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PREFACE

The study reported here was performed within the DRIVE Project

V1017 'Changes in Driver Behaviour due to the Introduction of

RTI Systems (or BERTIE for short). The BERTIE project has

brought together five research teams with a multi-disciplinary

range of skills to address the problem of analysing the impact

of new RTI applications upon driver behaviour.

The five teams are:

HUSAT HUSAT Research Centre, Loughborough, England

VTI Swedish Road and Traffic Research Institute,

Linköping, Sweden

TUB Technische Universität, Berlin, Germany

BMW Bayerische Motoren Werke AG, Munchen, Germany

AFT Association pour le développement de la Formation

professionelle dans les Transports, Monchy Saint Eloi,

France

The BERTIE project has concentrated on behaviour at the micro-

level. The aim has been to refine methods of data collection in

a variety of test environments, and to present a picture of

behaviour change as a function of certain applications. The

findings will be of use to future RTI designers and legislators.

It is also hoped that the results obtained by this research

group will provide valuable information to other projects within

as well as outside the DRIVE programme, and also clarify

thinking towards the needs for future investigation in the

addressed area of research.
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ABSTRACT

The effects of a mobile telephone conversation on elderly

drivers reaction time, lane position, variation in lane

position, speed level, and workload were studied in an advanced

driving simulator. Twenty subjects, experienced drivers in the

ages 60 to 71 years, were randomly assigned to two conditions

(mobile telephone and control). It was found that the conversa-

tion over the mobile telephone had a negative effect on the

elderly drivers reaction time to a suddenly appearing event.

Engagement in the mobile telephone task also led to speed reduc-

tion and increased variation in lateral position. Finally, the

drivers mental workload, measured with NASA-TLX, increased when

the telephone task was added to the driving task. The results

were compared to the effects on twenty young drivers' behaviour,

which was studied in an identical study. The comparison showed

that the elderly drivers' reaction time to an unexpected event

was approximately 0.40 seconds longer than the young drivers'

reaction time, when talking in the mobile telephone during

driving. The elderly drivers also varied their lateral position

more than the young drivers, who tended to move to the right of

the road and keep a steady course when talking in the mobile

telephone. In contrast, the elderly drivers kept the same mean

position on the road, but increased their variation around that

mean. Finally, some implications for traffic safety were

discussed.





BACKGROUND

Changes in driver behaviour, as a function of mobile telephone

use, have recently been studied in an advanced driving simulator

(Alm and Nilsson, 1990). The results showed that engagement in a

conversation over the mobile telephone while driving may

influence several subtasks of driving. Firstly, simple reaction

time was prolonged, but only when the driving task was easy.

Secondly, drivers lateral position on the road was also influ-

enced by mobile telephone use. This effect was more pronounced

when the tracking component of the driving task was difficult.

Thirdly, using a Task Load Index (NASA-TLX) developed by Hart

and Staveland (1988), the drivers estimated their workload to be

higher when they used the mobile telephone while driving, compa-

red to when they were only driving. Thus, instead of keeping the

workload at a constant level, by reducing the demands from other

driving subtasks, they seemed to work harder to cope also with

the added telephone task. Forthly, drivers speed level was

reduced, but only when the driving task was easy.

The results described above mean that mobile telephone use

during driving may have negative implications for traffic

safety. Surprisingly enough, the most severe effects were found

when the driving task was easy. The suggested explanation was

that, depending on the difficulty of the driving task, there was

a shift between what task the drivers considered to be the

primary and the secondary task, respectively. When the driving

task was more complex, the drivers had to treat driving as the

primary task. Therefore, they could not devote too much atten-

tion and effort to the conversation over the mobile telephone.

On the other hand, when the driving task was easy, the drivers

treated the mobile telephone conversation as the primary task,

and driving as the secondary task. If the given explanation is

valid, it has some rather interesting implications for when

information, which is not necessary for the performance of the

driving task, should be given to a driver. The conclusion is



that it should not be given when the driving task is extremely

simple, because then there is a risk that the driver might treat

the added information processing task as the primary task.

The subjects in the earlier study (Alm and Nilsson, 1990), for

whom the reported effects were found, were relatively young and

experienced drivers. The reason for using a rather homogeneous

group was to make the testing critical. Because the behaviour of

these skilled drivers was influenced by mobile telephone use, it

is of great interest to know if the effects are valid also for

other groups of drivers. Of special interest is the growing

group of elderly drivers. Since Europe grows greyer and greyer,

knowledge about effects of different RTI systems (for example

mobile telephones) on elderly drivers' behaviour is urgently

needed. Such knowledge should help us to closer identify this

group's special needs and also to take the needs into account in

system design.

When traffic safety is considered, we know that drivers of

different ages experience problems in different types of traffic

situations i.e., in situations which impose different demands on

the drivers. Elderly drivers seem to be responsible mainly in

intersection type (crossing and turning) collisions and merging

accidents (Matthews and Jones, 1989). Driver performance in

these situations is said to deteriorate rapidly after approxi

mately 55 years, probably due to a decreased ability to gather

and process information fast enough and to coordinate the

information processing with motoric actions (Planek, 1981).

