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Executive Summary

The main objectives of the EMMIS (Evaluation of Man-Machine Interface by Simulation _

techniques) project are to specify, implement and test evaluation methodologies for human-

machine interfaces applicable to ATT (Advanced Transport Telematics) functions under
development in the DRIVE II programme, and to apply simulation techniques in the

implementation and testing phases. The emphasis of EMMIS has been user centred

methodologies monitoring driving performance, and driver workload, errors and acceptance

resulting from the use of ATT functions. The evaluation of effects has focused on implications
mainly for traffic safety but also for efficiency, convenience and environment protection.

Selected ATT functions have been implemented in three driving simulators with a varying
degree of sophistication (one of them also in a test vehicle). Different solutions for the human-

machine interaction have been subjected to experimental and model based evaluation

procedures. The evaluated interfaces have not been created as real displays and controls, but

virtually prototyped (simulated) by the rapid prototyping tools VAPS (UNIX environment)
and Hypercard (Macintosh environment). Simulation techniques have also been developed

and used to generate road and traf c scenarios that are relevant to evaluate the selected ATT

functions.

This report describes the evaluation of one of the selected ATT functions, namely the

Intelligent Cruise Control (ICC). The ICC was intelligent in that its functionality was
extended by distance control and adaptation to roadside information (road sign messages).
The ICC function addresses mainly the control part of the driving task, and the evaluation was

focusing on the task allocation between the driver and the ICC. Two ICCs with different

degrees of driver control (or system automation) were implemented in the VTI driving

simulator, and the effects of driving with an automatic ICC and an informative ICC were

compared to each other and to driving without ICC support. The situation with simultaneous
use of more than one ATT system, and thus the expected need for system integration, was

addressed by introducing a second distracting system (a handsfree mobile telephone) together

with the ICC.

The report includes detailed descriptions of the two ICC functionalities emphasising the

human machine interface, and of the methodology in terms of hypothesis, scenario, driver

task, measures and experimental procedure. The obtained results are discussed, and some

conclusions are formulated. From the results can be noted that:
- Use of the informative ICC led to longer time headways and lower speed levels

compared to use of the automatic ICC.
- The automatic ICC prevented the very shortest headways, and showed a marked

reduction in both speed and headway variability.
- Addition of the second ATT system (mobile telephone) in uenced driving

performance, driver workload, and interestingly enough also driver opinions about the

ICC.

The methodology that was speci ed, developed and used for evaluating the ICC concepts was
found relevant and realistic for design of human-machine interfaces, and sensitive enough to
evaluate driver behaviour and Opinions with implications for traffic safety, traffic efficiency
and driver comfort. For instance, use of a low cost RPT (rapid prototyping tool) for realising
the human-machine interface was found to be

easy as well as cost and time saving to use.
- reliable with some minor capacity problems, which were solved by software

modifications.
- judged useful for evaluation of human-machine interface ideas and concepts in early

phases of design.
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5 Evaluation of Application 3: Intelligent Cruise Control
Simulator Experiment

Effects of different levels of automation on driver behaviour,

workload and attitudes

Lena Nilsson and Arne Nåbol)

Swedish Road and Transport Research Institute (VTI), S-581 95 Linköping, Sweden
1) Saab Automobile AB, S-461 80 Trollhättan, Sweden

5.1 Introduction

Today most car manufacturers can offer cruise control (CC) systems capable of keeping a
constant speed for their latest models. The number of cruise control users is thereby steadily
increasing. The available CC systems are introduced as support systems intended to increase

driver comfort. All the same, they have to be supervised by the driver and manually

manoeuvred as soon as a change in speed level is required by the circumstances. To improve
system functionality and further increase user convenience, the technical development is

driven by the idea to extend the "intelligence" of today's CCs by making them adaptable to
varying traffic and road conditions, appearing infrastructure, and environment protection

considerations. The purpose of such intelligent cruise controls (ICC) is to support the driver in

his/her speed controlling task in a dynamic and flexible way, i.e. 1) in choosing and keeping a

"correct" speed according to for instance road signs, varying road geometry and surface

conditions, 2) in choosing and keeping a safe distance to preceding vehicles, and 3) in
reaching green-wave driving through traffic light controlled areas. From an individual driver's

point of view it is expected that ICC use will lead to facilitated and more comfortable driving
due to decreased driver workload, which in turn would result in safer driving. More even

speed and distance distributions are also expected when introducing ICCs, which at the
individual level could lead to more predictable road user behaviour. Seen from the traffic

system's point of view, smoother traffic flows with less variability would be beneficial both to
transport efficiency, environment protection, and fuel consumption besides the traffic safety
effect. However, the foreseen positive effects will only occur if the ICC, and especially the

driver interface (the MMI or man machine interaction), is designed taking into account the

task requirements and the users' abilities and limitations. It is also necessary to be open to
effects of the ICCs that can have negative implications for traffic safety. Driving should for

instance not be so comfortable that the drivers' level of wakefulness is decreased to a level

where their ability to react quickly to unexpected events is impaired. From what has been said,
it is very important that the MMI design proceed hand in hand with the technical develop

ment, and that driver related effects are evaluated together with the technical performance and

reliability.

An important aspect in MMI related system design is the task allocation between the driver .
and the support system. The ICC concept mainly addresses the stabilisation part of the driving
task and the behaviour supported is thus mainly skill based. The addition of roadside to
vehicle communication, also links the ICC concept to the manoeuvring task, and knowledge
as well as rule based behaviour can therefore be supported. Referring to the nature of the
driving tasks to be supported, it is logical that system developers seek to realise ICCs that
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automatically perform the speed and distance control, but which occasionally can be

overridden by the driver. On the other hand, studies of potential users' preferences, concerning
the functionality of various ATT systems including ICCs, have shown that they favour
systems with a high degree of driver control compared with systems with a high level of
automation (Alm and Rumar 1991, Nilsson 1992). The reported study focused on the task
allocation aspect by investigating the-effects of an automatic ICC and an informative ICC.

It seems likely that future cars should be equipped with more than one ATT system. For
example navigation systems, traffic information systems, and mobile telephones may very

well be available together with an intelligent cruise control in many cars of tomorrow. Drivers

then run an apparent risk of being overloaded or distracted (or both) by the simultaneous use
of different ATT systems. Such situations probably imply decreased traffic safety and must be

avoided, otherwise one problem intended to be solved by a single ATT system (for example

ICC) will simply be replaced by other problems reSulting from divided attention between the

various support systems. There is thus a need to evaluate effects when the system of interest is

used together with other ATT systems, and to use the gained knowledge to modify system
design, and to realise system integration. The multiple task (divided attention) aspect was
addressed and evaluated in the reported study by adding a mobile telephone task. Effects of
mobile telephone use during driving have been investigated in a number of studies, and are

therefore known to some extent. For example, Alm and Nilsson (1991, 1994) found that

conversing over the telephone lead to an increase in drivers' mental workload, and in some
cases to longer reaction times and shorter headways.

5.1.1 Purpose

The main purposes of the study was to:

o Investigate the driving simulator method as a tool for ATT system evaluation.

0 Use a low cost, easy to learn, and easy to use Rapid Prototyping Tool to create (simulate)
the MMI to be evaluated.

The simulation methods were applied on ICC functions with the additional purposes to:

0 Investigate the effects of ICC on driver behaviour, workload and attitudes.

0 Compare the effects of an automatic ICC and an informative ICC, i.e. of different concepts
for task allocation between the driver and the support system.

o Investigate the in uence of a second ATT system (a mobile telephone).

5.2 Description of Experiment

Specifications of methodological issues like scenario, experimental design, data acquisition,
analysis of results etc. have been outlined in earlier EMMIS deliverables (Eck et al. 1992, Eck

et al. 1993) taking into account project discussions about relevant parameters and criteria.

Different parts of the detailed methodological description of the intelligent cruise control
experiment (application 3 in EMMIS) can be found in the following sections (5.2 -5.4).

5.2.1 Description of apparatus

The experiment was conducted in the moving base driving simulator at VTI (Nilsson 1989,
1993, Nordmark 1990, Schrievers et al. 1994). The simulator is built from six subsystems.
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They are controlled to interact in a way evoking impressions, reactions, and actions which are
very similar to those experienced by a driver in a real driving situation.

