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Preface

Human factors and ergonomics have made a considerable contribution to the
research, design, development, operation, and analysis of transportation systems
which includes road and rail vehicles and their complementary infrastructure,
aviation, and maritime transportation. This book presents recent advances in the
human factor aspects of transportation. 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.

This book brings together the most recent human factors work in the trans-
portation domain, including empirical research, human performance, and other
types of modeling, analysis, and development. The issues facing engineers, sci-
entists, and other practitioners of human factors in transportation research are
becoming more challenging and more critical.

The common theme across these sections is that they deal with the intersection
of the human and the system. Moreover, many of the chapter topics cross section
boundaries, for instance, by focusing on the function allocation in NextGen or on
the safety benefits of a tower controller tool. This is in keeping with the systemic
nature of the problems facing human factors experts in rail and road, aviation, and
maritime research—it is becoming increasingly important to view problems not as
isolated issues that can be extracted from the system environment, but as embedded
issues that can only be understood as a part of an overall system.

In keeping with a system that is vast in its scope and reach, the chapters in this
book cover a wide range of topics. The chapters are organized into 15 sections over
three volumes.

Section 1: Road and Rail—Ergonomic Analysis and Assistance
Section 2: Aviation—Human Factors in Aviation

Section 3: Road and Rail—Pedestrians and Intersections

Section 4: Road and Rail—Driver, Behavior, Distraction and Fatigue

vii
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Section 5: Maritime—Human Performance and Safety Assessment in the
Maritime Domain

Section 6: Road and Rail—Vehicle Automation

Section 7: Road and Rail—Logistics and Passengers

Section 8: Road and Rail—Accidents and Pedestrian Modeling

Section 9: Road and Rail—Warning Systems/Public Transport

Section 10: Aviation—Human Factors in Aviation

Section 11: Road and Rail—Eco-Driving and Electric Vehicles

Section 12: Road and Rail—Education and Hazard Perception

Section 13: Road and Rail—Infrastructure

Section 14: Maritime—Users, Tasks and Tools in the Maritime Domain
Section 15: Road and Rail—Safety, Driver Psychophysiology and Eye Tracking

This book will be of interest and use to transportation professionals who work in
the road and rail, aviation, and maritime 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.

We are 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.

Road and Rail

G. Balbinotti, Brazil
K. Bengler, Germany
G. Burnett, UK

P. Chapman, UK

F. Chen, Sweden

D. Coelho, Portugal
L. Dickson-Bull, USA
L. Dorn, UK

1. Glendon, Australia
1. Grabarek, Poland
R. Happee, Netherlands
S. Jamson, UK

D. Kaber, USA

J. Krems, Germany
M. Lenné, Australia
F. Mars, France

D. McAvoy, USA

A. Mills, UK

R. Risser, Austria

P. Salmon, Australia
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K. Young, Australia
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A. Majumdar, UK

L. Martin, USA

J. Mercer, USA

M. Mulder, The Netherlands
S. Verma, USA

K. Vu, USA

Maritime
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Modelling Human Factors for Advanced
Driving Assistance System Design

Ata Khan

Abstract Although technological developments in experimental autonomous
vehicles are impressive, industry experts are realizing that if automation in driving
is to gain acceptance by drivers and to become a reality in real world driving
environment, new generation driving assistance system (NDAS) shaped by human
factors is necessary since it will provide transition to self-driving vehicles. The
paper consists of five parts. In part one, the balance of demand pull vs. technology
push is introduced and part two reports developments in driving assistance tech-
nologies. In the third part, transitions between human control and automation are
described as high level “design” challenges. In part four, a Bayesian Artificial
Intelligence (AI) model is presented that enables the NDAS to perform its func-
tions. An example application based on driving simulator data from distracted
driving study is presented to illustrate advanced driving assistance capabilities.
Finally, in part five, conclusions are presented on how human factors-guided NDAS
design is likely to enhance driver acceptance.

Keywords New generation driving assistance system (NDAS) - Advanced driving
assistance system (ADAS) - Autonomous vehicle - Modelling - System design -
Human factors

1 Introduction: Demand for Automation Versus
Technology-Push

Experimental autonomous vehicles are undergoing tests in terms of “proof of tech-
nology”. In parallel, initial public policy steps have been taken in a few jurisdictions
to allow drivers to use their autonomous vehicles on public roads. So far, it appears
that the proponents of these initiatives are technology developers and there is a lack
of convincing evidence that there is a market demand for autonomous vehicles.
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In order for a balance to exist between demand for automation vs. technology-push,
there should be a driver-perceived need for new technology and driver acceptance of
well-designed systems.

Available published information on motorists’ preferences for different levels of
vehicle automation does not support high levels of automation. A recent study
report published by the University of Michigan’s Transportation Research Institute
(UMTRI) presents results of a survey of 505 licensed drivers in the USA [1]. These
show that: (1) No self-driving capability was the most frequent preference for
vehicle automation. (2) Next was partially-self driving vehicle. (3) Completely
self-driving vehicles was the least preferred choice. (4) Respondents’ concern for
riding self-driving vehicles was higher for completely self-driving vehicles as
compared with the partially self-driving vehicles. (5) A strong preference was
expressed to manually control completely self-driving vehicles, when desired.
(6) Most respondents prefer that a notification should be given of the need to take
control of a partially self-driving vehicle and the means for notification could be a
combination of sound, vibration, and visual warnings.

The difficult part of autonomous technology vehicle assessment in terms of user
acceptance is still to come. If automation in driving is to gain acceptance by drivers
and to become a reality in real world traffic driving environment, new generation
driving assistance system (NDAS) shaped by human factors should receive the
necessary attention since it will provide transition to self-driving vehicles.

2 Levels of Technological Advances

Khan et al. [2] provided a projection of technological advances as a part of a paper
on policy challenges of increasing automation in driving. On the technology
development front, innovations have progressed as projected along the continuum
between conventional fully human-driven vehicles and autonomous vehicles.

Technological developments continue to improve the driving assistance system
[3]. The initial version of this system did not interact with the human driver. Next
came the current advanced driver assistant (ADAS) noted as Level II technology in
Fig. 1. Further research is expected to deliver the NDAS with additional capabil-
ities, especially improved human driver-automation interface.

With an eye on the motorists’ acceptance, the role of the human driver and the
driver-vehicle interface continue to be recognized as areas of research importance.
Although there is a lack of consensus on the full autonomy for the vehicle in every
day driving, researchers and automotive industry experts believe that the next step
is the development of a cognitive vehicle which will integrate intelligent technology
and human factors for providing non-distractive interface for safety, efficiency and
environmental sustainability in driving. Technological forecasts (Level III in Fig. 1)
suggest that cognitive vehicle features can be achieved with R&D efforts [4-6].
Table 1 presents the design features of the NDAS which will be a key component
of the cognitive vehicle.
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Level I: Pre-2010 (implemented or approved for implementation)

° Advisory warning information systems
. Assisted driving systems
. Limited automation in parking
U
s
Level I1: 2010-2025
° Advanced advisory and warning information systems
. Advanced assisted driving (Automated driving for active safety)
L ° Connected cognitive vehicle (advanced automated driving features)

11!

Level I1I: 2025+

e Autonomous vehicle with cognitive capabilities for real-world
applications

e  Limiting autonomous driving (specialized missions)

Fig. 1 Levels of technological advances and time frame [2]

Table 1 New generation driving assistance system of the cognitive vehicle

Design features Driver assistance system capabilities
Extension of human driver « Situational awareness (position, surroundings)
capabilities + Ability to gather data and send out data

+ Ability to process data

* Ability to cooperate/collaborate

» Communication for active safety

+ Informing driver about situations (warning, advice)

+ Diagnostics capability

« In case of crash, capability to send and receive information

« Ability to provide non-distractive user interface for safe and
efficient operation

+ Capability to perform user-requested infotainment tasks (not
related to safety)

Source Adapted from [4]

A cognitive connected vehicle that will include the NDAS can function under
human control and also in automated, highly automated, and fully autonomous mode
as well [4]. The NDAS is expected to assist the human driver and if asked, will make
decisions in driving. Among other component of the NDAS, the crash warning,
active safety, adaptive cruise control, and lane-keeping systems are assigned safety,
efficiency, and convenience roles.
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3 Transitions Between Human Control and Automation

The NDAS should have cognitive features that mimic non-distracted and non-
aggressive driving tasks. It is intended to assist the driver, and if necessary in
dangerous conditions, it will have the capability to take corrective active safety action
should the driver be incapacitated or highly distracted or if the driver selected the
automation option. However, driving the cognitive vehicle does not take the driver out
of the loop. The design attributes of NDAS should be influenced by human factors in
driving. According to a recent news article, development of ‘human-like’ self-driving
technologies is attracting investor capital [7].

Technological forecasts point in the direction of automation in driving in the
long term and the availability of multi-functional high capability driving assistance
in the short term. But further research is needed on how to integrate human and
technology factors in order to make the human control and automation seamless and
to overcome shared authority concerns in increasing automation in driving [8]. An
attempt was made by the author of this paper to suggest the Bayesian artificial
intelligence approach to the design of real-time transition from driving assistance to
automation function [9].

4 Bayesian Artificial Intelligence

4.1 The Bayesian Approach

The Bayesian methodology enables system design and decision analysis when
uncertain “states of nature” are encountered, but there are opportunities to refine
knowledge of uncertain factors such as driving states, driver distraction and driver
intention. According to Korb and Nicholson, artificial intelligent is the “intelligence
developed by humans, implemented as an artefact” [10]. Specifically, the Bayesian
artificial intelligence integrates two cognitive features of the NDAS. The first one
is the descriptive artificial intelligence, which models a desired human action
(e.g., non-distracted non-aggressive driving). The second is to model our rational
view of what is “optimal” and apply it as a decision criterion [11, 12].

The Bayesian artificial intelligence approach is applied in three steps. The use of
algorithms for Bayesian analysis of driving missions is the first step. Next, is the
computation of expected gains/utilities. Finally, the optimal course of action is
identified on the basis of maximum gain/utility criterion.

Application of intelligent technology and human factors in the NDAS design will
provide seamless transition between human control and automation. This advance in
design should overcome driver dissatisfaction with false alarms, which arise due to
lack of formal treatment of distracted driving and driver intent in existing ADAS
models. The NDAS described in this paper has the capability to avoid rear as well as
lateral crashes. The high level architecture of NDAS is shown in Fig. 2.
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On-line Choice of Quantification Identification of
driving L > human of safety surro- N driving states with
envi- control or gates of dis- potential for a rear
ronment automation tance and time or lateral crash
X v

Driver H_un}an control Crash Warnir}g model. assisted

response Tlmlpg of crash by driver action monitor

to avoid || WArMINg & nature ! ° Model for auton_latic updating

collision of alert message of parameters (i.e., self-

v calibration)

Automation mode: No driver e Algorithm execution: identifi-
Active safety action “ response cation of optimal driver alerts

Fig. 2 High level architecture of driving assistance system’s safety function

4.2 Modelling Human and Automation Interface

The seamless automated transition from human control to active safety can be
modelled as shown in the architecture presented in Fig. 2. Figures 3 and 4 show the
transition model algorithm that can operate the NDAS.

The operation of the NDAS is briefly described here. In the vehicle-following
mode (i.e. travel in the longitudinal direction), the distance between the subject
vehicle and the leading vehicle and speeds of these vehicles are monitored on a real
time basis. If the longitudinal distance is less than or equal to 1.5 times the critical
distance needed to avoid a collision in “non-ideal” driving condition, the algorithm

Safety margin WA
P(safety margin< 0) J‘

X Optimal

. , ] i&a,
P(sli) ]_,[ P(dls,i) ]_, G(a,d) V(i)

Response to

Driver distraction
& driver inten-
N tion factors

alert message

A

No response to red alert: ac-
tive safety mode

Fig. 3 Collision warning and active safety system
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e Driving environment, vehicle location
e Distance information
e Montecarlo simulation of safety margin (safety surrogate measure)

i}

Prior probabilities P’(d) & self-calibration for updating of probabilities ]

1

d,i) (these reflect driver reliability) & self-
calibration of for updating of probabilities

i
[ Computation of posterior probabilities P”’(d|s,i) by using priors and condi-

Conditional probabilities P(s

tional probabilities

1l
Gain (utility) matrix G(a,d); calculation of expected gain & value of in- ]

formation.

4

[ Optimal course of action: wait for additional information/do not wait; op-

timal action (e.g. to avoid collision)

Fig. 4 Algorithm for new generation driver assistance system

is launched. Likewise, if the normal lateral distance is exceeded, the safety algo-
rithm is launched. The components of the transition model are presented in Fig. 4
and described briefly in this paper. For details, please see Khan [11-13].

In the case of longitudinal direction rear crash, states of driving are defined by
the distance between the following and the leading vehicles: d., d; 2s. d) 5

d. (critical distance, if exceeded would lead to a rear crash—but can be avoided if
the required action is taken by the driver),

di »s. represents 1.25 times the critical distance, and

d 5. is 1.5 times the critical distance.

The number of states as well as the 1.0, 1.25, 1.5, etc. multipliers can be changed
by the designer.

Possible surrogate measures (i.e., readings) on the states of longitudinal driving
condition are: sy (no new reading, if i, is selected), s. (corresponds to d.), $125.
(corresponds to d; »s.), and s 5. (corresponds to d; s.). The corresponding multi-
pliers for the lateral collisions are s, (corresponds to d.), 5. 5. (corresponds to dj s.),
and s, (corresponds to d,.) [9, 11-13].

Driver information (alerts) are: iy (early applicable warning issued on the basis of
initial information), 7,, (the waiting mode so as to acquire and analyze additional safety
surrogate information on the dynamics of vehicle-following or lane migration/lane
change/merge and then issue the appropriate warning, if applicable) [9, 11-13].
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A Montecarlo simulation module estimates safety margins within the driving
environment. As driving progresses, the prior probabilities P ’(d) and the conditional
probabilities P(s|d, i) are updated automatically. As noted in Fig. 4, these reflect
driver reliability. The other probabilities, namely the marginal probability P(s|i) and
posterior probability P”(d|s, i), are computed internally by the algorithm. Details of
the model are reported by Khan in Refs. [9, 11-13].

The driving assistance can analyse a number of alternatives noted next: ag (no
driver alert to be issued), a,, (amber alert—calls for higher than normal deceleration
in the longitudinal direction or steering action to increase transverse separation
distance), a, (red alert—calls for serious emergency deceleration for avoiding a rear
crash or steering action for preventing a lateral collision).

The crash warning-active safety component is intended to work with a driver
action monitor. The system can be enabled to automatically update key driving
parameters, namely the probabilities of safety surrogates (i.e., distances or times), as
well as the probability of driver’s awareness of distance and time. This adaptive
self-calibration capability is reported by Khan [11-13].

For example, if a driver is distracted and the probability of crash is high, and to
make matters worse, the driver does not show the intent to take corrective action,
the driver monitoring part of the system will immediately modify the driver
alertness parameter.

The transition model shown in Figs. 3 and 4 can identify optimal driver alerts in
terms of the timing of rear or lateral crash warning (i.e., immediate or wait for an
indication of driver intent) and the nature of alert message (e.g., no alert message,
amber alert, red alert). If a highly distracted or a disabled driver does not respond,
the system automatically initiates active safety action and informs the driver
accordingly.

In order to apply the algorithm for identifying optimal i&a and the associated
value of information V*(i), on a real time basis, the utility or gain G(a, d) matrix
has to be defined by the designer following consultations with policy experts. For
details, please see Khan [9, 11-13].

4.3 Example Application to Distracted Driving

Driving simulator experiments were carried out with the participation of young
drivers who were given distracting tasks to do while driving. The simulator outputs
contain useful information on the driving behaviour of participants. In
non-distracted driving, the choice of speed, acceleration/deceleration rates, head-
way to the leading vehicle, and gap acceptance when changing lanes provide
information on the lack of or presence of aggressiveness in driving. During a
driving mission, if the driver becomes distracted and is not alert enough to perceive
a hazard, this results in insufficient distance for stopping or to make an evasive
manoeuver. Excessive time could be required by a distracted driver to perceive the
hazard and then excessive deceleration rate (close to 1 g) will be required to avoid a
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collision. Such sudden emergency braking sends a shock wave in the traffic stream
and is known to be a safety hazard. Also, a distracted driver may experience lane
migration and violate safety distance in the lateral direction.

The driving simulator provides driving trajectories of each driving mission on a
split second basis. The time stamp provides a complete log of all driver actions in
terms of speed, brake action, deceleration/acceleration, headway, lane keeping, etc.

For illustration of the application of NADS, a driving trajectory of a distracted
driver was selected (Figs. 5, 6, 7, 8 and 9). At time stamp 84 s, the driver was
travelling at 104.8 km/h and at that time driver did not perceive and react to the
hazard within 1 to 1.25 s, which is common for young non-distracted drivers.
Figure 5 shows that at time stamp 84 s, the driver was expected to perceive that the
leading vehicle applied brakes suddenly and that quick action was necessary to
avoid a collision. But the driver did not apply brakes until time stamp 88 s. This
perception-reaction time of 4 s is very high as compared to about 1 s for an alert
driver. Another indicator of driver distraction was that the lane migration (i.e.
distance from the lane centre-line) was about 0.32 m out of 1.3 m (which is about
25 % of the one-half of the lane width).

At time stamp 88 s, brakes were applied on an emergency basis that delivered a
deceleration rate of about 8.5 m/s>. Figures 5, 6, 7, 8, 9 show the driving state
descriptors during the braking action and then returning to a manageable driving
state.

Brake pressure bar

7.00E+01
6.00E+01
5.00E+01
4.00E+01

3.00e+01 |Amber Red
Alert Alert

Human
control

\

83 84 85 86 87 88 89 90 91 92

Brake pressure bar

Automation

2.00E+01 & \
1.00E+01 @ . \

0.00E+00

Time stamp (sec)

Fig. 5 Distracted driver warnings, transition to automation, and return of control to human driver
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Fig. 7 Speed profile

Under non-ideal driving condition, the critical distance required for braking was
150.6 m vs. available distance of 56.3 m. The ideal driving condition can be
characterized as very high tire-pavement coefficient of friction, new brakes,
anti-lock brakes, and high ability of the driver to push the brake pedal. Calculations
show that the conditional probability P(d|s, i) was 0.37 at the critical distance level
(i.e. at 1.0c), 0.51 at 1.025c, 0.92 at 1.25¢ and 1.0 at 1.5c. The profile of conditional
probability presented in Fig. 10 shows that the driver was highly distracted.
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Fig. 9 Distracted driver’s lane departure pattern

In the scenario that the driving assistance system was available and turned-on,
the following could be the optimal decisions (Fig. 5):

At time stamp 84 s, do not wait for additional information, give amber alert.
At time stamp 85 s, keep amber alert, and wait for additional information.

At time stamp 86 s, do not wait for additional information, and give red alert.
At time stamp 87 s, wait for additional information before initiating active
safety action.

e At time stamp 88 s, apply active safety.

An earlier time for automation could be considered at time stamp 87 s.
Upon driver’s preference, control of the vehicle could be returned to human
control at time stamp 90.5 s.
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Fig.

Conditional Probability: Measure of driver distraction

0.8
0.6
0.4
0.2

1 1.1 1.2 13 14 1.5

Distance to leading vehicle: mutiples of critical distance

Conditional Probability P(s|d,i)

10 Conditional probability (an indicator of driver reliability in assessing distance)

Conclusions

. Technology-push does not appear to shape consumer demand for new in-vehicle

technologies.

. A new generation driving assistance system has an important role to play in the

transition to automation in driving.

. The design of the driving assistance, if guided by human factors, is likely to

enhance driver acceptance. Consequently, safety benefits will be achieved.
The driving assistance example case illustrates the integration of intelligent
technology, Bayesian artificial intelligence, and abstracted human factors.
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Effects of Driver Characteristics

and Driver State on Predicting Turning
Maneuvers in Urban Areas: Is There

a Need for Individualized
Parametrization?

Matthias Graichen and Verena Nitsch

Abstract In future, advanced driver assistance systems (ADAS) may be able to
adapt to the needs of the driver, thus reducing the risk of information overload in
complex traffic situations. One way of achieving this may include the use of pre-
dictive algorithms that anticipate the driver’s intention to perform a certain traffic
maneuver based on vehicle data, such as acceleration and deceleration parameters.
In order to explore whether the predictive quality of such algorithms may be
mitigated by individual driver-specific parameters such as driver characteristics (i.e.
emotional driving [ED] and uncritical self-awareness [US]) as well as driver state
(specifically stress), an empirical test-track study was conducted with N = 40
participants. The results indicate that maximum longitudinal and lateral acceleration
vary significantly depending on driver characteristics. Moreover, analyses of the
collected data suggest that incorporating psychological aspects into driver models
can promote new insights into driving behavior.
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1 Introduction

Efforts in design and development of advanced driver assistance systems (ADAS)
focus currently on challenges of urbanization, which is expected to increase sig-
nificantly over the next few decades [1-3]. Inner-city traffic in metropolitan areas
exhibit great complexity and diversity, not only with respect to the various road
design features (e.g. architecture, type of traffic regulation, number of turning lanes,
etc.) and other environmental aspects (visibility; e.g. [4]), but mainly in terms of
number, types and dynamics of different traffic participants. Since the driver is
necessarily confronted by a large amount of information in these complex traffic
situations, it is of paramount importance to minimize the amount of information that
is transmitted to the driver by the ADAS in order to ensure high levels of user
acceptance and thereby also frequent voluntary usage of these assistive systems [5].
This can be achieved by reducing unnecessary warnings and making them adaptive
to drivers’ intentions and maneuver-planning [6]. This appears particularly neces-
sary in highly complex traffic situations that include approaching and passing
through intersections.

Urban intersections are a major accident hotspot: 25 % of accidents with per-
sonal injuries occur at intersections, 16 % while turning [7]. Here, the driver has to
detect, identify and assess a large amount of visual stimuli correctly and within a
brief time span [8], while scanning areas with decreasing distal proximity to the car
at the beginning of the approaching phase and immediate proximity after reaching
the intersection and performing the actual driving maneuver [9]. During this time,
adaptive ADAS would only provide information about potential crossing cyclists or
pedestrians if it was predicted with high certainty that the intention of the driver was
to turn—but not in the case of drivers passing without turning, as no critical
interaction with the other traffic participants is to be expected in this case.
Numerous studies have demonstrated the potential of using vehicle data for pre-
dicting (turning) maneuvers (for a general overview see [10]).

As part of the on-going efforts to enhance the performance and adaptability of
ADAS, (sensory) perception, evaluation and prediction of traffic situations and
driving maneuvers play an important role. The present study aimed to explore the
extent to which the predictive quality of vehicle data-based algorithms might be
mitigated by specific driver characteristics that are assumed to influence the driving
behavior during the approach to the intersection. For this purpose, a prediction
algorithm for turning maneuvers based on Bayesian networks is used [11]. A model
is stipulated based on two essential parameters: (1) speed models, e.g. acquired
through (a) clustering of (desired) speed profiles of different drivers approaching
intersections, or (b) obtained from path curvature, and (2) a maximum acceleration
parameter (longitudinal acceleration after performing the turning maneuver for 1a,
or lateral acceleration when during the turning process for 1b). Using the intelligent
driver model (originating from traffic flow modeling), potential speed profiles for
the maneuver types ‘going straight’, ‘stopping’, ‘turning (right)’ and ‘turning
(right), but stopping’ can be modelled on the basis of any previously shown speed
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data of the driver (alternatively, speed profiles can also be modeled using modelled
curvature data, without any driving data). When taking into account the last shown
speed data point of the driver, the probability for any of these maneuvers can be
computed.

The relationship of these parameters to psychological aspects lies within the
initialization by the (individual) driver and corresponding driver operations (e.g.
pedal activity and acceleration). These may be influenced by individual preferences
and characteristics (as can be inferred from literature, e.g. [12, 13]). The following
analyses investigate speed, acceleration and the underlying operational processes of
the driver with respect to individual driver characteristics and driver state (in par-
ticular stress), which serve as input for the stated algorithm.

2 Method

2.1 Sampling and Participants

In order to measure and control for relevant driver characteristics, a pre-sampling
process was applied. As a first step, participants possessing a valid driver’s license
could apply for the study by completing a validated online questionnaire about
driving-related personality (VIP [14]), driving style (adapted from [15]), driving
experience and demographic information. In a second step, potential participants
out of 186 applications were selected based on extreme (high or low) scores on the
VIP subscales emotional driving (ED) and uncritical self-awareness (US). These
subscales were chosen, as their items concerned contents relevant to speed behavior
and its sensitivity to driver state. In addition, only participants were included if they
had indicated a certain amount of driving experience. Specifically, in reference to
[16], participants were selected if they had acquired their driver’s license before
2014 and had driven more than 30,000 km overall or more than 25,000 km in the
last 12 months.

The resulting sample consisted of 40 participants (8 female), with a mean age of
36.78 years (Min = 20, Max = 61, SD = 13.14). They were assigned to one of four
groups according to their scores on the ED and US subscales (N = 10 in each
group). Participants had an average total driving experience of 354,625 km
(SD = 287,244).

2.2 Research Design

The study was conducted as a 2 (approaching speed) * 3 (driving maneuver) * 4
(driver characteristic) repeated-measures mixed design with two consecutive runs
(labelled as ‘time’) on a closed test track. Approaching speed was manipulated
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within-subjects with intersection approaching speeds of 50 or 70 km/h (labelled as
‘apprspeed’). Approaching intersections with 70 km/h was considered an upper
limit in the context of driving in urban areas, but also appeared to alter the driver
state by inducing stressful experiences when participants were reminded repeatedly
and in short intervals to maintain that speed after each turning and when driving
through curves. The within-condition of approaching speed was systematically
varied, meaning that half of each group was instructed to approach the intersection
with 50 km/h in the first two runs and 70 km/h in the second two runs, and vice
versa. Each participant performed three types of driving maneuvers (left or right
turn, or going straight). The sequence of maneuver types had to be held constant
due to the structural requirements of the test track. Overall, there were twelve
intersection maneuvers for each participant, with four runs for each direction and
one repetition at each level of approaching speed. Finally, the factor driver char-
acteristic was manipulated between-subjects, with participants being assigned to
one of four groups based on their scores on the VIP subscales ED and US (labelled
as ‘VIP?).

