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Abstract 

Vibrotactile feedback via body-worn vibrating belts 

is a common means of direction signalization – e.g. 

for navigational tasks. Consequently such feedback 

devices are used to guide blind or visually impaired 

people but can also be used to support other 

wayfinding tasks – for instance, guiding actors in 

virtual studio productions. Recent effort has been 

made to simplify this task by integrating vibrotactile 

feedback into virtual studio applications. 

In this work we evaluate the accuracy of an improved 

direction signalization technique, utilizing a body-

worn vibrotactile belt with a limited number of 

tactors, and compare it to other work. The results 

from our user study indicate that it is possible to 

signalize different directions accurately, even with a 

small number of tactors spaced by 90°. 

Keywords 

tactile feedback, direction signalization, wayfinding, 

human factors 

1 Introduction 

Green- or blue-screen virtual studios [6] play a major 

role in today’s everyday TV productions. Since high-

power graphics computing hardware has been 

available at reasonable prices, computer graphics 

artists ousted carpenters in a growing number of 

productions. But the more digital items became 

available in such a digital set, the greater the 

necessity of natural interaction with these items 

arose. Moreover, walking through the set without 

colliding with these virtual objects becomes a rather 

challenging task: Without any additional guidance 

the actor will not have any clue to where the final 

geometry will be rendered and eventually the 

probability to walk straight through a virtual object 

will be higher – exceptionally distracting in serious 

TV broadcasts. Figure 1 outlines this problem. Thus, 

in a regular production, every single scene has to be 

choreographed and rehearsed over and over again. 

The effort to be spent will even increase if virtual 

objects are used, which are moved dynamically 

during recording time. 

An earlier pilot study conducted by the authors 

indicates that vibrotactile feedback utilizing tactors 

placed around an actor’s thorax alleviates this task 

[19]. In other work [8, 12, 13] tactile displays were 

proposed that present directions by linear 

interpolation of tactors’ intensities. In earlier tests for 

the pilot study, such an intensity-signalling technique 

was suspected to be too vague and thus rather 

unsuitable. Therefore, pulse-signalling was utilized 

[19] – a technique being described in the remainder 

of this work. But to design a full user study for 

evaluation of vibrotactile feedback in virtual studio 

applications, further evidence of the accuracy of 

perceived directions is needed. 

Consequently, in this work, the accuracy of the 

perceived directions presented by different direction 

signalization techniques is empirically evaluated and 

compared to other recent work. For this purpose, 

setups with a spacing of 60° between the tactors are 

compared to ones with a larger spacing of 90° – a 

setup with less hardware requirements and lower 

 

Figure 1: In virtual studio productions, the actors

have to maneuver through a virtual set without col-

liding with the invisible, virtual objects. A challenge 

that can be alleviated by vibrotactile feedback. 
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power consumption. Additionally, the latter setup is 

expected to be more intuitive, since a person can 

accurately point to 0°, 90° and 180° whereas 60° or 

arbitrary directions are confusing. For each setup 

different signalization techniques are evaluated in a 

user study: intensity-signalling, pulse-signalling and 

intensity-pulse-signalling, a combination of both 

techniques. 

In this work the setup of the system is described 

shortly. Furthermore the user study is outlined and its 

results are presented and compared to other work. 

Finally this paper is concluded with an overview of 

the future work. 

2 Related Work 

A good overview of vibrotactile feedback devices is 

given in [10]. In that work Laycock and Day also 

formulated a proper definition of vibrotactile 

feedback that will be used in the remainder of this 

work. They distinguished tactile feedback from force 

feedback where rather great forces are applied to the 

person. Instead “Tactile feedback […] is experienced 

from […] vibration.” [10]  

Having this definition in mind, vibrotactile feedback 

is used in a variety of situations: e.g. in rehabilitation 

applications utilizing virtual reality [4, 20] or as a 

means of guidance for blind or visually impaired 

people [1, 2, 5, 7]. Cardin, Vexo and Thalmann 

developed a vibrotactile system to display a plane’s 

attitude to its pilot [3] and Piateski utilized vibration 

patterns to display navigational commands [11]. 

