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ABSTRACT

Sixteen licensed drivers repeated short sentences and
nonsense words which they heard either through a hand-
held mobile phone or a hands-free head set while driving
in normal city traffic in central Helsinki. The error rates
showed that perceptual accuracy decreased by the use of
telephone connection, compared with a ‘simulated
passenger speech’ where the stimuli were presented from a
loudspeaker in the car. Somewhat surprisingly, using the
hands-free head set produced more errors than the hand-
held mobile phone. This may in part be due to the dark
sound colour of the head set used. The results also suggest
that the cognitive load due to the traffic situation (e.g.
difficult crossings) had a negative effect on the
performance in the verbal task.

1. INTRODUCTION

Using a mobile phone while driving can have a disturbing
effect on the driver’s performance and produce dangerous
situations in traffic. This is partly due to the difficulties
caused by the increasing cognitive workload when the
driver is trying to understand the telephone conversation
[1] and dividing her/his attention between the traffic
situation and the verbal message [2]. In Finland, the
proportion of fatal road accidents which were affected by
the use of mobile phone increased from 0.1% in 1991–92
to about 1.5% in 1995–98 [3] and further to about 3.3% in
2001 [4]. The use of a mobile phone (whether hand-held
or hands-free) while driving may be safe in quiet traffic
conditions, but it is, nevertheless, an attention-demanding
factor which, in a critical situation, may have fatal
consequences [5], [6], [7].

In this study [8] we investigated the intelligibility of
meaningful Finnish sentences and nonsense words
delivered through a mobile phone (hand-held or hands-
free reception) while the listener is driving in normal city
traffic among other cars, trams and pedestrians in an
environment with numerous crossings, hills, narrowing
lanes and different kinds of pavement. This kind of natural
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on, while admittedly impossible to control to the last
, provides more relevant data on the drivers’
iour in real traffic situations than do laboratory-
 driving-simulator studies [9].

im of the study was twofold: we wanted to find out
uch the use of a mobile phone and simultaneous

g affect the ability to perceive and understand
n messages, and how this verbal task affects driving
mance. Thus, the study combines the interests of
tics, traffic psychology and environmental acoustics.
 following, we report preliminary results of the
tic aspects of the study.

2. METHODS

cipants. In a field test 16 Finnish male participants
 24–54, mean 36.2, SD 7.8) drove an instrumented
 normal city traffic in central Helsinki listening to
epeating the speech material they heard. The
ipants (all unpaid volunteers) were experienced
s, eight of them also licenced race drivers. They
all used to driving in city traffic and also in the spe-
rea of Helsinki where the field test was performed.
rticipants were tested to have normal hearing and
l vision with regard to acuity and visual field.

ng Task. The car used in the field test was a Mitsu-
passenger car equipped with special measurement
mentation and double controls. During the test each
ipant drove along a predetermined 3.3-km route,
round taking about 8–9 minutes. Before the test
n proper, each driver drove three practice rounds
g acquainted with the route. On average, the total
on of the driving session for each participant was
 one hour. The whole test route in central Helsinki
upposed to be well covered by the mobile phone
 but during the first day there were still some
uptions in the transmission. Luckily the phone
ms disappeared after the first day. The test route was
riven through with a test dummy placed on the
’s seat recording all the acoustic environmental
ation in all three listening conditions (see below).



(The results of these acoustic control measurements are
not dealt with in this paper.)

Stimulus Material. The spoken material consisted of 160
normal, meaningful Finnish sentences (of 5–8 words) and
42 two-syllable VCV words (mostly nonsense, but not
violating the phonotactics of Finnish). The original
material was spoken in a quiet room both by a young male
and by a young female speaker with clear laboratory-
speech style and an average articulation rate of 5.9 and 5.8
syllables/second, respectively. In one half of the VCV
words the initial vowel was /e/ and in the other half /i/.
The consonants used in the middle position were /d h j k l
m n N p r s t v/. The vowel in the final position was one
of the eight vowels of Finnish, /a e i o u y Q O/.

Listening Conditions. There were three listening
conditions in the car: the driver received the prerecorded
stimuli either (1) through a hands-free head set connected
to a Nokia 6150 mobile phone, (2) through the same hand-
held phone without the head set, or (3) from a CD player
through a loudspeaker situated near the front-seat
passenger’s head (‘simulated passenger speech’). In a
control condition (4), the material was presented in a quiet
room from a CD player through a loudspeaker at a
distance of about two meters. In each of the four
conditions each participant heard a different list of 40
sentences followed by a list of 26 VCV words. In each
stimulus list there was 1-second 500-Hz beep as a warning
signal about 6 seconds before the first stimulus. Between
the sentences there was always a pause of about 6 seconds
in the recording giving the driver time to repeat the
stimulus. Between the VCV words this pause was about 4
seconds. The duration of each prerecorded stimulus list
was a little under 8 minutes.

Verbal Task. In conditions 1 and 2 the driver received a
phone call from the sending wire telephone about half a
minute after the start. When the driver answered he was
instructed to say aloud his name for the recroding before
the stimulus list was played to him. In condition 3 the
stimulus tape was started by an experimenter in the back
seat of the car.

Each participant was presented with the total of 160
sentences (each sentence in the original material occurred
once) and 104 VCV words (items in the original list of 42
syllables in different combinations). The material was
balanced so that no-one heard the same list more than
once. For each participant, the session consisted of the
three listening conditions in the car in a pseudo-random
order. The control condition in the quiet room was always
arranged later.