2.3 Measurements and Hypotheses

In order to check for efficacy of stress induction and accompanying changes in
driver state through approaching speed requirements, the two scales ‘threat’ and
‘challenge’ from the PASA questionnaire [17] were used, which measure (cogni-
tive) primary appraisal of stressful situations.

Since the present study aimed to explore the extent to which driver character-
istics and driver state can predict turning maneuvers during the approach phase,
dependent variables were selected that focused on longitudinal driving behavior as
no lateral movements are to be expected to indicate turning maneuvers before
entering the intersection. The dependent variables of interest in the present study are
speed, speed profiles, and therewith-associated values for deceleration or acceler-
ation, and—pertaining to these variables—pedal activity (e.g. releasing of accel-
eration pedal, pressing of braking pedal, or length of no-pedal-activity). The latter
analysis can also serve as assessment of the general predictive potential for pre-
dicting turning maneuvers.

Table 1 lists a summary of the investigated hypotheses. The first hypothesis is
exploratory, while hypotheses two to four relate to different phases of pedal activity
(H2—releasing accelerator pedal, H3—no pedal-activity, and H4—pressing brake
pedal).
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Table 1 Summary of hypotheses

HI1:

It is expected that drivers with high ED-scores intend generally to drive with higher
speed and/or try to maintain speed longer and will decrease at lower time-to-intersection
(TTT)/distance-to-intersection (DTI) compared to drivers with low ED-scores

H2:

Drivers with high ED-scores control actively their speed longer by means of pedal
activity, and thereby will release the accelerator pedal at lower TTI/DTI (a), and will
drive faster at this position (b)

H3:

Drivers with high ED-scores will avoid longer phases without pedal activity, thereby
duration or driven distance without pedal activity will be shorter (a), and the loss of
speed will be lower (b)

H4:

When pressing the brake pedal the position of TTI or DTI will be lower for drivers with
high ED-scores (a), and the corresponding speed at this position will be higher (b).
Speed values when entering the sequence of braking are expected to be higher (c).
Consequently, speed loss is expected to be higher (d), as high-ED drivers need to
decelerate more to reach a comfortable speed level for turning. Based on the general
necessity for decreasing speed before turning maneuvers (contrary to the intention of
drivers with high ED-score to maintain speed), maximum values of deceleration values
(e) are expected to be higher before entering the intersection

H5:

Due to the intention of maintaining higher speeds, drivers with high ED-scores will
experience greater lateral acceleration while turning

He6:

Due to the intention of maintaining higher speeds, it is expected that drivers with high
ED-scores will show greater maximum acceleration values after performing the turning
maneuver to reach faster preferred levels of higher speed

2.4 Driving Scenario

The study was conducted on a closed-off test track (see Figs. 1, 2 and 3). The route
was designed with the same four rounds: approaching the intersection from a
western starting point (1), right turn maneuver (2), following the circuit and
re-approaching the intersection from east (3), left turn maneuver (4), following the
circuit and re-approaching the intersection from east (5), and finally going straight
over the intersection (6) back to the starting point.

Fig. 1 View from north-west (right turn maneuver before scenery-vehicle)
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Fig. 3 Satellite view on test track (Origin Google Earth). Free area in the middle and curvy roads
on the left side were used for familiarization

2.5 Procedure

Upon arrival, participants completed questionnaires pertaining to demographics,
personality (BFI-10 [18]), sensation seeking (BSSS [19]) and traffic-related locus of
control (T-LOC [20]). A cover story (“Adjusting of vehicle chassis for urban
intersections”) was used in order to avoid undue influence of participants’ expec-
tations. Participants familiarized themselves with the vehicle and test track circuit
by performing a series of basic driving maneuvers (cautious, as well as strong
acceleration and deceleration; driving through a constricted alley, slalom course,
and curves; left and right turning maneuvers). The experimenter was seated on the
right rear seat of the vehicle.

Each run began at the same starting point, at which participants were instructed
regarding the approaching speed requirements. After the first of each approaching
speed condition, participants completed the PASA questionnaire in order to
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evaluate the experience of situationally-induced stress. At the end of the session,
participants were informed about the true purpose of the study and received
monetary compensation for participation. Overall, the experiment took each par-
ticipant about 45 min.

2.6 Data Processing

All data from CAN-interface GPS-data, and questionnaires were stored in a
PostgreSQL database [21]. To access the data from the database for further pro-
cessing, a comprehensive framework was programmed in R. Approximate “arrival
measures” with respect to DTI and TTI were computed in three steps: (1) Detecting
the GPS-coordinates for (artificial) positions-of-interest as reference points (here:
latest meaningful position before entering the intersection, likely to stopping line),
(2) computing the linear (spherical) distance between these coordinates and the
actual GPS-position of the driver at each timestamp (using R package ‘geosphere’),
and (3) computing the arrival measure by subtracting the driven distance/time from
the driven distance/time when reaching the minimum GPS-distance from step 2.

2.7 Manipulation Check

In order to ascertain whether changes in approaching speed requirements affected
stress levels, PASA reliability and scores were examined for each speed condition.
After excluding item two of the PASA questionnaire (“This situation is important to
me”’) due to response ambiguity, Cronbach’s alpha indicated high reliability (0.72)
in runs with approaching speed of 70 km/h, and moderate reliability in the 50 km/h
condition (0.6) (for interpretation of Cronbach’s alpha according to common
practice see e.g. [22]). Means for scales ‘threat’ and ‘challenge’, and scores for
primary appraisal were significantly higher in conditions with high approaching
speed to the intersection (see Table 2). As there was no sequential effect of driving
with 50 or 70 km/h at first, the results indicate that stress induction was successful.

Table 2 Scale characteristics for primary appraisal of PASA

Ms0kmn M70kmn lar = 39 p d
(SD) (SD)

Threat 4.8 6.03 —2.37 011 -0.37
(1.65) 3.0)

Challenge® 6.1 7.5 -1.93 .03 —0.31
(3.22) G.1)

Primary Appraisal® 10.9 13.53 —2.61 .006 -0.41
(4.09) (5.06)

“Without item two
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3 Results

Present analyses focus on the relationship between VIP and vehicle data, while
analyses of the questionnaire for driving style, BFI-10, BSSQ or T-LOC are not
reported at this point. In the following, participants with high or low scores in VIP
subscales will be labeled according to their initials, e.g. high ED or low US. For the
investigation of approaching behavior with respect to group assignments, objective
data and subjective data were merged. All variables have been tested for univariate
outliers using z-scores according to the thresholds proposed by [23]. To test for
statistical significance of dependent variables (dv), linear mixed models (see Eq. 1)
were performed using R-packages afex, lsmeans and multcomp. Tests were com-
puted with an alpha of 5 %.

dv ~ VIP « apprspeed * time + Error(id/ (apprspeed * time)). (1)

All tests were performed using both TTI and DTI. Data from maneuvers of left
and right turning were separated (no going straight maneuvers were analyzed at this
point). For analyses and preceding visual exploration of key parameters of pedal
activity, sequential data were computed and sorted (using R packages ‘TraMineR’,
and ‘TraMineRextras’) by minimum position of braking activity, see Fig. 4. All

50 kmth 70 kmih

ybiy g3

Runs

M sn

ybiysn

T T T T _r_! 1 1T T II T I T T T I
0 9 & 7 -6 5 4 -3 -2 -1 0 0 9 8 7 -6 5 4 3 2 -1 0

Time-to-intersection [s]

Fig. 4 Pedal sequences for right turning. Rows represent runs. Colours represent type of pedal
activity (green—acceleration, red—braking, white—no pedal activity). Gradient represents
intensity of pedal activity (high gradient-high intensity). Coloured, vertical lines represent first
(dashed) or second (solid) run in blocks of approaching speed
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Table 3 Model statistics for VIP from linear mixed models

DTI TTI

Left Right Left Right

F )4 F )4 F J4 F) p
accprel_ pos 2.08 12 208 |.12 300 | .05 057 |.64
accprel_speed 262 | 077 [388 |.02 237 | 097 [355 |.03"
wopedal_length 1.47 .25 129 |3 1.37 27 1.53 | .23
wopedal_speedloss 0.24 .87 0.72 | .55 0.55 .65 129 |3
brake_pos 1.19 33 0.65 |.59 154 | 22 0.92 | .44
brake_length 0.29 83 0.61 |.61 0.4 76 0.78 |.51
brake_speed 1.91 15 124 |31 1.91 15 123 |.32
brake_speedloss 0.98 42 034 |.8 0.97 42 0.57 |.64
max_decel 1.88 15 0.62 |.61 1.88 15 0.62 |.61
max_latacc 12.10 |<001" |5.80 |.003" |12.13 |<001" |[6.72 |.001"
max_lonacc 1.84 | .16 233 .09 177 | 17 243 .09
ip < 0.05
“p<o0.1

visualizations were compiled using R-package ‘ggplot2’. A summary of statistical
key values for the model component ‘VIP’ can be seen in Table 3. Due to outliers,

within-group degrees of freedom vary between 25 and 35.

3.1 Speed Profiles (HI)

As this hypothesis was intended for exploration, no differentiation between con-
secutive runs of the same participants and no additional adjustments for t-testing
(e.g. repeated measures) between VIP groups were performed. There were mostly
no deviations from normal distribution (tested using Shapiro-Wilk test) throughout
the trend of speed data against DTI, but in speed data against TTI. As no significant
differences between speed profiles of groups with low or high scores in US could be
found, no further analyses were performed here in the context of exploration.

Participants with high scores in ED drove slightly faster, particularly when
approaching the intersection followed by a left turning maneuver. A significance
level of 5 % was surpassed at DTIs between —10.1 and —3.3 m before reaching the
(artificial) stopping line. Corresponding values for TTI can be seen in Fig. 5.
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Fig. 5 Speed profiles and areas of significance (~ green, saturation ~ p < [0.1; 0.05; 0.01])

3.2 Pedal Activity (H2-H4)

The results of the tests of hypotheses H2 to H4 are summarized in the following:

H2: (a) No significant differences in positions of releasing acceleration pedal (labelled as
‘accprel_pod’) could be found in terms of DTI in left and right turning maneuvers. In
terms of TTI, values almost reach significance in left turning maneuvers

(b) Speed values (labelles as ‘accprel_speed’) between groups were significantly
different when approaching intersection with 70 km/h and turning right (see right
column in Fig. 5), slightly significant in cases of left turning

H3: (a) In phases without pedal activity (between releasing accelerator pedal and pressing
brake pedal), there were no significant differences in length of phases (labelled as
‘wopedal_length’) measured as time (using TTI) and driven distance (using DTI)

(b) There were also no significant differences in speed loss (labelled as
‘wopedal_speedloss”’)

H4: (a) There were no significant differences between minimum positions of pressing brake
pedal (labelled as ‘brake_pos”’)

(b) There were no significant differences in length of braking activity (labelled as
‘brake_length’)

(c) There were no significant differences in speed values (labelled as ‘brake_speed’) at
minimum position of pressing brake pedal

(d) There were no significant differences in speed loss (labelled as ‘brake_speedloss’)

(e) There were no significant differences in maximum deceleration values
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3.3 Driving Through Intersection and Re-Accelerating
(H5-H6)

In the following, the results of the analyses pertaining to hypotheses HS and H6 are
summarized:

HS5: In all conditions (left and right turning) related to both measures DTI and TTI (see
Fig. 6) values of maximum lateral acceleration are significantly different between
groups

Hé: No significant differences in maximum longitudinal acceleration could be found in left
turn maneuvers. In right turn maneuvers (see Fig. 7) values almost reach significance, in
relation to measures of both DTI and TTI

Fig. 6 Maximum lateral 50 70
acceleration while turning left s
(means—coloured lines in %
background) A

lateral

= 0
T T T T T T T T
ED ED us us ED ED us us
low  high low  high low  high low  high
Fig. 7 Maximum & 50 70
longitudinal acceleration after .E 6

turning right (means—
coloured lines in background)

ED ED US US ED ED US US
low high low high low high low  high
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4 Discussion

The present study focused on the effect of driver characteristics and driver state on
different parameters when approaching intersections and their potential of miti-
gating prediction algorithms. Most hypotheses regarding driver operations under-
lying to speed behavior were not confirmed by the empirical data. Only values for
speed when releasing the accelerator pedal, values for maximum lateral acceleration
while turning (p < 0.001) and values for maximum longitudinal acceleration after
turning (p < 0.1) show significant differences. The last two variables represent
essential parameters to create speed models for the used prediction model of [11].
Therefore, it can be stated that conventional parameters used in prediction algo-
rithms for turning maneuvers can be significantly differentiated between groups of
drivers based on driver characteristics as indicated by the VIP.

Regarding the initial research question (“Is there a need for individual
parametrization of prediction algorithms?”), the present statistical results do not
indicate that the consideration of detailed individual differentiations is necessary,
but relating to the essential parameters of [11], there were significant differences in
maximum longitudinal and lateral acceleration. Thus, in future work, it is planned
to extend the model (Bayesian network) of [11] by additional nodes (e.g. VIP), as is
suggested in Fig. 8. The integration of knowledge about individual characteristics is
also supported by the grouping results of exploratory cluster analysis of speed
profiles (Figs. 9 and 10), which shows good differentiation between ED. Regarding
driver state more elaboration is necessary.

Furthermore, the present article elaborates sophisticated methods of analyzing
and visually exploring driving behavior in complex driving situations using colored
sequence tiles and gradient, which allows for differentiated insights into data and
could be transferred to the analyses of other critical situations in urban areas.
Additionally, driving behavior was dissected in different phases on the basis of
elementary driver operations such as pedal activity. For example, visualizations

=] (] “Driver state
ED_high 50%| Mo_stress 30%
ED_low 50% Stress  70% m
(&) Vielocity
1 60% | I
(=] Intention | e 10% [l [
Go_straight 25% | =] Observation
Stop_at_stop_line  25%|| t 10 50%|R |
Tum_right 25%|Il NoO 50%| |
rum.righ but stop 25%iJ ’
D AccelerationMax
a1 10%|
A2 20%||

3 7000 I ]

Fig. 8 Extended prediction model (built with GeNIe by BayesFusion). New nodes (*) for ‘VIP’
(as measure for driver behavior) and ‘Driver state’ added
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from present data show (see Fig. 4), that approaching intersections begin with
cautious release of the accelerator pedal (0), up to the complete release of the
accelerator pedal (1). This is followed by a phase without pedal activity (2), and
pressing the braking pedal (3) until reaching the intersection. This basic (and
plausible) sequence might hold true in situations without preceding vehicles or with
distant preceding vehicles as well as high familiarity with the route and thereby
habituation to comfortable speed according to individual preferences. Otherwise,
the number of changes in pedal activity are expected to be higher and the length of
phases without pedal activity to be shorter. Also, lack of familiarity with the route
might lead to early releasing of the brake pedal to allow for coasting at lower than
usual speeds.

In conclusion, statistical analyses only partially show significant differences in
underlying operations for “designing” driving behavior, but machine learning
techniques can take complete profiles into account and even integrate into algo-
rithms, thereby enhancing the prediction model with psychological aspects and thus
promote new insights.
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Using Adaptive Interfaces to Encourage
Smart Driving and Their Effect on Driver
Workload

Stewart Birrell, Mark Young, Neville Stanton and Paul Jennings

Abstract In-vehicle information systems (IVIS) aimed at supporting green driving
have increased in both number and complexity over the past decade. However, this
added information available to the driver raises significant ergonomic concerns for
mental workload, distraction and ultimately driving task performance. Adaptive
interfaces offer a potential solution to this problem. The Smart driving system
evaluated in this study (which provided in-vehicle, real-time feedback to the driver
on both green driving and safety related parameters via a Smartphone application)
offers a comparatively simple workload algorithm, while offering complexity in its
levels of adaptively on the display, with the theoretical aim to limit driver visual
interaction and workload with the system during complex driving environments.
Experimental results presented in this paper have shown that using the Smart
driving system modulates workload towards manageable levels, by allowing an
increase in driver workload when under low task demands (motorway and
inter-urban driving) but not increasing workload when it is already at moderate
levels (urban driving). Thus suggesting that any increase in workload can be
integrated within the driving task using the spare attentional resource the driver has
available.
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workload - Adaptive interfaces
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1 Introduction

In-vehicle information systems (IVIS) have increased in number and complexity
with the advancement of enhanced infotainment features, continuation of brand
identity via reconfigurable displays and the connected car. Over the past decade in
particular, such motivations have become more and more focused on the envi-
ronmental and economic costs of road transport [1]. One way in which these costs
of driving can be reduced is by adopting an ‘eco-driving’ style, with many man-
ufacturers now offering in-vehicle information displays to provide feedback on such
behaviors. Examples are the Ford Fusion Hybrid SmartGauge with EcoGuide,
Honda Insight Eco Assist and the Nissan Leaf Eco Indicator (Fig. 1).

However, this added information available to the driver raises significant ergo-
nomic concerns for mental workload, distraction and ultimately driving task per-
formance. Meanwhile, road safety remains a high priority alongside these other
concerns [2]. In an effort to better understand the potential impact that in-vehicle
systems could have in improving safety and economy, a UK project called
‘Foot-LITE’ undertaken. The project aimed at developing a system to encourage
‘Smart’—that is safe and environmentally friendly—driving behaviors. Foot-LITE
differs from existing products offered by vehicle manufacturers in three important
ways. First, it runs on a nomadic device (i.e., a Smartphone platform) rather than
being original fit, collecting data wirelessly from the vehicle diagnostic systems and
an adapted lane departure warning camera. Secondly, the system provides feedback
not just on eco-driving principles, but also on safe driving maneuvers, and it
attempts to balance its advice between the two, which may or may not be in conflict
(see [1] for a discussion). Finally and of interest to this paper, Foot-LITE was
designed to be an adaptive interface which varied the presentation of visual and
audio information in accordance with (basic) workload measures. In addition the
interface was developed and tested according to ergonomic design principles, and
rigorously evaluated in simulator and on-road driving trials to evaluate if the desired
behavior changes were achieved while avoiding negative consequences of work-
load or distraction. The next section briefly reviews the design development and the
evidence for these claims, before going on to discuss how Foot-LITE might, in
future, be more dynamically responsive to driver mental workload.

2 _MENU - tnergy inio.

Fig. 1 Selection of vehicle manufacturers’ in-vehicle Eco driving aids (left to right Ford Fusion,
Honda Insight and Nissan Leaf)



Using Adaptive Interfaces to Encourage Smart Driving ... 33

2 Design Development

As stated above the Foot-LITE in-vehicle interface was developed using ergonomic
principles, which as outlined in Fig. 2 originated with the completion of a cognitive
work analysis (CWA) and state-of-the-art review, from this six design concepts
were established and three were evaluated in a rapid prototyping study (RPS).
Results from the RPS suggested that two designs be took forward to simulator
testing, a more convention dashboard inspired display and a conceptual interfaced
based on Ecological Interface Design (EID) principles. Both these designs were
evaluated in a driving simulator before the EID interface was selected (based on
subjective workload and increased peripheral detection response rate) and iterated
based on participant feedback, until the final EID design was released for on-road
trials (Fig. 3).

Literature
Review 4-6 Initial Rapid
" Concepts Prototyping
Cognitive
Work Developed Study
Analysis

2 Designs

Established

Drivin
On-Road Final EID Simuiag)r
field trails Design Study

Fig. 2 Ergonomic development of the Foot-LITE interface

N

uoERNY

Fig. 3 Theoretical depiction of the EID interface (leff) and version used for on-road trials (right)
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2.1 Ecological Interface Design (EID)

In order to facilitate the design process, a Cognitive Work Analysis (CWA) [3] was
previously conducted for the Foot-LITE project [4]. Based on the output of this CWA,
a concept human-machine interface (HMI) was generated for the present study
drawing on principles of Ecological Interface Design (EID) [5]. EID is an approach to
interface design that was introduced specifically for complex socio-technical,
real-time, and dynamic systems. It has been applied successfully within a number of
work environments, including process control, nuclear, petrochemical, military and
aviation domains [5].

The EID approach is heavily based on two concepts—firstly, the Abstraction
Hierarchy (AH) of the CWA [6], and secondly, the Skill-Rule-Knowledge
(SRK) taxonomy [7]. The AH decomposes the work domain into five levels
(functional purpose, abstract function, generalized function, physical function,
physical form) to establish what type of information should be displayed, as well as
where, when and how it should be presented, and finally how to integrate pieces of
information which need to be associated. Vicente and Rasmussen [8] suggest that
an ‘EID interface should not contribute to the difficulty of the task, and at the same
time, it should support the entire range of activities that operators will be faced
with.” (p. 589). Thus it has been argued that interfaces designed following the EID
framework will reduce mental workload when dealing with unfamiliar or unan-
ticipated events [9].

The AH completed previously in the project suggested several aspects of safe
and eco-driving that should be represented on the display, such as headway, lane
deviation and cornering speed for safety, complemented by engine speeds and
acceleration forces for eco-driving [4]. Figure 3 shows both the theoretical depic-
tion of the EID interface developed at Brunel University, and also the final version
developed with project partners and released for on-road trials. The principal
aspects of the interface are the vehicle inside the oval, which represents mainly
safety parameters, and the dynamic scales in the outer oval, which largely reflect
eco-driving properties. The oval concept was based on Gibson and Crooks [10]
notion of the ‘field of safe travel’, which was noted as °... a spatial field but it is not
fixed in physical space. The car is moving and the field moves with the car through
space.” (p. 456). The oval shape grew out of an initial concept of a ‘virtual glass of
water’, drawing on the apocryphal driving test in which the candidate must not spill
the water placed on the dashboard. The edge of the glass, in this case, represents the
boundaries of safe travel in Gibson’s terminology; instead of a circle, this has been
distorted into an oval to allow for the greater longitudinal movement of the car. On
the EID display, the vehicle is dynamic inside the oval and illustrates the move-
ments of the car within its safety envelope of headway and lane position in the
real-world. Meanwhile, the eco-driving factors are presented in gauges on the outer
ring. In both safety and eco-driving cases, the driver’s goal is to maintain the car
within a ‘Green Zone’ of performance (in the middle of the display), to optimize
each set of parameters. In addition, there is the facility for ‘pop-up’ messages to be
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delivered to the driver for more specific feedback about positive or negative aspects
of their driving.

It is by no coincidence that the elements of the display pertain to low-level,
operational elements of vehicle control as opposed to tactical or strategic tasks in
models of vehicle control [11]. Such operational tasks correspond to skill-based
levels of processing in Rasmussen’s [7] taxonomy, and as such impose little in
terms of mental workload. Information about rule-based, tactical levels of driving is
provided in the pop-up messages, while knowledge-based, strategic feedback is
reserved for the off-line system in order to minimize potential workload and dis-
traction a priori.

Nevertheless, valid concerns remain about the use of in-vehicle information
systems and their potential to distract the driver [12, 13], and it is acknowledged
that the range of real-world scenarios that drivers may encounter could present
workload issues that would not revealed in simulator trials alone. In order for the
Foot-LITE EID to anticipate and cope with this range of events, the possibility of a
mental workload manager for the in-vehicle system was explored — in other words,
an adaptive interface.

3 Mental Workload and In-Vehicle Information Systems
aviIs)

As mentioned earlier, mental workload can be a particular issue with IVIS systems.
Driver overload with an additional task or interface in the vehicle can adversely
affect performance [12, 14], particularly if workload is already high or if the driver
has a lower capacity to respond. Studies have shown that while conducting a
difficult cognitive task (such as math addition), drivers spend less time looking at
areas in the peripheries (such as mirrors and instruments) and instead focus on
looking centrally ahead [15]. Even though time looking outside of the vehicle
remained unchanged, these results suggested a change in drivers’ allocation of
attention.

There is a view in the literature that drivers may have up to 50 % spare atten-
tional capacity during normal driving [16], meaning that under ordinary circum-
stances there may be enough spare capacity to interact with IVIS displays. Green
and Shah [17] suggest that the goal of the distraction mitigation system should be to
keep the level of attention allocated to the driving task above the attentional
requirements demanded by the current driving environment, and that during ‘rou-
tine’ driving approximately 40 % of attention could be allocated to non-driving
tasks. The key issue is that mental workload is constantly varying during a drive,
and it is crucial to maintain sufficient spare capacity to deal with unexpected or
emergency scenarios. Within that constraint, it may be possible to provide addi-
tional driving-related information in real-time without detriment, as has been seen
with previous Foot-LITE EID studies [18].
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3.1 Adaptive Interfaces

The concept of adaptive interfaces has been around for some time [19, 20]. These
theories were adapted for the GIDS project (Generic Intelligent Driver Support
system) [21], and more recently been applied in the driving context [12, 22].
Typically, the adaptive interface will use sensors to detect some parameter of the
task context, and will infer the user’s mental workload based upon this information.
The sensors may be monitoring the user’s physiological state [19] or other overt
behavioral indices [12], or alternatively they may be measuring dynamic charac-
teristics of the task in question. The interface itself then adapts by providing more or
less information depending upon the outcome of the workload calculation.

The current Foot-LITE system has no capacity for monitoring the driver directly,
but it does include a number of sensors related to the driving task, including GPS
data, a forward-looking camera with object recognition, and numerous vehicle
parameters from the on-board diagnostics. Thus it would be quite plausible to build
a task-based driver workload model upon which to base the adaptive functions of
the interface.

The literature on driver mental workload offers several task-related indicators of
workload. Factors of the environment, such as traffic and road situation, as well as
different elements of the driving task (e.g. vehicle control and guidance, navigation)
can influence mental workload. For instance, steering appears to be a significant
source of workload in vehicle control [23], while tuning a car radio or using a
navigation system are amongst the most demanding of the conventional in-car tasks
[24]. In terms of driving maneuvers, it is known that workload increases during a
turn [25], particularly when emerging from a junction when the driver has to cross a
lane of traffic. Mental workload also increases in towns and cities when compared
to motorway or rural driving, due to the unpredictable nature of the former [26].
These high workload situations are also associated with accident involvement. This
has led to the idea of constructing mental load maps of towns, in order to predict
accident rates and so design appropriate interventions [27].

Indeed, this is the kind of approach taken by [22] with their adaptive interface.
Situational factors were detected by an on-board geographical database, and a
computational workload estimator bases its decisions on the assessment of those
situations. Such situations included road type (urban, rural etc.), curvature, slope,
junctions, and directions. If workload was deemed to have exceeded a set threshold,
then incoming telephone calls are routed directly to voicemail without informing
the driver. This adaptive interface showed promising results in terms of managing
driver mental workload. Indeed, a similar system has recently been marketed by
Volvo cars [13].

