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Abstract

Vibrotactile cues have considerable practical
potential for discreetly presenting the output from a
mobile or wearable device, and a body of work has
appeared empirically investigating how best to design
them for such purposes. However, it is currently
unclear if the performance observed in these lab based
studies will be maintained in more realistic, distracting
real world scenarios. Here, we present one study
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Figure 1. Tactile device on subjects arm.

rhythm and stimulus site and then systematica#itirig

examining this issue. We measure user performance
with a set of 9 two-dimensional tactile icons and
observe how this performance changes when
participants are engaged in a transcription task. The
results indicate that performance was degraded during
the distracter task, but that one of the dimensions
(body site) was considerably more resilient to this

recognition performance [1, 2]. While this work is
approaching the stage where designers can corlfident
select cues that users will experience as distimg,
issue that has remained unaddressed is the inéueic
distraction — the existing work is lab-based, aad hot
considered the busy, attention-demanding envirohmen
that more accurately characterizes real world neobil

device use. It is far from clear whether the perfance
observed in these artificial settings will be mained
outside them, when users are situated in and mgl#oi
complex contexts, tasks and situations. This paper
presents an initial experiment exploring this issue

manipulation that the other (stimulus roughness).

1. Introduction

Vibrotactile cues are a practical modality in which
to convey discreet feedback from mobile or wearable . ) .
devices. The required actuators are small, robodt a '€ Study involved measuring user performance in
have modest power and control requirements. Indeed,/€C09nizing compound tactons featuring two varying
they already a standard feature in mobile phonbs T Cues: location and rhythm. We used three VBW32
suitability to mobile interaction scenarios hasfedhe ~ tactors [4] attached to a Velcro band around the
development of a broad body of research. SomeParticipants wrist (5 cm back from the base of the

wearable vibrotactile systems deal with demanding tUmP) such that one was situated on the left side,
application domains — for instance, van Erp and on the centre top and one on the right side. We als
colleagues [5, 6] present work on cues to aid speedused three waveforms, all sine waves of 250 Hz and

boat navigation, and to train athletes. These syste 200 Ms in length. One was amplitude modulated by a
feature numerous tactors and cues tend to be0HZ siné wave, one by a 30Hz sine wave, and the
distinguished solely by the body site they are iagpto. final one left alone. These cues were taken fromr
However, recent research considers more € & [1] and range from rough to smooth. Figure 1
commonplace situations, in particular how to suppor SNOWS the experimental system (which was covered

the everyday use of a handheld device [e.g. 3].Hvafc with light cloth during the study to obscure \_/isuat_es).
this has focused on creating a framework which The study was conducted in a quiet office with the

maximizes the abilities of users to discriminateoagn ~ US€r in front of a desktop PC and wearing noise
a set of tactile icons (often called tactons [1}) b cancelling headphones. Participants experienced 4

varying parameters such as amplitude, frequency,baSiC stages. Initially, they were presented witBlA

2. Study



allowing them to play each of the 9 tactons; theyev ~ 100

free to use this for 5 minutes. Trials in the ramdar of S

the study had the same basic form, each consigfiag 2 60 .

pause followed by the display of one of the tactons & 40 - &

which the user then had to identify using a sintpld!. S o 12
Participants first completed a 27 trial practicegh 5 20 1

(each tacton, 3 times) with a 3 second pause batwee © 0 ‘ ‘

trials, followed by a similar control (or measuratte Total Site Roughness

. . . . L Data source

phase twice this size. Finally, participants cortgaea g

54 trial typing (or distraction) phase featuringpause ":' Control @ Typing

of randomly varying length between trials (in tlage Figure 2. Error data from experiment.

10-25 seconds). During this stage they also had to .
; 4 : : a wearable display), but also engaged the hands and
transcribe a series of short poems into a windowhen : ; .
forearms in the distracter task. Such a physiceltlep

screen. They were instructed to type rapidly and an.

. ; ; is likely to exacerbate the influence of the distien.
adaptive speed monitor (a green icon when they X ; X
) It is also worth briefly comparing the results teet
exceeded their average rate, a red one when

underneath) reinforced this previous literature. The data from the control atod

The study had 8 participants (5 male, 3 femaleh wit are S”T."'ar those reported.by Browhal. [.1].’ a fact
N which is strongly supportive of the validity of the
a mean age of 28), all workers at our institutehe T results. Brown also suggests that body site maw be
main metric was error rate — the study tested veeth ) 9 y A

. . more reliable kind of cue than roughness (at ladtst
the ability to recognize the tactons was reducednwh . .
articipants were engaged in a distracting typasist the VBW32 tactors' we used), a sugg(_esnon that"8¢0
P ' out not only by this study, but that is also cotesis

with research dealing with localized vibration silimin
demanding situations [e.g. 6]. Choosing this pdir o

. stimulus parameters has allowed this study to shaiw
The data from the control and typing phases of the gy that distraction exerts an influence on redtgm

experiment are shown in Figure 2. We present the herformance, but that an appropriate selection of
mean number of correct responses and also thelparti - harameters can make the difference between user
correct ones: those in which at least one of the nerformance that hovers around chance (in the ahse
parameters was correctly recognized. We CondUPtedroughness perception) to that which approaches 90%
paired t-tests on these data and all three conguexris accuracy (in the case of body site). This is anoiramt
revealed significant differences (at p<0.05 orém®ft  gistinction we hope to investigate and clarify iaro

indicating that performance decreased during thefyre work and one that already has clear impitiost
typing task. Comparing the number of trials in whic  ¢,, designers and systems developers.
participants correctly identified the body sitetioé cue

against those in which they correctly identified it
roughness also led to a significant difference (p€0).

3. Results
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