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Preface

Human Factors and Ergonomics have made a considerable contribution to
the research, design, development, operation and analysis of both road and rail
vehicles and their complementary infrastructure. This book presents recent
advances in the Human Factors aspects of Road and Rail Transportation
systems. These advances include accident analysis, automation of vehicles,
comfort, distraction of drivers (understanding of distraction and how to avoid
it), environmental concerns, in-vehicle systems design, intelligent transport
systems, methodological developments, new systems and technology,
observational and case studies, safety, situation awareness, skill development
and training, warnings and workload. The book is divided into 8 sections, as
shown below:

I. Design of driver - vehicle systems interaction (22 chapters)
1. Distraction of the driver (4 chapters)
I1l.  Environmental impact of vehicles (5 chapters)
IV. Integrated transport systems (5 chapters)
V. International differences in drivers (2 chapters)
VI. Investigations into safety and accidents (2 chapters)
VII. Methods and Standards (18 chapters)
VIII. Studies of locomotives, drivers and rail systems (9 chapters)

I am grateful to the Scientific Advisory Board which has helped elicit the
contributions and develop the themes in the book. These people are academic
leaders in their respective fields, and their help is very much appreciated,
especially as they gave their time freely to the project.

K. Bengler, Germany D. Kaber, USA

G. Burnett, UK J. Krems, Germany
P. Chapman, UK F. Mars, France

F. Chen, Sweden D. McAvoy, USA
L. Dorn, UK R. Risser, Austria

|. Glendon, Australia P. Salmon, Australia
J. Groeger, Ireland S. Sharples, UK

R. Happee, Netherlands G. Walker, Scotland
S. Jamson, UK K. Young, Australia

This book will be of interest and use to transportation professionals who work
in the road and rail domains as it reflects some of the latest Human Factors and
Ergonomics thinking and practice. It should also be of interest to students and
researchers in these fields, to help stimulate research questions and ideas. It is my
hope that the ideas and studies reported within this book will help to produce
safer, more efficient and effective transportation systems in the future.

March 2012

Neville A. Stanton
University of Southampton
United Kingdom

Editor
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CHAPTER 1

Evaluation of a Contact
Analog Head-Up Display
for Highly Automated
Driving

Daniel Dambdck, Thomas WeiRgerber, Martin Kienle and Klaus Bengler

Technische Universitat Minchen — Institute of Ergonomics
Boltzmannstralle 15, 85747 Garching, Germany
damboeck@Ife.mw.tum.de

ABSTRACT

The automotive industry is working on assistance systems to increase safety and
comfort of today’s vehicles. In the course of this development combined with
increasingly capable sensors, assistance systems become more and more powerful.
This whole development leads to a change in the role of the human, from the actual
driver of the car to a supervisor of the automation state. The following article
describes a display concept to inform the driver about the current status and future
actions of the automation system. The concept is based on a contact analog Head-
Up Display. By giving visual feedback the driver’s comprehension of the
automation actions is increased, and therefore the driver-automation-cooperation is
improved. Correspondingly the presented experiment reveals significantly
decreased reaction-times by visual feedback regarding automation failure.

Keywords: highly automated driving, driver assistance, cooperative control,
contact analog, Head-Up Display

1 INTRODUCTION

Today a lot of traffic-accidents happen due to human failure. Since quite a while
the automotive industry is working on assistance systems that help to avoid or at
least reduce this kind of accidents. Such systems not only assist the driver in his task

3



driving the vehicle. In fact, the evolution of these systems could lead to a complete
removal of the driver as a factor in the driving task. Given the fact mentioned in the
beginning, that human failure is one of the main reasons for traffic-accidents, this
approach seems to be a promising idea. But it clearly has to be said that this
approach can only work as long as the assistance system is working without error
and has a perfect representation of the surrounding environment in every possible
situation. This means the driver wouldn’t need to take over at any time. As this
demand is impossible to achieve by any technical system a paradigm of vehicle
driving has to be found in which both, the automation system and the human can
collaborate mutually compensating the insufficiencies and failures of the respective
partner. By such a cooperative way of vehicle driving the driver shall be kept active
and in the loop. Thus automation effects can be reduced and the driver is available
to take over vehicle control when necessary.

Figure 1 shows one possible occurrence of a cooperative human-automation-
vehicle interaction as it has been developed in the nationally funded project H-Mode
(Flemisch et al., 2003). Based on the initial driving task, both, human and automation
establish a mental representation of the environment and try to influence the vehicle
movement. By doing so, they have to communicate with each other to negotiate the
best possible solution for the current driving situation (Dambdck et al., 2011).

automation
force
sensors
task
— ] visual human
acoustical result
vestibular o vehicle
r haptic -
position I actuator I
| S

Figure 1: Schematic illustration of a cooperative human-automation-vehicle-system

One of the essential features of this idea of cooperative vehicle-driving is a bi-
directional haptic coupling with continuous and/or discrete communication between
driver and automation (Flemisch et al., 2008). In order to provide the driver with a
haptic feedback of automation recommendations (Schieben et al., 2008), active
control elements (e.g. Active Sidestick or Active Steering Wheel) are used as a
basis (Kienle et al., 2009). Within the project H-Mode the idea of haptic
communication has been described and its benefit has been shown in several
experiments (e.g. Dambdck et al., 2009, Flemisch and Schieben 2010). Although
the haptic communication between driver and automation system can be a solid
basis for a cooperative human-machine-system, it is inevitable to complete the
haptic signals with visual information. It is necessary that vital information is
transferred between human and machine, considering the actual and future status of
the driving task and future intentions of the automation about driving maneuvers.



This approach is based on Bubb (2001) who claimed that the haptic channel should
be used to show the driver what to do, while the visual channel is used to explain
why. By doing this the driver’s comprehension of the automation actions can be
increased, and therefore the driver-automation-cooperation is improved.

An ideal way to use the visual channel in order to inform the driver about the
intentions of the automation and therefore the future behavior of the vehicle is the
application of a contact analog Head-Up Display (caHUD). Contact analog content
is spatially related to the outside world. The displayed image refers to some object
in the background, and the driver perceives a sort of fusion between real world and
virtual object. The information displayed in the windscreen merges with the real
environment in the sense of augmentation and thus a contextualization of the
displayed information can be established (Poitschke et al., 2008). The potential of
this technique is pointed out for example by Bergmeier (2009) in the context of
information representation regarding driving at night and by Schneid (2008) in
combination with driving with Adaptive Cruise Control (ACC). While both of them
used display-prototypes not quite applicable for every days use, Israel (2010) could
show that it is possible to realize this highly innovative display concept even
regarding the high requirements of serial automotive application.

The following study aimed at the potential of a contact analog HUD in
combination with highly automated vehicle driving. Especially the understanding of
the automation and reactions to automation failures were expected to improve by a
preliminary visual announcement of automation behavior.

2 METHOD
2.1 Experimental Setting

Apparatus: The experiment took place in the static driving simulator at the
institute of ergonomics, Technische Universitdt Miinchen. The driving simulator
consisted of a mockup with a BMW convertible and six projection screens. Three of
them were used to generate the front view creating a 180 degree field of view. The
rear view was realized by one projection screen for every rearview mirror (Figure 2
and Figure 3 left). The driving simulation software SILAB™ directly received all
commands from the control elements and provided the vehicle and driving
dynamics simulation. Furthermore it generated the information for the haptic
feedback at the active steering wheel, including actual steering torque and
automation feedback. Data sampling and logging facilities were also provided by
the SILAB software.

Automation: The driver was supported in longitudinal direction by an Adaptive
Cruise Control (ACC), which was complemented by a Traffic Sign Recognition.
For the duration of the experiment the time gap to the vehicle in front was fixed at
1.5 seconds and could not be manipulated by the driver.

In lateral direction a very restrictive Lane Keeping Assistant System (LKAS)
actively kept the vehicle in the lane. Even small deviations from the center of the



lane were corrected by the system. The driver got haptic feedback via the active
steering wheel. The LKAS was supplemented by a Lane Change Support (LCS).

Figure 2: Schematic topview of the projection screens (left: front view, right: rear view) at the static
driving simulator.

Lane changes could either be initiated by overpowering the force on the active
steering wheel or by using the indicator. Once initiated, lane changes were carried
out by the automation itself. The automation contained no Lane Change Assistant
(LCA). That means the automation had no sensorial recognition to the neighboring
lane (e.g. blind spot) and the driver had to self-reliantly secure each lane change.
The automation kept perfectly to speed limits. In case of a reduced speed limit, the
necessary deceleration was induced in front of the traffic sign. The deceleration
began in 100 m distance ahead to the traffic sign to ensure that the vehicle sticks to
the speed limit when reaching the sign. In situations where the allowed speed was
increased, the necessary acceleration was initiated right after passing the according
sign. It was possible to activate and deactivate the automation by pressing a button
on the direction-indicator control. Pressing the brake also deactivated the system.

Contact Analog Head-Up Display (caHUD): Figure 3 shows an example for
the driver’s perspective during the simulation including caHUD information
presentation. Three information items were included in the prototypical contact
analog display concept in order to give feedback regarding the current and future
automation state. The “trajectory” chosen by the automation was visualized as a
dashed line. It was always located in the middle of the lane and followed the course
of the road. It marked the lane, which was detected and used for regulation by the
automation. A horizontal and upwards open oriented “clamp” beneath the front
vehicle signaled the driver, that an object was detected and could be regulated upon
if necessary. Additionally a quadratic frame was implemented to highlight detected
speed limits at a distance of 100m. The symbols of the caHUD were directly
implemented in the SILAB scenery in order to ensure a better synchronization and
to enable a reliable manipulation during the experiment compared to an additional
projection via beamer.



Test Track: Due to the fact that high vehicle automation will be most probable
in highway scenarios, the test track was implemented as a three-lane freeway. The
track with a total duration of about 25 minutes was divided into single sections with
a length of one to two kilometers. Within these sections various maneuvers had to
be completed by the test subjects. The separate sections were randomly arranged for
each subject to reduce the influence of learning effects and to avoid that subjects
remember the time and sequence of automation failures. During each drive there
were two types of maneuvers to complete: lane changes (18 times) and speed
changes (31 times). Speed changes were actively initiated and carried out by the
automation, lane changes had to be initiated by the driver as described above.
During the whole track a front vehicle had to be followed. In the course of the test
drive subjects were confronted with three different kinds of automation
malfunctions: speed limit failures, lane keeping failures and distance failures.

Figure 3: Static driving simulator (left). Scenery and caHUD symbols from the driver’s perspective
(right): a) Trajectory, b) Clamp and c) Frame

The speed limit failure occurred twice per run — once at a necessary deceleration
from 120 to 100 km/h and once from 100 to 80 km/h. In these situations the
automation failed to detect the speed limit sign. Therefore, the vehicle did not
decelerate autonomously. The driver had to detect the failure and intervene by either
pressing the brake pedal or deactivating the automation via the on/off button. Both
operations were indications for the drivers’ awareness of the failure. In the run with
active caHUD all signs recognized by the automation were marked by the frame
(Figure 3 right c). Accordingly not recognized signs were not marked by the frame.
So the driver was precociously informed about the automation failure and should
have been able to react adequately. In the run without caHUD no visual information
was given whether signs were recognized or not.

The lane change failure also occurred twice per run. In this situation the
automation misleadingly detected either the left or the right lane and switched to the
neighboring lane. As the automation applied a torque on the steering wheel, the
driver got a haptic feedback about the automation’s lane change intention. In case of
the lane change to the right, no nearby traffic participant occupied the target-lane.
The lane change to the left was constricted by a following vehicle on the target lane



which was too close to actually allow the maneuver. Driving with caHUD, the
displayed trajectory bounced to the incorrectly detected lane and provided the driver
visual information about the intended lane change of the automation.

In the third failure situation (distance failure) the automation suddenly failed to
detect the vehicle in front, which led to an acceleration of the own vehicle and
finally to a rear-end collision - in case the driver did not react. In the condition with
caHUD the driver was visually informed about the missed detection by a sudden
absence of the clamp. The third situation is not part of this paper.

2.2  Experimental Design and Participants

The experiment was set up using a within-subjects design with the visual display
as independent variable and reaction times and different kinds of driving data (e. g.
lateral deviation) as dependent variables. The workload was assessed using the
NASA-TLX questionnaire. Eye-Tracking Data had been gathered and analyzed too
(e.g. Weilkgerber et al. 2012), but will not be subject to this paper as well as the
results of the NASA-TLX. For the assessment and the statistical analysis of the
dependent variables t-tests and chi*tests were applied where appropriate. The
relevant level of significance was determined by o = .05.

24 subjects (5 female and 19 male) with an average age of 31.6 years (range
from 19 to 66 years) participated in the experiment. They had an average driving
experience of 13.4 years (range from 2 to 47 years). Only four subjects had a yearly
mileage of less than 5000 km. All subjects had normal or corrected-to-normal visual
acuity.

2.3 Experimental Procedure

Most of the subjects never participated in a driving simulator study before. Due
to this fact the experiment started with a training session of about 10 minutes to
make the subjects familiar with the simulator environment and to introduce them to
the specification of the automation as well as the information items on the caHUD.
Subsequent to the training, two trial runs were performed in permuted order. The
runs differed in the allocation of visual information (with caHUD and without
caHUD). Both runs had to be performed with the same automation and on the same
randomly arranged sections. All subjects were asked to strictly stick to speed limits
and to survey the vehicle guidance of the automation at all times. Every run was
accompanied by the NASA TLX.

3 RESULTS
3.1 Speed Limit Failure

As mentioned above, two speed limit failures occurred during the test run.
Regarding the speed limit change from 120 to 100 km/h, Figure 4 (left) shows the



number of subjects that did not take over vehicle control from the automation
although the allowed speed was exceeded by 20 km/h. The number of test persons
without reaction is nearly equal in both conditions (13 persons with caHUD, 14
persons without caHUD, 2 (1) = .048, p = .771). So at first glance there seems to be
no improvement caused by the additional visual information.
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Figure 4: Left: Number of test persons who did not intervene during the automation failure (speed
limit 120 to 100). Right: Point of intervention of those subjects who reacted to the automation
failure in both conditions (N=6). The relevant traffic sign was located at meter 0; a negative value
corresponds to a later reaction.

Regarding the subjects who did react to the failure in both conditions however,
the intervention point - related to the position of the sign - is shown in Figure 4
(right). The reaction of the drivers with caHUD in average occurred 2 meters prior
to the sign, compared to 47 meters after the sign for drivers without caHUD. This
difference is significant (t(5)=-2.655, p=.045).
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Figure 5: Left: Number of test persons who did not intervene during the automation failure (speed
limit 100 to 80). Right: Point of intervention of those subjects who reacted to the automation failure
in both conditions (N=10). The relevant traffic sign was located at meter 0 ; a negative value
corresponds to a later reaction.

The results of the second speed limit failure (100 to 80 km/h) are shown in
figure 5. Here again no difference can be found in the number of subjects that
noticed the failure and reacted accordingly (x*(1) = 1.342, p = .247). Nine subjects
missed the speed limit in the condition with caHUD, 13 subjects missed it while
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driving without caHUD. Regarding the point of intervention no significant influence
is revealed (t(9)=-1.619, p=.140) but a tendency to a later reaction without visual
feedback can be seen. With caHUD the reaction of the drivers in average occurred 6
meters after the sigh compared to 30 meters without caHUD.

3.2 Lane Change Failure

Additional to the speed limit failure, unintended lane changes were initiated by
the automation at two points during the test run. Figure 6 shows the data
corresponding to the lane changes to the left. Due to technical problems in this
scenario only 18 subjects could be taken into account. As the target lane was
occupied in this scenario no subject allowed the automation to fully change the lane.
In the condition without caHUD one subject crossed the lane borders with the edge
of the car before intervention. With caHUD no crossing was recorded.
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Figure 6: Results of the lane change to the left (target lane occupied).
Left: Reaction time from the start of the unintended lane change until intervention of the subjects.
Right: Maximal lateral deviation caused by the unintended lane change.

Both, reaction time (t(17)=-2.399, p=.028) and maximal lateral deviation
induced by the automation (t(17)=2.411, p=.027), significantly decrease in the
condition with additional visual information. In this critical scenario the caHUD
allowed the subjects a faster reaction due to the visualization of the future behavior
of the car.

Regarding the unintended lane change to the right, subjects showed a completely
different behavior. 7 subjects driving with caHUD and 4 subjects driving without
caHUD allowed a full lane change by the automation. As in this scenario the target
lane was not occupied by another vehicle, the maneuver was possible and not
critical. The fact that more subjects actually changed lane with caHUD is probably
based on a better understanding of the situation due to the visual feedback. The
displayed trajectory showed the new target lane and therefore the driver knew what
the automation had planned. He had been able to gather information if the maneuver
was possible and to approve it if he wanted to. Due to the fact that a number of
subjects allowed the unintended lane change to the right, only 14 subjects
intervened in both conditions and therefore were considered for the statistical
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comparison. The reaction time (t(13)=-1.425, p=.178) and the maximal lateral
deviation (t(13)=-.617, p=.548) reveals no significant influence of whether the
caHUD was active or not, although there is a tendency to faster reaction times with
an active visual display (Figure 7).
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Figure 7: Results for the lane change to the right (target lane not occupied).
Left: Reaction time from the start of the unintended lane change until intervention of the subjects.
Right: Maximal lateral deviation caused by the unintended lane change.

4 SUMMARY AND DISCUSSION

In the long run completely autonomous cars are not very likely to be on the
market due to technical restrictions (e.g. sensor range) as well as the Vienna
Convention which states that the driver must be kept in the loop and active.
Nevertheless the increasing number and quality of driver assistance systems enables
the feasibility of a highly cooperative vehicle. One potential implementation of this
idea follows the H-Mode interaction paradigm as a parallel-simultaneous interaction
concept with active control elements for a haptic communication between driver
and automation. In order to increase the driver’s understanding of the automation
and its future intentions, the haptic communication needs to be complemented by
visual information. The application of a contact analog HUD could be a possible
solution for this kind of future driver-automation-vehicle interaction. As the
presented experiment and the according results show, an additional visual display
can help to understand the automation and react faster to automation failures.
Especially in critical situations a benefit in terms of faster reactions can be found,
whereas in non-critical situations the understanding of the situation comes to the
fore. In the course of the future development of the project H-Mode the idea of
contact analog visualization will be further prosecuted and evaluated. Especially the
displayed trajectory is subject to ongoing enhancement.
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CHAPTER 2
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ABSTRACT

A touchpad with adaptive haptic feedback is specified in the context of this

contribution. This innovative control element offers several operating modalities in
order to handle the various menu tasks of modern car-infotainment-systems. A test
in a static driving simulator has been conducted to compare the different operating
modalities of the touchpad for the appearing menu tasks with each other and to
identify their optimized combination.

Keywords: haptic, touchpad, automotive, HMI, operating modality, menu task



14

1 INTRODUCTION

The quantity of features in modern car-infotainment-systems is steadily
increasing. There are more and more functions integrated into the infotainment-
system, which the driver must be able to handle with a minimum of distraction
using a limited number of control elements even while driving. The various car-
manufacturers in the world try to solve this problem with different types of control
elements like touchscreen, joystick, voice control, rotary push button, etc. A new
approach to actualize a preferably facile and intuitive interaction between driver and
infotainment-system is the usage of a touchpad, like the Audi AG applies it in the
Audi A8.

According to Hamberger (2010) an in-car-touchpad offers several potentials. It
is familiar to the users because of the accustomed usage with computer touchpads
and enables handwriting recognition. Robustness, optics and the ease of use are
additional positive arguments. The results of an experiment in a driving simulator
occupy, that a touchpad reduces lane deviation compared to a rotary push button
and a touchscreen. In case of a text entry task a touchpad decreases gaze diversion
times in comparison to a rotary push button (Bechstedt et al., 2005). In addition to
the mentioned results customers prefer the usage of a touchpad compared to a
touchscreen (Hamberger, 2010).

In such ambitious dual-task-situations, i.e. the interaction between driver and
infotainment-system while driving, interferences occur, if tasks draw upon the same
mental resources (Wickens, 1984; Wickens et. al, 2004). In accordance with Bubb
(1992) it is moreover beneficial for interacting with technical systems to give a
redundant feedback via multiple sensory channels. Therefore it is reasonable to
unload the mainly used visual sensory channel in this special dual-task by using a
touchpad with an additional haptic feedback. Spies et al. (2009b) and Peters et al.
(2010) have developed an automotive touchpad with haptic feedback based upon
braille-technology, in order to map display-elements, like buttons and sliders for
instance, as sensible and operable elements onto the touchpad. In a driving-
simulator experiment this touchpad with haptic feedback was compared to a
conventional touchpad. The results were that a touchpad with haptic feedback
decreases time for interaction and improves driving-performance in a dual-task-
situation significantly (Spies et al., 2009b; Spies et al., 2010).

2 THE TOUCHPAD WITH HAPTIC FEEDBACK

Based upon the findings of Spies et al. (2009b), Peters et al. (2010) and
Hamberger (2010) the development of a new touchpad with haptic feedback was
accomplished. The functional principle of this haptic touchpad (see figure 1) is
explained consecutively.

The displayed contents (e.g. buttons) in the menu screen can be imaged on the
touchpad as sensible and operable elements by deploying the appropriate pins.
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Figure 1: Prototype of the touchpad with haptic feedback

Thus the user is able to feel and press every elevated element on the touchpad
representing concrete menu content, for instance the selectable button “Navigation”.
This principle is shown by the cross section of the touchpad with haptic feedback in
figure 2.
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Figure 2: Technical realization of the touchpad with haptic feedback

A visual feedback maintains the haptic feedback of the touchpad by highlighting
the currently touched graphical widget on the screen and thus demonstrates the user
the effective finger position on the touchpad.

The next section describes different operating modalities, which are offered by
the touchpad with haptic feedback, in order to operate the menu functions of car-
infotainment-systems.
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3 OPERATING MODALITIES

In addition to the aforementioned feedback and normal operations using one
finger this innovative touchpad contains the following special operating modalities
that are already common and state of the art for conventional touchpads:

1. Handwriting recognition
2. Multitouch gestures
3. Sensible sliders

The integration and the functional areas of these three operating modalities on

the touchpad surface are shown in figure 3.

MENU | MEDIA NAV TEL

handwriting recognition

multitouch gestures

sensible sliders touchpad surface

Figure 3: Functional areas of the operating modalities on the touchpad surface

The first two operating modalities, handwriting recognition and multitouch
gestures, are placed in the central area of the touchpad surface, where users have
enough space to write letters (e.g. for entering a destination) or to make a zooming
gesture (e.g. for enlarging a map) for example. For the third operating modality, the
sensible and also relative sliders, users have to put their finger onto the right or left
edge of the touchpad surface, where they can move their finger up and down,
guided by the sensible edges of the touchpad. Thus users can scroll in lists (e.g. list
of last destinations) or adjust concrete values (e.g. loudness of the navigation
system) for instance.

In order to decrease the distraction of the driver from the main driving task and
to enable a preferably easy interaction with the infotainment-system, these operating
modalities have to be combined with the various menu tasks, which are specified in
the next section, in a preferably optimal way.
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4 MENU TASKS

In order to deal with the mentioned increasing quantity of functions in modern
infotainment-systems the various car manufacturers apply different control elements
and also varied menu structures — like a hierarchical structure or a task-oriented
structure (Spies et al., 2009a), to name a few. In accordance with Peters et al. (2010)
most of these different menu structures of current car-infotainment-systems consist
of the following standard menu tasks:

1. Selection task, <= 9 elements (e.g. menu selection)

2. Selection task, > 9 elements (e.g. list selection)

3. Move/adjust, one-dimensional (e.g. bass)

4. Move/adjust, two-dimensional (e.g. navigation map)

5. Free interaction task (e.g. selection of points of interest in a map)

In the special case of using the described touchpad with haptic feedback as
control element of the car-infotainment-system, the normal touchpad operation
modality, i.e. using one finger, is only available for finding and selecting elevated
menu elements. But conflicts will occur, if users have to operate further tasks on
one menu screen — like for example “zooming the navigation map” in order to select
a point of interest on the map using one finger.

Investigations on menu tasks, which create conflicts for handling the above
mentioned standard menu tasks (Peters et al., 2010) using the touchpad with haptic
feedback, have mainly resulted in the following three tasks: scrolling in lists,
zooming maps or pictures and adjusting concrete values. For using these further
menu tasks it is necessary to offer users the special operation modalities
(handwriting recognition, multitouch gestures and sensible sliders) of the touchpad
with haptic feedback.

Hence there is need for research to figure out the optimized combination of the
various operating modalities using the touchpad with haptic feedback and the three
specified menu tasks in a dual-task situation. The next section describes the method
of a usability test, which was conducted in order to compare the mentioned
operation modalities in combination with the described menu tasks and to clarify the
following hypotheses:

1. There is a difference in operation times using the various operation
modalities for the three menu tasks.

2. The gaze behaviour while performing the three menu tasks differs for
the various operating modalities.

3. Using the various operation modalities for the three menu tasks induces
a different driving performance.

5 USABILITIY TEST

A usability test in a static driving simulator has been conducted with 30 test
persons using a within subject design. The subjects had to perform the following six
interaction tasks, representing the above mentioned further menu tasks. They were
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driving on an endless track and had to follow a preceding car in a constant distance
without using any technical devices, like e.g. cruise control:
1. Scrolling in lists:
a. Entering a given destination using the last destinations
b. Calling a specified contact member of the telephone book
2. Zooming maps or pictures:
a. Zooming into the navigation map
b. Zooming out of a contact picture
3. Adjusting concrete values:
a. Reducing the volume of the navigation system
b. Increasing the tone of the park distance control
These interaction tasks were integrated in a specially implemented infotainment-
system and the test persons handled the six different tasks using the aforementioned
operation modalities of the touchpad with haptic feedback alternately while driving.
During the test time for completing the particular interaction tasks, data of driving
performance and information about gaze deviation dialing the various tasks while
driving were measured. After the experiment the subjects were additionally asked
both to indicate which operation modality they prefer for each menu task and to
reply several questions evaluating the usage of the touchpad with haptic feedback.

6 CONCLUSION

As a conclusion it can be said that the described operation modalities of the
touchpad with haptic feedback offer solutions for handling all the menu tasks of a
modern car-infotainment-system. The knowledge of the optimized combination of
the operation modalities and the menu tasks is very important in order to create a
special menu system for the touchpad with haptic feedback and to guarantee an easy
usage and a minimum of distraction from the main driving task.

Thus the results of this experiment provide the basis for the further development
of the touchpad with haptic feedback and the menu structure of the specially
implemented car-infotainment-system, in order to assure a preferably facile and
intuitive interaction between driver and infotainment-system even while driving.
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ABSTRACT

Low carbon vehicles offer a means of reducing carbon emissions and thereby
helping sustainability. However, their rapid introduction, accompanied by new IT
capabilities (for example in wireless and sensor technology and cloud computing)
has meant that there has been little opportunity to fully consider the nature of the
eco-driving task, the added demands it places on drivers, the HMI requirements and
the development of a road infrastructure that can support anxiety free driving. This
research considered the experiences of early adopters through a review of blogs,
news articles, reviews by motoring journalists and reports of trials, and interviews
with those who had taken part in a nationwide UK trial.

Common themes emerged relating to range anxiety, problems with charging,
feedback from the vehicles and the adaptations drivers need to make to their driving
descriptions in order to use the vehicles effectively. The most serious concern for
inexperienced drivers was whether the range of their vehicle would be sufficient for
their needs. More experienced drivers learnt to plan journeys to take account of the
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limited range. Reliable feedback about the range and charging status helped drivers
to adapt their behaviour and use their vehicles effectively

Keywords: HMI, low carbon vehicles, early adopters, sustainability

1 INTRODUCTION

It is widely accepted that the continued use of fossil fuels is unsustainable due to
the environmental impact of CO?emissions on global warming. In 2007, the Interna-
tional Panel on Climate Change (IPCC) reported that an 80% cut in greenhouse
gases was needed from developed countries to limit the future damage. European
politicians have committed to achieve this by 2050. At present, transport represents
a third of total CO2 emissions in the UK. Over the last decade, this has increased
faster than any other sector. It is evident that the target will not be achieved unless
there are significant reductions in emissions from transport (RAE, 2010). In
response to this challenge, the future will see improved efficiency in new cars,
increased take up of new model hybrids, vehicle charging infrastructure initiatives,
and introduction of early market ultra-low carbon vehicles.

In response to commercial and legislative factors, Original Equipment
Manufacturers (OEMSs) are developing low carbon vehicles and including
technology and driver assists which increase eco-friendly driving and reduce energy
costs in other ways (e.g. by using vehicles to store energy and transfer it back to the
grid). As people become more eco-aware, the road infrastructure and design of new
vehicles improves, and eco-friendly cars become less expensive there will be a
steady rise in interest and uptake of these vehicles.

The estimated market for fully electric vehicles will reach 2.6 million by 2015
and Deloitte (2010) has estimated that by 2020, electric vehicles will account to 3.1
percent of U.S. automotive market. The UK Committee on Climate Change (2009)
expects dramatic improvements in the carbon efficiency of cars and measures to cut
the growth in traffic, potentially including road pricing. It recommends that there
should be 1.7m electric cars, with 3.9m drivers trained in fuel-efficient techniques
by 2020.

Taken together, these trends create three types of challenges for drivers of
electric vehicles in relation to 1) the driving task, 2) the manner of driving and 3)
the interpretation of information presented in the car and on other devices. These
influence the user experience of the electric car and safety issues. In the following
sections each of these challenges will be considered in turn.

1.1 The Driving Task

Traditionally the driving task has been characterised in terms of three tasks,
navigation, control and hazard identification (e.g. Stanton et al, 2001). The
emphasis has been largely on maintaining the safe and efficient progress of the car
towards the destination. The requirements of eco-driving (see below) will see an
enlargement of the control function to embrace ecologically efficient driving.
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In the UK, with a mature carbon fuel based traffic infrastructure, the driver does
not have to be over concerned about the state of the vehicle prior to departure (e.g.
in terms of the amount of fuel, tyre pressure), as frequent opportunities are provided
to refuel or correct minor issues. On the other hand, the driver of an alternatively
fuelled vehicle has additional tasks concerned with assessing the amount of fuel
available, the distances this will allow him/her to travel, and deciding the charging
strategy. In most countries the road infrastructure does not provide many
opportunities for the owners of alternatively powered vehicles to refuel, or to refuel
quickly. This means that the preparatory phase of the driving task is extended; for
electric vehicles which require long charge times, this preparatory phase can be
extended by up to 8 hours. Additionally, with few recharging points available, the
early adopter has to plan (and possibly book) where the car can be recharged for the
return journey. At the time of writing the UK had 700-750 charging points, with two
third of these located in London (Vaughn, 2011). The research reported in this paper
highlights the need to recognise these new areas associated with the driving task.

1.2Eco-driving

Eco-driving is an adapted driving style which contributes to reduced fuel
consumption and is not restricted to driving low carbon vehicles. It comprises the
following elements: educating novice drivers, re-educating licensed drivers; fuel
saving in-car devices; managing tyre pressures; and purchasing behaviour (Treatise,
2005.). Strategies include shifting to a higher gear as soon as possible, anticipating
the road conditions, maintaining a steady speed in as high a gear as possible, driving
slower than normal, switching off air conditioning, removing excess weight,
switching off rather than idling the car, and keeping tyres at the optimum air
pressure. Some low carbon vehicles have HMI that can assist with eco-driving
through the provision of feedback on driving performance (e.g. through
econometers, shift indicators, rev(olution) counters and speed limiters).

1.3 HMI and Information Presentation

Typically, driver related automotive HMI consists of the following four
elements (just-auto, 2010)
1. Primary driving controls (steering wheel, pedals, shifter). Instrument cluster
2. Displays / controls associated with supporting the primary driving task (e.g.
Navigation)
3. Supplementary displays associated with the primary driving task (e.g. head-up
display, blind spot monitoring)

Market assessments for LCVs show a trend towards standardizing telematics
and associated HMI. By 2015, Frost and Sullivan (2009) forecast, that more than
80% of electric vehicles sold globally will have standard telematics features (up
from approximately 50% in 2010). Future instrument clusters will not consist of two
primary dials (speedometer and tachometer) but an array of reconfigurable, digital
displays informing the driver of the vehicle’s state, their driving performance, the
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performance of others, current and future road conditions, points of interest, and
availability of charging points. Non standard means of presenting information will
be available; displays will be presented to all the drivers’ information channels
(visual, aural, haptic), in real and augmented reality and in a variety of positions (in
the instrument cluster, head up displays, rear view mirror and other displays shared
with the front passenger).

The integration of sensor technology, cloud computing, vehicle to vehicle, and
vehicle to grid provide opportunities to present information to the driver and other
interested stakeholders. From an ergonomics perspective, issues of information
presentation and information overload are critical. Is the right information being
presented in the right way for the drivers to understand and act upon? Are they
receiving too much or too little information? Both of these can make the driving
task more difficult and stressful. Nissan has referred to the transition from
automobiles to infomobiles. However, insufficient research is being conducted on
the implications of these changes for vehicle safety, usability and more generally
the driving process (Green, 2000, 2008).

2. THE STUDY

In order to understand the requirements of eco-drivers and make
recommendations regarding the design of HMI, a qualitative study was conducted
of the experiences of early adopters of electric vehicles using material from news
reports, blogs and interviews (see Tablel).

Table 1 Data sources

Data source Details

News items 1. 106 news items relating to LCVs issues in November 2010
2. Curran’s (2010) reports made when travelling 4500 in Europe
in the Think City electric car
3. Lanning’s (2008) experiences of the Smart Fortwo Electric
Drive.
Blogs 1. Personal blogs of participants in the US Mini E trial (June
2009-June 2010)
2. The Boxwell's blog (2006-2011). A UK family who tested the
Reva G-Wiz and Mitsubishi iMIEV electric cars
3.  Kodama'’s (2011) blog. A Californian electric car enthusiast
who has owned a GM EV1, Toyota RAV4, and who took part
in the BMW Mini E trials.
Review of 1. 12 month CABLED project in West Midlands, UK, reporting
field trials findings from 22 Mitsubishi IMIEV drivers. (Aston University,
2010a, 2010b).
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2. Mini E trials in USA, Germany and UK from 2009. Changes in
the functioning of the ecosystem which benefit and impact
the well-being of humans

3. Davis University (California) PHEV trails with 34 participating
households using adapted Prius vehicles (Kurani et al, 2009)

4. CENEX Smart Move Trial in North East England. 6 month
study considering the feasibility of integrating Smart Fortwo
Electric Drive cars in to fleets.

The aim was to understand the extent to which current HMI supports the needs
of drivers of electric vehicles. Several writers, including Ljung et al. (2007) have
written about the importance of testing HMI in a realistic setting in order to
understand the problems faced by users. Carsten and Nilsson (2001) wrote about the
importance of testing the safety aspects of HMI with trials in real world settings.

Akenhurst (2009) advocated the use of blogs and suggested that they may reflect
more genuine attitudes of consumers than other forms of data collection. However,
Ram and Jung (1994) suggested that early adopters may have different
characteristics to people who acquire a product at a later stage of development. For
example, early adopters are more willing to tolerate the inconveniences of new
products than other users. Therefore the bias of the data sources used here should
be noted; the participants were drawn from higher socio —economic bands, they had
positive attitudes towards low carbon vehicles and were willing to change their
behaviour in order to use the vehicles effectively.

The data sources outlined in Table 1 were thematically analysed for issues
relating to user-experience, and human-machine interaction. Similar trends
emerged from each data source; therefore the results have been presented in terms
of these themes.

3.RESULTS

3.1 Range Anxiety

Range anxiety is the term used to describe drivers™ anxiety about their car’s
ability to cover the distance required before it needs to be recharged. It occurs
almost exclusively in drivers of fully electric vehicles because the limited charging
infrastructure means they cannot easily ‘refill’. It is also more prevalent amongst
those who are less experienced in driving LCVs.

In the Mini E trials conducted in the Berlin metropolitan area, Cocron (2010)
found that participants initially had concerns about the limited range of the car (95-
125 miles). After three months ownership, almost all found the range suitable for
their daily needs. Similarly, Hoffman (2010) in the Smart Electric Drive UK trial
found that participants’ anxiety disappeared with extended use

In the Cenex trial participants reported anxiety throughout the length of the trial
(Carroll, 2010). Drivers tended to be overly-cautious about the distances they were
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willing to travel, and only 7% of journeys were undertaken when the battery was
showing less than 50% of charge. The result may reflect the short time participants
spent with the cars. Over the six month trial 264 different people drove the four
available Smart Fortwo EVs and it is likely that they did not have time to develop
confidence that the range would be sufficient for their needs.

Out of the 20 drivers interviewed as part of the Cabled trial, 55% had felt
concerned about the range of their vehicle but the majority of these thought that their
anxiety would reduce with experience. Not all vehicles in the Cabled trial provided
drivers with information about the range and the majority of drivers thought that this
would be useful. Providing drivers with a reliable indication of the range, preferably
in an analogue form, was suggested as a way of reducing their anxiety.

After they had experience of driving their vehicles, 41of the Cabled drivers were
asked how much they agreed with the statement, “I have trust in the vehicle's
range”. 61% of the participants trusted the feedback; others gave examples of times
when it had not corresponded with the distance that had been covered. For low
carbon vehicles, the range is affected by factors such as outside temperature and
road conditions, not merely the distance travelled. This may make the feedback
about range appear to be unreliable.

Even before commencing the trial, 54% of participants cited outside temperature
as a factor that they thought would reduce range as being a factor that would reduce
the range. Becoming an effective driver of a low carbon vehicle involves
understanding influences on the range and being able to take account of them when
planning a journey e.g. realising that the range will be reduced when the weather is
cold. It would help drivers to have an estimated range figure that took account of
factors like temperature and speed of travel to provide them with a realistic estimate
of how far they could travel before needing to recharge.

3.2 The charging process

The charging process was novel for many LCV drivers, and resulted in a number
of problems, the most serious of which was vehicles failing to charge. The
experiences of early adopters show that feedback is needed about the charging
progress and warnings needed if charging are interrupted. Some participants
suggested a mobile phone app that would provide them with information about
charging when they were away from the vehicle. It was also suggested that drivers
could be provided with information on the location of nearby charging points.

Problems with charging were often exacerbated by the location of the charging
socket. Charging could be awkward when the socket was on one side of the vehicle
and the cable needed to be stretched to reach the charging point. Standardisation
which takes into account the context of use would be useful (perhaps with a central
charging socket).

3.3 User feedback

Reliable information about range and charging was needed. Some of the drivers
have suggested an early warning of low charge. Participants in the Cabled trial
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suggested that that this should be given before the 10% state of charge was reached.
Those who had used public charging points suggested that providing in-car
information about the location and availability these would help them to better plan
their journeys.

Most drivers were happy with the lack of engine noise but others pointed out the
danger to pedestrians and wildlife. Some drivers reported being unsure whether
their vehicle was “on” or “off” due to the lack of feedback when they switched on.
Some drivers wanted feedback about how their driving style affected the range of
the vehicle and it was suggested that this would help them to drive more effectively.

3.4 User adaptation to Eco-driving

The drivers of electric vehicles adopted eco-driving techniques. For example, Mini
E drivers selected their route in order to optimise the range (Maloughney (2009),
avoided highway driving, reduced the use of secondary controls and controlled their
vehicle by using the throttle instead of the brake. Curran (2010) reduced his speed
to conserve battery power, although that meant driving more slowly. In the US Mini
E trial, 98% of Mini E drivers liked the way regenerative braking could be actively
used to increase their range (Lentz, 2010). Additionally, drivers sometimes chose
not to operate additional features, such as the radio, heating or electric windscreen
wipers in order to save power.

4. DISCUSSION

The next 5 years is going to see a substantial increase in the prevalence of
telematics and associated HMI in LCVs. Dr. Bob Schumacher, General Director of
Advanced Engineering & Business Development, Delphi Electronics & Safety,
stated the need to engage practices in user experience design, active safety
technologies, manage information flow from the infotainment to the user, and
monitor the driver's attention while driving is their priority (Delphi 2011).

The review of the experiences of early adopters of electric vehicles has shown
that regardless of the model driven, there are a range of factors which need to be
addressed to promote eco-driving, reduce anxiety and support the additional tasks
that an alternatively fuelled vehicle creates. These have arisen because of the stage
of development (with immature fuelling infrastructures), the failure to understand
the context of use (how, when and where charging will occur) and the need for new
types of information to support eco-driving.

The drivers consulted were enthusiastic and dedicated early adopters, many of
whom share their experiences on social media. The use of such material may lead to
a source of bias. In this study we have tried to balance these self generated
comments with the experiences of users in more controlled trials. The results from
all groups agree. However, the self selection and entry requirements to the studies
have meant a significant bias in the respondents — who are drawn from a group who
are interested in sustainability, automobiles and new technology, and from high
socio economic groups. Regardless of this bias, the studies have the high level of
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ecological validity associated with field trials, and have led to the production of
recommendations which will lead into the next generation of HMI.

One of the issues faced by all users was the need to understand the different
kinds of equipment and information shared about the vehicle's status. Features like
battery state of charge (SOC), charging states, power flow diagrams,
starting/stopping charge, vehicle-feedback on driving styles, range available,
charging points available etc. Users will need to adapt and become acquainted with
such information to reduce chances of anxiety, worries and increase safety. User
training may be needed to enable a "first time" user to understand and interpret the
displayed information. The need for the user to identify any related issues with the
help of vehicle HMI/telematics will be necessary. The users’ perspective needs to
be considered to understand the driver-vehicle interaction/experience to increase
usability, reliability, safety and enjoyment.

5. RECOMMENDATIONS

The design flexibility of configurable instrument clusters will allow contextual
information to be shown relevant to the current task. This will allow greater
amounts of information to be displayed, whilst maintaining simplicity if managed
carefully. However, there is no consensus on how new information (such as that
relating to the state of charge) should be displayed, or how this can be displayed to
encourage novice and expert drivers in more efficient and sustainable driving.
Clearly, future automobiles and other modes of transport will be more connected
and integrated into our lives, with technology transfer and integration with
pervasive and mobile computing.

Design guidelines for eco-feedback interfaces include portraying information in
an abstract or metaphorical manner to allow drivers to understand how their actions
relate to the goal of greater efficiency; data should be presented simply,
unobtrusively and displayed when required; positive reinforcement should be used
to encourage behaviour change; information about user’s past experiences as it
relate to goals should be accessible and information should be presented in a
grounded context so that drivers can quickly understand the relative impact of their
behaviour (Kurani et al, 2009).

The automotive interfaces that have most successfully applied these principles
are the Ford SmartGauge as found in the Fusion hybrid, and the LCD screens in the
Chevrolet Volt. User feedback regarding the SmartGauge has been largely positive
with drivers finding it rewarding, and useful in helping maximise fuel economy.

Specifically, we would recommend that the HMI of low carbon vehicles
includes:

e an estimated range figure that takes into account factors such as temperature
and vehicle speed. This should be in analogue form

e information showing the state of charge and a warning when the 10% state of
charge is reached

e information about the charging progress while this is taking place and a
warning if it is interrupted
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e information about range and charging available remotely e.g. via a mobile
phone app

o drivers with information about the location and availability of nearby charging
stations

e anoise when the engine is on as a safety measure

e aclear indication of when the vehicle is “on’

e drivers with information about how their driving behaviour affects the range
and state of charge.
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ABSTRACT

The error prevention effects of “point and call check” are known and it is used
in several industries. It is thought that point and call check have several error
prevention mechanisms. It is likely that the eye focusing effect of “pointing” is one
of them. We investigated if “pointing” had the error prevention effect and the effect
is due to the eye focusing. The task was to count the dots on the display.
Participants counted the dots with or without pointing to the dots. The density of the
dots was controlled (high or low). If error prevention effect of pointing is due to the
effect of eye focusing, the error prevention effect was revealed more clearly in high
density condition than low density condition that focusing the only target dots is
more difficult. As a result, error prevention effect of pointing was seen in only low
density condition. These results indicate that error prevention effect of pointing is
not due to the effect of eye focusing, but may be due to other error prevention
mechanism. One interpretation of these results is pointing has the memory
promoting effect. Because the distance between dots is longer in low density
condition than in high density condition, remembering the position of each dot is
more difficult in low density condition. In consequence, error prevention effect of
pointing was seen in only low density condition.

Keywords: pointing, human error, error prevention
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1 INTRODUCTION

The error prevention effects of “point and call check” are known and it is used
in several industries. In the railway field, various types of workers, not to mention
train drivers and conductors, use “point and call check” in Japan.

It is thought that point and call check has five error prevention mechanisms: (1)
eye fixation with pointing, which makes people closer to the object and deliver clear
visual images to the retina (liyama, 1980), (2) memory enhancement with calling,
which makes people be able to focus their attention on the object and memorize it
when we call it to rehearse the object (liyama, 1980), (3) error awareness with
calling, which makes people’s accuracy of cognition increased due to both the
visual and auditory senses (liyama, 1980), (4) arousal with pointing and calling,
which stimulates the activity level of cerebrum by muscular movements of chin,
hands arms (liyama, 1980), (5) delay of responses with pointing, which inserts time
rag between perception and response to inhibit people’s premature response (Haga,
Akatsuka and Shiroto, 1996).

It has been reported that point and call check has error prevention effects
(Shigemori, Saito, Tatebayashi, Mizutani, Masuda and Haga, 2009; Naito,
Shinohara, Matsui and Hikono, 2011; Sato, Shigemori, Masuda, Hatakeyama and
Nakamura, 2011), but the sufficient evidences of these five error prevention
mechanisms have not been provided. Therefore we need to confirm each
mechanism.

In this paper we focus on the mechanism of eye fixation with pointing. We
experimentally investigate if “pointing” has the error prevention effect and the
effect is due to the eye focusing.

We compare the error rate in the task counting the dots on the PC display in high
and low density conditions. In high density condition, the distance between dots was
shorter than in low density condition and it is more difficult to fix eyes only on the
target dot in high density condition than in low density condition because eye was
attached to non-target dots. If error prevention effect of pointing is due to the effect
of eye focusing, the error prevention effect will be revealed more clearly in high
density condition than in low density condition since focusing only on the target dot
is more difficult. On the contrary, if the error prevention effect was revealed more
clearly in high density condition than low density condition, pointing may have
other error prevention mechanism.

For the purpose of confirming the eye focusing effect of pointing, eye
movements are recorded. If error prevent on effect of pointing is due to the effect of
eye focusing, the difference of the number of eye fixations on each dot between
with pointing and without pointing will be more in high density condition than in
low condition.

Procedure
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2 PROCEDURE

2.1  Participants

Thirty four people (fifteen male, nineteen female) participated in the study; they
had the mean age of 20.94 years. All participants were aware of their right to
withdraw from the study at any time and had a full debriefing about the aims of the
study.

2.2  Equipment

We collected data using the experiment software (developed with Microsoft
Visual Basic 2008). Experiment software was installed to the PC (VAIO
VPCB11AGJ). Output was shown on the display (DELL E198FP) at 1024 x 768
pix. The responses of participants were recorded with a keyboard connected to the
PC. The display was positioned 60 cm from the participants.

Eye movements were recorded using the eye movement tracking device (NAC
EMR-8). The eye movement was tracked at 60Hz. The tracking data was recorded
on digital HD videocassette recorder (SONY GV-HD700).

2.3 Task

The task was to count the dots on the display. This experiment consisted of two
sessions. The first session was a trial session. Participants performed the task under
different experimental conditions: (1) with pointing, (2) without pointing. The
density of the dots was controlled (high or low: Figure 1). In the trial session,
participants experienced one high density trial and one low density trial without
pointing, and the order was randomly selected. One session consisted of twelve
trials: six high density trials and six low density trials in each experimental
condition. Each trial was selected randomly. The order of with or without pointing
was counter balanced. The density of dots was controlled not to be the same in the
six consecutive trials.
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Figure 1 High and low density conditions and area dots were presented in each condition.

In the trial session, the number of dots on the screen in one trial was forty. In
one session, the number of the dots on the screen was as shown in Table 1 and the
average number of the dots was forty.