The necessary vehicle systems and characteristics are modelled in the computer system, while

the moving base system simulates accelerations in various directions through roll and pitch
rotations, and through linear lateral motions. The visual system presents a continuously

varying scenario on a 120° wide screen, 2.5 metres in front of the driver. The sound system
contains treble speakers and bassmidrange speakers for noise generation as well as large

bassrange speakers for infrasound generation. The vibration system simulates sensations from
the contact between the road and the vehicle. In the temperature system the air temperature in

the car can be set and controlled. For the EMMIS study, the simulator was extended by a CAN
bus (Controller Area Network) for data communication between the simulator and external

systems like in-car ATT prototypes (Schrievers et al. 1994). The VTI driving simulator is very
fast, responding with a total time delay of 40 msec. Twenty msec come from the cycling time
in the computer system, and another 20 msec delay is generated in the parallelly working

moving base and visual systems. The extra time delay added in the simulator is short

compared to the delay appearing in the "vehicle" itself. This is necessary for the driver not to

perceive any lack of correspondence between the visual and motion stimuli. The complete
experimental set up is shown in Figure 1.
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Figure 1 Set up of ICC experiment Moving base driving simulator
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5.2.2 Description of subject characteristics

Sixty subjects, 30 men and 30 women participated in the study. The criteria for being

approved as a subject was to be judged as a young (less than 60 years old) and experienced
(driving licence for at least 5 years, and driving at least 10,000 km per year) driver. The
participating subjects had had their driving licences for between 5 and 39 years (mean 16.9, sd
8.6 years) and drove between 10,000 and 140,000 km per year (mean 19,200, sd 17,300 km).
Their mean age was 35.7 years (sd 8.9 years, range 23 to 57 years).

Twenty seven subjects reported that they use Cruise controls (CC), either in their own cars or
in other cars they drive. The mean of their estimated cruise control use was 4.1 (sd 2.1) on a
rating scale with seven steps, from use CC very seldom (=1) to use CC very often (=7).

The general opinion among the participating subjects was that the distance to a vehicle ahead

usually is too short in today s traffic. The mean of their opinions about kept distances was 2.2

(sd 0.9) on a rating scale from much too short distances (=1) to much too long distances

(=7). Most of the subjects also seem to be disturbed by having another vehicle behind at a
distance experienced to be too short. The mean rating of their experienced disturbance was 5.4

(sd 1.6) on a rating scale from not at all disturbed (=1) to disturbed-toa great extent (=7).

The participating subjects were randomly assigned to six experimental conditions (see 5.4.2
Design ). No large differences in age and experience parameters appeared between the

experimental groups, except one subject driving many more kilometres per year ( 140,000)
compared to all the other subjects. After the experiment the subjects were paid 400 SEK for

their participation.

5.2.3 Description of ATT systems

Intelligent Cruise Control (ICC)

An ICC prototype from Saab was installed in the simulator for the study. The ICC had an

extended "intelligence", compared to today's cruise controls, in that it adapted its behaviour to
the presence of preceding vehicles and road sign messages. The ICC system included sensors
for vehicle detection and roadside communication, ICC control algorithms (software on PC),
and an MMI (Man Machine Interface) part (Figure 1). The sensors for vehicle detection and

roadside communication were simulated. A road sign message, was "read" by the on board
device 50 metres before passing it, and the "range" for vehicle detection was 100 metres. The
simulated sensor information was fed into the ICC algorithms together with the car
performance parameters and car control activations. Then the MMI and/or the car (simulator)
was operated in accordance with the ICC control strategy. Two different MMI solutions were

studied, addressing two different levels of task allocation between the driver and the ICC. One
solution was informative and the other was automatic. The MMI (Figure 2) consisted of

switches on the left steering wheel stalk, the accelerator and brake pedals, and a visual display
located in the lower left corner of the ordinary dashboard, where the tachometer usually is
positioned in the Saab 9000. A loudspeaker was included in the display for audible messages.
The display and acoustical signals were generated by a Rapid Prototyping Tool (Hypercard)
on a Macintosh computer.

The visual display (Figure 2) was divided into four areas dedicated to specific information
elements. The mode of operation of the ICC (INFO or AUTO) was shown in the lower right
corner. Above that, in the upper right position, the recommended speed was presented in the
form of a speed limit sign. If the recommended speed was lower than the signed speed limit,
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the reason for it was given in the upper left position, also in the form of a road sign (i.e.
narrow bend). When the ICC detected a preceding vehicle, a car symbol appeared in the lower

left corner of the display.

  
Left

| Stalk

Figure 2 ICC visual display and driver controls

Informative ICC. The informative mode was engaged when starting and INFO was shown

in the lower right display position. In this mode the ICC only presented information/warnings

but left all decision making and manoeuvring to the driver. If speeding, the driver was warned
visually and acoustically. The speed limit Sign was ickering and an audible signal was given.

The warnings were repeated as long as the speed limit/recommendation was exceeded. The

driver was also warned if the distance to a preceding vehicle was shorter than a distance set by
the ICC control strategy (TTC criterion). In this case the car symbol in the lower left corner
was ickering and another tone was sounding. Also the distance warnings were on as long as
the distance was judged unsafe by the ICC.

Automatic ICC. The automatic mode was engaged by the AUTO switch on the stalk (Figure

2). With the ICC in this mode AUTO was shown in the lower right display position. Speed
and headway were controlled automatically via the car's brake and throttle systems. The same
display as for the informative mode was used to inform the driver about the relevant

parameters used in the automatic speed and distance control. Warnings were not relevant in
the automatic mode and thus did not occur. The driver could take over control (disengage
automation) by pressing the brake pedal or the accelerator. Then the ICC was transferred to
the informative mode, with the same functionality as described above. The automatic mode
could be reengaged (RESUMED) by manoeuvring the AUTO switch on the stalk. The driver
could also take over the control via the INFO switch on the stalk.
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Because of the natures of the automatic and informative concepts, two MMI related factors

necessarily differ between them, namely the level of driver control, and the warning/no
warning function.

Mobile telephone

The mobile telephone used in the study was an Ericsson Hot Line device with handsfree
facility (Ericsson Radio Systems AB, Sweden). The telephone was moustttzd on the instrument

panel to the right of the steering wheel. The position was over the ventilation controls at the
height of the steering wheel.

The telephone communication was simulated with the help of a PC (Figure 1). The telephone

PC communicated with the driving simulator's main computer, which controlled where along

the test route the telephone calls occurred. At these specified positions the telephone PC

activated the telephone, generated the ring signal, and detected when the subject answered by
pressing the handsfree button. The instruction and the sentences used in the telephone task

were stored in the telephone PC and "read" when the subject answered the call. Fourteen calls,
containing five sentences each were specified and stored. The presented telephone task and
the subjects' answers were recorded on a tape recorder.

5.2.4 Description of driver tasks

Road

The type of road that was presented to the subjects in the simulator was a highway. It had one

lane in each direction, was seven metres wide and lacked hard shoulders. The road curvature

was randomised with the prerequisite to create a relatively straight road, except for some

specially designed curves (see below). The signed speed limit was 90 km/h. It was daylight

conditions with a visibility of approximately 400 metres. The road surface was of asphalt with
high friction corresponding to a dry summer road. The texture was randomised according to
Swedish highway conditions.

Two routes were used in the study, one practice route and one test route. Both routes had the
general characteristics described above, but the length as well as the number and sequence of

presented traffic situations (tasks) differed between them. The practice route was 20 km long,

resulting in a driving time of approximately twenty minutes. It contained all the situations

(tasks) appearing in the actual experiment. Each situation was repeated a number of times

before the next situation was presented. The practice route was used to familiarise the subjects
with simulator driving and the experimental tasks, in order to avoid learning effects. The test
route was 80 km long and took approximately one hour to drive if the signed speed limits
were obeyed. The different traffic situations (tasks) appeared several times, but now in a

randomised sequence to generate a realistic situational variability along the route.

Traffic tasks (situations)

Catching up with vehicles ahead. The subjects caught up with 16 slower vehicles along the
test route. These vehicles were controlled to drive with half the subjects' speed until the

distance between them (the headway) was 100 metres. Then the preceding vehicles drove 18

km/h slower than the subjects until the headway had decreased to 75 metres. This point was

defined as the catching up point. The positions of sixteen catching up points along the route
were specified in the scenario. From the catching up points, the speed of the vehicles ahead



EMMIS (V2006) 5.7 - Deliverable No. 10
 

was no longer controlledin relation to the subjects speed, but was independently

decreased/increased to 80 km/h at a rate of 1 m/sz. After driving 5 seconds with 80 km/h,

vehicle speed was randomly varied between 80 and 88 km/h. Each speed remained for 5 to 10

seconds, and the rate of Speed change was 0. l m/sz. When an ICC was used, the vehicles
ahead were detected by the system and a safe distance to them was kept or recommended,
respectively, with a warning given if decreased. If the subjects had not overtaken the vehicles
after 75 seconds driving from the catching up point, the preceding vehicles drove out to the

right and disappeared. During eight of the 16 car following situations the telephone rang and
the subjects had to perform the telephone task.