Furthermore, elderly drivers are reported to be overrepresented

among drivers committing "improper lookout" errors (Treat,

1980). From these findings it seems obvious that elderly drivers

have more problems when they have to divide their attention

between different tasks. Therefore, it is realistic to believe

that their driving behaviour will be influenced, maybe more than

younger and experienced drivers' behaviour, when new RTI tasks

(for example mobile telephone use) are added to the basic

driving task.



Problem

The purpose of the study was to investigate if and how the use

of a handsfree mobile telephone influences the behaviour of

drivers 60 years of age and older. The study was a follow-up to

the earlier study (Alm and Nilsson, 1990), in which effects were

found on young drivers' behaviour. Thus, the addressed questions

were: Firstly, will mobile telephone use influence elderly

drivers' ability to quickly react to an object in the traffic

environment? Secondly, will mobile telephone use influence

elderly drivers' ability to monitor and adjust the performance

of the car? Thirdly, will mobile telephone use influence elderly

drivers' workload? Forthly, will mobile telephone use influence

elderly drivers' choice of speed? Fifthly, will elderly drivers'

performance of the mobile telephone task differ from the young

drivers' performance?

Hypotheses
 

The following hypotheses, concerning the effects of mobile

telephone use on elderly drivers' behaviour, were put forward

and tested in the study:

Firstly, we predict that activation of the handsfree button and

engagement in a conversation over the mobile telephone while

driving, will increase elderly drivers' simple reaction time.

Thus, their ability to quickly react to a suddenly appearing

stimulus in the driving environment will be negatively influen-

ced. It is also predicted that elderly drivers will react slower

than young drivers.

Secondly, we predict that elderly drivers' ability to keep an

optimal lateral position will be negatively influenced, when

they are using the mobile telephone. The drivers will, to a

certain extent, be distracted by the tasks to activate the

mobile telephone, and to share their attention between car

driving and talking in the mobile telephone. Furthermore, this

effect is predicted to be stronger with increasing age.



Thirdly, we predict that elderly drivers workload will increase

when they use the mobile telephone. They will increase their

effort and work harder to cope also with the added telephone

task. Thus, they will not reduce their speed level to such an

extent that their workload is kept constant. It is expected that

the workload level will be influenced by age.

Forthly, we predict that elderly drivers will lower their speed

level as a result of the extra workload associated with the

telephone task. That is, we predict that the drivers to some

degree will lower their speed, to compensate for the increased

task load due to the mobile telephone use.

Fifthly, we predict that elderly drivers performance of the

telephone task will be worse than young drivers performance.

METHQD

Subjects

Twenty subjects, 10 men and 10 women, aged 60 to 71 years (mean

age 65.9, SD 3.4 years) participated in the study. They all had

a driving licence, and were experienced drivers meaning that

they had had their driving licences for at least 5 years, and

that they were driving at least 10,000 km per year. The subjects

were recruited via advertisements at various public places, and

via personal contacts. They were paid (250 SEK) for their parti

cipation in the experiment. The subjects were randomly assigned

to two experimental conditions.

Apparatus

The VTI driving simulator was used for the study. It is an

advanced simulator which consists of a moving base system, a

wide angle visual system, a vibration-generating system, a sound

system, and a temperature-regulating system (Nordmark et al.,

1986; Nilsson, 1989; Nordmark 1990). The five subsystems can be



controlled to operate in a way that gives the driver an impres-

sion which is very much alike real driving.

Driving tasks
 

The road type that was presented to the subjects in the simu-

lator was a two-lane, 7 meter wide asphalt road. It contained

both horizontal and vertical curves. The road surface was

characterized by high friction, corresponding to dry summer

roads, and the visibility condition was similar to a cloudy

summer day.

Two different routes, one practice route and one test

route, were used in the experiment. Both routes had the same

general characteristics as described above. The practice route

was 20 km long, rather straight and easy to drive. It was used

to make the subjects familiar with simulator driving. The test

route was 80 km long. It was also rather straight, and was not

expected to cause the subjects any problems with speed choice

and steering strategy. The workload imposed on the driver from

road following was thus supposed to be very low.

Vehicle. The car body used in the experiment was an ordinary

Volvo 740 with an automatic gearbox. The simulated physical

environment in the "car" corresponded to that in modern passen-

ger cars. Thus, the noise level, the infrasound level, and the

vibration level were all within the respective intervals for

modern passenger cars during driving in real traffic. The ther-

mal environment was according to normal indoor climate.

Visual stimulus. A red square, with the size 4 x 4 cm, was
 

used as visual stimulus. It always appeared in the same posi-

tion, on the left shoulder of the road and at a rather long

distance in front of the "car". As the position was fixed rela-

tive to the road, the sight angle perceived from the driver s

position varied a little according to the road curvature. The

visual stimulus simulated an unexpected event on the traffic

scene outside the car.

Mobile telephone. The mobile telephone used was an Ericsson
 

Hot Line device with handsfree facility (Ericsson Radio Systems

AB, Sweden). It was mounted on the instrument panel to the right



of the steering wheel, over the ventilation controls at the

height of the steering wheel.