Table 1 Number of dots in trial sessions

experimental conditions number of dots
. o high density 40
without pointing )
low density 40

Table 2 Number of dots in each experimental condition

experimental conditions number of dots
. L high density 37, 38, 39, 41, 42, 43
with pointing .
low density 37, 38, 39, 41, 42, 43

high density 37, 38, 39, 41, 42, 43

without pointing .
low density 37, 38, 39,41, 42, 43

The screen was divided into the 70 x 50 arrays of cells. In high density trials, the
locations of the dots presented on the screen were selected from all cells. On the
other hand, in low density trials, the locations of the dots presented on the screen
were selected from limited cells (from rows eighteen to fifty three and from
columns thirteen to thirty eight).

The dots were presented for 400ms per each dot. When forty dots were
presented, dots were presented for 16000ms.
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2.4 Hypothesis

If error prevention effect of pointing is due to the effect of eye focusing, the
error prevention effect was revealed more clearly in high density condition than in
low density condition.

If error prevention effect of pointing is due to the effect of eye focusing, the
difference of the number of eye fixations on each dot between with pointing and
without pointing will be larger in high density condition than in low condition.

Figure 2 Flow of experiment

3 RESULTS

3.1 Control of the density of dots

In order to confirm the control of the density of dots, analysis of variance was
conducted.

The results indicated that the main effect of the density and the average distance
between dots in high density condition was fewer than that in low density condition
(F(1,33) = 20516.14, p <0.01). There was no main effect of with/without pointing
and interaction between with/without pointing and density of dots.

These result validated the control of the density of dots.
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3.2 Error rate

Analysis of variance (ANOVA) was conducted to examine the effects of
with/without pointing and density of dots. The results indicated that the main effect
of with/without pointing and the number of wrong count in with pointing condition
was significantly fewer than that in without pointing condition (F(1,33) = 9.81, p
<0.01). There was a marginally significant interaction between with/without
pointing and density of dots (F(1,33) = 3.47, p <0.1). The simple main effect test
indicated that in with pointing condition the number of wrong count in low density
condition was fewer than that in high density condition (F(1,33) = 6.25, p <0.05
The simple main effect test indicated that in low density condition the number of
wrong count in with pointing condition was fewer than that in without pointing
condition (F(1,33) = 10.88, p <0.01).

Table 3 Error rate in each experimental condition

Experimental High density Low density
conditions Non-point check | Point check Non-point check | Point check
Mean 0.61 0.55 0.62 0.45
SD 0.30 0.27 0.27 0.26
1.00 - .
0.90 - * %
0.80 - |
0.70
E 0.60 =
0.50 -
E 0.40 -
0.30 -
0.20 -
0.10
0.00
Non-point | Pointcheck| Non-point | Pointcheck
check check
High density Low density

Figure 3 Error rate in each experimental condition (*; p<.05, **; p<.01).

3.3 Eye fixation

Because of the deterioration in the accuracy of the eye tracker calibration, the
data was not analyzed.
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4 DISCUSSION

As shown above, error prevention effect of pointing was seen only in low
density condition. One interpretation of this result is that difficulty of the
experimental task affected the result. Therefore, because of low difficulty, the error
prevention effect of eye fixation with pointing was seen in low density condition,
but that was not seen in high density condition because of the high difficulty.
Because there was no difference in error rate in without pointing between high
density condition and low density condition, it can’t be assumed that each condition
has different difficulty.

Another interpretation of this result is that error prevention effect of pointing is
not only due to the effect of eye focusing, but may be due to other error prevention
mechanism. One possibility is that pointing has the memory promoting effect.
Because the distance between dots is longer in low density condition than in high
density condition, remembering the position of each dot is more difficult in low
density condition. Pointing accompanying physical movement may prompt spatial
memory. In consequence, error prevention effect of pointing was seen only in low
density condition.

In order to count the dots accurately, remembering what dots have already been
counted is important. Therefore, it can hardly be assumed that eye fixation have no
relation with error prevention effect. Because of the deterioration in the accuracy of
the eye tracker calibration, we couldn’t test the difference in eye fixation between
each experimental condition. As a result, we can’t test to what extent eye fixation
has relation with prompting memory and error prevention. We need to perform
further experiments under various density conditions and to research using eye
camera.
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ABSTRACT

Two driving simulator experiments were conducted to assess different
alternatives of lane departure warning and assistance systems. In the first
experiment, two types of Lane Departure Warning system (LDW) were compared
with one Lane Keeping Assist system (LKA). In the second experiment, the benefit
of an LKA was assessed as compared with the condition of no LKA. In addition,
similar steering wheel support as for lane departures was implemented as a Lane
Change Decision Aid system (LCDA) in the second experiment, giving feedback in
so called blind spot situations. The purpose was to investigate the possibility to have
the same type of support for different lateral threats in order to harmonize and
simplify the overall support given to the driver. Results indicate some deviating
driving behaviour for novice drivers and generally a positive objective and
subjective results supporting LKA consisting of a combination of guiding steering
force and vibrations of the steering wheel.

Keywords: Lane Departure Warning (LDW), Lane Keeping Assist (LKA), Lane
Change Decision Aid (LCDA), Advanced Driver Assistance Systems (ADAS)
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1 INTRODUCTION

In Sweden, around one hundred persons are Killed every year in accidents
involving heavy goods vehicles, which equals approximately 20% of all persons
killed in road accidents in Sweden (Strandroth, 2009). The Large-Truck Crash
Causation Study (LTCCS), conducted by the National Highway Traffic Safety
Administration (NHTSA) and the Federal Motor Carrier Safety Administration
(FMCSA) in the United States is based on US data collected 2001-2003. According
to LTCCS, accidents involving heavy trucks that can be related to unintended lane
departures are estimated to stand for a large amount of the overall number of
accidents (Starnes, 2006). Thirty-four per cent of all single-vehicle accidents
involving trucks are so-called Right Roadside Departure accidents and for Left
Roadside Departure the figure is 27%. When looking at both single-vehicle and
multi-vehicle crashes the figures are lower. Rear-end collisions stand for most of the
accidents (23%) and Right and Left roadside departures combined for 12 % (ibid.).

Needless to say it is not easy to couple accident statistics to how well a technical
system would resolve the situation. The coding of accidents is sometimes different
between databases. Sometimes both the conflict (e.g. lane departure) and the
outcome (e.g. head-on collision) are coded in the accident database (as is done for
example in police reported accidents in UK, DfT, 2004) while in other databases
only the latter is presented. A lane departure resulting in a head-on collision could
be coded as a lane departure accident or a head-on accident or in some instances be
coded as both. Thus, the effectiveness estimation of a system very much depends on
the classification made in the accident database used. A lane departure situation
resulting in a head-on collision could perhaps be avoided with a Lane Departure
Warning system (LDW) or a Lane Keeping Assist system (LKA), perhaps also
mitigated with an emergency braking system. With an LDW only a warning is
provided to the driver and with an LKA additional steering wheel torque is given to
guide the vehicle back in lane. The potential of different measures to increase safety
was investigated by The Swedish Transport Administration (Strandroth, 2009), and
it was suggested that truck systems detecting vulnerable road users would have the
highest estimated effect with LDW coming second.

According to I1ISO 17361 an LDW should detect the lateral position of the
subject vehicle relative to the lane boundary and, if the warning condition is
fulfilled, warn the driver by either a visual, auditory or haptic warning. A standard
for LKAs is currently not available but under development and will cover systems
that provide additional steering torque. Several vehicle manufacturers today offer
LDW to their customers (e.g. Citroén, Mercedes, Volvo and BMW). Additional lane
keeping assistance is often offered as well (e.g. Honda, Audi, Ford, Lexus, Toyota
and VW). In the truck segment lane departure warning systems are offered by
Volvo, Renault, Mercedes, MAN, lveco, Scania to name a few. At the time for this
paper, no truck brands offer systems using applied steering wheel torque.

One reason for introducing other types of countermeasures than warning sounds
in order to avoid unintended lane departures is that more active intervention in
vehicle control now are possible to accomplish with current technology. Drivers
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would be able to get a more full support in a dangerous situation rather than a
warning solely. Additionally, sounds sometimes are seen as disturbing by some
drivers which was observed in a study by Braitman et al. (2010). Navarro et al.
(2010) compared more traditional LDWs with motor priming, in which motor
priming was considered to be a mix of LDW and LKA since it provided minimal
direct actions on the steering control (i.e. an intervention at motor level but without
intruding into vehicle control). This was done by the application of small
asymmetric oscillations of the steering wheel. Comparison between the motor
priming and other haptic and auditory systems was made to investigate a way to
support the driver beyond just improvement of the situation diagnosis (i.e. warning
only). The results showed improvements in recovery manoeuvres with motor
priming, but that drivers preferred the auditory warning.

The present study includes two driving simulator experiments with professional
truck drivers conducted to evaluate LDWSs and LKAs.

2 TWO EXPERIMENTS

The first experiment was carried out in the moving base truck simulator at the
Swedish National Road and Transport Research Institute (Figure 1). Two types of
LDW were compared with one LKA. Both the effectiveness of the systems as well
as the drivers’ impressions and preferences were examined. The second experiment
took place in the fixed base truck simulator at Volvo Technology (see Figure 1),
where the benefit of an LKA was assessed. Similar steering wheel support as for
lane departures was implemented as a Lane Change Decision Aid system (LCDA)
which gave feedback in so called blind spot situations. The idea was to investigate
the possibility to have the same type of support for different lateral threats in order
to harmonize and simplify the support for the driver.

el

Figure 1 The simulator used in experiment 1 to the left. and the simulator used in experiment 2 to
the right. Photos: VTI/Hejdlésa bilder (left) and Volvo (right).

2.1 Experiment 1
Three driver aids were used and compared: (i) the lane departure sound currently

in the AB Volvo trucks, (ii) vibrations in the steering wheel, and (iii) guiding force
in the steering wheel. The LDW sound was presented from the left or right side
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speaker depending on whether the left or right lane markings were crossed. The
sound, which resembles the sound of driving on rumble strips milled into the road,
contains 70ms long pulses, with a silence of 33ms in between the pulses. The
fundamental frequency of the sound was around 133 Hz and the spectrum contained
harmonics up to about 4kHz. The vibrations were presented in the steering wheel as
a symmetric oscillation, with a period of 100 ms and an amplitude of +/-1 Nm. The
outcome of the guiding force applied to the steering wheel was a torque ramped
from 0 to 7 Nm, where the guiding direction was opposite the direction of lane
crossing. The ramp up time depended on how the truck approached the lane marker
(e.g. heading angle and speed). The guiding torque was active until the vehicle
stopped drifting and was back in lane. The presentation order of the three driver aids
was equally varied between subjects.

Twenty-four subjects (23 male, 1 female), novice, medium and very experienced
professional drivers, participated. Their average age was 37 years old (SD=14.6,
range: 18-61). All 24 subjects held C driving licences (i.e. allowed to drive a heavy
truck with a total weight exceeding 3,500 kg and a light trailer in tow). Nineteen
subjects held the additional CE driving licenses and had done so for an average of
17.5 years (i.e. they were allowed to drive heavy truck with a total weight exceeding
3,500 kg with one or more trailers of undesignated weight). Drivers were distributed
evenly with regards to their driving experience and to which warning or assistance
system they were exposed to first, second and thirdly. Only four subjects had
previously driven with ADAS such as LDWs and Adaptive Cruise Control.

A secondary task was introduced in order to allow for lane departures. The
subjects were prompted to perform a task on a radio/CD application presented on a
7’ touch screen mounted on the right side of the driver. The task consisted of
changing tune each time a CD-player disturbance was activated (i.e. when the sound
from the CD-player was replaced by noise). In order to further increase the
likelihood of the vehicles to pass the lane markings an additional yaw motion from
the simulator was given. The yaw motion was triggered during the secondary task.

At the end of each experimental drive subjects were asked to intentionally cross
the left and right lane markings in order to provoke the just used driver aid and get a
clearer idea of its functionality.

The following dependent variables were computed for the occasions where
subjects performed the radio task and experienced an active driver aid: (i) Duration
of lateral excursion [s]: Time from when vehicle’s right/left front wheel crosses
the right/left lane marker in the direction from the centre of the driving lane, until
vehicle’s right/left front wheel crosses the right/left lane marker in the direction
towards the centre of the proper driving lane, (ii) Overshoot [m]: Movement past
centre of the right lane after a lateral excursion defined as the distance between the
centre of the right lane and the maximum lateral position opposite to the lane
departure, (iii) Peak acceleration of steering wheel motion [degrees/s’]: Once the
subject’s recovery steering manoeuvre has started, the sharpness of the steering is
given by the maximum acceleration of the steering wheel motion.

A range of questions were presented to the subjects after each drive.
Spontaneous comments were collected as well as opinions about whether the system
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felt complicated, would be easy to understand and learn, and would have any effect
on perceived safety.

A repeated measures analysis of variance (ANOVA) on overshoot with
experience groups as categorical variable (i.e. mixed design) showed a significant
main effect of repetition, F(2, 42) = 4.13, p< .05, and significant interaction effects
of group by repetition, F(4, 42) = 3.43, p< .025, and group by aid by repetition, F(8,
84) = 2.61, p< .025. The three-way interaction effect is illustrated in Figure 2Figure
2. It is the group of low experience level that exhibits a higher mean overshoot only
in the first trial with the vibration aid, as compared with the other repetitions and
aids (except the first trial with the sound aid). The driver groups of medium and
high experience show stable mean overshoot over aids and repetitions. ANOVAS on
duration of lateral excursion and peak acceleration of steering wheel motion showed
no significant effects.

20

Repetition
19 *1
&2
18 x=3

Overshoot (m)

TL TT b

AlID: 1 2 3 AID: 1 2 3 AID:1 2 3

o= = 2 2 s =S =
[ N -
i

Low Medium High

Experience level

Figure 2 Novice drivers with significantly higher values of Overshoot with the LDW with vibrations.
AID1= Sound, AID2=Vibrations, AID3: Guiding force.

Overall, the subjects were somewhat more positive towards the LDW consisting
of vibrations and a bit more hesitant to the guiding force (see Figure 3).
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Figure 3 Drivers’ preference ratings of the three alternatives (left) and their thoughts about using
the systems if installed in their vehicles (right)
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With activation of the guiding force, many drivers were sceptical about leaving
over control to the vehicle and there were thoughts about whether drivers would
automatically countersteer in real traffic. Positive comments brought up some
aspects with regards to accidents and incidents where drivers felt the system would
serve its purpose as a countermeasure. Additionally, there were many “what if”
questions concerning a guiding force on slippery/icy road surface and/or with a
heavy loaded trailer. Many subjects compared the vibration in the steering wheel to
rumble strips milled into the road surface and thought this was good and made the
warnings easy to understand. Subjects reflected on that the sound would probably
create annoyance, after some time.

2.2 Experiment 2

A combination of the vibration and guiding force was evaluated in a second
experiment in order to combine a more actively supporting system with the
vibrations which were well perceived by subjects in the first experiment. 22 subjects
were exposed to one version of an LKA. An additional drive was included where an
LCDA was assessed as well. This was done in order to see if the same type of
feedback in lane departure situations could be used also for situations where the
subject had vehicles in blind spots. 21 subjects drove the experimental runs with the
systems deactivated. This between group design was chosen due to the added
LCDA comparison; level of expectancy of the blind spot scenario was thought to be
difficult to keep low in a within group design.

The LKA was presented when the driver had crossed 50 cm over the right lane
markings onto the curb (total curb width was 2.73 meters) and consisted of a
combination of vibrations in the steering wheel and a guiding force. For the mid and
left hand side lane markings LKA was presented already after 15 cm. The LCDA
system used a similar combination of vibrations and force as well as an additional
blind spot display located by the right hand A-pillar.

The vibrations were presented in the steering wheel as an asymmetric
oscillation, with a period of 85 ms and an amplitude changing between -1, 0 and 1
Nm. The time of the torque was longer in the direction of the lane centre and shorter
in the direction of lane departure in order to give a guiding vibration feeling (Figure
4).
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Figure 4 The vibrations part of the LKA in Experiment 2
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The outcome of the guiding torque applied to the steering wheel was a torque
ramped from O to 4 Nm for the LKA and 0 to 5 Nm for the LCDA, where the
guiding direction was opposite the direction of lane crossing or blind spot object.
The ramp up time depended on how the truck approached the lane marker (e.g.
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heading angle and speed). The guiding force was active until the vehicle stopped
drifting and was back in its lane.

Forty-four subjects (41 male, 2 female), all professional truck drivers,
participated. One male subject had to be removed due to simulator sickness and
there was some data loss due to occasional equipment or computer failures. The
average age of the 43 remaining subjects was 40 years (SD=12, range 20-65). All
subjects held valid C licenses and all except for one subject also held additional CE
driving licences (M=17.8 years). Four drivers drove professionally less than 30.000
km/year and six drivers more than 100.000 km/year. Eleven subjects had some
previous experience of ADAS.

The secondary task and the additional yaw motion used in Experiment 1 were
also used in Experiment 2.

Each subject drove four drives. An initial test run in order to get accustomed to
the simulator was followed by a drive with two sharp LCDA scenarios. In between
the LCDA scenarios other critical scenarios were added in order to further lower the
expectancy level of the LCDA scenarios. In the LCDA drive the subject was
instructed by an experimental leader to follow a vehicle. The two sharp LCDA
scenarios consisted of that both vehicles overtook a vehicle standing still in the right
lane. When the two vehicles entered back into the right lane a vehicle suddenly
appeared from behind into the subject’s right side blind spot (see Figure 5). In the
third experimental drive the LKA was assessed, in which the subject did not have a
vehicle in front to follow and instead was prompted to perform the secondary task
seven times. After the LKA drive the subject was instructed to intentionally cross
the left and right markings in order to provoke the LKA. The subject was also
instructed to deliberately change lane despite vehicles being present in the right lane
in order to provoke the LCDA system. After each drive the subject were asked a
range of questions by the experimental leader.

Figure 5 The LCDA scenario with host vehicle (truck etering back into right lane, and hidden
vehicle suddenly appears from behind into subject’s right side blind spot.

Same measures were calculated for LKA in Experiments 1 and 2 (i.e. Duration
of lateral excursion, Overshoot and Peak acceleration of steering wheel motion).
Analysis of driving behaviour in the LCDA scenarios is not presented in the current
paper, just drivers’ opinions.

For the baseline group the same measures were calculated for the situations where
subjects would have experienced the driver aids if they would have been activated.
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One-way ANOVAs show significant effects of group on first event of Duration
of lateral excursion, F(1, 30) = 6.10, p< .025, and first event of Peak acceleration of
steering wheel motion, F(1, 30) = 4.35, p< .05. With the LKA (treatment) drivers
are back in lane quicker than without (Baseline). See Figure 6. The treatment group
also has significantly higher peak acceleration of steering wheel motion. (Non-
parametric tests with Mann-Whitney U test show the same results as the ANOVAS.)
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Figure 6 The significant effect on first event of Duration of lateral excursion (left) and Peak
acceleration of steering wheel motion (right)

Seventy-two per cent of the subjects in the group with the LKA activated
answered that they indeed felt the system in the lane departure events. Subjects who
felt a system commented on that they felt it when they crossed the lane markers and
that it warned them by vibration and force in the steering wheel. A majority of the
drivers in both groups said they would like to have the LKA in their vehicle.

For the LCDA scenario a higher percentage of subjects in the treatment group
stated that they saw one or both of the two blind spot vehicles on their right (see
Figure 7). When asked if they wanted to have this LCDA system in their vehicle
most subjects answered that they would (Figure 7). This question was asked after
the last test run, and the baseline group could respond here as well.
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Figure 7 Percentage of subjects of each group detecting the blind spot vehicle (left) and that
would like to have the LCDA system in their vehicle (right), respectively.

After the fourth and last drive when the subjects were asked if they perceived
the LKA and LCDA they had tested as one system or several, 64% answered that
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they saw it as several, 26% saw it as one and 10% was unsure. A common
sectioning were steering and vibration into one system and the additional blind spot
display as another one but also warnings for staying in lane as one and warnings for
vehicles in blind spot as one.

A vast majority (93%) of the subjects answered, after they had driven the fourth
drive that they believed that the system/systems that they had tested would be of
benefit for a driver in those situations. The percentage of subjects who wanted to
have a system in their vehicle also increased to 95%. Some reservations were
however made about the guiding force in the steering wheel, which was also the
case in the first experiment. Still, when the subjects were asked if they would trust a
system like this 71% answered that they would.

3 DISCUSSION

In the first experiment, the novice drivers showed more pronounced overshoot in
the first repetition with the vibration-LDW. One explanation could be that
vibrations were actually easier to distinguish compared to the guiding force when
looking at the two options of presenting input in the steering wheel. This could have
caused a surprise effect in the first repetition causing the overshoots. Experienced
truck drivers are also more used to compensate for irregularities coming from the
front axle, which could explain their stable overshoot behaviour over the three
support systems. In the second experiment, the drivers with the LKA activated were
faster back in lane and had a higher peak acceleration of the steering wheel
movement. No significant effects were found for Overshoots, which would be one
of the safety-critical metrics to observe when studying unintended effects. Even
though no effects for Overshoots were found, it is important to include a
combination of metrics that could capture both intended and unintended effects. In
the analyses of the second experiment, however, only the first event, or repetition,
of each performance measure was used.

When looking at the subjective data it is clear that drivers are rating the three
support systems (Experiment 1) quite similarly but questions the realisation of the
guiding force in terms of implications it might have during different driving
conditions. The comments about the sound alternative supports the results found by
Braitman (2010). The results of the second experiment show a high acceptance of
the guiding force both for lane departure situations and blind spot events. However,
the comments made in the first experiments were also made in the second with
regards to possible negative effects the system could create in, for example, reduced
friction situations or when driving with full load.

Some methodological lessons were made when running the two experiments.
One critical aspect with regards to the steering wheel specification (e.g. type of
steering wheel, cabin, links and lag) is that small differences in the simulator set up
most likely create differences in the outcome. The forced yaw motion was
considered to be a necessary methodological step in order to get subjects’ out of
their lane, especially since the subjects were professional truck drivers. However, in
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both experiments subjects clearly indicated that they often felt this force, often
associated to be wind gusts or similar. In a follow up experiment it would be good
to trigger the yaw motion when subjects have their eyes off the road or try and
perhaps as combined with a different secondary task. A system-paced task would
most likely force the driver to look down more from the road scene that in turn
would create more lane departures. A down side would be that subjects would be
unsure on how to prioritise between the primary and secondary tasks.
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ABSTRACT

The development of switch system which leads not only to a faster response
and less frequent visual off road but also to quick learning would be useful for
the purpose of enhancing safety. The usability is, however, not evaluated on the
basis of learning characteristics of such measures as operation time and
frequency of visual off road. The evaluation of usability of switch systems by
means of ease of learning is very useful for automotive designers of cockpit
modules. An attempt was made to investigate the learning characteristics of the
developed integrated switch system using face direction with the traditional
touch-panel interface.

Keywords: automotive integrated switch, learning, face direction, usability

1 INTRODUCTION

Automotive cockpits are becoming more and more complicated (Murata et
al., 2009a, Murata et al., 2009c). While in-vehicle information systems such as
IHCC system and ITS surely support driving activities, the operation of such
systems induces visual and physical workload to drivers. Therefore, it must be
noted that in-vehicle information system has both positive and negative impacts
on safety driving. With the development of by-wire technologies, automotive
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interfaces that control a display using computers have increased. Due to the
widespread of such systems, a variety of switch systems can be installed to in-
vehicle equipments.

The usability of switches are, in general, affected by many factors such as
ease to operate, frequency of visual off road, and physical workload while
operating, etc (Murata et al., 2007, Murata et al., 2008, Murata et al., 2009b,
Murata et al., 2011). The improvement of such factors leads to the enhanced
usability of switches, and eventually contributes to the safety driving. However,
the usability of the developed switch system is rarely evaluated from the
viewpoint of ease of learning (learning process). Therefore, the development of
switch system which leads not only to a faster response and less frequent visual
off road but also to quick learning would be useful for the purpose of enhancing
safety. The usability is, however, not evaluated on the basis of learning
characteristics of such measures as operation time and frequency of visual off
road. The evaluation of usability of switch systems by means of ease of learning
is very useful for automotive designers of cockpit modules.

Therefore, the development of switch system which leads not only to a
faster response and less frequent visual off road but also to quick learning
would be useful for the purpose of enhancing safety. The usability is, however,
not evaluated on the basis of learning characteristics of such measures as
operation time and frequency of visual off road. The evaluation of usability of
switch systems by means of ease of learning is very useful for automotive
designers of cockpit modules. An attempt was made to investigate the learning
characteristics of the developed integrated switch system using face direction
together with the traditional touch-panel interface.

2 METHOD

2.1 Participants

A total of 3 male participants licensed to drive took part in the experiment.
All were young adults aged from 21 to 24 years. They took part in the same
experiment consecutively for ten days. They hand no orthopaedic or
neurological diseases.

2.2 Apparatus

Two switches were used in the experiment. One was a traditional touch-
panel switch, and the other was a developed integrated switch which can realize
many functions by making use of facial direction. This system enabled the
participant to select one of many functions by changing the facial direction and
pressing a “Confirmation” key placed around a steering wheel. Using a three-
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Figure 1 Outline of experimental setting.

dimensional magnetic-type location measurement system (POLHEMUS, 3-
SPACE Fastrak), the switch system automatically recognized the facial
direction (central, left, right, middle-left) and the combination of the recognition
and the pressing of “Confirmation” key enables the participant to carry out a
pre-determined switch operation such as the open and close of left-side window.
In the simulator, according to Japanese and British standard, the participant
location was on the right (The driver’s seat was located on the right).

2.3 Experimental task

Viewing the road in Figure 1, the participants were required to carry out the
simulated driving task. The straight road was used in the simulation (The curved
road was not used). The participants were also required to carry out the switch
operation task using either the touch-panel interface (See Figure 1) or the
integrated switch using facial directions. The switch operation included the
following tasks: (1) open/close of a window on the driver’s side, (2) open/close
of a front passenger’s seat, (3) operation of a door mirror on the driver side, (4)
operation of a door mirror on the front passenger side, (5) on-off of a hazard
ramp, (6)adjustment of a seat, (7) adjustment of an air conditioner, (8) operation
of an audio system, (9) operation of a car navigation system, (10) on-off of a
door mirror light on the driver side, (11) on-off of a door mirror light on the
front passenger side, and (12) information presentation to HUD (Head Up
Display). It must be noted that the operation (12) was carried out only by the
integrated switch operation using facial directions.

The operation principle of the integrated switch using facial directions is
briefly explained below. The three-dimensional magnetic-type location
measurement system used for recognizing facial direction is shown in Figure
2(a). Five areas shown in Figure 2(b) were discriminated using the measurement
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Figure 2 (a) Three-dimensional magnetic-type location measurement system used for recog-
nizing facial direction, and (b) areas that are discriminated using the measurement system.

system. The discrimination was carried out on the basis of the yaw angle output
from the three-dimensional magnetic-type location measurement system
(Fastrak). When the participant moved his head toward the left door mirror and
the system recognized this, he could carry out the switch operations (2), (4), and
(11). When the head movement to center panel was recognized, the participant
could carry out the switch operations (6), (7), and (8). When the system
recognized that the head was directed to the center of a seat, the participant
could conduct the operations (5) and (12). The system recognition of the head
movement to the right door mirror enabled the participant to carry out the
switch operations (1), (3), and (10). After selecting the function, the participant
can move his head freely and continue and complete the switch operation using
a steering-wheel mounted switch. Thus, a lot of functions can be realized by
making use of facial directions. The contents of switch operations (1)-(12) were
orally presented to the participant. In case of the touch-panel interface, the
participant carried out switch operation using the touch-panel.
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2.4 Design and procedure

Both switch type and experimental session were within-subject factors. The
participants were required to carry out simultaneously a main tracking task and
a secondary switch operation task such as the operation of CD and the putting
on of hazard ramp. The duration of one experimental session was about 7 min.
In one session, the participant conducted the switch operation 10 times. In one-
day experiment, the participant repeated the session 30 times (a total of 300
switch operations). Between sessions, the participant was allowed to take a
short break. The three participants conducted the experimental task above for
ten days.

2.5 Evaluation measure

Making use of the output data from the three-dimensional magnetic-type
location measurement system (Fastrak), the frequency of visual off road and the
visual time off road were obtained. When the head movement was out of the
center area in Figure 2(b), this was regarded as visual off road. The following
evaluation measures were used to compare the usability between two types of
switches:

(1)Task completion time in switch operation

(2)Percentage correct in switch operation

(3)Frequency of visual off road

(4)Visual time off road

(5)Workload evaluation by NASA-TLX (WWL: Weighted Workload Score)

3 RESULTS

In Figure 3, it is shown how the task completion time is shortened or
reduced with the progress of learning (increase of repetition (day)). For both
switches, the task completion time decreased on days 2, 3, 4, and 5 as compared
with that on the first repetition (day 1). A two-way (switch type by day)
ANOVA conducted on the task completion time revealed no significant main
effects or an interaction. In Figure 4, the task completion time is compared
among dayl, days2-6, and days7-10. A two-way (switch type by block (dayl,
days2-6, and Days7-10)) ANOVA conducted on the task completion time
revealed only a main effect of switch type (F(1,2)=88.605, p<0.01). The
proposed integrated switch led to a faster operation. In Figure 5, the fitting of
the task completion time to learning curve y=axID is depicted. For both switches,
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Figure 7 Percentage correct compared between switch types and among day1, days2-6, and
days 7-10.

the learning rate is very slow, indicating that the operation of both switches can
be easily learned.

In Figure 6, the percentage correct is plotted as a function of switch type and
day. A similar two-way ANOVA conducted on the percentage correct revealed
no significant main effects or interaction. In Figure 7, is compared among day1,
days2-6, and days7-10. A two-way (switch type by block (dayl, days2-6, and
Days7-10)) ANOVA conducted on the percentage correct revealed no
significant main effects or interaction.

The learning curves of frequency of visual off road for both touch-panel
switch and eye-gaze/facial direction switch are shown in Figure 8. The number
of visual off road is remarkably higher in days 1 and 2 than in days 3, 4, and 5
for both types of switch. The learning might be helpful to reduce the visual off
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Figure 9 Visual time off road as a function of switch type and day.

road. In days 3, 4, and 5, the visual time off road decreased. Although the
frequency of visual off road seems to increase on days 6-9, a similar two-way
ANOVA revealed no significant main effects or interaction. In Figure 9, the
visual time off road is plotted as a function of switch type and day. A similar
two-way ANOVA revealed no significant main effects or interaction.

In Figure 10, the subjective rating on usability is shown as a function of
switch type and day. In Figure 11, the NASA-TLX (WWL) score is plotted as a
function of switch type and day. Kruskal-Wallis non-parametric statistical test
revealed no significant main effects for both Figures 10 and 11.

4 DISCUSSION

The results from Figures 3, 4 and 5 indicate that the usability should be
evaluated by taking the learning characteristics of task completion time into
account. The switch systems used in this experiment should be compared and
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Figure 11 NASA-TLX score as a function of switch type and day.

evaluated on the basis of the data after day 2. Until day2, all participants
experienced the switch operation task 600 times using each switch. Such trials
(repetitions) are necessary to get accustomed to using the switch system.
Although it might be very time consuming, abounding initial data (in this case,
days 1 and 2) and using the stable data on days 2, 3, and 4 would be essential
for the proper evaluation of switch systems.

From Figures 6 and 7, the learning effect is not observed in the aspect of
percentage correct, which indicates that both touch-panel and proposed
integrated switch can be operated easily (without errors) without learning
periods. Figures 8 and 9 also indicate that the learning effects are less observed
for both types of switches.

The 10-day experiment was imposed on the three participants. In Figure 3,
the task completion time tended to increase on days 9 and 10. Similar tendency
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was observed for the NASA-TLX score (See Figure 11). NASA-TLX score got
constant and stabilized after day3 in the same manner as the task completion
time. It must be noted that NASA-TLX score increased on dayl10. The increase
of task completion time and NASA-TLX score on days 9 and 10 must be due to
the monotonousness, boredom, and habituation.

Different from the task completion time and the NASA-TLX score, the
usability rating got constant and stabilized after day5. This indicates that the
subjective feeling induced by learning does not necessarily correspond with the
objective measure represented by the task completion time. Taking into account
the task completion time, NASA-TLX score, and the subjective rating on
usability synthetically, the learning can be completed within 5 days. For the
sake of caution, the 10-day experiment was conducted. The learning
characteristics of both types of switches seem to be grasped with a 5-day
experiment. In future research, the number of participants should be increased.
The learning characteristics of older adults should be clarified, which might
reveal different characteristics from those of young adults, and help the
universal design of switch systems.
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ABSTRACT

The crashes caused by the presence of a vehicle in the car’s blind spot areas
account for about 20% of the overall lane change crashes. Recently, in order to
overcome the issue, car manufacturers introduced some Advanced Driver
Assistance Systems (ADAS), detecting other vehicles in the blind spot areas and
warning the drivers. Those systems, generally called Blind Spot Information System
(BLIS) or Lane Change Warning (LCW) are supposed to be helpful for the drivers
but, up to now, little information is available on drivers’ opinions and the road
safety impact of such systems. In order to fill this gap, focus groups interviews were
conducted with the aim of collecting drivers’ opinions about BLIS. Overall, the
participants were satisfied about the help provided by the system during the lane
change task. Furthermore, they admitted that the lane change behaviour is not
modified by the system. However, it appeared that, in the long-term, behavioural
adaptations might occur: drivers could rely on the system and carry out the lane
change without checking the mirror, only based on the information provided by the
system. Based on these results, further research is required on the topic.

Keywords: lane change, focus groups, road safety, behavioural adaptation.
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1 INTRODUCTION

In a document recently prepared by the National Highway Traffic Safety
Administration (NHTSA, 2009), 312000 crashes were reported during merging or
changing lanes and, in those situations, 769 people died and 48000 were injured.
Despite representing only 4 to 10% of the total number of crashes (Wang and
Knipling, 1994), those figures could be further reduced if, during the lane change
performance, drivers’ attention could be enhanced by some means. In fact, as
reported by several studies (Lavalliére et al., 2011; Kiefer and Hankey, 2008;
Tijerina et al., 2005; Olsen et al., 2005), drivers often fail to check the rear-view and
the left side mirrors. Furthermore, according to a literature review on lane change
crashes (Lee et al., 2004), in those situations, most drivers did not try an avoidance
manoeuvre, suggesting that they were probably not aware of the presence of another
vehicle on the side, when carrying out the lane change. Then, based on this
outcome, a part of the conflicts might have been arisen with vehicles passing in the
blind spot areas. Blind spot areas are the zones on the left and on the right of a
vehicle (approximately 9.5 m long and 3 m width) which cannot be seen by the
drivers through the rear-view and wing mirrors. In the USA, in the period 2002-
2006, the crashes caused by the presence of a vehicle in the blind spot areas
accounted for 26% of the overall lane change crashes (Farmer, 2008). A possible
solution to the problem is to equip vehicles with some Advanced Driver Assistance
Systems (ADAS) that, using cameras installed on the wing mirrors, detect the
presence of another car/motorcycle moving (in the same direction) in the blind spot
areas and alert the drivers. Those systems (generally called Lane Change Warning
or Blind Spot Information Systems), developed by the Original Equipment
Manufacturers (OEM), can warn the driver in several ways:

1. through a blinking warning light in the interior parts of the vehicle (close to the

A pillars and nearby the mirrors);

2. through a light illuminating in the wing mirrors;
3. through a light illuminating on the wing mirrors and a vibration on the steering
wheel when the driver uses the indicator to change lane.

In an on-line survey performed in the Netherlands (van Driel and van Arem,
2005), participants appeared to greatly favour the introduction of ADAS helping
drivers in detecting vehicles in the blinds spots. Then, there are high expectations
(from the users and from the institutions) that systems such as Blind Spot
Information System (BLIS) and Lane Change Warning (LCW) could increase
driving comfort and, therefore, have a beneficial impact on road safety. However,
the introduction of a change in the driver-vehicle-environment (DVE) system might
also bring some side effects, such as automation surprises (Sarter et al., 1997),
overtrust in the system (Parasuraman et al., 1993), situation awareness impairment
(Stanton and Young, 2000) and negative behavioural adaptations (OECD, 1990). In
order to reduce (or avoid) the appearance of those issues, the Human-Centered
automation approach has been introduced with the objective of establishing a
cooperative collaboration between humans and machines (Inagaki, 2006).



59

2 THE HUMAN-CENTERED DESIGN

“The term Human-Centered (or user-centered) design (or automation) has been
widely popularized as the proper approach to integrate humans and machines in a
wide variety of systems” (Sheridan, 2002, pag. 155). The concept has been initially
applied to aviation (Billings, 1991) and process automation (Hendrick, 1996) but it
was later extended to the automotive field (Fancher et al., 2001; Tango and
Montanari, 2006).

A clear objective of the Human-Centered design approach is to obtain a level of

human involvement that allows the best performance for the human-machine system
(Wickens et al., 2004, pag. 430). For example, during the Human-Centered design
of an in-vehicle system, some aspects need to be taken into account (Tango and
Montanari, 2006):
understanding and coping with system limitations, since the beginning;
clearly inform drivers about systems’ limitations;
find new way to support the driver, maintaining him/her in the control loop;
carefully consider the interaction between users’ needs and systems’ needs.
The involvement of the users during the design process is the key element of the
Human-Centered design approach. Eventually, once the system is released, it is
important to keep on involving the user through an evaluation process which
enables the designer to gain information about user satisfaction and any problems
with the functionality of the system. Such after-market evaluation is, usually,
performed through interviews and focus groups (Abras et al., 2004) and it is useful
for the development of a future version of the system (Nielsen, 1993, pag. 71).

This article describes an effort to apply the Human-Centered approach for the
evaluation of a Blind Spot Information System (BLIS). A qualitative study was
carried out in Portugal to evaluate users’ opinions and road safety impact related to
the usage of the system.

3 METHOD

Focus groups interview technique was selected as research method since it was
considered the most appropriate for the application of the Human-Centered
approach. Indeed, such method enables the researchers to explore the widest range
of ideas or feelings that the participants have about a specific system (Krueger and
Casey 2009, pag. 19-20). Compared to single respondent interviews, this method
allows generating a fruitful discussion between people who can agree or not with
what expressed by another participant. Focus group interviews were already
performed in the past to get a deeper understanding on various topics related to in-
vehicle systems and, more in general, to road safety. Young and Reagan (2007)
made use of focus groups to investigate the patterns of use of speed alerting and
cruise control; Strand et al. (2010) investigated user experiences and road safety
implications about the usage of Adaptive Cruise Control; Shams et al. (2011)
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collected taxi drivers’ views on risky driving behaviours in order to propose
countermeasures for the improvement of road safety in Iran.

The present study was conducted in Braga, in the northern part of Portugal
between September and November 2011. The participants were all occasional or
regular users of Adaptive Cruise Control (ACC) and Blind Spot Information System
(BLIS) and they were recruited through the help of a local dealer due to the
difficulties in finding ADAS users in Portugal.

Overall, two focus groups sessions were performed. Each focus group interview
lasted about two hours and was separated in 2 parts: the first one aimed at
discussing the usage and effectiveness of Adaptive Cruise Control while the latter
addressed the users’ opinions and road safety impact of BLIS. In this paper, we
exclusively focus on the analysis of the second part, being the findings about ACC
already published (Piccinini et al., 2012).

The focus group interviews were performed by a research team made up of 3
people: a moderator, leading the discussion, an assistant moderator, helping the
moderator for the administrative tasks (distribute consent forms and questionnaires,
operating the video recorder, etc.) and a note taker, responsible for sketching
participants’ position and for noting down the most salient moments during the
discussion. The participants were received by the research team as soon as they
reached the designated location. In the room assigned to host the focus groups, a
table with drinks and food was set up in order to favour the dialogue between the
participants and the research team before the beginning of the discussion (during the
waiting period previous to the arrival of the remaining participants). The research
team took advantage of this time to introduce the study to the participants and to
create a friendly atmosphere.

Finally, when everyone joined, the research team invited the participants to take
a seat according to the assigned disposition. Then, the moderator introduced the
members of the research team and described the purpose of the study and the
modality of the session. Before beginning the focus group session, each participant
signed a consent form and filled in a personal questionnaire requiring information
such as age, gender, mileage driven since getting the driving license and car owned.

The part of the focus group session dedicated to BLIS started with the drivers
filling in a questionnaire concerning the patterns of use for the system (usage of the
BLIS in the different types of road, weather, luminosity and traffic conditions).
Then, the discussion began and developed according to a questioning route prepared
in advance by the research team and revolving around four topics: users’
satisfaction of BLIS, critical situations occurred with the system, usage of BLIS and
suggestions for the future implementation of the system (Table 1).

The focus groups sessions were video recorded and transcribed verbatim. The
discussion was analysed qualitatively according to the thematic analysis approach.
Thematic analysis has been defined as the “method for identifying, analysing, and
reporting patterns (themes) within data” (Braun and Clarke, 2008). Based on this
approach, the transcribed data were first coded and then, through an iterative
procedure, themes were retrieved. Within the thematic approach, the analysis
focused on articulated data. Articulated data are the information resulting from the
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discussion in direct response to the questions presented in the questioning route
(Massey, 2011). The choice of directing the attention to articulated data is justified
by the fact that the research team specifically prepared the study to get participants
answering to the predefined questions.

Table 1: questioning route (questions put and relative topic)

Questions Topic
1. How were your expectations about BLIS satisfied? Satisfaction
2. Can you discuss with the other participants the critical Problems / critical
situations you experienced while driving with BLIS? situation
3. When you are driving, is the BLIS always activated or is Usage
there any specific situation in which you deactivate it?
4. When you want to change lane with BLIS activated, how Usage
do you behave with respect to the warning signal (light)?
5. Is there any situation in which you don't look at the
Usage

warning signal (or you don't keep it into account)?

6. Are there any suggestions to improve the actual system or )
. . . Suggestions
other functions that you would like to implement?

4 RESULTS

Overall 13 people took part in two focus groups discussions: 6 participants
joined in the first session and 7 in the latter one. The sample predominantly
included men due to the difficulties in finding women driving vehicles equipped
with Adaptive Cruise Control (ACC) and Blind Spot Information System (BLIS):
globally, 12 participants were males and only 1 was a female. The age of the
participants ranged from 33 to 61 years old. They were all experienced and regular
drivers, having driven more than 150000 km since they got their driving licence and
using their vehicle daily. The participants were all users of BLIS: everyone drove
more than 50 km with the system activated and the majority of them did it for more

than 3000 km.
Judgement about the system Drivers’ behaviour with the system Behavioural effects on drivers
Adaptation

Figure 1. Themes emerged from the analysis of the focus groups interviews

From the qualitative analysis of the focus groups sessions, three main themes
appeared: “Judgement about the system”, “Drivers’ behaviour with the system” and
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“Behavioural effects on drivers”. Each main theme was, then, subdivided in various
subthemes as reported in Figure 1.

4.1 Judgement about the system

For the theme “Judgement about the system”, three sub-themes were drawn:
‘Satisfaction’, ‘Limitations’ and ‘Suggestions’ (Figure 1).

Taking into account ‘Satisfaction’, drivers appeared to be very pleased about
BLIS since the system went over drivers’ expectations. One participant mentioned:
“The system really exceeded my expectations. | was a bit reluctant, knowing other
systems, but after using it, | think it is an added value, without any doubts”. Overall,
the system was judged by the participants as useful, comfortable and safe. A driver
reported: “In all those years, | had many dangerous situations because I did not
notice the vehicle in the blind spot. I had already several of those circumstances and
I got scared. For me, BLIS is extremely beneficial”.

Drivers were satisfied about the system even being aware of its limitations.
During the discussion, some shortcomings were mentioned by the participants and
they were collected in the sub-theme ‘Limitations’. The issues more frequently
reported were:

o the system does not work properly with hard rain;

BLIS gets confused when driving close to a barrier between lanes in motorway;
the system is late in detecting vehicles approaching fast on the side;

the camera of the system detects a too small blind spot angle;

BLIS has often false detections of vehicles.

In particular, the late detection of fast vehicles was considered a relevant
limitation in terms of trust towards the system as reported by a participant: “My
feeling is that, when I drive at 120 or 130 kph and a car overtakes me at 140 or 150
kph, the warning lights up when the car is already passing on my left [...]. | don’t
trust the system at 100%”.

Despite the limitations, the participants seemed confident about the fact that the
system won’t create any critical situations (incidents, accidents, etc.). One driver
stated: “I favour more those systems which inform the drivers and don’t interfere in
the functioning of the vehicle because they leave to the user the responsibility to
intervene. [...] When | used the system, I did not notice any critical situation”.

In the end of the discussion, participants proposed some solutions to further
improve the system (included in the sub-theme ‘Suggestions’):
to increase the angle of the camera in order to detect a larger blind spot area;
to enhance the efficiency of detection in order to reduce the false alarms;
to arrange a solution to clean the camera when it gets dirty;
to reduce the dimension of the camera;
to adopt the system only on the left side of the vehicle;
to introduce a warning sound associated to the warning light.

With respect to the last suggestion, there was not agreement in the group as the
introduction of a warning sound might represent a bother for the driver. One
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participant stated: “Personally, | don’t like it so much [...]. | get more stressed with
the sound than with the light”.

4.2  Drivers’ behaviour with the system

The theme “Drivers’ behaviour with the system” was split in two sub-themes:
‘Lane change’ and ‘Activation’.

Regarding the sub-theme ‘Lane change’, it emerged that, in large majority, the
sample considered the system as an assistant for taking the decision of changing
lane. One participant summarized the lane change behaviour with the system as: “I
think that the (lane change) behaviour must be separated in two situations: when the
warning lights up and when it does not. When the warning light is on, my behaviour
is to delay the overtaking, waiting for the light to turn off. On the other hand, when
there is no warning light, I confirm in the mirror [...] and then, I start the overtaking
manoeuvre”. In describing the lane change behaviour with BLIS, the participants
remarked a positive feature of the system: they don’t need to move their head to get
the system’s warning signal. This aspect of the system is related to the location of
the warning light which, overall, was considered as the proper one. A driver
mentioned: “The warning of the system is located in the ideal position [...]. | think
that it is not required to move your eyes from the road in order to perceive if the
warning light is on or off”.

With regards to the other sub-theme (‘Activation’), the participants stated that
they never switch off the system. Unlike other Advanced Driver Assistance System
(such as the Lane Departure Warning), the BLIS is not bothering the driver and
therefore, it is always kept activated. The drivers admitted to switch off the system
only when the system gets confused. The utility of BLIS was considered especially
relevant in reducing the risk of an accident when entering the motorway, in the
acceleration lane. One participant reported: “There is a very critical situation in the
acceleration lane in the motorways [...]. | never had an accident but when | have it, |
already know how it will happen. And, it will be in a car without BLIS [...]. So, |
think BLIS is very important”.

4.3 Behavioural effects on drivers

The last theme emerging from the discussion was the “Behavioural effects on
drivers” subsequently divided in two sub-themes: ‘Adaptation’ and “Trust’.

The sub-theme ‘Adaptation’ refers, to a larger extent, to the definition of
“behavioural adaptations” introduced by the Organization for Economic and Co-
operation Development (OECD, 1990). This sub-theme gathered the parts of the
discussion related to possible modifications of drivers’ behaviour during the lane
change task, as a consequence of the introduction of BLIS. In general, participants
stated that the lane change task is not modified by the introduction of BLIS. One
participant reported: “I think that it isn’t (the lane change task does not change)
because the lane change behaviour always passes from looking at the mirror”.
However, other participants mentioned about the possibility to incur behavioural
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adaptations in the long-term: “The tendency, at the beginning, is to confirm (with
the mirror) [...]. But when you get used to the system, it is almost instinctive. [...] If
the warning does not light up, there is a predisposition of trusting the system”.
Another participant referred about the possibility to lose attention for what is
passing on ahead: “Having the light always blinking and having the fear that there is
something which, in reality, is not there, draws the attention to the warning light and
leads us to lose the attention for what there is in the front”.

