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2 Background

Abstract o _ _ o _
Using in-car devices while driving may result ineth
In-car speech user interfaces play an increasinghgcrease of driver distraction. Sometimes, driver
significant role in vehicles and they use pushalk-t distraction can lead to accidents [8]. Distraci®ulosely
(PTT) buttons to allow the user to signal voiceivdist related to driver workload. Angell et al. [1] dedimdriver
We explore the differences in usage of a fixed tioca workload as “the competition in driver resources
PTT button and a wireless PTT glove which allowess (perceptual, cognitive, physical) between the dgviask
restrictive field of operation. Our pilot study indtes that and a concurrent subsidiary task.”
reducing the restriction on the location of the Piukton . -
may make using the PTT button more comfortab\é/e expect that speech mterfacgs will mtrodu.ces Im‘:;q
compared to a fixed-location PTT button. Furtherds workload than visual-manual interfaces while driuin

. This is the expected result of applying the mudipl
are needed to evaluate the impact of the PTT glove . !
driving performance. resource theory by Wickens [11], which argues thaks

that require similar resources will interfere withch other
. more than tasks that require dissimilar resourSpgech
1 Introduction interfaces allow drivers (consumers, police offigestc.)

Speech interaction is gaining a foothold in vehiclté’hkeedp.their hznds OI? the wreel an?' eyes on.égd ro
applications. One reason for this is that goverrtmel‘fv en driving and simultaneously operating In-carnces,

around the world have been enacting legislatiomwiraty thu.s' Ieavm.g resources related o wvision. gnd manual
hands-free kits for cell phones in cars. These kite activity, which are needed for driving, significhntess

: . : M taxed than they would be by complicated manualalisu
speech as the interaction modality [4]. Anotherliapfion r'%terfaces. The expected outcome is that speeeh us

of speech interfaces in vehicles is in controllin rfaces will result in better driving performanthan
entertainment devices. Such systems have rece S Will resuft | ving per
nual-visual interfaces.

become standard equipment in some commercia
available vehicles (see Sync Technology by Micr)sof A good topic review of using speech interfaces whil
e driving can be found in [2]. This publication condkes
that in the experiments reported on in the litewtu
fjriving performance was generally better and driver
workload was lower when using speech interfaces
compared to manual ones. Still many open questions
rtemain. One problem is that the relationship betwthe
é:a?racteristics of the speech user interface, ¢hel lof
cognitive load caused by different road conditiotisg
psychological state of the driver and the resultinging
performance are not very well understood.

Speech is also used in situations when trainedope
have to interact with in-car devices while drivinQur
group at UNH has developed and deployed the P&gjec
system that integrates all the electronic devioes police
cruiser (radar, radio, lights, sirens, etc.) intosiagle
system [5]. The devices can be accessed eithehdy
integrated touch screen interface or using a spe
interface. The speech interface is activated bgging a
push-to-talk (PTT) button which is fixed to the ssbar of
the steering wheel. This location was chosen shahthe
button is under the driver’'s thumb when drivingagiht. ~ The characteristic of the speech interface thafowas on
here is the position of the PTT button. In previous
research [6] we have compared in-car speech irttenac
when using a PTT button and when speech commaeds ar
automatically recognized (no PTT). We found thatihg

to use a PTT button can negatively influence dgvin
performance when the recognition rate is low.

The question that motivates this research is: hoesdhe
location of the PTT button influence driving perfance?
This is a relevant question, since speech recognae
likely to require a PTT button for the foreseeahlture.
We hypothesize that a PTT button with a “floating
location will degrade driving performance less than
fixed-location PTT button. In order to test our bifpesis Sensored gloves have been used in a variety of
we have designed a PTT glove. applications. The most popular use of them is istige
tracking and reading [12]. This technology usesdiian



sensors. Others published work on tracking thetiposof

when driving straight. This button is fixed at abau75°

the hand using markers [10]. Gloves are also usedangle compared to the vertical axis, as shownguifé 2.

measure gripping forces by attaching force sengorthe

palm and fingers [3;9]. We are not aware of an

publications on using a glove for push-to-talk eetion.
This usage is explored in this paper.