The mobile telephone communication was simulated with the

help of a micro-controller and two tape recorders with remote

controls. Via the serial channel of the telephone system, the

micro-controller activated the mobile telephone, generated the

ring signal, and detected when a button was pressed on the

mobile telephone. The micro controller communicated with the

main simulator computer, which controlled where, along the

routes, the mobile telephone calls occurred. When a subject

answered the mobile telephone by pressing a button, one of the

tape recorders was activated and "read the telephone task to

the subject. Tasks for eight mobile telephone calls were con-

secutively prerecorded on the tape. The presented telephone

tasks were, together with the subjects' answers recorded on the

second tape recorder.

Telephone task. The Working Memory Span Test (Baddeley et
 

al., 1985) was chosen for the telephone (communication) task.

This test contains a working memory part and a decision part.

The subjects in the experimental group were exposed to a number

of sentences. Each sentence had the form "X does Y", and con-

tained three to five words. For instance: "The boy brushed his

teeth" and "The train bought a newspaper . After each sentence

the subjects were supposed to answer "yes" if the sentence was

seen as sensible, and "no if it was perceived as nonsense. The

test contained 50% sensible and 50% nonsense sentences. When

five sentences had been presented, the subjects were required to

recall the last word in each sentence, in the order of

presentation. This completed the task of each mobile telephone

call. For the experimental group this procedure was repeated

eight times (eight mobile telephone calls), with different

sentences, during the experiment.

The Working Memory Span Test was chosen because it fulfilled

the demands we had on the telephone task. Thus, it was possible

to repeat the test several times without strong learning

effects. It was also possible to keep the presentation time for

each mobile telephone call constant, and to easily evaluate how

well the subjects managed to solve the task.



Presentation of the telephone task. The Working Memory Span

Test sentences were prerecorded on a tape. Each mobile telephone

call started with an instruction, telling the subjects that the

reading person (one of the authors) would present a number of

sentences to them. The subjects were informed that they, after

each sentence, had to answer "yes" if the sentence was sensible

and "no" if it was nonsense. They were also told that they had

to answer within three seconds, and that a new sentence would be

read after these three seconds. Finally, the subjects were in

formed that they, after all (five) sentences had been read,

would receive the command "Repeat" and that they were then sup-

posed to repeat the last word in each sentence, in the order the

sentences were presented. Each presentation (mobile telephone

call) took roughly 60 seconds.

Position of telephone calls and visual stimulus along the

test route. Eight mobile telephone calls were presented to the
 

subjects in the experimental group during the experiment. There-

fore, eight specific positions (distances between 0 and 80,000

m) along the test route were randomly selected (Table 1). When

the "car" passed these fixed points a mobile telephone call was

initiated. At four of the eight positions, also randomly chosen,

the visual stimulus, simulating an unexpected event in the

traffic outside the car, appeared in connection with the mobile

telephone calls. For two of these four occasions, again randomly

chosen, the visual stimulus appeared shortly after the mobile

telephone had rung, while for the remaining two occasions the

visual stimulus appeared later, when the subjects were concen

trated on solving the telephone (communication) task. The random

procedure was used to make it impossible for the subjects to

correctly anticipate when the mobile telephone should ring, if

the visual stimulus should appear in connection with the mobile

telephone call, and in case it did what the temporal relation

between them should be. Table 1 summarizes the positions and

timing of the mobile telephone calls and the visual stimulus.



Table 1. Positions for mobile telephone calls and occurrence of

the visual stimulus along the test route.

 

 

 

Telephone call Distance (m) Stimulus

1 13 079 No

2 23 316 Yes, after 35 seconds

3 27 703 No

4 41 389 No

5 55 114 Yes, after 1 second

6 61 516 Yes, after 1 second

7 67 731 No

8 76 892 Yes, after 35 seconds

Measures

Speed, lateral position, variation in lateral position, and

reaction time were used as performance measures. Both measure-

ments and stimulations were controlled by the main computer

controlling the simulator.

Speed (km/h) was sampled with 2 Hz.

Lateral position (m) on the road was measured in relation to
 

a zero-position, defined as the position where the centre line

of the road coincides with the centre line through the driver s

body. Also the lateral position was sampled with 2 Hz.

Variation in lateral position (m). The standard deviation

(SD) of the lateral position was used to estimate the variation

in position.

Brake reaction time (s) was calculated as the time elapsing
 

from the onset of the red square until the brake pedal was

depressed approximately 10 mm or more. The resolution was 20 ms.



If no driver reaction (sufficiently hard braking) had been

detected within 5 seconds, the stimulus was regarded as un-

answered and put out.

Workload. To measure the subjects workload the Task Load

Index (NASA-TLX) developed by Hart and Staveland (1988) was

used. The subjects had to rate six different workload factors,

namely mental demand, physical demand, time pressure, perfor-

mance, effort and frustration level, on a continuous scale

ranging from very low to very high. They also had to rate the

relative weights of the different factors.