Concerning the second sub-theme (“Trust’), generally, people did not seem to
completely trust the system when taking the decision to change lane. A participant
stated: “I don’t trust the system for what it concerns the decision of changing lane,
based on the information that provides [...]. It was reported that, sometimes, there
are situations in which the system detects vehicles that do not exist in reality.
However, | think there is also the opposite risk that the system fails in detecting a
vehicle that is coming”. On the other hand, some participants admitted that, in some
occasions, they started the lane change without looking at the mirror, based only on
the information provided by the system: “The system always met my expectations
up to the point that | have the encouragement to start changing lane before looking
at the mirror. When BLIS is not detecting anything on the side, people have the
tendency to begin turning the steering wheel and, only afterwards, looking at the
mirror”.

5 DISCUSSION AND FURTHER WORK

Recently, car manufacturers marketed vehicles equipped with warning systems
detecting vehicles in the blind spot areas (BLIS or LCW), with the intent of
reducing the possibility for a driver to be involved in a lane change crash. Despite
being already used by drivers, little information is available about users’ opinions
and road safety impact of those devices. Up to now, few studies (e.g., Kiefer and
Hankey, 2008) have been performed to analyse the alterations of human behaviour
during lane change, following the introduction of such systems.

The objective of this study was to investigate users’ opinions concerning Blind
Spot Information System. Drivers expressed satisfaction about the help provided by
the system during the lane change task, despite being aware of its limitations.
According to the comments made by the participant, two situations need to be
distinguished during the lane change with BLIS, depending on the state of the
warning light. If the warning light is on, drivers wait for it to turn off. On the other
hand, when the warning is off, drivers verify in the mirror and perform the lane
change as they would regularly do in a traditional vehicle. Then, apparently, the
introduction of BLIS does not modify drivers’ lane change behaviour. However, as
referred by some participants, in the long-term, some behavioural adaptations might
occur: in fact, drivers could rely on the system and carry out the lane change
without looking at the mirror when the warning doesn’t light up. This behaviour
would be extremely dangerous since the system is not completely dependable,
especially in some situations which are clearly identified (hard rain, fast
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approaching vehicles, etc.). In order to study more in detail the topic, in the next
months, a Field Operational Test (F.O.T.) with users of BLIS is planned to be
carried out.

ACKNOWLEDGMENTS

This research received funding from the European Commission Seventh
Framework Programme (FP7/2007-2013) under grant agreement no. 238833 (Marie
Curie Initial Training Network ADAPTATION: ‘Drivers' behavioural adaptation
over the time in response to ADAS use’).

The authors would like to thank the Volvo dealer “Auto Sueco Minho” for the
help provided during the study and the colleagues Susana Réla and Ana Ferreira
who moderated the focus groups and greatly helped during the transcription.

REFERENCES

Abras, C., Maloney-Krichmar, D. and Preece, J. 2004. User-Centered Design. In.
Encyclopedia of Human-Computer Interaction. Bainbridge, W., eds. Thousand Oaks:
Sage Publications.

Billings, C. E. 1991. Toward a Human-Centered Aircraft Automation Philosophy. The
International Journal of Aviation Psychology, 1(4), 261-270.

Braun, V. and Clarke, V. 2008. Using thematic analysis in psychology. Qualitative Research
in Psychology, 3(2), 77-101.

Fancher, P., Bareket, Z. and Ervin, R. 2001. Human-Centered Design of an Acc-With
Braking and Forward-Crash-Warning System. International Journal of Vehicle
Mechanics and Mobility, 36:2-3, 203-223.

Farmer, C. M. 2008. Crash Avoidance Potential of Five Vehicle Technologies. Insurance
Institute for Highway Safety.

Hendrick, H. W. 1996. The Ergonomics of Economics is the Economics of Ergonomics.
Proceedings of the Human Factors and Ergonomics Society Annual Meeting October
1996 vol. 40 no. 1 1-10.

Kiefer, R. J. and Hankey, J. M. 2008. Lane Change Behavior with a Side Blind Zone Alert
System. Accident Analysis and Prevention, 40 (2008), 683-690.

Krueger, R. A. and Casey, M. A. 2009. Focus groups: A Practical Guide for Applied
Research, 4" edition. Sage publications, Inc.

Inagaki, T. 2006. Design of human—-machine interactions in light of domain-dependence of
human-centered automation. Cogn Tech Work, (2006) 8: 161-167

Lavalliere, M., Laurendeau, D., Simoneau, M. and Teasdale, N. 2011. Changing Lanes in a
Simulator: Effects of Aging on the Control of the Vehicle and Visual Inspection of
Mirrors and Blind Spot. Traffic Injury Prevention, 12:2, 191-200

Lee, S. E., Olsen, E. C. B. and Wierwille, W. W. 2004. A comprehensive examination of
naturalistic lane changes. Technical Report DOT-HS-809-702, National Highway
Traffic Safety Administration, U.S. Department of Transportation, 2004.

Massey, O. T. 2011. A proposed model for the analysis and interpretation of focus groups in
evaluation research. Evaluation and Program Planning 34 (2011), 21-28.



66

NHTSA 2009. Traffic Safety Facts: A Compilation of Motor Vehicle Crash Data from the
Fatality Analysis Reporting System and the General Estimates System. Washington,
DC: National Highway Traffic Safety Administration.

Nielsen, J. 1993. Usability Engineering. Academic Press, London, UK.

OECD 1990. Behavioural adaptations to changes in the road transport systems. Organization
for Economic and Co-operation Development publications, 1990.

Olsen E. C. B., Lee S. and Wierwille W. “Eye glance behavior during lane changes and
straight-ahead driving”. Paper presented at: Transportation Research Board Meeting;
January 9-13, 2005, Washington, DC.

Parasuraman, R., Molloy, R. and Singh, 1. 1993. Performance Consequences of Automation
Induced 'Complacency'. The International Journal of Aviation Psychology, 3, 1-23.
Piccinini, G. F., Simdes, A. and Rodrigues, C. M. “Usage and effectiveness of Adaptive
Cruise Control (ACC): a focus group study”. Paper presented at the First International
Symposium on Occupational Safety and Hygiene; February 9-10, Guimaraes, Portugal.

Sarter, N. B., Woods, D. D. and Billing, C. E. 1997. Automation surprises. In. Handbook of
Human Factors & Ergonomics, second edition, G. Salvendy (Ed.), Wiley, 1997.

Shams, M., Shojaeizadeh, D., Majdzadeh, R., Rashidian, A. and Montazeri, A. 2011. Taxi
drivers’ views on risky driving behaviour in Tehran: A qualitative study using a social
marketing approach. Accident Analysis and Prevention 43 (2011), 646-651.

Sheridan, T. B. 2002. Humans and Automation: System Design and Research Issues. John
Wiley & Sons, Inc., Publication.

Stanton N. A. and Young M. S. 2000. A proposed psychological model of driving
automation. Theor. Issues in Ergonomics Science, 2000 Vol. (1) No, 4, 315-331.
Strand, N., Nilsson, J., Karlsson I. C. M. and Nilsson L. 2010. Exploring end-user
experiences: self-perceived notions on use of adaptive cruise control systems. IET

Intelligent Transport Systems, Vol 5, Iss. 2, 134-140.

Tango, F. and Montanari, R. 2006. Shaping the drivers’ interaction: how the new vehicles
systems match the technological requirements and the human needs. Cogn Tech Work
(2006) 8: 215-226.

Tijerina L., Garrott W. R., Stoltzfus D. and Parmer E. 2005. Eye glance behavior of van and
passenger car drivers during lane change decision phase. Transp Res Rec. 2005 1937:
37-43.

Van Driel, C. and Van Arem, B. 2005. Investigation of user needs for driver assistance:
results of an Internet questionnaire. European Journal of Transport and Infrastructure
Research, 5(4), 297-316.

Wang, J. and Knipling R. R. 1994. Lane change/merge crashes: Problem size assessment and
statistical description, Final Report, DOT HS 808075, Washington, DC: National
Highway Transportation Safety Administration, 1994.

Wickens, C. D., Lee, J., Liu, Y. and Becker, S. G. 2004. An Introduction to Human Factors
Engineering, Second Edition. Pearson Education, Inc.

Young, K. L. and Regan, M. A. 2007. Use of manual speed alerting and cruise control
devices by car drivers. Safety Science, 45 (2007), 473-485.



67

CHAPTER 8

Speed vs. Acceleration
Advice for Advisory
Cooperative Driving

Qonita Shahab, Jacques Terken

Eindhoven University of Technology
Eindhoven, The Netherlands
{g.m.shahab, j.m.b.terken}@tue.nl

ABSTRACT

Cooperation among vehicles is aimed to create a smooth traffic flow and
minimize shockwaves and traffic jams. Cooperative adaptive cruise control (C-
ACC) systems calculate acceleration values and exchange them between vehicles to
maintain appropriate speed and headway. Before C-ACC technology gets mature,
cooperative driving may already be made possible by advisory systems, keeping the
drivers in the loop. While C-ACC systems are based on acceleration values, in
conventional vehicles one of the main sources of information to the driver for
maintaining appropriate speed is the speedometer. In this paper we present a study
addressing the question of whether advisory systems should employ acceleration or
speed values to advise the driver. Subjective results showed that preferences were
approximately equally split between both systems. Objective results showed that
acceleration advice caused more uniform speed in heavy traffic and more stable
distance keeping, that speed advice led to more efficient accelerator pedal changes,
and that letting drivers use their preferred advice resulted in a shorter time headway
leading to a more effective traffic flow.

Keywords: cooperative driving, advisory system, driver behavior

1 INTRODUCTION

Cooperative Adaptive Cruise Control (C-ACC) systems extend existing cruise
control systems by enabling wireless communication between vehicles, and between
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vehicles and the infrastructure, for the purpose of cooperative driving. The aim is to
create a smooth traffic flow and minimize shockwaves and traffic jams. Algorithms
for C-ACC calculate the acceleration/deceleration needed to optimize speed and
distance. Since the technology for autonomous C-ACC is not yet mature, advisory
systems have been explored i.e. keeping drivers in the loop, thus enabling faster
market penetration. A field test demonstrated the promising effect of using an
advisory C-ACC system in order to achieve better traffic flow (van den Broek,
Netten, Hoedemaeker, & Ploeg, 2010). This field test adapted a C-ACC algorithm
(van den Broek, Ploeg, & Netten, 2011) for advising drivers about the desired
acceleration/deceleration in order to adjust their vehicles to the traffic.

In conventional vehicles, acceleration and deceleration are only the means by
which the driver maintains appropriate speed and distance, and one of the main
sources of information about speed is provided by the speedometer. In order to
match the mental model of the drivers, we designed an advisory system for
cooperative driving that provides drivers with speed target information, called
Cooperative Speed Assistance (CSA). This raised the question whether advisory C-
ACC systems should inform the driver about acceleration (as generated by C-ACC
algorithms) or about desired speed.

We conducted an experiment to investigate whether speed information or
acceleration information is preferred by drivers and which type of advice
information is more effective for traffic flow. In this paper, we discuss the
experiment setup in Section 2; the experiment results in Section 3; and discuss the
results and state the conclusion in Section 4.

2 EXPERIMENT SETUP

We developed two different interfaces (one for Acceleration advice and the
other for Speed advice) for the purpose of the experiment. The experiment was
conducted in a medium-fidelity driving simulator.

2.1 System Design

Although the CSA interface gives either Acceleration or Speed advice, it takes
into account the time headway (distance in seconds) of the driver’s vehicle to the
preceding vehicle. The interface only gives an advice whenever the driver is less
than 6.5s distance from the preceding vehicle, i.e. 6.5s distance is when the interface
tells the driver that there is a platoon ahead to follow.

In the Acceleration interface, a simple predictive feed-forward control algorithm
is used. It takes into account acceleration, speed, and time headway values in order
to create an acceleration target of -1.0 (full brake) to 1.0 (full throttle). The
acceleration advice thus guides drivers to achieve the advised time headway of the
platoon, which is 1.2s based on the average time headway value obtained from a
previous field trial (van den Broek et al., 2010). The following set of formulas
describes the algorithm, where v1 = driver’s vehicle speed, v2 = preceding vehicle
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speed, al = driver’s vehicle acceleration, a2 = preceding vehicle acceleration, D =
current distance between driver’s vehicle and preceding vehicle in meters.

(1) Doptimal = platoonHeadway * v1

(2) predictedDoptimal = platoonHeadway * (v1+al*dt)

(3) predictedD = D + (v2-v1)*dt + 0.5*(a2-al)*dt?

(4) dD =0.1* Doptimal, where 0.1 is a hysteresis value

(5) aTarget = (predictedD — predictedDoptimal) / (predictedDoptimal)

(6) if (D < Doptimal — dD), then [Too Fast, shows aTarget]

(7) else if (D > Doptimal + dD, then [Too Slow, shows aTarget]

The algorithm finds Doptimal first as the advised distance in meters based on
platoon headway and the speed of the driver’s vehicle. Then it calculates
predictedDoptimal, which is the Doptimal in the next time frame (dt = time slice).
PredictedD is then calculated by taking into account speed and acceleration of both
driver’s vehicle and preceding vehicle to obtain the D in the next time frame (dt =
time slice). dD is the difference between predictedD and D, which is calculated with
0.1 hysteresis value so the driver is allowed 10% error in achieving the predictedD.
The aTarget (target acceleration) is calculated based on predictedD and the
predictedDoptimal, and then comparing with the D the driver receives information
that s/he is driving Too Fast or Too Slow, and an advice how much to accelerate or
decelerate.

In the Speed interface, the system compares the driver’s vehicle speed and
preceding vehicle speed to provide the driver with information that s/he is driving
Too Slow or Too Fast and an advice about the desired target speed. The advised
time headway is taken into account, i.e. Too Slow condition is only informed when
the driver maintains more than 1.2s distance, and Too Fast condition is only
informed when the driver maintains less than 1.2s distance.

2.2  Interface Design

Two interfaces were created, providing information about the desired
acceleration and speed, respectively (see Figures 1 and 2). Both interfaces employ
the same background color scheme, creating a glanceable visual display (Matthews,
2006). A black background indicates the ‘Appropriate’ condition, i.e. the driver is
not driving too fast or too slow, or there is no platoon detected ahead (when the time
headway is larger than 6.5s). Red indicates the “Too Fast’ condition, i.e. the driver
has to slow down. White indicates the “Too Slow’ condition, i.e. the driver has to
speed up. The pie-like visualization shows slices to the right if the driver drives too
fast, and slices to the left if the driver drives too slow. The number of slices
indicates the size of the difference between the current speed/acceleration and the
target speed/acceleration. The visual design of the Acceleration interface is
illustrated in Figure 1, and the visual design of the Speed interface is illustrated in
Figure 2.
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Figure 1 The Acceleration Interface. The number of pie slices shows the amount of acceleration
i.e. 10% of full deceleration/acceleration per slice. The number above the pie ranges from -0.1 to
1.0, where -1.0 is a deceleration advice of 100% strength, and 1.0 is a full acceleration advice of
100% strength. The bottom number shows the current acceleration in m/s2. The top left panel
illustrates the condition of no preceding vehicle detected with current acceleration 2.111 m/s?, the
top right panel illustrates the Appropriate condition with current acceleration 0.001 m/s2. The
bottom left panel illustrates the Too Slow condition with a target acceleration of 0.5 (50% of full
scale acceleration). The bottom right panel illustrates the Too Fast condition with a target
acceleration of -0.4 (40% of full scale deceleration).

Figure 2 The Speed Interface. The number of pie slices shows the difference between the current
speed and the target speed, i.e. 5 km/h per slice. The number above the pie shows the speed
advice i.e. the speed target. The bottom number shows the current speed in km/h. The top left
panel illustrates the condition of no preceding vehicle detected with current speed 120 km/h. The
top right panel illustrates the Appropriate condition with current speed 120 km/h. The bottom left
panel illustrates the Too Slow condition with a target speed of 95 km/h (15 km/h to increase). The
bottom right panel illustrates the Too Fast condition with a target speed of 105 km/h (15 km/h to
decrease).
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The CSA interface also provides an auditory distance warning, which beeps
whenever the driver is too close to the preceding vehicle. It consists of a burst of
two pulses of 1600Hz each. The first pulse lasts 50ms, the second one 125ms,
separated by an inter-pulse interval of 25ms. This warning sound was designed
following a guideline on sound design (Edworthy, Loxley, & Dennis, 1991). The
burst is displayed when the driver’s vehicle is too close to the preceding vehicle, i.e.
less than 0.5s time headway. It is displayed again after two seconds if the driver
does not slow down.

2.3  Driving Simulator Test

The CSA interface was developed using Java language showing an application
of 640x480 pixel size displayed on a 7-inch screen. The application was connected
to the driving simulator in order to exchange real-time network messages every
50ms. The network message consists of speed, acceleration, time headway,
preceding vehicle’s speed and acceleration, brake and throttle pedal values, etc.

For the simulations we developed two highway scenarios: one with an Easy
platoon (small fluctuations of the platoon’s speed) and one with a more demanding
(Hard) platoon (large fluctuations of the platoon’s speed). The Easy platoon had a
random fluctuation between 100 and 110km/h, and the Hard platoon had a
predefined fluctuation of 120 km/h, 60 km/h, 105 km/h, 60 km/h, 105 km/h, which
was adapted from the speed profile used in the field trial mentioned previously (van
den Broek et al., 2010).

Twenty nine drivers (7 female, 22 male, age 20-38) with minimum 1.5 years
driving experience participated in the experiments. The participants were required
to drive with one interface first, and another interface later. Order of interfaces was
balanced across participants, i.e. half of the participants drove with the Acceleration
interface first, and the other half with the Speed interface first. For each interface,
they first drove in the Easy platoon and then in the Hard platoon. They were asked
to follow a platoon with the assistance of the interface. In total, each participant
drove four 7-9 minute periods.

After each period of driving, each participant rated their mental effort based on
the Rating Scale Mental Effort (RSME) (Zijlstra & van Doorn, 1985) of 0
(absolutely no effort) to 150 (more than extreme effort). After each usage of the
interface, each participant rated the interface using Van Der Laan Acceptance scale
(Van Der Laan, Heino, & De Waard, 1997), which consists of nine 5-point Likert-
type scales: | find the system Useful-Useless, Pleasant-Unpleasant, Good-Bad,
Nice-Annoying, Effective-Superfluous, Likeable-Irritating, Assisting-Worthless,
Desirable-Undesirable, Raising alertness-Sleep inducing. At the end of the
experiment, we interviewed participants to obtain a preference of interface and
discuss the reasons and the difference between the interfaces. Participants received a
small fee based on 40 minutes participation.
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3 RESULTS
3.1 Subjective Results

The interview results showed that 18 participants preferred the Speed interface
and 11 participants preferred the Acceleration interface. Participants preferring the
Speed interface indicated that they considered it to be calmer, create less panic, and
offer more freedom to control the vehicle, and that the rate of change of the
information was lower than in the Acceleration interface. Participants preferring the
Acceleration interface indicated that they considered the information to be more
precise and the Speed interface to be less safe.

Participants also commented about the colors, pie-like visualization and the
numbers on the interface. They mostly liked the color changes for the noticeability.
They mostly agreed that the current acceleration information was meaningless
compared to the current speed information. The target speed humber was considered
useful by those who preferred the Speed interface, and the graphical acceleration
information was considered useful by those who preferred the Acceleration
interface. Even though the preciseness (10% per pie slice) of the pie-like
visualization was considered quite helpful, participants could not estimate the exact
amount of acceleration required by the system, and they mentioned that some
practice would be needed to get used to it.

Based on the RSME results, the Acceleration (Ac) interface was rated as
requiring more mental effort than the Speed (Sp) interface. Multivariate tests
showed an effect of Interface (F;,s = 5.591, p= .025) and no Platoon effect or
interaction. Both in the Easy and Hard platoons, Ac was more demanding than Sp
(mean for Ac = 48.64, for Sp = 39.47 out of 150).

Based on the Van Der Laan scale ratings, generally all participants regarded
both interfaces as somewhat unlikely to induce sleep (mean Ac = 2.00, SD = 0.93
and mean Sp = 2.21, SD = 0.90 out of 5.0 scale). Multivariate tests of each VVan Der
Laan item x Preference showed an interaction effect, except for Good-Bad and
Likeable-Irritating. The means are listed in Table 2 below.

Table 2 Acceptance scores (5 points) as a function of preference

Ac preference Sp preference

Item Interaction effect

Ac Sp Ac Sp
Useful 4.36 3.55 3.72 4.06 | F=5.131, df;=1, df,=27, p=.032
Effective 4.18 3.45 3.78 417 | F=7.54, df;=1, df,=27, p=.011
Assisting 4.27 3.73 3.89 4.28 | F=5.959, df;=1, df,=27, p=.021

Desirable 3.45 3.36 3.11 3.94 | F=4.713, df;=1, df,=27, p=.039
Unpleasant 2.09 2.73 3.11 2.11 | F=10.168, df;=1, df,=27,p=.004
Annoying 2.18 2.73 3.00 2.17 F=6.841, df;=1, df,=27, p=.014
Good 4.09 3.91 3.56 3.94 | F=2.007, df,=1, df,=27, p=.168
Irritating 2.64 2.73 2.72 2.22 | F=2.75, df;=1, df,=27, p=.109
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3.2  Objective Results

Speed. Analysis of Variance indicated that average speed was smaller in the
Easy platoons than in the Hard platoons (F; ,,=2367.722, p=.000), as it was intended
by the speed profiles. There was an Interface x Platoon interaction (F;,5=8.732,
p=.006), showing that in the Hard platoons average speed was higher using the
Speed interface (mean=83.05 km/h) compared to using the Acceleration interface
(mean=81.34 km/h). The average speed in the Easy platoons was 101.43 km/h. The
higher average speed in the Hard platoon for the Speed interface may be due to
more overshoot (less precision) compared to using the Acceleration interface. In
order to remove the precision adaptation, the higher frequency data (high fluctuation
of speed) were removed using frequency domain analysis (data of one participant
had to be removed due to insufficient data for the computation). The difference
between interface conditions in the Hard platoons still applied (t=-9.377, df=27,
p=.000), i.e. higher average speed using the Speed interface (mean=82.96 km/h)
compared to using the Acceleration interface (mean=81.05 km/h).

Multivariate analysis of variance indicated that there was also an interaction
effect between Interface and Preference (F,,;,=7.048, p=.013). Participants who
preferred the Acceleration interface did not drive differently using Acceleration and
Speed interfaces, but participants who preferred the Speed interface drove faster (t=-
2.887, df=27, p=.008) while using the Speed interface (mean=92.73 km/h) than
while using the Acceleration interface (mean=91.17 km/h).

The standard deviation of the speed was also different between platoons,
because the platoons were different as intended, i.e. there were more fluctuations of
speed in the Hard platoon than in the Easy platoon (F;,,=576.747, p=.000). There
was an interaction effect between Interface and Platoon (F;,,=10.463, p=.003),
showing that in the Hard platoons average standard deviation was higher when
using the Speed interface (mean=16.15 km/h) than when using the Acceleration
interface (mean=14.91 km/h). The average standard deviation was lower in Easy
platoons (mean=5.71 km/h), with no differences between interfaces.

Time Headway. Apart from variation of speed, distance to preceding vehicle also
provides information about stability of a platoon. Time headway is a preferred measure
for distance to preceding vehicle, because distance in meters varies depending on the
vehicle speed, thus time headway provides more consistent information. Although the
advised time headway was 1.2s, the average time headway maintained by participants
throughout the experiment was larger than 1.2s. Participants maintained 1.41s average
time headway with no effect of platoons or interfaces. However, Multivariate analysis of
variance showed that there was an interaction effect between interfaces and participant’s
preference for Ac or Sp interface (F;,,=4.894, p=.036). Participants who preferred the
Acceleration interface maintained a shorter time headway while driving using the
Acceleration interface (mean=1.44s) compared to driving with the Speed interface
(mean=1.62s). Participants who preferred the Speed interface maintained a shorter time
headway while driving using the Speed interface (mean=1.28s) compared to driving
with the Acceleration interface (mean=1.39s). This shows that they maintained a shorter
time headway with their preferred interface, as seen in Figure 3.



74

with the Acceleration interface (mean=1.39s). This shows that they maintained a shorter
time headway with their preferred interface, as seen in Figure 3.
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Figure 3 The interaction effect between preference and average time headway. Those with Ac
preference maintained shorter time headway while driving with Ac, and those with Sp preference
maintained shorter time headway while driving with Sp.

Standard deviation of time headway was measured in order to find out the
precision in distance keeping. Both in Easy and Hard platoons, average standard
deviation of time headway was smaller (F;,3=12.43, p=.001) while driving using
the Acceleration interface (mean deviation = 0.65s) compared to driving with the
Speed interface (mean deviation = 0.77s).

Accelerator Pedal Analysis. Measurement of accelerator pedal movements
provides information about the efficiency of throttle changes i.e. deeper and more
frequent changes are considered less efficient. In the experiment, the recorded
throttle data consisted of values ranging from 0 (no pressure on the acceleration
pedal) to 1.0 (full pressure on the acceleration pedal). In order to analyze the
frequency of the throttle changes, a Fast Fourier Transform (FFT) was applied for
frequency domain analysis. The output was a plot of frequencies against amplitude
(components of throttle depth) of each frequency.

Multivariate tests were done on the range of 0.0-0.1 Hz, because those
frequency data have visible peaks on the FFT plot, as seen in Figure 4 below. The
frequency of 0.1 Hz means a change of throttle value every 10 seconds. Based on
Multivariate tests, using the Acceleration interface resulted in larger throttle
changes compared to using the Speed interface, both in easy and hard platoons
(F125=9.637, p=.005). There was an interaction effect between Interface and
Platoon (F;,5=5.255, p=.031), indicating that the difference in the throttle changes
was larger in Hard platoons (t=3.034, df=25, p=.006) than in Easy platoons
(t=2.128, df=25, p=.043).
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Figure 4 The 5000-point FFT computation of throttle data of each user averaged and plotted. X-

axis = the frequencies (0 to 0.12 Hz), Y-axis = the amplitude (components of throttle depth). The

left image shows the data from the Easy platoon, and the right image shows the data from the

Hard platoon. The red line represents the Acceleration interface, and the blue line represents the

Speed interface. It is visible that the red line has higher peaks than the blue line.

4 DISCUSSION AND CONCLUSION

We conducted an experiment for the purpose of cooperative driving to
investigate subjective judgments and performance effects of acceleration and speed
advice in Easy and Hard traffic conditions. We found that acceleration advice leads
to more mental effort, as rated by the participants. This is supported by the average
speed data, showing that participants maintained lower speed with the acceleration
advice while driving in Hard platoons.

The acceleration advice resulted in a more uniform speed among drivers in the
case of Hard platoons, shown by the lower standard deviation in speed compared to
driving with the speed advice. Moreover, the standard deviation in time headway
was also lower compared to driving with the speed advice. These findings show that
acceleration advice may lead to fewer shockwaves due to less deviation in speed
and time headway. However, driving with the acceleration advice required larger
changes of the throttle pedal, both in Easy and Hard platoons. This indicates that
drivers have problems in adjusting their speed precisely according to the
acceleration advice. This means that acceleration advice may also lead to less
efficient fuel consumption.

There was no clear preference for one type of advice, so we conclude that there are
different types of drivers: those who prefer acceleration advice, allowing more precise
control, and those who like speed advice, allowing more freedom in the
implementation of the advice. From the objective data, the smaller standard deviation
of time headway using the Acceleration interface indicates precision, and the higher
standard deviation of time headway using the Speed interface indicates freedom. This
is further supported by the fact that the participants who preferred the Speed interface
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drove faster in both types of platoons while using the Speed interface.

Interestingly, the average time headway was shorter when people drove using
their preferred interfaces. Since shorter time headway is useful for better traffic
throughput (van Arem, van Driel, & Visser, 2006), we argue that the usage of
preferred interface may result in better traffic throughput. Practically this may be
made possible by allowing drivers to choose between acceleration and speed advice
in such an assistance system.

In conclusion, both types of advice have their own advantages and
disadvantages. While the speed advice takes less mental effort and more efficient
acceleration pedal changes, the acceleration advice is more useful for reducing the
likelihood of traffic shockwaves. Looking at the differences among people, we
argue that people can adapt to their preferred advice and have more confidence in
driving with a shorter headway.
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ABSTRACT

Using induced unintentional lane departure (ULD) in an advanced driving
simulator, we investigated car drivers’ acceptance of rumble strips and lane
departure warning system (LDW), respectively, and driving performance with each
of these warning types. Twenty-four participants drove with simulated rumble strips
in one trial and with a simulated LDW in another trial. A forced yaw motion of the
vehicle induced ULDs while the driver attended jammed music coming from a CD-
player. Each drive took about 25 min to complete and was set up to include 13
events of ULD coupled with jammed music in which the driver had to immediately
change point of gaze from the road to take care of the CD-player. The results show
the drivers were more satisfied with the LDW, trusted the rumble strips more, and
overall preferred the warning types about equally. All drivers considered it valuable
to have assistance in ULD, either by the rumble strips or the LDW, and several (i.e.
25%) chose to have both types of warning in parallel. Response completion was
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faster with the rumble strips warning, but no difference was found in time to back in
lane and lane exceedence area, respectively. Thus, although differences in driver
acceptance and performance were found between using the LDW and the rumble
strips there were no major overall differences. The clear preference for having a
warning function further strengthens the positive opinion on the need for assistance
systems in ULDs.

Keywords: lane departure warning, rumble strips, acceptance, performance

1 WARNING OF UNINTENTIONAL LANE DEPARTURE

Driving on rumble strips milled into the road at road markings generates vehicle
vibration and sound that can warn for lane departure. For highways, it has been
estimated that rumble strips at centerline have reduced accidents by about 15%, and
that rumble strips on shoulder have effected an approximate 40-50% accident
reduction (e.g. Anund et al., 2008; Mahoney et al., 2003; Persaud et al., 2004).
Overall, it seems a sleepy or distracted driver can be significantly supported simply
by the presentation of real-time warning for the current unintentional lane departure
(ULD). Rumble strips and/or an in-vehicle lane departure warning system (LDW)
can deliver such a warning. The vehicle can host a system that registers lane
departure by using readings of road marking positions relative to the car and
indicates lane departure by delivering, for example, a sound in the car cabin.

A likely LDW advantage is that the warning of an LDW can be suppressed by
activation of the direction indicator prior to the exiting of the driving lane, as
opposed to rumble strips that warn even in intentional lane departures. An LDW
also normally includes other criteria for suppression of warning, such as speeds
lower than a predefined value or high lateral and longitudinal accelerations that
indicate active driver inputs. A possible rumble strips advantage may be that they
can be perceived as generating a more aggressive or annoying warning that more
promptly alert a sleepy or distracted driver. Important is that although an LDW
warning can be adjusted to be similarly aggressive or annoying, the rumble strips
are not dependent on vehicle technology in the same manner as an LDW.

In the present study, we investigated whether drivers more readily accept either
rumble strips or an LDW from driving with induced ULDs in a driving simulator.
We also investigated whether there are any noticeable differences in driving
performance between using the two warning types.

2 METHODS
2.1  Participants
Eleven women and 13 men participated as drivers. The recruitment criteria

included holding a driving license for at least 5 years, not to be a professional
driver, and having a driving mileage of at least 5000 km per year. The participants
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had a mean age of 39 years, a mean time of 20 years of holding the driving license,
and drove an estimated mean of 14350 km per year.

2.2  Apparatus

The VTI driving simulator 111 was used, which has a moving base with a high
performance motion-base system (see Figure 1). It is mainly used for passenger
vehicles and is the first-hand choice when, for example, realistic road sensations are
prioritized. The forces generated by the motion-base system involve linear motion,
tilt motion and vibration. The linear motion was used for the car’s lateral motions,
and the tilt motion was used for the roll and pitch motions to simulate sustained
accelerations such as in curve driving. A vibration table provides additional
capabilities to generate road roughness for higher frequencies.

i/

Figure 1 The VTI driving simulator IIl with the moving base platform and a car cabin mounted on it.

A Saab 9-3 car cabin was used in all driving sessions. Three DLP projectors
provide a 120° forward field of view with a spatial resolution of 1280 x 1024 pixels,
and edge blending and geometrical correction are provided by a dedicated graphics
card. Three LCD displays are used for the visual presentations in the rear view
mirrors. Two loudspeakers are placed close to the windshield in the dashboard, one
in each front door, and one in the rear of the cabin. A ButtKicker low-frequency
transducer beneath the cabin was used to generate vibrations when driving over
rumble strips. A touch screen with a spatial resolution of 800 x 600 presented the
radio/CD-player control panel.

2.3 Overall Simulator Scenario

The overall scenario was a car drive performed in twilight on a road of varying
straight stretches and curves with an LDW-equipped car or with rumble strips at the
road’s edge lines and centerline. The driver tasks were to drive normally at 90 km/h,
keep both hands on the steering wheel and stay in lane while listening to music
coming from the CD-player. At several occasions during the drive, the CD-player
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started to function incorrectly by jamming of the played music. At these moments,
the driver’s primary concern was immediately to take care of this by pushing the
CD-player button for next tune. The intention was to make the driver change point
of gaze from the road to the CD-player. To induce ULDs in each drive, forced yaw
motions of the car were induced from outside the driver-vehicle control loop. This
yaw motion started 0.2 s after the jamming of the music, and it could not be sensed
through the steering wheel and only marginally or not at all through the rest of the
vehicle. If the driver kept point of gaze on the road, the induced motion shown in
the visual presentation was easily nulled by naturally quick and short steering
movements. Each drive was setup to include several occasions of jammed music, of
which most but not all were coupled with forced yaw motions together with
warnings according to the LDW or the rumble strips. Each drive also included
events of overtaking a car parked to the right slightly off the driving lane. No other
vehicles or road-users were included in the scenario.

2.4 Design and Stimuli

The experiment had a within-subjects design with the two treatment levels of
driving with the simulated rumble strips and the simulated LDW system. Half of the
participants started driving with the LDW and the other half with the rumble strips.
The within-subjects design with the two treatment levels was analyzed as a mixed
design in some of the statistical analyses to test for any possible order (or group)
effects. Thus, in the mixed design analyses the grouping factor was which type of
warning the participants started with.

Twilight conditions were simulated and a simplified night driving mode was
used that included only the own car headlights. The normal image as it would look
during daylight conditions (i.e. the color buffer) is shown to the left in Figure 2, and
on the right-hand side the final twilight scene is shown. (The presented virtual world
in the simulator is of course more realistic and compelling than Figure 2 indicates.)

Figure 2 To the left is the scene showing the road in daylight conditions and to the right is the final
scene showing the road in twilight conditions.

The simulated road was 8 m wide with each driving lane and shoulder 3 m and 1
m wide, respectively. To simulate rumble strips a sound was played when each
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wheel edge encountered the rumble strips. The sound played was recorded from
driving a car at 90 km/h over the “Malilla” rumble strip wide (see further
specification of the rumble strips in Anund et al., 2008). Measured sound level from
the rumble strips at the driving position was approximately 77 dB(A). The rumble
strips sound signal was also sent to the ButtKicker to initiate vibrations. Each
rumble strip at the simulated road was 0.35 m. The middle rumble strips were
centered on the road and the shoulder rumble strips were placed at a distance of 2.95
m from the center of the road.

A VTI LDW algorithm simulated the LDW functionality of an operational
Volvo system. The algorithm outputs three separate alarm signals for each side,
which are visual, auditory, and haptic alarms. Only the auditory alarm was used.
The alarm is set to true if the system is in the active state and one or both of the
following criterions are fulfilled: (i) The distance between the side of the vehicle
and the road marking is smaller than a tuneable threshold value, and/or (ii) the time-
to-line crossing is smaller than a tuneable threshold value. The LDW system is
disabled when, for example, the turn signal indicator light is switched on or the
vehicle speed is below a predefined threshold. After an alarm, the system will enter
a post-alarm state and remain there for a predefined time. In this state, no further
alarms can be issued. The LDW sound level was 74 dB(A).

Combined with the CD-player jamming a forced yaw motion was induced 0.2 s
after jamming onset. The yaw was added according to:

¥(t) = o * sin” (;E)’ where 0 =t < Tyioepace

distract

in which ¥(2) is the yaw added at time t, ¥, is the final angle and Tisyac IS the time
it takes for the yaw to finish. This motion was an added yaw to the vehicle and the
extra motion is not noted in the steering wheel but will be noted in the motion
system if the lateral acceleration motion becomes too large. The parameters used
were Yt = 3.3° and Tgisraer = 3.0 S. This was considered to induce a large enough
yaw motion while normally not noticeable. For example, the induced lateral motion
with 3 s yaw motion at constant speed of 80 and 90 km/h is 1.92 m and 2.16 m,
respectively.

In each drive, there were 13 induced yaw motions of which one was coupled
with no warning. This missing warning in each drive was in the LDW condition
intended to reflect the LDW’s inability to read road markings 100% of the time. In
the rumble strips condition, the missing warning was intended to reflect that rumble
strips are not allowed in Sweden when housing area is closer than 150 m from the
road. The 12 induced yaw motions coupled with warnings of each drive were
distributed with four yaw motions for each of three types of road segment
comprising straight road, curve to the left, and curve to the right. For each type of
curve, two yaw motions were to the left and two to the right. For the straight road,
three yaw motions were to the left and one to the right.

The CD-player was a program running on a small computer in the car cabin of
the simulator. A 7°” touch screen presented the CD-player and the sound was played
in the touch-screen speakers. The placement of the radio was at a low right position
of the middle console and approximately 10 cm above the seat edge. A total of 19
events of jammed CD-player occurred in each drive in which there were six jammed
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events without the car’s lane positioning being perturbed by the induced yaw
motion.
In summary, each drive was set up to include:

- 19 events of jammed music of which 6 without induced yaw motion

- 13 events of induced yaw motion coupled with jammed music

- 12 of the 13 events of induced yaw motion with warning of lane departure
= 4 at straight road: 3 left and 1 right yaw motions
= 4 at curve to the left: 2 left and 2 right yaw motions
= 4 at curve to the right: 2 left and 2 right yaw motions

- 6 events of parked car overtake

2.5 Questionnaires

Questionnaires were administered before and after each drive. One was first
introduced concerning background information about year of acquiring driving
license, opinions on the two types of warning for lane departure etcetera. One was
also administered after each of the two driving sessions, with the final questionnaire
after the second drive including comparisons of the warning types.

2.6 Performance Indicators

The data used for analyses included the performance indicators response
completion time, time to back in lane, and lane exceedence area.

Response completion time was the time from warning to the completion of
response defined as a steering wheel reversal with a local maxima or minima in the
steering wheel angle signal larger than an absolute value of 6°. A fifth order
Butterworth filter with a cut-off frequency of 0.75 Hz was applied to remove small
corrective steering wheel maneuvers.

Time to back in lane was measured from time of warning of lane departure to the
moment of having all four wheels of the vehicle back within the driving lane.

Lane exceedence area was determined as the integral over the lateral position
when the vehicle was outside the lane. The interval was chosen from the time when
the vehicle left the lane and 10 s onwards.

2.7 Procedure

The participant first read a written description of the driving scenario and the
tasks to be performed. After having signed the informed consent form, the
questionnaire about background information was completed. The participant was
then seated in the car cabin of the driving simulator and verbally instructed about
the driving simulator, overall scenario conditions and the driver tasks. A short
driving session was completed with the purpose of making the participant
accustomed to the driving simulator and familiarized with the driving and the CD-
player handling tasks. The experiment started and the participant drove the two road
distances of which one was made with the rumble strips and the other with the
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LDW. At the very beginning of each road distance, the participant made several
tests of the warning type in use by exceeding the driving lane both to the left across
centerline and to the right across shoulder road marking. If the participant waited on
two consecutive occasions with redirecting his or her point of gaze to the CD-player
when the music was jammed the experimental leader intervened the driving by
commenting on this. That is, if disregarding the task to take care of the
dysfunctional CD-player immediately on two occasions in a row, which in effect
made it easy to null the induced yaw motion of the vehicle, the instruction for the
CD-player handling task was repeated and emphasized. When lane departure
occurred, the task was to directly correct for this and then continue to drive
normally at 90 km/h, keep both hands on the steering wheel and stay in the proper
driving lane. Each road distance took about 25 minutes to complete, after which the
simulator was stopped and parked. After driving the first road distance, the
participant was accompanied out of the driving simulator for a pause outside and for
answering the questionnaire about the drive and the type of warning just used. After
driving the second road distance, and having completed the questionnaire about the
just used warning type, questions about comparisons of LDW and rumble strips
were answered. Total time for each experimental session was about 1.5 hours.

3 RESULTS

3.1 Driver Assessments

Trust Trust in the functioning of rumble strips and LDW, respectively, pertains
to the posed questions: How much trust do you have in the functioning of such
rumble strips? How much trust do you have in the functioning of such warning
system (LDW)? The responses were made on a 7-point scale of trust ranging from 1
= very little trust to 7 = very much trust. An analysis of variance (ANOVA) of trust
ratings showed significant main effects of warning exposure, F(1, 23) = 12.98, p<
.01, and warning type, F(1, 23) = 19.08, p< .001, with no significant interaction
effect. The participants expressed more trust overall in warning functioning after
being exposed to warning events in the driving sessions, 5.17 (SE = 0.26), than
before, 5.81 (0.24). They also considered the functioning of the rumble strips
overall more trustworthy, 5.77 (0.25), than that of the LDW, 5.21 (0.22).

The van der Laan acceptance scale for assessing the acceptance of technology is
based on nine 5-point rating-scale items, of which the items load on two factors or
scales (van der Laan, Heino, & de Waard, 1997). One scale indicates the usefulness
of the technology and the other scale indicates the satisfaction rendered by the used
technology. From the ratings of items of the 5-point rating scale scores are
computed so that they range from 2 = very positive to -2 = very negative in terms of
usefulness and satisfaction, respectively.

Usefulness An ANOVA showed no significant effects revealed by the
usefulness scores, F(1, 23) = 3.93, p=.06. The mean rating of LDW before and after
driving sessions was 1.23 (0.13) and 1.44 (0.09), respectively, and the mean rating
of rumble strips before and after driving sessions was 1.30 (0.13) and 1.53 (0.10),
respectively.
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Satisfaction An ANOVA of the satisfaction scores showed significant main
effects of warning exposure, F(1, 23) = 7.54, p< .025, and warning type, F(1, 23) =
63.42, p< .0001, with no significant interaction. The main effect of warning
exposure shows the participants were overall more satisfied with warning of lane
departure after being exposed to the warning events of the driving sessions, 0.82
(0.19), than before, 0.57 (0.16). The main effect of warning shows the participants
were overall more satisfied with the LDW, 1.06 (0.16), than with the rumble strips,
0.33(0.19).

Overall choice From the question “Which do you prefer?” the response
frequencies of the possible responses “LDW”, “rumble strips”, “none”, and “both”
were 9, 8, 0, and 6, respectively. (One participant did not answer the question.)

3.2 Driver Performances

Data Because each drive included 12 planned potentially induced unintentional
lane departures with warnings there were 24 planned possible responses to warnings
for each driver. With 24 drivers, this amounts to 576 possible responses for each
performance measure, corresponding to 288 possible responses for each type of
warning. However, drivers nulled the forced yaw motion in many occasions and the
total amount of responses to induced ULDs was 146. Response completion times
shorter than 300 ms were considered too short to be complete responses to the
delivered warnings and were excluded from the analysis. The data of the times to
back in lane and lane exceedence area coupled to these too short response times
were accordingly removed from the analyses of time to back in lane and lane
exeedence area. After this, there were 140 responses for each measure. One missing
value and one outlier value were replaced with the condition means. Thus, 141 data
points were used for the analyses of performance. These 141 data points were
distributed with 76 for the LDW drive and 65 for the rumble strips drive. Because of
too few data values over the conditions of curves and directions of forced yaw
motions, and the similar pattern of responses over these conditions with each
warning type, the different conditions of ULD were collapsed into one condition.

Response completion time An ANOVA showed significant main effects of
group, F(1, 22) = 7.05, p< .025, and warning type, F(1, 22) = 9.71, p< .01, with no
significant interaction effect. The group starting with the LDW drive showed an
overall longer mean response completion time. The group starting with the LDW
drive had a mean response completion time of 0.739 s (0.037) and the other group a
mean of 0.598 s (0.037). Irrespective of which warning type the participants started
with they showed a longer mean response completion time driving with the LDW.
The mean response completion time was 0.600 s (0.037) with the rumble strips and
0.737 s (0.032) with the LDW.

Time to back in lane An ANOVA showed no significant effects of the group
and warning variables on time to back in lane.

Lane exceedence area An ANOVA showed a significant main effect of group,
F(1, 22) = 4.51, p< .05, on lane exceedence area, with no other significant effects.
The group driving first with the LDW exhibited an overall larger mean lane
exceedence area, 0.58 m (0.06), than the other group, 0.41 m (0.06).
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4 CONCLUSIONS AND DISCUSSION

While the drivers showed more satisfaction with the LDW, they also showed
more trust in the rumble strips. The preferences of warning type revealed no clear
overall choice in favor of the LDW or the rumble strips. There was, however, a
clear preference for having the function of warning for ULD. Although response
completion was faster with the rumble strips warning, no difference between the
warning types was found in time to back in lane and lane exceedence area,
respectively. Thus, as revealed by the drivers’ assessments and performances from
driving with a scenario including ULDs, the main conclusion of the present study is
that no major overall differences between LDW and rumble strips were found.

Comments made by the participants are quite informative about what the
motivations were for the preferences. Comments like “more pleasant” and “the
sound not annoying” may indicate the preference for the LDW in terms of
pleasantness/comfort. Comments like “it felt more serious” and “you awaken, get a
faster reaction” may indicate the preference for the rumble strips in terms of
efficiency in alerting. There may therefore be a reliance on two competing aspects
of warning reflected in the preferences: (i) the aspect of pleasantness/comfort, and
(ii) the aspect of alert efficiency. If efficiency in alerting is prioritized, the
preference is in favor of the rumble strips, and if pleasantness/comfort is prioritized,
the preference is in favor of the LDW.

Irrespective of with which warning type the participants started driving, the
LDW induced overall longer mean response completion time. This thus indicates a
quicker response completion from having rumble strips warning of ULD. As
indicated above, this is also supported by the driver comments. Furthermore, there
was an overall higher trust in the rumble strips. That there is no difference between
the warning types in time to back in lane can be explained by the fact that the LDW
warning generally is delivered somewhat earlier in a lane departure than the rumble
strips warning. That is, with quicker response completion using the rumble strips,
the times to back in lane are not different for the two warning types because of
slightly earlier warning of the LDW. Although there was a significant group effect
on lane exceedence area, more important is that there was no overall effect of
warning type. Perhaps the drivers were more satisfied with the LDW because the
LDW warning was considered more pleasant, inducing a somewhat calmer
response, in conjunction with that no greater area was spent outside the driving lane
compared with the rumble strips warning. (In addition, the times to back in lane
were not different for the warning types.)

Our general conclusion is that the acceptance and performance levels were high
for both warning types. All drivers considered it valuable to have assistance in cases
of ULDs, whereas the kind of technical solution seems to be of less importance.
Several participants (i.e. 6 out of 24) also thought it was good to have both solutions
in parallel. This may reflect the driving scenario emphasized ULDs when looking
away from the road, as opposed to when keeping eye and mind on the road (and
getting nuisance alarms).

Still, rumble strips have the advantage of not being dependent on vehicle
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technology in the same manner as an LDW. On the other hand, an LDW has the
potential advantage of using warnings tailored to driver and/or traffic states (e.g.
Dong et al., 2011; Donmez, Ng Boyle, & Lee, 2007; Lee et al., 2011), with the
added potential opportunity to use displays based on vibrotactile, multisensory, or
motor-priming presentation (e.g. Navarro et al., 2010; Spence & Ho, 2008).
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ABSTRACT

Human safety is of high priority in workspace design. The proximity of
potentially hazardous objects is a threat in a compact workspace. It is even more
challenging in a mobile workspace, owing to the inertial forces involved. A police
car is one such example. Space restrictions due to airbag deployment, human
trajectories in case of a collision and visibility issues and distractions limit the
available space for in-car accessories such as laptop, radio, camera and radar
controls. While safety may require that the equipment be moved farther away from
the driver in case of a crash, more driver attention will be demanded for secondary
tasks, leading to distraction. Hence it becomes necessary to find a balance between
safety and ergonomics. In this present case study, far-side crashes to police vehicles
are considered, which cause the driver to fall towards the in-car equipment. Sled
tests were conducted on 50" and 95" percentile male dummies (Anthropomorphic
Test Devices) seated in an SUV and a sedan, at 19.9mph (32kph), for 40° and 70°
angles of impact. These trajectories are compared against the mounting locations of
the equipment, and airbag deployment zones. 12 local police officers were surveyed
regarding the human factor issues in the cockpit, using subject-based ratings. An
analysis of this comparison and potential injury outcomes are discussed as well.