Whilst the underlying algorithms of the workload estimator are quite complex in
the Piechulla et al. [22] demonstrator, the implementation of the adaptive interface
is rather more straightforward. In contrast, the proposed Foot-LITE adaptive
interface is somewhat more rudimentary in terms of its workload algorithms, but
offers more complexity in its levels of adaptivity on the display.
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The literature reviewed above was drawn upon in combination with pragmatic
considerations about what parameters could be measured and other factors such as
driving standards, to propose a set of rules for the adaptive interface. In our con-
ception, driver mental workload has three levels:

e High—mental workload is deemed high when driving on urban roads with a
high density of junctions (i.e., probably in a city or town center). Speed limits of
these roads may be between 20 and 40 mph, but actual speeds will probably be
around 0-25 mph. The drive is characterized by numerous stop/starts, frequent
turns, or highly inconsistent speed profiles.

e Medium—medium mental workload situations may still be in an urban or
inter-urban setting but in the absence of many junctions, and with fewer stops
and turns. Speed limits are likely to be 30 or 40 mph, with probable speed
ranges of 20-40 mph. The drive is characterized by lower mean driving speeds
but more consistency in speed profiles.

e Low—on roads with speed limits of 50 mph or over, with relatively consistent
speeds of approximately 45 mph and over, low junction density and low num-
bers of turns. This category also incorporates any extra-urban road of national
speed limit, motorways and dual carriageways.

In addition to this categorization, there is provision for mental workload to ‘step
up’ a level if any of the following factors are present: high degrees of speed
inconsistency, increased number or magnitude of turns, or high densities of
junctions.

With the rules for mental workload levels derived, the next step is to determine
how these affect the adaptive nature of the display. Recall that the EID HMI has
several components—the inner oval for safety related information (headway, lane
departures), the outer oval for eco-driving feedback (acceleration, gear changing),
and the pop-up messages for specific, event-related feedback. Furthermore, within
the oval, the status of the eco-driving and safety parameters can be either green,
amber or red. Each of these elements can be independently enabled or disabled on
the display, providing various combinations of levels of information available to the
driver.

There was wide acceptance within the Foot-LITE project that, in the event of any
conflicts in advice from safety or eco-driving perspectives, the safety-related
information should always take precedence. With that in mind, it was determined
that the feedback provided at each level of workload should be as follows:

e High—only ‘red’ safety and eco warnings to be given; audio, amber warnings
and pop-up feedback are disabled

e Medium—all safety warnings active (red and amber), only red eco-driving
feedback is given, audio is active, pop-ups are presented if deemed safe to do so
following an additional set of pop-up implementation rules (essentially if the
driver is stopped or at a steady speed and not engaging in a maneuver)

e Low—all information active
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Table 1 Summary of rules and algorithms for Foot-LITE adaptive interface

MWL
High Medium Low
Road Speed limit 20, 30 or 40 30 or 40 50+
Geometry Probable speed 0-25 20-40 45+
Actual speed <40 <40 >40
Road type Urban Urban/inter Inter/extra
Junctions Yes No No
Speed variability High Low Low
Advice Safety Red All All
Given Eco Red Red All
Audio No Yes Yes
Pop-ups No If safe Yes

It is worth noting that in the high and medium workload categories, the only
safety-relevant information which can be presented pertains to headway, since the
lane departure warning camera is not active at speeds below 40 mph for separate
technical reasons. The criteria for, and adaptive conditions of, the interface are
summarized in Table 1.

4 Evaluation of Driver Workload Through the Design
Process

From conception to evaluation a rigorous ergonomic procedure for the design of the
in-vehicle Foot-LITE HMI was adopted, Fig. 2 outlines this process. The following
section will discuss subjective workload findings (as assessed by the NASA-Task
Load Index, or TLX [28] as a result of using the Foot-LITE Smart driving EID HMI
in both simulated and real world driving. Statistical testing was conducted using
SPSS 21.0 for Windows and significance determined using the Friedman and
Wilcoxon Signed Rank tests.

4.1 Simulator Study

The first dynamic evaluation of the Foot-LITE adaptive interface was conducted
using the Brunel University driving simulator, with results published regarding the
selection between the conventional dashboard and EID interface in a previously
[29]. Included in this paper is a summary of the methodology and previously
unreported data on TLX ratings for the EID adaptive interface.
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Table 2 Mean and sub-scale TLX ratings for a Control condition and when using the Foot-LITE
EID HMI, in both Urban and Inter-Urban simulated driving

Mean Urban Inter-urban
Control Foot-LITE Control Foot-LITE

Mental 60.2 57.8 47.4 47.7
Physical 33.0 31.6 23.0 254
Temporal 48.2 47.8 28.2 354
Performance 54.6 48.6 494 44.8
Effort 58.2 55.6 45.0 42.3
Frustration 46.0 43.6 34.8 333
TLX Rating 50.0 47.5 38.0 38.2

Twenty-five participants drove two different, 5-min, simulated scenarios. The
first was an ‘Urban’ drive though a cityscape with numerous traffic light controlled
intersections and other road users to interact with; the second a dual carriageway
route with little traffic, termed ‘Inter-Urban’. Two conditions were adopted, one a
control (no feedback) the other with smart driving feedback being offered to the
diver in real-time, in the vehicle via the Foot-LITE EID adaptive interface.
The TLX was recorded after each of the randomly assigned condition and scenario
combination. Results presented in Table 2 showed no significant (p > 0.05) dif-
ference between mean TLX ratings when using the Foot-LITE Smart driving
advisor compared to the control when driving in either scenario. Interestingly,
although not significant, a strong trend (p < 0.1) was observed for ‘Own
Performance’ to be rated more preferably (i.e. lower TLX rating for a better
self-rating of driving performance) in both urban and inter-urban driving when
using the Smart driving advisor. This may be as a result of the positive feedback
which was given to users via the default green display on the Foot-LITE HMI;
either ‘rewarding’ them for corrective action taken to sub-optimal driving behav-
iors, or the positive reinforcement for already good performance.

Conclusions from the simulator study suggest that presenting the driver with
real-time information on driving performance did not increase workload. It is not
possible to suggest if this is directly a result of the adaptive nature of the interface,
i.e. not increasing workload above ‘manageable’ levels, or confounding factors
such as simulated driving. However this was a positive outcome for the interface,
and suggests that system could be considered for further investigation on-road.

4.2 On-Road Field Trials

As part of an EU funded project called TeleFOT on-road field trials were conducted
using the Foot-LITE system. Again results relating to driving performance [18] and
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glance behavior [30] have been published previously; this paper focuses on the
previously unreported TLX ratings collected.

Forty drivers drove an instrumented vehicle, equipped with data loggers and the
Foot-LITE system, around a mixed driving route being 40.1 miles (or 64.5 km) in
length and taking approximately 1 h and 15 min to complete. The scenario encom-
passed three clearly defined sections of roadway, each taking a similar length of time to
complete and only including one type of road category—Motorway, Urban and
Inter-Urban. Two counter-balanced conditions were adopted, one as a control with no
Smart driving feedback offered, the other where the Foot-LITE system was active. In
order to obtain the TLX ratings for each individual section of roadway three predefined
points were selected where participants were instructed to pull over and complete the
questionnaire. These points were immediately after the motorway, urban and
inter-urban sections allowing for only that specific category of roadway to be con-
sidered in the TLX ratings. This avoids common issues associated with questionnaire
completion following a lengthy task, i.e. respondents express opinions on a generic
combination of the route, or more typically what participants experienced in the
preceding 5 min. This provides an accurate and reliable measure for workload ratings
obtained in this study.

Results presented in Fig. 4 show that when using the Foot-LITE system there
was a significant increase in subjective workload over the control condition when
driving in the motorway (Z = —-3.69, p <0.01) and inter-urban (Z = —3.58,
p < 0.01) driving scenarios; although no difference was observed with urban
driving (p > 0.05). When considering the control condition only (as a baseline for
normal driving), the urban scenario was rated significantly higher workload com-
pared to both motorway (Z =-4.24, p <0.001) and inter-urban driving
(Z = —4.75, p < 0.001). These TLX results could be considered suitable for use by

= Control = Foot-LITE
60

50 i
| |
30 1 33

280 296

Mean TLX Rating

20

Motorway Ubran Inter-Urban

Fig. 4 Mean TLX rating for all participants across each road category, error bars represent
standard deviation. Asterisks (*) indicates significant (p < 0.01) difference to the control
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future research as a reference for real-world driving workload, as each road cate-
gory was clearly defined and TLX recorded immediately following the completion
of each category. This ensured accuracy and reliability of data.

Summarizing results from the on-road field operational trials shows that TLX
rated workload increased significantly when using the Smart driving system during
motorway and inter-urban driving, but not with urban driving. Additional research
also showed that using the Foot-LITE system resulted in significant positive
changes in driver behaviors, namely an increase in mean headway (distance to
vehicle in front) and a 4.1 % increase in fuel efficiency [18]. As highlighted in
Table 1, the adaptive nature of the Foot-LITE interface resulted in the driver being
presented with a limited set of feedback when driving in the urban environment (or
at speeds below 25 mph). The theoretical aim of which was to limit driver visual
interaction and mental workload with the system during complex driving envi-
ronments. This aim could be considered to be achieved with the Foot-LITE
adaptive interface as there was no increase in subjective mental workload (as
assessed using TLX) with urban driving.

The concept that drivers may have up to 50 % ‘spare’ attentional capacity to
allocate to non-driving tasks during normal or routine driving [16, 17] was key to
the design of the Foot-LITE smart driving interface, with it being designed to allow
more information to be presented to the driver at times of low workload (motorway
and inter-urban driving) but limiting this during high workload driving (urban).
Also observed was a modulation towards manageable workloads with the Smart
driving system, as there was no significant difference in workload observed when
driving in the motorway (28.0), inter-urban (29.6) and urban (33.1) scenarios
(Fig. 4). What the adaptive nature of the Foot-LITE EID HMI was hoping to
achieve was that this increase would be easily integrated within the driving task
using the spare attentional resource the driver has available—results from the
on-road trials support this notion.

5 Conclusions and Future Directions

The proposed adaptive interface for the Foot-LITE system presented here has been
based on first principles regarding driver mental workload, taking into account
engineering constraints of the technology. Whilst resource limitations in the project
have precluded any further testing or development of the adaptive nature of the
interface thus far, the rudimentary algorithms do have intuitive appeal and are
consistent with existing knowledge (and, indeed, other applications—e.g. [22]) of
driver mental workload. Moreover, the prioritization rules for the display are ulti-
mately founded on the skill-rule-knowledge elements of driving derived from the
CWA, and the adaptive interface merely extrapolates these in a dynamic fashion.
Thus, by limiting feedback during high workload only to skill-based, safety-critical
tasks, the intention is to optimize both the beneficial effects on driving performance
as well as mitigating any consequences of distraction.
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Several questions remain unanswered about adaptive interfaces, both here and in
general, such as how to manage the feedback for the driver so that they know which
level of the system is operating—otherwise it could lead to uncertainty and
unpredictability. Similarly, how to handle transitions between levels, as well as
transient peaks or troughs in workload, needs to be answered. If, for instance, a
driver is operating in a ‘low’ workload context, then the information from the
display may be occupying spare capacity that could be used to deal with unexpected
or emergency events.

However, experimental results presented in this paper have shown that using the
Foot-LITE system during driving modulates workload towards manageable levels,
by allowing an increase in driver workload when under low task demands (mo-
torway and inter-urban driving) but not increasing workload when it is already at
moderate levels (urban driving). This could be considered a success for the adaptive
nature of the mental workload model utilized by Foot-LITE, by limiting increases in
workload when it was deemed unacceptably high. This study again highlights the
potential for adaptive interfaces in eliciting positive changes to driving behavior in
real-world driving environments, whist mitigating the negative impacts of driver
distraction and increases in driver workload.
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Is It Me or Is It You? Assessing

the Influence of Individual

and Organizational Factors on Safety
Performance in the North American
Railway Industry

Dylan Smibert and Mark Fleming

Abstract The recent Lac-Mégantic disaster highlighted the safety-critical nature of
the railway industry. The public inquiry identified both individual and organizational
failures as causal factors for the incident; yet, very few studies examine both con-
structs simultaneously. The authors examined the impact of safety climate and indi-
vidual differences on self-reported safety performance and safety records. The study
examined 306 railway workers employed by a North American Class I Railway
(M = 5.8 years of service). Personality traits accounted for significant incremental
variance over safety climate in self-report measures of safety compliance
(AR2 = 0.18), safety participation (AR2 = 0.13), safety knowledge (AR2 = 0.24), and
safety motivation (4R* = 0.15). Based on the findings, employers may want to con-
sider personality factors when selecting training, or identifying interventions for
employees within safety critical occupations. Limitations include a relatively small
industry specific sample; therefore, the results may not generalize to all transportation
employees.

Keywords Railway transportation - Safety climate - Personality - Safety perfor-
mance - Workplace accidents and injuries - Safety and selection

1 Introduction

The catastrophic Lac-Mégantic railway accident in July 2013 prompted the public,
Government, and industry to re-evaluate the perceived safety of railway trans-
portation. An inquiry report by the Transportation Safety Board (TSB) of Canada
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identified 18 distinct causal factors contributing to the accident [1]. Although not
directly categorized in the report, each of the 18- factors can be sorted into orga-
nizational, individual, and mechanical antecedents. For example, failing to secure
the proper number of handbrakes can have a combination of organizational, in-
dividual, and mechanical antecedents. That is, the organizational culture may value
efficiency, which would promote a pressure to engage fewer manual handbrakes,
leading to less lag between employee shifts. The individual factor of risk perception
[2, 3] suggests that employees calculate the risk of rule non-compliance differently,
thus, could invoke a different behavior in the number of handbrakes applied.
Finally, a mechanical factor may be that there is variation in the mechanism of the
handbrake, some brakes may take 30 spins to engage while some may take 50 spins
to engage and there is no functional indicator other than a pull-test (assuming the
test is properly implemented). From a safety system’s perspective, it is important to
understand the influence of all factors and antecedents when trying to understand
safety behavior [4, 5].

Over the last half-century, safety professionals have made a considerable effort
towards adopting a systems approach to organizational safety [5, 6]. For the most
part, academics and practitioners agree that there are often multiple factors involved
in safety incidents, and there is little to no utility in placing fault solely on an
individual [6]. Therefore, the goal of this research is not to support the antiquated
concept of accident-proneness and risky employees [7, 8]. However, avoiding
research on individual differences and their relation to safety has hindered, rather
than helped, the progress of a systems approach to safety. An over-emphasis on
organizational and engineering factors has created a blind-spot to a number of
initiatives and interventions with an individual difference focus that may be helpful
for employees in safety-critical occupations. To the best of the authors’ knowledge,
this will be the first study to examine the relative influence of both organizational
factors (i.e., safety climate perceptions) and individual differences (i.e., personality
traits) on safety performance.

1.1 Safety Climate

Safety climate refers to an employee’s perception of their organization’s commit-
ment towards safety [9]. Many transportation companies use safety climate surveys
to the evaluate perceived supervisor commitment to safety and to identify oppor-
tunities for improvement. Consistently, past research has supported the link
between safety climate and safety performance [4, 5, 10, 11]. A meta-analysis on
safety climate and organizational safety [11] found a significant relationship
between safety performance indicators of compliance (p = 0.43) participation
(p = 0.50), and accidents and injuries (p = 0.22) with safety climate. In our study,
the relationship between safety climate and safety outcomes are not being con-
tested; however, we aim to gain a better understanding of the strength of this
relationship in the presence of other related factors, like personality traits.
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1.2 Personality Traits

Personality traits are relatively stable over time, influence our thoughts and
behaviors, and can be shaped, to a certain extent, by our environment [12].
Popularized by recent research, the “Big-Five” personality traits are one of the most
commonly used models [13]. The model suggests that everyone varies in the
intensity of each of the five traits of personality (Conscientiousness, Extroversion,
Emotional Stability, Agreeableness, and Openness) [14, 15]. For example, Joey,
may be very extroverted, conscientious, and emotionally stable, but not very open
to new experiences or agreeable. Based on normative data for men and women in
the general population, an individual will fall on a spectrum between high and low
for each of the five traits [14].

Personality traits have been explored in relation to safety outcomes for decades
but has recently fallen out of academic favor in light of climate and culture research.
[11] A meta-analysis by Clarke and Robertson [16] summarized the relationship
between occupational injuries and the Big-Five personality traits. Both
Conscientiousness (p = —0.27) and Emotional Stability (p = —0.26) were signifi-
cant predictors of organizational injuries and vehicular accidents. Extroversion has
also been reported as a significant predictor of vehicular accidents (p = 0.24), but
not organizational injuries. The next section describes and connects each person-
ality trait to safety performance as identified by past research.

Conscientiousness. Someone with high-Conscientiousness is dutiful, driven by
a strong will, competent, and methodological [14]. Individuals with a low level of
Conscientiousness are often unprepared, impulsive, and careless in their work
behaviors [14, 15]. Past research has found a relationship between individuals with
low Conscientiousness and increased injuries [16—18]. Additionally, Glendon and
colleagues [18] suggest that participation in safety-related behaviors may be pre-
dicted by conscientiousness.

Emotional Stability. Low Emotional Stability, often referred to as Neuroticism,
describes someone that is sad, embarrassed easily, angry, fearful, and emotionally
unstable [14]. Low levels of Emotional Stability can lead to a preoccupation with
personal anxieties, increasing the likelihood of on-job distraction resulting in higher
injury rates [19]. This personality trait has a relationship with both organizational
and vehicular accidents (p = 0.26) [16]. Additionally, negative affectivity (the
tendency to experience negative emotions) has also displayed a relationship to
increased occupational injuries [20].

Extroversion. Someone with high-Extroversion is full of energy, optimistic,
highly social, and seeks thrills and excitement [14]. Extroverts can have lower levels
of vigilance; therefore, they will be less engaged in identifying hazards [21].
Sensation and thrill seeking have also been related to increased accident rates [18, 22].

Agreeableness. An individual with high-Agreeableness is often cooperative,
pleasant, tolerant of others, and helpful [14]. Low-Agreeableness (aggressive,
stubborn, dominant, and cynical) has been shown to be correlated with injury
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involvement [16, 23]. In contrast, individuals who are high in Agreeableness will
likely be more cooperative when teamwork is required to work safely. Further, a
certain level of cynicism and stubbornness may actually prove to reduce accidents
and injuries in relation to refusing unsafe work and questioning the status quo.
Further research is required in the area of Agreeableness and safety performance.

Openness to Experience. Someone high in Openness is imaginative, curious,
broad-minded, and proficient problem solvers. Openness to experience is one of the
least explored traits in relation to safety outcomes [16], but it has been found to be
an important in job performance and training proficiency (p = 0.25) [18, 24].

1.3 Safety Performance

Burke et al. [25, p. 432] defined safety performance as “actions or behaviors that
individuals exhibit in almost all jobs to promote the health and safety of workers,
clients, the public, and the environment.” By conceptualizing safety performance as
behaviors rather than just low base rate outcome variables (accident and injury
rates), researchers better identify psychological factors associated with safe
behavior [5]. In this study, we measure safety knowledge, motivation, participation,
and compliance.

This research supports a systems approach to safety, whereby individual dif-
ferences in safety performance are a part of the larger system that includes job
features and organizational features [4, 6, 26].

2 Method

2.1 Participants

The sample consisted of 306 railway workers employed by a North American
Class I Railway. The employees (Mo = 36.3 SD = 10.3) were mostly male
(97 %), Caucasian (83 %), and educated (51 % high school, 42 % university level).
The sample consisted of qualified conductors (N = 132), engineers (N = 24), and
conductors in training (N = 150).

2.2 Design

The employees were recruited to participate in a study on personality and work-
place performance through an email invitation sent to their organizational email
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address. A total of 4400 employees received an email in July 2014 and had two
weeks to complete the survey for a chance to win $500 in gift-card prizes. The
participants were asked to complete 25-min study that consisted of a personality
assessment in addition to a number of safety related questionnaires (see measures).

2.3 Measures

Safety Motivation Questionnaire. This questionnaire asks employees to assess
their Safety Climate (o = 0.95), Safety Motivation (a = 0.79), Safety Knowledge
(a = 0.66), Safety Compliance (a = 0.77), and Safety Participation (a = 0.77) on a
5-point scale. Each scale consists of 3-items. Safety Climate refers to the
employee’s perceptions of the manager’s commitment to safety. Safety
Participation refers to the participant’s involvement in organizational safety pro-
grams and Safety Compliance captures an employee’s adherence to following rules
and procedures. Safety Knowledge measures an employee’s knowledge of safe
work practices and Safety Motivation refers to an employee’s commitment towards
safety. [27, 28]

International Personality Item Pool (IPIP). The IPIP-NEO-PI-R personality
inventory was developed, validated and made available to the public domain. There
are 10-items for each of the Big-Five personality traits for a total of 50-times.
Sample items for Emotional Stability (a = 0.86) include “I rarely get irritated” and
“I panic easily”; Extroversion (o = 0.86) includes items like “I am the life of the
party”, and “I don’t talk a lot”; Openness (a = 0.82) includes the items “I have a
vivid imagination”, and “I do not like art”; Conscientiousness (a = 0.81) includes
items like “T am always prepared” and “I do just enough work to get by”; and
Agreeableness (a = 0.77) includes items like “I accept people as they are” and “I
make people feel at ease”. Each of the IPIP personality traits is highly correlates
with the NEO-PI-R traits (p = 0.88-0.92) [13].

3 Results

A hierarchical multiple regression analysis was used to assess the incremental
validity of personality traits over safety climate for safety participation, compliance,
motivation, and knowledge. Evaluation of assumptions were assessed, and there
were no significant concerns of univariate or multivariate outliers, linearity, nor-
mality, or homoscedasticity. Demographic characteristics of age and service were
non-significant variables the regression analysis. The means and standard devia-
tions of the personality traits and safety performance indicators are outlined in
Table 1.
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Table 1 Descriptive Instruments N M SD

statistics Safety climate 295 3.66 118
Agreeableness 306 3.99 0.47
Conscientiousness 306 4.11 0.48
Extroversion 306 3.37 0.56
Emotional stability 306 4.05 0.52
Openness 306 3.55 0.52
Safety compliance 295 4.46 0.51
Safety participation 295 4.02 0.69
Safety motivation 295 4.64 0.43
Safety knowledge 295 4.39 0.48

3.1 Hierarchical Multiple Regression

See Table 2.

Safety Motivation. In order to examine whether personality traits account for
additional unique variance beyond Safety Climate, Safety Climate was placed in
step one and the personality traits was placed into step two of the hierarchical
regression. The Big-Five personality traits, R> =022, F(6, 288)= 14.89,
p < 0.001, accounted for significant incremental variance (AR2 = 0.15) in Safety
Motivation scores above Safety Climate R? = 0.09, F(1, 293) = 28.93, p < 0.001,
B =0.17, 1293) = 2.94, p < 0.001, S = 0.02. All personality traits were signifi-
cant predictors of Safety Motivation except for Openness. Agreeableness, = 0.19,
1(288) = 2.91, p < 0.01, Sfi = 0.02, Conscientiousness, f = 0.21, #288) = 3.24,
p <0001, S$*=0.03, Extroversion, A=0.21, #288)=323, p<0.001,
S$2 = 0.03, and Emotional Stability, 8 = 0.18, #288) = 2.59, p = 0.01, S = 0.02.

Table 2 Hierarchical
multiple regression with
standardized betas, squared
semi-partial correlations, and ~_Sfep 1

Safety predictors Safety motivation Safety knowledge
Ww g | s p

Isi

R? change for safety Safety climate | 0.09* [0.17° [0.02 [0.05* [0.06 [0.00

motivation and safety Step 2

knowledge Personality 0.15° 0.24°
Agreeableness 0.19° | 0.02 0.21* |0.03
Conscientiousness 0.21* | 0.03 0.27* |0.05
Extroversion 0.15" | 0.03 0.26" |0.04
Emotional stability 0.18" |0.02 013 |-
Openness 0.11 |- 0.08 |-
Total R* 0.22° 0.28"

Note Significant (p < 0.05) beta weights are in bold. “p < 0.001,
°p < 0.01, °p < 0.05
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Safety Knowledge. The Big-Five personality traits, R>=0.28, F(6,
288) = 19.60, p < 0.001, accounted for significant incremental variance
(4R* = 0.24) in Safety Knowledge scores above Safety Climate R* = 0.05, F(1,
293) = 17.10, p < 0.001, B = 0.06, #(293) = 1.09, p > 0.05, S* = 0.00, which was
not a significant predictor in the presence of the personality traits. All personality
traits were significant predictors except for Emotional Stability and Openness.
Agreeableness, = 0.21, #(288) = 3.42, p < 0.001, Sfl. = 0.03, Conscientiousness,
£ =027, 1288) =4.36, p < 0.001, Sf,- =0.05, and Extroversion, f = 0.26, ¢
(288) = 4.18, p < 0.001, $% = 0.04.

Safety Participation. The Big-Five personality traits, R”>=0.25, F(6,
288) = 1747, p <0.001, accounted for significant incremental variance
(4R* = 0.13) in Safety Participation scores above Safety Climate R* = 0.14, F(1,
293) = 48.38, p < 0.001, B = 0.27, #293) = 4.84, p < 0.001, S = 0.06. All per-
sonality traits were significant predictors of Safety Participation except for
Openness. Agreeableness, S =0.13, #288)=2.12, p <0.05, Sf,- =0.01,
Conscientiousness, f = 0.20, #288) = 3.21, p < 0.001, Sfi = 0.03, Extroversion,
B=0.27,1288) = 433, p < 0.001, $% = 0.05, and Emotional Stability, 8 = 0.16, ¢
(288) = 2.42, p = 0.02, S% = 0.01 (Table 3).