Meeting oncoming traf c. Two oncoming vehicles were controlled at the time. When the

subjects met the first one (at specified meeting positions along the route), a new second

vehicle was randomly introduced between 150 and 300 metres behind the (previously second,

now first) vehicle, with the additional condition of being at least 400 metres in front of the
subjects car. The oncoming vehicles drove with 90 km/h.

Negotiating curves. The subjects had to negotiate eight specially designed curves, 200 metres
in length, along the test route. Four of them had a radius of 300 metres. A warning sign

narrow bend was positioned 200 metres before such a curve. When an ICC was used, the
road sign was read by the system and a lower speed (70 km/h) was kept or recommended,

respectively, because of the curve, with a warning given in case of speeding. Four specially

designed curves with a radius of 600 metres also appeared along the test route. These curves
were not warned for by a narrow bend sign, and thus no speed reduction was recommended

or performed when driving with an ICC. During negotiating two of the four 300 m curves,

and two of the four 600 m curves the telephone rang and the subjects had to perform the

telephone task.

Passing speed limited road sections. The subjects had to pass four road sections with the

speed limit reduced to 70 km/h. The sections were 500 metres long. When an ICC was used,
the 70 sign was read by the system and the lower speed (70 km/h) was kept or

recommended, respectively, with a warning given in case of speeding. In connection to two of

the sections with a reduced speed limit the telephone rang and the subjects had to perform the
telephone task.

Reacting to unexpected events. A red square was used as a visual stimulus. It appeared at four

specified positions along the route, always in the Same position to the left of the road. The size

of the square was 4 x 4 cm, covering a sight angle of approximately 1°. As the position of the
stimulus was fixed relative to the road, the sight angle perceived from the subjects position

could vary a little between the four presentations according to the road curvature. The

appearance of the red square simulated an unexpected event outside the car. The subjects were
expected to react to the stimulus by pressing a "yes-button" on the steering wheel as fast as
possible.

Ear

The car body used in the experiment was an ordinary Saab 9000 with an automatic gearbox.

The simulated physical environment in the car corresponded to that in modern passenger cars.
Thus, the noise level, the infrasound level, and the vibration level were all within the

respective intervals recorded in modern passenger cars when driving in real traffic. The
thermal environment was according to normal indoor climate.
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Telephone task

Content. The Working Memory Span Test (Baddeley et al., 1985) was used as the telephone
(communication) task. The test includes both decision making and memorising (working
memory). The subjects were exposed to a number of sentences over the telephone. Each
sentence had the form "x" does "y", for example "The boy brushed his teeth" and The train
bought a newspaper". After each sentence the subjects were asked to answer "yes" if they
thought the sentence was sensible, and "no" if they experienced the sentence as nonsense. The
test included 50 % sensible and 50 % nonsense sentences. Each telephone call contained five
sentences. When they had been presented the subjects had to recall the last word in each
sentence, in the order of presentation. All together the subjects received 14 telephone calls
during the test drive. The Working Memory Span Test was used because it was possible to
repeat several times without strong learning effects, and because it was possible to keep the
presentation time for each telephone call constant. Also, the evaluation of how well the

subjects managed to solve the telephone task was easy and straight forward.

Presentation. The sentences in the Working Memory Span Test were stored in the telephone

computer (PC) in the form of complete telephone calls consisting of five sentences. When the

handsfree telephone rang, the subjects answered by pressing a button on the telephone. They
did n_ot hold a receiver. Each call started with the subjects listening to a read instruction
followed by the presentation of the five sentences, and the subjects answering verbally.

Position of telephone calls along the route. The telephone system communicated with the
simulator s main computer, which controlled where along the route the telephone calls

occurred. Fourteen positions were specified where the main computer initiated a ring signal
from the telephone. The positions were selected so that the telephone rang approximately 30
seconds before the beginning of the specific traffic situations (catching up points, beginning of
curve, 70 km/h speed limit) with which the telephone task should interact. Thus the subjects
were in the phase of judging and memorising the Working Memory Span Test sentences when

the various traffic tasks were performed.

5.2.5 Description of experimental procedure

The subjects had to fill in the before questionnaire dealing with their expectations of help

functions like those realised in the ICC prototypes. Each subject was randomly assigned to
one of the six experimental conditions, and given a written instruction describing the relevant
experimental tasks. The instruction was repeated verbally by the experiment leader. All
subjects were told that they were expected to drive an 80 km long test route in the simulator.

They were told that they had to obey road signs and interact with other vehicles as they
normally do in real life traffic. They were also told that a visual stimulus (red square) would
appear in the visual scene, and that they had to respond to it by pressing a yes button on the

steering wheel as fast as possible. Besides, the subjects were kindly but decidedly asked to
drive the simulator in the way they normally drive a car, and avoid playing with it.

The subjects in the ICC groups , i.e. those who were to use the ICC prototypes when
driving, were given a written description about the function and operation of the ICCs. Also
this information was repeated by the experiment leader. The subjects in the telephone
groups were told that the telephone would ring a number of times. They were instructed to
answer it by pushing the handsfree button on the telephone, listen to the instructions, and
solve the presented telephone task. The subjects practised on the telephone task sitting at a
table. After the initial instructive phase, all the subjects were introduced to the driving
simulator. The handling aspects of the three systems to be used (simulator, telephone and
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ICCs) were repeated selectively for the groups concerned, and the subjects could practice to
locate and operate their various controls. Thereafter, all the subjects drove the 20 km long
practice route, during which they were exposed to all the tasks and situations that would
appear during their test route driving. Along the practice route the red square appeared four

times, and the telephone rang also four times. Two narrow curves (r = 300 rn), and two road
sections with reduced speed limit were included. The subjects caught up five preceding

vehicles. If necessary, the experiment leader interacted with the driving subjects to make sure
that they had understood all the tasks included, and made themselves familiar with them by
practising. When the training phase was over the subjects had a short break before the test

phase began. The subjects drove the 80 km long test route with the various tasks according to
a fixed randomly set sequence. After the driving session each subject rated their workload on
the NASA TLX scales, and answered the after questionnaire dealing with their experiences

from the experiment together with background variables like age, gender, driving experience,
driving licence etc. Finally the subjects were thanked for their participation in the study and

paid 400 SEK. The running of one subject took 2-2.5 hours in all.

5.3 Hypotheses

Expected benefits of ICCs are that accidents due to improper vehicle following will be
reduced, that driver comfort and traffic smoothness will increase, and that driver workload

and fatigue will be reduced. Worries have been expressed that automatic ICCs will result in
low levels of driver alertness, thereby impairing the drivers ability to react quickly to
unexpected events, and that informative ICCs will increase workload. In these cases traffic
safety may be negatively influenced. The following hypotheses were formulated:

0 Headways will be longer when driving with lCCs, both automatic and informative.

0 Speed and headway variability will be reduced with ICCs, both automatic and informative.

0 Driver workload will be reduced with automatic ICCs and increased with informative ICCs.

0 Reaction times will be prolonged when driving with automatic ICCs.

0 ICCs will be well accepted and used by drivers.

5.4 Assessment Criteria and Methods

5.4.1 Driving simulator method

The evaluation method (driving simulator) used has many advantages. The experimental
conditions can be optimally controlled, and all subjects can be exposed to exactly the same
conditions and situations. Relatively few subjects are thereby required to reach a certain level
of power in the results. By using simulation techniques it can also be cost effective, and easy
to realise and vary different system concepts, e.g. the MMI in the reported study, instead of
developing a number of prototype versions before evaluation takes place. A drawback of the
method is of course the question of external validity, in other words to what extent it is

possible to generalise from effects obtained while driving in a simulator to driving in real
traffic. The level of realism in the simulator, as well as the way the subjects are instructed and

trained before the experiment, are probably important factors for the external validity. A field
study in real traffic may also have a price which is paid by low reliability and low
controllability due to many and unpredictable factors that interact to create an almost infinite
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number of varying situations. Validity can thus be low for any kind of evaluation method,
making it impossible to generalise from one method in general to another method in general.
The problem can only be overcome by proper design of individual studies, and current

validation studies.

