in this study was a simple and repetitive object
transfer task, which may not reflect the complexity
and diversity of real-world human-robot interactions.
Therefore, in future studies, it is suggested to evaluate
the effects of multi-session and long-term stimulation
on performance in people with reduced motor control
ability.
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