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ABSTRACT 
The human vestibular system has been extensively studied 
using Galvanic Vestibular Stimulation (GVS). Most 
experiments focus on vestibular disorders and use confined 
tests in a laboratory environment. The present study 
focuses on the effect of vestibular stimulation in every day 
life and its suitability as an HCI technology. In contrast to 
other experiments the present study uses a GVS device 
which is dependent on the head movement of the test 
subject. Effects of various GVS schemes (both correlated 
and uncorrelated to head movement) on several everyday 
activities are investigated. The experiments yield very 
interesting results, which provide incentives for further 
experiments to accumulate more evidence.    
 
INTRODUCTION 
In recent years, galvanic vestibular stimulation (GVS) is 
used extensively as a technique to investigate the human 
balance system. The present study investigates the effects 
of GVS on everyday life in relation to ones own head 
movement. Furthermore we are interested in the plasticity 
of the brain regarding alterations of the balance system. 
Results of this study potentially provide new insights for 
alternative physical and wearable interfaces for the 
communication between humans and computers or mobile 
devices. In addition, the newly developed head-movement 
dependent GVS-system potentially provides a new method 
for alterations in daily activities such as the improvement 
of the natural balance system in humans.   

Numerous previous experiments have been conducted by 
means of electrical stimulation as well as experiments 
regarding sensory distortion, body manipulation and 
retrieving electrical signals from the body [11] [14] [7] [6] 
[23][25].   
Although long known as a technique to stimulate the 
human balance system, GVS has only relatively recently 
gained interest as a tool amongst artists and scientists [16]  
[1] [17] [22]. 
 
 
 
 

METHODS 
 
Self Experimentation 

In order to find answers to such questions, we defined a set 
of experimental conditions and tasks. All experiments 
(tasks under specific conditions) with GVS conducted in 
this study are performed by one test subject only, the main 
author of this article (Ruhl A.). Due to legal constraints 
and lack of funding, no other test subjects are used. 
However, one control subject, performing some of the 
same tasks as the test subject is used to control for learning 
and adaptation effects. The control subject does not wear 
the GVS device during testing. Both test subject and 
control subject are healthy, resp. 27 and 25 year old males 
and have no known balance disorders or epileptic records.  

Although self-experimentation has many advantages (e.g. 
Neuringer 1984), which can solve legal issues, budget and 
time constraints and have a fast trial and error 
experimentation rate, results of this research have to be 
interpreted with the single-subject and self-
experimentation constraint in mind. 

 
Stimulation 
GVS stimulates the human vestibular system (balance 
organ) by means of electric stimulation. Two electrodes, 
usually an anode and a cathode, are placed on the mastoids 
(the end of the bones behind the ear).  
All experiments in this study are performed with bilateral 
bipolar GVS. This type of stimulation uses two electrodes 
of different polarity behind the.  

The electrodes are incorporated in a pair of headphones. 
The ears are left uncovered for proper functioning and an 
accelerometer is used for orientation measurement. The 
accelerometer is placed on top of the headphones for 
optimal measurement. The information of the sensor 
(accelerometer) is send to a small box on the test subject’s 
belt. The box contains a microcontroller for the 
calculations of the stimulation intensity and direction 
based on the users head orientation and sends out the 
appropriate current depending on the input. The electrodes 
are powered by the micro controller, which in turn is 
powered by a 1.2Ah battery (Fig. 1).  



Stimulation currents are between 0 and 2mA (max) and no 
longer than 20 minutes on a daily bases. The skin behind 
the ears is first scrubbed with scrubbing gel to remove 
dead skin cells and than rubbed with alcohol to decrease 
impedance. Electrode gel is applied to the skin before 
placing the electrodes for the same reason. The electrodes 
are made of conductive rubber and placed in synthetic 
saline-soaked sponges to prevent chemical reactions at the 
contact points.  

Pilot experiments have revealed that the vestibular system 
is most sensitive for changes in stimulation rather than 
constant stimulation. Since in several of the experimental 
conditions the stimulation intention is dependent on the 
head movement (a constantly changing variable), we use 
constant DC (instead of pulsating DC). This turned out to 
be more effective in pilot experiments. In conditions 
unrelated to the head movement, we use a low frequency 
(about 120Hz) sine wave stimulation to keep stimulation 
most effective.   
 