Keywords: police car crashes, sled tests, mobile workspace, automotive crash
safety, ergonomics, far-side impact, driver injury
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1 HUMAN FACTORS ISSUES IN POLICE VEHICLES

Police vehicles need a greater attention from design engineers as it involves both
vehicle ergonomics and workspace design. Interviews with the local police officers
revealed several safety concerns, complaints and suggestions. Questions were raised
regarding the safety of the in-car equipment at the time of a crash. Moreover, a few
complaints were put forth concerning the attention required to perform secondary
tasks. Since secondary tasks such as conversing with the dispatcher, operating the
siren and microphone controls are necessary for police officers, these concerns
cannot be eliminated, but only minimized.

11 Ergonomic Concerns

The patrol vehicles currently in service are regular passenger vehicles with
police equipment installed. Although there is not enough evidence to support or
reject the argument that the police officers are bigger than civilians in North
America, the partition behind the front seats does cause driver discomfort, limiting
the longitudinal movement of the seat. Officers taller than 6 feet expressed the
discomfort caused thereby, especially in sedans. This may be one of the reasons
why they preferred SUVs to sedans.

Cars fitted with laptop and laptop mount have little or no room for free body
movement. There often is a compromise in terms of location and orientation of the
installed equipment such as visual displays and controls, requiring the driver to take
eyes off the road for longer periods. Besides these, the discomfort caused by seat
belt fastened over the utility belt needs to be addressed as well.

Cowles (2010) conducted a comparative study of overall ergonomics of the most
commonly used police vehicles based on subjective ratings from 9 police officers,
on a scale of 1 to 10; 1 for ‘totally unacceptable’, 5 for ‘average’ and 10 for
‘superior’.

Ergonomics/Communications
225

210
- I . I
180 . . . ‘

Ford Police Dodge Charger Chevrolet Impala Chevrolet Caprice Chevrolet Tahoe
Interceptor 9C1 PPV

Figure 1 Comparison of overall vehicle ergonomics (Data extracted from Cowles, S., “2011 Model
Year Police Vehicle Evaluation Program.”)
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The graph in figure 1 shows the combined overall ratings for various
aspects such as ergonomics of front and rear seats, instrumentation, vehicle controls,
visibility and communications. It can be noticed from this report that Chevrolet
Tahoe was rated the most comfortable car overall. Impalas were rated the least
welcoming.

1.2 Visual and Cognitive Loads
Position and orientation of display elements in the police car are not always

ideal. From figure 2, it can be noticed that the objects that require visual attention
while driving are not located in the field of view.

Display
Screen

Radar Controls.|| /
& Display '
Fd

/i

Figure 2 Typical arrangement of visual displays in a police car (Image: Ford Crown Victoria 2009,
Michigan State Police Post # 90, Calumet)

While radar displays can be moved to any desired location, video display
screens and camera controls in most cases do not entertain this freedom of
customization. It can be concluded from Engstrom et. al., (2005) and Liang et. al.,
(2010) from their studies on the effects of visual and cognitive distractions on
driving performance, that visual demands cause decreased speed, poor lane-keeping,
steering over-correction and decreased hazard perception, while cognitive loads
cause gaze concentrations at the center of the road, steering under-correction and
better lane-keeping. It has been concluded that visual loads cause more distraction
than cognitive loads. Therefore, when in pursuit or any other stressful driving
conditions, the displays may cause a significant issue.

Cades et. al., (2011) states that driver distraction is not merely caused by off-
road glances, but the driver’s attention is greatly handicapped by cognitive loads as
well, although the eyes are on the road. Interestingly, Brookhuis’ (2010) study on
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monitoring drivers” mental workload shows that driver mental workload should not
be too high or too low. Harbluk et. al., (2007) and Recarte et. al., (2000) have
concluded that drivers under cognitive workloads have an impaired ability of visual
scanning of the environment, resulting in poor perception of road signs and other
traffic cues. In addition to these distractions, another important element is
communicating with the dispatcher, which may be likened to conversing on a
cellular phone. Several studies conducted on the effects of cell phone conversations
on driver abilities showed that the drivers’ braking abilities and visual perception
abilities were negatively affected (Strayer 2003), drivers failed to respond to some
critical traffic events (McKnight 1993) and made poor judgment of gaps while
driving (Brown 1969).

1.3 Safety Concerns

Several safety concerns were raised due to the presence of laptop and its
mounting structure. For a far-side crash of delta-V 28 kmph, the intrusion of the
body can be as high as 600mm for sedans (Digges 2005). From our survey of the
police vehicles, this intrusion would not interfere with the laptop mounting zones
seen in the police cars, although the intrusion is deep enough for a head injury
(Figure 7). In addition to the laptop and the mount, the safety concerns regarding the
center console (shown in the following images) will be discussed in results section.

adar Controls
Display

5

| Center
Console

Figure 3 Laptop mounts and center consoles in Chevrolet Tahoe (left) and Chevrolet Impala
(right) Images: Chevrolet Tahoe 2010, Michigan State Police Post # 86, Iron Mountain (left),
Chevrolet Impala 2007, Phoenix PD (right)

Obijects such as the microphones, remote controls for radar and radar display
units may become high-speed projectiles during a crash. Adding to this, any
equipment in the airbag deployment zones can cause even more severe damage. To
eliminate this hazard, the automotive manufacturers have released upfitting
documentation for their vehicles, indicating airbag deployment zones and where and
how to install the equipment.
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2 METHOD

The current study focuses on the hazards to human safety posed by far-side
crashes in light of the human factors and ergonomic limitations in a compact mobile
workspace such as a police car. The following sections describe the three important
phases of the study:

2.1 Vehicle Survey

In the vehicle survey, the most commonly used police vehicles (Chevy Tahoe,
Impala, Ford Crown Victoria, Dodge Charger and Ford Expedition) were studied.
Several vehicles from across the Upper Peninsula of Michigan were considered for
the study. The most commonly seen equipment were the siren controls, radar, radar
controls, camera and its control panel, microphones, center console, spotlight and
laptop. Measurements of the interiors and the equipment were taken to reconstruct
detailed 3-dimensional models for further analysis. The layouts discussed in this
paper are limited to those seen in Tahoes and Impalas only. Therefore, our study
may be limited to these vehicles, and those with similar dimensions such as GMC
Yukon, Chevrolet Suburban, Silverado, and Chevrolet Malibu for sedans.

2.2 Human Factor Survey

Twelve local police officers from police stations in Houghton and Calumet,
Michigan, participated in subject-based rating survey on four aspects of each
component in the car. Among them, 9 had at least 5 years of experience driving the
patrol vehicles, and the other 3 had an experience of 2-5 years. The following four
aspects were rated on a Semantic Differential rating scale:

(1) Ease inreaching (1 = easy to reach; 5 = remote)

(2) Frequency of use (5 = very frequent; 1 = almost never)

(3) Importance of the component (5 = very important; 1 = not at all important)

(4) User-friendly design (5 = simple/easy to use; 1 = complicated/complex)
Average ratings and further analysis are discussed in results.

2.3 Sled Tests

In collaboration with Kettering University Crash Safety Center, fourteen sled
tests were conducted on 95" and 50" percentile male dummies, for a Chevrolet
Impala and a Chevrolet Tahoe, at 19.9 mph (32 kmph), for 40° and 70° angles of
impact (PDOF). Motion-tracking cameras were used to track the dummy trajectories
for 200ms from the initiation of the impact. The geometric data was obtained from
the sled tests, and compared with the interior dimensions obtained from vehicle
surveys and airbag deployment zones. However, the data was obtained from 13 tests
only, as the fourteenth test was conducted without a seatbelt, and the cameras could
not collect the trajectory data.
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3 RESULTS

The averages of the subject-based ratings are tabulated below (some of the
components were not present in all the cars). Each reading ranges from 1 to 5.

Table 1 Average user ratings for in-car components

Component Proximity Frequency Importance Complexity
lower=closer lower=rare lower=unimportant  lower=easier
Mic/radio controls 1.58 4.67 5 1.33
Siren controls 2 2.67 4.83 15
Radar controls 1.45 4.18 4.09 1.45
Camera controls 1.82 4 4.27 2.27
Laptop 2 25 2 3.5
Spotlights 1 4.25 4.75 1.75
Seatbelt 5 5 5 1
Emergency lights 3 5 5 1
Cell phone 1 3 3 25
Cup holder 1 5 5 1

Components that interfere with neither airbag zones nor dummy trajectories
were excluded from the following images, to improve legibility and clarity. The
Tahoe in our survey did not have a camera, and hence not included in the analysis.
Cell phones and seat belts were not included in the analysis.

The following plots were obtained using a 3D plotting software Calc3D Pro.
Laptop is assumed to be in a closed position, and circular in shape, since it can be
rotated about the mount pivot. But the mounting structure itself has a variable arm
length, which varies between 60 mm and 180 mm. For the sake of this study, the
laptop is considered fixed, with its center predefined, located as seen in the patrol
vehicles during the survey.

_ (Lower)

Figure 4 Tracking points on the dummy (left); Sled test setup - Angles of impact (right)
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Figure 4a (right) shows the points on the dummy that are tracked. Figure 4b
(right) shows the diagram of the setup for sled tests, and how the angles were
measured.
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Figure 5 Common in-car equipment in an Impala (Original image source: www.the-blueprints.com;
image modified based on geometric data from the survey)
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Figure 6 Common in-car equipment in a Tahoe (Original blueprint source: www.gmupfitter.com;
modified based on geometric data from the survey)

Overall, the images may contain an error of £15mm for Tahoe layouts and
+30mm for Impala’s, due to limited availability and accuracy of blueprint images.
The sled tests were conducted without any in-car equipment installed, therefore the
dummy trajectories appear to pass through the equipment in the graphs. In the
study, we look at head injuries only, since these are the major contributors to fatal
incidents (Yoganandan, et. al. 2010).

HeadTOP refers to the top-most part of the head, headUPR approximately refers
to the location of right ear and headLWR to right jaw (figure 4a). The graphs above
include both 95" and 50" percentile dummies.
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Figure 7 Head trajectories for 40° and 70° impacts in Impala
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4 DISCUSSION & CONCLUSIONS

From the subjective ratings, it can be seen that almost all components are
necessary for the duties of the job, except the laptop and the cell phone. Since not
all vehicles had the same components, only the most commonly seen ones were
shown in the layout drawings. The following key points can be concluded from the
analysis:

e Laptops and their mount structures are a major threat for head injuries in
far-side crashes of police vehicles. For oblique impacts, however, the head
may be expected to hit the airbag before hitting the laptop. Even so, this
raises a question whether the interference of the airbag with the laptop
causes any unforeseen damage or injury.

e The airbag deployment zones are in conflict with the spatial location of
some equipment, especially the laptop and its mount. Disabling the
passenger airbag is a good solution in case of absence of the passenger. But
this still does not address the driver airbag.

e Seat belts do not protect the driver enough in far-side crashes, which can
be observed from the above trajectories. The dummy swung back due to
the tension in the seat belt in the 40° tests (oblique front-right impacts),
whereas in the 70° tests, the dummy flew almost to the passenger seat’s H-
point. This means that 3-point seat belts do not provide lateral support for
far-side crashes. Similar results may be found in Kumaresan et. al., (2006)
and Feist et. al., (2007). This would expose the head to body intrusion,
resulting in head injuries (Digges 2005, Bostrom 2003).

e Redesign suggestions can be made to install all the visual display
equipment in the field of view. The control panels, however, are already
within the reach. Driver anthropometry needs to be considered to
determine this workspace as well.

o For smaller displays, best available position is on the dashboard, behind
the airbags, in a way not to obstruct the driver view.

Further research needs to be done to quantify the workspace ergonomics with
regards to the restrictions on available workspace and potential driver distraction
and unfamiliarity issues caused by repositioning of the equipment.
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ABSTRACT

Driving simulators are important tools for the evaluation of in car infotainment
and driver assistance systems with respect to their ergonomics, design, usability and
user experience. To increase efficiency by integrating different devices and HMI
prototypes into the driving simulator in a flexible way, a new type of modular
testing environment has been conceptualized. It is based on a modular dashboard
which was developed and integrated into the existing driving simulation car, a
Renault Scenic. This approach eases the adaptation of the dashboard to any new
HMI requirement on the one hand and still allows for evaluation in the realistic in-
vehicle environment. The paper includes examples of use during different research
projects which demonstrate the function and advantages of the new dashboard.

Keywords: modular dashboard, HMI prototypes, evaluation studies, driving
simulator
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1 INTRODUCTION

In-vehicle audiovisual information and entertainment systems have become an
important factor to distinguish a brand in the automotive industry. Manufacturers
compete to integrate as many functions as possible in the smartest way. Onboard
diagnostics, navigation, smartphones, media-players, internet access and Apps
provide an unlimited amount of warnings, information and entertainment for the
driver. Consequently the demand for testing and evaluating these systems, their
hardware positioning and their HMI is increasing. Studies in driving simulators are
commonly used to evaluate the ergonomics, usability, user experience and
distraction of information and entertainment systems in different kinds of driving
conditions in the context of User Centred Design.

The driving simulator at the Fraunhofer Institute for Industrial Engineering
(1IAOQ) in Stuttgart, Germany is based on a real vehicle Renault Scenic (figure 1)
which is equipped with a motion system. The simulator is used for evaluating
concepts of ADAS, IVIS, entertainment, general HMI, design elements and the
ergonomic positioning of devices. For each test the integration of the objects of
investigation in the simulation car is time-consuming and requires a huge amount of
effort. Often suppliers of in car HMI or design elements need a complete dashboard
or interior for every single prototype to be tested. After the tests, the dashboard
remains many times partly destroyed or punched and in generally bad conditions for
following experiments. To increase efficiency when integrating devices and HMI
prototypes into the driving simulator in a flexible way a new type of a modular
testing environment had to be conceptualized and designed. In order to fulfill the
new requirements for in car HMI testing the dashboard and the vehicle interior of
the Fraunhofer IAO driving simulator was reconstructed and a new modular
dashboard was developed and smoothly integrated into the existing car.

Figure 1 The Fraunhofer IAO driving simulator based on a Renault Scenic.
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This paper describes the conception and development of the modular dashboard
and interior and discusses its use case scenarios and advantages compared with
standard dashboard solutions.

2 MODULAR DASHBOARD

The requirements engineering, conceptualization, construction and integration of
the modular dashboard were carried out in the following steps.

2.1. Requirements

The driving simulator is used for evaluating different devices. The devices’
integration has to be done with a minimum amount of time and effort. This includes
for instance cameras, tracking systems, displays, input devices, smartphones,
speakers, warning lights and ambient light. The flexible placement of devices and
HMI prototypes requires a dashboard with a modular design approach. Components
have to be easily installed and replaced. Furthermore a new level of flexibility in the
reconfiguration of the interior is needed to fulfill the requirements of future projects
and studies. Components like the jets of the integrated air-conditioning and
infotainment systems should be rearranged in the whole dashboard without limits.

The modular dashboard has to provide a flexible and realistic testground for new
concepts of in—vehicle entertainment and driver information. Parameters of driver
distraction, attention and design aspects have to be determined taking different
arrangements into account.

In addition to the integration of test items a flexible mounting of tracking
devices is needed. This means that various cameras for video capturing and eye-
tracking have to be placed freely all over the dashboard wherever applicable. Cable
management also has to be taken into account to connect the corresponding devices
with the driving simulator.

To avoid dashboard reflections on the front windshield, the dashboard has to be
designed in a neutral appearance and must not use any reflective materials.

2.2. Concept

In order to enable easy reconfiguration of the dashboard a modular approach
was chosen. The dashboard was separated in structural components, casing
elements and the items to be integrated. A modular building kit system based on
aluminum profiles and special connections was used to build up the dashboard’s
supporting structure. The skeleton structure was made of aluminum profiles.
Replaceable panel elements serve as covering. Devices and other elements can be
easily attached and integrated on the panel elements or in the slots of the aluminum
profiles.

A flat computer monitor was used to display virtual speedometers and
revolution counters. The center console is based on a huge multi-touch-monitor to
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display virtual prototypes of information systems. Their position can be changed
using parameters in software. This approach is more flexible than using a smaller,
moveable monitor with a rail system. The large display area can be used to
virtualize the center stacks of different cars (figure 2).

Figure 2: Concept of the modular dashboard.

In evaluation studies the subjects are monitored using video cameras and eye-
tracking systems. In front of the driver a rail system was integrated into the
dashboard to get a minimal installation height of the camera’s stand (figure 3).
Furthermore a flexible mounting of video cameras is possible using the nuts of the
aluminum profiles all over the dashboard.

Figure 3: Concept of the camera rack above the head unit.

To ensure the flexible installation of the air-jets, the air-conditioning-system was
built up using flexible tubes. The rearrangement of the air-jets can be easily done by
replacing panel elements.
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2.3. Construction & Integration

First of all the car interior had to be measured exactly. To achieve this hand-
made laser scanning technique was used. A supporting frame was constructed to
serve as a stand for a laser distance meter. In the first step the original dashboard
was manually scanned. After the demounting of the dashboard the interior was
scanned again to measure the available space for the new dashboard. The outcome
of these measurements were used to reconstruct the shapes of the original dashboard
and the interior of the car.

The new dashboard was designed in CATIA. The cross section of the original
dashboard was kept to avoid adaptions in doors and other issues.

Prior to the construction process an appropriate building kit system needed to be
determined. The “MB Building Kit for Mechanical Engineering” offered by “item
Industrietechnik, Germany” was chosen, because a huge amount of different
fastening elements is provided. First of all the supporting frame was designed in
form of a skeleton structure built up with aluminum profiles.

After the design the profiles were assembled to a skeleton structure. To avoid
dashboard reflections on the front windshield, the skeleton structure was lacquered
matt black (figure 4).

Figure 4: Skeleton structure assembled and lacquered.

The panels were attached to the skeleton structure and covered with a black,
beamless material. The complete dashboard was then integrated into the Renault
Scenic (figure 5).

Figure 5: New dashboard completed and integrated.
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The rail system for the camera stands was integrated directly in the dashboard
taking advantage of the aluminum profile’s characteristics. For instance the slots
were used to build up an integrated rail system (figure 6).

Figure 6: Fixation for the cameras on the camera rack.

The ambient light system is based on flexible light tubes installed in grooves. It
is possible to rearrange the ambient light because the grooves were designed as a
building set and the tubes were assembled by clamping (figure7).

Figure 7: Installation of ambient light.
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3 USE CASES

The modular dashboard has been used in several experimental studies which
requested installation of different hardware. This chapter provides three examples.
The testing of different ambient light in the drivers cabin, the testing of different
eye-tracking camera systems and the integration of smartphones in different
positions.

3.1. Ambient Lighting

Within the research field of Fraunhofer IAO the modular dashboard is used to
analyze the influence of dashboard display light and ambient lightning on the vision
of the driver while driving at night or twilight. Glare due to in car lighting can lead
to a reduced ability of the driver to perceive contrast within the environment. An
adverse position of the LED light and wrong light color or light intensity are critical
for the road safety. Optimal light conditions within the car are important to assure
that the driver perceives all relevant object of the road traffic and reacts on them
within the appropriate time. The modular dashboard provides the best preconditions
for flexible testing of light placements and thus in vehicle light conditions
(figure 8).

Figure 8: Ambient light installed in different positions inside the driver cabin.

On this account a set of LED light tubes were integrated into the modular
dashboard at different positions. The position of the light tubes can be rearranged to
fit the requirements of the test setting. Light intensity and color can also be
adjusted. The intensity and color of the light tubes are controlled via an interface,
which allows a setting change while driving (figure 9).
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Figure 9: Ambient in car lighting and display lighting of the Fraunhofer 1AO driving simulator at
different light conditions.

Beside the light tubes also light settings of the two implemented displays are
adjustable. The modular dashboard comes with a large screen behind the steering
wheel to simulate all kinds of head unit designs, including minimalized screens for
night driving or environmental adaptive brightness. In the center stack a large
monitor allows for simulating different center stack designs and various positions
and sizes for simulated center screens.

3.2. Eye-tracking Cameras

The modular dashboard supports the integration and placement of additional
dashboard parts, such as cameras for driver monitoring or eye-tracking. In an
experiment different eye-tracking systems have been compared which requested the
installation of different cameras in various positions on the dashboard (figure 10).

Figure 10: Possible position for cameras on the dashboard.

Especially the distance to the driver’s head had to be changed stepwise in order
to find the best position for the cameras. The modular dashboard supported this
experiment with its flexible surface and options for adding an additional rack to
hold the cameras. The special rack was made and integrated above the head unit.
The rack itself can be moved forward and backwards on a track within a range of
15cm and can be fixed in every position. It also allows changing the distance
between the cameras and their orientation.
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3.3. Smartphone Bracket

The use of aftermarket navigation devices and smartphones inside the car is
heavily increasing. However the positioning inside the car is a crucial question still.
Besides the limited possibilities on regular dashboards researches also have a strong
interest in knowing more about the best position in terms of reachability, usability
and distraction. The modular dashboard was used to install a smartphone in
different positions within the arm-rang of the driver and perform tests for distraction
while operating the phone. Figure 11 shows exemplary two possible positions that
were used for testing.

Figure 11: Different positions for the smartphone.

CONCLUSIONS

This modular dashboard approach eases the adaptation of the dashboard to any
new HMI requirement on the one hand and still allows for evaluation in the realistic
in car environment.

Devices integration can now be done with a minimum amount of time and
effort. This has been proven for cameras, tracking systems, smartphones and
ambient light. The modular assembly of the dashboard allows a flexible placement
of devices and HMI prototypes for studies on ergonomics, usability and distraction
as well as for integrating driver monitoring systems. The common problem of
destroyed or punched original dashboards within driving simulators has completely
been eliminated. HMI prototypes of different developers can be easily installed and
replaced without leaving unfixable damage to the dashboard. Furthermore a new
level of flexibility in the reconfiguration of the interior has been reached. For
instance the air jets of the integrated air-conditioning can be rearranged in the whole
dashboard without limits. These features provide a flexible and realistic testground
for new ergonomic concepts of in car entertainment and driver information.
Parameters of driver distraction, attention and design aspects can be determined
taking different arrangements into account.
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ABSTRACT

Steer-by-Wire systems enable designers to offer completely personalized
steering feel to drivers, unlike existing steering systems that offer limited or no
personalization. In this paper we focus on feedback torque level, a significant factor
for steering feel. Earlier studies indicate that the preferred feedback torque level
may be related to the perceived comfort and control that different torque levels
offer. However, there is limited understanding on how drivers perceive comfort and
control in regard to feedback torque level and the relationship between comfort and
control. An exploratory study was conducted on a driving simulator to understand
the impact of feedback torque variations on driver perception of comfort and
control. The study shows that comfort and control are perceived together and that
their optima are not defined by physical effort but may instead be dependent on
factors such as personal experience and mental effort.

Keywords: steer-by-wire, steering control, steering comfort

1 INTRODUCTION

The steering wheel is the primary human machine interface (HMI) with which
the driver interacts to control lateral motion of a vehicle (Newberry et al 2007).
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Conventional steering systems have been equipped with different mechanisms for
power assist to lower the steering effort and increase the comfort (Toffin et al 2007)
for the driver while exerting lateral control. Conventional steering systems however
are limited in terms of the ability to apply the amount of power assistance which is
preferred by drivers (Verschuren and Duringhoff 2006). Steer-by-wire systems,
which are fully electric steering systems, allow us to adjust various parameters
including feedback torque that a driver experiences on the steering wheel (Kimura
et al 2005). With the design flexibility that by-wire technology promises, in theory
it will be possible to design an algorithm with steering parameters for a steering feel
that offers optima of comfort and control to different people as preferences for
steering settings are known to vary across individuals (Bathenheier 2004). There is
however limited understanding of what the terms comfort and control mean and the
relationship between them. Hence, to gain an understanding and help create better
informed designs for steer-by-wire systems, an exploratory study was conducted.

The study also wanted to test the hypothesis that comfort and control are distinct
attributes and that there would be a clear distinction between the two with force
feedback variations. The hypothesis is illustrated in Figure. 1. Considering the
omnipresence of power assist systems, it is assumed that comfort decreases more or
less linearly with increasing force, except for a secondary effect at very low to zero
force levels, where comfort is also very low. On the other hand, considering that
extremely low and high feedback torque impact steering input (Chai 2004), we
assume that control increases more or less linearly with increasing force, except for
a secondary effect at very high levels, where the force is so high that it is difficult to
execute the intended steering maneuver. The hypothesized relation implies that
optimal force levels for comfort and control are different. By exploring the
relationship between comfort and control and in the process of testing the
hypothesis, the study provides designers with insights on driver perception of
comfort and control in designing the HMI for steer-by-wire systems. The study also
is intended to provide designers with a methodology and questionnaire to
effectively study the impact of feedback torque variations on perceived comfort and
control in steer-by-wire systems.

Perceived Perceived

level of level of

Comfort Control
Force level Force level

Figure. 1. lllustration of assumed relation between force level and perceived level of comfort and
control.
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2 METHODS

2.1 Experimental Design

The experiment followed a mixed methods design. Six levels of forces ranging
from ONm to 7.2Nm were applied to a steering wheel in a driving simulator in order
to allow participants to experience a wide range of forces that included feedback
forces normally encountered in a vehicle as well as extremely low and high forces.
The experimental design focused on quantitatively recording participants’
judgments of comfort and control across the six different force levels.

Comparing all six different levels of forces after driving with each level of force
produces methodological problems; as such judgments are likely to be heavily
influenced by the order in which the forces were offered. As the time required to
experience a particular force level is substantial (in the order of minutes), this would
imply a large time interval between experiencing the first force level and making
the judgment. It is known that such reliance on memory may favor more recent
(Mayo and Crockett 1964) and more extreme experiences. Pairwise comparison is
known to be a more stable experimental method and has therefore been adopted
instead. This implies that participants perform the driving task with two different
force levels and subsequently make a comparison between the two on a
questionnaire. With six different force levels, a comparison matrix yields 30
differently ordered pairs. Each participant was offered only three pairs, selected at
random, in order to prevent participant fatigue. 10 participants are therefore
required to make all 30 (10 x 3) pairwise comparisons.

2.2  Participants

Thirty (N = 30) subjects who were regular drivers of a passenger car with a
minimum of 1.5 years of driving experience were recruited to take part in the study.
Participants recruited consisted mostly of students affiliated with Eindhoven
University of Technology. Of the 30 subjects, 27 were male and 3 were female.
Since an earlier study conducted on the simulator revealed that the effect of gender
on preferred steering force was insignificant (Anand et al 2011), participant
recruitment did not require gender equality. Of the 30 participants, 10 had driving
experience ranging between 1.5 and 3 yrs, 7 between 3 and 5 years, 10 between 5
and 10 years and 3 over 10 years of experience.

2.3 Tools

2.3.1 Questionnaire. A post-task questionnaire to make the pairwise
comparisons was developed for the study. Items included in the questionnaire were
outcomes of a pilot study conducted earlier. In the pilot study, six doctoral students
from Eindhoven University of Technology were recruited using convenience
sampling to perform the same driving task as in the current experiment but were
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asked to compare forces in triads instead of pairs. Comparisons were expressed
verbally via interview. The interviewing style followed the repertory grid technique
and used laddering up and down. Interviews focused on gaining an understanding of
how participants make comparisons with regard to steering feedback torque and
also specifically into what comfort and control meant to subjects and the description
of these terms in their own words. Content analysis of the interviews provided
common terms that participants use in characterizing the experienced forces. Items
that provided a general characterization of force and items that were relevant to
comfort and control were first included in the questionnaire, to a total of twenty
items. Seven items were included later on based on feedback from the first ten
participants. Of the seven additional items, four provide subjective assessment of
comfort and control while driving in straights and corners while the remaining three
focus on attention, mental effort and physical effort required in performing the
driving task.

For each item, the post-task questionnaire contained a binary response question
and a 5-point Likert-type scale. The binary response question was to elicit whether
the perceived effect of the attribute was “More” or “Less” when comparing the
second force level in a pair with the first. The 5 point Likert-type scale below the
binary response question allowed participants to indicate how much more or less the
difference was between the two force levels for a particular attribute.

2.3.2 Driving Simulator. The driving tasks were performed in a fixed-base
driving simulator manufactured by Green Dino Technologies Ltd in the
Netherlands. The driving simulator offered participants a panoramic view of the
driving environment as seen in Figure 2.

Figure2. Green Dino driving simulator. Figure3.Driving task circuit.

A brushless DC motor with 8Nm rated torque fitted to the simulator was
controlled to produce six levels of feedback torque. The feedback torque was varied
from 0% - 90% of the rated motor torque. The feedback torque on the steering
wheel was constant and was not varied in response to speed and steering angle in
order to present participants with a single force sensation. The feedback torque
applied in each of the six levels is as shown below in Tablel.
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Tablel. Six feedback torque levels offered to participants.

Feedback Torque Level Percentage of Rated Actual Torque
Torque(8Nm)in % Produced(Nm)
Levell 0 0
Level2 10 0.8
Level3 30 2.4
Level4 50 4
Level5 70 5.6
Level6 90 7.2

2.4 Driving Task

The experimental task required participants to navigate a 9km circuit designed
with straight stretches, gradual curves and sharp curves. The circuit is as shown in
Figure 3. The circuit had low density traffic in the opposite lane to simulate a
realistic countryside driving environment. Participants were instructed to keep to the
center of the lane while driving through the circuit.

2.5 Procedure

Upon obtaining informed consent, information such as gender and driving
experience were collected from participants. They were then subjected to
familiarization trials to get familiar with the experimental set-up. Familiarization
involved participants driving on the driving task circuit for approximately five
minutes. Following familiarization, participants were instructed to perform the
driving task twice with two different force levels. On completion of the
experimental tasks, participants were instructed to complete the post task
questionnaire and make the pairwise comparisons. Upon completing the
questionnaire, each participant performed the driving task with two other pairs of
force levels and made comparisons on the post-task questionnaire as previously
instructed. In total, each participant received 3 pairs of forces and expressed their
pairwise judgments for the different items offered in the questionnaire.

3 RESULTS

Cluster analysis was performed across all participants on the pairwise
comparison data which comprised of average scores for 27 attributes from 20
participants and 20 attributes from all 30 participants. The analysis was therefore
performed with missing data for the 7 attributes that were not included in the post-
task questionnaire offered to the first 10 participants in the study. Clusters that could
not be described as one-dimensional (established by the size of the second singular
value) were iteratively split into smaller clusters, but clusters that would only be
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supported by a single attribute were avoided. Whenever a cluster was split, all
atributes were iteratively assigned to the cluster with which they had the highest
correlation.The analysis revealed that the attributes could be grouped into four
clusters. The clusters formed can be seen in Table 2. The table also presents the
values of variance explained from data for each item within the cluster.

Table2. Four clusters formed from preference scores on clustering analysis
with explained variance values for each item.

Cluster1 R? Cluster2 R?
Trustworthy 0.34 Tiring 0.83
Secure 0.53 Physical Effort 0.87
Safe 0.53 Heavy 0.93
Control 0.61

Exaggerated From Normal 0.70 Cluster3 R?
Operable 0.71 Ergonomic 0.55
Normal 0.72 Straight Control 0.60
Stress 0.73 Natural 0.65
Mental Effort 0.75 Straight Comfort 0.79
Doable 0.76

Requires Attention 0.81 Cluster4 R?
Frustration 0.86 Sturdy 0.04
Pleasurable 0.87 Turn Control 0.42
Comfort 0.88 Turn Comfort 0.79

On observation of the individual attributes within the clusters, the clusters were
assigned the following semantic terms: Clusterl = Overall Comfort & Control,
Cluster2 = Physical Effort, Cluster 3 = Straight Comfort & Control and Cluster4 =
Turn Comfort & Control.

As can be seen from the Overall Comfort & Control cluster, comfort and control
are not perceived distinctly by subjects. The high correlations between Comfort and
Control (r = 0.9, p < .001) rating scores across participants reinforce this
impression. The results further reveal other items which are related to Comfort and
Control. The results therefore reject the initial hypothesis that comfort and control
are perceived distinctly.

In order to understand the relationship between the clusters and the force levels,
the preference scores of individual attributes were analyzed using multi-dimensional
scaling (MDS) software. Since a two-dimensional solution did not explain more
variance, we used a one-dimensional solution. The analyses treated participants as a
homogenous group, although there were some outliers in terms of their judgment of
forces. Results from the analysis produced the patterns shown in Figures 4a-4d as a
function of force level for the different clusters. With exception of Cluster 2,
Physical Effort, the relationships are non-linear as a function of force level.
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4 DISCUSSIONS

The non-linear relationships for Clusters 1, 3 and 4 produce a similar pattern as
observed in Figurel, where it was assumed that a secondary effect may not produce
a linear relation between force level and the perceived psychological construct. The
patterns confirm the existence of secondary effects which influence perceived
comfort and control, indicating that too high and too low force result in less
perceived comfort and control.

The pattern in Figure 4a illustrates that maximum comfort and control are
perceived at 0.8Nm and 2.4Nm followed by ONm and 4Nm. The least comfort and
control appear to be perceived at 5.6Nm and 7.2Nm which indicates that extremely
high forces may be detrimental to perceive comfort and control.

The pattern in Figure 4c for the Straight Comfort & Control cluster reveals that
participant perception of ergonomics and naturalness of feedback torque increases
from ONm to a peak at 0.8Nm, gradually decreasing at 2.4Nm and 4Nm and then
significantly dropping at 5.6Nm and 7.2Nm. The cluster involves items such as
Straight Control and Straight Comfort which indicated participants’ ability to
perceive comfort and control with changes in feedback torque while driving on
straight sections of the circuit. Presence of such items and their overall relationship
with comfort and control reiterate the point that comfort and control are perceived
together.
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The pattern in Figure 4d for the Turn Comfort & Control cluster illustrates that
participant perception of increased sturdiness as well as comfort and control in the
curve segments of the circuit (referred by items Turn Comfort and Turn Control,
respectively) increases from ONm and peak at 2.4Nm from which point it decreases
gradually to 7.2Nm. The relationship can be viewed as an inverted U-pattern. Since
the cluster includes items relating to perceived comfort and control, it further reiterates
that comfort and control are not distinct. The pattern in comparison with the Straight
Comfort & Control pattern in Figure 4c shows that 2.4Nm is perceived to offer more
comfort and control during cornering than in the case of driving in straights, where
0.8, 2.4 and 4Nm are perceived to offer similar amount of comfort and control. This
suggests that drivers are more sensitive in their perception of comfort and control
when significant steering actions need to be performed (in order to take turns) as
opposed to driving in a straight line where only minimal corrections of the steering
wheel are required. Therefore conventional steering systems that already offer
increased torque during cornering when compared with on-center driving (by making
feedback torque a function of steering angle) are perceived to provide optimal comfort
and control. The findings further suggest that if such a conventional steering system
had been used in the experiment, there might not have been two distinct clusters for
perceived comfort in on-center driving and turning, but we would instead have just
two clusters — Overall Comfort & Control and Physical Effort. Hence items specific to
steering conditions, such as on-center driving and turn taking, can be excluded from
questionnaires that assess perceived comfort and control if the feedback torque on the
steering wheel is varied as a function of steering angle.

On observation of Figures 4a, 4c and 4d, it can be concluded that comfort and
control are perceived to be the highest in the 0.8-2.4Nm region with a sharp drop on
either side at 0 Nm and 4Nm followed by 5.6Nm and 7.2Nm, which are perceived
to offer the least comfort and control.

The relationship between the Physical Effort cluster and feedback force as seen
in Figure 4b shows that physical effort monotonously increases with increases in
force. This shows that participants were able to clearly sense the different force
levels offered to them. The absence of items relevant to comfort and control in this
cluster as seen in Table2 suggest that participants’ perception of comfort and control
involve aspects apart from physical effort.

Looking at the Comfort & Control cluster in Table 2, it becomes evident that
driver perception of comfort and control may not be significantly different from
each other. Items in the cluster further suggest that perception of comfort and
comfort may be influenced by how operable, normal, doable and pleasurable a
feedback feels to the driver. The presence of Normal in the Comfort & Control
cluster suggests that driver perception of comfort and control may significantly rely
on the feedback that drivers have been familiar with. During interviews conducted
in the pilot study, ‘Normal’ was used by participants to describe forces that they
were most familiar with and used to in driving their cars on normal roads. This goes
on to suggest that feedback settings that differ considerably from one’s own
perception of normality may impact their judgment of comfort and control that a
setting may offer.
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Presence of items such as Mental Effort, Frustration and Stress in the same
cluster as Overall Comfort & Control suggests that perception of comfort and
control may involve aspects relating to the cognitive processing abilities. And since
they negatively correlated with items such as Operable, Normal and Doable in the
same cluster, it suggests that increased comfort and control is perceived when the
feedback force does not require significant cognitive resources to perform the
steering maneuver.

Based on discussions emerging from the cluster analysis, explained variance
from data and semantic meaning of the items, a questionnaire to understand the
amount of comfort and control that is perceived with different steering settings must
include the following items: Comfort, Control, Normal, Operable, Pleasurable,
Mental Effort and Stress from the Overall Comfort & Control cluster and Heavy and
Physical Effort from the Physical Effort cluster. And as discussed earlier, items
relating to specific steering conditions in the Straight Comfort & Control and Turn
Comfort & Control clusters can be excluded if feedback torque applied on steering
wheel mimics conventional steering systems. It is important to note that the analysis
performed contained missing data from 10 participants for 7 of the 27 attributes that
were used, and this may have induced correlation bias in cluster analysis and
influenced variance explained in the data. Therefore variance explained for items
such as Physical Effort, Mental Effort and Pleasurable, which are among seven
attributes with missing data, may vary from values seen in Table2 if data from the
missing participants were available. However, high levels of variance explained in
data from 20 participants for these items (R® > 0.75 as seen in Table2) reflect the
need for their inclusion in questionnaires for experiments that study perceived
comfort and control with different steering settings.

5 CONCLUSIONS

The study was able to successfully explore the relationship between perceived
comfort and control with variations in feedback torque. The study found that
subjectively assessed comfort and control are mutually dependent on each other and
that their relationship with force feedback is non-linear. The study also finds that
driver perception of comfort and control are dependent on what drivers perceive as
normal based on their existing driving experience. This therefore shows that drivers
rely on a personal baseline to judge comfort and control and this may significantly
impact assessment of settings tested and developed for steer-by-wire systems. The
reliance on a personal baseline indicates that participant familiarization with new
settings is essential prior to evaluation. Further, the study contributes in developing
a questionnaire to assess perceived comfort and control of steering systems. The
study also provides designers with insights on what regular drivers convey when
they state to have perceived a certain level of comfort and control.

However it may be noted that the study was conducted in a fixed base simulator
and therefore was limited in its ability to produce lateral acceleration forces which
may impact drivers’ ability to sense speed and therefore their ability to sense
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differences in comfort and control. Further studies conducted on a test-car can help
validate the findings as a test-car allows participants to experience the lateral forces
and speed unlike in the simulator. And since steering in a test-car has bearing on
personal safety, unlike the simulator; assessment of comfort, control and also
preference for feedback torque settings may differ. In the study conducted,
feedback torque was the only parameter varied. It may be interesting to study the
effects of variation of other parameters such as damping, power assistance boost-
curves and steering ratio to understand their effects on comfort and control under
different driving conditions. The findings may help in generating a personalized
algorithm with optimal steering feel for individual drivers.
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ABSTRACT

Automotive speech interfaces are an integral part of a driver’s multimodal
interface. The interface poses a unique technological and design challenge because
of the automotive context. In this chapter, we describe an integrative approach to its
design and productization. While our approach is based on User Centered Design,
it combines with it technological innovation and theoretical research in areas related
to the user, the machine, and the user interaction. Current development trends in
speech applications, such as an increase in the number of features and tasks desired
by users and the availability of new technologies lead to our vision: Mixed-
initiative natural language speech interfaces as part of a multimodal interface
allowing the user to combine or switch among the manual-visual and auditory
modalities seamlessly. We suggest four areas in need of research: user and context
modeling, global markets and cultural variation, dialog management, and
multimodal speech interfaces. We introduce six research projects, five of which
were performed in collaboration with General Motors and one by Nuance and IBM.

Keywords: Automotive Speech Technologies, adaptive technologies, user
centered design, multimodal human-machine interfaces
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1 INTRODUCTION

While mobile speech applications have been available for quite some time, only
recently have new speech applications been reintroduced into the smart device
environment (Apple and Android) for a growing variety of tasks. Although the
automotive domain might appear to be a subset of the mobile environment, there is
need for a dedicated set of solutions that are specific to the in-vehicle environment
and in some cases are substantially different: Requirements for multimodal
interaction differ substantially as a driver cannot touch or look at the screen for
long; the car acoustic environment is far more challenging than that of a mobile
phone; the user interface needs to serve both driver and passengers; mobility needs
and connectivity are different than the mobile environment; unique automotive
applications are required, e.g., safety, security, and vehicle assistance; and finally
automotive regulation and voluntary guidelines must be adhered to.

In General Motors, we have a long-term goal of introducing robust and natural
multimodal in-vehicle interfaces offering speech as an interaction modality to the
user to provide a pleasing and valuable user experience. Our vision is to create an
eco-system that builds upon and enhances existing speech applications, optimizes
them for users’ needs and desires in the car environment, and adds value in terms of
context-understanding and user-modeling, personalization and adaptation, cross-
cultural differences, and multimodal interaction between user and interface.

By integrating theoretic constructs and technology research with collected data
and empirical testing, we believe we can address the challenge. In this paper, we
first describe our holistic view of interface design and development. We then
present an applied approach for the creation of automotive multimodal interfaces
with focus on spoken interaction and speech technologies. We introduce six
research projects, five of which were performed in collaboration with General
Motors and one by Nuance and IBM. While our approach is applied to the
automotive domain, it can also be applied to speech applications in other domains.

2 IN-VEHICLE USER INTERFACE DESIGN AND
DEVELOPMENT

2.1  User Centered Design Approach

The design of an in-vehicle multimodal interface typically follows the paradigm
of User-Centered Design (Nielsen, 1993). User-Centered Design (UCD) is a
multidisciplinary design approach based on the active involvement of users to
improve the understanding of user and task requirements, and the iteration of design
and evaluation. Naturalistic observation, contextual inquiry, and other techniques
(e.g., Dray and Siegel, 2009) are used to gain a better understanding of the user in
the relevant context. It is widely considered the key to product usefulness and
usability - an effective approach to overcoming the limitations of traditional system-
centered design (Mao et al. 2005). Figure 1 illustrates a simplified but typical
research and development cycle using the traditional UCD approach.
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Figure 1 Design and development cycle using the traditional User-Centered Design approach

While Figure 1 may illustrate a reasonable simplification of the UCD process,
one could argue that it is missing a clear process for innovation. Furthermore, it
lends itself to incremental innovation in which user needs are heavily biased by the
technologies that are available to them at the time and by their own expectations for
future technologies. An alternative approach would combine user centered design
with technology innovation so as to circumvent this difficulty.

The classic UCD approach typically assumes an existing set of technologies that
has to be adapted and configured to a set of users. In the automotive industry due to
the long development cycle for a next generation interface, the underlying
technologies usually evolve in parallel over a period of years. Consequently,
automotive interfaces while in a design phase will have to serve future user needs
and fulfill prospective user expectations. Our approach therefore extends beyond
the classic UCD approach in that the technologies have to be created or further
developed in parallel to match the user research.

2.2  Application to Speech Interfaces

Suppliers of speech interfaces focus on technological challenges such as
reaching acceptable accuracies and robust performance for Natural Language
Understanding, making constant progress on the technology side. At the same time,
our goal is to integrate the developed speech technology along with other input
devices and displays into an in-vehicle multimodal interface as demonstrated in
Figure 1.

To this end, several limiting factors must be considered: time to product, vehicle
context of the user interface, and globalization (Table 1). First, on the time-to-
product dimension, the design approach needs to take into account the relatively
long time from initially developing the user interface specifications until the vehicle
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is produced. Because of the relatively long development cycle of vehicles, currently
measured in years—not months—new in-vehicle interfaces need to be designed
with a prediction for future needs and with a built-in flexibility to accommodate
future trends and changes. Furthermore, vehicles remain on the road for many years
after they are produced and user interface technologies need to remain relevant.
This leads to a second dimension, the context of the interface. Speech applications
are typically used for information and entertainment services. The automotive
context poses a unique set of challenges. A driver may use the system while alone
or when accompanied by other passengers. Those passengers may interfere or want
to take part in the interaction, or in some cases need not be part of it because of
privacy considerations. Furthermore, the driving situation varies substantially as a
result of variations in road conditions, traffic, weather, and user goals. These
challenges not only influence the design of the speech application but also pose a
huge challenge on the integration of speech technologies into in-vehicle multimodal
interfaces. A third dimension is the global distribution and huge variety of
customers that use our vehicles. The user interface should be perceived as intuitive
and pleasing in all markets. Speech interfaces are unique in this respect because
they must be localized to accommodate language preferences and communication
habits.

Table 1 Limiting factors for designing automotive speech and multimodal
interfaces

Dimension Implication for Development

Time to product Estimate future user needs and expectations and explore
upcoming technology and enabler progress

Vehicle context Special user needs relevant to the automotive environment

Globalization Considerations for localization to global global markets

Other constraints | Limitations in technology, integration, budget, safety, and legal

To accommodate these limiting factors and to provide the user with an intuitive and
effortless experience answering his needs, basic UCD approach needs to be
enhanced in several ways described in the following paragraph.

2.3 Integrative Approach to Speech Interfaces

Figure 2 illustrates an expansion of the process to allow concurrent analysis
and innovation which do not only originate from the user’s perspective but also
from innovation in the technological world and from matching of technologies to
user’s future needs by way of a user interface analysis. We combine work on all
three perspectives of the human-machine interface — the user understanding, the
underlying technology development and the multimodal interface design. To
achieve an optimal user experience, one component cannot be explored and
specified without consideration of the other two components. Considering this
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dependency and adding the dimension of the long time line of a production cycle,
GM is taking a holistic approach to successful multimodal interfaces: Our research
and engineering labs constantly learn about the automotive context using contextual
inquiry techniques (Holtzblatt, 2003; Holtzblatt and Wendell, 2004). Following the
GM user experience design approach (Gellatly et al, 2010), we explore user
preferences and goals, expected use cases, and scenarios. We develop personas for
our design, as well as test scenarios and measures for evaluation of user satisfaction
using usability testing (Nielsen, 1993) and user centered design (Norman and
Draper, 1986; Vredenburg and Butler, 1996). In dependency and in parallel, we
research innovative new technologies and their enablers, test their performance and
match them with the forecast of user expectations in years to come.

This process is built upon a holistic view of the set of tasks a user will want to
perform in the automotive context, and how the interface needs to be specified and
designed to fulfill user wants and needs, and their sense of aesthetics, and what
features the technology enablers will have to provide for the desired experience.

At a certain point, knowledge is taken into a specification and design phase
integrating multiple subsystems from various suppliers and multiple disciplines into
one. The phase is followed by an implementation and evaluation phase. Cyclic and
iterative specification, implementation and evaluation facilitate the development
from a preliminary interface prototype to a mature interface for production, thus
addressing immediate market needs that could appear after the initial specification
and design phase.

In-vehicle Context

Human Interface | Machine

User Multimodal Innovation
research Analysis roadmap
Interface Technology
research research

Use case/
Persona/
Scenario

Production Specification
/ Design
2 Human—MachinN
Interface

o

Figure 2 Integration of user, technology and interface research is at the core of our approach
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3 CONCEPTS FOR IN-VEHICLE SPEECH INTERFACES

3.1 Speech Applications Development Trends

Because innovation in the area of speech interfaces has primarily originated in a
technology perspective, a strong emphasis has traditionally been put on the top
right box in Figure 2, (“machine-“ based innovation) rather than the top left.
Spoken dialog design often focuses on the selection of reasonably intuitive
command words and templates, which offer the speech recognition engine diverse
phonetic content for improved disambiguation, thus better recognition accuracy for
a more satisfying user experience.