5.4.2 Design

The study was carried out as a randomised three by two factorial design (Figure 3). Thus two

factors were varied in the experiment. One was the ICC mode in three steps (automatic ICC,
informative ICC, no ICC : control) reflecting MMIs with different task allocation between the
driver and the support system. The other was the telephone condition in two steps re ecting
whether the subjects used a second, distracting ATT system or not (telephone, no telephone).
Ten subjects were randomly assigned to each experimental condition with the only restriction
of an equal number of males and females in each group.

 

 

     

ICC mode
Auto Info Control

No telephone 10 Ss 10 Ss 10 SS

Second ATT
Telephone 10 Ss 10 85 10 Ss

Figure 3 Experimental design

The between subject design was chosen in order to avoid learning effects, but at the same time
risking the occurrence of larger inter individual variations. As no absolute norm exists for
safe, comfortable, and acceptable driving performance the measured ICC effects on driver
behaviour and workload were evaluated in relation to a reference condition. The reference
condition was of course driving without ICC, as the introduction of a support system shall at
least not lead to worse driving behaviour than driving without the system! ICC usability and

functionality were also evaluated by the subjects subjective ratings on scales with seven
steps. The recorded data were analysed with the help of ANOVA in order to reveal effects of
ICC mode and/or telephone condition. To describe the differences between the experimental
conditions the Tukey HSD was used. The significance level 5 % was selected throughout.

5.4.3 Measures

The data acquisition procedure has been described and discussed in an earlier EMMIS
deliverable (Varalda et al. 1992). The measures listed below were selected because they were
judged relevant for the ICC function, and assumed to re ect aspects with implications to

traffic safety and efficiency as well as environmental protection.

Performance measures

Speed, lateral position on the road, time headway and reaction time were used as performance
measures. All the measurements and stimulations were controlled by the simulator s main
computer. The performance data were stored automatically.

Speed. Speed data (km/h) were sampled at a rate of two Hz. The standard deviation (sd) was

calculated as a measure of speed variability.
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Lateral position. The lateral position (m) on the road was measured in relation to a zero
position. The reference was defined as the position where the central line of the road coincides
with the central line through the driver s body. The lateral position was also sampled at a rate

of two Hz, and its standard deviation (sd) used as a measure of lateral position variability.

Headway. The time headway (s) was calculated from the measurements of speed and distance
between the front of the subject s car and the end of a vehicle ahead.

Reaction time. The reaction time (s) was calculated as the time elapsing from the appearance
of the red square on the visual scene until the subjects pressed the yes button on the steering

wheel. The resolution was 20 ms. If no driver reaction had been detected after five seconds,

the stimulus was regarded as unanswered and put out.

Subjective measures

Workload. The subject s level of workload was measured by self reported estimations. The
NASA TLX rating scale (Hart and Staveland 1988) was used, meaning that the subjects had

to rate the six workload factors mental demand, physical demand, time pressure, performance,

effort, and frustration level on continuous scales ranging from very low to very high.

Attitudes. Questionnaires before and after the experiment Were used to measure the subjects

acceptance of the ICC concepts and their estimations of ICC usability. The subjects also rated
various design aspects of the tested MMI solutions, as well as the realism and their experience

of the simulation.

Communication measures

Telephone task. The number of correct judgements about the sentences (sensible/nonsense)

was used as a measure of the decision part of the telephone task. The working memory part of

the telephone task was evaluated using the measured number of correctly recalled last words,

and the number of correctly recalled last words in the order of presentation.

ICC use. The use and handling of various ICC controls (pedals, switches) were monitored.

5.5 Discussion of Results

5.5.1 Basic speed level

The resulting mean speeds over the driven 80 km are reported in Table 1 for the different

experimental conditions.

 

Table 1 Mean speed levels (km/h) over the 80 km long test route for the different

experimental conditions

Auto Info Control Mean

No telephone 89.7 87.3 88.8 88.6

Telephone 88.9 85.2 87.4 87.2
 

Mean 89.3 86.3 88.1
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A two way ANOVA showed significant speed effects of both ICC mode (F(2, 54) = 5.85, p =
.0050) and telephone condition (F(1, 54) = 4.09, p = .0482). The cruise speed was on average

3 km/h higher when the automatic ICC was used compared to when the informative ICC was
used. The conversation over the mobile telephone resulted in a speed level that was on

average 1.4 km/h lower than when the telephone was not used. Figure 4 shows the nature of
the speed effects.

Speed level
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Figure 4 Mean speed levels (km/h) over the 80 km as a function of ICC mode and
telephone condition

Speed variability in terms of standard deviation was significantly in uenced by ICC mode

(F(2, 54) = 6.99, p = .0020). Driving with the automatic ICC resulted in less speed variability

(5.5 km/h) compared to both driving with the informative ICC (7.2 km/h) and driving without

ICC support (7.1 km/h). No effect of telephone use was obtained on speed variability. The
mean speed variations over the 80 km test route are shown in Table 2 for the different

experimental conditions.

Table 2 Mean variations (sd) in speed (km/h) over the 80 km long test route for the

different experimental conditions

 

Auto Info Control Mean

No telephone 5.8 7.1 6.9 6.6

Telephone 5.2 7.2 7.2 6.5
 

Mean 5.5 7.2 7.1
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On the whole it seems obvious that the speed limit was obeyed in all experimental conditions
(Figure 4). No tendencies for extensive speeding were found in any of the conditions. Driving
with the ICCs thus led to speed levels that were reasonably comparable to the unsupported

human speed choice. A lower speed level was, however, recorded when the informative ICC

was used. The reason may be that the drivers used the warnings as a control variable. They

accelerated to get the warning and then decelerateda little to get rid of the probably annoying

tone and ickering symbol on the display. The speed difference (0.8 km/h) between the two

conditions where the automatic ICC was used was caused by the drivers overriding the system

(accelerating) during overtaking, especially when the telephone was not used. Lower speed

levels as a result of using a mobile telephone while driving have been reported before (Alm
and Nilsson 1994, Nilsson and Alm 1991). A probable explanation is that the drivers try to
compensate for the additional load imposed on them from the telephone task by reducing the
speed. The recorded workload levels (see below) indicate, however, that they did not succeed

in keeping the workload constant while using the telephone. As expected, the speed variability
over time was much less when the automation was engaged compared to the other conditions.

The lack of a decrease in the speed variability for the informative ICC supports the discussed

view that the drivers used the warnings as a control variable, and accelerated and decelerated

to keep a speed as close as possible to the allowed speed limit. The hypothesis that speed
variability would be reduced when ICCs are introduced is thus supported for the automatic but

not for the informative ICC.

5.5.2 Basic lateral position

Looking over the total test route, a two way ANOVA did not reveal any significant effects on

the lateral position on the road, neither of ICC mode nor of telephone condition. The

variability (sd) in lateral position was small on the whole (Table 3) and did not show any

effects either, even if a tendency towards less variability could be discerned when the

telephone was used.

Table 3 Mean variations (sd) in lateral position (m) over the 80 km long test route for

the different experimental conditions

 

 

Auto Info Control Mean

No telephone 0.32 0.29 0.31 0.31

Telephone 0.27 0.26 0.28 0.21

Mean 0.29 0.28 0.30

5.5.3 Reaction time

The subjects were asked to respond to a visual stimulus (red square) by pressing a "yes-

button" on the steering wheel as fast as possible. The stimulus was presented four times along

the test route, and never when the subjects performed the telephone task. Means based on four
reaction times per subject are shown in Table 4 for the different experimental conditions.
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Table 4 Mean reaction times (s), based on 4 stimulations per subject, for the different
experimental conditions

 

  

Auto Info __ Ck)i,z,_t._rol Mean

No telephone 1.22 1.36 1.10 1.23

Telephone 1.14 1.13 1.25 1.17

Mean 1.18 1.24 1.1236

The results in Table 4 look somewhat confusing. The tendency is towards longer reaction

times in the two ICC conditions compared to the control condition, but only when the

telephone was { t used. When the telephone was used the tendency is in the opposite

direction, meaning longer reaction times in the control condition. than in the ICC conditions. It

looks as if the telephone use had a somewhat alerting effect on. the su ttjec izs driving with ICCs,

and kept them at a high vigilance level during the whole driving session. Without ICC, the
telephone condition resulted in longer reaction times, which is ir.- ;*.g.ufeente'iit with. earlier

research (Alm and Nilsson 1994, 1991, Nilsson and Alm 1991). The longest reaction times

were recorded for the informative ICC without telephone calls. According to the performed
two-way ANOVA, the reaction time differences were not statistically significant due to large
variations between individual values. The nature of the reaction time results is shown in

Figure 5.