Experimental Conditions 
In order to find a relationship between GVS evoked 
balance based on head orientation and altered daily 
performance, we need to search in a broad range of 
possibilities. To do this, we defined 4 experimental 
conditions, C0 - C3 (Table 1). 

Condition C0 is carried out while wearing the device but 
without stimulation to rule out the effects of the physical 
presence of the device itself. Condition C0 is a control 
condition and repeated for one day after each of the other 
conditions. Conditions C1 through C3 are each carried out 
for 4 consecutive days. After each 4-day period we repeat 
C0 for one more day to control for learning or adaptation of 
the tasks. Figure 2 shows a visualization of the 4 
experimental conditions.  
 
Tasks 
Although we study the effects of GVS in every day life, 
we defined a set of tasks (Table 2), in order to have 
repetitive components for comparison. Moreover, a 
balanced set of tasks is more likely to yield interesting 
results than random activities. All tasks are explained 
below and an overview is presented in table 2. 

 
Balance Beam Task 
In the balance beam task (T1), the subject is asked to walk 
over a round beam with a diameter of 55mm, with the eyes 
opened. Time and distance until the subject falls off, as 
well as the side on which the subject falls off are recorded. 
This procedure is repeated 5 times to get an average 
reading per day.   

 

 
Figure 1: The head-movement dependent GVS device 

 
Figure 2: The head-movement dependent GVS device . 

C0 Wearing device without stimulation 

C1 With an alternating stimulation to the left (sine 
wave like) 

C2 Stimulation with an intensity related to and a 
direction opposite to the head movement 

C3 Stimulation with an intensity related to and a 
direction coinciding with the head movement 

Table 1: The 4 experimental conditions 

T1 Balance beam task 

T2 Balance board task 

T3 Reading in a bus 

T4 Walk to target, eyes open, with GVS 

T5 Walk to target, eyes closed, with GVS 

T6 Walk to target, eyes open, without GVS 

T7 Walk to target, eyes closed, without GVS 

T8 Broomstick balancing task 

T9 Balance game task 
Table 2: Repetitive tasks performed in each condition 



Balance Board Task 
In the balance board task (T2), the subject is asked to stand 
on a Wii Balance Board (Nintendo Wiitm console and 
Balance Board) and perform two balance game tasks. The 
games Ski Slalom and Balance Bubble (Nintendo 2008) 
are used for this task and, depending on the game, the 
obtained distance, time and error rate are used as a 
recording of the performance. For the Ski Slalom, the 
subject stands on the Wii Balance Board and has to lean to 
the left and right to ski in between poles along the way, 
which typically takes about 30 seconds per trial. This is 
repeated three times to get an average measurement per 
day. In the Balance Bubble game the subject stands on the 
Wii Balance Board and has to lean to the left and right to 
finish a course without hitting the sides, which typically 
takes about 30 seconds per trial. This is repeated three 
times to get an average measurement per day.  

 
Reading on a Bus 
Reading on a bus (T3) or car, as well as being on a boat on 
rough water, disturbs the balance system. Especially when 
the brain is not able to verify and combine the information 
obtained from both vestibular and visual systems. In a bus 
this can be caused by a lack of visual verification (for 
example while reading or when vision is physically 
blocked) and on a boat by a lack of a fixed reference point. 
In this task, the subject sits in a bus while reading a book. 
The same bus route is chosen every time to minimize 
fluctuating factors. Time until motion sickness sets in is 
recorded. 

 
Walking to Target 
As explained in the introduction, balance is retained by 
combining visual and vestibular information. Without 
visual feedback, vestibular stimulation can lead to a shift 
in perceived route [9]. With this set of tasks (T4 through 
T7) we test the contribution of the vestibular stimulation on 
the deviation of a path in our testing conditions. For these 
tasks the subject is asked to walk from one tree to another 
(approximately 20 meters apart) with the eyes closed or 
open and with or without stimulation, depending on the 
task (Table 2). The deviation (cm) from the intended target 
is recorded.  