Telephone task performance. The number of correct sentence

judgments (sensible/nonsense) was used to measure the perfor-

mance of the decision part of the telephone task (Working Memory

Span Test). Correspondingly, the number of correctly recalled

last words, in the order of presentation, was used to measure

the performance of the working memory part of the telephone

task.

Design

The design of the study was a classical experimental and control

group study (single factor design). The subjects in the experi-

mental group drove and performed the telephone task, while the

subjects in the control group only drove the "car . The subjects

were randomly assigned to the two groups, with the restriction

that an equal number of men and women was assigned to each

group.

Extension. When age was used as a variable in the analysis of

the results, the data for young drivers obtained in the earlier

study by Alm and Nilsson (1990) were added. Considering only the

easy driving task in the earlier study, the design of that study

was identical to the design of this study of elderly subjects,

except for the age of the subjects. Taking this into account,

the design became a two by two factorial design, with age (young

versus elderly) as one factor and RTI system (mobile telephone

versus control) as the other factor.
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Procedure

The subjects had to fill in a questionnaire about background

variables (sex, age, driver licence, distance driven each year,

experience of car driving, and of mobile telephones). After that

each subject was randomly assigned to one of the two conditions

(experimental and control), and given a written instruction,

describing his/her task. The subjects in the experimental group

were told that they were supposed to drive an 80 km long route

in the simulator. They were asked to "drive" the simulator in

the way they normally drive a car, and to avoid to "play" with

it. They were told to brake with their right foot. Furthermore,

they were informed that two things would happen when they were

driving, the mobile telephone would ring, and a red square would

appear on the screen. The subjects were instructed to answer the

ring signal from the mobile telephone by pushing the button for

the handsfree function. After doing so they should listen to the

instructions that followed, and solve the task presented over

the mobile telephone. The subjects were told to brake as fast as

possible when the red square appeared. After reading these

instructions, the subjects in the experimental group had the

opportunity to ask questions about the instructions. Then they

had some training on the telephone task. They practiced on three

tasks of varying difficulty (two, three, and four sentences,

respectively) sitting at a table. The subjects in the control

group were exposed to an identical instruction, but without the

parts containing the mobile telephone.

The instruction phase was followed by the training phase, during

which all subjects were introduced to the driving simulator. For

the subjects in the experimental group the handling aspects of

the mobile telephone were repeated, and they could practice to

locate and push the button for the handsfree function. There-

after, all subjects drove the 20 km long practice route. The red

square appeared three times (at the same location for all

subjects), and the subjects could practice to brake as fast as

possible, and hard enough to put out the square. For the
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subjects in the experimental group the mobile telephone also

rang three times, and they were asked to solve the same tele-

phone tasks as they did before, but now via the mobile telephone

and while driving instead of sitting at the table. When the

training phase was over, all subjects had a short brake during

which they were offered coffee, tea, or juice.

After the brake the test phase began. The subjects performed the

driving, reaction, and telephone (only the experimental group)

tasks. For the experimental group the subjects answers to the

prerecorded Working Memory Span Test sentences (telephone task)

were recorded on tape. Speed, lateral position and brake reac-

tion time were recorded via the main computer. After completing

the 80 km long test route each subject had to rate his/her work-

load using NASA-TLX. Finally, the subjects were thanked for

their participation in the study, and paid 250 SEK. The running

of a subject took 2-2.5 hours in total.

RESULTS

The resulting effects of mobile telephone use on elderly

drivers' behaviour, including comparisons to young drivers'

behaviour, will be presented in terms of: 1) simple reaction

time to the simulated danger situation (the red square), 2)

lateral position, and variation in lateral position on the road,

3) workload, 4) speed level and, 5) correct answers to the

telephone task.

Simple reaction time
 

It was predicted that the subjects in the experimental (mobile

telephone) group of elderly drivers would react slower compared

to the subjects in the control group of elderly drivers, when a

stimulus appeared outside the car. It was also predicted that

age should influence the ability to react quickly. For each

subject the mean reaction time, over the four simulated danger

situations (red squares), was calculated. Group means were then
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calculated from these subject related values. The results are

shown in Figure 1. A two-way ANOVA showed significant main

effects of both mobile telephone [E (1:36) = 10.13, p< .Ol] and

of age [E (1:36) = 9.89, p< .01].

(s)

 

\%ung (Nd

Figure 1. Simple reaction time (mean for 4 visual stimuli) as a

function of experimental condition and age.

Effect of mobile telephone. The main effect of mobile

telephone means that, independent of the age of the subject, use

of the mobile telephone while driving resulted in longer

reaction times compared to driving without using the mobile

telephone. Thus, a negative effect of mobile telephone use was

found on both the elderly and the young subjects ability to

quickly react to an unexpected event. The differences in mean

reaction time, between experimental and control groups, were

0.385 seconds and 0.439 seconds for the groups of young and

elderly subjects, respectively.

Effect of age. The main effect of age means that there was a
 

difference in reaction time between young and elderly subjects,
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which was independent of mobile telephone use. The absence of an

interaction effect (mobile telephone x age) tells us that the

size of the reaction time difference, between experimental and

control groups, did not vary with age. It is worth noting that

the difference in mean reaction time, between the control group

of young subjects and the experimental group of elderly

subjects, was as big as 0.818 seconds.