Reaction time

(i)

1,0

 
0,8

+ Telephone

_ ' Without telephone   0,6  

0,2

  
Auto Info Control

Figure 5 Mean reaction times in seconds (4 stimulations per subject) as a function of
ICC mode and telephone condition
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The visual stimuli were also grouped according to the order of presentation, and the reaction
times analysed together for the conditions with and without telephone use (Table 5). On the

average, the drivers seem to have reacted faster and faster to consecutive stimuli along the test
route. The subjects driving with the informative ICC reacted on the average slower, and varied
their reaction time least between the consecutive stimuli. Large variations appeared both

between and within subjects, and no statistically significant effects were obtained by the two-
way ANOVA.

 

 

Table 5 Mean reaction times (5) of consecutive stimuli, for the different ICC modes

Auto Info Control Mean

lst stimulus 1.26 1.24 1.34 1.28

2nd stimulus 1.12 1.24 1.17 1.20

3rd stimulus 1.11 1.24 1.25 1.17

4th stimulus 1.22 1.25 - 0.95 1.14

Mean 1.18 1.24 1.18

The reaction time results are not straight forward but very mixed. The hypothesis that ICC use

would prolong reaction times because of a decreased level of wakefulness was not supported

by the study. A tendency in that direction could, however, be discerned when the telephone
was no_t used. The frequent interruptions by the telephone calls instead seem to have had an

opposite alerting effect on the drivers using the ICCs, which could explain that the reaction
times did not increase with driving time in those conditions (Table 5). The telephone calls

could thus have had the role of an alarm clock preventing at least the ICC drivers from getting

drowsy to an extent that deteriorates their ability to react quickly to abruptly appearing events.

Without ICC, the results point towards longer reaction times for the telephone conditions,

which is in agreement with earlier research (Alm and Nilsson 1994, 1991, Nilsson and Alm

1991). The reason may be an increased overall level of workload, which could also be the

cause for the somewhat longer reaction times obtained in the informative ICC conditions.

5.5.4 Car following

The subjects' time headways in seconds were calculated and analysed for eight car following

situations. The resulting means are shown in Table 6. During the car following situation, the
speed of each leading vehicle varied between 80 and 88 km/h. A two-way ANOVA showed a
significant effect of ICC mode (F(2, 54) = 8.87, p = .0005) in that the subjects kept a longer

distance to the vehicle ahead when they were supported by the informative ICC, compared to

the other two ICC modes. The nature of the ICC mode effect on the mean time headway is
shown in Figure 6b. No effect of telephone use on mean headway was revealed.

Table 6 Recorded mean time headways (s) based on 8 car following situations per

subject, for the different experimental conditions

 

Auto Info Control Mean

No telephone 1.63 2.03 1.74 1.80
Telephone 1.63 2.23 1.63 1.83
 

Mean 1.63 2.13 1.68
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Also the minimum and maximum time headways to a leading vehicle were calculated and

analysed. The resulting minimum time headways are shown in Table 7. Again, a two-way

ANOVA revealed a significant effect of ICC mode (F(2, 54) = 8.37, p = .0007). From the

statistical analysis, it is obvious that the subjects without distance keeping support came closer
to the vehicles ahead than the subjects with distance keeping support from an automatic ICC.
The effect is shown graphically in Figure 6a. No effect of telephone use on minimum time
headway was obtained.

Table 7 Recorded minimum time headways (s) based on 8 car following situations per

subject, for the different experimental conditions

 

 

Auto Info Control Mean

No telephone 1.05 0.94 0.87 0.95

Telephone 1 .28 1 .04 0.62 0.98

Mean 1.17 0.99 0.75

Finally, the maximum headway to the leading vehicle during car following was calculated and

analysed. The resulting maximum time headways are shown in Table 8. A significant effect of
ICC mode (F(2, 54) = 8.50, p = .0006) was revealed by a two-way ANOVA. The effect is

shown graphically in Figure 6c. The figureindicates that the maximum time headway in a car
following situation was shorter for driving with an automatic ICC compared to the other ICC

modes, driving with an informative ICC and driving without ICC.

Table 8 Recorded maximum time headways (s) based on 8 car following situations per
subject, for the different experimental conditions

 

 

Auto Info Control Mean

No telephone 3.31 3.78 3.66 3.58

Telephone 2.95 4.69 3.90 3.84

Mean 3.13 4.23 3.78

A significant effect of ICC mode on headway variability was revealed by the statistical
analysis (F(2, 54) = 11.99, p = 0001). The kept time headway during car following varied less

in the subject group using the automatic ICC (sd 0.41 5) than in the groups using the
informative ICC (sd 0.69 s) and driving without ICC support (sd 0.67 s). Telephone use did
not in uence the behaviour.

During car following, the average lateral position on the road did not differ between the
experimental conditions. But the variation in lateral position on the road was significantly less
(F(1, 54) = 7.45, p = .0086) when the telephone task was added (sd 0.20 m) compared to when
the subjects "only" drove (sd 0.26 m).

Driving with the automatic ICC led to mean headways that were reasonably comparable to the
human behaviour. A longer headway was, however, revealed when the informative ICC was
used. The reason is probably the one discussed for the lower basic speed limit obtained for
informative ICC, namely that the drivers used the warnings as a control variable. They

approached the leading car to get the warning and then increased the distance a little to get rid

of the probably annoying tone and ickering symbol on the display. It can be suspected that
the drivers performed an oscillating behaviour to keep as close as possible to the

recommended following distance. Such a behaviour also explains the lack of reduction in

headway variability for the informative ICC compared to the control condition. The expected
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reduction in headway variability, which is positive for traffic smoothness, was only obtained
for the automatic ICC. The hypothesis that headway variability would be reduced when ICCs
are introduced was thus supported for the automatic ICC but not for the informative ICC. An
effect with implications for traffic safety was found in that the shortest (minimum) headways

recorded for driving without an ICC support system did not occur with the automatic ICC
performning the distance control. For minimum headways, the hypothesis that headway would
be prolonged when ICCs are introduced was thus again supported for the automatic ICC but
not for the informative ICC. Concerning mean headways the result was the opposite, the
hypothesis was supported for the informative but not for the automatic ICC. In the studied
informative ICC the relation between the driver s behaviour and a wanted behaviour was only
indicated in the form of warnings when certain safety criteria were reached. It can be expected
that this on/off type of information in uenced the obtained results, and that the results are not
general for other MMI designs of informative ICCs. Such other designs, for instance with a
variable like headway shown continuously as a bar graph or the like, may very well lead to
different effects on driver behaviour.

The tendency that a conversation over the telephone could result in reduced variability in the

overall lateral position (see above) became a significant effect in the car following situation.
Telephone effects in that direction have been shown earlier for young drivers, while the
effects for elderly drivers have been in the opposite direction (Nilsson and Alm 1991). The

maximum headway results show that subjects in the informative ICC and control conditions
sometime during the following situation kept longer headways than the specified limit
defining car following. The shorter maximum headway for the automatic ICC mode simply
re ects that limit, and also that the subjects accepted the system behaviour and did not find it

necessary to disengage automation in order to prolong the headway.
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5.5.5 Curve negotiating

The subjects had to negotiate eight specially designed curves along the 80 km of driving. Four
of the curves had a radius of 600 metres and appeared without notice by a road sign, while the
remaining four curves had a radius of 300 metres and were preceded by the warning sign
narrow bend . In the control algorithm of the ICCs the narrow bend sign was associated

with a reduced speed limit of 70 km/h, which therefore was kept or recommended,
respectively, by the support systems. Table 9 shows the mean speeds over the 200 m long
curves, for the different experimental conditions.

 

 

 

Table 9 Mean speeds (km/h) through wide (r=600 m) and narrow (r=300 m) curves

having a length of 200 m.

Auto Info Control Mean

600 m radius

No telephone 93.2 89.2 91.6 91.3

Telephone 92.3 84.0 87.1 87.8

Mean 92.7 86.6 89.3

300 m radius

No telephone 73.9 74.0 81.3 76.4

Telephone 72.6 70.4 76.9 73.3

Mean 73.3 72.2 79.1

Two way ANOVAs showed significant speed effects of the ICC mode for both curve

geometries (F(2, 54) = 7.24, p = .0016 for the 600 m curves, and F(2, 54) = 8.93, p = .0004 for
the 300 m curves). The speed level through the 600 m curves was on average 6 km/h higher
with the automatic ICC than with the informative ICC (see Figure 7a). When passing the

narrow curves, the speed level was about 6 km/h higher when no support system was used

compared to when any of the two ICCs was used (see Figure 7b). For both curve geometries, a
conversation over the mobile telephone resulted in a lower speed level compared to when the

telephone was not used (F(l, 54) = 6.99, p = .0107 for the 600 m curves, and F(1, 54) = 4.69,

p = .0347 for the 300 m curves). In both cases, the size of the telephone effect is in the order
of magnitude of 3 km/h.

