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Abstract. Increasing robotic capabilities and a strong impetus for mixed-initiative
Soldier-Robot teaming is pushing the boundaries of current communication para-
digms. These future teams are expected to perform along a continuum of operating
environments, in which traditional auditory and visual modalities may be hindered
or unavailable. The tactile modality offers an alternative means for a robot to
communicatewords, phrases, or cues to aSoldier, providing an additional channel to
facilitatemore robustmultimodal communications. However, fundamental research
is still needed to understand how to design tactile icons called “tactons.” In order to
better understand the relationship of a tacton and their assigned names, this paper
presents results from an experiment comparing the ability of participants to classify
existing tactons from the literature using original versus nonsense-syllable labels.
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1 Introduction

With continued increases in robotic capabilities, future unmanned systems will have
the necessary intelligence move beyond their current role as tools. In order to col-
laborate effectively in mixed-initiative teams, robots must also advance the methods
in which they communicate with their human counterparts. When working in highly
dynamic and kinetic environments typical of military operations, it is critical that
communications robots employ are natural and intuitive such that they are quickly
and accurately understood by human teammates. The use of the auditory channel
through speech is a logical choice for human robot interaction. Speech commands are
shown to reduce operation time for discrete tasks, with natural language processing
systems demonstrating the ability of robots to execute navigation and mobile
manipulation tasks successfully [1, 2]. Visual signaling is another modality regularly
used in the military. The Army Field Manual for Visual Signals defines many arm
and hand signals for ground forces to use when interacting with each other and
vehicles [3]. Although highly effective standalone, the combination of auditory and
visual signals via multimodal communication impacts the effectiveness (how well)
and efficiency (how fast) of interfaces [4–6]. Multimodal communications takes
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advantage of multiple channels to convey more complex information over single
modes, with ideas conveyed redundantly (back up signals), [7, 8]. The ability of
multimodal communication to facilitate back up signals is especially critical for
teammates working with robots in environments where one or more modality may be
impaired due to noise, visual occlusion, or unavailability (e.g. underwater, darkness).

As an alternative speech and gestures, the tactile modality offers a previously
untapped channel for robots and others to use for communication. Tactile displays,
typically in the form of belts, deliver messages via electromechanical stimulation of
the skin in the form of tactile icons, called “tactons,” [9]. These structured messages
are defined using multiple parameters including: frequency, amplitude and duration
of pulse, rhythm, and location [9]. Tactile belts incorporating linear actuators at eight
cardinal and inter-cardinal zones (e.g. north, northeast, east) surrounding the abdo-
men are oriented to the wearer, providing egocentric directions particularly effective
in hands-free navigation tasks [10, 11]. Gilson, Redden and Elliott developed tactons
matched to visual signals from the Army Field Manual, with participants demon-
strating an ability to learn the signals with minimal training time of 5 min [12].
These and other tactons are a starting point in the creation of tactile lexicon, with
“words” having a matching counterpart in the visual modality ideal for experiments
in multimodal communication with complex messages. Barber, Reinerman-Jones,
and Matthews further evaluated these and other tactons from the literature within
three category types: static, directional, and dynamic [13]. Static tactons are pre-
sented as a constant pattern, with directional and dynamic tactons using motion
within the sequence through activation of different actuators at each time increment.
Directional tactons represent some type of navigational context (e.g. north, east),
where static and dynamic tactons describe a word or symbol without any directional
component (e.g. danger). Through the pairing of dynamic and directional tactons it
was further shown participants are able to accurately interpret two-word tacton
“phrases” with accuracy greater than 92 % with less than an hour of training [13].
Although promising, a limiting factor in the use of tactile displays for transmission
of complex multi-part messages similar to speech is the lack of a standard tacton
lexicon. Furthermore, it is still unclear what the best practices in the design of
tactons should be.