Our enhanced approach from Figure 2 leads to the path for future speech
interface design. With a rapid increase in the number of features, domains, and
tasks, traditional speech user interfaces require the user to remember an ever
increasing list of commands. To simplify the interaction and reduce the user’s
responsibility, voice user interface designers have been adopting a more natural and
flexible set of possibilities for interaction with in-vehicle speech systems. Some
properties have been identified to be essential to achieve the desired flexibility
(Jurafsky & Martin, 2008), such as the use of natural language utterances. The user
will be able to provide information to the speech system in his preferred way from a
single information piece to one-shot utterances containing all of the information
necessary to complete a task. These properties will be combined with mixed
initiative dialog strategies rather than system initiative applications. Additionally,
speech interfaces can be personalized for a few possible drivers of each vehicle.
Such flexibility enables any user to be a system expert by simply having a basic
understanding of the system model and the features supported by speech.

Our vision is that the user experience in vehicles will be enhanced by allowing
the user to combine or switch among modalities seamlessly. We view a spoken
dialog with in-vehicle speech applications as embedded in a multimodal interface.
For example, the user may have an option to seamlessly interweave within a speech
session disambiguation via a touch screen, by touching the intended recognition
result on a display showing the N-best list of results and then returning to the speech
session or even concurrently attending to both.

Trends to include such a large variety of enhanced capabilities to model natural
interaction doubtlessly point the way to some needed areas of research. We need to
understand, build and test multimodal interfaces that are based on the user’s natural
and preferred ways of interaction between a human and a machine. Thus speech
interfaces have to be designed and developed according to principles for multimodal
interfaces that are based on spoken communication between a user and a machine in
the context of a driving vehicle.

3.2 Key Concepts for Next Generation Speech Interfaces

A natural consequence of these trends of speech application development is a
need for research in areas that have not received adequate attention in the past, or
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have not yet been integrated sufficiently into existing products. Several key
concepts need to be explored and developed to advance towards the goal of a next
generation speech interface. While the list below is by no means comprehensive, it
represents four general research directions on which we have identified to be
essential for the holistic speech user experience:

User and context modeling

Global Markets and Cultural Variation

Dialog management

Multimodal speech interfaces

User and context modeling

While communication partners engaged in a dialog try to make verbal progress
to achieve their individual goals, whether mutually the same or not, both partners
constantly adapt one to the other and to the dialog situation to optimize their
chances for fulfilling the goals. Users of speech applications carry out a similar
adaptation process intuitively based on their linguistic and social competencies. It
is therefore plausible that speech technologies may benefit from adaptive
technologies. While the user adapts to the machine and to the car environment, the
machine in turn adapts to the user and context as well, potentially leading to a more
accurate and satisfying interface and an improvement to the user experience.

Adaptive speech technologies are not new (Jurafsky & Martin, 2008). While
speech adaptation typically refers to areas such as acoustic adaptation or frequency
of user request, there is potential for adaptation of other elements within speech
systems as part of an in-vehicle multimodal interface. Adaptive opportunities can
be found in the areas of user preferences, user characteristics, expertise level,
preferred dialog interaction style, and the user’s mental model of the interface,
among others. Any user behavior is additionally dependent on the environmental
conditions in general, on the driving workload, and on the time and location of an
interaction. The interface can thus adapt to various aspects of the interaction:
typical and recurring user errors, recovery from errors, preferred dialog and
multimodal interaction paths, presentation style, and initiative strategies are some
examples. This is obviously done in the context of the environmental situation and
the user’s mental concepts during the time of the interaction.

Sun et al. (2012) explore user adaptation in automotive environments in several
levels for a natural language spoken dialog system with the goal of making
interaction more natural and services available in cars easier to use. They
demonstrate these adaptive capabilities using a Point of Interest (POI) application.

Hecht et al (2012) explore the potential of adapting the Language Models (LM),
which are at the core of speech recognition systems, for text messaging. They show
that both driving workload and input method (speaking versus typing) affect the
message language characteristics. Their findings suggest that dictation accuracy
can be enhanced, for example, by adapting language models based on input method
and driving workload.
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Global Markets and Cultural Variation

If the auditory-vocal interaction with in-vehicle speech applications has to be
understood as spoken communication between a human and a machine, there is
need to first understand the design dimensions and range of parameters that may be
affected by deploying an existing speech application into global markets. We need
a method for discovery of cultural variability in interaction, which — according to
our premise — has to be derived from cultural spoken communication theories in
correlation with human-machine interface design dimensions for speech interfaces.
Typical dimensions include cooperative principles for communication, control
handling, dialog patterns and sequences, turn taking and grounding conventions,
information distribution, choice of words and phrases in dependency of typical
automotive tasks and domains, and conflict resolution. Carbaugh et al. (2012)
discuss a framework for investigating cultural variation in communication, drawing
on ethnographic and naturalistic data, and describe how this framework could be the
basis of a model for analyzing the role of culture in in-car spoken interaction.

To complement this theoretic approach, there is need for empiric evaluation of
existing and future designs in global markets. In most cases it could serve to
calibrate existing systems so that they better conform with the expectations of users
in global markets. As an example, Wang et al. (2012) describe an examination and
analysis of turn-by-turn guidance for complex interactions. Although the study was
conducted in China and pertained to Mandarin text-to-speech, it addresses the issue
of complex road structures in urban settings, which is not so much cultural as it just
signifies the different environments that are associated with global markets.

Dialog management

When users are allowed to request a task according to their preferred interaction
style and in natural language, they may distribute information over one or more
utterances and in many different ways and wording. The variety of possible dialog
sequences thus increases. Today a smart device interface is mostly based on a
single utterance pronunciation followed by interaction with the touch screen. This
display-centric approach is less likely to work well in the car because recognition is
more error prone, and because the driver can only make limited use of non-speech
modalities. What is needed in the automotive environment is a robust multimodal
but speech-centric dialog manager that does not distract the driver and handles
speech recognition errors well, while supporting very flexible dialog pattern. One
approach to this problem is the use of statistical techniques to model the dialog.
Tsiakoulis et al. (2012) explore and optimize partially observable Markov decision
processes (POMDPs), which have recently been proposed as a statistical framework
for dialog managers, for an in-vehicle POI application. The dialog managers have
explicit models of uncertainty, which allow alternative recognition hypotheses to be
exploited, and dialog management policies that can be optimised automatically
using reinforcement learning.
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Multimodal speech interfaces

The unique automotive environment poses a challenge to the designers of
speech user interfaces as part of a multimodal HMI. Voice User Interfaces can be
supported or may cooperate with other modalities, such as a touch screen in the
center stack. Although multimodal interfaces offer a variety of modes, the user
experience at present is still limited due to a lack of flexibility among the modes.
There are opportunities to improve and enhance the user experience, for example by
allowing the user to seamlessly switch between modes or by the modalities mutually
supporting each other. The latter can be achieved for instance by displaying
pictorial or linguistic visual representations of the spoken prompt. Such multimodal
interfaces can learn and understand the user, while at the same time they shape the
mental model of the user. Labsky et al. (2012) discuss such cooperation between
modalities for SMS dictation and editing in the car environment while spoken
communication is the central mode.

4 CONCLUSION

We presented an approach that integrates user, speech interface and technology
research. This approach builds upon a combination of theoretical research and
empirical evaluation and testing and utilizes an iterative approach to the
improvement of prototypes and designs. Applying this approach to automotive
speech applications leads the path to concepts and research fields such as user
modeling, dialog management and multimodality.

In many industrial settings there is an increased focus on empirical testing and
repeated iterations, which tend to occur late in the process. While we fully
understand the importance of user testing and evaluations that are empiric in nature,
we also value the contribution of early user research based on the user centered
design approach and theory-based research to help analyze the user interface issues,
enhance technology, and guide the way to better user interfaces.

The goal of generating an effective, efficient, and pleasing user interface can
only be attainable if the designers of the interface have a good holistic
understanding of their user needs, the capabilities of existing and future
technologies, the optimal interaction and modalities, and the integration of these
factors.
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ABSTRACT

Both audio and visual perceptions are critical for soldiers to gain situation
awareness (SA) of their surroundings. However, when unmanned ground vehicles
are used for reconnaissance, it has not been established whether high fidelity (i.e.,
stereoscopic vision and three dimensional audio) perceptions will enhance
awareness and effectiveness relative to lower fidelity capabilities that are more
common to existing systems. This report describes the effectiveness of robotic
telepresence features that included enhanced visual and three-dimensional audio
sensors, along with naturalistic head-mounted control of camera movement.
Soldiers performed equivalent search and identify tasks with each controller
interface. Measures included indices of performance (e.g., time, accuracy),
workload (NASA-TLX), SA, and user experience. Results indicated that the
integrated multisensory perception and naturalistic control provided by telepresence
features contributed to better task performance and lower workload.  This
experiment was conducted as part of a research collaboration between the US Army

Research Lab field element at Fort Benning, GA, and TNO Netherlands.

Keywords: Telepresence; Robot controller; 3-D audio; Naturalistic control
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1 INTRODUCTION

Small ground robots, such as the PackBot and TALON, have been widely used
by military personnel to hunt for terrorists and perform all types of reconnaissance
duties (Axe, 2008). Their rugged small size and video capabilities make them very
effective for non-line-of-sight reconnaissance tasks (e.g., search and assessment) in
darkness or dangerous context, and their widespread use reduces the human risk in
combat reconnaissance missions. While their contributions to soldier performance
and well-being have been established, many vital robot tasks have been identified as
high workload tasks given Army operational context (Mitchell 2005; Mitchell and
Brennan, 2009). In addition, many tasks have been identified that can lead to failure
(e.g., damage to operator, robot, and/or rescue victim) (Scholtz, Young, Drury, and
Yanco, 2006). Exploratory missions in which the robot operator must teleoperate
the robot while also attending to the environment in order to gain intelligence, has
been associated with especially high operator workload (Chen et al., 2008). Such
missions require many abilities, such as driving, sensing, and information
evaluation, in order to perform successfully while maintaining SA

2 TELEPRESENCE AND 3-DIMENSIONAL AUDIO

Several approaches are expected to mitigate the high workload associated with
robot control, to include higher levels of robot autonomy, intelligent decision
support systems, and improved displays and controls (Chen and Barnes, in press;
Chen, Barnes, & Harper-Sciarini, 2011). Displays and controls having telepresence
features are expected to enhance perception while reducing cognitive workload
(Van Erp et al., 2006). Telepresence features include an array of characteristics that
enable the operator to feel “present” in robot teleoperation tasks, and that enable
naturalistic control of devices such as cameras and arms for grasping and
manipulating objects.

In this study, telepresence features were systematically varied to investigate
effects on performance when compared to a baseline controller. Telepresence
capabilities included three dimensional (3-D) vision, 3-D audio, and head-driven
camera movement controls. The operators wore a head-mounted display (HMD)
and head tracker to allow them to move the camera through head movements as if
they were seeing through the robot’s “eyes.” This capability has also been
demonstrated in a portable binocular format (Jansen, 2006). In additional, three-
dimensional audio capability has been developed and demonstrated for robot control
tasks (Keyrouz and Diepold, 2007) and in this investigation, was expected to
contribute to object search and identification tasks when audio localization cues are
provided.

3 EXPERIMENT DESIGN

Experiment tasks were performed indoors, within an environment with several
partitions that the robot would have to navigate in order to visually locate targets of
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interest. The reconnaissance environment consisted of a large room (about 60m?)
subdivided in several sections, and a smaller adjacent room (about 8 m?). Eleven
possible target objects varying in size were positioned at different height levels in
the reconnaissance environment.

Three human-robot interface setups of the control station were used in this
experiment:

»  Mono-Joystick: Mono audio and video on Head Mounted Display, with
joystick control for robot movements and heading of sensor system.
Participants were asked (and reminded when needed) not to move their
heads.

e Mono-Headtracking: Mono audio and video on Head Mounted Display,
with joystick control for robot movements and headtracking for directing
the sensor system.

«  Telepresence: Stereo audio and video on Head Mounted Display, with
joystick control for robot movements and headtracking for directing the
sensor system.

Figure 1 shows the general layout, with positioning of target items for the audio
search task. It provides a map of the target environment depicting the robot’s
starting location, the decoy and practice targets (gray boxes), and real targets (F and
I were used in practice trials). Targets K and J are in a room adjacent to the larger
room with the other targets. The gray T-shapes subdivided the larger room.

The unmanned ground vehicle (UGV) used was TNO’s robot called ‘Generaal’
(see figure 2). This UGV is a fully manually controlled UGV, with a fast and
powerful pan-tilt-roll sensor system that can accurately mimic human head
movements enabling remote perception of the UGV environment. On top are two
cameras for providing stereo vision at the control station, and two microphone
arrays that can be positioned at either side for spatial 3D audio, or next to each other
in front thereby functioning as a mono-audio condition. The sensor unit is presented
enlarged in the upper right panel, with the microphone array placed in their 3D
audio position, at either side of the stereo cameras. The lower right panel shows
how the two microphone arrays were placed in the center position right above the
stereo cameras, for receiving mono sound. Each participant performed the sound
localization task 18 times. Each of the six targets was used for each of three
conditions. After each trial, the participant switched to one of the other two
experimental conditions.

Participants. Twenty-two Soldiers were recruited from the OCS to participate in
the study. Solders included those with prior service as well as those who entered
OCS directly from college. Eighteen Soldiers were able to participate fully; other
sessions had to be cancelled, two due to time constraints and two due to discomfort
(e.g., nausea).
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Figure 1. Experiment test layout

Figure 2: TNO’s Unmanned Vehicle *Generaal’. Left panel shows the vehicle with
sensor unit on a pan-tilt-roll motion platform with 3D audio and stereo visual
sensors.
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4 RESULTS

Figure 3 provides the mean times and standard deviations for time to detect and
identify target items for each controller condition. Time was shortest for full
telepresence and longest for the mono joystick condition. Two-way repeated
measures ANOVA of both display type and target type showed significant
differences among the means for dlsplay (F(2,14) = 12.42, p = 0.00, 1 p=0.64) and
for targets (F(5,11) = 15.14, p =00, 0’ p=0.873).

Audio Search Time by Display

120
100
80
60
40
20 . .
0 M Audio Search Time
Mono- .
Telepres Monojoy M Std. Deviation
Headtrac .
ence stick
k
Audio Search Time| 64.96 88.77 113.5
Std. Deviation 22.75 36.13 63.45

Figure 3. Mean time and standard deviations for time to approach for each ontroller
condition.

Percent of correct identifications. Figure 4 shows the percentage of targets
correctly identified by display and target. Two-way ANOVA (see table 2) shows
that the differences due to display conditions are significant (F(2,14) = 9.51, p =
0.002, 12 p = 0.58). In addition, differences due to target are significant (F(5,11) =
4.104, p = 0.024, v p = 0.651), and while the interaction term was not significant,
the effect size was very high (F(10,6) = 3.30, p = 0.08, n° p = 0.846). Post-hoc
Holm’s Bonferroni indicate that the telepresence was significantly higher in
percentage of correct identifications. Figure 5 illustrates the interaction.
Telepresence was generally associated with higher percentages but was particularly

helpful for some targets.
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Figure 4. Percentage of targets correctly identified by display and target.

Mean Driving Errors A repeated measures ANOVA of display and target showed a
significant difference due to display (F(2,13) = 5.14, p=0.02, nzp = 0.44) but not
for targets (F(5,10) = 2.36, p=0.12, nzp =0.54) or their interaction (F(10.5) = 1.67,
p=0.29, nzp = 77). However, effect sizes are large (see figure 5)

Mean Driving Errors by Display and Target
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Figure 5. Mean driving errors by display and target.

Spatial Ability Assessment. Spatial ability was assessed through the Cube
Comparisons Test* (Ekstrom et al., 1976). This test measures the ability to mentally

*Copyright 1962, 1976 by Educational Testing Service.
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rotate a line drawing of a 3-D cube. Soldiers were allotted 3 min to mentally rotate
and respond to 21 test items. The dependent measure is the correct identification of
the mental rotation of each test item from a series of forced-choice line drawings.
Soldiers read the instructions and performed sample items prior to the test. They
were encouraged not to guess, as the final score is calculated by subtracting the
number wrong from the number correct. Scores ranged from 0 to 19, with a mean of
7.22 (sd 4.79).

Spatial ability correlated significantly with audio search measures. For
telepresence audio search times, the spatial scores correlated —.52 (p = 0.02); for
mono joystick, spa correlated —.65 (p = 0.00), for mono head tracking, spa
correlated —.65 (p = .00). There was a significant interaction between display and
spa (F = 4.67, p = .025), as reflected in the different correlation values between spa
and audio search times for the different display conditions. The correlation with
performance was lowest for telepresence, with the implication that telepresence
allowed participants with lower spa to perform somewhat better than the other
conditions. This can be seen in figure 6, where Soldiers with low spa performed
much faster in the telepresence condition as opposed to the other conditions.

NASA TLX. Soldiers provided direct ratings of the NASA-TLX workload
scales. Ratings were significantly lower for the telepresence condition, for mental
workload (workload (F(2,15) = 20.98, p = 0.00, n°, = 0.74); effort (F(2,15) = 9.44,
p = 0.00, 1%, = 0.56), and frustration (F(2,15) = 7.82, p = 0.01, n?, = 0.51) (see
figure 7).
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Figure 6. Mean audio search times by spa and display.
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Figure 7. Mean NASA-TLX workload ratings by display.

5

DISCUSSION

Results supported expectations that telepresence features would aid performance
and lower workload. Operators found targets more quickly and identified them more
accurately with the telepresence system. In addition, self reports of workload using
the NASA TLX showed lower ratings of workload, frustration, and effort associated
with the telepresence condition. In addition, the telepresence condition enabled
operators with lower scores on the spatial ability test to perform more effectively,
more so than operators with higher scores. This is another indicator that the
telepresence system lowers cognitive effort while enhancing ease of use.

Further details can be stated with regard to experiment conditions:

Does headtracking control lead to improved performance as compared to
joystick control? The results show no difference between the Mono-
Headtracking condition and the Mono-Joystick condition in correctness of
target identification. However, with joystick control, more time is needed
for target identifcation: about 26% more time is needed when using a
joystick for sensor control (here Mono-Joystick with 111.2 seconds on
average) as compared to headtracking (here Mono-Headtracking with 88.2
seconds).

Does a 3D audio system lead to improved performance as compared with a
directional microphone? When comparing the Telepresence condition
(having 3d audio) with the Mono-Headtracking condition (having a
directional microphone), we see that with Telepresence the percentage of
correctly identified targets is about 23% higher. In addition, target
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identification takes about 35% more time without having the 3D audio
functionality available (here 88.2 and 65.0 seconds for Mono-
Headtracking and Telepresence respectively).

+ What would be the maximum performance benefit of telepresence
functionality as compared with the currently mostly used control systems
with joystick control and mono sensor information, provided it exists?
Based on the results in this study, the use of a Telepresence human-robot
interface results in identification/localization times for audio that are about
42% shorter than with current commonly used interfaces (65.0 sec and
111.2 sec for Telepresence and Mono-Joystick respectively). In addition,
the target identification performance increases by about 26% when using
the Telepresence human-robot interface.

These promising results encourage more elaborate testing in operational settings,
following our initial field trials with telepresence UGV.
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ABSTRACT

The design of advanced driver assistance systems faces the challenge of
providing automated support behavior that complements the human driver safe and
efficient. In order to explore and evaluate the coordination between man and
machine, human emulation as a simulation alternative is already acknowledged (cf.
Wizard of Oz approach). However, validation for such an approach within the
context of designing driver support, is currently missing. This paper reports a
validation study concerning the use of human emulation during the design of
advanced driver assistance. For this, an automated and an emulated version of a
lateral support system were compared in a fixed-base driving simulator setup.
Participants received a directional precue on the steering wheel and used this
information to choose the safe direction in an upcoming time-critical situation in
order to avoid a rear end collision. Differences in precue onset were observed for
the automated and emulated version, but the distinct characteristics in terms of
timing did not reveal an effect on driver reaction times. Present results not only
reveal a relatively high tolerance for precueing onset, they also suggest human
emulation as a valid simulation alternative during the design process of driver
support.

Keywords: Advanced driver assistance systems (ADAS), driving simulation,
human emulation, human centered design, cooperative driving, precueing
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1 INTRODUCTION

The nature of the conventional driving task is changing at high pace due to the
emerging trends in vehicle automation. One of these trends is the implementation of
advanced driver assistance systems (ADAS), which are vehicle control systems
using sensors, being able to recognize and react to traffic situations. Examples of
ADAS applications currently available for commercial vehicles are longitudinal
control and warning systems (e.g. Adaptive Cruise Control) and lateral support (e.g.
Lane Departure Warning). In general, implementing these in-vehicle driver support
systems are attempts to reduce the cognitive efforts placed on the driver. And while
these support systems are aimed at providing relevant information and to execute
driving (sub)tasks in order to make driving more comfortable and safe, they have
the potential to contribute to traffic efficiency as well, e.g. in terms of increased
traffic capacity and achieving string stability when using cruise control assistance
(Piao and McDonald, 2008). However, as stated by the same auteurs, the full
potential of such a system can only be revealed with a penetration level of 100
percent and new safety issues might arise because of drivers’ reduced workload,
increased response time and the sudden need for driver intervention when
confronted with a vehicle changing lanes. The possibility of driver support eliciting
unwanted effects on driver behavior can be shown by negative behavioral
adaptation, which may occur when increased safety margins and drivers’
personalities result in driving behavior that was not intended by the systems’
designers. This shows that the full potential of driver support and all its possible
effects on both driver and traffic are difficult to anticipate. When designing driver
support systems, one should therefore be cautious concerning their predicted safety
benefits (Rudin-Brown and Noy, 2002). Furthermore, because of a fundamental
asymmetry in competencies for coordinated activity between human and automation
(e.g. Woods et al., 2004), challenges lie in finding the answer how proper
coordination between man and machine can be established and how this knowledge
can be used as an aid for designing driver support.

Metaphorically speaking, contemporary driving can be viewed as man and
machine coordinating their behavior in order to complement individual actions. Not
surprisingly, a general shift in human factors research is being observed where
adapting the automation to the human needs and shortcomings is replaced by an
approach that tries to integrate man and computer within a single system. In this view
man and machine cooperate or collaborate in order to accomplish a shared or joined
task. One way of approaching the design of such a man-machine system can be
explained as aiming at getting the automation being a team player (Christoffersen and
Woods, 2002; Klein et al., 2004; Davidsson and Alm, 2009). Within this point of
view, the supporting automated team players or agents are confronted with human
abilities and cognition, different from their own, but they have to be interpreted in
order to complement the human in an efficient manner. Ideally, the automated system
should therefore be augmented with human abilities that enable a cognitive interaction
between human and automated agents. Such systems, emulating human capabilities,
would allow automation and humans to interact in a peer-to-peer fashion.
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Several methodological approaches are available in order to anticipate the
potential safety and usability issues associated with driving automation (for a
review of automation issues, see Parasuraman and Riley, 1997). Among these
approaches, the use of Virtual Reality (VR) in driving simulator studies enables the
controlled presentation of different driving scenarios and support behavior.
Moreover, driving simulators potentially serve as both design and research
environment, combining the design and evaluation of driver support.

The notion of humans and automation being collaborating agents, combined
with the availability of VR, is of special interest for the current study because it
provides the possibility to establish a setting for human-agent teamwork within the
context of anticipating and evaluating their collaboration.

Given such a setting, the current research proposes the use of human emulation
as a simulation alternative in order to support the design of ADAS. It is claimed that
during the development process of driver support, a human co-driver can simulate
support behavior in order to explore and assess design alternatives. Moreover, by
using a human co-driver, the simulation environment has access to maximized (i.e.
human) cognitive abilities that potentially serve as a model for support behavior. In
addition, such an approach by-passes automation limitations that would otherwise
constrain the potential behavioral repertoire of the envisioned driver support.

While the use of human emulation (cf. Wizard of Oz studies, for a review of this
approach, see Dahlbéck et al. 1993) is well covered in literature and its application
is already acknowledged in the context of designing and evaluating driver support
(Schieben et al., 2009), validation of such an approach is currently missing. The
main objective of this study, therefore, was to investigate whether emulating driver
assistance is a valid simulation alternative during the design process of ADAS.

Two qualities that - at least intuitively - distinguish humans from pre-
programmed algorithms (i.e. an automated version) are timing and accuracy. On
both variables humans are known for their inconsistency and as a result this might
constitute one of the potential drawbacks of the current approach because it
potentially influences the support’s behavioral characteristics. However, while such
inconsistency is inherent to human behavior, the variation of this characteristic
might be of such a (small) degree that it complies with our claim of appropriately
simulating automation by means of human emulators. An important prerequisite for
using human co-driver behavior as a simulation alternative for driver support is that
it should elicit driving behavior similar to that of an automated version. Because,
when the assumed inconsistencies of the co-driver have a different effect on the
driver’s behavior this would prove the inability of humans to emulate specific driver
support.

In order to address whether a human co-driver and an automated version have a
different effect on drivers’ behavior, we performed a driving simulator experiment
in which both versions of a single support system were compared. While drivers
received lateral support by means of a directional precue on the steering wheel, fifty
percent of the trials were given by an automated version and fifty percent of the
haptic feedback drivers received was provided by a human co-driver.
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Given the assumed differences between an emulated and automated version, we
expected the onset of the precue to be different for both conditions. Since this could
result in different time courses, and therefore different support behavior for both
versions, the drivers’ responses on the imperative stimulus were expected to be
different for both conditions as well.

2 METHOD

2.1  Participants

Twenty eight participants (23 male and 5 female, aged between 18 and 44)
attended an experimental session of 45 minutes. Participants were divided into
Drivers and Emulators. Three participants attended the experiment as Driver and
Emulator successively in different sessions. All participants had normal or
corrected-to-normal vision and were naive about the purpose of the study.

2.2  Driving task and apparatus

Participants drove, with a short headway, behind an ambulance in the center of a
three lane highway in ACC mode. This means that they drove with a fixed speed
(approximately 84 km/h), not using accelerator, brakes and clutch. Because of the
short headway, participants were deprived of upcoming traffic and this forced them
to make a swerve manoeuver when the ambulance would press brakes due to
upcoming stationary vehicles. During each run of approximately 1.7 km, drivers
received driver support by means of a directional precue on the steering wheel,
which indicated the safe direction in case of an inevitable lane change. As soon as
the ambulance pressed brakes, drivers acted according to the earlier received cue
and reaction times for initiating a lane change to the right or left were measured.
The imperative stimulus consisted of the ambulance’ brake lights turning red.

Driver support was either generated by a predefined automatic version or by a

human co-driver that emulated the support behavior. Emulators were seated behind
a curtain and Drivers were unaware of their presence and task. Emulators controlled
a secondary steering wheel which was connected to the Drivers’ steering wheel. An
additional monitor showed an animated representation of the traffic situation and
indicated the appropriate direction by means of a green arrow. Emulators’ were
asked to respond as soon as a visually presented cue (purple vehicle) appeared on
the screen by turning the steering wheel in the precued direction.
The setup consisted of a fixed-base, medium-fidelity driving simulator and the car
mockup-up was placed in front of a visual screen with 180 degrees field of view.
The virtual driving environment was generated using Lumo Drive version 1.4
developed by Re-lion. Driving data was recorded with a frequency of 30 Hz and
contained trial number, time, vehicle position, steering wheel angle, and codes for
each event executed by Drivers and support system. Figure 1 shows the co-driver’s
interface and an animated impression of the current setup, respectively.
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Figure 1 Left: the co-driver's interface and right: an animated impression of the current setup

2.3 Procedure

Participants were divided into Drivers (N = 25) and Emulators (N = 7) and were

received separately in order to keep Drivers unaware of the Emulators’ presence.
After being informed about the general procedure of the experiment and after being
familiarized with the driving task, Drivers performed 18 runs with a short break in
between. During the experimental trials (67%) Drivers received a directional precue
on the steering wheel, which indicated the safe direction for a future swerve
manoeuver. After receiving the haptic cue, Drivers had to respond accordingly as
soon as the ambulance would hit brakes due to upcoming stationary vehicles.
Precues were induced either by the Emulator or by an automated version in a 50/50
ratio and were presented randomly. Since Emulators provided input during all
experimental trials, neither they, nor the experimenter knew which version induced
the driver support (double blind). During the remaining trails (33%) Drivers
received no directional precue and they performed a two-choice reaction time task
after the imperative stimulus appeared.
Since Emulators were assumed to show variable responses, the time courses for
both versions were expected to be different. After cue onset (i.e. the Emulator’s
imperative stimulus) a fixed interval of 3.3 seconds followed before the Driver’s
imperative stimulus was presented. However, while the Driver’s precue (target) was
set within a fixed interval in the pre-programmed version, the onset of the Driver’s
precue depended on the (early or late) responses of the Emulator. This means that
the time course for the automated condition was the same for all trials, while the
time course for the emulated condition might differ for trials. In Figure 2, the time
course for the emulated condition is given.
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response  target = precue response
Emulator Driver Driver
cue = stimulus stimulus
Emulator Driver

Time

Figure 2 Time course for experimental trials in emulated condition. While the time interval
between cue and target is fixed in the automated support version, here the onset of the target
depends on the speed of the Emulator’s response

2.4 Experimental design and data analysis

This study used a 2 x 3 repeated measures design. The first within-subject factor
was Support Type (emulated vs. automated version), the second factor Support
determined whether support was given and in which direction (no support and left
vs. right). Dependent variable was reaction time (RT) and was recorded for both
Drivers and Emulators. RT for both groups was defined as the time from their
respective imperative stimulus onset to the moment in time at which the steering
wheel angle was 10 degrees. In order to determine whether Drivers received the
directional precue at the same time for each Support Type, RT Support compared
the timing of emulated support and automated support. Trials in which participants
responded before or at stimulus onset and trials with RT > 2 seconds were discarded
from data analysis. The number of trials submitted to analysis was 388 (86%) and
the probability level for statistical significance was p < .05.

3 RESULTS

3.1 RT Support

A 2 Version (emulated vs. automated support) x 2 Direction (left vs. right)
repeated measures ANOVA revealed a main effect for Version, F(1,24) =401.7, p <
.001. This means that the emulated support (M = 1.01 sec, SD = .23 sec) was given
faster than the automated version (M = 1,78 sec, SD = .07 sec). This confirms our
hypothesis that the onset of the precue was different for both conditions and
therefore resulted in different time courses for both versions. In addition, the results
show a larger RT variability for emulated support.

3.2 RT Drivers
A 2 Version (emulated vs. automated) x 3 Support (no support and left vs. right)

repeated measures ANOVA revealed a main effect for Support, F(2,23) = 32.4, p <
.001. This implies faster responses for precued trails to left (M = 1.18 sec, SD = .12
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sec) and right (M = 1.20 sec, SD = .12 sec) as opposed to driver responses that were
not preceded by directional support (M = 1.38 sec, SD = .15 sec). The absence of an
effect for Version shows that emulated and automated support behavior elicited
similar driver responses. Summarized results are given in figure 3.

1,40

1,30

Mean Driver RT (sec)

T T
MO SUPPORT EMULATED YERSION AUTOMATED VERSION

Figure 3 Mean reaction time (RT) for driver responses as a function of Support (no support: M =
1.38 sec, emulated version and automated version: M = 1.19)

4 DISCUSSION

The aim of this study was to investigate whether emulating driver assistance is a
valid simulation alternative during the design process of ADAS. For this we
employed a driving task in which drivers were supported by means of a directional
precue on the steering wheel, which indicated the safe direction in case of a required
lane change. In our experiment we compared two different versions of support.
Because the emulated support version was induced by a human co-driver, the onset
of the support in this condition depended on the speed of the co-driver’s response
to a visual cue. The automated version, on the other hand, was pre-defined and
therefore not prone to variable timings of the support behavior.

The results show that, although both versions differed in terms of timing of the
support behavior, this was not reflected by different driver responses. This not only
implies a relatively high tolerance for directional precueing when used as driver
support, but might also serve as a first claim in favor of human emulation as a
simulation alternative. Furthermore, by applying the precueing paradigm in order to
elicit driver responses, we were able to confirm the suggestion that drivers might
benefit from response preparation as reflected by decreased reaction times (Hofman
et al., 2010).
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5 CONCLUSIONS

This study suggests that human emulation might serve as a valid simulation
alternative during the design process of driver support. However, employing human
characteristics by means of using a human co-driver during the design process of
ADAS offers additional and comprehensive potential. While current ADAS can be
characterized as rigid and reactive, future ADAS might be proactive and flexible.
Not entirely a coincidence, the latter is one of the main characteristics of human
behavior. When human qualities become available within a context of driver and
support cooperating during driving, this would enable studying the requirements
needed for an optimized coordination on a peer-to-peer basis. By observing human
co-drivers, their behavior may eventually serve as a design feature or model for
future ADAS.
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ABSTRACT

Although several existing in car systems support dictation, there is none, which
would systematically address dictation and error correction for automotive
environment. Dictation and correction systems available for desktop and mobile are
not suitable for the car environment where safety is the crucial aspect. This paper
presents a multi-modal automotive dictation editor (codenamed ECOR), designed as a
test-bed for evaluation of numerous error correction techniques. Results are presented
both for a standard use of the application as well as for the case when a particular type
of correction is enforced. Reported results are obtained on native US-English speakers
using the system while driving a standard lane-change-test (LCT) low fidelity car
simulator. The dictation editor was tested in several modes including operations
without any display, with a display showing the full edited text, and with limited view
of just the “active” part of the dictated text. The measured results are compared to
SMS dictation using a cell phone and to destination entry using a GPS unit. The
results indicate that the eyes-free version keeps the distraction level acceptable while
achieving good task completion rate. Both multi-modal versions caused more
distraction than the eyes-free version and were comparable to the GPS entry task. By
far, the cell phone texting task was the most distracting one. Text composition speed
using dictation was faster than cell phone typing.
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1. INTRODUCTION

The primary concern when developing automotive Uls is to keep driver’s
distraction minimal. The secondary aims are to minimize task completion time, to
maximize task completion quality and achieve high user acceptance.

In this paper we evaluate a prototype text dictation Ul codenamed ECOR. The
ECOR system has been developed with the aim to act as a test-bed for evaluation of
multiple error correction techniques. It implements several variants of multimodal
user interface. We report here results of usability tests conducted with these
different Uls. A mix of objective and subjective statistics was collected in attempt to
capture Ul performance and optimize the Ul design.

The first part of the text refers to preexisting work, description of the system and
of the testing setup. Then we present a summary of results obtained both for natural
usage and for testing using selected correction mechanisms.

2. RELATED WORK

The effect of using cell phones in a car was studied for example in (Barén and
Green, 2006). Users tend to use phones in spite of law restrictions. The study
reports significant negative impacts of cell phone use on driving performance.

Comparisons of driving performance degradation due to using conventional and
speech-enabled Uls were addressed in several works; e.g. (Medenica and Kun,
2007); a good summary can be found in (Bardon and Green, 2006). The general
conclusion is that while speech Uls still impact driving quality, they do so
significantly less than conventional Uls. Most distraction caused by conventional
systems seems to be due to drivers looking away from the road, which can be
measured e.g. by the number and duration of eye gazes. In addition, using speech
was observed to be faster for most evaluated tasks.

A number of approaches were described to perform dictation in hands-busy
environments (Oviatt et al., 2000). Previous work was also done on email
messaging in a car (Jamson, Westerman et al., 2004). In particular, hands-free text
navigation and error correction were addressed by (Suhm, Myers et al., 2001). The
impact of the most prevalent correction method, re-speaking, was evaluated by
(Vertanen, 2006).

We presented more detailed results regarding natural use of our system in
(Curin, Labsky et al., 2011).
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3. APPLICATION INTERFACE

The ECOR dictation editor allows for entering short texts primarily using open-
domain dictation. Alternate input modalities include spelling by voice and
handwriting (e.g. to input out-of-vocabulary words).

.Boston .i..

Figure 1. Full message view Figure 2. Strip view with text position indicator

The prototype can be used with or without a display (multi-modal and eyes-free
modes). The user initiates dictation by pressing the speech button. Recording ends
automatically after the user has stopped speaking or after the speech button has been
pressed again. After dictating a phrase, the recognized text is echoed back using
text-to-speech (TTS). The driver may navigate the text using previous/next buttons
or a rotary knob while TTS plays back the active word(s). Text can be navigated by
whole recognized phrases (called chunks), by individual words, and by letters
(chunk, word and letter modes).

The active text item is always the one last spoken by the TTS. It is subject to
contextual editing operations, which include deletion, replacement by the next or
previous n-best alternate, and several voice commands. Context-free editing
operations include undo and redo, and corrective voice commands (see Table 1).

Besides the eyes-free setup, there are two kinds of GUI available: the Full
view (Figure 1), always showing the full dictated text, and the Strip view (Figure 2),
only showing the active word(s) and, optionally, near context.

Besides dictation input, several voice commands listed in Table 1 are recognized
by the system in order to carry out actions not mapped to physical controls such as
buttons or knobs.

Table 1: Types of voice commands

Always available After some text has been entered
Help Send it
Chunk / word / spell mode Read the whole message
Undo Delete the whole message
Redo Capitalize / To uppercase / To lowercase
SpellingABCD ... Replace <wrong> by <correct>
I said <correct>
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4, EXPERIMENTAL SETUP

A low fidelity LCT car simulator similar to (Mattes, 2003) was used to simulate
driving in an office environment. The simulator was shown on a 40” screen and the
ECOR screen (except for the eyes-free setup) showed on a separate 8”, 800x480
touch-screen, positioned on the right hand side of the simulator screen. A Logitech
steering wheel and pedals were used to control the simulator and 5 buttons (incl.
push-to-talk) on the steering wheel controlled the prototype.

One LCT trip consisted of a 3 km straight 3-lane road with 18 irregularly
distributed lane change signs. Drivers kept a fixed speed of 40 km/h during the
whole trip. One LCT trip took approximately 5 minutes.

5. EVALUATION PROCEDURE

All user studies described in this paper were conducted with native US-English
speakers. We conducted two types of tests. In natural usage tests the users interacted
freely with the Ul to enter messages of prescribed semantic content. During feature
tests, users were interactively asked by the test conductor to modify or correct parts
of dictated text using a specific correction method, such as voice commands.

A group of 28 novice test subjects (14 female, 14 male, age between 18 and 55)
was used to measure objective statistics as well as to record subjective feedback.
They used their cell phones regularly to send at least 10 text messages or emails per
day. For the natural usage tests, these users had no previous experience in using
voice-controlled dictation systems. The feature tests were carried out several
months later with 12 users randomly selected from the initial group.

The Eyes-free, Full view and Strip view versions of ECOR were evaluated as
well as cell phone typing and GPS address entry, and compared to undistracted
driving. Each test subject was evaluated on the undistracted driving task, one of the
three ECOR tasks, and one of the two reference tasks (cell phone texting or GPS).
The order of the distracted driving tasks was counter-balanced.

First, each subject was allowed to train driving until they mastered the LCT and
their driving performance did not further improve. Then, two undistracted LCT trips
were collected. The second one was used to compute an adapted model of the
driver’s ideal path and the first was used to compute driving performance statistics
using the adapted ideal path. The ideal path was modeled using a linear poly-line
estimated using the LCT Analyzer tool (Mattes, 2003).

After the undistracted LCT trips, the users were first introduced to the selected
task and then they were evaluated while performing the task while driving. Users
were given enough time (up to 15 minutes) to practice the task while parked. The
whole procedure had to fit into 1 hour for each participant.

The semantics of the text to be entered was prescribed without enforcing a
particular wording (e.g. “instruct your partner to buy oranges, wine and chocolate”).
For the cell phone texting task, the subjects were instructed to enter a sequence of
text messages with the same semantic content as for the ECOR tasks. The subjects
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were using their own cell phones, so they were familiar with the phone Ul. Use of
predictive typing was left up to the choice of the user.

For the destination entry task, a single navigation unit (TomTom XXL) was used
by all subjects to enter a set of prescribed addresses. The device used auto-
complete, therefore the subjects did not typically need to enter a complete address.

Driving quality was evaluated using the LCT Analyzer measuring the following
objective statistics. The Mean Deviation from the adapted ideal track (MDev)
measured how much off the ideal track the car typically was (in meters). The
Standard Deviation of Lateral car Position (SDLP) was computed as the standard
deviation of the absolute deviation values, and measured how much the car weaved
within its lane. Both statistics were computed in 2 blends: for the overall trip and
just for the segments corresponding to lane keeping. We also computed reaction
times as the delay between the moment when the lane change sign became visible
and the moment when the driver started responding by an observable turn (1.5°) of
the steering wheel in the correct direction.

6. NATURAL USAGE TESTS

The results for natural usage tests are presented here just briefly. We refer the
reader to (Curin, Labsky et al., 2011) for a complete set of results. Detailed graphs
for overall and lane-keeping driving statistics, respectively, are shown in Figure 3,
including 95% confidence intervals.
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Figure 3: Averaged MDev and SDLP values for undistracted driving, for 3 types of ECOR Ul and
for 2 reference tasks.

During the evaluation, no lane change signs were missed for the Undistracted
(28 subjects) and ECOR Eyes-free tasks (8 subjects). One sign was missed for the
ECOR Full View (9 subjects), and also for the GPS task (14 subjects). For the Strip
view, we recorded 3 missed signs in total (11 subjects) and for the Cell phone task,
there were 4 missed signs (14 subjects). Each LCT trip contained 18 signs. There
were no out-of-the-road excursions throughout all evaluated drives.
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Figure 4: Comparison of various objective driving performance indicators for undistracted driving,
for 3 types of ECOR Ul and for 2 reference tasks. Least distracting tasks are described by curves
located closer to the graph center.

Statistical significance in this paper was determined by the two-sample unequal
variance Student's t-test for one-tailed distribution. Two sample means were
considered significantly different for p < 0.05. Summary of the results:

e All ECOR setups were significantly less distracting than cell phone usage

regarding most of the statistics.

e The Eyes-free ECOR setup was significantly less distracting than both cell

phone and GPS usage.

e All ECOR setups with GUI were insignificantly less distracting than the

GPS task in most of the evaluated parameters.

e All secondary tasks led to significantly higher MDev than during

undistracted driving.

The radar plot in Figure 4 shows data in an easily comparable way. The best
driving performance (closest to the center of the graph) was observed for the
Undistracted task (light blue), followed by the Eyes-free ECOR task (light green), in
most cases followed by the two ECOR tasks with display (in other two green
colors). The GPS task (orange) is overlapping with both ECOR tasks with display
for the Overall SDLP and for reaction time. The Cell phone task (in red) was
associated with the worst driving performance for all statistics.

In addition to driving performance, we also evaluated the subjects’ message
composition performance. For distracted driving trips except GPS, we collected
texts of the composed messages and scored them manually with “quality” based on
semantic overlap between the message and its prescription.
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Table 2: Text entry speed and quality, numbers of editing operations and
dictation turns needed to compose a message, and average word error rate
(WER) per task. Numbers in brackets indicate number of subjects per task

Task ‘ QZS'S Operations per | Dictations per Msg.

[subjects] sent message message quality Avg. WER
Eyes-free [8] 5.5 3.2 1.8 96% 14.1%
Full msg view [9] 5.0 4.2 2.8 92% 14.7%
Strip View [11] 4.1 4.0 2.6 97% 16.2%
Cell (SMS) [11] 4.4 - - 92%

Table 2 shows the average number of messages sent out during one LCT trip.
We can see that using voice to dictate messages was on average faster than typing
using cell phone. At the same time, the quality of messages did not significantly
differ across all tested setups.

Subjects were able to send slightly more messages without the display, which
we attribute to the subjects not spending extra time checking the display (perhaps
both the text and visual Ul elements).

The number of sent messages did not statistically differ for the three ECOR
setups (eyes-free, full message, and strip view) and there were no significant
differences in semantic quality of text across all ECOR setups and cell phone for
native speakers. The average word error rate (14.1-16.2%) for individual ECOR
setups did not differ with statistical significance and even though we did not ask the
subjects explicitly they seemed to be satisfied or even positively surprised with the
ASR performance.

After performing each measured distracted task during an LCT trip, the subjects
were asked to fill-in the System Usability Scale (SUS) questionnaire (Brooke,
1996), the NASA Task Load Index (NASA-TLX) questionnaire (Hart and
Staveland, 1988), and to answer four additional questions regarding usability and
perceived accuracy of the Ul. A more detailed summary of the subjective results
was published in (Curin, Labsky et al., 2011).

Cell phone texting was the only significantly different outlier in the SUS rating.
Using an A through F usability scale described in (Barén and Green, 2006), the
ECOR systems and GPS scored A- or B+ levels whereas the Cell phone texting task
fell close to the worst F level ranking. In terms of statistical significance, only the
cell phone received significantly worse rating than all other Uls (0.000<p<0.002).

The NASA Task load Index (NASA-TLX) rating corresponded well with the
objective parameter values: all ECOR tasks were slightly better than GPS and
significantly better than Cell phone texting.

Note that among all ECOR tasks, the Eyes-free version received the highest
(worst) rating for Mental Demand. This means that not seeing what is dictated was
perceived as mentally demanding, but it seems to “pay off” as measured by most of
the other objective and subjective indicators reported in this paper.
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9. FEATURE TESTING

Most novice subjects in natural usage tests tended to only use the simplest
functions. We did not get enough feedback about driving performance when the
subjects had to correct an error using a specific technique. About half of the subjects
preferred word-level editing and the other half used re-dictation of a whole dictated
chunk. To discover user acceptance of some of the more advanced editing
techniques, we used an ECOR Full View setup similar to the natural usage tests but
interactively asked the subjects to modify or correct parts of previously dictated text
using a specific correction technique.

Besides dictation, the ECOR Ul supports several input and correction methods:
input by spelling, input by handwriting, correction using voice commands and
browsing through n-best candidates. In the evaluation, we focused on three
techniques:

e Re-dictation by deleting and then dictating again, or dictating over the
active part of text (baseline).

e Correction using voice commands; e.g. “Replace pyjamas by bananas”, or
just “I said bananas”.

e Input by voice spelling, e.g. “spelling ACDC...”

During feature testing we reused 12 random participants from the previous
natural usage tests. After undistracted driving, each subject performed three
distracted LCT trips, each using a different correction technique. The order was
randomized and counter-balanced. Subjects were asked by the test conductor to first
dictate a message and then to modify a chosen word. For example, after dictating
“Buy 5 bananas and 3 oranges”, the subject was asked to change “bananas” to
“onions”. The test conductor kept the driver busy dictating and correcting
throughout the LCT trip.

During evaluation, we compared the three correction techniques mainly in terms
of their impact on driving performance. Figure 5 shows that the difference between
correction techniques was very small while lane keeping. The results for the whole
trip however confirm our initial expectation that the 3 correction methods listed
above are ordered from the easiest to the hardest. Still, the driving performance
degraded less for the harder tasks (esp. for spelling) than we originally expected.

Overall, the subjects participating in this study drove very well both when
undistracted and when under distraction. This we attribute to the fact that all
participants were previously exposed to both ECOR and the driving simulator and
they could “sleep over” their experience.

Regarding parameters measured for the whole trip (both lane keeping and lane
changes), there was a statistically significant difference between MDev measured
for undistracted driving and the group of all distracted driving tasks
(0.001<p<0.049), and similarly for SDLP (0.001<p<0.025). For lane keeping, there
was a statistically significant difference between SDLP measured for undistracted
driving and the group of all distracted driving tasks (0.010<p<0.045), but the
observed difference in MDev did not reach statistical significance (p>0.055).



154

1 ,4‘00verall MDev B Overall SDLP }7 1 40 Lane keeping MDev M Lane keeping SDLP |,

0.8 0.8
0.6 ; +7 0.6
0.4 +— 3 * % I L 0.4
bk ] 3 + 2
0.2 0.2 ] ] ]
0 . . - .
Undistracted Redictate Voice cmds Spelling Undistracted Redictate Voice cmds Spelling

Figure 5. MDev and SDLP values for 3 different correction strategies. Values for the whole trip are
shown on the left, lane-keeping values on the right.