2 Theglove

The system is based on a general purpose glove.
installed two commercially available
pushbutton switches into its fabric, one undertifh®f the

index finger and the other under the thumb. The twds

buttons allow investigating the effects of usinffedent
fingers for PTT operation. By virtue of their meoial
design, the buttons provide tactile and audibledffeek
when pressed. The buttons are connected to an
transmitter which wirelessly transmits button pessto a
relay-station. This relay can be connected to ttogeEt54

system to provide its PTT input. Figure 1 shows thg
locations of the most important elements of theesys In
the middle (the blown-up circle), the tip of thedax
finger is shown with the pushbutton revealed. Wased,
the button is tucked back, inside the fabric ofdlmve.
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Figure 1 The wireless PTT glove

The switches can be operated by pushing a fingainag
any firm surface. The surface is usually the stepwheel
itself. With this design the PPT can be operategtisme

without regard to curves or turns, because the -push

buttons are literally under the driver's fingertips all

times. In this sense the operation space of the RTT

expanded to the whole surface of the steering wheel

3 Thefixed push-to-talk button

The current Project54 system uses a fixed PTT bwiltt
our experiments, and in some of the police cruisesisg
the Project54 system, we implement the PTT butsngu
a commercially available AirClick remote controlvize
located on the crossbar of the steering wheel aarshn
Figure 2. AirClick has a radio frequency connectiorthe
Project54 computer. All five of the buttons perfothe
same operation: they activate the speech recogwizite
a button is held down. Usually the top left butisrused
since it is at the most convenient location for thiver

e operation of the AirClick is constrained tauaiions
hen driving straight or in a slight curve, whee thands
are still at a convenient position. In sharper esror in
turns, the PTT slides away from the user's grasphis
sense the operational field of this solution is enlimited
than it is for the glove.

momentary ==

Figure 2 The fixed PTT setup and the AirClick devic

4 Experiment

We conducted a pilot study to investigate the uiglof
the new glove solutiohln this experiment the PTT button
type was a within-subjects variable, i.e. the stiisje
repeated the same driving scenario using the faretithe
glove PTT consecutively.

The experiments were conducted in a high-fideliyidg
simulator with a 180° field of view, a car cab anthotion
base to simulate acceleration and deceleration The
simulator is shown in Figure 3.

Figure 3 The driving simulator

The simulation presented a 3.6 m wide, two-lang rciad
in daylight, with straight sections, intersectiorad
curves. The map of the simulation scenario careea
Figure 4. The drivers were guided through the ginarie
using traffic signs. These included one-way, nd laf
right turn, work zone directions and other sigrat tijave
the driver a clear indication which road to take.

L A video presentation of the glove and experimeant be found at:
http://www.youtube.com/watch?v=9UeEMWCng4o.



During the scenario, Project54 voice commands appea
on the simulator screen at pseudo-random time _
Participants were instructed to push the PTT butsay sol Eg’l‘c‘f\iiﬁ ]
the command they saw on the screen (e.g. “light &

siren”), and then release the PTT button. In tt 50 ]
experiment, recognition accuracy was close to 100
Each subject received about 5 minutes of trainimgiging
the simulator and the glove. Each of the two experits
also took about 5 minutes. Participants pressedPfhie
button (fixed or glove) about 20 times in eachhsf tuns. 20¢ ]
The experiment was completed by five male UNI 1ol
students, between 23 and 25 years of age. Theiagee H H
annual miles driven was around 12000. . on . mann.ll @
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C ) =t Siivies We also found that the push-button under the thuwab
‘T /4 more frequently operated (around 80%) than the one
o under the index finger. Since the fixed PTT but®also

operated using the thumb this aspect of its desigs
validated by our initial data.