Speed variability in terms of standard deviation was also significantly in uenced by the ICC
mode for both curve geometries (F(2, 54) = 32.00, p = .0001 for the 600 m curves, and F(2,

54) = 18.50, p = .0001 for the 300 m curves). As expected, in both cases the automatic ICC

resulted in markedly less speed variability (0.2 and 1.1 km/h) compared to the informative
ICC (3.1 and 4.4 km/h) as well as to driving without ICC support (3.1 and 4.4 km/h).

Telephone use did not affect the speed variability when passing curves.

None of the curve radii revealed any significant effects on the lateral position on the road, or
on variability in lateral position, from either ICC mode or telephone use
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Speed 600 m radius curves Speed 300 m radius curves
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Figure 7 Mean speed levels (km/h) through curves with a) 600 m radius, and b) 300 m
radius as functions of ICC mode and telephone condition

The speed pattern when driving through the wide curves was similar to that for the total test
route (Figure 4). The speed limit was again not extensively exceeded in any of the three ICC

conditions. The highest speed was obtained when the automatic ICC was used (92.7 km/h),
and the lowest speed was kept when the informative ICC was used (86.6 km/h). The lower

speed level for the informative ICC may be an effect of higher perceived workload when
negotiating the curves. In the narrow curves the subjects in the control condition drove
markedly faster than the subjects in the two ICC conditions. They exceeded the speed limit

recommended or set by the ICC (70 km/h) by 9.1 km/h on the average. Thus, the speed

associated with the warning sign in the ICC algorithm did not coincide with the human speed

chosen when no support system was available. Probably, the speed recommendation in the
narrow curves was too low. The unsupported drivers easily managed to drive through them

safely, even if the speed variation was larger than for automatic ICC. Obviously the lower
speed recommendation was not that unrealistic that the drivers in the ICC conditions found it

worthwhile to disengage the automation and stand the warnings, respectively, to be able to
drive faster. A speed reduction was observed when the telephone was used, both in the narrow
curves and in the wide curves. The effect was similar for both curve geometries and more
pronounced for the informative ICC and control conditions than for the automatic ICC
condition. It probably re ects an increased workload imposed on the drivers from the
telephone task in addition to the workload increase imposed by negotiating the curves. As for
the total route, speed variability was much less with the automatic ICC, showing a consistent
effect. The speed hypotheses are thus again only partly supported.
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5.5.6 Passing sections with reduced speed limit

Four 500 m long sections of the test route had the speed limit reduced to 70 km/h from the

basic 90 km/h. Mean speeds over the sections and at the 70 sign are listed in Table 10 for
the different experimental conditions.

Table 10 Mean speeds (km/h) over 500 m long road sections with 70 km/h speed limit
together with the speeds at the 70 sign

 

 

 

Auto Info Control Mean

Section
No telephone 73.5 72.7 73.3 73.2

Telephone 73.1 72.9 76.3 74.1

Mean 73.3 72.8 74.8

At sign
No telephone 87.3 80.4 82.9 83.5

Telephone 86.5 81.1 83.8 83.8

Mean 86.9 80.7 83.3

Mean speeds for the whole sections, as well as the speed values at the position of the speed
limit signs, were analysed. The nature of the speed results, in relation to road sections with

reduced speed limit, is shown in Figure 8. The speed limit was generally well obeyed as the

mean speeds were close to 70 km/h in all the experimental conditions. No significant

differences appeared between the experimental conditions for the road sections with the

reduced speed limit. There seems, however, to be a tendency for the drivers in the control
condition to forget to adapt their speed when they are conversing over the mobile telephone.
Contradictory to the mean speeds for the complete sections, the average speeds when passing

the 70 sign were much higher than the allowed level for all the experimental conditions.
Thus, the timing of the speed adaptation was not optimal. Besides, a significant effect of the

ICC mode was revealed by a two way ANOVA (F(2, 54) = 7.51, p = .0013). The drivers who

received the visual and acoustic warnings adapted their speed most timely. Unexpectedly,
automatic ICC driving resulted in the highest sign passing speed , significantly higher than
that for informative ICC driving. The high speed level when entering the 70 km/h sections

with the automatic ICC car was probably due to a wrong setting in the control algorithm. The

road sign message was read too late for the automatic ICC car to be able to adjust the speed
in time provided the specified comfortable decelerating rate. Approximately seventy metres
within the sections the speed was properly adapted to around 70 km/h in all experimental

conditions.
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Figure 8 a) Average speed values (km/h) when entering and b) mean speeds (km/h) over

the total road sections with reduced speed limit as functions of ICC mode and

telephone condition

Table 11 shows the speed variability while passing through the reduced speed limit sections. It

was significantly in uenced by ICC mode (F(2, 54) = 15.40, p = .0001). Again the automatic
ICC resulted in markedly less speed variations (2.1 km/h) compared to the informative ICC

(5.0 km/h) as well as to driving without ICC support (4.7 km/h). Telephone use also affected

the speed variability within the road sections with reduced speed limit (F(1, 54) = 15.82, p =

.0002). The speed varied more when the telephone was used (4.9 km/h) compared to when it
was not (3.0 km/h). An interaction effect appeared (F(2, 54) = 6.75, p = .0024), pointing to the

fact that the size of the ICC mode effect was influenced by telephone use.

Table 11 Mean speed variations (sd, km/h) over the 500 m road sections with the speed
limit reduced to 70 km/h, for the different experimental conditions

 

 

Auto Info Control Mean

No telephone 2.4 3.6 3.0 3.0

Telephone l .8 6.4 6.4 4.9

Mean 2.1 5.0 4.7

When the subjects drove the road sections with the 70 km/h speed limit, neither ICC mode nor
telephone use resulted in any significant effects on the lateral position on the road or its
variability.
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5.5.7 Workload

NASA-TLX rating scales were used to measure workload. The subjects estimated the factors

mental demand, physical demand, time pressure, performance, effort, and frustration level on

six separate continuous subscales ranging from very low to very high. A two way ANOVA
was performed on each factor. The statistically significant effects revealed by the analyses are

listed in Table 12.

Table 12 Results of ANOVAs performed on the ratings of the six workload factors on
NASA-TLX subscales

 

 

Factor Source df F p

Mental demand ICC 2,54 3.57 .0349

Mental demand Tele 1,54 6.57 .0132

Time pressure Tele 1,54 16.28 .0002

Performance Tele 1 ,54 5.75 .0200

Effort Tele 1 ,54 4.07 .0486

Effort ICC * Tele 2,54 4.91 .0110

Frustration ICC * Tele 2,54 4.63 .0139

 

Table 12 shows that there were significant main effects of both ICC mode and telephone use

on the factor mental demand . The subjects were more mentally loaded when they drove

with the informative ICC compared to when they drove with the automatic ICC, as well as

when they used the telephone compared to when they did not use it. Mental demand was the

only workload factor (of the six) that showed a main effect of ICC mode. Main effects of
telephone use were, however, obtained on three workload factors besides mental demand ,

namely time pressure , performance , and effort . The subjects using the telephone rated

the time pressure during the driving session higher than the subjects who did not use the tele-

phone. Those subjects also experienced that the telephone use deteriorated their performance

in spite of the fact that they estimated that they spent more effort on the task, in order to reach

the resulting level of performance. A significant interaction appeared between ICC mode and
telephone use for the factor effort . The size of the effect in effort spent when the telephone
was used was thus differently in uenced by the various ICC modes. An interaction effect

between ICC mode and telephone use was also found for the factor frustration level , indica-
ting that the frustration experienced when driving with the various ICC solutions (automatic,
informative, none) was differently in uenced by telephone condition. Physical demand was

neither in uenced by ICC mode nor by telephone use. In Figure 9 the characteristics of the
workload results are shown separately for the six workload factors.