 
Broomstick Balancing 
In the broomstick balancing task (T8), a broomstick is 
balanced on the tip of one finger. The time and direction 
until the broomstick falls on the floor is recorded.  
 
Balance Game 
In the balance game task (T9), a wooden balance game is 
used (Fig 3). The objective of the game is to navigate a 
small ball through a labyrinth, avoiding holes on the way. 
The angle of the labyrinth is adjustable in two directions 
by two knobs to move the ball. In this particular case the 
accelerometer is not attached to the head but to the balance 
board. This moves the perception of movement to the 

board. The visual feedback of the board is processed by the 
brain and acted upon by adjusting the board orientation. 
The movement of the board is registered by the 
accelerometer and translated into vestibular stimulation, 
which we could see as a physical feedback system. The 
number of points and the time are recorded.    
 
Experiments 
Most tasks are performed on a daily bases during each 
condition. However, T3 is only done once for each 
condition (due to the duration of the task and the 
maximum advised stimulation time each day) plus once 
every day for  

control condition C0. This way we can see how the results 
change over time and control for adaptation and learning.   

To keep the experimentation conditions as similar as 
possible over all test days, no alcohol and coffee has been 
drunk during the 16 days of testing and the tests were done 
at the same time of the day as much as possible.  

The control subject does T1, T2, T8 and T9 roughly every 
other day during the same period as the test subject. 
 
RESULTS 
This study is highly experimental and due to a relatively 
small set of data the results will be both a description of 
the experience and a statistical experiment. The data is 
statically analysed to find supporting evidence to the 
qualitative results. When we call a result significant in this 
article, it is supported by a Ttest, with an outcome smaller 
than 5% (or 0,05). 

 
Overall Experience 
The intensity of the stimulation was determined by pilot 
experiments and is mostly dependent on the skin 
impendence and electrical resistance of the head, which 
can vary per person and per day. Experiments with 
stimulation intensity and pulsation resulted in burn marks 

 
Figure 3: Wooden Balance Game 

 

 

 



behind the ears at the place where the electrodes were 
placed. White flashes were experienced for abrupt 
changing intensities. In general, during testing a dizzy 
feeling, not un-similar to being under the influence of 
alcohol, was experienced. After the stimulation, headaches 
and nausea were common for up to three hours.  Nausea 
was strongest for condition C1 due the constantly 
alternating stimulation, resulting in vestibular effects 
comparable motion sickness.  
 
Statistical Results 
Balance Beam Task 
When viewing the results of the balance beam task, we 
find a significant difference in time and distance between 
almost all conditions (except between C2 - C3 for distance, 
and between C1 - C2 and C2 - C3 for the time parameter). 
This means that the GVS device has a definite influence on 
the results of the balance beam task. When we view the 
average time and distance for each condition, we can 
conclude that results are best for C0 and worst for C1 (Fig 
4). The constantly alternating stimulation makes it 
virtually impossible to make it to the end of the beam 
(results show no completion of the task) in comparison to 
the C0 condition without any stimulation (results show 7 
completions). We might not find a significant uncorrected 
result between C2 and C3, but when we take results of the 
control person and C0 of the test subject into account (un-
stimulated conditions), we see that results improve (fig. 5).   

This means that the task performance improves over time, 
but the results of C3 are worse than the results of C2. Since 
C3 is done later in time, we can conclude that if we correct 

for the learning effect, the difference between C2 and C3 
increases and the outcome of a Ttest might drop below 
0,05. The most interesting results are expected for C2 and 
C3 since those conditions have a stimulation related to 
head movement. Now we found that results for C2 are 
better than the results for C3 for T1, we can look at other 
tasks to find where this finding is supported. 

 
Balance Board Task 
Two games on the Wii Balance Board are used for this 
task. The Bubble Balance game shows no interesting 
results. This might be due to the fact that the body 
movement needed for this task is very subtle and might not 
trigger the device sufficiently. The other game, Ski Slalom, 
shows results that support the earlier finding. The error 
rate is significant for C2 - C3 in the same direction (results 
for C2 being better) as for T1. The time for this task shows 
a similar result in this direction. Controlling for the 
learning effect as done before (see fig. 6) might also result 
in a Ttest outcome below 0,05 but it is difficult to quantify 
results taking correction for learning into account.  
 