Safety Compliance. The Big-Five personality traits, R* = 0.31, F(6, 288)
= 23.20, p < 0.001, accounted for significant incremental variance (AR> = 0.18) in
Safety Compliance scores above Safety Climate R? = 0.14, F(1, 293) = 48.49,
p <0.001, p=0.21, #293) = 4.06, p < 0.001, Sfi = 0.04. All personality traits
were significant predictors of Safety Compliance except for Emotional Stability and
Openness. Agreeableness, =025, #288)=4.10, p<0.001, S%=0.04,

Table 3 Hierarchical

. h . Safety predictors Safety participation Safety compliance
multiple regression with

standardized betas, squared AR® ‘ﬁ | ri | AR |ﬂ | Tsi

semi-partial correlations and Step 1

R? change for safety Safety climate | 014 | 0.27° [0.06 | 0.14" [0.21° | 0.04

participation and safety Step 2

compliance Personality 0.13° 0.18°
Agreeableness 0.13° |0.01 0.25* | 0.04
Conscientiousness 0.20* | 0.03 0.24" | 0.04
Extroversion 0.27* | 0.05 0.22* |0.03
Emotional 0.16° | 0.01 0.14° | 0.01
stability
Openness -0.02 |- 0.001 |-
Total R’ 0.25" 0.31°

Note Significant (p < 0.05) beta weights are in bold. “p < 0.001,
p < 0.01, °p < 0.05
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Conscientiousness, f = 0.24, #(288) = 4.02, p < 0.001, Sfi = 0.04, Extroversion,
£ =0.22,1288) = 3.70, p < 0.001, Sfi = (0.03, and Emotional Stability, § = 0.14, ¢
(288) = 2.19, p = 0.03, Sfi =0.01.

4 Discussion

This study has examined the relative influence of safety climate perceptions and
individual differences on safety performance. In short, we were able to assess
whether safety climate or personality traits accounted for more variance in
self-report safety performance scores. Overall, personality as a construct (inclusive
of all five personality traits), displayed significant incremental and unique variance
above safety climate in all four safety performance measures (A1R? = 0.13-24). This
suggests that personality variables provide unique value over safety climate in
understanding a number of safety performance indicators. Although only between
22 and 31 % of the total variance in safety performance was accounted for at step 2
(R* = 0.22-0.31), if safety climate was the sole predictor, we would only be able to
explain 5-14 % of the variance (R* = 0.05-0.14).

Individually, the amount of variance accounted for by each of the five person-
ality traits is similar to that of safety climate for several of the safety performance
indicators. Safety Compliance, for example, is explained uniquely by 4 % by Safety
Climate, 4 % by Agreeableness, 4 % Conscientiousness, 3 % Extroversion, and
1 % Emotional Stability. The exception is within Safety Knowledge, where safety
climate does not account for any unique variance when personality traits are
introduced. Each safety performance indicator will be discussed further below. The
results of this unique study suggest that both personality and safety climate are
important predictors of safety behavior, although, further longitudinal research
would be required to make a claim as bold as this.

4.1 Safety Performance Personality and Safety Climate

The personality traits and safety climate measures related to the four safety per-
formance outcomes in both similar and unique patterns. In general, all of the
relationships were significant and in the expected direction, with the exception of
Safety Climate in relation to Safety Knowledge. Additionally, the personality trait
Openness was not significantly related to any of the safety performance indicators.

Safety Motivation had the least variance accounted for (R? = 0.22), with each
predictor accounting for only 2-3 % of the unique variance. Motivation to work
safely may be captured better by other predictors that were not included in this
study. Safety Knowledge (R* = 0.28) was predicted by Conscientiousness (5 %),
Extroversion (4 %) and Agreeableness (3 %), but not Safety Climate. This finding
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suggests that the influence of Safety Climate becomes negligible when in the
presence of personality traits; that is, the level of Conscientiousness, Extroversion,
and Agreeableness are more influential in understanding an employees’ knowledge
of safety practices than is safety climate. Conversely, Safety Climate was the top
predictor in Safety Participation (R*> = 0.25), accounting for 6 % of unique vari-
ance. However, Extroversion (5 %) and Conscientiousness (3 %) were also
uniquely important to understanding Safety Participation. And to reiterate from
before, Safety Compliance (R* = 0.31) unique variance was relatively evenly dis-
tributed among the predictors.

4.2 Limitations

This study is not without its limitations. The use of a relatively small sample of
railway transportation workers may not necessarily generalize across organization
or industry. Additional studies may be required across industry and organization to
validate these findings. Additionally, the data may be influenced by common
method variance, that is, responses from a single method can inflate or attenuate the
strength to the relationship [29]. Further, objective and longitudinal safety perfor-
mance measures would strengthen the claims, and we recommend that future
research explores more objective safety performance indicators over multiple time
points.

4.3 Implications

The results of this study support a systems approach towards safety. Each factor
plays a role in understanding the current safety system. The results of this study
bring to light the importance of broadening the scope of safety research to include
variables and predictors that are critical, even if they have acquired a negative
stigma in the past. Ignoring the influence of individual differences and focusing
solely on organizational factors should not be an acceptable practice. There may be
merit in considering personality factors during recruitment of employees for safety
critical roles.

Although the TSB has made several recommendations on how to avoid a
reoccurrence of an accident similar to Lac-Mégantic disaster, they are policy based,
broad in scope and open to interpretation. Given that each of the 18-causal factors
can have multiple underlying antecedents, the solutions and interventions for rail-
way organizations will need to be more tailored and precise, as it is
counter-productive to use a broadsword when trying to conduct brain surgery.
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The Use of Modelling Tool in Order
to Evaluate the Dwelling Times for Trains

Guillaume Craveur and Olivier Anselmi

Abstract The exchanges between the platform and the trains structure the punc-
tuality of those. Indeed, the positioning of the travelers who expect the train on the
platform, their choice of car in the train according to the exit door in their station of
arrival, are inter alia elements which condition the dwelling times of trains. In mass
transit railway or commuter rail systems, dwelling times are usually long and
chaotic, which can lead to tardy trains and a decrease in the system efficiency,
especially during peak hours. For more efficient and robust schedules, for an
improvement of passengers’ comfort, a train operator must take care of the pas-
senger movements in the train and on the platform in order to improve the design of
both trains and platform to optimize pedestrian flows.

Keywords Rolling stock - Numerical simulation - Dwelling times

1 Passengers Counting Method

The current economic world is structured around the collection of data of all kinds
that they come from social networks, loyalty cards, surveys, or private sales sys-
tems. From these data collections, resulting statistical studies to better target cus-
tomers, their expectations, their needs with the aim of constant continuous
improvement of services offered, which can sometimes emerge on the creation of
new services, or conversely deleting other. As we will see later, the field of pas-
senger transport has not escaped this trend, especially in the railway world. Indeed,
in a holding where the reservation instead—a typical example of “reserved seat”
being the French TGV model—is not required and where unlimited monthly
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Fig. 1 Illustration for passengers counting for a stop

subscriptions prevail, then it becomes difficult or impossible to know precisely the
number of passengers on a given route. That is how appears historically the concept
of “Passengers Counting” to identify the occupancy rate of the train and also to
determine fraud. A focus is done on this article for the data which served to improve
the exchange between passengers at the platform.

The necessary data are the following:

e “Direction”: Knowing of the number of passenger per direction: got in/got down

e “Door”: Knowing of the number of passenger per direction: got in/got down for
each door

e “For each stop”: Affect the number of got in/got down traveler at a given stop
(Fig. 1).

Historically, the first passengers counting systems were made by the board train
control agents, via handwritten manual tally sheets. But often, this mission is just
one of the side missions of controllers, it was not uncommon that the quality of this
system does not accurately reflect the reality of things and do not meet the
requirements listed above, always more complex.

Nowadays, since the omnipresence of embedded computing that these manual
records were replaced by a dedicated architecture based on the science of networks
called system of “Embedded Automatic Passenger Counting”. Many large retail
chains, among others, resorted to computerized solutions counting the number of
customers entering and leaving their facilities. These solutions have greatly inspired
the equipment on board rail vehicles, but specific arrangements have been made as
regards existing constraints of the environment of rolling stock. Indeed, the sensors
used in the “static” world require implantation at a minimum height in order to detect
the passage in one direction or the other. This is not a problem in shopping centers,
but in an onboard integration, where cars ceiling height is defined by a standardized
template and a highly constrained environment, a specific engineering work was
required to obtain the performance at least identical to “static” solutions (Fig. 2).

A specific architecture from “embedded world” is needed. Here is how inte-
grated is a passenger counting system in a railway environment in a concrete way
(Fig. 3).

The train architecture presented above is actually itself a subsystem of the final
operation that is made. Indeed, in ever more connected world, rail vehicles are
today, as well as watches and other smartphones enrolled in universe says
“communicating”.
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Fig. 3 Train network: embedded computing

Steps described in Fig. 4:

e A: The train (“Onboard”) is connected via radio between its embedded
telecommunication unit (3G, 4G, Wi-Fi, ...) with the telecom operators at
ground via the relay antenna. An ongoing exchange:

e Data from the train to the ground
e Data from the railway operators to the train
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Fig. 4 A complete architecture: the “Onboard/Ground”

e B: Internal Routing between the network operator and the network “cloud”
specific to the operator
e (: Data Storage:

e From the train
e From the ground waiting to be send to the train concerned

D: Receipt of data on the operator’s information system
E: Analysis, processing and formatting data from the “Onboard”.

The analysis, processing and formatting data is sort of purpose expected by the
railway operator. Indeed, it is this part on the analysis of data from the train which
allows it to modify certain operating rules to improve traveler comfort, more fluid
traffic management, or to adapt the transport plan. All this is possible thanks to the
knowledge of the real needs of the traveler, from the study of his movements and
behavior. Here are some real examples that illustrate the practical use of passengers
counting data in a complex railway environment.

e Door by traveler counting allows to study the location of some boarding plat-
form, or evacuation platform. We know that in peak period (beginning or end of
working day), in big cities, that passengers walk to the front of the train shortly
before the train arrived at the terminus station in order to be closer to exit doors.
It then becomes relevant to achieving the amenities and traveler access infras-
tructure necessary to absorb this important flow of travelers within a few
minutes.
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Fig. 5 Example of number of passengers in function of the timetable

e Interior doors can also be equipped by sensors in order to know the passengers
flux inside the train.

e The transportation plan can also be adapted depending on attendance. Indeed,
the latter varies the rhythm of work days or special events (concerts, sport
events...). Thanks to statistical surveys of passenger counting data, it is possible
to adapt the mobilization of a rowing fleet. For example, it is relevant to
mobilize the maximum of trains during peak periods (morning or evening) by
coupling trains them to increase the capacity of travelers, but also by increasing
the frequency passage in railway station. Rather, it takes advantage of the less
busy periods to reduce frequency shift and thus free up time for equipment
maintenance operations (Fig. 5).

Finally, we conclude these series of concrete operational applications of
metering data, by the illustration of one of the crucial components in the design of
downtime of train’s station: “Exchange Time”. This variable is the difference of
time between the first event counting (input or output) and the last event (input or
output) at a given stop. This time is widely used especially in the design flow of
travelers, as explained in the following section.
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2 Simulations Done with BuildingEXODUS

The software computes the trajectory of each person according to the path which they
chose to borrow at each step time. The geometry and the grid defined in building
EXODUS are well adapted to the real coach geometry. In buildingEXODUS, the
entire space of the geometry is covered with a grid of nodes which are generally spaced
by intervals of 0.5 m. At any time, only one person can occupy one node. It implicates
a conflict management based on several parameters like the traveling time, the
parameter “drive” which measures the capacity for a person to win a node against
another, etc.

There are different types of nodes: “free space nodes” which allow unhindered
movement and represent unobstructed horizontal terrain, “seat nodes” which rep-
resent seating area and either force occupant to engage in hindered movement,
“stair nodes”, “external exit nodes” [1] for those which interest us. A person can
pass from one node to one of the neighborhood nodes connected by arcs. The arcs
have a physical length, i.e. the distances between all the nodes are the real distances
of the geometry. Moreover, arcs have a specific parameter called “obstacle” which
defines the difficulty of passing from one node to the other. The walking speed on
an arc is then defined by the value Walk/Obstacle where Walk is the speed of
standard walk of a person. Therefore, more the value of the parameter obstacle is
high (it is the case for arcs between seats) more the time to pass from one node to
the other is important. The localization of the various nodes has to be representative
of the possible ways followed in the trains. The units of passage are respected in all
the sites of the train. Among a large number of modifiable parameters, only the
gender, the age, the weight and the size of each person were fixed with respect to
the real people. All the others parameters are randomly defined according to the
previous parameters and the associated databases. An illustration of
buildingEXODUS is on Fig. 6.

A ®|0000m D00 cock 0:0:0:0(1 273 4 58 78 8 wEEE | EXODUS
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Fig. 6 Illustration of buildingEXODUS applied on a typical train coach
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3 Results Obtained with BuildingEXODUS

The results of two cases of application are presented in this article.

The first study concerns the rolling stock called NAT (Nouvelle Automotrice
Transilien). This is a new range of trains which enter into service in Parisian suburb
in 2010. This rolling stock can have eight coaches for a normal capacity of 922
passengers whose 472 seated. Each coach has lateral access doors with an opening
width dimension of 1950 mm which corresponds to three units of passage.

For this first study, the scenario is the following: 17 people are waiting for the
train on the platform and will get on the train and 12 people are in the train and will
get off the train. So, we have here an exchange between 29 passengers. The output
data is the allocated exchange time which is 38 s.

In order to represent as closely as possible this case of application, we had to
analyze the incoming data. For example, it is necessary to know the initial position
of each passenger in order to represent this configuration of recording. It is very
important to keep in mind that the results obtained are only for this specific
application, that is to say this train, on this platform with this number of passengers.

The results being able to vary from a simulation to another because of the
randomness of many parameters, twenty simulations were carried out. The average
exchange time for these 20 simulations is 41 s. For recall, the exchange time of the
real test is 38 s. Thus, the average variation with the real test is nearly 8 %, the
maximum variation with the real test is 13 % and the minimum variation with the
real test is 2 %. Figure 7 shows these results.

The standard deviation is used to measure the dispersion of a data set. The
weaker it is, the more the values are gathered around the average. Rather than there
are only 20 simulations performed, this indicator is interesting because it permits to
show the robustness of the software. The results obtained with buildingEXODUS
have a standard deviation equal to 1.41. This point shows that the “node-to-node”
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Fig. 7 Exchange times for the NAT
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Fig. 8 Exchange times for the RIB RIO

system of buildingEXODUS permits to have a very good reproducibility and
repeatability. Another point which is very interesting to have in mind is the very
short calculation time. Indeed, the average calculation time for each of the 20
simulations made with buildingEXODUS is around 4 s.

The second study concerns the rolling stock called RIB RIO (Rame Inox de
Banlieue—Rame Inox Omnibus). This rolling stock can have seven coaches for a
capacity of 1263 passengers whose 796 seated. Each coach has lateral access doors
with an opening dimension of 1300 mm which corresponds to two units of passage.

For this second study, the scenario is the following:

41 people are waiting for the train on the platform and will get on the train,
4 people are waiting on the platform and will stay on it,

40 people are in the train and will get off the train,

40 people are in the train and will stay in it.

So, we have here an exchange between 125 passengers. The output data is the
allocated exchange time which is 38 s.

The results being able to vary from a simulation to another because of the
randomness of many parameters, fifty simulations were carried out. The average
exchange time for these 50 simulations is 37.4 s. For recall, the exchange time of
the test is 38 s. Thus, the average variation with the real test is nearly 1.5 %, the
maximum variation with the real test is 7 % and the minimum variation with the
real test is 0 % (which corresponds to an exchange time of 38 s). The Fig. 8 shows
these results.

The standard deviation is used to measure the dispersion of a data set. The
weaker it is, the more the values are gathered around the average. Rather than there
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are only 50 simulations performed, this indicator is interesting because it permits to
show the robustness of the software. The results obtained with buildingEXODUS
have a standard deviation equal to 1.23. This point shows that the “node-to-node”
system of buildingEXODUS permits to have a very good reproducibility and
repeatability. Another point which is very interesting to have in mind is the cal-
culation time. The average calculation time for each of the 50 simulations made
with buildingEXODUS is around 4 s.

4 Conclusions/Prospects

To conclude, the simple empirical concept of the passengers counting turns
implementing complex in a global railway environment. However, exploitation of
these data can significantly improve passenger comfort; orient the station according
to his need, his behavior, but also to adapt the transportation plan on account of
variations in the rate of attendance of the trains. The management of passenger
flows is a major issue of mobility called “smart mobility”.

The results obtained from the numerical study achieved by the SNCF Rolling
Stock Engineering Centre show that a very good agreement was obtained with the
buildingEXODUS software. Moreover the exchange times performed by simula-
tions are very close to the time monitored during tests. It seems that for this
application, buildingEXODUS could be used.

Finally, this study shows advantages of exchange modelling which allows
realizing a lot of different simulations by changing the incoming data and which is
less expensive than a real scale test (it does not need the immobilization of a train,
hundreds of volunteers and a platform of station) which does not give any infor-
mation about average time and standard deviation. This tool can also be used to
optimize platforms.

To note that in the case of a call for a new train supply, the numerical simulation
makes possible to test upstream and to determine if the specifications are fulfilled.
Thus, it will be possible to compare diagrams during the design phase of the
project. Moreover, with these tools, it is possible to compare train’s architecture, to
compare the exchange time in function of the population, to simulate the evacuation
with or without luggage, to simulate panic movement.... All those items have an
influence which obviously can not be really tested but which can be computed,
which is a main advantage of numerical simulation. Specialized tools exist nowa-
days and have reached an important level of reliability. Some of them are of general
purpose so are used in various fields (aeronautics, naval industry, civil engineering
and building industry...). Very high level trainings are now available for engineers
already familiar with numerical simulation, especially in the field of computational
fluid dynamics and finite element simulation for mechanical structures.

The work to do now is to achieve others tests (with others populations, trains,
platforms) and compare them to simulations.
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An Overview of the Factors Associated
with Driver Distraction and Inattention
Within the South African Railway
Industry

Inga Dambuza

Abstract Driver performance and the attention the driver pays to the primary task
of operating trains safely have been shown to decrease because of driver distraction
and inattention. This paper presents the factors associated with driver distraction
and inattention within the South African railway environment, current interventions
utilized by South African railways and the impact these interventions have on driver
distraction. This paper also stresses the need to conduct future research into driver
distraction in order to mitigate the contribution of driver distraction and inattention
to railway occurrences experienced in South Africa.

Keywords Human factors : Driver behaviour - Train driver distraction
Inattention - South african railway industry

1 Introduction

Driver distraction and inattention has been found to be a contributing factor to
accidents and plays a role in railway occurrences that have occurred in the South
African railway industry.

The factors determined to contribute to driver distraction and inattention range
from the technologies introduced to improve driver performance, secondary tasks
believed to increase safety and aid in the safe operation of the rolling stock, as well
as interventions thought to maintain driver alertness. Examples of some contribu-
tory factors include excessive noise from the cab design, the lack of toilets on the
trains, the use of the dead man’s switch and of mobile phones, listening to music
and conversing with a passenger, as well as the use of a train driver assistant.
Although the nature and application of the technologies may differ, the collective
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objective of said technologies introduced is to prevent driver distraction, but often
times these interventions further add to the inattention from the primary task of
driving trains.

While technology has the potential to improve safety while driving, its accept-
ability and adequacy should be investigated thoroughly before implementation in
the railway industry, taking the driver’s needs and functional abilities into account
[1].

Despite the complexities associated with driving, it is typical to see drivers
executing other activities while driving, such as talking to passengers or listening to
music [1] often times without understanding the consequences related to attempting
to multitask while driving or understanding the level at which their safety is
compromised.

While literature has provided abounding research on the contributing factors to
driver distraction, many of the theories on the measurement of driver distraction are
conflicting. The findings from studies have also been inconclusive and some of the
interventions put forward may not be practical in different contexts or environments.

The majority of the literature available on driver distraction and inattention
focuses on road vehicle drivers and a few have been studies conducted in the US,
UK, Australian and New Zealand railway industries. Very little to no research has
been conducted within the railway environment in South African and the effects of
the current risk factors and interventions that exist in South Africa have not been
adequately researched. Research into the factors affecting driver distraction is
critical to prevent accidents and increase the railway safety [2]. Driver distraction
can lead to the train driver missing vital information such as signals, approaching
trains, road vehicles or pedestrians at level crossings [3].

While the contribution of driver distraction and inattention to South African
railway occurrences has yet to be quantified, the need for in-depth investigation into
the matter is required in order to provide practical and realistic interventions and is
crucial in the pursuit of achieving zero railway occurrences.

1.1 Aims and Objectives

The objective of this paper is to highlight the factors associated with driver dis-
traction and inattention within the South African railway environment and to
contextualize how the existing interventions introduced in South African railway
can affect driver distraction and inattention. This paper also aims to provide a
baseline in order for the South African railway industry to continue and further the
research in an attempt to quantify and understand how driver distraction and
inattention contributes to railway occurrences and how it can be mitigated in order
to decrease the number railway occurrences in which driver distraction play a role.
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2 Driver Distraction and Inattention

Different definitions for driver distraction and inattention exist within the literature,
with conflicting meanings and interpretations depending on the context in which
they are used. Driver distraction is defined by Naweed [4] as “the diversion of
attention away from activities critical for safe driving towards a competing activity”.
The National Highway Transportation Safety Administration (NHTSA) has defined
distracted driving as “an activity that could divert a person’s attention away from the
primary task of driving” [5]. Other literature presented by Freund et al. [6] defines
driver distraction as a loss of attention. What the definitions seem to suggest is that
distraction diverts the person’s attention away from something and that diversion
interrupts the ability to concentrate on something else [7].

The definition that is perhaps relevant for the context of this paper is that of the
American Automobile Association Foundation for Traffic Safety, who define driver
distraction as occurring “when a driver is delayed in recognizing information that is
required to safely complete the driving task due to some event, activity, object or
person within or outside the vehicle compelled to induce the driver’s shifting
attention away from the driving task™ [1].

There are three categories in which distracted driving is classified in:

1. Manual distraction, where the driver removes their hands form the steering
wheel;

2. Visual distraction, where the driver removes their eyes from the road; and

3. Cognitive distraction, where the driver’s mind is not entirely focused on driving
due to talking to other passengers, using cellular phones or merely thinking.

While the above categories are applicable within the railway industry, Young
et al. (2003) presents a fourth category, auditory distraction. Auditory distraction is
stipulated to occur when a driver momentarily or continuously focuses their
attention on sounds or auditory signals instead of focusing on the road [1]. Auditory
distraction typically occurs when the driver is listening to the radio or holds a
conversation with a passenger, but is most pronounced when using their mobile
phone [1].

There is a currently a lack of understanding of the different types of driver
distraction and inattention and the mechanisms that give to distraction in the South
African railway environment. These mechanisms have different implications in
terms of the types of interventions used and the likely effectiveness of such inter-
ventions [7].
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2.1 Factors Affecting Driver Distraction in South African
Railways

Operating trains requires a high level of concentration, attention and alertness [9].
Train drivers are affected by visual, cognitive, auditory, as well as psychological
and physical disturbances [2]. The driver’s predisposition to various disturbances
and risks that impact distraction increase the longer the driver must sustain attention
[6]. The complex interaction of various factors such as tediousness, physical and
mental workload, environmental stressors, the quality and quantity of sleep and
circadian effects result in distraction and inattention [6].

Research has demonstrated that loss of attention typically occurs when the driver
works for long periods, receives inadequate sleep or works during times when
circadian rthythms are at their lowest [6]. Further research on task-related distraction
in the rail industry is required in order to fully understand the other contributory
factors to distraction and inattention [10].

While many factors exist that distract train drivers, the focus of this paper will be
on the use of mobile phones, locomotive design and the physiological and
psychological conditions as these factors are the most prevalent within South
African railways.

The Use of Mobile Phones. The research on the use of mobile phones is
extensive within the road transportation industry; however the contribution of
mobile phones to driver distraction in the South African railway industry is
somewhat lacking. Studies on driver distraction conducted by the Rail Safety and
Standards Board (RSSB) have found the use of mobile phones to be of particular
concern. One particular study conducted by the RSSB found that the use of mobile
phones lead to reduced situational awareness, poor speed control, slower reaction,
reduced decision-making and less attention paid to checking for hazards [3].

Research has shown that while completing different cognitive tasks, two dif-
ferent areas of the brain are utilized, which can result in performance problems
while attempting to perform those tasks [11]. According to Wickens [11], this could
help to explain why using mobile phone can have an effect on what the driver sees
as the tasks compete for the brain’s information processing resources, which in turn
limits mental workload.

The use of mobile phones while driving has been shown to cause physical and
cognitive distraction and has also been shown to significantly diminish the visual
search patterns employed by the driver, the reaction times, processes used to make
decisions and the ability of the driver to maintain speed [1].

In the South African context, the use of mobile phones while operating trains is
somewhat of a vexation. The primary means of communication in South African
railways is the trunk radio. Most locomotives are fitted with a trunk radio and the
driver is required to use the trunk radio when communicating with other railway
employees. The problem that arises is that most of the trunk radios have been found
through audits and inspections to be consistently defective in most locomotives.
This forces the train drivers to utilize their private or company issued mobile
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phones to communicate with the other employees. The distraction is further com-
pounded by the fact that in certain areas of South Africa, the cellphone
reception/signal is poor. The lack of or breakdown in communication has been
found to be a contributing factor to many railway incidents, but the contribution of
the distraction arising from the use of mobile phones is not absolutely clear.

While some of the South African railways have developed circulars forbidding
the use of mobile phones while operating the train in certain conditions, the
enforcement thereof is minimal and is difficult to enforce during train journeys.
The RSSB has highlighted the difficulties associated with enforcement and rec-
ommend an education framework that will ensure that train drivers fully compre-
hend the potential risks and implications related to the use of mobile phones and
key decision-making skills, so that driver are effectively able to assess the condi-
tions in which it is safe to use the mobile phone [3]. The education framework could
be of vital benefit to South African railways if utilized in a contextual manner.

Locomotive Design. The cab of the locomotive can be a contributing factor in
cases where the seating is uncomfortable, where there is excessive noise [9] or
where the equipment in locomotives is not functioning (e.g. faulty trunk radios).
The above-mentioned contributing factors can be found in most of the older and
outdated locomotives used in South African railway companies.

While new and modernized locomotives have been purchased, the older loco-
motives have still not been phased out and therefore some drivers are still exposed
to such conditions. Diesel locomotives are used in various parts of the rail network
where there is no overhead power and these locomotives have been found to expose
the drivers to higher levels of noise. Compounded with the resistance to wear
hearing protection to decrease the exposure to noise and the distraction associated
therewith, the distraction provided by excessive noise still remains a significant
problem for South African train drivers.

Most of the older locomotives in South Africa do not have toilet facilities, which
can add to the driver’s distraction as it means that the driver must wait to relieve
himself or herself. This is not particularly a problem for train trips of shorter
lengths, but poses a greater distraction for longer train journeys.