Responses. The subjects’ vocal reponses were recorded on
minidisk in the car and also at the sending telephone. All
situations in the car were also videotaped. The video
recording (see Figure 1) was composed of four simul-
taneous screens (the driver’s mouth and face and two
different views of the traffic). A computer in the car
continuously recorded the noise levels, car movements and
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e 1: Example screen of the video recording made in
strumented car, consisting of two views of the driver,

 ahead and to the left. In this test condition the
li were delivered through the hand-held mobile
. The numerical data include the date, car speed,
ng wheel angle, use of acceleration pedal, brake
etc.

ether 2560 sentences and 1664 VCV words were
ed for analysis.

ng. In this preliminary analysis of the data, error
were calculated in all conditions. An ‘error’ in the
ting of a sentence was defined as any kind of
tion from the original stimulus. First one of the
rs (JS) scored the drivers’ responses on the basis of
inidisk recordings made at the sending (without the
 recordings). After that, the responses were scored
endently by two other persons using the video
ings made in the car. These two scorers were
tically trained but were not aware of the purpose of
udy. The results presented below are based on the
g made by the two independent scorers.

ition to just counting the error rates, the errors were
lassified according to their degree of ‘severity’,
g from simple sound substitutions to more complex
ions, on a scale from 1 to 3.

3. RESULTS

nces. On average, there were errors in 36.6% of the
ces in the hands-free condition, 28.5% in the hand-
hone condition, 7.5% in the simulated passenger

tion (CD in the car), and 4.2% in the control
ion in a quiet room (see Figure 2).

 the errors for the sentence material were scored
ing to their degree of severity, the results showed

me overall pattern as the simple error rates.
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Figure 2: Mean error rates in the sentence and word
repetition tasks (white and gray columns, repectively) in
the three experimental conditions (hands-free head set,
hand-held mobile phone, CD in the car) and the control
condition in the quiet room.

Eight of the participants were licenced race drivers and
eight were normal experienced drivers. Of all the errors
made in the sentence test, 53.2% were made by the normal
drivers, and the remaining 46.8% by the race drivers.

VCV words. For the VCV word stimuli, the corre-
sponding error rates were slightly higher than for the
sentence stimuli: 39.7% for the hands-free condition,
35.1% for the hand-held phone, 8.0% for the simulated
passenger condition, and 5.3% for the control condition in
a quiet room (gray columns in Figure 2).

There was no strong tendency in the errors to change from
a nonsense word to a meaningful word: 76.3% of the
errors in repeating a nonsense VCV word resulted in
another nonsense word, the remaining 23.7% resulting in a
meaningful Finnish word.

There was a difference in performance related to whether
the stimuli were spoken by a man or a woman. For the
VCV word material the average error rate was 54.9% for
the male speaker and 45.1% for the female speaker.

4. DISCUSSION

Both the sentence material and the VCV word material
indicated that the use of a phone resulted in a decrease of
repetition performance compared with the simulated
passenger condition where the stimuli were heard from a
loudspeaker in the car. As might be expected, nonsense
word material proved slightly more difficult than
meaningful sentence material in all listening conditions.

Surprisingly, speech (both sentence material and – less
clearly – VCV word material) was perceived better when
heard through a hand-held mobile phone than through a
hands-free head set. This may be partly due to the dark
sound colour of the headset used. It is also possible that in
general the participants found it easier to control e.g. the
sound volume with the hand-held phone than with the
head-set plug inserted in the ear canal. While the use of a
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From 
-free device (instead of a hand-held mobile phone)
bly increases safety by allowing the driver to use
ands to control the car, the present results suggest
ere may also be more cognitive workload involved
 driver finds it more difficult to understand the
ge delivered via a hands-free device.

e basis of the VCV word results, it seems that the
e voice is slightly easier to understand in a mobile
. This may be partly due to the (small) difference in
lation rate between the two speakers (see Methods).

listening and talking to a mobile phone and driving a
mand a lot of cognitive capacity. The more often one
 a car, the more automatic the driving becomes.
ay driving in general is not nearly so demanding as
g in heavy city traffic. The difference in
mance between race drivers and normal experienced
s observed in this study may reflect the fact that race
s are more used to handling the car in difficult
ons, and are able to allocate more cognitive capacity
 verbal task.

ding to the subjective reports of the drivers the
ive and physical workload of the traffic had a strong
t on their ability to repeat what they heard from the
e phone. This demonstrates that in heavy city traffic
difficult to perceive non-redundant speech from a
e phone.

ethods used in this preliminary analysis proved
matic in certain respects. Since it is obviously
sible for the driver to give his/her verbal reponses in
g one has to rely on his/her spoken responses. Then
is always the danger of perception error on the part
 scorer. Indeed, the scorers found their task quite
ding; they had difficulties with the quality of the

track of the video recordings made in the car. In
to avoid further perceptual errors (made by the
s) the best possible sound (and video) recording

d of course be used for the scoring. For the final
g and analysis of the responses in the present

ial we shall use a combination of the video recording
in the car and the minidisk recording made at the
g telephone.

te the difficulties in the methodology of this kind of
 the advantages of a field study are obvious. A field
volved with driving and using a mobile phone gives
realistic results than do studies using driving

ators. The test drivers driving in normal city traffic
m under constant threat of real hazard.

ther studies we will also make a detailed analysis of
onetic errors (phoneme confusions and effects of
tic context). The errors made by the drivers in the
l task will also be correlated with their performance
 driving task to see whether it is primarily certain
l, demanding situations in the traffic (crossings etc.)
use the impaired performance in the verbal task.

the viewpoint of traffic psychology, the effects of



simultaneous phone conversation on driving performance
will be dealt with in future reports.
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