 

Interestingly, when we view the average results of the 
conditions for the test subject (fig. 7), we see that C2 has 
better results than all the other conditions, even better than 
C0, even when we control for learning (C2 falls way under 
the decreasing line).  

 

 
Figure 4: Average distance (cm)(top),and time (s)(bottom) – T1 

 
Figure 5: Learning effect T1 - Distance (cm) 

 
Figure 6: Learning effect T2 Ski – time (s) 
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Reading on the Bus 
The ‘Reading on the bus’ task was done 7 times in total, 
each day of the C0 condition and on the first day of the 
other conditions. Time to motion sickness during control 
condition C0 fluctuates. On day 2 and 3 it takes longer than 
on day 1, which suggests that there is no adaptation here. 
However, during the other conditions there is a decrease in 
time. This might suggest that with GVS device, motion 
sickness is postponed. Although the results suggest this, 
there is not enough data to confirm it. During condition C1, 
nausea was experienced more than in other conditions.   
 
Walking to Target 
At the start of the experiment it became clear that tasks T4 
(Walk to target, eyes open, with GVS) and T6 (Walk to 
target, eyes open, without GVS) would have the same 
outcome for every trial, since reaching a distant target 
relies on vision more than balance. T4 and T6 were 
therefore discarded from the experimental tasks. 

During C0, task T5 was not done, since it is equal to T7. T7 
is without stimulation, so to find results of the influence of 
the GVS device we look at the data in T5 and (different 
from other tasks) compare the different tasks (T5 and T7) to 

each other instead of just viewing the results of the 
separate tasks. First, we plotted all the T7 data in the actual 
day order instead of per condition because there is no 
stimulation present in this task. This way we get a view of 
the learning effect with a large data set and independent of 
any stimulation (fig 9). The graph shows that deviation 
from   target decreases over time, which shows an apparent 
learning effect in reaching the target. As shown in figure 
10, C3 shows a larger deviation than C2. Though the 
difference is small, we can assume this difference is 
substantial since figure 9 shows us that we would expect a 
smaller difference due to the apparent learning effect.   

Keeping in mind that figure 10 combines the results of two 
tasks (C0 is the average result of T7, C1 - C3 of T5), we can 
find a further significant difference between C1 and C0. 

The experience during C1 was a strong weltering in gait 
due to the alternating stimulation. This might explain the 
larger deviation for this condition. Also the fact that the 
stimulation is constantly present to one side, uncorrected to 
head movement might contribute to the larger deviation.  

Looking at the deviation direction, we note that the test 
subject is naturally biased to the left (Condition C0 in fig 
11). All other conditions show a strong bias to the right. It 
is unclear what the reason for this bias for C2 and C3 is, 
whereas in C1 it is obvious. 

Another unanticipated finding is done during these tests. 
On some days, out of experimental curiosity, the order in 
which T5 and T7 were performed was reversed to find out 
whether the outcome would be different.  

Figure 12 shows the direction of deviation on the 12 days 
that both T5 and T7 were conducted. The general feeling 
existed, that when T5 (with stimulation) was done before 

 
Figure 7: T2 Ski - time (s) and errors (nbr) 

 
Figure 10: Average deviation (cm) - T5 and T7  

 
Figure 9: Deviation from target (cm) – T7 per day 

 
Figure 11: Left vs Right deviation - T5 and T7  
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T7 (without stimulation), the direction of T7 was more 
likely to be opposite to T5 and vica versa. When T7 
occurred before T5, the test subject was not pre-influenced 
by any stimulation and the direction of deviation is 
random. However, when the task order was reversed, test 
subject was biased towards a direction during the first task, 
which resulted in a bias to the opposite direction during the 
next, un-stimulated task. The reversal days were day 3, 6, 
9 and 12 and those days show different outcomes in the 
direction of deviation than the other days. Though the 
results support this feeling, the evidence is very thin en no 
conclusions can be drawn. However, this does provide a 
clue that the test subject adapts to the stimulation situation 
and when stimulation is removed, the body is still 
compensating for the stimulation. As already discussed in 
the introduction, it is unclear whether the deviation of the 
intended path is caused by a shift in perception elicited by 
GVS or by the physical effect the GVS device. This does 
provide good reasons for further investigation in eventual 
follow-up experiments.    
 