The use of older locomotives raises a need to investigate the effects of cab design
on driver distraction and railway incidents further as the effect of the distraction as a
result of the locomotive design has also not been adequately investigated.
Therefore, the mitigation of said effects through the procurement and use of new
locomotives will be difficult to evaluate.

Physiological and Psychological Factors. Certain medical or psychological
factors can adversely affect the driver’s alertness [6]. According to the National
Safety Council [3], research has identified “reaction-time switching costs”, which is
the time the brain spends switching its attention and focus from one task to another.
It has also been discovered that spending even small amounts of time switching
from one task to another can lead to adverse risks with regards to delayed reaction
and braking time [3].
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During driving, the brain must extract information from shared and limited
resources in order to fulfil the other tasks, which places constraints on the mental
resources available for the primary task [12, 13].

While certain physiological and psychological conditions predispose the train
driver to distraction and inattention, no research has been conducted in South
African railways to determine the extent of the distraction that arises from these
conditions.

2.2 Interventions to Mitigate Driver Distraction

“Train driver tasks are without a doubt psychologically demanding” [9]. In South
Africa, the train driver is bombarded with different signals to observe, road vehicles
to look out for at level crossings and other operational duties, such as communi-
cating with the train control officer and checking that the load is still intact.

Railway companies employ different interventions in an attempt to mitigate
driver distraction and in an attempt to improve operational safety. While intro-
ducing new technologies may increase the attention of the driver, the technologies
must be investigated and the behavior of the driver must be addressed before
implementation in order to determine whether the technologies will have any
adverse effects on the driver [14]. Research has demonstrated that some of these
interventions have offered little guarantee, while others have been criticized. The
use of these technologies differs from country to country and from operator to
operator.

Within South Africa, there are a number of strategies used, including the
dead-man’s switch (vigilance switch) and the driver assistant.

Dead-Man’s Switch. South African railways utilize the dead-man’s switch, or
vigilance switch, as a means of checking the alertness of the train driver. This
switch is a method employed to check the alertness of the driver in that it requires a
response from the driver. In most long haul railway industries, the switch is
installed on the floor of the cab, in front of the driver’s seat. The switch sets off a
noise at set intervals and the driver is required to use their foot to press the switch,
failing which the device is used to apply the brakes automatically and the train
comes to a stop [15].

One of the problems that arises with the use of the dead man’s switch is that the
drivers hear the noise emitted frequently and press the button without actively
thinking about their actions [16]. This becomes automatic and if the driver is
distracted or preoccupied with other tasks, the automatic pressing of the button
occurs without thinking about the train speed or location [16].

The implementation of the dead man’s switch in South Africa is a bit of a sore
point, particularly the positioning of the dead man’s switch. The main issue found
with the positioning of the switch is that the driver’s continue to drive the train with
the foot on the switch continuously instead of pressing the switch when required.
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This defeats the purpose of the switch as drivers continue to be distracted with other
activities and factors, thereby nullifying the objective of the switch.

Other positions where the switch can be installed were not explored extensively
before implementation in South Africa. The most effective position in which to
place the dead man’s switch must be investigated, as the switch should provide the
required input from the driver while ensuring that the alertness of the driver is
maintained and verified as desired.

Driver Assistant. The use of a driver assistant is an intervention that is unique to
South Africa. The functions of the driver assistant vary from operator to operator
but the primary function of the driver assistant is to assist the train driver in the
movement of the train. Some auxiliary functions of the driver assistant include
assisting the train driver to observe signals, reminding the train driver about speed
restrictions, assisting with checking the train load and verifying the information
communicated to the driver by the train control officer.

While conversing with passengers may not seem to be a great risk as it is an
activity that is considered to be of low risk, Pauzié et al. [1] reported that passengers
can be a form of distraction to the drivers under certain situations.

Some investigations into railway occurrences have revealed the driver assistant
to be a distraction to the train driver at times, particularly through the conversations
held by the driver and driver assistant. Conversations that have resulted in the driver
missing vital information, such as signals at danger or speed restriction boards
erected; leading to signals passed at danger or derailments due to the non-adherence
to speed restrictions.

The employment of a driver assistant to assist the train driver and the effects
thereof have not been investigated in South Africa. Future research conducted in
South Africa should include an assessment of the driver assistant and the role the
driver assistant plays on driver distraction and railways incidents.

3 Future Research to Determine Driver Distraction

Within the railway environment, there are currently a number of methods utilized to
determine driver distraction. Some of the more common methods employed glob-
ally include driver response measures, vision related measures and manual-related
measures [2].

Eye-Tracking Studies. Eye-tracking is a common method used to determine
driver drowsiness and alertness. The movement of the eyes typically shows where
the driver’s attention is focused. This is the reason why studies have utilized eye
glance behavior to determine driver attention [2].

Eye-tracking studies have been conducted in the UK rail industry. One particular
study focused on tracking the movement of the driver’s eyes while operating a train.
The study revealed that drivers spend about 50 % of their time scanning the visual
scene when approaching signals. The remainder of the time was spent focusing on
railway signs, infrastructure and locations next to the track and signals [17].
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Eye-tracking studies can help South African railways to determine how much
time the driver spends focused on the primary task and can assist in determining
how much time other activities and factors contribute to driver distraction.

Questionnaires and Other Subjective Methods. No verified questionnaire has
been developed for use in railways yet, but questionnaires do exist for use in the
road industries. These questionnaires can be modified so that they are suitable for
the railway environment, but it will be important to ensure that they are specific to
the environment in which they are being used. The questionnaires also need to
consider all the contributing factors to driver distraction and need to effectively
quantify the self-reporting and self-assessment of driver distraction.

One of the most used subjective assessment is the NASA TLX. This tool is
easily available and can be administered effortlessly for train drivers to determine
the workload associated with the primary and secondary tasks. Another tool that has
been developed that has not gained the same amount of popularity as the
NASA TLX is the Driving Activity Load Index (DALI). The DALI is similar to the
NASA TLX as it has a scale rating. The main difference between the two tools is
that the DALI is directed towards driving tasks. This tool has been effectively used
for the road transportation industry but the application in the railway industry has
yet to be investigated [4].

According to Freund et al. [6], some important questions to ask in the investi-
gation of driver distraction and inattention are:

e How to define driver distraction and inattention within the South African
context;

e When does it happen and as a result of the contribution or combination of which
factors;

e How much does the driver distraction affect the deterioration of operator per-
formance; and

e How can it be mitigated?

No studies have been conducted in South Africa resulting in a void in the
information available in this regard. Future research in this field is required in an
attempt to quantify the contribution of driver distraction to railway occurrences.

Future research can take from studies conducted in US, UK, Australian and New
Zealand railway industries; however, the application must be specific to the South
African environment.

4 Discussion/Conclusion

There is extensive literature available regarding driver distraction and inattention in
the road transportation industry. The current literature available for the railway
industry mainly exists within the US, UK, Australian and New Zealand railway
environments. While this information is crucial to understanding driver distraction
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and inattention, the application to the South African environment must be inves-
tigated as the interventions and technologies utilized could have different conse-
quences. The need for future research into this matter is greatly required in South
Africa in order to determine the level at which driver distraction and inattention
contributes to South African railway occurrences.
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Investigating the Potential to Mitigate
Crowding Issues on Trains by Providing
Improved Information to Passengers

James Pritchard and John Preston

Abstract Crowded trains can adversely affect the experience of rail passengers and
can cause practical issues for train operators. It is thought that some of these issues
can be mitigated by providing better information to passengers and encouraging
them to make different travel choices as a result. A pilot study was undertaken, in
which rail passengers took part in a stated preference survey concerning the pro-
vision of information about crowding levels. It was found that some passengers
would consider choosing a less crowded train, giving weight to the hypothesis
underpinning the research.

Keywords Information provision - Rail travel - Behavioral change - Crowding

1 Introduction

Crowded trains can adversely affect the experience of rail passengers. They can also
cause practical issues for train operators, especially if slow boarding and alighting
at stations makes it hard to maintain tight dwell times. It is thought that some of
these issues can be mitigated by providing better information to passengers and
encouraging them to make different travel choices as a result.

On routes where the timetabled services are relatively frequent, it may be
possible to spread passenger flow more evenly by encouraging passengers to
choose a less busy train. This could be achieved by making historical crowding data
available at the time of booking, allowing prospective passengers to take into
account the typical crowding levels when planning their journey. Additionally, the
use of more real-time information, made available via Customer Information
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Systems and mobile applications, could be used to encourage passengers to alter
their travel choices nearer the time of departure.

The spread of passengers within a particular train can also contribute to over-
crowding, because some carriages may fill up faster than others. The provision of
real-time information (again via Customer Information Systems and mobile
applications) could be used to mitigate this, by encouraging passengers to move to
more lightly loaded carriages. If such information were made available to waiting
passengers before boarding, it may be particularly beneficial for maintaining tight
dwell times.

Previous work undertaken in this area includes studies of the effects of posters
displaying (likely) train crowding information. The results suggest that there had
been some change in passenger loading patterns as a result of the posters. However,
it is thought that further benefits could be obtained by use of more real-time data
and other methods of communicating with passengers. An increasing number of
data sources for monitoring train loading are becoming available, including on-train
systems which can estimate the number of passengers in a given carriage. Similarly,
methods of communicating with passengers are also becoming more sophisticated,
with an increased use of real-time information systems and a high proportion of
smartphone usage. Hence it is now possible to provide passengers with better
crowding information in order to influence their travel choices, and such systems
are already operative on some suburban railway lines in Tokyo.

In order to ascertain whether it is worth investing in improved information systems,
a pilot study was undertaken on the Gatwick Express, in the UK, which provides a
regular service for both airport passengers and commuters. Train passengers were
surveyed during their journey, using a stated preference methodology.

2 Methodology

With the full co-operation of Govia Thameslink Railway (GTR), who operate
Gatwick Express services between London Victoria, Gatwick Airport and Brighton,
on-train surveys were conducted on February 11th and 12th 2015. The surveys
were conducted on ASUS T100TA tablet PCs, using software provided by Snap
Surveys (www.snapsurveys.com). The surveys comprised five main sections:

1. Participant consent and basic demographics.

2. The participant’s journey details and their perceptions of comfort, crowding and
reliability.

3. A stated preference exercise concerning information about train crowding
levels, which may be provided before the journey commences (for example, via
a smartphone app or ticket booking website).

4. A stated preference exercise concerning information about train crowding
levels, which may be provided at the station before boarding.
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5. A stated preference exercise concerning information about carriage crowding
levels, which may be provided at the station before boarding.

The survey software automatically skipped questions which were not relevant;
for example, if a participant selected that they did not use any sources of infor-
mation to plan a journey in advance, they were not shown the first stated preference
exercise. To help eliminate the effects of fatigue (when participants stop paying
attention to the options they are selecting), the order stated preference questions was
randomized each time.

The first stated preference exercise, henceforth referred to as SP1, presented the
participant with nine sets of three options; in each case the participant could choose
from a train which matched their chosen timings, a train which departed and arrived
a number of minutes earlier, and a train which departed and arrived a number of
minutes later. In each of the nine cases, the crowding levels (either “no seats
available”, “40 % of seats available” or “90 % of seats available”) and the relative
departure times of the earlier and later trains were varied. The train which didn’t
require any changes in travel timings was always shown as having no seats available.

The second stated preference exercise, henceforth referred to as SP2, followed a
similar principle, although in this case there were only two options each time; it was
assumed that a passenger arriving at a station would not be in a position to catch an
earlier train (or that if they were, their decision would not necessarily be based
around crowding issues). Hence there were six repeated observations, asking par-
ticipants to choose between a train leaving immediately with no available seats and
one leaving a given number of minutes later with some available seats.

The third stated preference exercise, concerning the choice of carriage on a given
train, rather than the choice of train, is not discussed in this paper.

Two versions of the survey were used during the pilot study: a ‘Standard’
version in which estimated train crowding levels were shown graphically using
colors (Fig. 1), and an ‘Alternative’ version in which estimated crowding levels
were stated (Fig. 2). This was so that an insight into the effect of information
presentation could be obtained. Some of the tablets were set up with the ‘Standard’
version, whilst the remainder were set up with the ‘Alternative’ version.

OPTION: A B C

Train crowding

B ORANGE GREEN

indicator: {RED) ( ! ( )
Travel and Travel and Travel and

Travel timings: arrive at the arrive 30 arrive 50
same time minutes earlier minutes later

Fig. 1 An example set of stated preference options from the ‘standard’ survey (modified to suit
black and white print)
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OPTION: A B C
Estimated number 0 (Standard) 133 (Standard) 299 (Standard)
of free seats: 0 (First) 10 (First) 22 (First)

Travel and Travel and Travel and
Travel timings: arrive at the arrive 30 arrive 50
same time minutes earlier minutes later

Fig. 2 An example set of stated preference options from the ‘alternative’ survey

3 A Summary of the Data Collected

Data were collected on a number of different Gatwick Express journeys over a 24 h
period. The collected data were separated into four journey segments: between
London Victoria (VIC) and Gatwick Airport (GTW) and vice versa and between
Gatwick Airport and Brighton (BRI) and vice versa. The services on which data
were collected are summarized in Table 1.

The survey software logged the start and end times of each response, which were
matched with actual train running data (taken from www.realtimetrains.co.uk) and
linked accordingly with one of the unique Segment IDs. A total of 115 responses
were received by the Snap Survey hub during the pilot, although some of these
were from initial testing of the tablets, and some of them were incomplete (largely
because the participant did not give their consent to proceed). A valid response was
defined as one which the participant gave their consent to proceed with the survey,

Table 1 A summary of the train services on which the surveys were conducted

Segment Journey Dep. time | Delay Arr. Delay Observed
D segment (min) time (min) crowding
1 GTW-VIC 13:45 2 14:15 1 Busy
2 VIC-GTW 14:30 0 15:00 0 Busy
3 GTW-BRI 15:02 0 15:24 -1 Quiet
4 BRI-GTW 15:48 0 16:12 0 Moderate
5 GTW-VIC 16:15 0 16:45 6 Moderate
6 VIC-GTW 17:30 -1 18:07 0 Busy
7 GTW-VIC 07:49 6 08:20 13 Busy
8 VIC-GTW 08:45 -1 09:16 -4 Moderate
9 GTW-VIC 09:20 4 09:56 2 Busy
10 VIC-GTW 10:30 2 11:01 17 Moderate
11 GTW-BRI 11:02 22 11:24 22 Quiet
12 BRI-GTW 11:48 3 12:12 8 Quiet
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and one which was successfully matched to one of the segments in Table 1. On this
basis, 90 valid responses were collected, of which 53 were from participants who
completed the ‘Standard’ survey and 37 were from participants who completed the
‘Alternative’ survey.

Figures 3 and 4 show the spread of ages of the participants and a breakdown of the
data by gender respectively. Although there appears to be a bias towards male
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Fig. 3 The spread of the ages of the participants

B Female
Male

O Prefer not to say

Fig. 4 A breakdown of the participants by gender
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participants, Figs. 3 and 4 fit with general trends observed amongst UK rail pas-
sengers [1] and the data obtained could be said to be a representative sample demo-
graphically. However, amongst the participants, 61 % said that they were travelling
for leisure, and 39 % for work. This is the opposite of the findings in the 2014 National
Travel Survey, in which 61 % of rail journeys were said to be made for business or
commuting. The fact that the Gatwick Express is an airport service is likely to be a
factor here—59 % of respondents were either on their way to catch a flight or had just
arrived on one, and 32 % of respondents said that they weren’t UK residents.

The high number of non-UK residents could be used to infer a level of unfa-
miliarity with the system, which has benefits when investigating the clarity and
effectiveness of information provision. However, the fact that the balance of trip
purposes is atypical means that assumptions about the applicability of the results to
UK rail travel as a whole ought to be made with caution.

A very high proportion (93 %) of participants were smartphone users. Of these,
81 % said that they use them for journey planning or travel updates. These figures
fit with observed trends [2] and confirm that—in theory—disseminating train
crowding information via mobile friendly websites or smartphone apps is plausible.

A five-point scale was used to determine each participant’s perception of
comfort on the train they were on: “Very uncomfortable”, “Uncomfortable”,
“Neither comfortable nor uncomfortable”, “Comfortable”, “Very comfortable”.
During analysis, integer values were assigned to the responses from 1 (“Very
uncomfortable”) through to 5 (“Very comfortable™). Figure 5 shows how these
perceptions compare with the loose observations made of crowding levels on each
train (Table 1), and adds weight to the theory that crowding can adversely affect the
experience of rail passengers.

N
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comfort rating
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Observed crowding

Fig. 5 Perceived comfort vs. observed crowding levels
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4 Analysis of the Stated Preference Results

For each of the stated preference tests, an alternative-specific conditional logit
model was developed, in order to estimate the probabilities of a passenger making a
particular choice given information about crowding.

Microsoft SQL-Server was used to store the results and encode the data into an
appropriate format, and Stata was used to fit a logit model in each case (http://www.
stata.com/manuals13/rasclogit.pdf). Jack-knife resampling was specified to account
for the fact that, because the data comprised several observations per participant,
there may have been some correlation.

A stated preference exercise was marked as ‘complete’ if no choices were skipped;
in the 90 responses analyzed here, there were 75 complete responses to the first stated
preference exercise (SP1), and 80 complete responses to the second (SP2).

4.1 SPIl—Information Provided Before Travelling

Of the 75 complete responses to this exercise, 44 were from the ‘Standard’ survey,
in which the three crowding levels were represented graphically (Fig. 1), and 31
were from the ‘Alternative’ survey, in which crowding levels were represented
textually, in terms of number of available seats on the train (Fig. 2).

The time offset for the earlier and later trains relative to the train with “ideal”
timings was taken to be continuous and given in minutes, using an absolute value
(i.e. it was always positive, whether the train was leaving earlier or later).

Crowding was described as the estimated number of available seats remaining
on a train (coded as a percentage of the total number of seats on the train), and was
also taken to be continuous.

A Boolean variable indicating whether the observation was made in the
‘Standard’ survey (=0) or the ‘Alternative’ survey (=1) was also specified in Stata
as a case variable.

The probability of a user selecting one of the three trains, T, is given by:

Ur
P(T) = < (1)

eli’

where Ui is the utility function of train i, given by:

Ui = Bseatss + Boffsett + BsurveyAiX + Bi' (2)
S is the number of available seats on the train (as a proportion of the total)
t is the time offset in minutes
X represents whether the participant was using the ‘Alternative’ survey

(= 1) or the ‘Standard’ survey (= 0)


http://www.stata.com/manuals13/rasclogit.pdf
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Bseats is the crowding coefficient, constant for all trains
Bofiset is the time coefficient, constant for all trains

survey_i 18 the survey coefficient, different for each train

B; is a unique constant for each train.

Data was used to estimate the parameters for this model, and the output is given
in Table 2.

It can be seen that the coefficients relating to the survey are not statistically
significant, but that everything else is. This suggests that, in this case, the format of
the crowding information was not important, but that crowding levels and relative
times of departure and arrival are.

Bofrset 1 Negative, such that the utility function decreases with time offset; this is
expected given that any deviation in travel plans is likely to be seen as a cost rather
than a benefit. Similarly B, is positive, which is expected given that an increased
number of available seats on a train is likely to be seen as a benefit.

Braerrain 18 Negative, suggesting that participants have a general preference for
not catching a later train; this is not unexpected, especially on an airport service.

BrastierTrain 1S POSitive, suggesting that participants view catching an earlier train
as inherently positive. This can be seen by considering the results of the first test;
where all three trains are equally full and around 30 % of participants would still
have chosen to travel and arrive an hour earlier. There is an implication, therefore,
that they were not making their choice entirely based on crowding levels, and some
revision of the survey may be necessary. For example, the use of the term °...arrive
earlier’ may have been read as a benefit whilst not taking in the implication that this
would also mean leaving earlier. It is also thought that participants may have been
biased if their train was delayed—those with a flight to catch may have wished that
they had left earlier, for example. Anecdotally, comments received also suggest that
if all services are known to be crowded, it becomes preferable to travel on an earlier
service because crowding is perceived to contribute to delays.

Table 2 Parameters for the asc logit model for the first stated preference exercise

Value Std. err. t statistic P> 95 % conf. intervals
Bottset —-0.036 0.004 —8.68 0.000 —0.044 —0.028
Bseats 0.018 0.002 8.87 0.000 0.014 0.022
Bsurvey_EarlierTrain —0.246 0.197 -1.25 0.213 —0.634 0.141
BearterTrain 1123 | 0.191 5.87 0.000 0.747 1.499
Bsuwey_LalerTmin —0.364 0.260 —1.40 0.163 —0.874 0.147
BLaterTrain —0.467 0.219 —2.14 0.033 —0.897 —0.038
Bsurvey_SameTrain 0 (base alternative)
BsameTrain 0
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Table 3 Parameters for the asc logit model for the second stated preference exercise

Value Std. err. t statistic P> 95 % conf. intervals
Bottset —0.096 0.011 —8.98 0.000 —0.118 —0.0754
Boeats 0.002 0.004 0.44 0.661 —0.007 0.0108
Bsuwey 0.069 0.232 0.30 0.768 —0.388 0.5247
BLaterTrain 1.747 0.406 4.30 0.000 0.949 2.5443
BsameTrain 0 (base alternative)

4.2 SP2—Information Provided at the Station

The analysis of the second stated preference exercise followed a similar principle to
the analysis of the first one, although in this case there were only two choices; it was
assumed that a passenger arriving at a station would not be in a position to catch an
earlier train (or that if they were, their decision would not necessarily be based
around crowding issues). It was also assumed that a passenger would only wait for a
later train if it was less crowded than the first one. The values for the logit model
fitted to the data are given in Table 3.

As with the results of the first stated-preference survey, f,e, is not statistically
significant, and B 1S negative—which is again to be expected.

Bgeats 18 NOt statistically significant, which implies that the tendency to wait for an
emptier train is not especially dependent on how empty that train is. It is noted that,
in this stated preference exercise, the later train was always less crowded and hence
the positive value of By errrain 1S likely to encapsulate some of the associated
perceived benefits. Further analysis could be done in Stata, including generation of
a model without a constant term.

Because this exercise only presented participants with two options, the model is
binary and can be shown graphically in two dimensions (Fig. 6). Table 4 compares
the model with the observed data, and it appears to be a good fit. It can be seen that
the reported level of crowding on the later train does indeed make little difference,
assuming that it is indeed less than the current train. It can also be seen that where
there is a high service frequency, a high proportion of passengers might be prepared
to wait for a less crowded train, although whether the stated preference is borne out
in reality is likely to be dependent on a number of things—including whether the
information provided is perceived to be reliable. It is noted that the surveys were
conducted when participants were on a train, and not when they were actually
waiting on a platform when their perceptions may have been different.
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Table 4 Observed data compared with the predictions from the model

Time Proportion Observed % of Observed % of Predicted
to of seats respondents who respondents who proportion of
later available on | would wait for later would wait for later people who
train later train train (‘Standard’ train (‘Alternative’ would wait for
(min) (%) survey). survey). later train
15 90 67 58 63

40 59 61 61
30 90 29 29 29

40 22 23 27
45 90 6 6 9

40 6 19 8

5 Conclusions

It was suggested at the beginning of this paper that rail passengers disliked over-
crowding, and might change their travel behavior if better information about levels
of crowding were provided. The pilot study discussed here supports those sug-
gestions, with the findings showing that perceived comfort decreased with increased
crowding levels, and a large proportion of respondents stating that they might
choose an earlier or later train if presented with information about crowding.
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Two different methods of presenting crowding information were trialed, and
although there did not appear to be any statistical significance between the
responses received further research would need to be undertaken. Concerns were
raised in both cases that some of the information presented may not have been clear,
and the tendency to choose an earlier train in all circumstances implies that
crowding concerns may not have been the main factor when making a choice; this
casts doubt on whether the stated preferences would be borne out in reality. Having
completed the pilot survey, a further detailed survey is to be undertaken, with a
redesigned questionnaire to alleviate some of the concerns discussed here. Further
analysis will also be undertaken to ascertain the types of passenger most likely to
change their travel habits.
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Task Demand Variation in Air Traffic
Control: Implications for Workload,
Fatigue, and Performance

Tamsyn Edwards, Cynthia Gabets, Joey Mercer and Nancy Bienert

Abstract In air traffic control, task demand and workload have important impli-
cations for the safety and efficiency of air traffic, and remain dominant considera-
tions. Within air traffic control, task demand is dynamic. However, research on
demand transitions and associated controller perception and performance is limited.
This study used an air traffic control simulation to investigate the effect of task
demand transitions, and the direction of those transitions, on workload, fatigue and
efficiency performance. A change in task demand appeared to affect both workload
and fatigue ratings, although not necessarily performance. In addition, participants’
workload and fatigue ratings in equivalent task demand periods appeared to change
depending on the demand period preceding the time of the current ratings. Further
research is needed to enhance understanding of demand transition and workload
history effects on operator experience and performance, in both air traffic control
and other safety-critical domains.
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1 Introduction

Within the safety critical domain of air traffic control (ATC), workload “is still
considered one of the most important single factors influencing operators’ perfor-
mance” [1, p. 639]. Workload has been defined within the ATC domain as the result
of an interaction between task demand and the controllers’ selected strategy [2].
The association of workload and controller performance has important implications
for the safety and efficiency of air traffic (e.g. [3, 4]). Workload therefore remains a
dominant consideration.

In ATC, as with many other safety critical environments, task demand and
workload are dynamic. Air traffic controllers (ATCOs) frequently experience
changes in traffic load and the complexity of the traffic situation, potentially
resulting in the experience of transitions between high and low workload. These
transitions can be expected by the controller, such as when traffic load changes
based on the time of day or known activities in surrounding sectors, or unexpected,
for example, through increased complexity resulting from an emergency situation.
Transitions may also be gradual or sudden [5].

Research on demand transitions, and the effect on both performance-influencing
covariate factors (such as workload and fatigue) and task performance is limited
however, with studies frequently utilizing a constant task demand or workload [6].
Of the research available, there appears to be conflicting findings. Some (e.g. [7])
have reported that overall performance efficiency on a vigilance task was not
affected by task demand transitions, regardless of whether the transition was
expected or unexpected. However, others (e.g. [8]) have found that performance on
vigilance tasks was influenced by a low to high demand transition or high-to-low
demand transition (e.g. [5]). Task demand and workload transition research specific
to an ATC environment is particularly underrepresented. Consequently, there is
limited understanding of the influence of workload transitions on performance in an
air traffic environment.