From the workload results (Table 12, Figure 9) it is obvious that the ICC mode only

in uenced one of the workload factors, namely mental demand . However, this is probably
one of, if not the most important factor. It is reasonable to assume that mental demand
contributed to the effects obtained in the driving performance measures speed and headway.
The automatic ICC was more beneficial from a workload point of View compared to the
informative ICC. Telephone use had, contrary to the ICC mode, a large impact on all the

workload factors except physical demand, alone or in combination with mainly use of the
informative ICC. Driving with the informative ICC significantly strengthened the telephone

effect (increase) on the effort put on the task as well as the frustration perceived from the task.
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Figure 9 Ratings of the workload factors a) mental demand, b) physical demand, c) time pressure,
d) performance, e) effort, and f) frustration level as functions of ICC mode and telephone

condition
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5.5.8 Driver attitudes

General

The subjects rated their general opinion about the ICC they had tried. The resulting mean
ratings on a scale from 1 (very negative) to 7 (very positive) are shown in Figure 10. A two-

way ANOVA revealed a main effect of telephone use (F(1, 36) =9.31, p = .0043), meaning

that the drivers opinion about the ICCs was influenced by telephone use. The ICCs were

rated neither/nor or negative when the telephone had been used (means 4.3 for the automatic

ICC, and 3.7 for the informative ICC), while they were rated clearly positive when the

telephone had n_o_t been used (means 5.6 for the automatic ICC, and 5.4 for the informative

ICC). Independent of telephone use or not, it seems as if the subjects were a little more
positive about the automatic solution, even though the difference was not statistically

significant.

General opinion of ICC
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Figure 10 Mean ratings of the drivers general opinion about the ICCs on a scale from 1

(very negative) to 7 (very positive) as a function of ICC mode and telephone
condition

To further elaborate the subjects' acceptance of the ICCs they had tried, they were asked to
rate how much they wanted to have those support systems in their own cars, on a scale from 1

(not at all) to 7 (very much). The subjects also estimated how often they thought they would
engage such ICCs if they were available, on a scale from 1 (very seldom) to 7 (very often).
The same pattern as for the general opinion appeared for both these questions and two-way
ANOVAs again resulted in significant effects of telephone use (F(1,36 = 13.11, p = .0009 for
want to have and F(1,36) = 7.40, p = .0100 for frequency of use ). After the telephone had

been used, the ratings of how much the subjects wanted to have the ICCs were not convincing

(means 3.7 for the automatic ICC, and 3.4 for the informative ICC), but after driving without
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telephone use the ratings were a lot more promising (means 6.0 for the automatic ICC, and 5.4
for the informative ICC). The estimated frequency of ICC use was neither/nor or on the

seldom half of the scale (means 4.4 for the automatic ICC, and 30 for the informative ICC)

after simultaneous telephone use. Without telephone use the ratings were on the often half
of the scale (means 5.3 for the automatic ICC, and 4.9 for the informative ICC).

It is interesting to note that the subjects wish to have the ICCs, as well as their estimated use

of the ICCs changed after they had practised driving with them. The change was in positive

direction for the automatic ICC (+1.2 scale steps), and in negative direction for the
informative ICC (0.8 scale steps). Before practising, the subjects favoured an ICC with a high

degree of driver control, while after practising they preferred the ICC with the higher degree
of automation. As an example, the subjects ratings of how much they wanted to have the
different ICCs, before and after practising how to use them, are shown in Figure 11. The

subjects in the control condition also rated the two ICC concepts (Cont A=automatic and Cont
I=informative in Figure 11) before and after driving, but from verbal descriptions. The results
of the estimated frequency of use were almost identical.

 

 

 

   
  

 

 

    
  

 

  
Before

[___] After
  

     

           

 

         

 

-1
;»:w'

..
l ':
Fy,. ,;4 $5~¢

Cont A Cont I

  
Figure 11 Drivers ratings of how much they wanted to have an ICC as a function of

before/after practising and ICC mode. The subjects in the control condition
rated verbal descriptions before and after driving. Rating scale from l (not at
all) to 7 (very much).

It is self evident that an intended support system like an ICC should not disturb the driver.
Therefore, the subjects rated how annoying they experienced that the ICCs were on a scale
from l (not at all) to 7 (very annoying). The results are shown in Figure 12. A significant
effect of ICC mode was revealed (F(1, 36) = 10.14, p = 0030) together with a significant

interaction between ICC mode and telephone condition (F(1,36) = 6.23, p = .0173). The
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informative ICC was judged more annoying (mean score 4.2) than the automatic ICC (mean
score 2.4). Telephone use was heavily in uencing the estimations. For the informative ICC,

the addition of the telephone task led to markedly higher annoying scores (+ 1.8 scale steps),

while for the automatic ICC the telephone task resulted in a reduction in perceived annoyance
(-1.1 scale steps).

ICC annoying?
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Figure 12 Mean ratings of the ICCs annoying effect on a scale from 1 (not at all) to 7

(very annoying) as a function of ICC mode and telephone condition

From the subjective ratings it is obvious that the automatic ICC was better accepted than the

informative ICC. It could be assumed that the high driver expectations of support systems that
present a lot of information but leave the decision making and manoeuvring to the driver (Alm

and Rumar 1991, Nilsson 1992) were not met by the informative ICC. A probable explanation
is that the informative concept was experienced to be too annoying, and to impose a too high

additional load while driving, especially when the telephone was used simultaneously.
Instead, the drivers discovered that it was comfortable and safe to let the ICC control speed
and headway. The clear in uence of telephone use on driver attitudes towards ICCs is an
important and interesting finding with implications for combining and integrating a number of
different ATT systems in the cars of tomorrow. Careful design of individual systems and of
integration strategies are required in the future.

Functionality

The functionality and handling of support systems is an important design issue. The
functionality of both ICC concepts was experienced to be easy to learn, mean scores of around
6.6 on a rating scale from 1 (very dif cult) to 7 (very easy) for all experimental conditions.
The subjects also thought that the presented information was valuable, mean scores around 5.0
on a rating scale from 1 (not at all) to 7 (very valuable). Frequent glances to the dashboard

may result in divided attention and have negative implications for traf c safety. The subjects
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who did not use the telephone estimated that they looked at the display relatively often, and
more often compared to the subjects who used the telephone (F(1, 36) = 5.71, p = .0222),
means 5.0 and 3.9, respectively, on a scale from 1 (very seldom) to 7 (very often). The nature

of the effect is shown in Figure 13. From the figure it seems as if the subjects in the automatic

ICC condition, and not using the telephone, followed the ICC actions carefully by watching
the display. The ickering of the visual warnings in the informative ICC condition did not
result in looking more often on the display compared to automatic ICC condition.

Looking at the ICC display
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Figure 13 Mean estimations of the frequency of glances at the ICC display on a scale
from 1 (very seldom) to 7 (very often) as a function of ICC mode and telephone

condition

The time/distance when ICC actions (braking/accelerating) or warnings are initiated is another
important design parameter in uencing user acceptance. In catching up situations, the ICC
actions were experienced to be activated with a reasonably correct timing, mean scores around

3.7 on a scale from 1 (much too late/close) to 7 (much too early/far away). In the situations
where the speed limit was reduced, an effect of the ICC mode on the timing of system

activation was obtained (F(1, 36) = 12.14, p = .0013). The nature of the effect for reduced

speed limit sections is shown in Figure 14. The automatic ICC was experienced to act later
(mean score 3.6) than the informative ICC (mean score 4.7), but in both cases the system

behaviour seem to be well adapted to human behaviour and wishes.
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Timing of ICC actions
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Figure 14 Mean ratings of the timing of ICC activations, in situations with reduced speed

limit, on a scale from 1 (much too late/close) to 7 (much too early/far away) as

a function of ICC mode and telephone condition

The performance of the ICCs was judged to be relatively good. However, the subjects in the
informative condition were probably a little distracted by the ickering warnings, while the

subjects in the automatic condition experienced that the ICC was activated a little late under

some circumstances. They also experienced that the system accelerations were too slow. The
presentation of warnings together with the criteria of activation and the limits of performance
should thus be improved in future ICC versions. Both ICC concepts were rated easy to learn
and understar-irgli.