Broomstick Balancing 
The results of this task support the results of other tasks. 
However, another interesting result is found if we look at 
the direction the broomstick falls. When looking at figure 
15 we see that the broomstick is biased to the right for C0, 
however, when looking at the control subject (fig. 16), 
there is no bias and the direction seems random. Therefore, 
the C0 bias might be random and we might need more data 
to use the C0 bias as a reference point. The strong right-
directed bias of C1 can be explained by the stimulation 
direction to the left in C1. However, we do find a 
difference in direction in which the broomstick falls, 
between C2 and C3 as we did with the direction in T5. The 
cause of this difference in direction is hard to explain.   

 

Balance Game 
The wooden balance game (Fig 3) is perfectly suited to test 
the eye-hand coordination regarding balance. Different 
from the other tasks, the accelerometer is connected to the 
board instead of to the head. This way, a shift in perceptual 
balance is realized because not head movement but board 
movement causes a change in vestibular stimulation.  

This task was added to the list of tests without any 
predefined idea of an outcome, to find if anything 
interesting could be found in this perceptual shift. 
Unfortunately, the data shows no interesting results. The 
learning effect is only present (though slight) for the 
control subject and the results under stimulation show only 
very small perturbations, even when we correct for the 
weak learning effect.  

 
CONCLUSION 
As mentioned earlier in this paper, we must be careful 
when drawing conclusions from any data collected. First of 
all, because of the single subject and self-experimentation 
aspects. Secondly, because of the relatively small data set 
and third, because the outcomes were not often 
indisputably significant and only became so after 
correcting for learning or adaptation, which is not an exact 
measurement.  

However, the data does provide clues for the assumptions 
and at least clues for the direction in which follow-up 
experiments are most likely to yield interesting and 
significant results. More data is needed in order to 
conclude that this device can improve ones natural balance 
system in certain situations, but the accumulated data 
suggests that there are definitely possibilities. Moreover, 
once we find sufficient evidence for improved 
performance under stimulation, we can imagine more 
applications in which computers could provide the input 
data and use this device as an interface between a virtual 
environment and the user. 

 
C2 - C3 Difference 
In almost all cases we can generally make the following 
ranking of the results: 

C0   C2   C3   C1       

 
Figure 12: Direction of deviation of test subject  

 
Figure 15: Direction of fall, test subject per condition - T8  

 
Figure 16: Direction of fall, control subject per day – T8  
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 Best        Worst 

First of all, we can conclude that the GVS device has a 
definite influence on the balance system in the given set of 
tasks and in daily life. We can also conclude that it makes 
it worse, in general. Next we conclude that C1 (constantly 
present, but alternating stimulation) has the worst results. 
This condition also results in the highest feeling of nausea 
and headaches. Our final general conclusion is that the 
results for C2 are better than for C3.   

This last conclusion means that counteracting the body’s 
own vestibular system is more effective than amplifying it. 
It’s not surprising that the C0 condition yields better results 
than the others since it has evolved to an optimal system 
for most everyday life conditions. It is interesting though, 
to find that C2 works better than C3 because it might lead 
to improved results in specific situations. We found one 
such case for T2 where the results for both time and error 
rates were better (after correction for learning effect 
probably significantly) for C2 than for C0. This means that 
the results improved compared with unaided tests. 
Although the evidence is scarce, it is a very interesting 
finding and should definitely be investigated further to see 
how this finding holds in different circumstances. When 
we keep in mind that this research was done with no 
funding and a limited amount of time, it is plausible to 
assume that with a better set of equipment and a more 
developed set of tasks, we could find more evidence for 
this finding and maybe even develop a device which 
improves balance for certain tasks.  