The aim of this study was to investigate the influence of expected and gradual
task demand transitions (high-low-high and low-high-low) on workload, fatigue
and performance, within a high fidelity ATC simulation environment. Due to the
quantity of measures and data generated from this study, only a subset of the
measures and findings that are most relevant to the research aim are presented.

2 Method

2.1 Design

An en-route ATC human in the loop (HITL) simulation was utilized to investigate
task demand variation on workload, fatigue, and performance. Efficiency-related
performance was inferred from aircraft delay (in seconds) at a specific point in the
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arrival sequence (three nautical miles before the meter fix). Participants were eight
ex-ATCOs who had previously worked in enroute airspace in Oakland Air Route
Traffic Control Center (ARTCC). Pseudo pilots were paired with controllers, and
completed standard pilot tasks such as controlling the aircraft in accordance with
controller instructions and communicating with controllers. Participants operated a
combined low and high altitude sector, and were assigned to meter aircraft into the
northeast corner of the Phoenix Terminal Radar Approach Control (TRACON).
This airspace was selected for the complex mix of arrivals and overflights.

The study used a within-measures design. The direction of the task demand
transition was manipulated to create two scenarios. Scenario 1 followed a
high-low-high task demand pattern and scenario two followed a low-high-low task
demand pattern. The creation of three task demand periods was implemented in
order to better reflect the multiple task demand transitions that can be experienced
within an operational environment. In addition, this permitted an extension of
previous studies that had focused on the comparison of workload and performance
between one transition period (e.g. [5]). Each simulation session lasted for 90 min
and consisted of three, 20 min [9] periods of stable task demand which alternated
between high and low, interspersed with a total of three, 10 min transition phases.
Task demand was created by the number of aircraft under control [10] as well as the
ratio of arrival aircraft and overflights. Arrival aircraft create complexity in the task,
which influences task demand. Task demand phases for equivalent stable task
demand periods (i.e. high demand regardless of which scenario the high demand
was positioned in) were created using the same aircraft counts and number of arrival
aircraft, permitting comparability between demand variation scenarios. Scenarios
followed a counterbalanced presentation. Participants were required to complete all
control actions and meter aircraft to arrive at a meter fix at a scheduled time.
Participants were provided with a 1 h briefing prior to the start of the study, and six
training runs (four 90 min training runs and two 45 min training runs).

2.2 Participants

A total of eight male ex-controllers took part in the simulation. Age ranged from 50
to 64 years. Participants responded to grouped age ranges and so an average age
could not be calculated. Participants had worked as en-route controllers in the
Oakland, California, ARTCC. Participants’ years of experience as active ATCOs
(excluding training) ranged from 22 to 31 years (M = 26.56, SD = 3.90).

2.3 Measures and Apparatus

Covariate factors were measured using subjective, self-report scales. Mental
workload was measured using the uni-dimensional Instantaneous Self-Assessment
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(ISA) scale which measures workload from 1-6 [11]. Every three minutes, partic-
ipants were presented with the ISA rating scale at the top of the radar scope and
asked to click on the workload rating. Fatigue was measured using the Samn-Perelli
scale, which ranges from 1 to 7 with behavioral anchors at each point on the scale.
[12]. Fatigue measures were taken three minutes into, and three minutes prior to the
end of, each 20 min task demand phase and six minutes into each 10 min transition
phase. This periodicity was selected to capture data across each stable task demand
period, and refined based on results from three pilot studies. Performance was
assessed by aircraft delay at three nautical miles from the meter fix point as a
measure of participants’ efficiency-related performance. An aircraft that is on-time,
i.e. without delay, suggests optimal performance. An efficiency-related performance
measure was selected for analysis as opposed to a safety-related performance
measure as previous research suggests that controllers can maintain safety-related
performance without significant observed changes even under high periods of
demand by applying workload management strategies [13]. Changes in perfor-
mance are frequently first observed in efficiency-related tasks (e.g. [13]). An
efficiency-related task was therefore potentially more sensitive to changes in
performance.

The software used was the Multi-Aircraft Control System (MACS) [14].
Participant workstations were configured with a BARCO large-format display and
keyboard/trackball combination that emulates what is currently used in en-route air
traffic control facilities. Voice communications between ATCOs (the participant
and a non-participant controller controlling neighboring sectors) and the pilot were
enabled via a custom, stand-alone system. Datalink communications were also
available. Data were collected continuously through MACS’s data collection
processes.

3 Results

3.1 Analysis Approach

Due to the quantity of analyses and findings, only the data trends most relevant to
the research aims are presented in this paper. To address the research aim, com-
parisons of the three 20 min task demand periods per scenario are presented in the
following sections.

For each workload, fatigue and the dependent variable of aircraft delay in arrival,
descriptive statistics were first reviewed, followed by further exploration through the
application of two repeated measures ANOVAs—one for each task demand tran-
sition scenario (scenario 1: high-low-high demand; scenario 2: low-high-low
demand). The decision to apply separate repeated measures one-way ANVOAs was
made based on a review of previous research analysis approaches to similar
experimental designs (e.g. [5]) and research aims. The research aim of this study
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Fig. 1 Count of aircraft under control by minute for scenario 1 (high-low-high demand) and
scenario 2 (low-high-low demand)

focused on investigating the effect of task demand on covariate and performance
variables, including the direction of the task demand. One way ANOV As permitted
the exploration of changes within each task demand scenario. Prior to all inferential
statistics, data were checked for normality and sphericity violations. Unless other-
wise reported, all data met these assumptions.

3.2 Task Demand Variation Manipulation Check

A review of the descriptive statistics suggests that task demand did vary in the
intended direction (Fig. 1). Figure 1 confirms that the number of aircraft in the
controller’s sector were similar between equivalent task demand periods regardless
of scenario (high-low-high demand or low-high-low demand). The number of
arriving aircraft was also similar.

3.3 Task Demand and Subjectively Experienced Factors

Task Demand and Workload

Workload ratings were averaged across the 20 min periods of stable task demand
for analysis to facilitate comparison between the separate task demand periods.
A review of the descriptive statistics (Table 1) suggest that workload in both
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Table 1 Mean and standard deviation for workload (as rated by ISA) in both scenario 1 and
scenario 2, averaged across 20 min task demand periods

Workload (ISA) Task demand Task demand Task demand
period 1 period 2 period 3
(0-20 min) (31-50 min) (61-80 min)
M SD M SD M SD

Scenario 1 workload (High-low-high) 3.67 0.77 2.87 0.61 3.85 0.62
Scenario 2 workload (Low-high-low) 2.78 0.64 4.06 0.71 3.33 0.61

scenarios varied as expected with task demand. In scenario 1 (high-low-high
demand) workload appears to be rated slightly higher in the third task demand
period (high demand) compared to the first task demand period (high demand). In
scenario 2 (low-high-low demand), workload was rated highest in the high demand,
second task demand phase. However, on average, participants rated perceived
workload to increase in the third task demand period (low demand) compared to the
first low demand period. Comparing between scenario 1 and 2, the high demand
period is perceived to generate the most workload for participants in the
low-high-low demand scenario, although the high demand periods were objectively
equivalent between scenarios. Comparing across low demand periods between
conditions, workload is rated similarly in the first period of scenario 2 and the
middle period of scenario 1. However, the low demand period in the third period of
scenario 2 is rated as higher workload than either of the other low demand periods.
To further examine the changes in perceived workload, a one-way repeated mea-
sures analysis of variance (ANOVA) was conducted for each scenario [5].
A one-way ANOVA was applied to each scenario, to explore differences
within-scenarios. In relation to scenario 1 (high-low-high demand) a significant main
effect of task demand period was found on self-reported workload F(2,14) = 44.23,
p < 0.001. Pairwise comparisons revealed that workload was significantly lower in
task demand period 2 (low demand) than high task demand period one (p < 0.005)
and three (p < 0.001). Workload was not rated significantly differently between high
demand period 1 and high demand period 3 (p = 0.68). In scenario 2 (low-high-low
demand) a significant main effect of task demand period was found on self-reported
workload F(2,14) = 32.72, p < 0.001. Pairwise comparisons revealed that workload
was rated significantly higher in the high demand period than the first low demand
period (p < 0.001) and second low demand period (p < 0.005). It was also identified
that the workload ratings in the second low demand period were significantly higher
than the first low demand period (p < 0.05).

Task Demand and Fatigue

A review of the means of reported fatigue for each task demand period in scenario 1
(high-low-high demand) revealed that ratings of fatigue appeared similar between
high demand period one (M = 2.23, SD = 0.71) and low demand period one
M = 2.15, SD = 0.77) (Fig. 2). Fatigue ratings were slightly higher in the third
demand period, high demand period two (M = 2.70, SD = 1.08). Conversely, in



Task Demand Variation in Air Traffic Control ... 97

__3.50

T 3.00

&

T 2.50 / .

E —H|gh_
@ 2.00 low-
w 150 high
5

© 1.00 Low-
()] i -
& 0.50 high
F=] low

£

0.00
0-20 31-50 61-80
Task demand section (Mins)

Fig. 2 Fatigue ratings (as measured by Samn-Perelli scale) averaged across 20 min task demand
periods for scenario 1 (high-low-high demand) and scenario 2 (low-high-low demand)

scenario 2 (low-high-low demand) fatigue ratings appeared to increase across each
task demand period (first low task demand period: M = 2.71, SD = 1.01; first high
task demand period: M = 3.03, SD = 1.42; second low task demand period:
M = 3.22, SD = 1.54) (Fig. 2).

A one way ANOVA was utilized to explore the effect of task demand on fatigue
ratings for both scenarios. In scenario 1 (high-low-high demand) Mauchly’s test
indicated that the assumption of sphericity had been violated, ¥*(2) = 9.44,
p < 0.01. When considering this main effect, therefore, degrees of freedom were
corrected using Greenhouse-Geisser estimates of sphericity (E = 0.56). No signif-
icant differences between fatigue ratings were identified F(1.12, 7.81) = 2.48,
p > 0.05. Differences between fatigue ratings in scenario 2 (low-high-low demand)
approached significance, F(2,14) =3.40, p <0.1. A further review of the
descriptive data revealed that averaging across the two fatigue measures per task
demand period (one three minutes into the period, and one three minutes before the
end of the period) may be masking the effect of task demand on fatigue.
Participants’ fatigue rating was frequently lower for the first measurement com-
pared to the second measurement of the task demand period. Therefore, ANOVAs
were repeated on two fatigue measurements per workload period. In scenario 1
(high-low-high demand) Mauchly’s test indicated that the assumption of sphericity
had been violated, y*(14) = 26.82, p < 0.05. When considering this main effect,
therefore, degrees of freedom were corrected using Greenhouse-Geisser estimates of
sphericity (E = 0.44). No significant differences between fatigue ratings were
identified F(2.18, 15.22) = 2.82, p > 0.05. The ANOVA applied to scenario 2
revealed a main effect of task demand on fatigue ratings F(5,35) = 2.69, p < 0.05.
Pairwise comparisons revealed that fatigue ratings were significantly lower at the
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Table 2 Mean and standard deviation for arrival aircraft delay (in seconds) in both scenario 1 and
scenario 2, averaged across 20 min task demand periods

Arrival aircraft delay (secs) Task demand Task Task demand
period 1 demand period 3
(0-20 min) period 2 (61-80 min)
(31-50 min)
M SD M SD M SD
Scenario 1 Aircraft delay 13.88 532 |7.70 |3.6 -1.71 6.92
(High-low-high)
Scenario 2 Aircraft delay 10.48 3.07 1993 2.54 750 |4.86
(Low-high-low)

first fatigue measurement of the first low task demand period (M = 2.63,
SD = 1.06) compared to fatigue ratings in the second low task demand period (first
fatigue measurement M = 3.13, SD = 1.46, p = 0.05; second fatigue measurement
M =3.31, SD = 1.65), (p < 0.05). No other differences were significant.

Task Demand and Performance

A review of the average delay across 20 min task demand periods in scenario 1
(high-low-high demand) (Table 2) suggests that participants reduced average air-
craft delay across the task demand periods until aircraft were arriving early in the
final task demand period (Table 2). The same pattern was seen in scenario 2
(low-high-low demand), although smaller reductions in delay are observed
(Table 2). However, in both scenarios, performance variability appears to increase
in the final task demand period, indicated by comparatively large standard devia-
tions (Table 2). Data in scenario 1 (high-low-high demand) were further examined
with a repeated measures ANOVA. A significant main effect of task demand period
was found on arrival delay F(2,14) = 12.84, p < 0.005. Pairwise comparisons
revealed that aircraft delay was significantly longer in the first high demand period
than the first low demand period (p < 0.05) and the second high demand
(p < 0.01). Delay was also significantly longer in the first low demand period than
the second high demand period (p < 0.05). Data in scenario 2 (low-high-low
demand) were also further examined with a repeated measures ANOVA. No sig-
nificant differences in arrival aircraft delay were identified F(2,14) = 3.04,
p > 0.05.

4 Discussion

A within-measures design was used to investigate task demand variation on
workload, fatigue, and performance. The direction of the task demand transition
was manipulated to create two scenarios: scenario 1—high-low-high demand;
scenario 2—Ilow-high-low demand. Results showed that task demand varied as
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intended. Descriptive statistics confirmed that equivalent demand periods, regard-
less of scenario or position, were composed very similarly in terms of controlled
aircraft count and arrival aircraft count. This suggests that changes in the covariates
or dependent variable are unlikely to be attributed to demand differences between
the created scenarios.

As expected, a change in task demand appears to affect both workload and
fatigue ratings. Significantly different workload and fatigue ratings were reported
within scenario, across task demand periods. However, a key finding of interest is
that perception of workload and fatigue appear to differ depending on the demand
period preceding the current ratings, in line with previous findings [5]. This finding
is observed in the average workload ratings for each task demand period within
scenarios (Table 1). In the first scenario (high-low-high task demand), workload is
not perceived significantly differently between the first and second high task
demand periods. Workload is rated as significantly lower during the low demand
period compared to the high demand periods, however. Comparatively, in scenario
2 (low-high-low demand) workload is perceived to be significantly greater in the
second low demand period than the first, potentially suggesting that workload is
perceived to be greater after the high demand period. This increased workload
would not be the result of working to resolve delays from the previous period, as
any remaining delays were absorbed in the 10 min transition period between the
stable demand periods. In addition, it is interesting to note that workload was
perceived to be higher in the high demand period of scenario 2 than either of the
high task demand periods in scenario 1, suggesting that the preceding low demand
may have impacted the perception of workload of the high demand period in
scenario 2.

These findings indicate that the workload appears to be perceived differently
depending on what precedes the time of rating. More specifically, results suggest
that in this ATC task, a demand transition pattern of low-high-low demand may
result in operators perceiving subsequent high and low demand periods after the
initial low demand period as generating a greater workload than equivalent demand
periods in a high-low-high demand transition pattern. A similar pattern of findings
was seen in participants’ fatigue ratings. In scenario 1 (high-low-high demand),
fatigue ratings were not significantly different between demand phases. Fatigue
ratings did increase in the final high demand period, although not significantly. In
contrast, in scenario 2, participants reported on average that fatigued increase with
each subsequent task demand period.

Although there is a lack of common agreement regarding the mechanisms by
which task demand transitions may impact covariate factors [15], this collection of
workload and fatigue findings may be interpreted in the context of Limited
Resource theory [16] and arousal theories. Potentially, in scenario 1, the low
demand period may have enabled controllers to use this time to recover resources
and prepare for the next high task demand period. [17] has previously documented
that this is an active control strategy that controllers use during low demand periods,
when it is considered safe to do so. This recovery period may then limit the increase
of perceived fatigue in the final high task demand period. Arousal theories may
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provide some insight into why this effect may not be seen in the low-high-low
demand transition pattern. Arousal theories suggest that low workload (or under-
load) may lead to lower arousal, which may limit attentional resources and create
boredom and lack of motivation. If a human operator started a task from this point,
it may be that the following demand periods are perceived to be more demanding or
fatiguing. By the final low demand period, the operator may find it difficult to pay
attention. Attentional resources theories suggest however that if preceded by a
higher demand, lower demand periods can be utilized to replenish attentional
resources, not necessarily reducing arousal to a level that would create negative
effects. The application of these theories therefore potentially account for the dis-
parate findings between the different task demand transition patterns.

Performance did not appear to be negatively affected in relation to task demand
variation, with delay times reducing across task demand periods within each sce-
nario. Performance variability did increase however across task demand period, as
inferred from increasing standard deviations. This pattern of findings for perfor-
mance measures has also been documented previously, although for
vigilance-based performance [7]. The finding of improved aircraft arrival time may
be the result of controllers applying strategies to support performance across the
demand periods [18].

Although controller strategies were not a direct focus of this research, this
finding highlights an important issue for future research considerations. Although
this measure of performance indicates that performance in terms of aircraft arrival
time was maintained, and even improved, in scenario 2, controllers also reported
greater perception of workload and fatigue. It is therefore possible that controllers
may have experienced having to work harder to maintain performance, even though
this was not observable in the performance measure itself. This result emphasizes
that in order to detect, and prevent, performance declines, further research should
focus on measures that are sensitive to the operators’ experience, and that can be
monitored and utilized to detect potential performance decline prior to a perfor-
mance related incident.

It is acknowledged that these results are provisional, and results need to be
interpreted within context. For example, in an air traffic environment, it is easier for
the controller to build a picture of the traffic by ramping up with the traffic rather than
just starting a session in a high demand period [17]. However, findings do have
important implications for the prediction of controller performance in an operational
environment. Findings suggest that high and low demand periods can affect con-
troller perception of covariate factors such as workload and fatigue differentially
depending on what has happened prior to the current situation. Thus, supervisors may
need to pay close attention to the number and direction of transitions that a controller
experiences per session to most effectively support controller performance.

Future research should further explore the relationship between previous task
demands and the relationship on present controller experience, including the
exploration of sudden, and unexpected, transitions. Better predictions are needed to
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identify and prevent potential performance declines and associated performance-
related incidents. Such predictions may be particularly relevant for adaptive
automation technologies that support operator performance.

5 Conclusion

The effect of task demand transitions on covariate factors of workload and fatigue
and one efficiency related performance measure was investigated within the context
of an air traffic control task. Initial findings suggest that task demand variations
affected participants’ perceptions of workload and fatigue, although the effect
appeared to be influenced by the direction of the previous demand periods.
Performance appeared to be maintained across the control session. Previous
research has infrequently considered transitions of task demand in an applied
environment. Findings are consistent with the description of workload history
effects [5], and that equivalent task demand periods can elicit different experiences
for a human operator depending on what precedes the time of rating. Attentional
resource and arousal theories appear to support interpretation of the results. Further
research is required to enhance understanding of demand transition and history
effects. Practical applications include guidance for operations room supervisors, and
implications for predictions of performance in high and low demand periods, with
important implications for identifying and preventing potential performance
declines and associated performance-related incidents.
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How Important Is Conflict Detection
to the Conflict Resolution Task?
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Abstract To determine the capabilities and limitations of human operators and
automation in separation assurance roles, the second of three Human-in-the-Loop
(HITL) part-task studies investigates air traffic controller’s ability to detect and
resolve conflicts under varying task sets, traffic densities, and run lengths.
Operations remained within a single sector, staffed by a single controller, and
explored, among other things, the controller’s conflict resolution performance in
conditions with or without their involvement in the conflict detection task. Whereas
comparisons of conflict resolution performance between these two conditions are
available in a prior publication, this paper explores whether or not other subjective
measures display a relationship to that data. Analyses of controller workload and
situation awareness measures attempt to quantify their contribution to controllers’
ability to resolve traffic conflicts.
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1 Introduction

The transition to NextGen will likely include increasing levels of automation to
help controllers perform their duties. A progression towards higher levels of
automation could enable the controllers’ working environment to move from tac-
tical separation management to strategic decision-making. Such automation is
envisioned to expand performance beyond today’s limits by off-loading workload
from controllers onto automated functions for the majority of routine operations [1].
However, the nature of this human-automation team is not well understood. It is
still unknown exactly which tasks are best allocated to the human operator as
opposed to the automation, and vice versa. In considering this system as a whole,
careful and thorough investigation is needed to better understand, not only how
each team member performs in such environments, but also any associated
human-automation cooperation issues.

2 Background

The motivation behind these investigations is to address a well-known problem:
current-day air traffic control techniques are very labor intensive, and are limited to
the amount of information controllers can process and keep in their working
memory. Function allocation is but one approach to this problem, wherein
automation can take responsibility for some tasks, theoretically easing the con-
troller’s workload.

The current series of studies fall under NASA’s revised function-allocation
research plan, which calls for advancing our understanding of the related air-ground
and human-automation issues. In particular, the Airspace Operations Laboratory
(AOL) focused on the following question: “Which separation assurance functions
can air traffic controllers effectively perform in future air traffic management sys-
tems?” Understanding the strengths and weaknesses of individual team members is
an important aspect in determining how to distribute tasks between team members.
As a first step towards gaining such insights into human-automation teaming, our
approach has been to conduct part-task HITL simulations that identify the capa-
bilities and limitations of the controller in key separation assurance tasks.

2.1 Function Allocation Research

In March of 2015, the AOL at NASA’s Ames Research Center [2] conducted the
first in a series of studies that explored the capabilities and limitations of human
operators with regard to the separation assurance element of air traffic control.
Specifically, the research sought to better understand how best to allocate functions
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between controllers and automation. A second study conducted in May of 2015
continued that work, but with the conflict resolution task as its main focus.
Although the first study differed in that it investigated the conflict detection task,
both studies shared the same approach, in which they sought to tease apart the
primary task from related secondary tasks. While looking across varying levels of
automation, the studies measured the overall impact on the performance of the
primary task. Of particular interest to the second study was discovering whether
removing controllers’ involvement in the detection task would impact their ability
to resolve conflicts.

The first study, referred to as the Human-Automation Conflict Detection study
(or HACD), and the second study, referred to as the Human-Automation Conflict
Resolution study (or HACR), are reported in [3-5]. However, a brief summary of
the HACR simulation environment is in order, to provide the appropriate context
for the discussions of this paper.

The HACR Simulation. HACR examined controller performance on the con-
flict resolution task under different task sets, traffic density levels, and run lengths.
The group of tasks under the controller’s responsibility and those under the
automation’s responsibility defined a given task set. Traffic density and run length
completed the study’s set of independent variables. Although the full study featured
a 5 X 2 X 2 within-subject repeated-measures design, the scope of this paper and
its analyses are limited to two of the study’s task sets (Conflict Resolution and
Conflict Detection & Resolution.), both traffic densities (1x current-day traffic levels
and 1.2x current-day traffic levels) and one run length (60 min).

Clearly, the key distinction between the two task sets of interest lies in whether
or not the controller was responsible for the conflict detection task. The Conflict
Detection & Resolution condition operated much like current-day air traffic control.
The controller kept constant watch over their sector’s radar display, observing the
progress of air traffic in and around their sector, and issuing control instructions
they deemed necessary. In contrast, the Conflict Resolution condition went to great
lengths to isolate the conflict resolution task, and in doing so, removed the con-
troller from the conflict detection task. The study accomplished such isolation by
developing a clever display capability that suppressed all air traffic from the radar
display unless the automation (i.e., a trajectory-aided conflict probe) detected a
potential conflict. Once the automation detected a conflict, the system would turn
off the ‘blackout” mode, and displayed all traffic as it normally would, albeit with
the aircraft in conflict highlighted (see Fig. 1). At this point, the automation’s task
of detecting the conflict was complete, and it was then the controller’s responsi-
bility to, just as in the Conflict Detection & Resolution condition, issue whatever
control instructions they deemed appropriate.

The airspace used during the simulation consisted of a single high-altitude
sector, with a mix of overflights passing through at level altitudes, and transitioning
aircraft descending to or climbing out from area airports. The scenarios progressed
through a ramp-up, peak, and ramp-down phase, with each phase lasting
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Fig. 1 Screen capture of the controller’s radar display in the Conflict Resolution condition before
the automation detects a conflict (leff), and after the automation detects a conflict (right)

approximately 20 min. Traffic levels reached 18 aircraft in the sector in the 1x
traffic density, and 22 aircraft in the 1.2x density. The simulation’s environment
also included winds for the area, which were constant-at-altitude with a nominal
forecast error. Eight retired FAA en route controllers (with an average of 24.9 years
of experience among them) participated in the study, all of which worked the same
conditions.

The primary simulation platform used for the study was the Multi Aircraft
Control System (MACS) [2], which, for each controller workstation, hosted an En
Route Automation Modernization (ERAM) emulation on a large-format monitor.
The controller workstation also included a specialized keyboard and trackball,
similar to those used in current air traffic control facilities, as well as a custom,
stand-alone voice application emulating the fielded communication system. Data
recorded and collected at each workstation included aircraft flight states, operator
task data and workload, automation states, voice communications, etc.

2.2 Previous Findings

The data presented in [4] compared the time at which the controllers issued a
clearance to resolve a conflict, with the time of that conflict’s detection. In the
Conflict Detection & Resolution condition, the detection time was marked when the
controller made a keyboard entry to signal they believed an aircraft pair to be in
conflict. In the Conflict Resolution condition, the detection time was marked when
the automation identified an aircraft pair to be in conflict (i.e., typically when the
‘blackout’ mode turned off). The difference between these two event times repre-
sents the Resolution Response Time measurement.

The findings showed that the controllers were able to issue resolution maneuvers
within 30 s of conflict detection for 49 % of cases in the Conflict Resolution
condition, but did so for 59 % of cases in the Conflict Detection & Resolution
condition. Even after accounting for the traffic density variable, this trend held true:



How Important Is Conflict Detection to the Conflict Resolution Task? 107

Table 1 Resolution response time mean and standard deviation values (in seconds) from the CR
and CD&R task sets in both 1x and 1.2x densities

Resolution response time CR CD&R

M SD M SD
1x 48.00 17.47 56.88 28.33
1.2x 45.63 14.78 49.25 31.28

the proportion of resolution maneuvers issued within 30 s of conflict detection were
46 and 56 % for the same conditions (respectively) at the 1x traffic density, and 51
and 64 % at the 1.2x density. These results indicate that when removed from the
conflict detection task, controllers more often needed more time in order to issue a
resolution. Although measurements did not distinguish between solution identifi-
cation time and solution execution time, when considering the fact that the solution
execution methods available were constant across conditions, one can reasonably
believe this data reflects an increase in the solution identification time (i.e., the
controllers needed more time to determine how to solve the conflict).