In prior work by the authors, a prototypic system 

providing vibrotactile feedback for guidance in 

virtual studio productions was developed and 

successfully tested [19]. Kim et al. utilized a similar 

concept but encountered several shortcomings [9]. 

The prior and this work are both based on the results 

of other work examining ways of signalizing 

directions to a person via a tactile display: Tsukada 

and Yasumura proposed a tactile belt to display 

discrete directions by many tactors [14]. A quite 

similar system for wayfinding utilizing less tactors 

was proposed by van Erp et al. [16]. Additionally van 

Erp et al. evaluated the effectiveness of direction 

signalization as a counter-measure to spatial 

disorientation for aircraft pilots [17]. Recently, 

Heuten et al. and Pielot et al. presented methods of 

continuous direction encoding and presentation via 

vibrotactile displays for wayfinding [8, 12, 13]. 

These recent evaluations compared continuous 

display by interpolating the tactors’ intensities to 

discrete display and therefore provide a variety of 

results utilized as a control for the tests in this work. 

Thus, statistical evidence and further insight will be 

gained to later conduct a full user study for 

navigation in virtual studios – as proposed in prior 

work [19]. 

Finally, physiological aspects of the human sense of 

touch have to be taken into account when utilizing 

spatial tactile stimuli. These were already examined 

by Weber in the early 19th century [18]. Van Erp 

examined these aspects especially with regard to 

vibrotactile displays in 2002 [15]. 

3 Setup and Implementation 

This section describes the setup for evaluating the 

accuracy of direction signalization: first, the 

vibrotactile device itself, after that, the tactile 

display, the signalization techniques and finally the 

software to conduct the tests are presented. 

3.1 Vibrotactile Device 

In prior work a wireless, belt-based vibrotactile 

device was developed [19]: An Arduino BT board 

offering Bluetooth™ connectivity controlled up to 

six custom built tactors, made from small vibration 

motors with an unbalanced mass on the rotating axis. 

These motors were mounted inside an XLR audio 

connector for proper housing and to protect the 

motors as well as the participants’ clothing. Figure 2 

shows a close-up shot of the tactors, figure 3 shows 

the tactors alongside the controller board. 

Slight improvements have been made to the earlier 

prototypic system: A bandage wrapped around the 

participant’s thorax was used to keep the tactors in 

place rather than attaching the tactors to a small belt 

around the thorax, thus providing better body contact.  

 

 

Figure 2: Custom built tactors, made from small 

vibration motors. These were mounted inside an 

XLR audio connector for proper housing and to 

protect the motors as well as a participants’ clothing. 
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In other studies that were presented in the related 

work section, a waist belt was utilized as a 

vibrotactile display. To increase the sense of 

vibration the tactors were placed around the thorax 

on or near bones in this work – i.e. the costal arch or 

the spine. Tactors on a waist belt were perceived to 

be less intense in tests for preparation of this 

evaluation.  

3.2 Vibrotactile Display 

In the experiments, two different tactor setups were 

used: One with a spacing of 60° between the tactors 

another with a tactor spacing of 90°. The latter 

requires less cabling, has a lower power consumption 

and thus increases mobility, running time and 

convenience in a later application. Additionally it is 

expected to be more intuitive. The former was tested 

as a control to be comparable with the results of other 

recent work [especially 8, 13]. 

With each setup, three signalization techniques were 

tested in this work. To reduce the duration of the test 

and due to limitations of the available hardware, the 

tactors were placed on a semi circle on the right of 

the sagittal plane only – making use of symmetry 

with regard to that plane. Figure 4 shows the 

placement of the tactors in the transverse plane for 

each setup. Consequently only directions between 0° 

(front) and 180° (back) were presented. 

For the evaluation, three signalization techniques 

were tested and compared utilizing each tactor setup: 

• intensity-signalling: linear interpolation of tactors’ 

intensities 

• pulse-signalling: linear interpolation of tactors’ 

active times 

• intensity-pulse-signalling: a combination of both 

With intensity-signalling, the intensities of two 

adjacent tactors are interpolated linearly with respect 

to the angle of the direction to be displayed. 