Realism of simulation

The value of the method using a driving simulator was investigated by asking the subjects to
rate the realism experienced during the driving session. The overall ratings were in medium
position on the scale from 1 (not at all) to 7 (very realistic). The ratings 1 and 7 were not
used by any of the subjects. Complaints were expressed mainly about impairments in the
visual system and in the engine braking capacity. A two way ANOVA showed a significant
effect of telephone condition (F(2, 54) = 4.81, p = .0326). The driving session in the simulator

was judged less realistic when the telephone was used (mean score 4.2) compared to when it
was not (mean score 5.0). The subjectively rated realism was reasonable and similar compared
to earlier studies (Nilsson 1993). One explanation for not reaching higher rating levels could

be that the participating subjects felt unfamiliar with the telephone task as well as with using
the ICCs. The suggestion is somewhat contradicted by a tendency towards lower ratings from
the subjects in the control condition. It can be suspected that also inter individual differences
have in uenced the estimations.
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Motion sickness may appear when driving simulators are used. Therefore the subjects were

asked how they felt during the driving session. The mean scores ranged from 1.4 to 2.9 on a

rating scale from 1 (not at all) to 7 (very sick) for all experimental conditions. Fifty five
percent of the subjects answered 1 , i.e. that they didn t feel bad at all, and no subject

answered 7 i.e. that they felt very sick during driving. Large individual variations were

obtained and no significant differences were revealed. On the whole, motion sickness was
thus not a pronounced problem, which can be taken as a receipt for a good matching of the

simulated motions and visual cues. The procedure with pilot tests to carefully design and
evaluate the test route taking into account driver opinions and sensations, and the extremely

short methodological time delay probably contributed crucially to the small proportion of
subjects feeling a little sick.

Simulator realism
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Figure 15 Mean ratings of simulator realism on a scale from 1 (not at all) to 7 (very
realistic) as a function of ICC mode and telephone condition

The experience from using the low cost Rapid Prototyping Tool in the MMI simulation was
positive. The device was easy and time consuming to use, and the quality of the created MMI
was good. When judging the RPT, it should be remembered that a relatively small amount of

information was handled and that the final MMI was simple and pure. Too long delays in the
loop that generated the warnings and also the visual and acoustic information appeared. The
problems were solved by means of modi ed software. The tool was on the whole robust and

reliable.
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5.5.9 Disengagement of the ICC (automatic mode)

Most of the twenty subjects driving with the automatic ICC had it engaged all the time. Three
subjects in the condition using the telephone, and five subjects in the condition not using the
telephone disengaged the ICC once or more. In total, 99 disengagements were performed in

the without telephone condition and 28 in the with telephone condition. The subjects using the
telephone seem to have found it more comfortable to let the ICC perform the speed and
distance control tasks when they occasionally had another task to perform simultaneously.
When the subjects disengaged the automation, they usually used the gas pedal to accelerate
harder than the ICC was capable of during overtaking. Only one subject disengaged the ICC
by braking, and did that twice. Four subjects disengaged the automation by the INFO switch
five, one, one, and 14 times, respectively. The situation where most disengagements occurred
was at the end of car following, when the subjects helped the ICC to quickly overtake the

preceding vehicle. The informative ICC only presented visual information, and if necessary
also visual and acoustic warnings. Its functionality could only be modified by turning the ICC

off completely by the OFF switch. None of the subjects used this possibility.

5.5.10 Telephone task

To investigate if the ICC mode had any effect on the subjects performance on the telephone
task, the number of correct judgements, the number of correctly recalled last words, and the

number of correctly recalled last words in the order ofpresentation were counted for the
respective ICC conditions. The resulting mean numbers are shown in Table 13.

 

Table 13 Performance on the telephone task as a function of ICC mode

Auto Info Control

Correct judgements 67.0 66.9 67.3
Correct last word 42.4 52.4 44.7
Correct last word in order 20.2 33.6 22.5
 

There were practically no differences between the ICC modes when considering the number

of correct judgements of the sense of the sentences. But there were differences, close to
significant at the 5 % level, in the number of correctly recalled last words and the number of

correctly recalled words in the order of presentation. The subjects driving with the informative

ICC recalled more last words correctly. Maybe these subjects prioritised the telephone task
high, and used more of their mental capacity to solve the telephone task. Such a task
prioritisation could contribute to explain why those subjects performed worse on the driving
task, and experienced a higher workload than the subjects in the other ICC conditions.

5.5.11 General discussion

The ICCs seem to be well accepted by the drivers, with the automatic concept getting higher
scores overall than the informative concept. The good acceptance of the automatic ICC is in
agreement with the results from field studies on the German autobahn (Becker 1993). One
reason for the acceptance is probably that the ICCs are reasonably well adapted to human
expectations and behaviour. The lower acceptance of the informative ICC is assumed to be
caused by the higher mental demand it imposed, and by the fact that it was experienced to be
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more annoying. The higher workload experienced by the drivers in the informative ICC

conditions may be caused by those drivers paying larger attention to the simultaneous
telephone task, which they performed better than the drivers in the other experimental

conditions. The visual warnings in form of a ickering symbol can have contributed to this
annoying effect, because they transferred the drivers attention from the traf c scene to the
dashboard in situations when it is important to look through the windscreen, for example
when following another car. From an ergonomical point of View it is suggested to use only

acoustic warnings in such situations, possibly in combination with a visual back up that is not

ickering. From the results, it seems reasonable to assume that automatic ICCs may be a good
and well accepted way for drivers to keep a desired set speed level and avoid unintentional
speeding during driving for longer time periods.

The hypothesis that ICCs would reduce speed and headway variability was con rmed, but

only for the automatic concept. A possible explanation why no reductions occurred for the

informative ICC is that the drivers in that condition can be assumed to have performed a

strategical behaviour, using the warnings as control variables and thus drive at the limit .
That behaviour may have led to a somewhat oscillating speed and distance control. All the

same, prerequisites seem to exist for reaching more narrow speed and headway distributions
by introducing at least the automatic ICC. Such smoothening effects can be expected to
improve traffic ef ciency and environmental protection, and not least facilitate the
predictability of the behaviour of other road users.

The mean headway was not increased with the automatic ICC, but with the informative ICC,
compared to unsupported driving. The Swedish role of thumb of three seconds headway was

not reached for any of the conditions. All mean headways were shorter. The very shortest

headways occasionally kept during unsupported driving were, however, prevented by the
automatic ICC, an effect that would strongly in uence traf c safety in a positive direction.

The investigation of the drivers ability to react quickly to unexpected events, re ected by
reaction time, did not give any clear results concerning effects related to various ICC

solutions. It may be suspected that the automatic ICC alone may lead to somewhat slower

reacting drivers, while use of certain other ATT systems simultaneously can help drivers to

keep a certain level of wakefulness. It should be remembered that the margin between an
alerting and a distracting effect probably is very narrow, and dependent of system design and
complexity. '

The effects of a second ATT system (telephone), not only on driver opinions about the ICCs

but also on the performance and workload measures, are worth to consider for future

integration of ATT systems. The telephone use in uenced the drivers' speed choice towards
lower levels. The difference was larger for the informative ICC, and probably re ects an

increased level of load or distraction (or both) imposed on the drivers due to divided

attention. The workload increase was confirmed by the drivers subjective ratings.

The observed change in driver opinions after practising ICC driving is also interesting to
note. Before trying any ICC, most potential drivers favoured described solutions with a high
level of driver control, while after practising they favoured the solution with the highest
degree of automation. Because the level of driver control as well as the presentation of

warnings (no warnings/(distracting) warnings) differ between the two ICC concepts it is



EMMIS (V2006) 5.33 Deliverable No. 10
 

impossible to say which system characteristic that is responsible for the difference in
acceptance after practising driving with them. However, the change in opinion points to the
importance of well designed evaluation studies, where subjects use technically reliable
support systems in realistic tasks and conditions, in order to be able to chose the optimal
solutions for realisation.

5.6 Conclusions

. Use of the informative ICC resulted in longer headways and lower speed levels than use of
the automatic ICC.

0 Speed and headway variabilities were reduced, but only by the automatic ICC.

0 The automatic ICC prevented the shortest headways appearing without a support system.

0 Use of the informative ICC imposed higher mental demand on the drivers than use of the
automatic ICC.

0 The automatic ICC was better accepted than the informative ICC.

0 The drivers opinions changed after practising ICC driving , positively for the automatic

ICC and negatively for the informative ICC.

0 The driver opinions about the ICCs were negatively influenced when another ATT system
(telephone) was used simultaneously.

o The used simulation techniques (a moving base driving simulator in combination with a

relatively simple rapid prototyping tool, RPT) were found relevant and realistic for

evaluation procedures in ICC design. For example, use of the low cost RPT for realising
the human-machine interface was found to be

easy as well as cost and time saving to use.

reliable with some minor capacity problems, which were solved by software

modifications.

judged useful for evaluation of human-machine interface ideas and concepts in early
phases of design

0 The evaluation methodology was sensitive to driver behaviour and driver opinions with
implications for traf c safety, traf c ef ciency and driver comfort.
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