As expected, the lane-keeping MDev and SDLP show less significance for the
different secondary tasks, while the overall parameters seem to serve as the best
indicator. In other words, most of the driving degradation related to the more
difficult correction techniques seems to get projected into the quality and latency of
lane change maneuvers.

The difficulty of each correction technique also got projected to the participants’
subjective feedback; specifically the SUS score showed that the subjects
significantly preferred re-dictation and voice commands over spelling as shown
in Figure 6. This difference in SUS reached statistical significance (0.028<p<0.043).
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o f }
40
20
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Figure 6. Average SUS scores reported by 12 participants for 3 different correction strategies.

10. CONCLUSIONS

We presented a system for dictation and error correction of short messages
intended for in-car use. We evaluated both natural usage by novice users, where
participants were free to dictate and correct using techniques of their choice, and
specific correction techniques, where returning participants were asked to modify
and correct previously dictated text using a particular correction method.

Three different ECOR Uls were evaluated and compared to sending instant
messages by phone and to entering destination manually into an off-the-shelf
navigation unit. All ECOR setups were significantly less distracting than cell phone



155

usage; the Eyes-free ECOR was significantly less distracting than both cell phone
and GPS usage and all ECOR setups with GUI were (insignificantly) less distracting
than the GPS task.

With respect to user acceptance (subjective feedback based on the NASA TLX,
SUS score and custom questionnaires), all ECOR setups scored significantly better
than cell phone usage. Although participants in their subjective ratings significantly
preferred re-dictation and voice commands over spelling by voice, the difference
between the corresponding objective driving performance statistics did not reach
statistical significance.
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ABSTRACT

Speech interaction provides a natural form of communication that is intuitively
familiar to people. Such interaction can provide drivers with easy access to a variety
of services. A problem with such systems is that they are designed to work with a
diverse population of users. However, an individual’s understanding of services and
the language they might use to express their goals will vary. Given that a privately
owned car is driven regularly by a small number of individuals, it makes sense to
have speech interfaces adapt to the needs and characteristics of specific user(s). We
describe user adaptation that may be possible at several levels of a spoken dialog
system (such as language and use history). We also describe a prototype based on
these principles and an initial user study.

Keywords: spoken dialog system, speech recognizer, parser, dialog manager,
natural language generator

1 INTRODUCTION

Contemporary car drivers and their passengers (collectively, users) have at their
disposal a large variety of services, including access to a car’s environmental and
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information resources and, more recently, remote information sources through
wireless internet access. As such services proliferate and acquire additional
functionality; traditional forms of interaction (e.g. mechanical) become less
adequate. Moreover, their operation becomes less intuitive and may require users to
both consult manuals as well as remember particular operations in detail. The
unfortunate consequence of this may be that people might actually be less likely to
invoke services, even as they appear to grow more useful. Spoken language
provides useful counterbalance to this complexity, by allowing users to express their
needs verbally, in natural (but goal-relevant) language.

As mentioned in abstract, many spoken dialog systems target at serving a large
amount of users in general. This implies that the models within those dialog systems
are very generic. For example, the speech recognizer requires a collection of speech
data from a variety of speakers or recording environments so that the recognition
model can handle speech input of different styles. Since we are dealing with the
automotive environment, it would be preferable to use models that are trained
specifically for very few users, e.g., the car owners. A well-adapted dialog system
can better understand a specific user’s commands, making the dialog interaction
more efficient and natural. Ultimately, the user experience would be improved.

Other researchers have examined adaptive dialog systems. Some research group
discovered that adaptation of system prompts according to user expertise improved
the usability of an in-car spoken dialog system (Hassel and Hagen, 2005). Other
researchers minimized the frequency of questions about the user by storing user
information in a user model (Ishimaru, et al., 1995). In addition, a user model is also
adopted to represent whether a particular user has speech recognition problems
(Litman and Pan, 1999). It is also pointed out that a dialog system can adjust
speaking rate and voice message content to suit the skills of each individual user
(O'Sullivan, 2009).

In our work, we explored several approaches towards user adaptation at different
levels in a spoken dialog system. In this paper, we describe an integrated approach
to adaptation in aspects such as understanding speech, triggering appropriate dialog
actions, generating natural language and making use of history.

The rest of this paper is organized as follows. In section 2 we describe the dialog
system prototype that we implemented. In section 3 we discuss component-level
adaptation. The experimental setup and analysis is presented in Section 4, followed
by a Conclusion.

2 CMU POI SYSTEM

We have developed a POI (point of interest) dialog system that allows users to
acquire information about travel and locations in the Pittsburgh area (defined for our
purposes as about a 10 km radius of Carnegie Mellon University). POls include gas
stations, hotels, restaurants and other likely destinations for a car driver. An internal
database and online resources such as the Google Maps API are used to manage
information such as distance and driving route. The POI system is built within the
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Olympus/Ravenclaw framework (Bohus and Rudnicky, 2008). A multi-modal
interface was developed that incorporates both speech interaction and a visual
display. The latter is a browser window that displays information retrieved from the
web (such as a map).

The Ravenclaw/Olympus framework provides a platform with the necessary
components for building a complete dialog system (see Figure 1).

Db

Web

Figure 1 Diagram for Ravenclaw/Olympus framework

The Automatic Speech Recognition (ASR) component decodes speech signal to
text, which is passed to Natural Language Understanding (NLU) to extract the
semantics; Input Confidence Estimation (ICE) assigns belief values to input
concepts. Based on user’s input and the current context, the Dialog Management
(DM) component decides the next action; this may involve communicating with the
Domain Reasoner (DR) that interfaces to information resources. Finally the system
generates an output for the user by speaking information or asking a question.
Appropriate visual output may also be generated. Spoken output involves Natural
Language Generation (NLG) to construct a sentence and Text-to-Speech synthesis
to speak an utterance.

Dialog systems can be designed to provide adaptation at different levels of
dialog processing:

e Recognition (ASR) makes use of three models: acoustic, lexical and
language. The first can be adapted to take into account how individuals
produce speech sounds. For example, the acoustics of a male voice are
different from those of a female voice, which in turn are different from
those of a child’s. Lexical models code a talker’s pronunciation of
different words, and language models represent the statistics of word
sequences.

e Language understanding (NLU) parses input using a pre-specified
grammar. However the parser may be adapted by tracking the relative
frequency of different locutions and words to capture speaking style
(information that is coordinated with the lexical and language models
in ASR).

o Input confidence (ICE) reflects a judgment as to whether a user input
should be believed. For example a poorly-recognized word might be
accepted if it’s commonly chosen by the user.

e The Dialog Manager (DM) can adapt the dialog plan to reflect common
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interaction patterns, for example by trying to skip questions with
predictable answers.

e Language Generation (NLG) can be adapted by considering factors
such as length of usage (output can become terser with experience) and
difficulty (information that seems difficult to assimilate can be
presented more verbosely). Similarly spoken material can be slowed
down (or sped up) in the synthesis (TTS) stage.

In this paper we will focus primarily on adaptation for the modules in Figure 1
that are in dark boxes.

Interaction Structure

We first consider the structure of an interaction that is generic and not adapted to
the needs of a particular individual. This might be the form which is engineered to
be as broadly accessible as possible, and would be appropriate for the initial
behavior of an adaptable system.

The POI system introduces its capabilities and expects the user to request
something. In Ravenclaw, as in many contemporary systems, tasks are represented
as forms, with empty slots, that need to be filled. Once a form is filled the system
can execute the corresponding request. A typical user input may contain information
about the form identity (“how far is...”) and perhaps a value for one of the slots
(“the river”). The initial input may not be sufficient to carry out the question; that is,
other slots remain empty. The dialog manager then comes back with a question
related to a missing slot value (“where are you right now?”). Once the form is filled
it can be submitted to the Domain Reasoner which in turn can query its data
sources. If successful, the answer is returned to the DM, which then communicates
it to the user; if unsuccessful, the DM is tasked with clarifying the request (“which
river do you mean? There are three...”). Given this, a generic POI interaction might
unfold this way:

S: Hello, welcome to the my POI system.

S: | can help you find neighborhoods and businesses in Pittsburgh, and provide you
with directions.

S: What can | do for you?

U: How far is downtown?

S: OK. You want downtown. Where are you right now?

U: I am at CMU.

S: OK. You are at CMU and you want downtown.
S: | found that the distance is 3.6 miles.

From the example above, we can envision several potential improvements that
would make the conversation more natural and concise. For example, the first two
system utterances (the introduction) might not be necessary if the user is already
experienced with this system. Moreover, instead of asking “where are you right
now?” on each occasion, it could ask “are you at CMU?” if it has learned that this
particular user always starts out from CMU. As a result the interaction above might
unfold as follows.
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S: Welcome back. What can | do for you?

U: How far is downtown?

S: OK. You want downtown. Are you now at CMU?
U: Yep.

S: OK. The distance is 3.6 miles.

The second “expert” interaction is clearly more efficient for the user: less time is
spent accessing information. Note that such adaptations need to be dynamic. For
example, if the user doesn’t interact with the system for a while (say a month or
more), it makes sense to restore some of the orienting features of the dialog (such as
reminding the user of the system’s capabilities). Likewise, if the user appears to
have problems with certain outputs (say by always asking for a repetition), the
system might regress adaptation in certain contexts, or even switch to a more
structured and verbose dialog.

3 USER ADAPTATION STRATEGIES

As noted in the previous section, adaptation can be introduced at several
different levels in a spoken dialog system. In this section we describe adaptation
strategies that can lead to better understanding spoken language, more efficiently
managing dialog states, and the generation of more natural responses.

3.1Understanding spoken language

In a dialog system, speech recognition translates speech signal into text. From
our experience with spoken dialog systems, the inevitability of speech recognition
errors lowers the user’s passion to continue interacting with the systems. In this
work, we aim to improve the recognition accuracy for a specific user by adapting
speech recognition models to that user.

But for a computer, it is difficult to interpret meaning from raw text. Therefore,
there is another important component, parser, which takes the text and transforms it
into structured information with the help of grammar. In this section, we address the
adaptation strategies on speech recognizer and parser.

3.1.1 Adaptation in the Speech Recognizer

A speech recognizer requires three models to decode human speech, namely
lexicon model (LX), acoustic model (AM) and language model (LM). The lexicon
specifies the words that can be recognized together with their pronunciations. The
AM provides statistical information about speech sounds. Finally, the LM provides
the likelihood of seeing given sequences of words.

In this project we do not include Am adaptation. However the Olympus
framework does include AM adaptation functionality.

From the LM perspective, to convey the same meaning, different people
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construct different sequences of words. However, for a particular user, the
construction of word sequences may be predictable. For example, a user might
prefer saying “how far is downtown from CMU” to “could you tell me the distance
between downtown and CMU”. With an adapted LM, ASR can predict how likely
this specific user is going to construct this sentence. In this work, we built an
adapted LM based on analyzing the specific user’s input history. The model will
give more weight to the words “how”, “far” and “from”, as well as their sequence if
the user often produces queries such as “how far is A from B”. The language model
in the POI system is derived automatically from the grammar which itself is
adapted. Direct LM adaptation at the ASR level is also possible through the
accumulation of user speech. The process of such adaptation is well-understood and
is not studied in the current project (Xu and Rudnicky, 2000).

3.1.2 Adaptation in the Parser

The Phoenix parser [Ward1994] uses a semantic grammar to extract concepts
from the recognition string produced by the decoder. The Phoenix grammar
specification allows the developer to specify concepts and their expression in words.
A fragment of the POl grammar is shown below:

[QueryHowFar]
(HOW_FAR [Destination]) %%0 .40%%
(HOW_FAR [Destination] from [Origin]) %%O0.50%%
(HOW_FAR from [Origin]) is [Destination]) %%O0.10%%

HOW_FAR
(how far is)
(how far away is)
(how far)

Macros such as HOW_FAR can be expanded to real words such as “how far is”.

In this work, we keep track of the frequency with which a particular speaker
uses the different forms in their language. In other words, we compute how often a
user is going to say “how far is A from B” as opposed to “how far is A”. Based on
the statistics, we can assign a probability to that instance of grammar.

In the Olympus framework, grammar is related with LM in speech recognizer.
LM needs training data of how people construct a sentence to convey certain
semantics. However, large corpora of real data are not always available. In Olympus
framework, the system samples the grammar file to generate a training corpus. The
probabilities next to the grammar (e.g., 0.40 and 0.60 in the example above) will
influence the frequency of those sentences following that particular grammar. The
LM generated from the example grammar shown above expects that a user says
“how far is A from B” more often than “how far is A”. Therefore, in our project,
when calculating the frequency of a specific user firing each of the grammars, we
are able to generate a user-adapted LM training corpus. In the future, we can use N-
best lists as adaptation material and confidence measures to exclude unreliably
recognized sentences (Souvignier and Kellner, 1998).
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3.3 Dialog State and Response Generation

A conventional dialog system will normally interact according to a pre-specified
flow. Directed dialog systems use a fixed flow and restrict changes of focus. A
system such as Ravenclaw supports a flexible flow that allows the user to change
topic (i.e. task) of to vary the order or form in which information is provided to the
system. Nevertheless such a system will be configured by the developers to follow
some particular order of exchanges, usually reflecting the “natural” order, at least as
perceived by the developers. The pre-specified order serves the very important
function of guiding a user who is not completely familiar with the task thorough the
necessary steps. However it is not necessarily the case that only a single flow is
appropriate to the task, and that different users may have different mental models of
the activity, leading them to naturally want to complete the task following a
different order of steps.

Accordingly, a useful form of adaptation might be to take into account the order
in which a user prefers to (say) enter information. A mixed-initiative, non-directive
dialog system would allow the user to try different approaches, presumably closer to
their internal model of the task. We believe that preferred order can be inferred from
interaction history, and that the system’s prompting behavior can be modified to be
more compatible with the user’s understanding of the task.

In addition to the order of steps in a dialog, the prompts generated by the system
(in the NLG module) can be modified as a function of history. We consider two
sources of information that would feed into adaptation: the length of time that the
system has been used by a particular user and evidence about their success at
different stages of the task.

A long-time user of the system will have become familiar with the requirements
of a particular task (e.g., what information needs to be provided). Accordingly, the
system can begin to progressively shorten its prompts so that they serve as quick
orientation to task progress rather than an explanation of what’s requires. For
example, the system can start with “Please tell me the neighborhood or business that
you are travelling to”, progress to “Where do you want to go?” and eventually to
“Where to?” or “Destination?” The system needs to update history and track use
patterns, adjusting response accordingly. For example, if the user has not accessed a
particular task for a long time, the longer prompts can be reintroduced.
Reintroduction does not mean starting over but might simply involve a faster
progression through the prompt sequence. The system can use other cues for
moving in the prompt sequence. For example, if the user appears to have trouble at
a particular step (for example asking for the prompt to be repeated), perhaps just
that step’s prompt might be regressed (then progressed again). Responsiveness to
the (inferred) state of the user may be perceived positively by that user.

3.4 History of Use

Based on history, the system can try to make tasks more efficient. For example,
if the system finds out that for 70% of time the user starts navigation from CMU
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and 25% from Squirrel Hill, The DM can pre-load hypotheses (e.g., CMU and
Squirrel Hill) for particular concepts (e.g., Origin) with confidence scores derived
from this history with some discounting. The benefit is realized in two ways: having
a prior probability for an input can boost its confidence in cases when recognition
confidence is low. This in turn can allow the system to bypass an explicit
confirmation of the input (“did you say you were leaving from CMU?”) and simply
combine the relevant information with the next prompt (“Leaving from CMU,
where are you going?”) Depending on the history (which in addition to frequency
could take into account time of day or even GPS data) the opening prompt might be
further reduced to “Where are you going to from CMU?” It is not essential that the
system correctly guess this information at all times, just the proportion of occasions
that allows the expected time cost of the transaction to be lowered.

4 EXPERIMENTS

We performed a preliminary study to determine the effectiveness of the user
adaptation strategies described above. Six users were recruited for this experiment.
One participant finished three-forth of the experiment and left. For the rest of them,
they interacted with the POI system and carried out a total of 32 tasks, equally
divided among the following goals: namely finding the distance between A and B,
looking up the address of A, searching for the route from A to B, and locating
services in the vicinity of a location. The tasks were described in pictorial form and
depicted the desired information as it might appear in a browser. The goal was to
minimize the use of language so as not to prime the participants to use particular
language forms. One of the experiment tasks is shown in Figure 2 (this one asks the
participant to obtain the route between A and B):

A CMU

% . N ARGy B: Homestead

Figure 2 one example of task

Although we are investigating system adaptation, it is the case that users will
themselves adapt to the system as they become more familiar with the tasks they are
carrying out. To differentiate these two types of adaptation, the experiment includes
two conditions: adaptation and control.

Participants were brought into a quiet room and the tasks were explained to
them in the same way for both groups. They were given a sheaf of questions (one to
a page) and asked to proceed. After 16 tasks, both groups were asked to take a
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break. During this time the experimenter sat in front of the computer and did
something; in the adaptation condition the system processed the data obtained in the
first part and was restarted; in the control condition, the system was simply
restarted. Then the participants finish the remaining 16 tasks.

System performance can be assessed using several different metrics. In the
present study we focus on two: The time taken to complete the tasks and users’
sense of the change of the dialog system. Additional metrics, such as success rate
provide additional information. At the end of the session we asked participants to
fill out a questionnaire to assess their attitude towards the application and to
determine their awareness of any changes in system behavior. Figure 3 shows the
change of average time that is required to finish each part of the experiment. Figure
4 shows on average how many tasks are successful within each part. For both
evaluation metrics, we asked the participants to move on to the next task if they
could not complete the current one within 10 dialog turns. To show the dynamics of
the change in more detail, we separate 32 tasks into four parts (for adaptation group,
adaptation happens in part 3 and part 4).
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From Figure 3 and Figure 4, we can see that the completion rate is comparable
for both adaptation group and control group. However, adaptation makes the
interactions faster. More research work is needed to examine the effectiveness of
each of the adaptation strategies as described in previous sessions.

We also report the participants’ answers to the questionnaire: for all the three
participants in adaptation group, they did not notice the change of the system
although the time they spent on the next 16 tasks was reduced. In the control group,
two participants think that the system worked better (one participant left the
experiment after finishing 24 tasks without filling the questionnaire).

5 CONCLUSIONS

We find that the techniques that we evaluated may promote efficiency in a
user’s interaction with a geographic information system, as might be used in an
automobile. Adaptation can provide a benefit beyond just familiarity with a system
and the adaptive system may produce improvement in efficiency than the non-
adaptive system (whose performance reflects only user experience). Our
preliminary evaluation does not show a clear effect; however this is an initial effort
on our part and several improvements are possible, for example the design of the
initial language may have a significant effect. We also suspect that the length of the
adaptation period may have been too short. We are continuing our work on
developing adaptation techniques and on developing a better understanding of the
process.
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ABSTRACT

To reduce stops at traffic lights and related fuel consumption, a car driver would
need information about the state of upcoming signals. Previous research has shown
the potential for this (Thoma et al. 2008, Popiv et al. 2010). One aspect of the
German pilot project (KOLIBRI cooperative optimization of traffic signal control) is
to deliver this information to the car via already installed mobile phone networks.
The information needs to be displayed to the driver while driving. So, on one hand,
special care must be taken for suitability while driving; on the other hand, the
interface needs a pleasant design for acceptance by the driver. In a static driving
simulator, five human-machine interface designs for a smartphone were tested
according to objective measurements (glance duration) and subjective ratings (SUS,
AttrakDiff).

Keywords: nomadic device, in-vehicle information system, IVIS

1 KOLIBRI Project

In KOLIBRI (Kooperative Lichtsignaloptimierung — Bayerisches Pilotprojekt;
English: cooperative optimization of traffic signal control — Bavarian pilot project),
a bidirectional transmission based upon already installed second- and third-
generation mobile communication networks (GSM, UMTS) between a car and a
communication center will be set up. The center gets information from traffic lights
(also via mobile networks) about upcoming signal states, and forwards an
aggregated and convenient data file to a test carrier and a smartphone. The
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information received needs to be properly conditioned for on-board display, and on
a smartphone for use while driving.

Speed advice and other tools for traffic lights are not new. For a short review,
see Krause et al. (2012). For on-board integration, former studies proposed and
successfully evaluated a combination with the speedometer, so the actual focus is on
the smartphone visualization.

2.1 Experiment Setup

The study was conducted in the fixed-base driving simulator of the Institute of
Ergonomics Technische Universitdt Minchen. The simulator environment consists
of six beamers and six sound channels. Three Projectiondesign F1 beamers at a
resolution of 1400 x 1050 offer a nearly 180° front view on three 3,4 m x 2,6 m
screens and three additional beamers (different manufactures) render the projection
of appropriate mirror images on screens behind the BMW E64 mockup. The driving
simulation software is SILAB V3.0 (WIVW GmbH, Wirzburg), in conjunction
with CarSim V7.11 (Mechanical Simulation, Ann Arbor), and an active steering
wheel with software from Simotion, Minchen for feedback. For gaze tracking, the
simulator is equipped with a head-mounted Dikablis system from Ergoneers,
Manching. The processing performance is provided by 15 rack-mounted computers.

In the experiment, a Samsung Galaxy Ace S5830 smartphone (display: 3.5 inch,
320 x 480, Android 2.3.3) was used. The smartphone was installed with clamp
mounting in the air vents right beside the steering wheel (see Fig. 1). The human
machine interfaces (HMIs) were implemented with Adobe Flash Professional CS5
and packed for the phone with Adobes AIR-SDK 2.7.1. The Adobe AIR
environment was not available for this phone via market, so an emulator version
from inside the SDK was installed via USB.

Figure 1: (left) static driving simulator with BMW mockup, (right) mobile phone mounted beside
the steering wheel

For the simulation, a section of the Federal Road B13 in the north of Munich
was utilized as two simulator courses (north-south; south-north) for a length of
approximately seven kilometers with seven traffic light-controlled intersections.



168

The same section from 48°17'56 N 11°34'36 E to 48°14'48 N 11°36'7E is also one
of the real test tracks for experiments. For the traffic lights, the standard signaling
scheme ‘slow’ of SILAB was used (green: 20s; yellow: 1.8s; red 30s; red/yellow:
2.2s). Due to restrictions in the simulation, the traffic light cycle of intersection N
was started when the test person reached a waypoint in the section before
intersection N-1. The signals were not coordinated or optimized. The road has two
lanes per direction and constructional separation via guard railing.

Speed is limited to 100 km/h most of the time; in front of intersections, it is
reduced to 70 km/h. The simulator generated some traffic in the opposite direction.
In the driving direction, the three cars behind (50 m, 110 m, 140 m) and the one in
front (200 m) of the driver were locked at fixed distances.

The speed recommendation for the driver in this experiment is based on the
simple equation distance to the stop line of next traffic light divided by remaining
time. For remaining time, there are two important times: start of green and end of
green (the states yellow and red/yellow were treated as red). When the car passes
the stop line at intersection N, in the next ten constant traffic light cycles at
intersection (N+1), a search loop tries to find a pair comprised of

maximum speed value (v_max; based on start of green) and

minimum speed value (v_min; based on end of green)
which meets the conditions:

(v_min < actual_speed_limit) and

(v_min>0) and

(v_max < 0.7* actual_speed_limit)

The 70% limit is introduced to show only speed recommendations, if it is
possible to drive not too slowly and thus, to reduce the relative speed of cars on the
road for acceptance by the driver and for safety. If a matching pair is found, v_max
is limited to the actual_speed_limit. The calculation is continuously carried out
while driving at a rate of about 50 — 100 times per second.

If no matching pair is found, i.e. one had to drive too slow or too fast, ““Ankunft
bei Rot™ (Arrival at red, see Fig. 2) is displayed. The driver normally doesn’t know
if the Arrival at red display is due to the lower or upper limit; this is to intentionally
prevent speeding.

In this early version, only the actual valid speed limit is considered in the
calculation; upcoming speed limits are neglected. If appropriate v_min and v_max
are found, they are displayed with the HMIs, as described in the following section.
If the driver arrives at a red traffic light and has a speed below 5 km/h, a countdown
display shows the residual red light time.

For gaze analysis, D-LAB (Ergoneers, Manching) was used and data were
exported to MATLAB for further processing. Three areas of interest were defined:
the windscreen (i.e. traffic scene), the speedometer and the smartphone. The
smartphone reported its actual display state to the eye tracking system. Only the
times when a speed recommendation HMI was shown are considered in this paper.
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2.2 Human Machine Interfaces

HMI1 “fisheye”: The recommended range of speed is highlighted in green. The
rest of the numbers are white. The actual speed is marked by two brackets “> <” and
has a bigger font size.

HMI2 “speedo” uses a familiar speedometer. The needle shows the actual
speed and the speed recommendation is highlighted by a green sector.

HMI3 “carpet” uses in one lateral dimension the same concept as the
speedometer in the radial angle dimension. The position of the car is its actual
speed, and the green area is the speed recommendation.

HMI4 “recom” shows a single number for the speed recommendation. The
advice is the average of v_min and v_max rounded to steps of five. The intention is
to guide the driver to the middle of the green phase. The design is similar to a
German/European traffic sign for speed advice without speed limitation (a white
font on a blue ground).

HMI5 “roll”, the actual speed rounded to 5, is the big number on the front of a
roll. The recommended speed range is highlighted in green. If the green speed range
is barely visirble, an up or down arrow offers some help.

.'.ﬂ\\nl “”l“‘"-‘n'f
&Y 120 140
N 100

Ankunft
bei Rot

Figure 2: The five used HMIs at different speeds and recommendations: HMI1 “fisheye”, HMI2
“speedo”, HMI3 “carpet”, HMI4 “recom, HMI5 “roll™. Last image: “Ankunft bei Rot” (Arrival at red)
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Font sizes: The number in HMI4 is 13.9 mm tall. The actual speed in the middle
of HMI5 is 10.8 mm. The marked actual speed in HMI1 has a height of 4.6 mm.
The numbers in the speedometer have a size of only 3.1 mm, which falls below the
recommended level of DIN EN ISO 15008:2009 at a viewing distance of 535 mm,
and below the acceptable limit at 660 mm.

2.3 Experiment

After being welcomed, the test subjects got an explanation on the driving simulator.
Afterwards, they signed a letter of consent and filled out a questionnaire on
demographic information. Seated in the car, the Dikablis eye tracking system was
adjusted. After an acclimatization round on one of the simulator courses, they were
introduced to the HMIs by a moving demonstration on the phone screen and drove
each HMI for about a minute. In the experimental runs, each person drove each of
the five HMIs and a baseline run in random order. The six runs were randomly
assigned to the two simulator courses (north-south; south-north), with the constraint
that each course is used three times. After each run, except for the baseline run, the
test subjects filled in a system usability scale (SUS) and an AttrakDiff2
questionnaire (Hassenzahl et al., 2003); additionally, they were verbally asked for
their opinion. The SUS form was a bilingually combined, careful translation of the
original (Brooke, 1996) with an instruction from Bangor et al. (2009)

The 20 participants that finished the experiment were from 19 to 55 years in age
(M=25.8; SD=7.6; 85% male; 15% female). One person quit due to simulator
sickness. All were licensed drivers and received their driver’s license mainly at the
age of 18. The annual mileage ranged from 800 km to 30,000 km (M=11,575 km;
SD=7,703 km). One person had a color deficit. Forty-five percent had a corrected-
to-normal visual acuity. Fifty-five percent had some previous experience with
driving simulators, and 40%, especially with the driving simulator at the Institute of
Ergonomics. Ninety-five percent had driven an automatic car, like the one used in
the experiment, before. Drivers needed mainly 90 — 120 minutes per session.

3.1 RESULTS (OBJECTIVE MEASUREMENTS)

Figure 3 shows the combined times of the areas “speedometer” and “smartphone” if
not intermitted by “windscreen” when the smartphone shows a speed
recommendation HMI, labeled as “Eyes off the Road”.
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Figure 3: Eyes-off-the-road times for different HMIs from all 20 participants

Inspired by Horrey & Wickens (2007) “[...] vehicle crash do not reside at the
mean [...], but rather in the tails of the distribution”, the whole histograms with
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some typical key data are reported (Figure 4). Two anchors are marked: the
2 seconds from AAM (2006) and 1.5 seconds as mentioned in DIN EN ISO
15005:2003, which are referenced several times within the ESoP (2006).
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3.2  RESULTS (SUBJECTIVE RATINGS)

The subjective ratings mainly show the same ranking (Figure 5 and 6):
(1) speedo, (2) carpet, (3) roll, (4) fisheye and (5) recom.
According to Figure 6 “carpet” has the highest hedonic quality.

7
ﬁ error bars: 95% C1 error bars: 95% C1
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Figure 5: (left) SUS-Scores of the HMIs; (right) AttrakDiff2 ATTR Value (attractiveness)

too self-oriented
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AHMIS roll
superfluous too task-oriented
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Figure 6: AttrakDiff2 HQ-PQ-portfolio diagram; with rectangles for 95% ClI

4 DISCUSSION

The glance durations for HMI4 “recom” are remarkable low (Figure 4). The
values of the others are comparable to speedometer checks, as reported in a
literature review by Green (1999). The widely used 85th percentile level for 2
seconds and 1.5 seconds is excelled by all variants with values greater than 90
percent.
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Except for HMI1 “fisheye”, the 85™ percentile time values even meet the 1-
second limit as recommended by Stevens et al. (2002) and mentioned by the ESoP
(2006) for well-structured graphics (only example status).

It’s imaginable that the variants have different “eyes-off-the-road” times due to
speedometer checks and gaze strategies. The hidden link between the histograms of
Figure 3 and 4 are the gaze transition probabilities. For comparison, the “eyes-of-
the-road” times for the baseline run are also reported. In the baseline run, the smart
phone has a blank screen, but still calculates the speed recommendation algorithm
in the background and sends appropriate triggers to the eye tracking system; what
the driver would see, if the screen were not blank. So, this should give a comparable
set of road sections. Due to the blank screen, the driver could not follow any advice,
and hence, the total time for these sections is shortened.

If one assumes that the 85" percentile time value for “eyes-off-the-road” is a
good measure for the tail of distribution and multiplies it by the mean frequency
(Hz-value), this measure of severity would be:

(0.37) speedo, (0.39) carpet, (0.44) recom, (0.46) roll and fisheye

5 CONCLUSION

Solely based on the gaze duration measurements (Figure 4), the HMI4 “recom”
would be preferable. On the other hand, HMI4 gets the worst subjective ratings.

All systems meet the requirements of accepted glance duration limits, so there
should be no safety issue and room for a combination or balance, as mentioned in
the well-known triple of ISO 9241-11 (effectiveness, efficiency and satisfaction).

So, we propose the HMI2 “speedo” for onboard integration in the speedometer
of the test car and the HMI3 “carpet” for implementation on a smartphone. Both
HMIs have acceptable glance durations; the subjective ratings of both are good.

If HMI2 were to be implemented on a smartphone, there would be two different-
looking speedometers in one car. Another drawback of HMI2 on a smartphone is
the small numbers, or, to put in other words: an appealing advantage of HMI3 is
that it uses no digits and thus supports portability among different screen sizes.

6 OUTLOOK

In this paper, the subjective ratings and the glance durations that enabled to
proceed in the project are discussed. Further publications will take a closer look at
gaze transition probabilities, compliance with the shown speed recommendations,
behavior when the display shows “Arrival at red”, fuel consumption, speed
violations, display dynamics and other interesting issues with the first experiment.

In a second simulator experiment, subjects customized the favored HMI in the
first experiment to their preferences. Further, the tactile detection task was used to
get benchmark values for comparison with later trials on the real test tracks. With
the results of both experiments and adequate countermeasures for the drawbacks
mentioned by the test subjects, the interface could be improved further.
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In parallel, the use of mobile phones in relation to cars and traffic is actually
revealed with a paper-based and online survey.
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ABSTRACT

The "speech application™ is one part of the larger human machine interface
(HMI) which allows for verbal interaction with a vehicle in the accomplishment of
particular tasks. In order for the "speech application" to be usable in a satisfying
fashion, it must be able to recognize the speech of the occupants, which will vary
culturally given local flow of dialogue, regional accents, cultural varieties in
intonation, prosody, and pacing. Research on the influence of culture on design and
usability has frequently relied on theories that consider culture in terms of macro-
level universal dimensions. In this work, we discuss a framework for investigating
cultural variation in communication drawing on ethnographic and naturalistic data.
This framework, based in the Ethnography of Communication and Cultural
Discourse Analysis, examines the details of everyday communication in order to
discover the cultural patterns, norms, and preferences of culturally based interaction
that is active in a specific community. In this paper, we describe how this
framework could be the basis of a model for analyzing the role of culture in in-car
communication.

Keywords: HMI, culture, communication, cars
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1 INTRODUCTION

For some time now those who are concerned about human-computer interaction
have struggled with conceptualizing and investigating cultural variation in the
ultimate hope of creating user interfaces that cross cultural boundaries in highly
usable ways. Attempts to research the role of culture in design and usability have
often involved the use of macro-level cultural dimensions provided by Hofstede
(1991), Hall (1989), or Ting-Toomey (1998). These dimensions are attractive
because of their universality, and the ease with which one can begin to design for a
given culture once one knows if they are a “high” or “low” context, their long term
orientation, and a variety of other such attributes. However, such approaches have
recently been criticized for their tendency to essentialize diverse cultural groups
along national boundaries, and fail to effectively guide the development of
culturally satisfying interfaces (Winschiers & Fendler, 2007; Sun, 2009). It is also
unclear how these broad cultural dimensions can consistently inform the design of
user interfaces that require the production of particular actions and sequences with
which real people will interact.

In what follows we present a framework based in the Ethnography of
Communication (Hymes, 1962, 1972; Philipsen, 1992), and one of its
developments, Cultural Discourse Analysis (CuDA) (Carbaugh, 2007), for
researching issues of culture, usability, and design. The framework is a general
theory yet yields, when used, a bottom-up understanding of usability rather than a
top-down view based in the cultural dimension models. We believe the utility of
such an approach lies in its ability to identify cultural models of design with these
being based upon local conceptions of personhood, relations, emotion, place, and
action, as well as routine sequential actions, norms of interaction, and cultural
preferences for channels and instruments, all of which are required for the
understanding and development of truly localized design.

In addition to outlining how such a theory and method can effectively be used to
address issues of design and usability in HCI, in what follows we present a research
procedure for the investigation of human-computer interactions in an automobile. In
a 2009 article, GM investigators discovered and discussed how cultural dimensions
of activities were not only possible but perhaps even pervasive throughout various
automotive speech applications (Tsinhomi, Winter, and Grost, 2009). Cultural
features were suggested as part of the variety of possible utterances people produce
in the car, the vocabulary they used, the variety of sounds they made as well as the
variation in the phonemes produced. The importance of these features became
apparent in several phenomena including the flow of conversation, response times,
how prompts were formulated, and how errors were handled. The role of cultural
variability in automotive communication then, is pervasive and powerful, yet
understudied if at all. Such work, in our assessment, is necessary.

The remainder of this paper is organized to first discuss the field research cycle
as we conceptualize it, followed by a set of considerations for establishing a field
site, including both the means of collecting data and the procedures for its analysis.
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2 FIELD RESEARCH CYCLE

The framework for field-based, cultural research into communication that we
propose here involves a sequential design. To begin, we summarize this briefly in
four phases, from activities prior to entering the field, to activities completed after
leaving the field. This overview will be the foundation for a discussion of the
specific application of the framework to research on in-car communication and the
various means of collecting and analyzing naturalistic data in this context.

2.1 Pre-fieldwork Activity

This phase of the project involves several activities, which are preliminary to
doing the fieldwork itself. Before entering, it is crucial to be as knowledgeable
about a field site as possible. If there is a literature available about the site,
researchers should consult it in order to become more knowledgeable about the
history of the area, its people, their occupations, customs, and so on.

A second set of activities involves planning about the fieldwork itself. If there is
a special focus envisioned, then a preliminary conceptual map of that focus should
be formulated. For example, if one were most interested in users’ tactile
manipulation of a navigation system, then what that is and how it works should be
carefully thought through. Focusing on specific concerns in this way, establishes a
theoretical position from which to observe communication in a particular context.
This equips one for study and reflection while in the field, enables a systematic
approach to one’s observations, as well as provides ways of designing interviews.

2.2  Fieldwork Activity

This phase involves periods of observation of communication in a cultural
context. Observations such as these inevitably lead to questions which researchers
can ask participants during interview sessions. The accumulation of a descriptive
record about observational and interview events creates a corpus of data which then
needs to be analyzed. The analyses involve the distinct modes of investigation that
we will discuss in the next sections.

2.3 Post-fieldwork Activity (Phase One): Descriptive and
Interpretive Analyses

The activities conducted after leaving the field involve continuing phases of
analysis, which focus on how particular communicative activities are done in a
specific cultural context and what the meanings of those activities are in this context
for the people who engage in them. These analyses lead, often, to additional
questions about dynamics one observed, or heard about while in the field. This
phase of the research can lead, when possible, back to the field for more detailed
observations and analyses.
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2.4 Post-fieldwork Activity (Phase Two): Comparative
Analyses and Critical Assessments

These final phases of a field project are crucial as a sharper view of the cultural
dimensions of communication get better understood through comparative analysis.
Also, through critical study with participants, researchers can contribute ideas about
better design of social practices, products, policies, or other human creations
(Carbaugh, 2008).

Note, and we emphasize, that the phases we present here are sequential in their
design but cyclical in their possibilities. A phase of fieldwork can result in revising
one’s earlier conceptualizations; post-fieldwork activities can lead one back to the
field focused on other observations, with different questions, and so on.

3. SOME CONSIDERATIONS OF THE FIELD SITE

The framework described above has been used in a variety of contexts to study
culturally-informed communication (e.g., Carbaugh, 1988, 1996, 2005; Saito, 2009;
Boromisza-Habashi, 2011). Here we describe a model for applying this framework
to an examination of communication in automobiles. This description is the basis
for future research that could be undertaken at various locations around the world.

3.1 The Field Sites: Field sites in this case would be selected in order to
enable comparison of driving practices in different cultures. These should include
rural and urban driving in various metropolitan areas. As will be discussed later in
this report, comparison is an essential phase of investigation in Cultural Discourse
Analysis and the selection of a variety of field sites would facilitate this process.

3.2 Selection of Participants: Several criteria would guide the
selection of participants for each field site of the study. A pre-questionnaire could
solicit basic demographic information about each potential participant, about their
willingness to have their data downloaded into the automobile computer system,
and other information concerning their driving experiences and habits. This
preliminary information would be used to ascertain the suitability of a participant
for the study. Additionally, and most importantly, each participant of the study
should be a native speaker of the language in which the speech application has been
designed. This is important as a control on the speech recognition and dialog flow
capabilities of the system being tested. Additional criteria to be met could include
some balance between male and female drivers, tech savvy and not, young and old,
urban and rural, and if possible, including early adopters of technology.

3.3 General Schedule at each Field Site: In this section we
provide a detailed discussion of the steps of the research cycle described above as
they could be undertaken in studying communication in automobiles.

We envision a potential pre-fieldwork period of 10-14 days which would
involve the research team in contacting possible participants and making local
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arrangements. The fieldwork would be designed to occur over a 10 day period
which could be set as follows: Day 1: Arrival, settle, plan and meet with local
contacts, establish possible routines, conduct initial observations of settings; Day 2:
Conduct a preliminary pilot study of 1-2 participants using the a priori framework;
do some very tentative descriptive and interpretive analyses, make any revisions
that may be needed in the research design; Day 3: Observational work in the car
with 2 participants (recorded); interview afterward; conduct preliminary analyses of
initial data; review and revise the framework as needed; Days 4-8: Conduct driving,
interview, and debriefing sessions with 2 participants each day including
observations in the car; preliminary analyses of data; eventually integrating data and
analyses; create an initial descriptive account; revise framework as needed; Day 9:
Final data gathering (as needed); final in-field analyses (translations,
interpretations); Day 10: Depart.

A post fieldwork period of 10-20 days would involve the development of the
descriptive report about the car including analyses of specific sequences and norms.
This would also include the development of a very preliminary interpretive report of
the cultural terms, meanings, and aesthetics of the car as a communication situation;
assessments of theory, methodology, and findings.

4. MEANS OF DATA COLLECTION

Drawing on the framework described above, multiple schematic ways of
collecting data become possible including an observational scheme, an interview
guide, and technical logs.

4.1 Gathering Data from Study Participants: Upon first meeting
the research team, selected participants would be introduced to the study, and given
a pre-questionnaire to assess their suitability for the study. If meeting the inclusion
criteria, the participant would be asked to sign a consent form, which makes explicit
conditions for participating in the project. They would then be introduced to the
capabilities of the car’s speech recognition and dialog flow, would engage in an off-
road (i.e., parking lot) test drive, would engage in a driving session, and finally
would conclude with an interview session. We anticipate that the overall session
with each participant would last around 120-150 minutes.

4.2  Field Researchers: In the context of this particular application, the
primary task of researchers would be to monitor participants’ driving and to
formulate questions about the driving to be asked in the subsequent interview
session. During the “drive-along,” researchers would be advised not to interrupt the
driver while driving, but they could respond to questions the driver asks. The
researchers also would be involved in sharing observations about the drive-along
and subsequent interview during a debriefing session among researchers that could
be held after each driving-interview session. Driving sessions may involve one or
two researchers in the automobile with the driver.
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4.3 Observational Scheme: The observational scheme equips the
researcher with a specific, structured way of watching and listening while in the car
with study participants. The scheme would involve selective attentiveness to the
following components:

1. Setting: In what physical environment is the communication taking place?

2. Participants: Who is involved in the communication practice?

3. Ends: This component would have two parts: What are the participant’s
goals of the practice (e.g., to send an email)? What are the outcomes of the
practice (e.g., the email was sent, or the effort to do so was unsuccessful,
or the user got irritated at the car)?

4. Act/Sequence: What specific communication acts got done, and in what
sequence?

5. Key: What was the emotional pitch, or tone of the communication (e.g.,
perfunctory, serious, frustrated)?

6. Instrumentalities: What multiple mode(s) or cues were used in this
communication (e.g., voice, gesture, pressing a button, words)?

7. Norms (see below): What were the norms - stated and/or implied - for this
interaction?

8. Genre: Is there a generic form to this communication practice which
participants use, and if so, what is it?

These eight components would provide a basic investigative tool for analysts to
systematically describe communication in and about the car. A sub-set of the
concepts could be more useful in some cases than in others.

A recommended way of using the observational scheme would be to create a
chart on a piece of paper (or recording device), to be filled in by the researcher. This
scheme could be used by the researcher with each component across the top of the
paper and a time-line down the left margin, so the researcher could record
observations about particular components at specific times. For example, during the
21st minute (recorded on the left side) the driver attempted to change radio stations
(the A, I-through touch, K-frustrated) but failed (the End). These observations could
then be used to formulate questions during the later interview session.

4.4 The Interview Session: After the driving session, the researchers
will ask the driver a series of questions. An interview guide will be provided that
draws upon the framework described above. The wording of the questions will be
shortened and modified to fit the particular field participants and sites of concern.
The first section addresses the driving session itself, and anything which had
been noticed during it and warranted probing. A second set focuses on the
participant’s (the driver’s) background using dialog systems. In addition to giving
information about the participant, these questions establish a wider context for the
particular communication situation of the driving session. Next, the questions focus
on the sequencing of the driving session —for example preferences for how a dialog
should be initiated, the degree and form of feedback that the system should provide
while a particular exchange is taking place, the repairing of communication errors,
and the ending of the interaction. The final questions are designed to explore
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various modes of cueing that the driver may engage in with the system; these modes
may or may not have come up during the discussion of sequencing and these
questions encourage further exploration of those that may not have been discussed.
The questions in each section are designed to prompt the participant to produce talk
about dialog systems that could be analyzed for cultural propositions and premises
that the participant uses to interpret and produce their interactions with the dialog
system. Questions that more explicitly explore cultural premises the participant may
hold about the ideal driver will be posed, including relations with the interface as
well as others in the car, feelings about the car/interface, and in-car communication
generally. The interview session closes with a catch-all question that would allow
the participant to share anything about their experience that was not explicitly
requested in prior questions.

4.5 The Debriefing: The researchers will meet together to discuss the
overall session. The purposes of the debriefing session are to reflect upon the
specifics of the driving session, the interview session, particular observations made
during each, to identify useful focal concerns for further attention, perhaps to
modify the methodology in subsequent sessions, and so on.

4.6 Technology: For any particular study, the car's human-machine
interface could be designed to explore a system in general, or specific features of
any one system. It is desirable to add logging capabilities to enrich the corpus of
data for analysis. For exploring spoken communication with the described
methodology, the HMI needs to contain a speech application as part of a multimodal
interface, which supports the use of natural language utterances and a pre-defined
variety of typical in-vehicle tasks. This allows examining cultural variation of any
verbal, as well as non-verbal acts as part of the communication.

5. PROCEDURES FOR THE ANALYSIS OF DATA

After collecting the data above, there are specific procedures that are employed
for their analysis. These are summarized here in four phases.

5.1 Phase One: Descriptive Analysis

A descriptive phase of study would respond to the question, how is that done
here? What are exact instances of the phenomenon of concern to participants in real
time and place? Care would be taken to record multiple instances of the
phenomenon of interest such as selecting music, making a call, errors and their
(attempted) correction, or direction giving. Detailed descriptions would be created
of each instance. A group of instances would comprise a focused corpus for study.
Note that the analytic tasks here would involve the following: 1. noticing an
instance of a phenomenon; 2. making a collection of multiple instances of that
phenomenon; 3. transcribing the instances so that a descriptive record of the pattern
is created.



183

After creating a descriptive record, researchers would be able to search across
multiple instances for linguistic and non-linguistic qualities which recur in a
patterned way. The descriptive analysis would lead to claims such as: This is how
direction giving, or attempted error correction, or volume control, or
implementation, or speech prompting is actually done in this corpus of data.

A key part of the descriptive analysis would be the recording of observational
data onto electronic devices (such as video and audio recorders) and the subsequent
transcription of those data. The latter are done using specific transcription
conventions and orthographic techniques. These include the ways nonverbal
positions and movements are active during the activity being studied. Also
synchronized with these would be the verbal data logged into the system at the exact
time of the instance. The careful documentation of these data and their inscription
would provide the toe-hold of the field study in actual communication events.

5.2 Phase Two: Interpretive Analysis

An interpretive phase of study would respond to the question, what does this
specific communication practice (or finding from the descriptive analyses above)
mean to participants? What cultural significance and value (or lack thereof) does
this have for them? While a descriptive analysis gives a field investigator evidence
of patterns of practices people create together; an interpretive analysis tells us the
meanings of those practices. An interpretive analysis would follow exacting
procedures which take different trajectories, but in all cases, this analysis would
begin:

1. take one pattern of practice that has been documented and analyzed
through descriptive study;

2. examine the corpus of instances of that practice;

3. ifavailable select participants’ terms which are active in the corpus and use
them to formulate a statement about that practice (the participants’ terms
are called cultural terms and should be placed in quotation marks; the
statement formulated through cultural terms is called a cultural
proposition).

4. if salient to participants, trace the meanings of this proposition about the
action getting done, the feeling of it, identity issues, social relations;

5. interpretation of norms: What is being presumed about good or proper
practice in this phenomenon? This involves a four-part analysis, through
which specific communication norms can be explicated - and later
compared - in a prototypical formula of these four parts:

A. Context: When in (setting or context of the car, with participants
P, or participant relations R),

B. Condition of Identity (related to conduct): if one wants to (e.g., be
a good driver, get directions to a place),

C. Force: one (must, preferably should, permissibly could, must not),

D. Conduct: do action X.
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Communication norms are analyzed further by positing explicit or implicit
imperatives, along dimensions of intensity and crystallization.

6. additional trajectories of interpretive analyses build on the above, and can
be elaborated by examining cultural metaphors and formulating semantic
dimensions or cultural premises.

These analytic procedures would provide bases for claims about the
meaningfulness of practices to participants.