Lateral position

The hypothesis stated that elderly subjects ability to keep an

optimal lateral position would be negatively influenced by the

mobile telephone use, and that this effect would be more pro-

nounced with increasing age. For each subject in the experimen-

tal group we calculated the mean lateral position, for 0-500 and

0-2500 metres after initiation of each mobile telephone call.

The 500 metres cover the distance during which the subjects had

to activate the mobile telephone by pressing the handsfree

button. The 2500 metres cover the period during which the entire

telephone task was completed. For the subjects in the control

group, mean lateral positions were calculated for corresponding

sections of the test route. Mean lateral positions, for the

experimental and control groups of elderly subjects, are shown

in Figures 2 (for 0-500 metres) and 3 (for 0-2500 metres), for

each of the eight mobile telephone calls.

Effect of mobile telephone. Figure 2 shows that the lateral

position on the road differed very little, between elderly

subjects who used the mobile telephone while driving and elderly

subjects who only drove. A two-way ANOVA showed no significant

effects of either mobile telephone or mobile telephone call

(calls 1 to 8). This was for the 500 metre distance, where the

subjects in the experimental group had to activate the handsfree

function of the mobile telephone. For the 2500 metre distance,

during which the subjects in the experimental group had to solve

the entire telephone task, the differences in lateral position,

between the experimental and control groups of elderly subjects,

remained small. Again, no statistically significant effects were

found, when a two-way ANOVA was performed.
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Figure 2. Elderly subjects lateral position, 0-500 metres after

each of the 8 mobile telephone calls, as a function of

experimental condition.

Effect of age. When the 0-500 metre distance was considered,
 

the result obtained for elderly subjects (Figure 2) was in

agreement with the result for young subjects, driving exactly

the same route (Alm and Nilsson, 1990). On the other hand, when

the 0-2500 metre distance was considered, the result for elderly

subjects (Figure 3) was not in agreement with the result

obtained for the young subjects. In this case the study by Alm

and Nilsson (1990) showed that young subjects who used the

mobile telephone while driving, drove significantly more to the

right compared to young subjects who only drove. The lateral

position data for young and elderly subjects, for 0-500 and

0-2500 metres after each mobile telephone call, were combined

and their differences tested by a two-way ANOVA. No significant

effects were found.
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Figure 3. Elderly subjects' lateral position, 0 2500 metres

after each of the 8 mobile telephone calls, as a

function of experimental condition.

Variation in lateral position
 

When the subjects ability to keep an optimal lateral position

was analyzed, not only the absolute value but also the variation

(SD) in lateral position on the road was of interest, because it

may have implications for traffic safety. For each subject in

the experimental group, the standard deviations of lateral

position were calculated for 0-500 and 0-2500 metres after

initiation of each mobile telephone call. For the subjects in

the control group, standard deviations of lateral position were

calculated for the corresponding sections of the test route. The

resulting variations (SD) in lateral position, for the experi

mental and control groups of elderly subjects, are shown in

Figures 4 (for 0-500 metres) and 5 (for 0 2500 metres), for each

of the eight mobile telephone calls.
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Effect of mobile telephone. Figure 4 shows the variations in

lateral position, 0-500 metres after the initiation of each

mobile telephone call i.e., when the subjects in the experimen-

tal group had to activate the handsfree function. We can see

that elderly subjects, who used the mobile telephone while

driving, varied their lateral position more than elderly

subjects who only drove. The result persisted over all the

mobile telephone calls. A two-way ANOVA showed significant main

effects both of mobile telephone [5 (1;144) = 32.89, p= .0001]

and of mobile telephone call (calls 1 to 8) [E (7;144) = 3.22,

p= .OO34]. Besides, there was a significant interaction between

mobile telephone and mobile telephone call [£ (7;144) = 2.28, p=

.0315]. The effects, where the variable mobile telephone call is

involved, are less relevant since they probably only reflect the

fact that the different mobile telephone calls occurred at posi-

tions with different road configurations (curvatures).
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Figure 4. Elderly subjects' variation in lateral position,

O- 500 metres after each of the 8 mobile telephone

calls, as a function of experimental condition.
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Figure 5 shows the corresponding variations in lateral position,

0 2500 metre after the initiation of each mobile telephone call

i.e., when the subjects in the experimental group had to perform

the entire telephone task. We can see that the variation in

lateral position, for elderly subjects who used the mobile tele-

phone while driving, also for this distance was larger than the

variation

drove.

mobile telephone calls.

again showed significant main effects both of mobile telephone
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the difference is not obvious for all

However, the performed two way ANOVA

p= .0147] and of mobile telephone call [£

(7:144) = 2.97, p= .0062].
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subjects variation in lateral position,

0-2500 metres after each of the 8 mobile telephone

calls, as a function of experimental condition.

Effect of age. The effects of mobile telephone use on the
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agreement with the results for young subjects, obtained in the

earlier study (Alm and Nilsson, 1990). The differences between

young and elderly subjects were analyzed for all mobile

telephone calls together, and for the 0-500 and 0-2500 metre

distances. Figures 6 and 7 show the respective results.