 
Adaptation 
As already discussed in paragraph 4.2.4 we found possible 
clues that our balance system adapts to new situations. We 
already found similar signs during the pilot experiments in 
which we found that constant stimulation was less 
effective than sine wave like stimulation. This could be 
caused by the fact that we are more sensitive for changes 
in stimulation intensity than for the stimulation intensity 
itself. One possibility that comes to mind is that the 
sensitivity of our vestibular system is not diminishing, but 
that our balance system is processing this information as 
such that we learn how to synchronize our motor reflexes 
with this renewed vestibular stimulation. Apparently 
(although not sufficiently supported) this adaptation is 
taking place very quickly, so that when we remove the 
stimulation after approximately ten minutes, we are 
already adapted. This is important information to find 
evidence for and to keep in mind for further research 
developments.  
 
Motion Sickness 
All conditions, but C1 in particular, in which any form of 
stimulation was present resulted in nausea, comparable to 
motion sickness. A discrepancy between the visual and 
vestibular input results in nausea.  
 
 

DISCUSSION  
Although often speculative and suggestive, this study has 
given us some insight into how our vestibular system deals 
with external stimulation, especially combined with our 
own head movement. 
Due to budget, time and legal constrains, only one test 
subject could be used for this study (main author). The 
self-experimentation aspect of this study has given us the 
freedom to experiment with the parameters in order to 
construct the proper equipment and experiments. A short 
trial and error rate was in this case beneficial and the 
intensity of the experiments would have been too extensive 
for external test subjects given the circumstances. Despite 
the stated advantages, self-experimentation can cause 
limitations as well. First, the single subject aspect limits 
the reliability of the results. We have partly solved this by 
introducing a control subject and an extensive number of 
control conditions for the test subject. This contributed to a 
good understanding of the changes in results that could be 
attributed to the effect of the GVS device or to the learning 
effect. Nevertheless, none of the results under stimulation 
could be verified with other test subjects.  
Second, having the author and test subject combined in 
one person could possibly unconsciously lead to a bias in 
the results. Either due to the eagerness to find interesting 
results (e.g. not pushing the limits equally for all aspects of 
the experiments), or due to a coloured view while 
analyzing the results. No matter how hard the author tries 
or claims to be sincere, the results will (and should) always 
be viewed with suspicion.  
Given these circumstances, the results of this study should 
only be seen as an exploratory study. This, however, 
doesn’t mean that the results are not meaningful. The 
results presented in this article do give some new and 
interesting insights and provide an incentive for other 
researchers to verify these findings in a more extensive 
study.  
In the post-desktop era of our current society, ubiquitous 
computing becomes increasingly important. When 
communicating with computers is limited by keyboards 
and screens, the need for alternative ways of 
communication increases. Smartphone’s are stuffed with 
sensors and are capable of more real life support than 
desktops. When a computer ‘knows’ more about us (e.g. 
position, speed, orientation, direction etc.) it can do a 
better job in helping us achieving our goal. This study 
presents yet another alternative way to communicate with 
computers. We provide this new interface in order for 
others to use it. Although we don’t want to limit the 
possibilities by our own imagination, there are some 
practical uses that come to mind.  
The combination of sensing the users body orientation and 
the possibility to correct or alter this gives us perhaps some 
new simulation possibilities. The suggestion of being in a 
different medium than air might be simulated. When the 
movement of the body is counteracted by GVS, this will 
simulate a denser medium, like water, while stimulation in 
the same direction as the head movement simulates a less 
dense medium. However no tests have been done in this 



direction, this might be useful for training programs for 
divers or astronauts. 
We have found no significant results in the bus 
experiment. This might be due to the fact that motion 
sickness on a bus is not only dependent on left and right 
movement (turning corners) but also on the driving style of 
the bus driver (e.g. abrupt breaking). It might be 
interesting to measure time-to-motion-sickness on a boat 
where the presented stimulus is counteracting the swell of 
the sea. This might eventually lead to a decrease in motion 
sickness. 
Another possibly interesting test might be to use GVS to 
give jet-fighter pilots or astronauts a better sense of 
orientation. While getting into a spin it is very hard to tell 
what is up and down. GVS might give better cues of 
orientation than the balance organ in such a case.  
Another direction worth further investigation is to 
investigate what the effect of this GVS device is on people 
with Ménière's disease which causes a (sometimes 
temporary) dysfunctional balance system due to an 
infection of the inner ear.  
It is clear that all given examples are far away from 
desktop computing interfaces, but computing has long 
since moved from our desktop to our surrounding.  
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