Although the concentration of resolution response times showed more noticeable
changes within the different comparisons, a repeated-measures analysis of variance
(ANOVA) for resolution response time mean values did not provide significant
results for the task set or traffic density variables (p > 0.05). Table 1 lists the
relatively similar descriptive statistics for the four combinations of task sets and
traffic densities.

3 Method

This paper explores whether or not other subjective measures display a relationship
to the controllers’ conflict resolution performance. The current analyses examine
workload and situation awareness because prior research identified both as critical
factors that frequently and negatively influence controller performance [6]. The
results from [4] seem to support an obvious hypothesis: when controllers are not
involved in the conflict detection process, they know less about the circumstances
surrounding the conflict, and as a result, need more time to assemble a detailed
enough picture in order to know what action(s) to take. This paper seeks to validate
this idea using the available situation awareness data. Analyses will also compare
the conflict resolution performance data against the controller workload data to seek
out other hidden relationships between the objective and subjective data.

Although the full study included two treatments of run-length, the analyses in
this paper are limited to only the 60-min duration runs. However, the results from
[4] collapse the run-length variable, combining data from the 60-min runs with data
from the 20-min runs. In order to better align with the analyses presented here, new
analyses of the performance data are also included.



108 J. Mercer et al.

3.1 Workload

Workload Assessment Keypads (WAKSs) probed controller workload at three-
minute intervals during the simulation trials. Controllers responded to the workload
probes with Air Traffic Workload Input Technique (ATWIT) [7] ratings along a
modified six-point scale (e.g., 1 as low workload, 6 as high workload).

3.2 Situation Awareness

The study collected situation awareness data using the Situation Present Assessment
Method (SPAM) [8]. After responding to each of the workload prompts, a small
window appeared on the display, presenting participants with a situation awareness
question. Developed in collaboration with three retired air traffic controllers who
were not participants in the study, the questions used a yes/no response format,
implemented as separate response buttons within the question window. After
answering the situation awareness question (i.e., after clicking either the ‘yes’
button or the ‘no’ button), the window automatically disappeared, allowing the
participants to return to their air traffic control duties with minimal interruption.
Results included in this paper benefit from two different measures of situation
awareness: percentage of questions answered correctly (accuracy), and elapsed time
between question presentation and correct answer (response time).

4 Results

The following describes the results from the current data analyses, all sourced
exclusively from the 60-minute runs within the Conflict Resolution (CR) and
Conflict Detection & Resolution (CD&R) task sets. The selected metrics are first
considered individually, followed by multi-variate examinations that look to
identify quantifiable relationships (via a series of Spearman’s Correlation tests)
between the objective conflict resolution performance data, and the subjective
workload and situation awareness data. Other publications provide additional
results from the HACR simulation [4, 5].

4.1 Resolution Response Time

Across task sets, the controllers were able to issue resolution maneuvers within 30 s
of conflict detection for 51 % of cases in the CR task set, and 53 % of cases in
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Table 2 Summary of means and standard deviations of the resolution response times (seconds),
workload ratings, situation awareness accuracy, and situation awareness response times (seconds)
from the CR and CD&R task sets in both 1x and 1.2x densities

Resolution response time CR CD&R

M SD M SD
1x 46.75 20.48 69.88 37.78
1.2x 43.13 9.06 66.38 56.36
Workload CR CD&R

M SD M SD
1x 1.69 0.42 2.48 0.72
1.2x 2.11 0.60 3.12 0.55
Situation awareness accuracy CR CD&R

M (%) SD (%) M (%) SD (%)
1x 74.50 10.20 77.75 11.34
1.2x 70.25 16.15 74.25 7.34
Situation awareness response Time CR CD&R

M SD M SD
1x 6.89 1.28 6.23 1.61
1.2x 7.34 1.26 5.89 1.65

CD&R. After further isolating the traffic density variable, data from the trials
simulating 1x traffic density indicated that 52 % of resolution maneuvers occurred
within 30 s of detection in the CR condition, compared to 51 % in CD&R. These
numbers changed to 49 and 59 % (respectively), at the 1.2x traffic density. This
data differs from the findings reported in [4] that, at the highest level, associate
controller involvement in the conflict detection task with more often needing less
time to resolve a conflict. Such distinction is no longer present in this data, now
characterized by largely similar distributions.

When looking at the mean values for resolution response time, ANOVA results
approached significance for the comparison between task sets (F(1,7) = 3.928,
p = 0.088), where CR (surprisingly) had faster resolution times (M = 44.938,
SD = 4.74) than the CD&R condition (M = 68.125, SD = 10.853). Traffic density
did not have a significant effect on resolution response time. Table 2 lists the
relevant mean and standard deviation values.

4.2 Workload

A Kolmogorov-Smirnov test indicated that the workload data violated the
assumptions of normality (p < 0.05), thus requiring a Friedman’s ANOVA for
non-parametric data. This test revealed a significant difference between task sets
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and traffic densities, y*(3) = 18.600, p = 0.01. Post hoc analyses applied a
Bonferroni correction to Wilcoxon signed-rank tests and showed significant dif-
ferences between task sets, in both the 1x (Z = —2.100, p = 0.036) and the 1.2x
(Z = —2.521, p = 0.012) densities, with CR reporting lower workload ratings than
the CD&R condition. Traffic density had a significant effect on workload, but only
in the CD&R task set (Z = —2.521, p = 0.012), with lower workload ratings
coming from the 1x density. There was no significant effect of traffic density within
the CR condition (Z = —1.120, p = 0.263). Descriptive statistics reflect these trends
(see Table 2). These workload results appear to support our expectation (and also
align with the HACD data reported in [3]), that workload would increase under less
automated working environments and during higher levels of traffic.

4.3 Situation Awareness

Situation Awareness Accuracy. Listed in Table 2, the average percentages of
correctly-answered situation awareness questions remained fairly stable throughout
the four combinations of task sets and traffic densities, with between 70.25 and
77.75 % accuracy. A repeated-measures ANOVA confirmed this with no signifi-
cant effect of condition or density (F(1,7) = 0.747, p = 0.416) and (F(1,7) = 1.268,
p = 0.297), respectively. These results contest the expectation that removing con-
trollers from the conflict detection task (i.e., the CR task set) would negatively
impact their situation awareness.

Situation Awareness Response Time. A repeated-measures ANOVA showed a
significant difference in situation awareness response time as a result of task set, (F
(1,7) = 7.555, p < 0.05), where the CR condition had slower response times
M =7.114, SD = 0.391) than the CD&R condition (M = 6.057, SD = 0.525).
Tests also revealed that traffic density had no significant effect on situation
awareness response time. In contrast to the situation awareness accuracy data, these
results support the notion that the conflict detection task is an important contributor
to the controller’s understanding of the traffic in their sector. Admittedly, the sta-
tistical significance here represents a difference of less than two seconds; therefore
such findings may have limited meaning. Descriptive statistics are listed in Table 2.

4.4 Resolution Response Time and Workload

Results from a Spearman’s correlation test between resolution response time and
workload approached significance in the CD&R-1.2x pairing (r4(18) = 0.452,
p = 0.060). This shows a positive relationship in that resolution response time and
workload increased together. It is also interesting to note that while controller
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Fig. 2 Scatterplot of average resolution response time against average workload rating, including
a linear trend-line, for the CD&R task set in the 1.2x traffic density

workload increased, the variability in resolution response time increased as well
(see Fig. 2). There were no significant or near-significant relationships found for
any of the other combinations of task set and traffic density.

4.5 Resolution Response Time and Situation Awareness

The correlation between resolution response time and situation awareness accuracy
approached significance for two pairings: CR-1x and CD&R-1x ((r4(24) = 0.374,
p = 0.072) and (r4(24) = —0.375, p = 0.071), respectively). Although these two
correlations are similar in strength, their directions are inverted relative to each
other. The CR-1x correlation displayed a positive relationship, with resolution
response time and situation awareness accuracy increasing together. Meanwhile, the
CD&R-1x correlation revealed a negative relationship, where resolution response
time decreased as situation awareness accuracy increased. For reference, these
findings are reflected in Figs. 3 and 4. Further tests were unable to find any cor-
relations of significance or near-significance for any of the combinations of task set
and traffic density (p > 0.1).
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Fig. 3 Scatterplot of average resolution response time against average situation awareness
accuracy, including a linear trend-line, for the CR task set in the 1x traffic density
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Fig. 4 Scatterplot of average resolution response time against average situation awareness
accuracy, including a linear trend-line, for the CD&R task set in the 1x traffic density
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5 Discussion

When the confounds of run length and traffic density were present in the com-
parison of resolution response time data between the CR and CD&R task sets, the
distribution of data indicated value in having controllers involved in the conflict
detection task. However, the new analyses, which focused just on the 60-min trials
and split out the traffic density variable, no longer supported that argument. One
possible explanation for this is that in the shorter, 20-min trials controllers were
more engaged and experienced less fatigue; perhaps supported by the larger stan-
dard deviations. Within the longer, perhaps more tiring trials, the demands of the
more manual environment associated with the CD&R task set, seem to have led to
the increased mean response times; enough to reach significance. Another element
possibly contributing to these differences stems from a simulation artifact: in the CR
condition, the trigger for the radar display’s blackout mode was simply the absence
of any detected conflicts. The following sequence captures an unintended conse-
quence of this implementation: (1) conflict detected, blackout mode disengages;
(2) controller issues a heading vector to maintain separation; (3) conflict resolved
(i.e., no longer detected), blackout mode engages. The end result of this example is
that an aircraft continues along an open vector, with the controller unable to see
when to issue the follow-up heading instruction to put the aircraft back on course.
During the simulation, controllers received training on how to manually disengage
the blackout mode, facilitating the ability to follow-up on an open-ended instruction
in order to ‘close the loop’, at which point they could manually re-engage the
blackout mode. Comments from a few participants indicated this process was a bit
cumbersome, and could explain a higher proportion of simpler, cruder resolution
maneuvers (e.g., altitude instructions) that better supported the ability to more
quickly complete the resolution process for a given encounter before moving on to
the next thing.

The workload data describes very believable circumstances, where controllers
felt less busy during conditions where they had (literally) nothing to look at for part
of the time. Additionally, their workload ratings helped validate our traffic sce-
narios, reporting lower workload in the 1x traffic density. That the same difference
between traffic densities was only observed in CD&R is likely because the effects of
the CR task set’s blackout mode outweighed the impact of traffic density.

A major concern about human-automation interactions is the possible reduction
of operator situation awareness. While the situation awareness accuracy metric did
not see any effect of task set, the situation awareness response time data did. The
results not only highlight the need to examine situation awareness from multiple
angles, but suggest that the controllers were able to perform equally well in cor-
rectly answering the situation awareness questions across both task sets, but only at
the expense of response time. Given that such expenses amounted to less than two
seconds of time, the likely implication is that both the level at which situation
awareness was degraded and the amount of compensation needed to overcome it,
were minimal.
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Correlating the resolution response time and workload data uncovered a
potential trend describing a positive relationship in which the resolution response
times and workload ratings increased together. This relationship only appeared
during the CD&R-1.2x condition, which generally speaking, was the most chal-
lenging of the analyzed conditions, since it paired the higher traffic density with the
more manual task set. Perhaps the more difficult nature of this condition explains
why the statistical relationship did not appear anywhere else, suggesting that it was
the only condition able to elicit a meaningful range of workload ratings from the
participants. Also, the resolution response times appear to disperse more as the
workload ratings increase, providing additional evidence of the relationship
between the two measures: during the more complex situations likely associated
with higher workload ratings, it would be reasonable for controllers to need more
time to resolve a conflict.

The correlational analysis between resolution response time and situation
awareness accuracy helped uncover a few key aspects of how they influenced each
other. During the CR task set, any time spent by the controllers resolving a conflict
directly corresponded to the amount of time that the blackout mode was disen-
gaged, and consequently, the amount of time they were able to observe the traffic in
their sector. Therefore, any increase in resolution response time brought with it
more time for the controllers to observe traffic, and naturally led to better answers to
the situation awareness questions. Whereas the resolution response time (and
‘screen time’, indirectly so) seemingly drives the situation awareness in the CR task
set, that simple story may not hold true in the CD&R task set. Rather, it appears as
if the situation awareness is driving the resolution response time. As controllers
perform their conflict detection duties, they naturally need to observe more things
and consider more things, and as a result, may need more time to resolve certain
conflicts (note the larger spread in resolution response time data in Fig. 4 vs.
Fig. 3). When we consider the situation awareness component, a controller with
low situation awareness is likely to take even longer to resolve a conflict.
Conversely, a controller with good situation awareness can more likely identify a
resolution more quickly.

6 Conclusion

This paper examined the subjective measures of workload and situation awareness
within the objective context of conflict resolution response time. Real-world service
providers are considering future air traffic management systems that include more
automation: automation that will likely work jointly with human operators. It is
critical then, to understand the various impacts of human-automation interaction, in
order to identify any costs or consequences that could inform good system design.
In addition to showing that creating an environment which removes the controller
from the detection task is more difficult than one might assume, the results here
uncover not only the importance of analyses which co-examine multiple factors, but
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also offer evidence of the obvious relationship between conflict detection and
conflict resolution. It was the situation awareness data that best identified how the
detection and resolution tasks influence each other. Findings from the situation
awareness accuracy data point to the idea that controllers can likely resolve conflicts
with our without first detecting the conflict... but will do so in very different ways.
Data here suggest removing the conflict detection task will limit situation awareness
and may result in the consideration of only a few factors, producing resolutions of a
more simplified nature; whereas detecting a conflict beforehand will add to the
controller’s situation awareness and may result in the considerations of several
factors, producing resolutions of a more optimized nature.
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Human Systems Integration and Strategic
Planning

Edward Austrian, Michael Sawyer and Katherine Berry

Abstract The National Airspace System (NAS) Enterprise Architecture (EA)
describes Next Generation Air Transportation System (NextGen) goals, operational
changes, planned infrastructure changes, and guidance materials that are referenced
by FAA programs throughout the acquisition process. To strengthen the presence of
human factors in NAS infrastructure plans and improvements, the FAA Human
Factors Research and Engineering Division executed a redesign of the Human
System Integration (HSI) Roadmap. This paper will present the methods utilized to
redesign the HSI Roadmap, provide an overview of sample human factors inte-
gration opportunities, and key lessons learned.

Keywords Transportation - Aviation - NextGen - Human-systems integration

1 Introduction

The Federal Aviation Administration (FAA) is transforming the National Airspace
System (NAS) through the implementation of the Next Generation Air
Transportation (NextGen). NextGen aims to improve safety, capacity, and efficiency
through the introduction of inter-dependent infrastructure, service, procedure, and
policy updates [1]. Serving as a guide to this complex transition is the FAA’s NAS
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Enterprise Architecture (EA). The NAS EA provides users with a strategic blueprint
of top-down service changes, infrastructure changes, and supporting guidance
materials. These data elements are communicated through a variety of EA products
and are referenced by FAA programs throughout the acquisition process [2].

For approximately eight years, the HSI Roadmap has been an integral part of the
NAS EA. Since its inception, the HSI Roadmap has been the only NAS EA product
to exclusively document human factors engineering activities and the evolution of
user-centered needs. On an annual basis, the HSI Roadmap is updated to reflect the
most current human factors needs and how FAA Human Factors intends to respond
to them [3].

To strengthen the inclusion of human factors in NAS infrastructure plans and
improvements, the FAA Human Factors Research and Engineering Division
(ANG-C1) executed a redesign of the HSI Roadmap between October 2014 and
June 2015. The intent of the redesign was to ensure compliance with EA guidelines
while more clearly documenting the impact of human factors products on NAS
infrastructure changes. As such, the renewed focus of the HSI Roadmap moved
away from workforce evolution and shifted towards the documentation of human
factors integration opportunities to support infrastructure changes and responsive
human performance.

1.1 Purpose

One of the many challenges across industry is the timely inclusion of human factors
in acquisitions. It is critical that the FAA proactively identify and address
user-centered needs as it continues to concurrently develop and implement
NextGen changes [4]. From an infrastructure development standpoint, the HSI
Roadmap aims to address this need and promote the consistent consideration and
inclusion of human factors in infrastructure development plans [5]. This paper
presents the development of the 2016 HSI Roadmap, an overview of current human
factors and safety needs, sample human factors integration opportunities, and les-
sons learned throughout the development process.

2 Methods

The HSI Roadmap redesign was executed in two phases—Information Display
Structure and Content Development. Each of these phases and related methods are
detailed in the following sub-sections.
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2.1 Information Display Structure

During Phase I of the redesign process, data was gathered from the FAA Human
Factors Library [6]. NextGen research reports documenting projects managed by
ANG-C1 between 2012 and 2014 were collected. Each report’s abstract was
evaluated to identify three components—(1) the NAS shortfall/mission gap that a
project aimed to address, (2) the project’s end product description and proposed
benefits, and (3) the NAS infrastructure impact that a project’s end product may
yield.

As these information elements were identified, they were sorted into three cat-
egories—Shortfalls, Benefits, and Infrastructure Impacts. At the completion of this
evaluation, each category was further examined to identify independent, trending
themes. The Shortfalls category was examined to identify the leading NextGen
human factors needs addressed by ANG-C1 between 2012 and 2014. The Benefits
category was examined to identify the most frequently proposed benefits for the
projects evaluated. The Infrastructure Impacts category was examined to identify
the leading impacts to NAS infrastructure. The emerging themes from each of the
three categories were applied at an enterprise-level to develop the HSI Roadmap’s
information display structure.

Utilizing the classified information, three layers of information (shown in Fig. 1)
within the HSI Roadmap were developed. From the Shortfalls category the top layer,
Functions, are a representation of the on-going FAA assessment to identify targeted,
NAS-wide human factors needs. The middle layer, NextGen Focus Areas/Activities,
was derived from the Benefits category. NextGen Focus Areas/Activities are a rep-
resentation of the project-level responses to one or more human factors needs. From
the Infrastructure Impacts category, the final layer, Infrastructure Development
Influences, was determined. Infrastructure Development Influences are a represen-
tation of the direct impact that a specific human factors product may introduce to one
or more NAS infrastructure program(s) at a specific point-in-time.

Figure 2 provides an overview of the HSI Roadmap Functions and NextGen
Focus Areas/Activities. Specific Infrastructure Development Influences are depicted
through product integration lines in the HSI Roadmap diagrams.

Fig. 1 HSI roadmap
information layers/hierarchy L
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Functions NextGen Focus Areas / Activities
H Perfi d Safet
Human-System Performance Risk Reduction uman Performance and Safety
NextGen ATC / Tech Ops Error Management and Human Centered
Complex Systems Design
Workstation Development ATC Information Presentation &
Management
ATC Information ATC Display Convergence
Integration and User Comprehension
FAA Acquisition Evaluation FAA Order 9550.8 & AMS Policy 4.7
Compliance
Human Factors AMS and SMS Support to
Emerging Programs
Procedure Development Procedure Complexity Reduction and
Usability

NextGen Air-Ground Procedure Development
Support FAA Evaluation and Approval of Evaluation of Applicant Compliance with

Complex Systems Human Factors Related Regulations

NextGen Flight Deck Error
Management
Support FAA Evaluation and Approval of Evaluation of Applicant Complianc'e with
NextGen Avionics & Flight Deck Technologies Human Factors Related Regulations

Flight Crew Interfaces, Installation & Integra-

tion Issues, & Ops

Fig. 2 HSI roadmap functions & NextGen focus areas/activities

2.2 Content Development

During Phase II of the redesign process, data was gathered from the NAS EA Portal
[2]. Seventeen human factors decision points were collected. Each of the human
factors decision points were evaluated based on their expected NAS infrastructure
impacts. Next, each decision point was linked to the HSI Roadmap Functions and
NextGen Focus Areas/Activities. To identify individual Infrastructure Development
Influences, an additional 207 non-human factors decision points/regulatory mile-
stones were collected. Each of the 207 non-human factors decision points were
evaluated through one-on-one stakeholder working sessions to identify technical
relationships with the 17 human factors decision points. Of the 207 non-human
factors decision points, 12 decision points had technical relationships with one or
more of the 17 human factors decision points. Each of these relationships were
validated by stakeholders and are clearly documented throughout the HSI Roadmap
diagrams through product integration lines.
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3 Results

Upon completion of the annual NAS EA update cycle, the HSI Roadmap was
published on the NAS Systems Engineering Portal in February 2016 [2, 3]. The
updated roadmap depicts numerous direct and indirect relationships with other
infrastructure roadmaps, such as Automation, Aircraft, Airspace & Procedures,
Safety, Surveillance, and Communications. Documentation of these relationships
increases the visibility and accountability of human factors. It also drives strategic
human factors activities and promotes cross-domain coordination to support the
timely influence of human factors products on NAS infrastructure changes.

3.1 Human Factors and Safety Results

Diagram 1 of 4 of the HSI Roadmap (documented in Fig. 3) depicts the
Human-System Performance Risk Reduction Function and its related NextGen
Focus Areas/Activities—Human Performance and Safety and Human Centered
Design. The Human-System Performance Risk Reduction Function represents the
on-going identification of enterprise-level human factors safety needs. Human
factors safety needs may be identified through the examination of acquisition
programs, internal FAA safety assessment outputs, or through the targeted analysis

cY

z 3 MewsGen Far-Term ATC Human Emor Condiion idensicaton & bitigaton |
|

.\;‘\‘

Future NextGen ATC Human Performance Safety
e Ioricaton

Fig. 3 HSI roadmap page 1 of 4
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Table 1 Human factors and safety results overview

Function NextGen focus areas/activities Sample infrastructure development
influences
Human-system Human performance and safety * Allocation of functions between

performance users and automation
risk reduction 988 & 989 » Mitigation of human error

NextGen . conditions arising from the
ATC/Tech Human centered design introduction of complex systems
Ops error and procedures

management * Definition of operational

and complex hu.mal.n—system performance
systems criteria

* Proactive derivation of out-year
human performance and safety
needs

of NextGen improvements. This Function drives the execution of its respective
NextGen Focus Areas/Activities.

The Human Performance and Safety NextGen Focus Area/Activity aims to
proactively identify NextGen human error modes and conditions that may arise
from the introduction of complex systems and procedures. These activities also aim
to identify air-ground acquisition programs that may benefit from completed or
planned Human Performance and Safety products. Programs may apply these
products to inform the development of NAS shortfalls, solution alternatives, or
required FAA acquisition safety documents (e.g. OSA, SRMD, etc.). Currently
there are 5 human factors decisions points that are linked to this NextGen Focus
Area/Activity (Table 1).

The Human Centered Design NextGen Focus Area/Activity aims to address
emerging air-ground safety-critical design needs. These activities also aim to
identify acquisition programs that may benefit from completed or planned Human
Centered Design products. Programs may apply these products to inform the
development of Requirements Documents, Test & Evaluation (T&E) methods, and
Verification & Validation (V&V) criteria. Currently there is 1 human factors
decision point linked to this NextGen Focus Area/Activity.

For example, Table 2 summarizes a subset of human factors to non-human
factors decision point relationships identified during Phase II of the HSI Roadmap
redesign. Each of these relationships represent a specific opportunity (potential
infrastructure development influence) for an acquisition program to apply research
products related to human factors decision point 926.

In addition to completing the associated research with decision point 926, sig-
nificant coordination between human factors and mid-term acquisition programs
must be conducted to complete this decision. One of the many benefits to the HSI
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Table 2 Human factors—non-human factors decision point relationships

Human factors decision point | Non-human decision points Primary roadmap
926: Decision on the 198: FID for TFDM Segment 2 Automation
implementation strategy of 1007: FID for TBFM Work Package Automation

mid-term human performance | (wp) 4

safety requirements into the - o753 By for CATMT WP 5 Automation
NextGen safety process

304: FID for Data Comm Segment 2 Communications
850: FID for ATOP Enhancements WP 1 | Automation
884: FID for ADS-B In Applications Surveillance

Roadmap is that it serves as a cross-program coordination tool for human factors. It
reduces frequently encountered barriers between programs and supports ANG-C1’s
effort to transition products from research to reality.

4 Lessons Learned

The HSI Roadmap redesign process was executed over the course of 9 months.
During this period, the team encountered multiple technical and logistical chal-
lenges. This section will review key lessons from this project.

4.1 Cross-Team Collaboration

During the HSI Roadmap redesign, the team regularly coordinated across multiple
domains and lines of business. Engaging in this coordination from the beginning
allowed the team seek technical inputs from a diverse pool of non-human factors
subject matter experts and gain Agency-wide support during the product’s concept
development phase. Additionally, this cross-team collaboration served as a
risk-reduction mechanism and significantly eased the implementation process.

4.2 Product Flexibility

In Phase I, the team initially employed a bottom-up approach to support informa-
tion display structure development. In doing this, the team continually found that it
was extremely easy to get lost in the details. As a result, the team adjusted their
approach to Phase I and used a top-down approach (as detailed in the methods
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section). This allowed the end product to maintain its enterprise-level focus and
have built in flexibility for future growth or document updates.

4.3 Lack of Industry Best Practices

Unlike many other lines of businesses within the FAA, human factors does not
acquire infrastructure, it supports it. Due to this, documenting a cohesive,
enterprise-level narrative was challenging. While the team found many FAA and
Department of Defense Architecture Framework (DoDAF) references helpful, there
were no comparable roadmaps, documents, or best practices from industry available
[7]. As a result, the team referenced technology roadmaps from other infrastructure
and non-infrastructure domains throughout Phase I and II of this effort.