O SOOm
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Figure 6. Variation in lateral position 0-500 metres after

initiation of the mobile telephone calls (means for

the 8 calls), as a function of experimental condition

and age.

Figure 6 shows that, for young subjects there was no difference

in the variation in lateral position, between the experimental

and control groups. But, for elderly subjects there was a

difference due to experimental condition. A two-way ANOVA showed

a significant interaction effect between mobile telephone and

age [£ (1;36)= 10.65, p= .0024]. Thus, during the phase where

the handsfree function of the mobile telephone had to be

activated, the elderly subjects varied their lateral position

more than the young subjects.
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Figure 7. Variation in lateral position 0-2500 metres after

initiation of mobile telephone calls (means for the 8

calls), as a function of experimental condition and

age.

From Figure 7 we can see that the control group of young sub-

jects varied their lateral position more than the experimental

group of young subjects. For the elderly subjects the effect was

in the opposite direction. A two-way ANOVA showed a significant

interaction between mobile telephone and age [g (1;36)=7.23, p=

.0108]. Thus, during performance of the entire telephone task,

the variation in lateral position increased for the elderly

subjects while it decreased for the young subjects.
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Workload

The hypothesis stated that the elderly subjects workload should

increase, when the task to use the mobile telephone was added to

the ordinary driving task. By NASA-TLX it is possible to obtain

subjective ratings of six different aspects of workload and

their respective weights. The test is rather demanding and

despite considerable efforts we could not collect complete data

from all the elderly subjects. However, nine subjects in each

group (experimental and control) performed the ratings of mental

demand, physical demand, time pressure, performance, effort, and

frustration level satisfactorily. But, they could not weigh the

different aspects in relation to each other. As Byers et al.

(1989) have shown that NASA-TLX ratings without weights can be

used to assess workload, we used the ratings of the separate

workload aspects in our analysis.

Effect of mobile telephone. When we analyzed the differences

in the ratings of the separate workload aspects, between the

experimental and control groups of elderly subjects, only mental

demand differed significantly. Elderly subjects, who performed

the telephone task while driving, rated mental demand higher

than elderly subjects who only drove [t (16)= 2.34, p< .05].

When the ratings obtained for young subjects (Alm and Nilsson,

1990) were added and a number of two-way ANOVAs were performed,

the results shown in Table 2 were found. It can be seen that

four out of the six workload aspects were influenced by mobile

telephone use. Independent of their age, subjects engaged in the

telephone task rated mental demand and effort higher, were less

pleased with their performance, and were more frustrated than

subjects in the control groups.

Effect of age. Interestingly enough, we can note that no main
 

effect of age was obtained. The only age related effect was an

interaction between age and frustration level. Young subjects

were more frustrated than elderly subjects when they used the

mobile telephone while driving.
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Table 2. Results of ANOVAs performed on the NASA-TLX subscale

ratings for young and elderly drivers.

 

 

Factor Source df F p

Mantal demand RTI 1,34 25.94 0.0001

Physical demand - ns

Time pressure -- ns

Performance RTI 1,34 4.86 0.0343

Effort RTI 1,34 6.07 0.0190

Frustration RTI 1,34 6.22 0.0177

Frustration RTI*AGE 1,34 5.46 0.0255

 

Speed level
 

The hypothesis put forward stated that elderly subjects in the

experimental group would lower their speed level, due to the

workload imposed by the telephone task. For each subject in the

experimental group, a mean speed value was calculated for each

mobile telephone call. The mean values were based on speed data

from the initiation of the mobile telephone calls and 80 seconds

forward. This time period covered the duration of the entire

telephone task. The subject means were used to calculate group

means for each mobile telephone call. For the subjects in the

control group corresponding calculations were made. Figure 8

shows the results relevant for the speed level hypothesis.

Effect of mobile telephone. We can see that the mean speed

level, for elderly subjects using the mobile telephone, was

lower than the mean speed level for elderly subjects who only

drove. It is also obvious that the effect appeared for every

mobile telephone call. The average speed difference, between the

experimental and control groups of elderly subjects, was 9.5

km/h and, statistically significant [F (1;l44)=17.94, p= .0001].
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When mean values over all mobile telephone calls together were

calculated and, the corresponding data for young subjects added

from Alm and Nilsson (1990), the speed levels shown in Figure 9

were obtained. It is clear that subjects in the experimental

groups drove slower than subjects in the control groups. A two-

way ANOVA also showed a main effect of mobile telephone [5

(1:28) = 172.55, p= .0001]. Thus, independent of age, subjects

drove on the average 9.2 km/h slower while using the mobile

telephone compared to when they were only driving.
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Figure 8. Elderly subjects speed level, 0-80 seconds after each

mobile telephone call, as a function of experimental

condition.
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Figure 9. Speed level (mean for the 8 mobile telephone calls) as

a function of experimental condition and age.