Currently, the primary method employed in the design of tactons is to match the
physical pattern to a visual signal or egocentric location with a known semantic label.
This encoding paradigm attempts to approximate visual patterns to leverage a
wearer’s prior knowledge to aid teaching [14]. To further aid in the design of tactons
it is helpful to understand the semantic relationship of tactons and their names.
Nonsense syllables are any combination of letters to create labels that have no
associated meaning often used in learning tasks [15, 16]. Due to their lack of
meaningful association, nonsense syllables are ideal for understanding participants’
ability to learn tactons without the use of a semantic name. The purpose for the
present effort is to evaluate the classification accuracy of tactons paired with semantic
and nonsense syllable labels to understand the effects of tacton labels on learnability.
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2 Method

2.1 Participants

A total of 72 (29 male, 43 female) between the ages of 18 and 40 (M = 20.31,
SD = 4.00) participated in the study, with 38 (15 male, 23 female) in the Named
Tactons (NT) group and 34 (14 male, 20 female) in the Nonsense Syllables (NS)
group. All participants received credit for their psychology courses for completing the
study. Participants were required to be right handed with a waistline between 34 and
50 inches to accommodate the Tactor Belt used. Additionally, participants were asked
not to consume alcohol or any sedative medication for 24 h or caffeine for 2 h prior to
the study. Data from four participants, two from each group, was excluded due to
participant failure to achieve a score of 90 % or better during the tactile sensitivity test.
A description of the sensitivity test is described in the procedure.

2.2 Design

A 2 × 3 (Tacton Name × Tacton Category) between groups measure design was
employed with the use of nonsense syllable names as grouping variable. The tacton
name groups were defined as NT and NS, and categories of tactons included: Direc-
tional, Dynamic, and Static. Each tacton category contained eight (8) tactons as detailed
in [13]. Nonsense syllable names were selected from [16], with names selected having
the lowest equivalent level of reported meaning.

Performance Measures. Classification accuracy was recorded using a graphical dialog
with a drop-down menu from which participants selected the label of the tacton pre-
sented. If the participant was unsure they could select “I don’t know” as a response
option. Accuracy was then calculated as a percentage of tactons correctly classified.
Reaction time (RT) was record from the end of tacton presentation to when participants
pressed the spacebar on a keyboard. Participants were instructed to press the spacebar
when the recognized the tacton presented, not when they perceived the stimulus. The
median RT in milliseconds was calculated for all tactons classified correctly. Workload
was measured using the NASA TLX [17].

2.3 Equipment and Stimuli

Participants were required to perceive and classify tactons leveraged from the
existing literature as described in [13]. The tactons were presented using the C-2
Tactor Belt with ATC 3.0 Controller from Engineering Acoustics, Inc. and a custom
software application developed at the University of Central Florida called Tacton
Presenter. The Tacton Presenter application is able to shown a graphical repre-
sentation of the eight tactor locations on the tactor belt and shows which tactors are
currently activated at each time step on the belt while also presenting the name for
the sequence, Fig. 1.

The ability to visually show the sequence and the tacton name was used in
training conditions only and disabled for experimental conditions where only the
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tactor belt was used. In addition to the Tacton Presenter application, a visualization
of a robot driving through a geo-typical Middle Eastern environment was also used
during the experiment to represent the view from a robot team member sending
while communicating to the participant through the tactor belt. For all tactons, the
duration of vibrotactile stimulation was 250 ms at a sinusoid frequency of 230 Hz,
gain level 4 (24 dB), and inter-tactor interval of 100 ms. These parameters were
chosen to allow participants to accurately perceive and distinguish individual tactors
[18]. Additionally, white noise was also used to prevent audio interference from the
tactor belt [13].