With pulse-signalling, two square waves with a 

period of one second were used to control the 

intensities of two adjacent tactors. The duty cycle of 

each square wave was interpolated linearly with 

respect to the angle of the direction to be displayed. 

Thereby, the high period of the second tactor was 

delayed by the high period of the first tactor. Thus, 

directions were presented by an alternating signal.  

Intensity-pulse-signalling combines the other two 

techniques, interpolating the amplitudes and the duty 

cycles of two square waves with respect to the angle 

of the direction to be signalized. 

Figure 5 shows the intensities of two tactors for all of 

the signalization techniques displaying three different 

directions. 

In other studies [8, 12, 13], directions were signalized 

by linearly interpolating a tactor’s intensity. Thus, 

intensity-signalling with a tactor spacing of 60° was 

tested as a control in this work. 

3.3 Software 

To guide a participant through the test, a simple 

Microsoft® Windows® application was developed. 

This application presented directions to the partici-

pant via the vibrotactile display. After each presenta-

tion, the participant had to indicate the perceived 

direction by clicking on a circular gauge. The only 

 

Figure 4: Tactor placement in the transverse plane 

around the participant‘s thorax for both setups: (a) 

spacing of 60°, (b) spacing of 90°. For convenience, 

three directions are shown for a tactor spacing of 90°. 

The tactors‘ intensities to display these directions are 

shown in figure 5. 

 

 

Figure 3: The Arduino BT controller board (center) 

and five custom built tactors. 
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visual clues this gauge offered were tick-marks for 

front, side and back. Figure 6 shows a screenshot of 

this application. The presented and indicated 

directions were logged for further evaluation. The 

organization of the individual tests is described in the 

next section. 

4 User Study  

To gain further insight into the accuracy of 

perceiving signalized directions employing 

vibrotactile feedback, a user study was conducted. At 

the same time, this evaluation was expected to 

empirically justify the decision made in prior work to 

display directions by pulse-signalling with a tactor 

spacing of 90° [19]. Therefore, several signalization 

techniques were tested and compared. Results of 

intensity-signalling with a tactor spacing of 60° are 

provided in other studies [8, 12, 13]. Consequently, 

this experiment was repeated as a control in this 

work. 

4.1 Participants 

Twelve participants without any noticeable disability 

completed the tests for this study: three of them 

female, nine of them male with an age of 21 to 45 

(M
2
 = 28.25, SE

3
 = 8.09). Three of them already had 

slight experience with the prototypic tactile belt from 

prior work. The participants reported little to average 

experience with haptic feedback (Mdn
4
 = 1.5) rated 

on a five point Likert scale, ranging from zero (very 

little) to four (very much). 

Questionnaires were handed to the participants, 

evaluating their subjective impressions of the 

respective signalization technique after each 

experiment. The evaluation procedure and the 

questionnaires are presented in the next sections. 

4.2 Evaluation Procedure 

Every participant had to complete six experiments 

with different signalization techniques – three per 

tactor setup: intensity-signalling, pulse-signalling and 

intensity-pulse-signalling. The experiments were 

conducted utilizing custom software. 

Different sensory abilities among the participants as 

well as inaccuracies, slightly different placement and 

body contact of the tactors were compensated for by 

an initial adjustment phase. The maximum intensities 

of the tactors were adjusted in a way that any pair of 

tactors was perceived with the same intensity.  

Prior to each experiment a participant was introduced 

to the respective signalization technique. In addition 

to a description of the technique each participant was 

asked to choose up to ten arbitrary directions. Each 

was presented via the tactile display for five seconds 

time. 

 
2
 Mean 

3
 Standard error 

4
 Median 

 

Figure 5: Intensities of two adjacent tactors with 90° spacing displaying different directions with different 

techniques. From top to bottom: intensities for displaying directions of 0°, 20° and 40°. From left to right: 

intensities for displaying directions with intensity-signalling, pulse signalling and intensity-pulse-signalling. For 

the experiments a period (T) of one second was used. The directions are also shown in figure 4. 
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During each experiment 19 different directions in the 

transverse plane on the right of the sagittal plane 

were presented in random order: directions between 

0° (front) and 180° (back) with regular-spaced steps 

of 10°. Each direction was presented for five 

seconds. Afterwards, the participant was asked to 

indicate the perceived direction by clicking on a 

circular gauge. Indication was restricted to a 

maximum of five seconds time. In the meantime no 

tactile stimuli were offered. To recover from 

adaptation, an additional period of five seconds 

without any tactile stimulus followed. 