Effect of age. Figure 9 shows that the elderly subjects drove
 

faster than the young subjects. The two way ANOVA showed a main

effect of age [5 (1:28) = 45.60, p= .0001]. Independent of

mobile telephone use, the elderly subjects drove on the average

4.7 km/h faster than the young subjects.

Performance of the telephone task

The hypothesis stated that elderly subjects would perform worse

than young subjects. The Working Memory Span Test (Baddeley et

al., 1985) was used as the telephone task. The number of correct

judgments (sensible sentences/nonsense) was used to evaluate the

decision part of the test. Correspondingly, the number of

correctly recalled last words, in the order they were presented,

was used to measure how well the subjects performed the working

memory part of the test. Table 3 shows the results for young

(data from Alm and Nilsson, 1990) and elderly subjects.
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Table 3. Working Memory Span Test performance for young and

elderly drivers.

 

 

Correct judgments Correct recalls

Young Elderly Young Elderly

38 36 10 15

39 35 16 4

38 38 12 16

37 28 37 7

39 34 12 8

40 38 28 11

37 34 22 7

40 37 23 4

40 40 14 12

39 38 10 7

Mean 38.70 35.80 18.40 9.10

 

Effect of age. Table 3 shows differences, in favour of the
 

young subjects, in the performance of both parts of the tele

phone task. The results were statistically tested using t test.

Both the number of correct judgments [t (18) = 2.59, p= .02] and

the number of correct recalls [t(18) = 2.97, p= .01] were found

to differ significantly between young and elderly subjects.

DISCUSSION

Prediction number one in this study stated that engagement in a

mobile telephone conversation while driving should have a

negative impact upon elderly drivers ability to react quickly

to a suddenly appearing event. Elderly drivers should also react

slower than young drivers. The predictions were fully supported

by the results of this study. Besides, in an earlier study (Alm
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and Nilsson, 1990), it was found that also young drivers react

slower when they use a mobile telephone while driving, compared

to when they only drive. So, both mobile telephone use and age

have been found to influence drivers' reaction time negatively.

It may be worth noting (Figure 1) that young experienced dri-

vers, driving on an "easy road" and being engaged in a mobile

telephone conversation, seem to be at the same level of perfor-

mance (react as slowly) as elderly experienced drivers, driving

on the same road without using a mobile telephone.

Elderly drivers have a number of possibilities to compensate for

their somewhat longer reaction time. They can, for example,

drive slower, or try to avoid traffic situations where unexpec-

ted events occur with high probability (intersections without

traffic lights, roads with short sight distances, school envi-

ronments, etc). From this study it is obvious that the elderly

drivers did not reduce their speed enough to fully compensate

for their longer reaction time.

The results concerning drivers' reaction time have implications

for traffic safety. Thus, elderly drivers' risk of an accident,

caused by a suddenly appearing event, is higher than the corre-

sponding risk for young drivers. Long reaction times may be one

reason for "improper lookout errors", which according to Treat

(1980) are frequent among elderly drivers.

Prediction number two stated that elderly drivers' ability to

keep an optimal lateral position on the road should be nega

tively influenced by the engagement in a mobile telephone con

versation. The physical and mental demands, from using the

mobile telephone, were assumed to have a negative impact upon

the drivers' ability to monitor and adjust the lateral position

of the car. Both the "absolute" lateral position and the varia

tion around this position were studied. It was found that the

elderly drivers varied their lateral position more when they

were engaged in the mobile telephone conversation, compared to

when they were not. This was true for 0-500 metres as well as

for 0-2500 metres after the initiation of the mobile telephone
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calls. A realistic interpretation is that both the physical

activity to locate and push the correct (handsfree) button, and

the mental activity to carry out the conversation, have a

negative effect upon elderly drivers' ability to keep the car on

a steady course. For the young drivers, we found no such effect

from the physical activity. However, the mental activity,

performance of the conversation, influenced also the young

drivers' variation in lateral position, but in the opposite

direction compared to the elderly drivers. The young drivers

followed the road even more carefully (with less variation) when

they were talking in the mobile telephone.

Independent of the age of the driver, the "absolute" lateral

position on the road seems to be uninfluenced by the mobile

telephone use. There was, however, a tendency (not significant

effect) for the young drivers to move more to the right on the

road, when they conducted the telephone conversation.

Consequently, a mobile telephone conversation seems to have a

more severe effect upon elderly drivers' tracking ability than

on young drivers' tracking ability. While young drivers move to

the right on the road and keep a more steady course, elderly

drivers increase their variation in lateral position. Thus,

elderly drivers, who are engaged in a mobile telephone conversa

tion while driving, run a greater risk to intrude into the wrong

lane, or to unintentionally leave the road. Also this result has

some implications for traffic safety.

Prediction number three stated that elderly drivers' workload

should increase when they were engaged in a mobile telephone

conversation. The workload should also be influenced by age. If

workload is not increased it must remain constant, or even dec-

rease. This can happen if the drivers in some way(s) reduce the

demands from other subtasks involved in driving (i.e. by slowing

down). For the elderly drivers we found one significant diffe

rence, between the mobile telephone group and the control group,

in the estimations of the six workload aspects. Mental demand

was rated higher in the mobile telephone group.
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When young and elderly drivers' workload estimations were com-

bined a number of effects were found. Independent of the age of

the driver, mobile telephone use influenced the workload aspects

mental demand, performance, effort, and frustration level.