2.4 Procedure

Upon arrival, participants were assigned to either the SN or NS group. After completing
an informed consent document, they were equipped with the tactor belt around the
abdomen with the belt buckle on the naval. Next, participants were presented with a
consecutive sequence of tactor activations started at position 1, traveling clockwise to
position 8, and then again counter clockwise ending at 1. This step was taken to introduce
them to the sensation of the individual tactors. Following this step, participants per-
formed a sensitivity test where they classified ten (10) activations of each tactor presented
at random for a total of eighty (80) classifications. This test verified equal sensitivity to all
eight tactor locations across participants, with a required percent accuracy of 90 % or
greater for individual data to be included in data analyses. After the sensitivity test,
participants completed each category of tactons. Presentation order of tacton category
was counter balanced across participants, and presentation order of individual tactons
was also randomized within each classification task of a given category.

Fig. 1. Tacton presenter application showing a visual representation of a tacton with name (left)
and without (right). The 1 position indicates the front of the body (naval) and 5 the middle of the
back, with 7 and 3 left and right respectively.
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For each tacton category, participants completed two training and one experimental
task. The first training task presented each tacton twice at random paired with the visual
animation and name using an inter-stimulus interval of one second. For the first training
task participants were not required to classify the tactons, only experience them. For the
second training task, participants were presented each tacton four times, but without the
name. In addition to the visual and tactile presentation, participants were required to
indicate when the recognized the tacton using the keyboard and classify the tacton from
a drop-down list. After classifying the tacton, participants were given auditory and
visual feedback indicating correct/incorrect classification, and if incorrect, what the
correct tacton name was. Next, after completing both training tasks, participants per-
formed the experimental task, classifying each of the eight tactons ten times, in random
order, without any visual animation or feedback. The inter-stimulus interval for tactons
was one second after classification of the tacton using the drop-down list. After
completion of all tasks, participants completed the NASA TLX test. This process was
repeated two more times for the remaining tacton categories, and participants were not
required to recall tactons from previous categories. Further detail regarding the pro-
cedure used can be found in [13].

3 Results

3.1 Classification Accuracy

A 2 (Tacton Name: NT and NS) × 3 (Tacton Category: Directional, Dynamic, and
Static) mixed ANOVA was performed to compare classification accuracy between NT
and NS groups. A significant main effect for tacton name was revealed between NT and
NS, (F(1, 62) = 16.31, p < .001, η2 = .208), such that NT (M = 77.66, SD = 16.33)
showed better performance than TS (M = 61.14, SD = 16.33) for overall classification
accuracy, Fig. 2.

Fig. 2. Classification accuracy between tacton name groups
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A significant main effect for tacton category was also revealed, (F(2, 124) = 25.76,
p < .001, η2 = .294), such that Directional (M = 79.14, SD = 18.94) showed better perfor-
mance than both Dynamic (M = 71.78, SD = 25.41) and Static (M = 57.28, SD = 20.35), and
Dynamic better than Static tactons for overall classification accuracy, Fig. 3.

Furthermore, a significant interaction was shown between tacton name and
tacton category, F(1, 62) = 8.93, p = .004, η2 = .126. To further understand this
interaction, independent sample t-tests were performed to compare tacton categories
between tacton name groups. Results showed a significant difference between
groups for Directional tactons, (t(63) = 7.00, p < .001), such that NT (M = 95.37,
SD = 8.22) showed better performance than NS (M = 62.74, SD = 25.78). No
significant difference was shown for Dynamic tactons between tacton name groups.
For Static tactons a significant difference was shown, (t(63) = 2.702, p = .009),
such that NT (M = 63.97, SD = 17.19) showed better performance than NS
(M = 50.44, SD = 22.99).

A repeated measures ANOVA was performed and revealed a significant main effect
for classification accuracy, (F(2, 58) = 6.35, p = .003, η2 = .180), within the NS tacton
name group, such that Dynamic (M = 69.92, SD = 26.57) showed better classification
accuracy than Directional (M = 62.92, SD = 26.21) and Static (M = 50.58, SD = 23.37),
and Directional better than Static. Overall classification accuracy results for all groups
and categories is shown in Fig. 4.