5.3 Phase Three: Comparative Analysis

A comparative phase of study would respond to the questions, to what degree is
this practice the same and to what degree is it different from others? If one were to
study direction-giving in Atlanta and in Shanghai, or speech prompting of
entertainment, we would expect some similarities and some differences in this
practice in the two locations. Through such study we could get a better idea about
what indeed is culturally distinctive in one set of practices, as opposed to those in
another; we also would get a better sense of what is similar across such practices.
Through comparative study, and based upon descriptive and interpretive analyses,
one would be well-placed for such assessments.

5.4  Phase Four: Critical Analysis

A critical assessment would begin by asking what works well and what does
not? After carefully investigating phenomena through the above modes, researchers
could better reflect upon what is working well and what is not. Critical assessment
and subsequent considerations could lead to better designed capacities, and, in this
case, more usable speech applications.

6. CONCLUSION

The framework presented here provides a model for ethnographic investigation
of issues of design and usability in human-computer interaction in automobiles.
Applying this framework to a particular context, we have outlined cyclical phases of
fieldwork activity, schematic means for collecting data, and procedures for the
analyses of these data. The success of a speech application depends greatly on its
situated use in a particular cultural context. Our framework seeks to uncover the
distinctive cultural models of communication that are active in various communities
to ascertain means of adapting human-machine interfaces to local contexts of use.

The framework for naturalistic field studies is designed to be seamlessly
integrable into a user-centered design approach (Dray & Siegel, 2009; Norman &
Draper, 1986). It should clearly be part of the research phase before any design,
implementation and evaluation cycle. Thus designers have an overview on cultural
norms and preferences for all necessary interface design dimensions, such as
cooperative principles for communication, control handling, dialog patterns and
sequences, turn taking and grounding conventions, information distribution, choice
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of words and phrases in dependency of typical automotive tasks and domains, and
conflict resolution.
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ABSTRACT

One way in which drivers can send messages (e.g., text messages and emails) is
using voice dictation. The technology that enables dictation in a vehicle is
challenging given the noisy environment and the need for high accuracy. In this
paper, we investigate the impact of input method and driving workload on the
structure and complexity of dictated messages. We describe findings from a driving
simulator study (Green et al., 2011) in which dictated messages were collected and
analyzed. We explore the hypothesis that driving workload or input method affects
the message language characteristics. We show that both driving workload and the
input method significantly impact the message vocabulary and its perplexity. This
may be exploited for enhancing dictation, for example by creating language models
that are specific to driving and by adapting them according to workload.

Keywords: texting, SMS, language models

1 INTRODUCTION

Text messaging is one of the most popular methods of communication world-
wide. It is estimated that in 2010 alone a total of about six trillion messages were
sent (ITU, 2010). This number reflects a large growth in the use in Short Messaging
Service (SMS), which has tripled from 2007 to 2010. Given the magnitude of usage
per subscriber and the diversity of subscribers; the nature of the SMS messages and
alternative messaging systems has to be understood in the context of the user
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environment. We specifically focus on some conditions of SMS dictation in a car
environment under different driving workload circumstances.

Dictation and dialog in a car environment was studied previously (Lindstrom et
al. 2008; Villing 2009a; Villing 2009b). Lindstrom et al., for example, conducted a
user study in order to understand the effect of driving workload on speech. In that
work, however, the grammatical structure of messages was not explored. In this
work we focus on grammatical differences in text messages under different
workload conditions. We evaluate grammatical differences by comparing statistical
language models estimated from message data. The statistical language model used
here, known as N-gram (Ney et al. 1992; Jurafsky, and Martin, 2000), represents the
probability of a sequence of words to occur, under a Markovian assumption.

We begin the study by reconfirming that language models corresponding to text
messages and speech messages differ. We continue by studying the differences of
language models associated with two different workload conditions.

2 CORPUS

A corpus of text messages was collected in a driving simulator environment,
transformed into text, and normalized. The normalized data were then used as input
to an experimental language model system.

2.1  Corpus Collection

An experiment was conducted in a driving simulator study in order to generate a
database of dictated text messages with and without simulated driving. The
experiment as designed and executed by Green et al (2011). (See Green, Lin, Kang,
and Best, 2011 for a detailed description of the experimental procedure and
findings.) Overall, 24 pairs of participants took part in the experiment for two hours
each. Participants were pairs of friends in their late teens or early twenties. In the
study, they were instructed to send messages to each other, while one of the
participants was seated in the driving simulator (parked or driving) and the other
was seated outside. During the study, they communicated via text messaging while
under four conditions. In the first condition, the driver typed text messages while
parked. In the other three conditions the driver communicated via a speech system
in three difficulty levels (parked, driving in low driving workload, and driving in
moderate driving workload). In these speech-based conditions, the driver’s
messages were converted in real-time to text by a Wizard of Oz system. Wizard of
Oz was used in order to avoid additional variability in the data due to speech
recognition errors. In all of the conditions the participant sitting outside typed their
text messages. All conditions were divided into sections. Each section started by a
predetermined message sent by the driver, which was then followed by a free form
SMS “conversation” between the pair of participants.
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2.2  Corpus Normalization

The corpus of text messages sent by the driver was normalized. Each text
message was manually reviewed and converted to a canonical form in order to
achieve a common ground for comparison from a vocabulary perspective. The first
normalization act was to remove all initial predetermined messages that drivers
were asked to send. In addition, punctuation marks were removed in order to make
the text and the speech messages more easily compared.

As for the rest of the messages, additional variations were detected by matching
all the words against a dictionary of 50,000 common words in English. This
matching yielded a set of about 1,000 instances of words that were different from
canonical form and were handled manually. A summary of the number of messages
in each condition is shown in Table 1.

Table 1 Number of messages in each condition

Message type Number of messages
All Messages 5,196

Sent by the driver 2,629

Sent by driver excluding 2,157
predetermined messages

Text (parked) 469

Speech (parked) 573
Speech (low workload) 535

Speech (moderate workload) 580

3 EXPERIMENTAL LANGUAGE MODEL SYSTEM

An experimental language model system, consisting of a training phase and a
test phase, was used in the experiment, as shown in Figure 1. Because of the
relatively small number of messages in the corpus, a jackknife v-fold approach
(Duda, Hart and Stork 2000) for dealing with lack of data was used. After
normalization of the text and omission of the predetermined text messages, each of
the four experimental conditions was divided into six sets, creating a total of 24 sets.
For each condition, six training sets and six testing sets were created. Each of the
test sets was one sixth of the condition’s data and together the test sets were
mutually exclusive. The conjugate training set for a test set was the rest of the
condition’s data.

The LM evaluated in this paper was a Markov chain of order N known as N-
Gram model, where N is the number of consecutive words considered. According to
this model the probability of a word depends approximately on the N — 1 previous
words (Eq.1).
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n
P(w,, ..., wy; A) = ﬂ PWeWe—ry ey Weari ) 1)
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where 2 is the language model and n is the sequence length.
As speech has a relatively broad vocabulary (usually tens of thousands of
words), for practical reasons, the order of the model was kept low. In our case, we

chose the order to be one or three; called a Unigram model and a Trigram model,
respectively.

Condition:
Text
(parked)

Condition:
Speech
(parked)

Co: Text
(parked)
set: 1coni

Co: Text
(parked)
set: 1

Word threshold (moderate)

set: 1 coni

(moderate)

A
||

Unigram

Wordlist creation

Trigram model
estimation

:Training Phase

S —
|

Trigram
models

Trigram
perplexity
results

Unigram
perplexity
results

Figure 1 Experimental System Description — model estimation is depicted on the left side and the
testing is described on the right side.

3.1 System Training Phase

The system training phase involved language model estimation and is shown on
the left hand side of Figure 1. Language model estimation is the process of
estimating the likelihood of a word sequence to appear given a corpus of data. We
are interested in the conditional likelihood P(w|w;_4, ..., W;_y+1; 4). Let’s denote
the number of occurrences of a sequence of words wy, ..., w,_y,q iN @ COrpus as

C(Wy, ...,wr_n4+1)- Over a large database a good estimation of the likelihood is
shown in Eq. 2.
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In practice, however, such an estimate would assign a zero probability to words
not seen in the training data, and inaccurate probabilities where occurrence is low.
A common method to overcome this challenge is using discounting. In this paper
the likelihoods were Kneser-Ney (KN) (Kneser and Ney 1995) discounted. The goal
of KN is to discount based on reducing the probability of seen sequence of words
(c(wg, ..., We_n41) > 0) by a fixed value D and redistributing this portion among
the unseen sequence of words (c(wg, ..., w;_y4+1) = 0). For seen sequence, the
probability is defined as:

PWelwe_g, o, We_yy3 ) =

C(wg e,we_y) — D
P IS(ItV Welwe_g, o, we_y; A) = CWrg) o) W) (3)
c(We,...We—N)>0

The total probability mass collected from the observed sequences is then spread
among the unseen sequences.

The training phase was composed of three stages. In the first stage, a Unigram
model was estimated. The likelihood of appearance was estimated for each word in
the training data (about 1,000 distinct words out of 5,000 instances). In the second
stage, a list of the most common words was created based on the likelihoods derived
in stage one. Only words that were more likely to appear than a certain threshold
entered the list. (About 200 words appeared more than five times in the data, with a
likelihood greater than 0.001 each). Finally, in the third stage, a Trigram model was
estimated. This model was KN discounted, as discussed above, based on the list of
common words from stage two. Overall, the output of the training phase was a set
of 48 language models ([Unigram, Trigram] X [condition] X [set] =2 x4 x 6 =
48). The Unigram and Trigram models are shown in the center of Figure 1 as the
output of the training phase and input to the test phase.

3.2  System Test Phase

The effectiveness of the LMs was estimated by conducting a set of comparisons
between test sets and LMs. The test phase was composed of two parallel stages.
Each of these stages is a similarity estimation stage. overall, each of the 48 models
was tested against four different conditions. Test sets were omitted in order to
prevent overlap of the training and the testing data and to regularize the test.

4 RESULTS

LM data from the four conditions were compared using three methods:
Perplexity, log likelihood ratio, and detection hypothesis testing. Although our goal
was to check whether the likelihood wunder two models differ i.e.
PWe Wiy, o, Weeya1s 2)? = P(We|Wi_q, o, We_n415 A2); In this case we had to
conduct indirect testing i.e. P(Ay|Wi_q, e, Weeni1)? = Py Wiy, o, We_pi1)
since the accuracy of the models could not be verified. P denotes the estimated
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model. This notation is used here in order to emphasize the difference between true
and estimated distributions.

4.1 Perplexity Estimation

The effectiveness of the LMs was estimated using the perplexity measure
(Jurafsky, and Martin, 2000). Perplexity is defined per language model and a
sequence of words:

1

4
PG, W D @
where W = wy, ..., wy,

Perplexity, in the context of a Unigram model, can be viewed intuitively as a
weighted branching factor. It can be considered as a measure of the question: “How
many possible words are considered to be said next?“ A low perplexity value
signifies a low branching factor which indicates a constrained vocabulary. For
example, in a Unigram model low perplexity indicates that a small set of words is
very likely to appear, while the rest of the words are less likely to appear. Low
perplexity denotes ‘simple’ language.

As described in 3.2, we compared between LMs and relevant test sets. Each
perplexity result was assigned to its relevant condition and averaged, yielding
results for each condition. Experiment results for Unigrams are shown in Table 2.
The highest perplexity was obtained for text messages. More importantly, perplexity
decreased when workload increased, indicating a correlation between driving
workload and the simplicity of the language used. Drivers used the ‘most complex’
language when they texted while parked and the ‘simplest’ language when they
used speech in the moderate workload condition.

PP(W;A) = PP(wy, .., Wy; 1) =

Table 2 Perplexity for Unigram models within condition. The perplexity was
averaged among all the six pairs of test data and conjugate model.

Condition Perplexity within condition
Text (parked) 221.0
Speech (parked) 209.2
Speech (low workload) 207.0
Speech (moderate workload) 199.8

4.2 Log Likelihood Ratio Hypothesis Testing

A more effective Unigram representation of perplexity can be achieved since this
model is an independent identical distribution (i.i.d) model. In addition, by applying
a logarithmic scale to the perplexity measure an intuitive representation can be
achieved (Cover and Thomas 1991).
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where w is the set of all words in the vocabulary.

Let’s assume that two LMs 1,, 1, were trained. Given a test set composed of a
set of messages, we would like to check whether the messages were generated from
the first or second LM. The first challenge is to define which events are i.i.d.
Unigram models are i.i.d by definition. Generally speaking, however, speech is not
i.i.d. Intuitively, assuming that a person’s LM is similar in two points in time, might
suggest that this person didn’t absorb any new information between those two
occasions. Given that people absorb information all the time the i.i.d assumption
does not hold and therefore an approximation has to be made. In this work we
assume that messages are generated in an i.i.d manner; however, per the definition
of the N-gram model the words are not i.i.d.

According to Neyman-Pearson lemma (Cover and Thomas 1991) the optimal
decision criterion test for a message M and two i.i.d hypotheses is of the form:

P(MIA)  P(Way, oo, Wi, [ 41)
P(M|2,) P(WMl, ...,WMn|/12)
where T is a threshold, and the words of the message M are wy,,, ..., Wyy,,.

This criterion is known as the likelihood ratio between the two models. Ideally
and intuitively, the point in which T equals one, is the equilibrium point between the
two models (P(M|1,) = P(M|4,)).

This criterion is equivalent to:
ilogT <
My
Dy (P(M|wpy, oo, wag, JIP(MI23)) = Dyt (P(M | Wi, oo, g, )IP(M24))
where D is the Kullback Leibler divergence (Cover and Thomas 1991).

Given that Dy (P(M|wy,, ..., w, ) IIP(M]2;))can be rewritten for Unigram as:
Dy (P(M|way,, ..., wi, JIIP(M|2)) =

P ) seny
5 s s )

L P(WIZ) @

Z P(W|WM1, . WMn)logP(w|wM1, . WMn)
WEW
+log PP(M; A;)
Given that ¥,y P(W|Wpy,, .., wir, )logP (w|wy,, ..., wy, ) is not dependent on
the model and appears in both divergences in Eq (7), it can be omitted.
1
M—logT <logPP(W; ;) —log PP(W; ;) 9)

n

where logT = 0 is the equilibrium point.

(6)

(7)
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We tested the hypothesis that a pair of language models shared the same
distribution (P(wy, ..., wy|41) = P(wy, ..., wy|A4,)), i.e., the null hypothesis was the
equilibrium point. For each condition, and all corresponding test messages, the log
likelihood ratio of that model and an alternative model were estimated. The
distribution of these scores for the different messages was tested against the null
hypothesis. The 95% confidence intervals of logT are shown in the Table 3. All the
confidence intervals for log ratios did not include zero, indicating that the
differences were significant. Trigram models were not found to be different.

Table 3 95% confidence intervals for comparison among Unigram models
(Log likelihood ratio where O=same)

Text Speech Speech Speech
(parked) (parked) (low (moderate

LM1 condition workload) workload)
Text (parked) [0.58,1.27] | [0.47,1.16] [0.54,1.23]
Speech (parked) [0.77,1.39] [0.15,0.77] [0.42,1.04]
Speech (low workload) | [0.71,1.36] | [0.01,0.65] [0.51,1.15]
Speech (moderate

[0.70,1.31] | [0.12,0.73] | [0.37,0.98]
workload)
4.3 Condition Detection

We looked at workload detection in order to further quantify the significance of
the difference between language models obtained in different conditions. This is the
indirect testing that was described in section 4 above. Condition detection was
applied to a set of messages by comparing their log likelihood ratios. Significance
of detection results was calculated as described in (Gillick and Cox 1989). Results
for Unigram models are presented in Figure 2. The Figure shows the detection
errors tradeoff for pairs of conditions, which is the probability of extracting the
messages of one condition from a pool containing messages of the two conditions
together versus the extraction of the other condition from the same pool. A good
classifier would be close to the axes origin. The black solid line represents random
detection, i.e. detection by tossing a biased coin. This is the null hypothesis. The
black dotted line represents 95% confidence interval for the null hypothesis. The
other three lines represent a comparison between pairs of conditions. It can be seen
that the detection is significantly better than random for the majority of the
detection rates, although the absolute detection values are quite modest. As
expected, the detection between speech (parked) and text (parked) is much more
significant than among the three speech conditions (parked vs. low workload and
parked vs. moderate workload) but all are significant.
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Figure 2: Significance of detection in for three model-pair conditions. A random classifier is
represented by the solid black line, and model-pair classifiers in green red and blue.

5 CONCLUSIONS

We showed that the grammar and choice of words in spoken messages were
correlated to the input method and driving workload. Language models derived
from spoken messages under low workload and moderate workload were different
from models derived from spoken messages while parked. In addition, we verified
that the grammar of spoken messages and text messages were different.

Although we saw significant differences in LMs for Unigrams, we could not
show significant differences in our results for Trigram language models. This result
can be explained by the small dataset used in this experiment. Accurate estimation
of Trigram typically requires a much larger number of pairs and triplets of words.
Such repetitions did not occur in this corpus of several thousand of messages.

A possible implication of this work is that text-message dictation using speech
recognition can be improved by taking into account the driving workload and
perhaps other similar factors affecting the driver’s choice of words. In this study
even though the number of messages was quite limited, we found significant
differences in language grammar for various conditions of driving workload. It is
expected that larger numbers of messages could result in a greater understanding of
the relation among consecutive words under various such driving conditions.

A methodological implication for the study of speech applications is that people
change the way they speak as a function of various factors, such as driving
workload. Therefore, it is important to vary these factors when testing automotive
systems so as to span a large spectrum of possibilities.
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ABSTRACT

Most in-vehicle navigation systems can provide drivers with turn-by-turn speech
instructions.  Users not only expect their navigation system to guide them to
unfamiliar destinations but also to provide real-time guidance based on traffic
congestion. In order to avoid time delays, stress, and frustration, navigation systems
need to provide accurate, effective, and efficient information. Various studies have
investigated user interface considerations for better speech guidance. Only a few
studies, however, considered the effect of road characteristics on speech guidance
and fewer yet focused on complex interactions that carry a high risk for navigation
errors. In this paper we describe and analyze speech guidance for a unique set of
complex interactions, namely, elevated roads. We focus on the components of
speech instructions provided in current systems (maneuver and wording) and other
potential information content. We report a field study in which we examined two
navigation systems to record turn-by-turn speech instructions on elevated roads in
Shanghai: GM OnStar, a server-based built-in navigation system, and Eroda, a
portable GPS device. This study represents the first step towards enhancing the
comprehensibility of a turn-by-turn navigation guidance for complex interactions.

Keywords: in-vehicle navigation, turn by turn speech instructions
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1 INTRODUCTION

Some argue that the usability of a navigation system is the most important
aspect of its design (Burnett, 2000). Most in-vehicle navigation systems, including
built-in systems and portable GPS devices, can provide drivers with turn-by-turn
speech instructions. Users not only expect their navigation system to guide them to
unfamiliar destinations but also to provide real-time guidance based on traffic
congestion. In congested traffic, even a single guidance error may result in long
delays. In order to avoid time delays, stress, and frustration for the driver,
navigation systems need to provide accurate, effective, and efficient information. A
usability evaluation of turn-by-turn navigation systems (Burnett and Joyner, 1997)
has concluded that compared with getting instruction from an “informed” passenger,
drivers using turn-by-turn navigation system made more navigational errors, took
longer time to complete the route and had higher mental workload. Recent
customer surveys of turn-by-turn navigation in China have revealed several areas in
which speech instructions can be improved for better system performance and user
satisfaction.

Various studies have described user interface considerations for better speech
delivery and specifically, better turn-by-turn speech instructions. Some studies
identified common usability problems of the speech instructions by both heuristic
evaluation and formal user testing, for example, using incorrect terms to describe
the road geometry (Nowakowski, Green and Tsimhoni, 2003). Some studies
analyzed all potential navigation information for use in the speech instruction given
by the in-vehicle navigation systems. The range of different information types
included landmarks, road sign information and road geometry (Burnett, 1998). A
large number of research activities have addressed the use of natural language
generation for route description (e.g., Dale, Geldof and Prost, 2005) and destination
description (e.g., Tomko, 2007; Tomko and Winter, 2009). Several principles are
used to generate speech instructions, providing adequate information and decreased
ambiguity while minimizing drivers’ mental workload.

Describing locations by landmarks (visual, cognitive, or structural) has been
shown to result in route descriptions that are much easier to follow than route
described by distance (Burnett, 2000; Sorrows and Hirtle, 1999). In addition, the
maneuvers followed the concept of grouping hierarchical organization as it has been
shown to contribute to comprehensibility (Taylor and Tversky, 1992).
Segmentation is a way to give hierarchical structure of the route and reduce user’s
cognitive load. There are two segmentation strategies: landmark-based and path-
based. The landmark based segmentation determines optimal break points in the
sequence of paths. The path-based segmentation aggregated several paths into a
higher level entity based on the characteristics of the element road. The road status
hierarchy, path length and turn typology are three features that can be used for path-
based segmentation (Dale, Geldof and Prost, 2005). Segmentation is used to help a
user get a clear route view by a higher level structure. Agrawala and Stolte (2001)
also suggested not giving an equal status to all parts of the route description.
Salience and relevance in content selection and linguistic knowledge are also
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considered when generating spoken instructions. All the landmark, path length and
turning information are retrieved from real GIS data.

However, it is unclear whether landmark or segmentation information is needed
in the speech instruction for all kinds of roads. While for roads with simple
structure, speech instructions of current navigation systems work relatively well, for
roads with complex structure, such as an entrance into an elevated road, the road
geometry is non-standard. These may consist of mixed road types including both
elevated roads and surface roads at a given decision point. For these cases, the
current speech instruction is not sufficiently clear. Users tend to have difficulty
following the instructions, which may lead to navigation errors. In this paper we
consider road characteristics in order to improve speech instructions given by
navigation systems. The focus of this study is on the components of speech
instructions in complex interactions, including maneuver, wording and information
content. More specifically, it addresses the needs associated with elevated roads in
China.

2 FIELD STUDY

2.1 Method

A field study was conducted to explore turn-by-turn speech instructions on
elevated roads and to collect information about relevant scenarios. Two navigation
systems were compared, the OnStar Gen 9 model (Onstar, 2012) and the portable
Eroda EV5 (Eroda, 2012). The OnStar is a telematics service developed and
deployed by General Motors. OnStar provides subscription-based communications,
hands free calling, turn-by-turn navigation and remote diagnostics throughout the
United States, Canada and China. OnStar is a speech system and works on voice
command to enable the driver to communicate without using their hands. In China,
the most widely used OnStar feature is navigation, from which 80% of the user
demand comes. Once users need navigation, they call an advisor at the call center
and ask for a destination to which they want to go. The advisor processes the user’s
demand and uploads the navigation instructions to the user’s car. After that, the
user follows the speech turn-by-turn instructions. The Eroda EV5 is a portable
navigation device running Windows CE 6.0. It has a 7 inch screen displaying a
birds-eye virtual street view but it also has a text-to-speech module that prompts the
speech turn-by-turn instructions.

In Shanghai there are about eleven elevated road. Two elevated roads were
selected for this study. The first route was from Zhoujiazui Road to Dongjiao
Hotel. It went through the Yangpu Bridge, which was part of the Inner-ring
elevated road. Along this route, three places were considered in which the speech
instructions could be ambiguous and difficult to understand. The second route of
the field study was from No. 5 Jinian Road to Sinan Road. Video recordings were
collected on two sunny afternoons from 1 to 5 pm.
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2.2 Results

The first location was a three-way fork, shown in Figure 1. The guidance route
is indicated by a red arrow. The OnStar speech instruction associated with this
maneuver was “200K 5 & R 7, A ANIFEZEE” . [Translation] “In 200
meters, drive on the middle road, merge into the Inner-ring elevated road.” (The
literal instruction is actually “200 meters later on,” but simplified for English
readers in this and all following instructions.) The OnStar system displayed a left
turn, as the variety of possible turn indicators was limited. The portable Eroda
displayed the amplified street view at this spot to indicate the direction. The screens
of OnStar and Eroda are shown in Figure 2.

Figure 1. Road structure of the first location Figure 2. Screens of OnStar and Eroda

For the second location, OnStar speech instruction is “500K 554, AR
ek 4T .7 [Translation] “In 500 meters, drive on the right side and along the
Inner-ring elevated road.” The turn indicator on the OnStar screen is a right
oblique, while the Eroda indicated go straight. The road structure is shown in
Figure 3. The screens of OnStar and Eroda are shown in Figure 4.

Figure 3. Road structure of the second location Figure 4. Screens of OnStar and Eroda

The road structure for the third location is shown in Figure 5. OnStar speech
instruction is  “700K J5 SE AR A AR KE G, EAALAKKE.”
[Translation] “In 700 meters, drive on the left side to Longdong Avenue. Then
drive on the right side to Longdong Avenue”. The indicator on OnStar screen is
turning left. The screens of OnStar and Eroda are shown in Figure 6.
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Figure 5. Road structure of the third location Figure 6. Screens of OnStar and Eroda

The second route of the field study was from No. 5 Jinian Road to Sinan Road.
This route was highly complex as two elevated roads were included. Furthermore,
along part of the route, GPS signal on the surface road was blocked by the above
elevated road. OnStar lost GPS signal and induced an error message. This failure
took several seconds. Figure 7 shows the turning point of the second route with
irregular structure. At this location, the OnStar speech instruction was “5.27y H
Ja, AR, BNFEIbE 2888 [Translation] “In 5.2 kilometers, turn
to the right oblique to the South-north elevated road.” Actually, the road was on the
lefthand side. As indicated by the orange rectangular in Figure 7, there was a traffic
sign at the intersection, showing destinations from each road.

Figure 7. Turning point of the second route with irregular structure

3 ANALYSIS OF ISSUES

In each of the locations described above, a driver may have experienced
difficulties in understanding the speech instructions. In this section, we analyze the
speech instructions of both OnStar and Eroda from a wording and maneuver
perspectives. Table 1 summarizes these findings.

First, Table 1 demonstrates that the speech instructions of both devices use the
distance-to-turn format with ego-centered directions and absolute distance, such as
“In 500 meters, drive straight onto” and “In 200 meters, drive onto the middle
road.” However, research has indicated that this is not the optimum solution. As
described earlier, the use of notable landmarks can increase the usability of vehicle
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navigation (Burnett, 1998). Second, all the roads in the above locations have
irregular structures, either intersection of surface and elevated roads or with a non-
standard geometry. Advanced instructions of these irregular structures are difficult
to comprehend out of context. For example, it is much more difficult to
comprehend two consecutive spoken instructions like “In 700 meters, drive on the
left side to Longdong Avenue. Then, drive on the right side to Longdong Avenue.”
Third, effective speech instructions of navigations system must match the user’s
mental model of the world and provide informative pieces of data for decision
making. Obviously, both the words and the maneuvers in the two tested systems,
even in most existing navigation systems, could not meet this requirement.

Table 1. Summary of the speech instructions

OnStar Eroda
“200K JG E I A, TR NN AR “BOTT AR, T EEAE
“In 200 meters, drive on the middle road, “In the front road, drive on the middle onto
merge into the Inner-ring elevated road” the elevated road”
“BO0KfEHEA, VBN IR LR AT “RI 500K, 1HEAT Fmige”
“In 500 meters, drive on the right side and “In 500 meters, drive straight onto the
along the Inner-ring elevated road.” elevated road”
“TOOKJEHEAMA AR RESG, AN | “BI7 28, WA T
TR RKE” “In 1000 meters, drive on the right front
“In 700 meters, drive on the left side to side.
Longdong Avenue. Then drive on the right | After almost reaching the turning point:
side to Longdong Avenue”. “HOTE% O, VAL ET AT R
“In the front road, drive on the right front
side”
“S2NEGE, MARET RS, AL There was no prompt before turning. After
R turning:
“In 5.2 kilometers, turn to the right oblique to “HTJ72000K, S EAT BRI
the South-north elevated road” “In 200 meters, drive straight onto the
elevated road”

Typically, the speech instructions consisted of three parts: (i) Positioning of the
maneuver (e.g., in 500 meters); (ii) description of the maneuver, which is the most
important piece of information in the instruction, telling the driver what to do at the
required position; and (iii) continuing direction, providing information about where
to go next. The maneuver in each instruction, shown in Table 1, is underlined.

For the first instruction, the maneuver “drive on the middle”, is identical for
both OnStar and Eroda. Figure 1 Shows that the middle road is the ramp to the
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elevated road, while the other two lanes are surface roads. As a result, the driver
may need some effort to ascertain the lane. As to the wording, the OnStar’s speech
instruction  “ 3% A\ -merge into” is not an entirely accurate word describing the
connection of the ramp and the upcoming Inner-ring elevated road.

For the second instruction, the maneuvers are “drive on the right side” (OnStar)
and “drive straight” (Eroda), which are quite different. Considering the road shown
in Figure 3; the instruction “drive on the right side” is confusing since there is
another lane on the right side, which leads to the exit of the Inner-ring elevated road.
In this situation, when there is no direction change at the fork, the instruction of
“keep driving along” should be the critical information for the driver. As this
location also has an irregular road geometry, other potential information such as “to
the direction of the Inner-ring elevated road” maybe needed for confirmation.

For the third instruction, the maneuver in OnStar is “drive on the left and then
drive on the right”, which is very confusing without knowing the road structure.
The wording of “Drive on the left side of the upcoming fork, then drive on the right
of the next fork” is much clearer and easier to understand. The Eroda only
prompted the second half of the instruction, and repeated it when almost reaching
the turning point. However, the maneuver of “drive on the right front side” is not
enough. Adding the instruction “to Longdong Avenue” would yield a better match
with the user mental modal of the road.

For the last instruction, the maneuver in OnStar is “turn to the right oblique”,
which assumes that the driver has turned left at the intersection. Immediately after
turning left, the driver was supposed to turn to the right oblique side and drive onto
the North-south elevated road. The maneuver in Eroda “drive straight onto elevated
road” will likely lead to an error.

Further inspection of the above four turning instructions (both speech and
display-based) in the two routes revealed additional usability issues, some of which
are mentioned below:

(1) Using only right and left for direction can induce confusion in the scenarios
when there are more than two lanes at the intersection. Both OnStar and the Eroda
used right and left to indicate the direction at the turning point.

(2) The spoken instructions for the irregular road structures could be mentally
difficult to understand, especially in conjunction with elevated road.

(3) The OnStar turn by turn display icons provided unclear illustrations, which
sometimes even contradicted the spoken directions. In the above three decision
locations, the OnStar icons did not facilitate driver’s understanding of the speech
instructions. Even the best-matched icons could not illustrate the complex road
structure, rather they confused or even misled the driver.

(4) Another issue which came up in this session was address ambiguity. When
the driver asked the OnStar advisor for instructions to the Shanghai TV University,
the advisor checked with the driver for environmental information, such as
surrounding roads, to confirm the address. At least two buildings in the area had the
same name: Shanghai TV University. In fact, OnStar navigated to the unintended
one. The destination was also set on Eroda, which got the right place by entering
and selecting the address from the map. Conventionally, destination in China is



203

conveyed by the name of the building or the entity (for example, the university),
rather than the street number.

(5) The algorithm of selecting a route is not intelligent. First, on the elevated
road OnStar instructed the driver to drive along the right or left lane along the road
and not change the lane. This was unnecessary. Second, the turn-by-turn
navigation instructed the driver to exit the main road and then drive back to the
same road within about 1000 meters.

(6) The command “Repeat last maneuver” was frequently used. During the
testing, it was the most frequently delivered command.

4 DISCUSSION

Our analysis clearly points out that speech instructions for navigation systems
should be improved, specifically when describing complex road structures. The
field study has revealed that turn-by-turn guidance on elevated highways poses a
potential usability problem. Further, a sample of two navigation systems revealed
similar issues, as well as some differences and inconsistencies. This research clears
the way for usability testing of real participants and it remains to be seen what kind
of confusion will occur when navigating via the above intersections and decision
points, and what additional points will be revealed. Based on the analysis of the
findings, we propose several ideas worth exploring. First, we propose to use
potential information of landmarks, road properties and segmentations to improve
the speech instructions of turn by turn navigation, specifically for elevated roads in
Shanghai. Second, for complex interactions the maneuvers should have more
flexibility to more accurately describe the actual layout and required maneuver.
Specifically, the choice of turning or not, entering or not, and exiting or not should
be explicit and unambiguous. Third, for some consecutive speech instructions, the
use of the phrases: “the upcoming fork, and “the next fork” would help the driver to
better understand the layout of the route. What is more, separating the speech
instructions into more pieces, if possible, will make it more easy to understand and
easy to follow, but the tradeoff between accuracy and overloading the driver’s
memory should be taken into account. Fourth, more information should be added
for further confirmation. Consider integrating other potential information into the
speech instructions of navigation systems, we hypothesize that using the road
property and the road name (ramp of Inner-ring elevated road) in the speech
instruction, will improve drivers comprehension. As an example, the proposed
modification for the first speech instruction would be: “In 200 meters, drive onto the
ramp to the Inner-ring elevated road”, which translates to: “200 K5, EMiE -
WIRE 228 7 in Chinese. With this new set of suggestions, we expect the
usability study to not only to provide additional insights for the problems with
existing guidance in complex systems, but also to confirm and fine-tune the
advantages afforded by such modification to the speech interface.
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ABSTRACT

Performance of the vehicle's longitudinal dynamics essentially determines the
character and the perception of a vehicle by the customer. To place a vehicle at a
specific niche in the market or the product portfolio, it is necessary to know the
relations between the variable parameters of the power train and their perception by
the user. Therefore, as a necessary basis, this study deals with the identification of
customer-oriented key aspects of perception with focus on longitudinal vehicle
dynamics.

For this purpose, a group of subjects took part in a study, where they drove
selected cars implementing a variety of different wvehicle concepts. Being
interviewed using a repertory grid technique, subjects were assisted in structuring
and verbalizing their subjective perception. Subjective data for different aspects of
the vehicle's longitudinal dynamics were collected by standardized questionnaires.
With the help of recorded driving dynamics data different driver types were
identified. The influence of driver type on subjective perception was investigated.
These aspects of perception could be described using a two dimensional structure
identified by principal components analysis.

Keywords: perception, longitudinal vehicle dynamics, repertory grid technique,
driver type, principal components analysis
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1 INTRODUCTION

The power train of an automobile represents the central component of the
vehicle and dominates its classification in a particular segment or the assignment to
a specific vehicle type, based on both, objective and subjective criteria. In the
automotive industry standards, such as the 10 point scale and standardized
maneuvers, are used to assess driving and the driving behavior of a vehicle. Some of
these standardized maneuvers are start-up behavior, straight ahead driving or
driving comfort (HeiRing, 2002). Furthermore, in recent years the user and its
interaction with the product are more and more pushed in the focus of the
development process of technological products (Garrett, 2011). Therefore, an
appropriate consideration of specific customer needs and customer perception is
also becoming gradually more important for the development of modern cars.

The individual perception of a vehicle as a sports car or luxury car is indeed
strongly influenced by various aspects of vehicle design, product and brand
environment, personal background, experience and much more (Haffke, 2010).
However, successful positioning of a vehicle at a specific area in the product
portfolio stands or falls with an appropriate design of technical vehicle parameters
and their adequate perception by the customer. Therefore, the present study uses a
particularly important factor out of this spectrum and deals in more depth with the
influence of the power train and the resulting characteristics of the longitudinal
dynamic behavior on the individual vehicle-perception of everyday drivers.

How do customers perceive technological parameter of longitudinal dynamics?
To answer this question, the presented method will connect the technical parameters
with the customer-oriented key aspects. Therefore, a perception-oriented
experimental design was developed. A group of subjects compares different types of
power trains in different vehicles, in order to categorize and evaluate them from
their individual point of view.

2 METHOD

2.1 Framework conditions of the study

The study was conducted with 20 participants, who were selected according to the
following criteria: Age from 30 to 60 years; driver license since at least 5 years; mil-
eage minimum 5.000 km/year; experience with automatic transmissions; driver of a
premium brand (BMW, Audi, Mercedes Benz or similar) vehicle built in 2005 or later.

Three of them were female, 17 male. The average age of the subject group was
45 (SD = 10.23), ranging from 30 to 60. There were five different vehicles available
to carry out the experiment. The vehicles were intentionally very different in regard
to the vehicle class (small car — luxury car), as well as the motor type
(standard/powerful gasoline engines — standard/powerful diesel). To blank out the
subject’s individual gear-shifting behavior, all vehicles were equipped with
automatic transmissions. Figure 1 shows the vehicles used in this experiment.



207

Different class,
same engine

compact class | middle class upper class upper class luxury

standard powerful standard powerful powerful

diesel diesel diesel gasoline gasoline

Same class, wide
spread of engine

Figure 1 Spread of used test vehicles

2.2 Procedure

The structuring and verbalization of subjective perceptions is quite difficult for
the majority of subjects. Therefore, the Repertory Grid Technique is used in this
study as a supportive element from the field of knowledge management. This
method is a combination of qualitative and quantitative data collection and is used
to determine subjective perceptions and individual thinking (Kihl, 2009). In
addition, subjects were faced with specific questions, regarding relevant aspects of
the dynamic driving performance of the different cars during two intensive test
drives. The characteristics and subjective quality of the vehicles were evaluated by a
10 point scale, always combined with the possibility of individual free text answers.

After welcoming, the subjects were first asked to fill out a questionnaire,
regarding their personal background. It also contained some questions for a driver
type assessment. Two questions are shown exemplary in Figure 2:

In situations with high
traffic density | more aggressive 000000 more defensive

usually behave...

I V.VO.UId describ.e my sportive/dynamic 0000ao calm/balanced
driving style as:

Figure 2 Questions for driver type assessment
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The evaluation of the driver type is based on both, the subject’s self-assessment
and the recorded driving dynamics data and will be handled more detailed in the
chapter results.

Each subject goes through the experiment as follows in Figure 3:

Demographic questionnaire

Introducing the vehicles (no information regarding the engine)

Quick compare

Vehicle 1 short track free text interview

Quick compare

Vehicle 2 short track [ree text mterview
Vehicle 3 short track free text interview

Quick compare

Vehicle 4 short track free text mterview

Repertory Grid Interview

Intensive compare

Vehicle 4 direct situational questioning (1-10 scale &

free text)
. direct situational questioning (1-10 scale
CEEED S & free text)
Final questionnaire

Figure 3 Experimental procedure

After giving instructions to the subjects regarding the test vehicles (no specific
information about the engine), each subject was evaluating four out of five vehicles
on a short test track (Figure 4). The order of vehicles was permuted for each subject.
The route was chosen this way, that the subjects automatically had to drive through
various typical situations (e.g. traffic light start, acceleration out of the roundabout,
highway acceleration lane, as shown in Figure 4 (red circles)), where the engine and
its characteristics become evident. While these short track drives, the investigator
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on the co-driver’s seat wasn’t giving any instructions to the subject except to
describe the characteristic of the engine/vehicle in his own words. Immediately after
these four 10-minutes test drives, the subject was asked to verbalize and organize
his experienced perceptions with the help of the Repertory Grid Interview. The aim
and the approach of this method will be explained more detailed in the next chapter.
After the interview subjects were driving two cars on a 60 km drive for a more
intensive test (Figure 5). Here the driving dynamics data were recorded for the
driver type evaluation. For further investigations there were also a couple of specific
driving maneuvers around the track, where the subjects had to answer appropriate
questions regarding their perception in these situations by using a 10-point scale.
b PR, " £

g T iy

MUneran

........

158 =

Figure 4 (left) short track, 10km, country road and-highway, each red cir[:le represénts an -
appropriate point to evaluate the power train (Google Maps, 2012)

Figure 5 (right) long track, 60km, each number represents a driving maneuver with appropriate
questioning immediately after (Google Maps, 2012)

2.3  Repertory Grid Technique (short track)

The Repertory Grid Technique (RGT) is based on A. Kelly‘s Personal Construct
Theory from 1955 and, in general, it is intended to capture how people experience
things, what the experiences mean for them and why they give meaning to specific
things or attributes (Hassenzahl, 2000). According to Personal Construct Theory
every individual is construing all elements of everyday life by relating them to
former experiences and grouping them with the aid of personal constructs.

So the main parts of the RGT are elements and constructs. Elements are the
objects of investigation (here: different vehicles and engines). The intention of
research is to get to know the attributes, which people use to distinguish different
vehicle concepts from each other. Using RGT helps the participants of the study to
verbalize their individual constructs (Fromm, 1995). Figure 7 gives an overview of
the procedure of a Repertory Grid Interview:
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Specifying the purpose of investigation
customer-oriented perception of longitudinal dynamics

Determination of element type

Vehicles / Engines

.

Collection of elements
Vehicle 1, Vehicle 2, Vehicle 3, Vehicle 4, Vehicle 5

Giving a triad of
elements to the
subject

Relating all Distinguishing two
elements to all elements from the
construct poles third

Identifying the
construct poles

Analysis & Interpretation

Key aspects of perception
Figure 6 Overview Repertory Grid Technique

To develop these constructs the participant is given a triad (three randomly

selected elements (in this case: vehicles) of usually about 10, (Fromm, 1995)) by the
experimenter. The participant has to specify how two of the elements are similar but
different from the third (Harrison, 2007). In case of vehicles such personal
constructs related to experience may be powerful — weak, sportive — comfortable,
etc. The attribute of the two similar elements is called the implicit construct-pole. Its
antipode is called emergent construct-pole. These two construct poles are building a
construct in the sense of a semantic concept (Lyons, 1968). After finishing this triad
of elements, the participant has to repeat the process of comparing similarities and
differences with another triad until no more constructs can be identified (Fallman,
2005). In this way the participant can name all the attributes which are the most
important for him, to distinguish the different elements.
This fact makes an advantage of this research method evident: compared to pre-
structured approaches (e.g. questionnaires) it is possible to investigate individual
paradigms and the participant’s individual focuses of perception (Fromm, 1995).
The RGT helps to verbalize them and to make them accessible to further
investigations.
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Through relating all elements to all developed constructs by using a 5-scale rating,
the Repertory Grid finally can be generated as exemplary seen in Figure 7:

emergent pole implicit pole
(similarity) (antipode)
hard 1 3 4 3 2 soft
o |aggressive 2 5 2 1 1 defensive
S |agile 5 1 3 1 4 lazy
E dynamic 2 4 5 1 1 slow
S sportive 2 2 1 4 2 comfortable
safe 1 4 1 3 3 unsafe
inspiring 5 2 3 1 5 boring
5 4 4 3 1
5 5 5 % %
EX X EA EA =
b4 @ o o ™
Elements

Figure 7 Exemplary result of a Repertory Grid Interview
2.4 Driver Type Assessment

For the comparative analysis of the results with regard to different types of
drivers, key performance indicators are essential to enable a reliable determination
of the driver type. These indicators refer to both, the subject’s self-assessment and
its matching with the measured driving dynamics data.

Depending on the driver type, drivers use different amounts of their available
adhesion potential for handling their driving task (shown in Figure 8). A normal or
more defensive driver is using lower accelerations (lateral and longitudinal), a very
sportive driver can drive close to the physical limit. The investigation of the
different level of utilization of the adhesion potential thus seems to be suitable for
the driver type assessment.

6

Waximum While driving, 14 acceleration values
eosve el per second were recorded. It is not
useful to interpret the longitudinal or
the lateral acceleration separately, but
only the combination makes sense for
drawing conclusions regarding the
driver type. The utilization of the
sica gdhesion potential (a,) is calculated
Limit Yy

— 2 2
a & 8 10 aput = El|m.lg + A)ar
lateral acceleration [m/s?]

Figure 8 Utilization of adhesion potential for
defensive and sportive drivers (according to
Lienkamp, 2011)

&

~

longitudinal acceleration [m/s*]
~ e
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3 RESULTS

3.1 Driver Type Categories

Since low acceleration values are irrelevant for the driver type evaluation, all
values were sorted by size and only the 1.500 highest values were used for further
investigations (shown in Figure 9). Already by a qualitative visual check of the
values it is possible to distinguish a defensive (Figure 9, left) and a sportive driver
(Figure 9, right).

defensive driver sportive driver
8 | mfs? 8 | mfy

8 &
Figure 9 same vehicle, same track, different driver types: the 1500 highest
accelaration values of a “defensive” driver (left) and a “sport” driver (right)

For a more reliable and quantitative classification of drivers, it is necessary to
compare the area under the curve for each subject, exemplary shown again for the
defensive and the sportive driver in Figure 10.

acceleration [my/s?]

'\
‘______‘____—____———————___

1500 2000 2500 3000 3500
scceleration £ t

Figure 10 curve of accelaration values (lower curve = defensive driver)

In this way all subjects were categorized in a certain driver type ,,sport“, ,,normal*
or ,defensive. Now it was possible to investigate if there is any connection
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between the driver type and their key aspects of perception.

3.2  Results of Repertory Grid Interview

The results of the Repertory Grid Interviews were analyzed and the constructs
were grouped thematically. Regarding the perception of sportive and defensive
drivers, there are some mentionable results, which suggest making a difference in
this point is reasonable.

Only the group of sportive drivers mentioned the relation between engine sound
and engine performance respectively sportiness of the car. In general, through all
the interviews and comments it was obvious, that the group of more defensive
drivers assesses the engine sound critically and would prefer the sound to be as
discreet as possible. Furthermore this group didn’t pick out the engine sound and
engine performance as a central theme at all, whereas all issues regarding
controllability and maneuverability came up more often compared to sportive
drivers. So, in this case their subjective feeling of safety seems to be more
influenced by the engine’s “character”.

As another result different driver types seem to be able to distinguish some
aspects of their individual perception much more detailed than other groups do. For
example sportive drivers were able to evaluate the automatic transmission systems
more nuanced.

4 SUMMARY AND DISCUSSIONS

This study identified key aspects of the perception of vehicle dynamics.
Furthermore, a method was developed to classify driver type based on, subjective
and objective data. A connection between these two study aspects could be
established by analyzing the influence of driver type on the perception of a vehicle’s
or, more precisely, an engine’s character.

This study described the diversity of consumer-oriented perception while
driving a car by qualitative and quantitative subjective ratings. With the help of
factor- and cluster analysis the relevant attributes were combined into meaningful
groups in order to derive the relevant dimensions, regarding the perception of a
vehicle power train. Figure 11 shows the interpretation of the investigated key
aspects of perception and the vehicles used in this study.
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Dimensions of perception

- Vehicle 1: compact class,

] Vehicln 5 standard diesel

Vehicle 2 Vehicle 4

i — T - Vehicle 2: middle class,
l powerful diesel

- Vehicle 3: upper class,
standard diesel

Vehicle 3
- Vehicle 4: upper class,
powerful gasoline

- Vehicle 5: luxury class,
powerful gasoline

sportiness, acceleration,

E)(perience-factor Sgear-shifting behavior,

Engine sound, rpm

Vehicle 1

: (mean * standard error)

.
contrellability, comfort,

Value-factor engine smoothness, response

Figure 11 Factor analysis: two dimensions of customer-oriented perception

The identified correlational structure was explained by an experience- and a
value-oriented factor. The experience factor combines all aspects of sportiness,
acceleration, gear-shifting behavior and engine sound. The value/quality-factor
combines aspects like controllability, comfort, engine smoothness and response.

These results lay the foundation for further studies, dealing with the relation
between the specification of objective vehicle parameters and the resulting
subjective human perception.
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ABSTRACT

Cognitive distractions affect driver central cognitive processes. Visual distractions
influence perceptual sensors and, to some extent, motor responses. Consequently,
driver overt behaviors do not provide a sensitive or reliable basis for detecting
driver cognitive distraction. This study demonstrated the value of indices of internal
cognitive processes, specifically situation awareness measures, for cognitive
distraction classification using a support vector machine (SVM) technigue. In
addition, the study establishes the importance of domain knowledge on the effects
of distraction for promoting state classification accuracy. It also establishes the need
to develop classifiers for different driving control modes.

Keywords: situation awareness, cognitive distraction, support vector machines,
operational driving; tactical driving; distraction mitigation

1 INTRODUCTION

Two principle forms of distraction are generally associated with in-vehicle
information systems, including visual and cognitive (Lee, Regan, & Young, 2009).
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Knowing when drivers are visually or cognitively distracted is essential to develop
effective distraction mitigation technologies. Prior studies suggest visual distraction
can be effectively detected based on the dependency of visual attention on eye
behavior (Donmez, Boyle, & Lee, 2007). In contrast, cognitive distraction detection
based on overt behavior measures has revealed far from satisfactory results (Liang,
Reyes, & Lee, 2007; Y. Zhang, Owechko, & Zhang, 2004). One potential reason for
this is that cognitive distraction interferes with central cognitive processes, which
depend on more than a single sensor (e.g., the eyes). Another reason is that
cognitive distraction may not lead to uniform behavior changes, as drivers may
adapt their control behaviors to account for distraction (Horrey & Simons, 2007;
Liang & Lee, 2010). Therefore, detecting cognitive distraction may require
knowledge of drivers’ internal cognitive processes.