Drivers who used the mobile telephone rated their mental demand,

their effort, and their frustration level higher than did

drivers who did not use the mobile telephone. The mobile tele-

phone users also rated their performance lower. Furthermore, the

workload estimations resulted in an interaction effect between

age and frustration level. Young drivers were more frustrated

than elderly drivers. The interpretation may be that the young

drivers put more effort to their performance of the telephone

task. The analysis of the peformance of the telephone task also

showed that young drivers performed significantly better, com-

pared to their older colleagues. Despite that, they rated their

frustration level higher than the elderly drivers. No effect of

age on workload was found.

An important conclusion, that can be drawn from the results, is

that drivers do not try to keep a constant level of workload.

Instead of reducing the demands from other (primary) driving

tasks in proportion to the demands added from the new (secon-

dary) task, they seem to work harder to cope with the new

situation.

Prediction number four stated that elderly drivers should lower

their speed level as a result of the extra workload imposed by

the telephone task. Thus, we assumed that the drivers should

partly reduce the demands from the driving task, when the tele-

phone task was added. The prediction was confirmed. On the ave-

rage the elderly drivers lowered their speed level with approxi-

mately 9 km/h when they performed the telephone task. An advan-

tage of a lower speed is that the stopping distance becomes

somewhat shorter. On the other hand, when some drivers (mobile

telephone users) lower their speed this may (depending on the

circumstances) lead to an increased variation in the speed level

of the traffic flow, which in turn may have negative consequen

ces for traffic safety. The result for elderly drivers is in
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agreement with that found for young drivers, who also lowered

their speed level when they were using the mobile telephone.

An unpredicted result was that the elderly drivers, both in the

experimental group and in the control group, drove somewhat

faster than the young drivers. The difference may be a conse-

quence of the driving environment in the simulator. It is

generally assumed that a large part of the sensation of speed is

due to the "streaming" of the peripheral visual field. Since the

driving environment in the simulator is rather poor, the sensa-

tion of speed will be different from the sensation during real

driving. Furthermore, during the experiment the driver was alone

on the road. So, the possibility to use other drivers speed

level as a reference was eliminated. The cues the drivers could

use to estimate speed level were restricted to the speedometer,

the sound level in the car, and the frequency by which road

markings were passed. One effect of aging is that the time to

accomodate the eyes from optical infinity to near distance

increases. Therefore, it is possible that the elderly drivers

did not use the speedometer as often as the young drivers did.

The sound level in the car may also have been more difficult to

perceive and use as a cue, due to age related hearing losses.

Taken together these factors can have caused the elderly drivers

to supervise the speed less effectively compared to the young

drivers. The result may have been the well known "speed

blindness".

CONCLUSIONS

The changes in elderly drivers behaviour when a telephone task

was added to the ordinary driving task can be summarized as

follows:

- Eldery drivers reaction time to a suddenly appearing

event was longer when they used the mobile telephone.

- Elderly drivers varied their lateral position more when

they used the mobile telephone.
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- Elderly drivers rated their mental demand higher when they

used the mobile telephone.

- Elderly drivers lowered their speed when they used the

mobile telephone.

A comparison between young and elderly drivers' behaviour shows

that:

- Elderly drivers had a longer reaction time to a suddenly

appearing event.

- Elderly drivers varied their lateral position more than

young drivers.

All the obtained effects probably have implications for traffic

safety, because they may increase the accident risk. In real

life elderly drivers can, to some extent, compensate for the

effects. They can, for instance, use the mobile telephone only

when the car is parked. If the mobile telephone is used while

driving, elderly drivers can avoid to drive in situations where

unexpected events have a high probability to occur, and when the

traffic intensity is high. In a longer perspective it is of

course possible to develop intelligent systems, that assist

elderly drivers who are using a mobile telephone while driving.

Already available are "letter-box functions" and "please wait

functions" i.e., systems that can help the driver to notify the

calling person that the driver is there, but that s/he can not

speak for the moment due to the traffic situation. More advanced

future systems that detect unexpected danger situations could be

beneficial to compensate for the elderly drivers' longer reac-

tion time, given that these systems do not introduce other nega-

tive effects on the drivers' behaviour. Since such systems seem

to be far away, simpler speed reducing systems may be useful.

Their function could be to remind or help the driver to reduce

the speed level while talking in the mobile telephone. Ideally,

such a system should also have some knowledge about the sur

rounding traffic, so it can avoid the extra risk introduced by a

sudden decrease in speed. For instance, if the mobile telephone

is calling when and a car is approaching very quickly from
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behind, the mobile telephone call should be taken care of by the

"please wait function". When the traffic situation has changed

to the better, the mobile telephone call could be allowed to go

through to the driver, and the speed reducing function could be

activated. The speed reducing function should only act if the

driver does not reduce the speed level by him-/herself. Finally,

a system for lane keeping could help the driver to keep a con-

sistent and safe lateral position.
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