Carry-over effects were balanced by permuting the 

order of the experiments for each participant: One 

half of the participants completed the tests with a 

tactor spacing of 60° first, the other half completed 

the tests with a spacing of 90° first. In addition, the 

order of the individual signalization techniques was 

permuted per participant; they were tested in the 

same order for each tactor setup. 

4.3 Questionnaires 

After each of the six experiments the participants 

were asked for subjective ratings: their confidence 

having indicated the correct direction, the clarity and 

the comfort of the signalization. Each aspect was 

rated on a five point Likert scale, ranging from zero 

(very doubtful, very vague, very uncomfortable) to 

four (very certain, very clear, very comfortable). 

5 Results 

5.1 Accuracy 

During the tests the directions presented by the 

vibrotactile display as well as the perceived 

directions indicated by the participants were logged. 

The mean deviation of the indicated direction from 

the presented direction was chosen as a measure of 

accuracy of each signalization techniqe. In the 

remainder of this section the results are presented and 

statistically compared using Student’s t-test. 

Table 1 collects the mean deviations of the indicated 

directions for each tactor spacing and each 

signalization technique. In figure 7 the differences of 

accuracy are arranged in a significance graph. 

With a tactor spacing of 60° and pulse-signalling the 

mean deviation of the directions indicated by each 

participant was highly significantly lower 

(M = 7.94°, SE = 2.71) compared to intensity-

signalling (M = 11,14°, SE = 3.19) – the control 

(paired t (11) = -4.14, p = 0.0016). The mean 

deviation indicated for intensity-pulse-signalling 

(M = 8.89°, SE = 1.78) was also highly significantly 

lower compared to intensity-signalling (paired 

t (11) = -3.94, p = 0.0023). No significant difference 

was observed comparing pulse-signalling to 

intensity-pulse-signalling, although the former 

resulted in slightly lower mean deviations (paired 

t (11) = -1.94, p = 0.078). 

The mean deviation of the directions indicated by a 

participant with a tactor spacing of 90° with intensity 

signalling (M = 13.74°, SE = 3.96) was significantly 

higher compared to the control (paired t (11) = 2.34, 

p = 0.039). With the spacing of 90° and pulse-

signalling the mean deviation (M = 6.46°, SE = 2.66) 

was very highly significantly lower compared to 

intensity-signalling (paired t (11) = -7.87, 

p << 0.001). Mean deviation of the indicated 

directions for intensity-pulse-signalling (M = 9.48°, 

SE = 2.41) was highly significantly lower compared 

to intensity-signalling (paired t (11) = -4.01, 

p = 0.0021) and very highly significantly higher 

compared to pulse-signalling (paired t (11) = 6.06, 

p << 0.001).  

Pulse-signalling with a tactor spacing of 90° resulted 

in a significantly lower mean deviation of the 

Signalization 

technique 
60° spacing 90° spacing 

intensity- 

signalling 

M = 11,14° 

SE = 3.19 

M = 13.74° 

SE = 3.96 

pulse- 

signalling 

M = 7.94° 

SE = 2.71 

M = 6.46° 

SE = 2.66 

intensity-pulse-

signalling 

M = 8.89° 

SE = 1.78 

M = 9.48° 

SE = 2.41 

 

Table 1: Mean deviations of the directions indicated 

by each participant for each tactor spacing and each 

signalization technique. 

Figure 6: Screenshot of the application to conduct 

the test. The participants had to indicate the direction 

perceived on a circular gauge. 
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indicated directions compared to a tactor spacing of 

60° (paired t (11) = -2.47, p = 0.031). Mean 

deviations for intensity-pulse-signalling with a tactor 

spacing of 90° were slightly higher compared to a 

tactor spacing of 60° with no significant difference 

(paired t (11) = 0.76, p = 0.46). 