3.2 Reaction Time

A 2 (Tacton Name: NT and NS) × 3 (Tacton Category: Directional, Dynamic, and
Static) mixed ANOVA, with Box correction due to violation of sphericity, was per-
formed to compare reaction time between NT and NS groups. No significant main

Fig. 3. Classification accuracy by tacton category across both NT and NS groups
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effect for tacton name was shown between NT and NS. A significant main effect for
tacton category was revealed, (F(1.75, 123.70) = 8.40, p < .001, η2 = .119), such that
Dynamic (M = 663.65, SD = 1321.41) showed faster responses than both Directional
(M = 925.72, SD = 1025.08) and Static (M = 1125.31, SD = 997.92), and Directional
faster than Static tactons for overall reaction time. Overall reaction time values are
shown in Fig. 5.

Fig. 4. Classification accuracy for NT and NS groups and tacton categories

Fig. 5. Reaction time in milliseconds for tacton name groups (NT and NS) and tacton categories
(Directional, Dynamic, and Static).
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3.3 Workload

A 2 (Tacton Name: NT and NS) × 3 (Tacton Category: Directional, Dynamic, and
Static) mixed ANOVA was performed to compare global workload between NT and
NS groups. A significant main effect for tacton name, (F(2, 62) = 4.74, p = 0.033,
η2 = .071), such that NT (M = 44.27, SD = 13.16) was lower than NS (M = 51.44,
SD = 13.16). A significant main effect for tacton category was also revealed, (F(2,
124) = 29.73, p < .001, η2 = .324), such that Directional (M = 40.07, SD = 16.10)
showed lower workload than both Dynamic (M = 48.50, SD = 17.44) and Static
(M = 54.99, SD = 14.10), and Dynamic lower workload than Static tactons across
tacton name groups. Moreover, a significant interaction was also shown between tacton
name and tacton category, F(2, 124) = 9.66, p < 0.991, η2 = .135. An independent
samples t-test showed a significant difference for Directional tactons (t(63) = 0.09,
p < .001) such that NT (M = 31.89, SD = 11.37) showed lower workload than NS
(M = 48.09, SD = 19.81). These results are further illustrated in Fig. 6.

4 Conclusion

The study presented was designed to investigate tacton name effects on a participant’s
ability to learn and classify tactons from the literature. Results for classification
accuracy clearly show participants were less likely to accurately classify tactons when
nonsense syllables were used for names. This effect is most clearly demonstrated when
comparing directional tactons, with a drop in accuracy of 32.45 %. This decrement in
performance is further highlighted in that unlike results previously published by Barber
et al. [13] , overall Directional tactons did not show the highest classification accuracy
when nonsense syllables were used. Overall, it appears as though tactons designed with

Fig. 6. Global (mean) workload levels from the NASA-TLX for tacton name groups (NT and
NS) and tacton category (Directional, Dynamic, and Static).
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some motion or alternating tactors within the sequence (e.g. Directional and Dynamic
categories) will demonstrate better classification accuracy than static tactons. Both of
these findings are further supported from workload scores, which shown lower per-
ceived workload in when the original tacton names were used and for dynamic/motion-
based tactons.

Overall, the results presented from this effort support previous tacton design
strategies which attempt to encode visual patterns and names that leverage a wearer’s
prior knowledge. However, further research is needed to confirm this. Specifically,
follow on efforts should compare other named labels that are not nonsense syllables
with the same tactons to determine if this paradigm holds true. One likely explanation
for the current findings could be the difficulty of remembering the nonsense syllables
themselves, where participants may have been able to distinguish between patterns but
could not accurately recall the nonsense syllables. Therefore, a comparison of the
current tacton names with simple nouns of equal complexity across tactons (e.g. apple,
peach) may show equal performance. With this and future follow on efforts, a better
understanding of how to design tactons will aid in the creation of tactile lexicons. With
this solid foundation, developers will be able to increase the current number of tactons
while ensuring patterns have the highest saliency, lowest reaction times, and least
mental demand making it possible to include tactile displays within a large variety of
applications beyond human robot teams.
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