Beyond this, driving is a multi-level control process posing different cognitive
demands on drivers according to required actions and decisions. Strategic control
(e.g. planning a trip) and tactical control (e.g. passing a lead vehicle) have been
found to be more cognitively demanding and to require greater situation awareness
(SA) than simple operational control (e.g., steering or braking; Jin & Kaber, 2009;
Matthews et al., 2001; Rogers et al., 2011). However, the majority of prior research
has only attempted to identify cognitive distraction states when drivers performed
operational maneuvers (e.g., lead-car following; Liang et al., 2007). In addition,
previous efforts in estimating driver cognitive distraction level either adopted a
data-driven perspective (i.e., using limited domain knowledge; Liang et al., 2007;
Y. Zhang et al., 2004) or relied on linear combinations of features, limiting the
capability to integrate predictive data from multiple sources (Angell et al., 2002).

To address the above issues, the present study: 1) examined the utility of internal
process measures in driver distraction classification; 2) considered a broader range
of driving tasks, including operational and tactical control in the classification
problem; and 3) assessed the value of domain knowledge in distraction
classification processes.

1.1 Internal cognitive process measures

There are few direct measures of driver internal cognitive processes, particularly
for SA assessment (Endsley, 1995) and perceived workload analysis (e.g., the
NASA Task Load Index (TLX); Hart & Staveland, 1988). Existing workload
measures indicate the degree of cognitive resource competition between secondary
and primary tasks (Angell et al., 2006). Indices of SA reflect changes in driver
processes at three stages, including perception of environmental elements (Level 1
SA), comprehension of the driving situation (Level 2 SA) and projection of future
states (Level 3 SA; Endsley, 1995). Unlike workload measures, SA indices provide
a unique structured understanding of driver internal cognitive processes and may
not be inferred by external performance or physiological metrics.

There are two major techniques available to assess driver SA in real-time,
including the Situation-Present Assessment Method (SPAM: Durso & Dattel, 2004)
and the use of real-time SA probes based on the Situation Awareness Global
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Assessment Technique (SAGAT; Jones & Endsley, 2004; Jones & Kaber, 2004). In
both procedures, participants answer queries about concurrent driving tasks while
task displays remain in full view. Drivers’ answers to queries are compared with
true system state information and subject-matter expert (SME) responses to the
same queries posed to the drivers (Endsley, 1995). Outcome measures usually
include response latency to queries and response accuracy.

1.2 Support Vector Machines

Machine learning approaches, such as support vector machine (SVM), are
commonly used to solve classification problems involving data from multiple
sources and do not require data inputs to have Gaussian distributions (Y. Zhang et
al., 2004). In a typical classification problem, each observation in a data set contains

a “target value” (Y;, a class label) and several associated “attributes” (X;, predictor

variables related to the class label). The complete data set is separated into training
and test sets. Machine learning methods produce models to describe the relation
between the “attributes” and the “target label” based on the training set and then
predict the class labels for the test set. Model performance is usually measured
based on classification accuracy for the test set. The present study applied one such
technique, SVM, to an existing data set developed by Rogers et al. (2001) in order
to identify factors that might influence the detection of driver cognitive distraction.

SVMs map an attribute vector X; for a data point i into a high-dimensional

feature space Z through a mapping function® . The mapping function is defined by
a kernel function x(X;, X;) = ©(x)IP(X;) (i and j denote two different entries). Data
belonging to different classes are separated by a hyper-plane P, which is developed
through the learning processes (Cortes & Vapnik, 1995). In order to avoid attributes
in a greater numeric range dominating those in smaller numeric ranges, the input
vectors need to be scaled to a common range (Hsu et al., 2003). Proper kernel
functions must also be selected according to properties of the attributes. Prior
studies suggest that radial basis function (RBF) kernels generally produce
satisfactory classification accuracy and require less computational resources than
other kernels. “Grid search” processes are typically performed to select kernel
parameter(s), as well as a penalty coefficient for misclassification, which is required
for building the SVM classifier. In such processes, pairs of kernel parameter(s) and
penalty coefficients are used to fit a predetermined training data set. The pair that
generates the best results is selected to construct the final classifier. A cross-
validation (CV) process is used to make fair comparisons (minimum bias in error
rate estimation) among the pairs of parameters. In a k-fold CV, the training data set
is divided into k mutually exclusive subsets of equal size. Data from k-1 subsets are
used to train the classifier and testing occurs with the remaining subset. This process
returns k estimates from k repetitions and estimates the CV accuracy as the average
of the k estimates (Japkowicz & Shah, 2011). A k=10 CV has been suggested to
produce reasonably good performance with a relatively large sample-size (Kohavi,
1995). Related to this, previous studies also suggested that 10 repetitions of a 10-



222

fold CV (i.e., 10 x 10-fold) usually can improve replicability of the classification
results (Japkowicz & Shah, 2011).

2 METHODOLOGY

2.1 Existing Data Set

Ten male and ten female drivers participated in Rogers et al.’s experiment
(2011). All drivers were between 16 and 21 years of age (M=18.8 yrs, SD=1.4 yrs)
with driving experience between 0.5 to 4 years (M= 2.45 yrs, SD= 1.62 yrs). All
participants had a valid driver’s license and 20/20 vision without correction. An
interactive STISIM Drive™ M400 driving simulator was used for the study and
provided drivers with a 135-degree field of view of a simulated roadway through
three HDTVs. A 12-inch HP tablet computer was used to present a visual distraction
task (described below), and was positioned approximately 15 degrees below the
natural line of sight and 30 degrees to the right of participants. An auditory
cognitive distraction task (also described below) was presented using a Dell desktop
computer with hi-fi speakers. An ASL EYE-TRAC®6 Series head-mounted eye
tracker with a head motion tracker was used to record driver gaze behavior at 60Hz.

The experiment followed a 2x2x2 within-subject design with two levels of
visual distraction (with and without), two levels of cognitive distraction (with and
without), and two primary driving tasks (following and passing). Each participant
drove in eight 8-minute test trials on a simulated four-lane interstate highway while
following roadway regulations. Speed limits varied between 55mph and 65mph at
six virtual locations in each trial. One of eight unique combinations of the three
experimental factors described below was presented in each trial.

Primary driving tasks. The following task, representing operational control,
required participants to follow a lead vehicle at a safe distance and change lanes
when the lead vehicle changed lanes. The passing task, demanding both tactical and
operational control, required participants to first remain in a right lane behind a lead
vehicle, pass the vehicle when they detected the lead vehicle was 10 mph slower
than the speed limit, and return to the right lane to follow a new lead vehicle. For
analysis purpose, both tasks were divided into two phases, including: 1) monitoring,
when drivers were observing lead car actions, and 2) maneuvering, when drivers
were making lane changes or passes.

Visual distraction. The visual task simulated the visual demands of using a
navigation device enroute. The interface presented three arrows pointing in different
directions and the graphics display was refreshed every 10 seconds. When all
arrows were gray in color, no action was required; when two of the arrows were
yellow, participants were required to identify an upward arrow in yellow.

Cognitive distraction. The cognitive task simulated cognitive demands of
listening to auditory instructions from a navigation system. The audio messages
described the path of a car traveling on an octagon highway loop with an exit
occurring at each segment of the loop, facing south, southeast, and so on. Each
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message was 5 seconds long, specifying the starting exit, the orientation (clockwise
or counterclockwise) and the number of exits passed by the virtual car. Participants
were asked to verbally identify the finishing exit of the car within 15 seconds.
Response measures included the driver performance metrics (steering entropy,
headway distance) and visual behavior measures captured with the eye tracker (off-
road glance frequency, glance duration, etc.) with respect to the monitoring and
maneuvering phases. The NASA-TLX was used to assess cognitive workload and
real-time probes (based on SAGAT) were used to measure SA in each trial.

2.2 Support Vector Machine Modeling

The SVM modeling process involved two stages. First, statistical analyses,
specifically ANOVAs, were used to identify response measures that were sensitive
to cognitive distraction. Second, those measures significantly affected by cognitive
distraction, including external behavior and internal cognitive process measures,
were used to construct the SVM models. To demonstrate the value of internal
cognitive process indices and domain knowledge on the distraction effects in the
classification process, three other types of SVM classifiers were developed,
including: 1) classifiers including all response measures as inputs, 2) classifiers
including only external behavior measures as inputs, and 3) classifiers including
only external behavior measures that were sensitive to cognitive distraction.

The research hypotheses were based on Rogers et al. (2011) findings on the
influences of cognitive distraction on driver SA: Hypothesis (H) 1 - The inclusion
of measures of driver internal behaviors in SVM models was expected to be
significant. H 2 - It was also expected that models with a reduced set of response
measures might produce comparable performance to full models. H 3 - As the
influence of cognitive distraction on driver behavior may depend on the type of
primary driving task, it was expected that SVM classifiers developed separately for
the following and passing tasks would show better performance than classifiers
based on measures across the two types of driving tasks.

In Rogers et al.’s study, the visual and cognitive tasks were constant sources of
distraction for drivers in the test trials. Therefore, this study used the average values
for the various response measures for each trial, as a single observation for SVM
development. All measures were scaled to a common range [-1, 1]. For some
measures with extreme ranges, the 98" percentile of those measures was used for
scaling purposes instead of the maximum value. (For example, the range for time-
to-collision (TTC) was between 2.3 and 778.5 seconds; however, the 98" percentile
of TTC was only 161.4 seconds, which was significantly smaller than the maximum
value.) All SVM classifiers of cognitive distraction were developed using the 10 x
10-fold CV process with RBF kernels regardless of the presence of visual
distraction. Ten estimations of model accuracy and prediction variance were
collected on 10 replications of the process for a single type of SVM model. All
classifiers were developed by the “e1071” SVM package (Karatzoglou et al., 2006).

The evaluation criteria for the SVMs included the overall accuracy of the
classifier, which was calculated as the percentage of correctly classified
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observations in a data set. Measures of Signal detection theory (SDT; Green &
Swet, 1988) were calculated as the percentages of entries in a data set belonging to
the four potential SDT outcomes, including: 1) a hit, when the presence of cognitive
distraction was correctly identified; 2) a miss, when the presence of cognitive
distraction was not identified; 3) a false alarm, when cognitive distraction was
absent but was identified as present; and 4) a correct rejection, when cognitive
distraction was absent and was not identified as present. In addition, Cohen’s «
(1960) statistics were also calculated to account for the possibility that correct
classification was a result of mere coincidental concordance between the classifier
output and “true states” of driver distraction.

Pair-wise comparisons of the performance measures mentioned above were
conducted to evaluate the differences between the two types of SVM models. The
total number of observations on model prediction accuracy was 20 (i.e., 2 types of
models * 10 observations per model). Hence, the error degrees of freedom for each
pair-wise comparison were 20 - 1 (for bias) = 19. Beyond this, sensitivity analyses
were applied to the classification process to assess how uncertainty in model inputs
might influence model outputs. The results of the sensitivity analysis were used to
compare the influence of each input feature in predicting driver distraction states.
The present study used a feature-based sensitivity of posterior probabilities (FSPP)
technique (Shen et al., 2007), which calculates the absolute difference of the
probabilistic output of a SVM with and without the feature. A larger difference in
the probabilistic output, due to exclusion of a single feature, indicates a greater
influence of that feature in predicting distraction states (Platt, 1999).

3 RESULTS

The classification results are summarized in Table 1. Fitting SVM models
according to different primary tasks showed advantages over fitting models across
driving task types. There was a significant improvement in the classification
accuracy for the following task model with all response measures vs. a model in all
measures applied across task types (F(1,19)=3.05, p=0.007). The SVM model for
the passing task, including as inputs only those response measures that were
significantly influenced by cognitive distraction, also showed superior classification
accuracy as compared to models with all response measures applied across task
types (F(1,19)=2.11, p=0.049). However, such improvement was not observed for
the SVM maodels of the passing tasks including all response measures.

In general, SVMs achieved high accuracy (greater than 90%) in classifying
cognitive distraction with all response measures and with measures that were
significantly influenced by cognitive distraction. In contrast, with only external
measures, the prediction accuracy of models was low (69.68% for following and
57.70% for passing). Cohen’s « statistics also suggested weak agreement between
the true distraction state and classifier predictions when external behavior measures
were the only inputs (0.39 for following and 0.15 for passing). SVMs outputs also
revealed significant improvements in classification accuracy by including internal
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process measures under all three analysis conditions, i.e., the following task only,
the passing task only, and across the two primary tasks. The improvement in
prediction accuracy was most substantial for the passing task at approximately 35%.
Interestingly, reduced SVM models for passing, including as inputs only those
measures that were significantly influenced by cognitive distraction, demonstrated
equivalent or even slightly better prediction accuracy compared to SVMs with all
measures (95.05% vs. 92.18%; F(1,19)=1.44; p=0.17). In contrast, retaining only
those measures that were significantly influenced by distractions in SVMs showed
significantly degraded accuracy, as compared to models with all response measures,

for the following task (87.89% vs. 96.06% ; F(1,19)=3.94; p=0.001).

Table 1. Prediction outputs of SVM models for classifying cognitive distraction

| | | Following | Passing | Overall

All Measures  Accuracy 96.06%+3.49%  92.18%+4.79%  91.76%+2.79%
Hit 94.84%+4.72%  89.85%+7.42%  91.40%x4.00%
Correct rejection  93.65%+4.92%  90.78%+6.36%  90.44%+4.30%
False alarm 6.35%24.92% 9.22%+6.36% 9.56%:+4.30%
Miss 5.16%+4.72% 10.15%+7.42%  8.60%=+4.00%
Cohen’s 0.92 0.84 0.84

External Accuracy 69.68%+6.99%  57.70%+%3.24%  59.47%+4.51%

Measures Hit 68.79%+10.47% 58.15%*12.57% 57.34%=7.58%
Correct rejection 68.17%+9.65%  58.30%=+11.53%  60.59%+8.43%
False alarm 31.83%+9.65%  41.70%+11.53%  39.41%z8.43%
Miss 31.21%+10.47% 41.85%+12.57% 42.66%x7.58%
Cohen’s 0.39 0.15 0.19

Measures were Accuracy 87.89%+5.56%  95.05%%4.07%

significantly  Hit 85.43%+7.83%  93.51%+6.27%

influenced by Correct rejection 87.15%+7.26%  92.95%+5.72%

cognitive False alarm 12.85%+7.26%  7.05%+5.72%

distraction Miss 14.57%+7.83%  6.49%+6.27%
Cohen’s 0.88 0.90

External Accuracy 48.40%+7.23% 61.91%=+7.48%

measures were Hit 63.18%=18.11% 54.50%=+11.30%

significantly ~ Correct rejection 34.04%+14.30% 67.09%+10.84%

influenced False alarm 65.96%+14.30% 32.91%+10.84%

by cognitive  Miss 36.82%+18.11%  45.50%+11.30%

distraction Cohen’s « 0 0.24

Note: Response measures that were significantly influenced by cognitive distraction in
following tasks included time-to-collision, steering entropy during monitoring and
maneuvering, accuracy of Level 1 SA, latency of Level 2 and 3 SA, and TLX workload
scores. Response measures that were significantly influenced by cognitive distraction in
passing tasks included speed variance, steering entropy during monitoring and maneuvering,
number of off-road glances per minute, off-road glance percentage, accuracy and latency of
Level 2 and Level 3 SA, and TLX workload scores.
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To assess the influence of each response measure on the uncertainty of model
outputs, FSPP sensitivity analyses were applied to SVM models with only measures
that were significantly influenced by cognitive distraction (see Table 2). For both
tasks, internal measures, SA measures and TLX scores, all showed considerable
influence in output uncertainty with a minimum of 4.41%. In following tasks, the
exclusion of any of the measures that were included in the SVM model led to more
than 10% change in estimated posterior probabilities. Similarly, for the passing task,
the absence of the accuracy of Level 3 SA and TLX scores caused the estimated
posterior probabilities of the model to change by more than 10%.

Table 2. Sensitivity analysis of SVM models with only measures that were
significantly influenced by cognitive distraction

Following Passing
Measure FSPP Rank | Measure FSPP Rank
TLX 21.85%+3.17% 1| TLX 10.18%+2.15% 3
Accuracy of 14.28%+3.05% 4 | Latency of L2 SA 5.58%+1.98% 7

Level (L) 1 SA

Latency of L2 SA  15.65%+2.79% 2 | Accuracy of L2SA  10.83%%3.26% 2

Latency of L3 SA  15.24%+2.46% 3| Latency of L3 SA 7.49%+1.83% 4

Accuracy of L3 SA  12.01%+2.82% 1

Time-to-collision  10.64%%2.79% 7 | Speed variance 6.53%=1.89% 5
Steering entropy Steering entropy

(In monitoring) 11.94%+3.20% 6 | (In monitoring) 5.20%=1.70% 8

(In maneuvering)  12.43%+1.94% 5| (In maneuvering) 6.51%+2.16% 6

# of off-road glance per minute
(In monitoring) 5.03%=2.93% 9
(In maneuvering) 4.97%+2.51% 10
Off-road glance percentage
(In monitoring) 4.71%+3.54% 11

(In maneuvering) 4.41%+2.20% 12

Interestingly, as TLX scores accounted for over 20% of the distraction state
estimation uncertainty in the following task, it is possible that higher prediction
accuracy may be due to driver perception of increased workload under distraction
vs. actual changes in safety behavior or SA. In contrast, SA measures became the
leading elements for detecting cognitive distraction in passing, especially the
accuracy of Level 2 and 3 SA. This supports the notion of increasing driver reliance
on explicit awareness as the level of complexity of driving control increased.

4  DISCUSSION AND CONCLUSTION

In summary, the SVM classifiers achieved satisfactory performance in
identifying cognitive distraction when drivers were performing both operational and
tactical driving tasks. As expected, applying different classifiers for the different
driving tasks revealed equivalent or superior performance, as compared to applying
classifiers across driving tasks (supporting H3). In addition, when driver internal
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process measures (SA and workload) were included as model inputs, classifier
performance significantly improved for both operational and tactical modes
(supporting H1). Sensitivity analyses further confirmed the value of the SA
measures as inputs. Especially for passing tasks, which were more cognitively
demanding than simple following tasks, high levels of SA (Level 2 & 3) were the
leading features in cognitive distraction classification. Last but not least, classifiers
developed based on domain knowledge of the effects of distraction (the reduced
SVM models) revealed superior performance than classifiers including all measures
for driving tasks that were cognitively demanding (i.e., passing; supporting H 2).
Such benefit may not occur for simple operational following tasks. This may be due
to a lack of driver adaptation of driving behaviors when tactical control is required
in the presence of distraction (Horrey & Simons, 2007) or the behavior changes due
to cognitive distractions may not be effectively countered by adaptation.

As suggested by this study, driver (cognitive) distraction alerting systems may
need to integrate internal cognitive processes measures for satisfactory performance.
Additionally, in Rogers et al.’s experiment, drivers were only exposed to one level
of cognitive distraction. Future research may use machine learning techniques to
distinguish among levels of cognitive distraction exposure. In this way, the
distraction effects posed by in-vehicle devices may be compared to the distraction
effects of standard cognitive loading tasks. On this basis, new safety standards
might be developed to protect drivers from excessive cognitive distraction.
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ABSTRACT

It is well established in the literature that inappropriate use of in-vehicle
information systems, aftermarket nomadic devices or cellular telephones can result
in reductions to driving performance. Further, convincing data exist that driver
inattention is a contributory factor in nearly four-fifths of traffic incidents.
However, less is known about the potential distractions for the driver from social
factors.

This paper reports findings from a study seeking to explore the socio-technical
potential for driver distraction. Twenty couples who were romantically involved
participated in the experiment. The study was conducted using a driving simulator
and the participants were required to engage in emotionally difficult conversations.
One partner was driving while the other was either i) talking while sat next to the
driver, or ii) conversing with the driver from a remote location using a telephone.
The driver used a handsfree telephone during the remote conversations. A revealed
differences protocol was employed to identify contentious conversation topics. This
required identification and subsequent discussion of sources of on-going
disagreement in their relationships.

Results indicate driver performance was adversely effected for both longitudinal
and lateral vehicle control. Further, the revealed differences tasks were subjectively
viewed as emotionally more difficult relative to a control. Performance was worst
with the partner present during the contentious conversations. It seems during
difficult conversations, drivers may be better able to regulate task demands with
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their partner not in the vehicle. Findings from this study suggest that difficult
discussions with a romantic partner have a measureable detrimental effect on the
ability to drive safely. The data encourages further work to be undertaken to gain an
understanding of the potential for socio-technical emotional distractions.

Keywords: Couples, argue, driving, revealed differences, phone

1 INTRODUCTION

Mobile phone use is now ubiquitous throughout the world. World Health
Organisation recently reported that 67% of the global population have cellular
telephone subscriptions, with many users having multiple devices (WHO, 2011).
Indeed, in a survey of British drivers one in four were prepared to read text
messages while driving, and one in seven would write text messages in a typical
week (Lansdown, 2012). Data have shown that driver inattention is responsible for
approximately 79% of all traffic collisions and 65% of near misses (Neale, Dingus,
Klauer, Sudweeks, & Goodman, 2005). Driving performance has been found to be
reliably degraded by the use of cellular telephones (Fairclough, Ashby, Ross, &
Parkes, 1991; Haigney & Westerman, 2001; Lamble, Kauranen, Laakso, &
Summala, 1999). Both the cognitive task of engaging in conversation (Drews,
Pasupathi, & Strayer, 2008) and the control display task of interacting with a mobile
telephone (Brookhuis, de Vries, & de Waard, 1991) can have debilitating effects on
vehicle control. Burns, Parks and Lansdown (2003) looked at the relative
implications of hands-free telephone use versus conversation with a passenger.
Results indicated reaction times and subjective mental workloads were significantly
compromised with respect to a control drive.

The cellular telephone is just one example, although a widely prevalent one, of
non-driving critical secondary tasks which may be undertaken while driving. Most
research has considered the impact of technological systems. For example, route
guidance systems, congestion warning devices, or parking aids. There has been
relatively little consideration in the literature of the emotional and socio-technical
demands on the driver.

Emotion can have a powerful effect on the ability to drive the vehicle safety.
Angry drivers have been shown to be more distracted by emotionally-charged
advertising and also to drive at excessive speed (Megias, Maldonado, Catena, Di
Stasi, Serrano, & Candido, 2011). Further, they are slower to recognise, and
subsequently react to driving hazards (Stephens & Groeger, 2011) and have higher
risk of involvement in traffic accidents and incidents (Underwood, Chapman,
Wright, & Crundall, 1999). Arguments with a passenger can also be a significant
source of distraction, leading to accidents. Indeed, young drivers have been shown
to be at particular risk from interactions with passengers or telephones (Neyens &
Boyle, 2008). Interactions between parents and children have also been found to
result in increased levels of driver distraction (Koppel, Charlton, Kopinathan, &
Taranto, 2011).
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Studies suggest that an in-vehicle conversation is less distracting than one
undertaken using a telephone (for example, Drews, et al., 2008; Haighey &
Westerman, 2001; Lamble, et al., 1999). It may be that the remote conversation is
more difficult for the driver as it typically has a specific purpose, whereas, an in-
vehicle conversation may be less directed and more general in nature (Crundall,
Bains, Chapman, & Underwood, 2005). Further, the passenger conversing with the
driver has the opportunity to observe prevailing traffic conditions and therefore
moderate their behaviour to limit discussion during challenging periods. Crundall et
al. (2005) found that during challenging driving circumstances conversation was
suppressed when a passenger was present, but not during a remote conversation.

The emotional state of the driver has been considered in several studies. Some of
those that have focused on conversational tasks specifically are reviewed the below.
Driver anxiety was manipulated by Briggs, Hole, & Land (2011). They used either
arachnophobic or non-arachnophobic drivers in a telephone conversational task in a
driving simulator. Results showed increased errors and elevated heart rates for the
arachnophobes when discussing spider-related topics. Further, reduced visual
scanning was also observed for the spider-fearful drivers. Reduced visual scanning
has been previously shown to be associated with decreases in driver performance
(Underwood, Chapman, Brocklehurst, Underwood, & Crundall, 2003).

Conversational ease while using a mobile telephone during simulated driving
was investigated by Rakauskas, Gugerty, & Ward (2004). The conversations were
controlled by asking questions of different complexity. For example, “what did you
study at university?” would be an easy example. An example of a hard question
might be “Explain why you think world will be a better place than 100 years?” Any
conversational task was found to compromise driving relative to a control by
imposing significantly greater workload and reducing vehicle speed. Dula, Martin,
Fox, & Leonard (2011) also used a driving simulator to consider the impact of
conversation on driving. The study had three conditions, a control, a mundane
conversation and an emotionally challenging one. The emotional conversation
resulted in increased speeding, collisions and a reduction in lateral control.

Producing a meaningful, yet empirically reliably conversational task is an
experimental challenge and numerous different approaches have been taken. For
example, the tight control of the speech syntax and required responses (Burns,
Parkes, and Lansdown, 2003) or selection of specifically sensitive individual
differences (Briggs, et al., 2011). Studies have largely employed somewhat artificial
conversational tasks. For example, Rakauskas, et al. (2004) and Dula, et al. (2011),
both used rather contrived question and answer dialogues. It would be preferable to
utilise an experimental design that facilitates natural emotional interactions between
a driver and passengers. Such an approach may offer a more robust mechanism to
investigate genuine social interactions for drivers.

Strodtbeck developed a protocol in 1951 to "reveal differences" between
partners in order to resolve sources of on-going disagreement. Specifically, it
assumes the differences are derived from conflicts in their relationship. In this
approach, each partner is required to produce a prioritised list of contentious issues.
These lists are then integrated by the experimenter to develop a script to assist in the
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resolution of the couple’s concerns. The published literature reveals little research
pertaining to romantically-attached couples experiencing conflict while driving.
This study sought to characterise the cognitive and performance effects of
emotionally-charged conversation while driving. Further, the modality of the
conversation was manipulated, either with one participant situated next to the
driver, like a passenger; or remotely using a hands-free cellular telephone. It was
hypothesised that contentious conversations would be more disruptive of driving
performance. Moreover, remote conversations would impose the highest workload
on the driver, resulting in the worst driving performance and the greatest effect on
emotional state, relative to the other conditions.

2 METHOD

All participants provided informed consent for the study, which had been
previously ethically approved by the School of life sciences ethics committee,
Heriot-Watt University. According to the revealed differences protocol (Strodtbeck,
1951), in the laboratory each member of the couple was independently asked to rank
order five ‘sources of on-going disagreement’ in their relationship. This approach
was adopted to identify issues of particular contention specific to the couple. The
lists were then interleaved by the experimenter into a single five item list
prioritising the driver first. Due to the sensitive nature of the discussions contrived
the experimenters were not present in the laboratory during the conversations.
However, for experimental validation the conversations were recorded so that the
participants could not be identified but could be heard, to determine that there was
an on-going dialogue for experimental control. Content was not explicitly reviewed.

All drivers undertook a familiarisation drive, in which they were instructed to
drive as they would using your vehicle, complying with the instructions to the best
of their ability. The primary driving task was to follow a white sports utility vehicle
at a safe distance, if the simulated vehicle lagged too far behind the lead vehicle, an
audible message was played asking the driver to reduce the gap. If this gap
exceeded 200ft collection of following data was suspended.

2.1  Participants

Twenty romantically involved couples were recruited for the study from
Edinburgh Universities. The most frequent driver was selected to be the driver in
the simulator. Two of the drivers were female. Average driver age was twenty-five
years (SD = 3.91). Average mileage was 6597 miles (7,064), and the drivers had
been licensed for 6.47 years on average (SD = 4.22). Only one of the non-drivers
did not hold a driving license. Average age of the non-drivers was twenty-three
years (SD = 3.72), and of those who were licensed, the average length for holding a
license was 4.7 years (SD = 3.81). The participants who were in the non-driving
role, had an average mileage of 3,922 miles per year (SD = 5,743). Each participant
received £10 for their contribution to the study.
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2.2 Equipment

An STI SIM Model 100 simulator was used for the experiment. This is a fixed
base driving simulator which presents a 60° forward view using 1280 o 800 pixels.
A 7.1 channel Dolby surround system is used for auditory feedback. Drivers interact
with the system using a Logitech G25 steering wheel with a manual gearbox. The
typical driving scenario for each condition was a dual carriageway with
centralisation reservation. Drivers were asked to accelerate to 60 miles an hour and
follow a white sports utility at a safe distance of approximately 2 seconds at
headway; In the left lane (driving on the left side of the road). The white SUV lead
vehicle’s speed varied by a predictable sign historical pattern increasing and
decreasing by up to 10 miles an hour. Participants drove for 9.5 miles per condition,
however, the initial 0.5 miles of data was not recorded. The mildly changing bends
in the road and variation in the vehicle speed results in a driving task with both
lateral and longitudinal variability for the driver to content with. Other vehicles in
the simulation were seen to overtake the driven vehicle periodically and could be
seen travelling in the opposite direction on the other carriageway. Vehicles in the
simulation behave in a semi-intelligent manner, for example, slowing and
accelerating to avoid hazards or collisions.

2.3 Experimental Design

A repeated measures design was employed with three levels, i) local
conversation, ii) contentious remote conversation, and iii) a control. In the Control
condition, the participants were required to conduct a conversation on a topic of
interest, but not a contentious one, throughout the data collection period. During the
Local conversation, the partners were sat next to each other, like driver and
passenger, while discussing throughout the drive, the ‘Sources of On-going
Disagreement’ identified previously. The Remote conversational tasks were the
same as the Local condition, except the passenger was located in another room,
communicating with the driver via telephone. The driver used a handsfree telephone
in this condition. Across both contentious conditions, the conversation topics were
introduced by the partner who worked off the compiled list of identified topics.

The following post-hoc measures were taken after each condition. NASA R-
TLX subjective mental workload (Byers et al.,, 1989), ratings of anger,
conversational ease, and distraction. The drivers were also required to undertake an
embedded divided attention task during the conditions. This consists of red
diamonds appearing in the upper left and right corners of the projected display.
These change to equilateral triangles periodically, at which time, the driver is
required to respond by pressing a corresponding button on the left or right of the
steering wheel as quickly as possible. The non-drivers were also required to provide
ratings for anger levels and their ease of participation in the conversation, and their
rating of the driver’s distraction level.

The experiment specifically sought to encourage the couples to address
challenging and potentially sensitive issues in their relationship. Therefore, after the
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driving conditions had been completed, and as part of the ‘revealed differences’
protocol, it was important that time was set aside for the partners to explicitly
appreciate the attributes which they value in the other person. Ten minutes at the
end of the study was allocated for the participants to explicitly state to each other
the things they enjoy and love.

3 RESULTS

3.1 Driver Performance

The driver’s ability to maintain vehicle control was found to be significantly
disrupted when a passenger was present. Standard deviation of both Lane position
(F (1.07,19.17) = 5.62, p <.05) and Speed F @,38) = 7.56, p <.005) w ere found
to be significantly different, see Figures la and 1b respectively. Post-hoc
comparisons revealed that the contentious Remote Drive had best performance,
followed by the Control, and the Local Contentious Drive had worst performance.

The embedded divided attention tasks undertaken by the drivers were not found
to produce any significant differences between conditions.

3.2  Subjective Ratings

Ease of conversation was rated after each condition. Drivers rated the non-
contentious conversation (control) as easier to participate in than either of the other
conditions (F(2,38) = 5.65, p <.01), see Figure 2. Further, no significant differences
were found in the rated ease of participation in conversation between Local or
Remote discourse.

Both drivers and non-drivers rated their current levels of anger after each
condition. The drivers were significantly more angry after the contentious
conversations when compared to the non-contentious conversation (F (1,19) = 6.95,
p <.01), see Figure 3. No significant differences were found for driver anger
between the two contentious conditions. Non-drivers also reported significantly
higher levels of anger (F(1.19,22.62) = 7.99, p <.01) in the contentious tasks.
Further, post-hoc testing revealed that they were most angry during the remote
contentious drive, followed by the local drive, with least expressed anger in the
control condition. No significant differences were found between the control drive
and the local contentious drive for the non-drivers. The non-drivers were most
angry during conversations when they could not observe the driver. Moreover, the
non-drivers rated their emotional state to be significantly more insecure,
discouraged, irritated or stressed in the contentious conversations than the control (F
(2,38) = 7.03, p <.01). This was particularly true for the remote contentious
conversation.
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During the Control condition, a significant correlation was found between
passenger's ratings of the ease of participation in the conversation, for themselves
and the driver (r (18) = 0.61, p <.005). Under low emotional demand, the
participants appeared to agree on the difficulty of engaging in discussion. In both
the Local and Remote conversations, significant correlations were no longer found
for ratings of conversational ease between the driver and passenger, suggesting as
the conversational task became more taxing, differences may have began to emerge
in the effort required to converse.
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The reported effect of emotional state on driver performance differed across the
three conditions (F (2,38) = 7.61, p <.01), see Figure 4. Drivers reported their
emotional state influenced driving behaviour significantly more so after contentious
conversational tasks than the control condition, in post-hoc testing. When asked to
rate their level of distraction, both the contentious conversations were found to be
significantly more distracting (F (2,38) = 12.96, p <.0001). In post-hoc testing, the
remote contentious conversation was rated most distracting and significantly more
so than the local contentious conversation.
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Figure 4 The influence of driver emotional state on performance

The subjective mental workload data reveals the same trends as the other
subjective reports. The contentious conversations imposed significantly greater
mental workload than the control (F (2,38) = 10.87, p <.0001), see Figure 5. Post-
hoc testing revealed again that the contentious conversational tasks significantly
imposed more mental workload than the control condition. No other significant
differences were found in post-hoc testing. Analysis of the main effects for sub-
scales, Mental Demand, Physical Demand, Temporal Demand, Effort, Performance
and Frustration; all revealed the same pattern of significant differences as the
overall mean mental workload scores. Performance and Physical Demand showed
the same main effect, however the conservative nature of post-hoc testing failed to
reveal significant differences between conditions.
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4 DISCUSSION

This study aimed to explore the influence of emotionally difficult conversations
on the driver’s performance. It examined the impact of romantically-attached
couples discussing contentious topics either while sitting next to each other or via a
handsfree telephone conversation. The study had two hypotheses, i) that the Remote
conversation would be most taxing of the driver’s resources, and ii) that the
combined Remote and Contentious conversations would be more taxing that the
Control. The results revealed that the contentious tasks were indeed the most
disruptive for the driver. However, no support was found for the Remote
conversational task as a more difficult one than the Local contentious one.

The Local contentious conversation was found to be most disruptive of driver
performance. Both longitudinal and lateral control were found to have significantly
higher variance during the Local contentious drive when compared to either the
Remote or Control drives. The most consistent driving performance was found in
the Remote contentious condition. It would appear that the presence of a
romantically-attached passenger was sufficient to disrupt the driver’s control of the
simulated vehicle, over and above, the distracting potential of the nature of the
conversational topic. It may have been that the special bond between the individuals
was sufficient to compromise the driver’s motivation to control the vehicle. Their
particular ‘consideration’ of their partner’s wishes, may have influenced task
scheduling. The data further suggest that when the conversational topic was
difficult, this effect was more pronounced. It would seem that ‘in-vehicle’, the
presence of a passenger, was sufficient to act as a visual distractor. It would be
interesting to compare the specific findings from romantically-attached parties with
the disruption potential from other individuals. The finding is interesting in that
other studies have shown a relative safety benefit from having a passenger in the
vehicle (Drews, et al., 2008; Haigney & Westerman, 2001; Strayer & Johnston,
2001). When the conversation is emotionally-challenging, the driver may be able to
control the demands from a remote conversation more effectively than a local one.

Of further interest, is that when the conversation becomes contentious, the
passenger appears to underestimate the demand it places on the driver. Both
passenger’s and driver’s ratings of conversational participation were significantly
correlated for the Control condition. However, when the conversations became
more demanding, ratings of ease of participation were no longer significant.
Passengers rated the difficulty of participating in the conversation as relatively
lower for themselves than for the driver. The drivers rated conversational
participation as relatively more taxing for themselves than their passengers, with the
exception of the Control, which they rated at a similar level. Suggesting perhaps,
that the drivers were accurately reporting the increasing demands of the Contentious
driving conditions, whereas the passengers were not aware of the level of
differential difficulty the drivers were experiencing. It would be interesting to know
whether the partner would have regulated the conversation had they been more
aware of the difficulty placed on the driver

Either of the contentious conversations were found to result in significantly
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higher anger levels than the Control. In contrast, the non-drivers were less angry
during the local contentious conversations than the driver, but found that the
Remote contentious conversation provoked significantly more anger than the
control. Relatively similar levels of provoked anger were found for both drivers (M
= 30.60, SD = 31.39) and non-drivers (M = 28.30, SD = 28.78). The non-drivers
were better able to manage their levels of anger in the Local contentious condition.
It may have been that their ability to watch the driver enabled them to moderate
their anger relative to the demands on their partner. The non-drivers could have
been less concerned by the demands of the driving task during the Remote condition
were they could not observe it, as has been suggested previously (Maciej, Nitsch, &
Vollrath, in press). Further, the driver may have attended more to the conversation
during the Local condition. In contrast, finding it easier to protect the primary
driving activity in the Remote condition when the emotional distractions were more
distant. Mental workload and vehicle control data would support these suggestions.

Subjective mental workload findings revealed that either of the Contentious
conversational tasks imposed significantly greater workload than the Control. The
Remote condition imposed a higher mean score than the Local condition, but not
significantly so. NASA R-TLX sub-scales presented the same trend as the overall
workload score, with the exception of Performance and Physical Demand that did
not reach post-hoc significance as a result of the conservative nature of testing. It
would appear clearly that a contentious conversation makes life more difficult for
the driver, but we cannot assert that such tasks are exacerbated by a telephone
conversation. Indeed, the vehicle performance data suggest that in such
circumstances, the driver is able to ‘tune out’ the conversation in order to actively
focus on vehicle control. This finding was unexpected and published data suggests
that the Remote conversation should have been the most taxing on the driver
(Crundall, et al., 2005). In the Remote condition, the passenger is less able to
mediate the conversation to consider the driver’s demands, and it was assumed the
degraded conversational auditory fidelity, from the cellular telephone, would further
enhance this effect. Perhaps during the Control condition the passenger presented an
additional visual distraction, absent from the remote conversation. It is suggested
that perhaps the conversation was the most demanding component of the driving
scenario. Consequently, in the Remote environment the driver was able to prioritise
the driving task more than when experiencing a difficult conversation with a loved
one. It would be interesting to repeat the study with a driver only control condition.

Subjective findings from this study support the revealed differences protocol as
an effective way to introduce a personal and emotionally-taxing conversational task
for the participants. The contentious tasks were consistently rated by the driver as
more difficult to take part in than the neutral Control drive. Thus, the ‘revealed
differences’ protocol appeared successful in its application in a driving context. The
driver’s anger ratings revealed the same significant trend as the participation
difficulty ratings. The contentious tasks were rated to be significantly harder to
participate in.

The scope of this study was limited in that it only enabled consideration of the
member in the relationship who drove most frequently. In all cases, except two, this
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resulted in males being the driver. Of the two female drivers, one’s partner did not
drive and the other was from a same-gender relationship. Further research will seek
to address this limitation in the investigation of emotionally-derived distractions.

Results support the notion that the social component of a relationship can result
in emotionally-derived driver distractions. These distractions may, in turn, lead to
measureable changes in state and task performance. Romantically-attached adults
were considered in this study but the approach could be applied in other settings.
For example, to investigate how the acquisition of skill in younger drivers may be
effected by emotional distractors. It would be interesting to investigate task maturity
for both driving and relationship components, particularly so, for recognised at risk
groups, e.g., young male drivers.

5 CONCLUSIONS

The study reported in this paper investigated difficult conversations between
romantically-attached couples, during simulated driving. ‘Revealed differences’ was
found to be an effective protocol to meaningfully and emotionally stimulate the
conversations. In contrast to previous published work, we found passenger presence
was more disruptive of driving. The passengers were shown to find the contentious
conversations most difficult when conducted over a telephone. Evidence for the
functionally-disruptive influence of couples arguing while driving is presented.
Further research should investigate this socio-technical demand and its impact on
others, e.g., the young driver.
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ABSTRACT

This study explored the nature of errors made by drivers when distracted versus
not distracted. Participants drove an instrumented vehicle around an urban test route
both while distracted (i.e. performing a visual detection task) and while not
distracted. Two in-vehicle observers recorded the driving errors made, and a range
of other data were collected, including driver verbal protocols, and video and
vehicle data (speed, braking, steering wheel angle, etc). Classification of the errors
revealed that drivers were significantly more likely to make errors when distracted;
although driving errors were prevalent even when not distracted. Interestingly, the
nature of the errors made by distracted drivers did not differ substantially from
those made by non-distracted drivers. This suggests that, rather than make different
types of errors, distracted drivers simply make a greater number of the same error
types they make when not distracted. Avenues for broadening our understanding of
the relationship between distraction and driving errors are discussed along with the
advantages of using a multi-method framework for studying driver behavior.

1. INTRODUCTION

The concept of driver distraction has been the focus of intense research over the
past two decades. A large body of research has confirmed that distraction can affect
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a range of driving performance measures (Young, Regan, & Lee, 2009). These
degradations translate into an increased safety risk, with estimates indicating that
secondary task distraction is a contributing factor in up to 23 percent of crashes and
near-crashes (Klauer et al., 2006).

Distraction is a complex, multifaceted phenomenon and, despite the immense
research effort, there is still much to understand about its mechanisms and its
relationship with other aspects of human cognition and behavior (Regan, Hallett, &
Gordon, 2011). One aspect of distraction for which there is limited knowledge is its
relationship with driving errors (Young & Salmon, 2012). Although both are
popular areas of road safety research and are both seemingly related, there has been
little exploration of how they are related and how they may interact. That is, there
has been little systematic exploration of the causal role of distraction in driving
errors that are prevalent in road crashes. Although various detailed driving error
taxonomies exist (e.g., Stanton & Salmon, 2009) role that driver distraction plays in
the range of driving errors documented is unclear.

From a practical perspective, understanding the role of distraction in driving
errors can inform the development of better countermeasures to mitigate both
distraction induced error through training and technology (e.g., Advanced Driver
Assistance Systems) and wider road system design. From a theoretical perspective,
understanding the relationship between driver distraction and driving errors and the
mechanisms by which distraction contributes to different errors is important for
improving knowledge of the consequences of distracted driving and the mechanisms
through which it leads to crashes.

The present study aimed to explore, using a suite of human factors methods in
an on-road context, the nature of errors made by distracted drivers and how these
may differ, in both number and kind, to those made when drivers are not distracted.
Although largely exploratory in nature, based on existing distraction literature and
theory a number of predictions can be made about the nature of the errors that may
be made by distracted drivers. First, it was predicted that drivers would make a
greater number of driving errors when distracted. Also, given the largely cognitive
nature of the distracter task used and previous evidence suggesting that cognitive
distraction impairs drivers’ visual scanning behavior and hazard perception (e.g.,
Harbluk et al., 2007), it was predicted that drivers would make a greater number of
perceptual and observation-based errors when distracted.

2. METHOD

2.1 Participants

Twenty-three drivers (10 males, 13 females) aged 19-51 years (mean = 28.9, SD
= 8.6) participated in the study. Of the participants, 17 held a valid Full driver’s
license while the remaining 6 held a valid Probationary (P2) license. Participants
had an average of 10.1 years (SD = 8.9) driving experience and drove an average of
11.9 hours (SD = 15.6) a week. Participants were recruited through a Monash
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University newsletter and were compensated for their time and travel expenses. The
study was approved by the Monash University Human Research Ethics Committee.

2.2 Materials

2.2.1 On-Road Test Vehicle

The On-Road Test Vehicle (ORTeV) is an instrumented 2004 Holden Calais
equipped to collect two types of data: vehicle-related data (e.g. speed, GPS location,
accelerator and brake position, steering wheel angle) and eye tracking data. Driver
eye movements can be tracked and overlaid on a driver’s-eye camera view using the
FacelLab eye tracking system. ORTeV is also equipped with seven unobtrusive
cameras recording forward and peripheral views spanning 90° each respectively as
well as three interior cameras and a rearward-looking camera. Analysis and
reporting of the vehicle and eye-tracking data collected is beyond the scope of this
paper and will not be reported.

2.2.2 Visual Detection Task

The Visual Detection Task (VDT; (Engstrom & Mardh, 2007) was used as the
distracter task. This task was selected as it is a measure of cognitive load, but does
not require a verbal response from drivers. Drivers were unable to give a verbal
response as that they were providing continuous verbal protocols (see 2.2.3). The
VDT is an extension of the Peripheral Detection task (PDT) where the visual
stimulus is presented at increased intensity and in the driver’s central field of view.
The VDT was piloted prior to testing to ensure that it provided a sufficient level of
cognitive demand , but did not place drivers at undue risk.

The set-up for the VDT followed the general specifications described in
Engstrom and Mardh (2007). A single red LED light was positioned so that the
stimulus was presented in the driver’s central field of view via reflection in the
windshield (Figure 1). Each visual stimulus was presented for a maximum of two
seconds and turned off as soon as the response button was pressed. Stimuli were
presented with a random temporal variation of 3 to 5 seconds. Participants
responded to each stimulus by pressing a button attached to their left index finger.
The presentation of the visual stimuli was controlled by an HP laptop which also
recorded mean response time to the stimuli and hit rate.
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Figure 1 Approximate location of the VDT stimuli

2.2.3 Driver Verbal Protocols

Verbal Protocol Analysis (VPA) was used to elicit data regarding the cognitive
processes undertaken by drivers while en-route. VPA is commonly used to
investigate the cognitive processes associated with complex task performance and
has been used to explore a range of concepts (e.g., situation awareness, decision
making) in various domains, including road transport (Walker, Stanton, & Young,
2007). In the present study, participants provided verbal protocols continuously as
they drove the instrumented vehicle around the test route. The verbal protocols were
recorded using a digital Dictaphone and transcribed verbatim post-trial. For this
paper, the VPA data were used as an additional source of information to the
observers’ error records for the classification of errors.

2.2.4 Driving Route

The driving route comprised an 8.7 km urban route in the suburbs surrounding
the Monash University Clayton Campus in Melbourne. The test route contained a
total of 11 intersections with a combination of fully, partially and un-signalized
traffic controls and 50, 60, 70 and 80 km/h speed zones. The route took
approximately 15-20 minutes to complete. All drives were completed on weekdays
between the hours of 9.30am and 2.30pm to avoid peak traffic and school pick-up
and drop-off times.
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2.3 Procedure

A demographic questionnaire was completed by participants prior to the study.
After a VPA training session, participants completed a static baseline run of the
VDT. Participants then completed a 20 minute practice drive around the Clayton
campus to familiarize themselves with the ORTeV, the VPA method and the VDT.
At the end of the practice route, participants were informed that the test had begun
and that data collection had commenced. Participants then completed the driving
route twice, once while performing the VDT and once with no secondary task. The
order in which the distracted and undistracted drives were completed was
counterbalanced across participants using a standard Latin square design.
Participants provided verbal protocols during each test drive. Driving errors made
during each test drive were recorded by two in-vehicle observers. Participants were
told to concentrate on driving safely, but not to ignore the VDT.

2.4 Error Recording and Classification

The in-vehicle observers used an error pro-forma to manually record the errors
made during the test drives. Prior to testing a set of criteria were developed to assist
with the identification of errors. These criteria were informed by the Victorian
Road Rules and previous driving error literature (Gstalter & Fastenmeier, 2010;
Risser & Brandstatter, 1985). On-route, the observer located in the front passenger
seat provided directions. Both observers recorded error details, including the error
type, where on the route it occurred (e.g., intersection, mid-block), the context in
which it occurred (e.g., braking for corner, turning onto freeway), and the err