5.2 Subjective Ratings 

Subjective aspects were rated on a five point Likert 

scale, ranging from zero (very doubtful, very vague, 

very uncomfortable) to four (very certain, very clear, 

very comfortable).  

The median ratings for confidence of the indicated 

directions for each display are collected in table 2. 

The median ratings of clarity of each display are 

collected in table 3. 

With a tactor spacing of 60° and intensity-

signalling – the control – the participants reported 

neutral confidence in the correctness of the indicated 

directions (Mdn = 2). With pulse-signalling the 

participants reported to be certain about the indicated 

direction (Mdn = 3) but no significant difference of 

the ratings could be determined (T
5
 (10) = 12, 

p = 0.14). Clarity of the display was rated as being 

vague to neutral (Mdn = 1.5) with intensity-

signalling and as being neutral (Mdn = 2) for pulse-

signalling with no significant difference (T (8) = 8, 

p = 0.23). Comfort of the display was rated as being 

neutral (Mdn = 2) with intensity-signalling and as 

being comfortable (Mdn = 3) for pulse-signalling 

with no significant difference (T (8) = 17.5, 

p = 1.00).  

With intensity-pulse-signalling participants reported 

being doubtful (Mdn = 1) of the correctness of the 

indicated direction. The tactile display was rated as 

being vague (Mdn = 1) and of neutral comfort 

(Mdn = 2). Compared to intensity-signalling no 

significant differences could be determined with 

regard to confidence (T (9) = 15, p = 0.48) and with 

regard to clarity (T (9) = 10.5, p = 0.18). Compared 

to pulse-signalling, confidence (T (9) = 5, p = 0.047) 

and clarity (T (9) = 3, p = 0.016) were rated 

significantly worse. For the rating of comfort no 

significant difference could be determined 

(T (10) = 13.5, p = 0.19). 

With a tactor spacing of 90° and intensity-signalling 

participants reported neutral confidence (Mdn = 2). 

The display was rated as being of neutral clarity and 

comfort (each Mdn = 2). Compared to the control no 

significant difference in clarity was determined 

(T (7) = 13, p = 0.94).  

With pulse-signalling and a spacing of 90° the 

participants reported to be certain about the indicated 

direction (Mdn = 3). Confidence was highly 

significantly improved compared to intensity-

signalling (T (10) = 0, p = 0.002). The display with 

pulse-signalling was rated as being clear (Mdn = 3) 

and neutral to comfortable (Mdn = 2.5). A highly 

significant improvement of clarity (T (9) = 0, 

p = 0.0039) and no significant change of comfort 

(T (6) = 7.5, p = 0.66) was determined compared to 

the display with intensity-signalling. 

With intensity-pulse-signalling and a spacing of 90° 

participants reported being doubtful (Mdn = 1) of the 

correctness of the indicated direction. The tactile 

display was rated as being vague (Mdn = 1) and of 

neutral comfort (Mdn = 2). Compared to intensity-

signalling no significant differences could be 

determined with regard to confidence (T (10) = 23, 

p = 0.79) and with regard to clarity (T (8) = 12.5, 

p = 0.48). Compared to pulse-signalling confidence 

was rated highly significantly worse (T (10) = 0, 

p = 0.002),  clarity was rated very highly 

significantly worse (T (11) = 0, p = 0.00097). For the 

Signalization 

technique 

60° 

spacing 

90° 

spacing 

intensity- 

signalling 
Mdn = 2 Mdn = 2 

pulse- 

signalling 
Mdn = 3 Mdn = 3 

intensity-pulse-

signalling 
Mdn = 1 Mdn = 1 

 

Table 2: Median rating of confidence reported by the 

participants rated on a five point Likert scale ranging 

from zero (very doubtful) to four (very certain). 