The average lane position variance for both fixew a
glove PTT buttons was around 0.3.rfhis is consistent
‘ with lane position variances we measured in previou
speech interaction experiments and indicates Hiathe
intersections T very least, using the glove did not result in zedetation
start of driving performance.
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Figure 4 The driving scenario While turning at intersections, the average steevinheel
i ) _angle variance was lower when participants used the
We videotaped experiments and for the runs with tbﬁ)ve_ ANOVA analysis reported no statistical
glove we hand-coded the location of participant&lex sjgnificance. However, in intersections each pamiot
fingers or thumbs when they depressed a switch. Qid lower steering wheel angle variance with theveyl
coding used 15° wide bins as shown in Figure 2. This may indicate that using the glove requires kefort

For experiments with the fixed PTT button, the tawaof than using the fixed PTT button when the drivingktés
the button, and thus the location of a participaiinger, Very demanding.

was calculated by adding 75° to the steering whegle. Fyrthermore, the reaction times of the subjectsewer
We recorded lane positions and steering wheel angleasured (see Figure 6). We defined reaction tisnéne
from the simulator. A higher variance of lane positor jnterval between the appearance of the commandotext

steering wheel angle represents worse drivii§e simulator screen and the activation of the ampate
performance [2]. We also recorded the times when tBTT putton.

PTT button was pressed (fixed and glove) from the
Project54 system. .

35 B
5 Results and Discussion 3l T

A1 T |

Figure 5 shows the histograms of finger positiomsing
15° bins) for the five participants when operating PTT
buttons.

reaction time [s]
i [
-

For the fixed PTT button, clicks in the 75° bin wenost
common. This tells us that subjects most often aiper
the fixed PTT button when driving on straight segtseof el 1
the road. Reviewing steering wheel angle and Pifiing
data shows that the glove buttons were also prausmtly
operated on straight road segments. However, the
histogram for the glove PTT buttons shows that, whe
given the choice, participants preferred to pughithtton \We hypothesized that the reaction time for the glov
in positions other than that provided by the fiXedT would be shorter since the activation button wasags
button, and that they experimented with a variefy @nder the tip of the finger and because the fix&@l Ban
positions. drift away from reach when taking turns. The cadkec

fixed push-to-talk glove push-to-talk

Figure 6 Reaction time while taking turns



data did not show any significant difference famght 7 Acknowledgements

road and curve driving, but when taking turns, résection
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significant with p<0.0001. This result supports our
hypothesis, that easier access to the PTT willteshathe
reaction time.

(1]
6 Conclusion and Future Directions

In this paper we describe the experimental invatg of

a wireless PTT glove used while operating a sinedlat 2]
vehicle. We found that lane position variance wasyv
similar for both the glove and a fixed-location PTT
buttons. Average steering wheel angle variancelowsr
when using the glove for one demanding driving task
(turning at intersections), although the differemees not
significant. Reaction times were found to be sigaiftly [3]
shorter while using the glove in turns comparedisng
the fixed PTT button. We also found that particigan
operated the glove in a variety of positions arotinel
steering wheel which may be an indication that gishre
glove is more comfortable than using a fixed-positPTT
button. This conclusion is also supported by treilis of
the post-experiment questionnaire, in which paéots
gave the glove higher grades for efficiency andeeafs
use. Overall, our findings suggest that a PTT glamrea
PTT button with a “floating” location, may make[5]
performing speech tasks more comfortable and less
distracting while driving, than a fixed PTT buttaould.

(4]

The above data does not tell us under what ciramsss [6]
it is safe for drivers to be performing a secondspgech
task while underway. To answer this question, we ar
investigating the influence of performing speectktaon 7]
driving performance as e.g. in [7]. Further studae
needed to improve understanding of the interactions
between the driving task, characteristics of theesp user
interface, such as the PTT button type, the psycicdl
state of the driver, and driving performance. Engthis
experiment, participants spent most of their tinmecay
roads. We need to explore driver performance orroth
types of roads (highways, rural roads, etc). We altend
to explore the use of an instrumented wheel whisérs
could tap to indicate the start and end of an atee.
Finally, we have to quantify potential drawbacksthe
glove, such as accidental PTT triggering.

(8]

(9]

On a different note, we will experiment with usitige [10]
wireless PTT glove with a handheld computer. Hatdthe
are becoming powerful enough to provide a speech
interface to in-car devices. They will also likeébg used

for other tasks outside the vehicle. The wirele§s P [11]
glove could help provide a continuous user expegen

and outside the car. We expect that the availgiwfitsuch

a continuous user experience would entice som&,usi%{z
e.g. police officers, to use a PTT glove. ]
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