 
5
 Result of Wilcoxon signed-rank test 

Figure 7: Statistical differences of the accuracy of 

the individual signalization techniques for both tactor 

spacings (i: intensity-signalling, p: pulse-sig., ip: 

intensity-pulse-sig.). Each arrows points to a techniqe 

more accurate (dashed: no significant difference, 

solid: significant diff., thick: higly significant diff., 

double: very highly significant diff.). 
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rating of comfort no significant difference could be 

determined (T (7) = 6, p = 0.27). 

Comparing both displays with pulse-signalling to 

each other, participants rated clarity of the display 

with a tactor spacing of 90° highly significantly 

better (T (9) = 0, p = 0.0039) than the clarity of the 

other display. No significant change in comfort could 

be determined (T (7) = 10.5, p = 0.77). 

6 Discussion 

The results of the user study confirmed the 

assumption that directions can be signalized 

accurately even with a tactor spacing of 90° utilizing 

pulse-signalling. Thus, the decision to use such a 

signalization technique made in prior work has 

become empirically justified. 

Pulse-signalling turned out to be significantly more 

accurate than intensity-signalling for both tactor 

spacings. Moreover, pulse-signalling with a tactor 

spacing of 90° outperformed the display with a 

spacing of 60° although the latter was intuitively 

expected to have a greater resolution.  

Similar evidence can be found in the subjective 

ratings of the participants: Pulse-signalling with a 

spacing of 90° was reported to be clearer compared 

to intensity-signalling with a spacing of 90° as well 

as compared to pulse-signalling with a spacing of 

60°. Additionally, participants felt more confident 

about the indicated directions with pulse-signalling 

than with intensity-signalling with a spacing of 90°. 

The main reasons for pulse-signalling outperforming 

intensity-signalling are inequalitites among the 

tactors as well as physiological aspects of the sense 

of touch, especially adaptation: The longer continual 

tactile stimuli are presented the more they are 

suppressed. Thus, especially low stimuli, like the 

ones occuring with intensity-signalling, cannot be 

distinguished anymore. Consequently, strong alter-

nating stimuli, like the ones used with pulse-

signalling, are perceived much better and more 

accurately. In fact, some of the participants reported 

such adaptation effects for intensity-signalling. 

Others reported inequalities of the tactors’ intensities 

although these were adjusted for each participant.  

To improve the accuracy of the perceived directions 

for intensity-signalling, more tactors have to be used, 

as the results indicate. Conversely, to improve the 

accuracy of pulse-signalling less tactors have to be 

used, reducing the complexity of the display. Since 

persons are able to easily point to directions 0°, 90° 

and 180°, interpolation between these is more 

intuitive than interpolation between 0° and 60° or 

other arbitrary values – a fact reported by some 

participants. 

Combining both, intensity-signalling and pulse-

signalling, into a new signalization technique reduced 

accuracy compared to any other signalization 

technique, independent of tactor spacing. This effect 

was also observed in the participants’ rating of 

confidence and clarity.  

Finally, the majority of the participants reported that 

direction signalization with a spacing of 90° can be 

interpreted more intuitively – especially with pulse-

signalling. 

7 Conclusion and Future Work 

In this paper we evaluated the accuracy of different 

techniques of direction signalization utilizing 

vibrotactile feedback via tactors placed around the 

thorax in the transverse plane. The results were 

compared to other work. 

The evaluation showed that directions can be 

signalized more accurately by interpolating the 

tactors’ active times rather than interpolating the 

intensities. Moreover, increasing the tactor spacing 

from 60° to 90° further increased the accuracy and 

improved clarity of the display and confidence of the 

user. 

This evaluation justified the decision to use pulse-

signalling in prior work by statistical evidence. Thus, 

as proposed earlier, a full user study of vibrotactile 

feedback as a means of guidance for virtual studio 

applications can be conducted. 
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Signalization 

technique 

60° 

spacing 

90° 

spacing 

intensity- 

signalling 
Mdn = 1.5 Mdn = 2 

pulse- 

signalling 
Mdn = 2 Mdn = 3 

intensity-pulse-

signalling 
Mdn = 1 Mdn = 1 

 

Table 3: Median rating of clarity reported by the 

participants rated on a five point Likert scale ranging 

from zero (very vague) to four (very clear). 
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