5 Conclusion

For approximately 8 years, the HSI Roadmap has been an integral part of the
NAS EA. Since its inception, the HSI Roadmap has been the only NAS EA product
to exclusively document human factors engineering efforts and the evolution of
user-centered needs. As such, the HSI Roadmap may be used as a tool to develop
human factors dependencies and a method to drive the identification of future
integration opportunities. Multiple human factors opportunities exist to support the
successful delivery of NAS infrastructure and NextGen capabilities throughout the
mid- and far-terms. Functionally, the HSI Roadmap may be used a means to
support the identification of those opportunities and a tool to promote the timely
inclusion of human factors in NAS acquisitions.
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If It Gets Measured, It Can Be Managed

Sue Burdekin

Abstract The ICAO requirement for aviation operators to adopt a Safety
Management System has led to innovative approaches in order to satisfy the
measurement and monitoring of performance. One pilot human factors performance
evaluation methodology that has gained support in both civil and military opera-
tions is Mission Operations Safety Audits (MOSA). MOSA has evolved from an
experimental research program which was initially tested in a single pilot FA/18
Hornet simulator. It was then adapted to multi-crewed flight decks and further
tested in a European civil airline and an Indian sub-continent regional airline before
being reintroduced to military multi-crewed transport operations. Following the
success of the trials, a mature MOSA Program was recently rolled out to all of the
transport squadrons from 86Wing, Royal Australian Air Force. These included
squadrons operating the C-17 Globemaster III, the KC30A MRTT (Multi-Roll
Tanker) and the KA350 King Air. MOSA is a structured pilot self-assessment
program that collects data across subject matter expert designed categories of
behaviour that are tailored to meet the specific requirements of the operation. Each
pilot assesses him/herself, their co-pilot and how they perceive the overall perfor-
mance of their operation as a crew. The anonymity of the self-reporter is protected
and the data is submitted by use of electronic tablet technology where it is analysed
to produce a system evaluation report and highlight developing issues. Once
base-line measures are established, the effectiveness of interventions can be can be
measured by subsequent MOSA evaluations. This paper will discuss the develop-
ment of the MOSA methodology and give examples of the results that it can
provide to users.

Keywords Safety management systems - Pilot performance evaluation - Human
factors
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1 Introduction

In November 2013, Annex 19 to the Convention on International Civil Aviation
came into force becoming the first new Annex to be adopted by the Council of the
International Civil Aviation Organisation (ICAO) in over 30 years. Annex 19
consolidated references to Safety Management previously contained in Annexes 1
(Personnel Licensing), 6 (Operation of Aircraft), 8 (Airworthiness of Aircraft), 11
(Air Traffic Services), 13 (Aircraft Accident and Incident Investigation) and 14
(Aerodromes). Annex 19 requires States to develop a State Safety Plan (SSP). In
Australia, the Civil Aviation Safety Authority (CASA) developed the SSP in
cooperation with the Australian Transport Safety Bureau (ATSB), Air Services
Australia, the Department of Transport, the Department of Infrastructure and
Regional Development, the Australian Maritime Safety Authority, the Bureau of
Meteorology, and the Department of Defence. Where possible, the Australian
Defence Force (ADF) aims to harmonize its approach to safety regulations with the
civil system. This philosophy provides a relatively seamless interface with joint
operations in controlled airspace and multi-user airports. Additionally, as more
military practices, such as, aircraft servicing and some transport aircraft leasing
arrangements, are outsourced to civilian organisations, common safety regulations
ensure high standards of compliance.

There are four components that should be addressed within the State Safety
program framework: Safety Policy and Objectives; Safety Risk Management;
Safety Assurance; and, Safety Promotion. Under Safety Assurance States are
required to maintain safety oversight; collect, analyse and exchange data; and,
target the oversight of areas of greater concern or need [1].

The SSP provides governance for the CASA SMS framework, which requires
operators to undertake ‘Performance Monitoring and Measuring’ within the Safety
Assurance component (refer to Fig. 1). The regulator does not prescribe how
operators are to meet these standards but rather, is open to new and innovative
approaches as long as compliance is achieved [2].

One pilot performance human factors evaluation methodology that has gained
support in both civil and military operational environments is Mission Operations
Safety Audits (MOSA). MOSA was originally designed as a military aviation human
factors evaluation tool. The ADF Directorate of Aviation and Air Force Safety
(DDAAFS) sought to establish whether there had been a transfer of crew resource
management (CRM) training from the classroom to the flight deck. A review of Line
Operations Safety Audits (LOSA) found that the behavioural observation informa-
tion gathered could be utilized within the DDAAFS safety measurement and mon-
itoring program. However, LOSA was originally designed for civil commercial
airline application where passenger comfort and on-time performance demonstrate
the success of the mission. Military aviation operations are far more diverse, often
involving high speed, rapid manoeuvre and terrain following flight. Additionally,
many military aviation platforms cannot accommodate an observer and for those
transport aircraft that could, the review concluded that LOSA could be expensive,
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Fig. 1 Australian CASA safety management system framework

labour intensive and intrusive. Experimental research was therefore undertaken to
test the validity of structured pilot behavioural self-assessment across a range of
pre-determined categories of non-technical skills behaviour.

The original MOSA categories of behaviour were developed by a focus group of
subject matter experts (SMEs) comprising military line pilots, instructors and
executive (operational management) officers, assisted by the researcher, who is also
a commercial pilot. Examples of the categories of behaviour are listed later in this
paper. An experimental paradigm was designed utilizing a F/A-18 single seat
simulator to test the hypothesis that highly skilled and operationally current pro-
fessional pilots were able to confidently and accurately self-assess their own per-
formance using the structured categories of behaviour protocols. Thirty RAAF fast
jet pilot volunteers flew the same high and medium workload simulator mission
whilst two trained observers assessed their performance using the same protocols
that the pilots used to self-assess. Prior to conducting the main analysis, an interrater
reliability test established that the observers agreed with each other on the
assessment of the participant pilots. Those assessments were then compared to the
pilot self-assessments and the correlated results supported the hypothesis [3].

Following the success of this initial experiment, the MOSA methodology was
then further developed and tested in two multi-crewed civilian airlines. The first
was based in Europe and operated A319 aircraft, and the second was a regional
airline based in the Indian subcontinent and operated Dash8 aircraft. As the MOSA
research was specifically interested in validating the ability of pilots to self-assess,
the behavioural categories were tailored, once again by SMEs in each company and
the researcher, to target non-technical skills that were relevant in their unique
environment. Confidential self-assessment data were collected by captains, first
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officers and observers, assessing each pilot from the jump seat, during a total of
over 100 normal revenue raising flight sectors. Additionally, each pilot was asked to
confidentially rate the performance of their co-pilot. Once again, the observer and
pilots’ correlated results supported the premise that professional pilots are able to
self-assess their own performance and that of their co-pilot across a range of pre-
determined behavioural markers. Furthermore, rather than inflate their ratings, as
some literature espoused, pilots were generally more critical of themselves com-
pared to the assessment of the trained observer [4, 5].

So, having successfully tested the MOSA pilot self-assessment methodology in
both the simulator and in the field; in military single seat fast jet operations and in
multi-crewed civilian commercial aircraft, it was concluded that highly skilled, well
trained, professional pilots were able to reliably self-assess their own performance
in a confidential, non-jeopardy situation for the purpose of an operational system
evaluation. The strength of the MOSA approach, compared to LOSA and
NOTECHS is that the protocols can be tailored to the operational needs of the user.
MOSA is not a one size fits all process.

Upon completion of the MOSA research program, the Royal Australian Air
Force (RAAF) 36 Squadron, which operates the C-17A Globemaster III aircraft,
was the first ADF multi-crewed transport squadron to establish baseline human
performance measurements by adopting the mature MOSA methodology.

2 MOSA Methodology

In preparation for the MOSA system evaluation, a review of Aviation Safety
Occurrence Reports (ASORs) over the past 3 years was completed. Based on the
findings from the review, a 36 Squadron Safety Questionnaire was designed by a
team of Squadron SMEs, guided by the researcher (refer to Table 1). The results
from the questionnaire further enabled the SMEs to highlight issues of operational
concern and, therefore, better target the design of the categories of behaviour and
the MOSA protocols.

One example of a safety issue identified in both the review of the ASORs and
also in the questionnaire was ‘fatigue’. Therefore, a decision was taken to incor-
porate a fatigue scale into the MOSA protocol design. Details including, nomina-
tion of the ‘duty day’, ‘commencement of duty’, ‘end of duty’, and a self-reported
‘level of fatigue’ at the commencement and end of each flight sector (leg) was
requested of pilots using the Samn-Perelli 7-pt Sleepiness Scale. This scale is used
widely in the aviation sector and was originally developed to estimate aircrew
fatigue in USAF airlift operations [6-8].

Following focus group discussions, the MOSA categories of behaviour targeted
by the SMEs were resolved to be: briefing; contingency management; monitor/cross
check; workload management; situational awareness; automation management;
communication; and, problem solving/decision making. An example of a category
of behaviour can be seen in Table 2.
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Table 1 Pre-MOSA questionnaire

—

. In your opinion what are the top 3 aviation safety issues currently affecting ADF aviation?

2. Although we strive to prevent accidents, it is vital that we identify risks that are present in the
aviation safety system. With that in mind and with your expert knowledge of the ADF aviation
environment can you nominate any circumstances that might contribute to a future aviation
incident/accident with the ADF?

3. What do you think would be the best way to prevent this?

4. What process or strategies do you use for making immediate risk assessments as part of your
daily tasks?

5. On the scale below please indicate how comfortable you are in raising safety concerns with
your chain of command. (1 = uncomfortable for fear of reprisal or not being supported
5 = very confident you will be supported)

6. What is the one thing you remember from your last CRM/HF training, and how have you
applied it in your current role?

Table 2 Category of behaviour—automation management

Behavioural | Descriptor Grading/word picture (1. Poor;
category 2. Marginal; 3. Adequate;
4. Very good; 5. Excellent)
Automation | Interaction between the operator 1. Incorrect crew interaction and
management |and automated system management of aircraft automatic
Automation was properly managed systems. Clear errors of competency
to balance situational and/or workload in automation set-up, mode selection
requirements. Automation setup was and utilization
briefed to other members. Effective 2. Basic interaction with aircraft
recovery techniques from automation automatic systems. Appropriate
anomalies mode selection and utilization barely
adequate to maintain safe flight
profiles

3. Level of automation interaction
adequate to maintain prescribed
SOP profiles. Mode utilization
satisfactory and procedurally
correct. Recovery technique from
anomalies reflects limited system
awareness

4. Automation interaction to a good
standard. Effective and timely
management of automatic modes.
Flight path SOP profiles maintained
to a proficient standard. Clear
understanding of aircraft automation
systems reflected in sound anomaly
management

5. Automation management to a high
standard. Clear anticipation and use
of appropriate modes. All anomalies
managed to a highly proficient
standard reflecting a deep
understanding of the automation
system
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Table 3 Pilot participant details

Aircrew Mean Mean years Mean total Mean hours Mean hours in
age since training hours on C17 past 30 days

Captains 31 8 2424 1255 25

Co-pilots |29 5.45 1334 196 25

Demographic information was collected from the pilot participants. This con-
sisted of their: aircrew category; age; years since completion of flight training; total
hours flight time; hours on the aircraft type (C-17); and recency—flight time in the
past 30 days (see Table 3). Each pilot was then assigned a discrete number so that
data matching could be achieved.

The design of the MOSA protocol included other variables, such as, ‘type of
mission’ (airborne ops or logistics support), and ‘pilot flying’ or ‘pilot monitoring’.

2.1 MOSA Procedure

As the MOSA program was now a mature system evaluation tool, observers were
no longer used. Pilots were asked to confidentially self-assess their own perfor-
mance, how they perceived their co-pilot performed, and how they perceived they
performed as a crew in each of the eight categories of behaviour by using a 5 point
Likert scale (as seen in Table 2). This was to be recorded for each sector (leg).
To streamline the data collection, MOSA protocols were adapted for iPad use in
the aircraft. The aim was to minimise the impact on each mission and facilitate the
efficient transfer of data to a secure server whilst flight crews were deployed.

3 Examples from MOSA Results

The data were collected from 36 Squadron captains and co-pilots during normal
operational missions over a four month period. Whilst the evaluation was being
conducted, the aircraft was tasked to complete a variety of missions around the
globe, including: the delivery of humanitarian aid to countries that had experienced
hurricanes, earthquakes and tidal waves; supply missions to the Middle East; and,
the repatriation of victims from the MH-17 aircraft disaster in the Ukraine. The final
analysis was comprised of data sets from 84 sectors.

The results from the initial MOSA pilot evaluation were able to provide the
squadron with a baseline level of performance measures. These included: aggre-
gated mean data of total pilot performance; how captains performed compared to
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co-pilots, how they perceived each other’s performance, and how they performed as
a crew. These results could also be broken down by category of behaviour, mission
type, experience levels, and issues to do with fatigue. An example of the type of
narrative that could be reported is listed below. These behavioural category
assessments represent rating 4 on the 5-point Likert scale, and would be particularly
relevant to the squadron executives because they themselves were part of the SME
group that set the standard and developed them.

e Briefing: Effective crew briefing conducted utilizing all squadron/non-squadron
information. There was proficient time and workload management with clear
interaction and allocation of duties amongst crew.

e C(Contingency Management: Well-established threat management strategies
employed. All threats detected early and strategies actively verbalized. All
available resources were utilized.

e Monitor/cross-check: Consistent and effective monitoring of aircraft systems
and crew actions were such that any anomalies were detected and responded to
in a timely manner.

o Workload Management: All tasks were correctly organized in the manner that
makes flight management efficient. Abnormal and emergency situations were
quickly resolved to a good outcome.

e Situational Awareness: Situationally aware of all significant factors affecting the
flight, regularly updated by checking against instruments, ATC, and other
crewmembers.

e Automation Management: Automation interaction was to a good standard.
Effective and timely management of automatic modes. Flight path SOP profiles
maintained to a proficient standard. Clear understanding of aircraft automation
systems reflected in sound anomaly management.

e Communication: Clear and concise communication with other crew members.
Use of resources in a manner that improves overall safety.

e Problem Solving and Decision Making: Decision making takes into account all
essential factors, follows correct procedure, and allows for contingencies.

The collapsed data were also able to show that both captains and co-pilots
believed that they performed better as a crew than they individually rated them-
selves across all categories of behaviour. Therefore, when either the captain
(self-report) and/or the co-pilot (self-report) data were marked down, overall the
performance as a crew was perceived by each pilot to be of a higher standard than
the performance of each pilot individually. This is more pronounced in the co-pilot
cohort. Throughout this process both captains and co-pilots were more critical of
their own performance than their crew members rated that performance, which was
common in the earlier research where the pilots were being rated by an observer and
therefore provides evidence that, collectively, these pilots reported accurately.
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4 Discussion

A detailed MOSA Report was issued to the squadron executive. The report high-
lighted both areas of strength and weakness that had been identified by those
professionals who perform at the coalface of the operation on a daily basis—the
pilots.

The first mature ADF MOSA evaluation achieved a number of goals for 36
Squadron. Firstly, it was used as a safety assurance tool which, for the most part,
confirmed that the squadron pilots were applying sound non-technical skills.
Additionally, the report articulated the same issues that had been either suspected or
had been highlighted from other empirical data collection. Therefore, management
had the evidence to substantiate changes to specific areas of training and crew
development. Finally, the initial MOSA provided a baseline for annual evaluation
comparison. The philosophy of the squadron executive was clearly articulated by
the final comment, ‘if it gets measured, it can be managed’.

5 Conclusion

The strength, accuracy and practicality of the MOSA methodology were demon-
strated by the successful outcome of the 36 Squadron MOSA. The dissemination of
the MOSA report attracted the attention of other force element groups within the
RAATF. This resulted in 86 Wing further extending the MOSA methodology to the
remaining two transport squadrons it controls within Air Mobility Group, that is, 33
Squadron which, operates the Airbus Military KC-30A Multi-Role Tanker pro-
viding air-to-air refuelling and strategic transport capability; and 38 Squadron
currently providing conversion training on the King Air, light transport capability
and Royal Australian Army 3rd Brigade support. Following the steps outlined in
this paper each squadron nominated their own SMEs and set about customizing the
MOSA protocols to their own unique operational requirements. Some changes
including, the addition of a text box for comments and a new category of behaviour,
‘Planning’, accompanied by the relevant word pictures, were incorporated into the
design in expectation of achieving even greater granularity.

These two squadrons are currently in the process of collecting MOSA data.
Additionally, 36 Squadron has undertaken its second MOSA evaluation. Analysis
of that data will be able to provide a clear indication of the impact that implemented
change has made.

The MOSA approach to pilot performance evaluation, as a component of the
SMS safety performance and measurement requirement, has made a positive con-
tribution to aviation safety within the RAAF. This is evidenced by the decision of
86 Wing to commit to conducting an annual MOSA for each of its transport
squadrons over the next three years.
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Abstract Mutual influence of ICAO flight safety main concept components is
grounded from the perspective of main factor—“aviation personnel attitude to safe
actions and conditions” taking into account influence of human factor on flight
safety. This attitude is found with help of building and analysis of estimate use-
fulness functions for continuums of aircraft flight norms based on air traffic con-
trollers solutions of closed decision taking tasks. Herewith main solution taking
dominant that defines air traffic controller attitude to flight level norms violation
(tending, indifferent, non-tending to risk) is commonly found with help of “risk
premium” criterion that involves only one point of estimate usefulness function.
Improved criterion that includes in calculation all characteristic points of usefulness
function is proposed. It was found that under these circumstances efficiency of main
solution taking dominant determination is increased in 20 %.
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1 Introduction

It is generally known that front line air operators, that directly influence flight safety
(in positive and negative way), professional activity may be considered as con-
tinuous chain of decisions processed and implemented in apparent and hidden
forms under influence of various factors (objective/subjective, external/internal),
especially different kinds of stochastic and deterministic risks [1, 2]. Since human
factor is fairly considered by aviation institutions, specialists and researchers as
main part among measures used to guarantee required level of flight safety [2—7 and
others] correspondent researches should take into account peculiarities of tech-
nologies and procedures of aviation operator decision taking.

] 1
i . Attitude to dangerous actions or conditions 1
] 1
] 1
| Risk attitude !
I |
I | 1
[ - 1
1 1 ! | ¥ ' i
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Fig. 1 Determination of ICAO safety concept components mutual influence from the human
factor point of view
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Fig. 2 General form of air operators professional activity estimate usefulness functions
characteristics: a for functions with ascending argument; b for functions with descending argument

Basing on stated above it is possible to present interaction of safety concept
components from position of their influence on human factor, namely “aviation
personnel attitude to risky actions or conditions” part, as it is presented on Fig. 1.

From this figure one can see that mentioned “attitude” is grounded on several
components among which in context of this paper attention should be paid to block
(i), that shows basic decision taking dominants (inclined to risk, not inclined to risk,
indifferent to risk) (Fig. 2). Besides one should state that these dominants determi-
nation is deeply proactive [2, 8—12] that absolutely corresponds to ICAO recom-
mendations about implementation of proactive human factor strategies and alike.

Main decision taking dominants determine motivation for gaining success (risk
inclination) or avoiding failures (risk non-inclination) and may be found from
estimate usefulness functions parameters along with air operators professional
activity characteristics that are built by limited number of key points received from
special lotteries with open decision taking tasks. One should take into account that
correspondent procedures were used mostly in economical researches and they were
brought and developed in air operators scientific area by professor O.M. Reva along
with his scientific school representatives.

2 Previous Researches

Peculiarity of proposed approach is construction of estimate usefulness functions
upon physically tangible and well known indicators of air operators professional
activity. Current paper examines usefulness of aircraft flight norms continuums
taken from air traffic controllers opinions.

Five key points with usefulness 0, 0.25, 0.5, 0.75, 1 (So, So0.25, 0.5, 5075, S1 ), are
used to build estimate usefulness function for mentioned continuum S.

As it was mentioned, special lotteries were used for that purpose (Fig. 3). To
solve them respondents must state three determined lotteries equivalents with
usefulness Sy 25,805, 50.75-
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Fig. 3 Lotteries example a)
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By determined lottery equivalent basing on classic sources [13, 14] in context of
current research we consider such distance between aircrafts in limits of certain
flight level norm that makes air traffic controller indifferent in choice between its
value or 50 %—50 % lottery between maximal and proposed minimal values (ab-
solutely acceptable/satisfactory value and absolutely unacceptable/unsatisfactory
value).

Research involved 70 professional air traffic controllers of main center of united
air traffic control system of state owned enterprise AZANS (Republic of
Azerbaijan) and 132 air traffic control students from National aviation university
and Kirovohrad flight academy (Ukraine). Researches were carried out according to
single method for flight norms set by ICAO for horizontal plane, namely:

e distance between aircrafts S = 20 km, during longitudinal separation under IFR
(Instrument Flight Rules) procedure with continuous radar monitoring on air-
ways at the same level in ACC (Area Control Center) CTA (Control Area) and
APP (Approach Control) TMA (Terminal Control Area);

e distance between aircrafts S = 10 km, during longitudinal separation under IFR
procedure with continuous radar monitoring when crossing the same direction
level occupied by another aircraft in approach area APP (TMA) using ATC
automated system at the moment of crossing on conditions that no tracks
converging.

Current paper shows results of professional ATC polling given in Table 1.

To determine ATC attitude to risk, i.e. main solution taking dominant, special
risk premium is used. It is determined from ratio between taken flight norm median
and determined lottery equivalent with usefulness 0.5(Sys) and shows main solu-
tion taking dominant along all norm interval.

- >0 ---noninclined to risk
RRs,;, =S —So5 =4 <0 -—inclined to risk (1)
=0 --—-indifferent to risk
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Table 1 Results of professional ATC building of personal estimate usefulness functions for flight
norm S = 20 km continuum (fragment)

ATC; Estimate usefulness function key points MDTD Proposed new
method
So S0.25 So.s S0.75 S S MDTD

1 2 3 4 5 6 7 8 9
ATC, 0 10 14 17 20 T 61 T
ATC, 0 8 12 16 20 T 56 T
ATC, 0 8 10 16 20 1 54 T
ATCyg 0 12 16 17 20 T 65 T
ATCyy 0 10 15 17 20 T 62 T
ATC,5 0 5 10 15 20 1 50 I
ATCy6 0 14 15 18 20 T 67 T
ATCy, 0 15 17 19 20 T 71 T
ATC g 0 5 10 15 20 1 50 I
ATCys 0 13 15 17 20 T 65 T
ATCy 0 5 10 15 20 I 50 I
ATCy; 0 5 10 15 20 1 50 I
ATCyg 0 7 12 16 20 T 55 T
ATCy9 0 5 7 10 20 N 42 N
ATC3q 0 5 10 15 20 I 50 I
ATC;, 0 5 10 15 20 1 50 I
ATC3, 0 5 15 17 20 T 57 T
ATC33 0 10 15 17 20 T 62 T
ATCsy 0 5 10 13 20 1 48 N
ATC;s 0 5 10 15 20 1 50 I
ATC36 0 5 10 15 20 I 50 I
ATC3, 0 3 6 10 20 N 39 N
ATCsg 0 5 10 12 20 1 47 N
ATC39 0 10 15 17 20 T 62 T
ATCyo 0 7 12 15 20 T 54 T
ATCy 0 5 10 15 20 1 50 I
ATC,, 0 5 10 15 20 1 50 I
ATCy3 0 5 10 15 20 I 50 I
ATCyy 0 5 10 13 20 I 48 N
ATCss 0 16 18 19 20 T 73 T
ATCsg 0 5 10 13 20 I 48 N
ATCs; 0 10 15 17 20 T 62 T
ATCg, 0 5 10 15 20 1 50 I

(continued)
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Table 1 (continued)
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ATC; Estimate usefulness function key points MDTD Proposed new
method
So So.25 So.s So.75 Sy 38 MDTD

1 2 3 4 5 6 7 8 9
ATCg, 0 6 9 15 20 N 50 I
ATCg3 0 5 10 13 20 I 48 N
ATCgg 0 7 13 15 20 T 55 T
ATCg9 0 5 9 14 20 N 48 N
ATC7 0 9 11 14 20 T 54 T

where S—average lottery win, given at Fig. 3a:

$=05-S0+05-8, =05-(So+51)

Desire for playing the lottery to receive best possible distance value between
aircrafts characterize tendency to risk i.e. motivation to reach the success. At the
same time when respondent shows lack of such desire he wants to avoid risk i.e. he
is not inclined to it. Risk-indifferent respondents are considered to be “objective”
since they has linear estimate usefulness function (Fig. 2).

Using formula (1) and data from Table 1 we may find main solution taking
dominant for all air traffic controllers respondents (column 7 in Table 1) and receive
following proportion of persons that tends (T), not tends (N) and are indifferent (I) to

risk:

N:I:T<5:30:35 < 1:6:7 < 7.1 %:42.9 %:50 %.

20

ATCs7, non-inclined to risk

ATC,s, indifferent to risk

ATCss, inclined to risk

(2)

Fig. 4 Typical empiric individual estimate usefulness functions for flight norm continuum in

20 km
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Though further use of received results is limited by cases when general tendency
in estimation of researched flight norm continuum usefulness can’t be determined
by single point of lottery equivalent with usefulness 0.5(Sy s). Really, construction,
approximation and analysis of individual estimate usefulness functions for ATC
with any attitude to risk makes no problem (Fig. 4). At the same time approxi-
mation of expert information received from ATC may witness about different
attitude.

3 Problem Statement

From all stated above the goal of current research is development of enhanced
criterion for main solution taking dominant determination.

4 Results of Research

Proposed new method of ATC main solution taking dominant determination upon
flight norm continuum is oriented on deeper ATC estimate usefulness functions
analysis, namely with help of summary index of key points Sy, So.25,50.5,50.75, S1
projection to the X axis research (Fig. 5).

Then as a result of linear estimate usefulness function nature summary index of
projections will be equal to:

L = 8o+ 8025+ So.5 +S8075 +S1 = Snorm

1 2 3 3)
=0+ — Snorm = Snorm = Snorm + Snorm = 2-5Sn0rm .
3 Snorm - 3 Swom + 7 Snom +

Fig. 5 Risk indifferent ATC
estimate usefulness function
projection analysis

Flight norm continuum, km
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Hence for ATC indifferent to risk individual summary index of key point pro-
jection into X axis should be equal to:

Lina > L < Lipg > 2.5S0mm- (4)

Then it is obvious (Figs. 2a, 4) that for ATC that is inclined to risk given index
will be greater:

Line. > L < Liye. > 2.58,0mm- (5)
At last for ATC that is not inclined to risk that index will be equal to:
Lnonfinc. <L & Lnanfinc. < Z-SSHEHC~ (6>
In general that gives following risk premium value RR;:
>0 ---non—inclined to risk
RR; =L — Lgprp = 2.58,0rm — LeptD = <0 -—-inclined to risk (7)
=0 --indimmerent to risk
Applying criterion 7 to expert information given in Table 1 brought up rectified
characteristics about ATC attitude to risk (columns 8 and 9 from Table 1) that may
be summarized in following proportion
N:I.T < 9:25:36 < 1:2.8:4 < 12.9 %:35.7 %:51.4 %. (8)
One can see, that according to new approach seven ATC received rectified main

dominants that allows to state that implementation of such approach increased
precision of ATC attitude by 10 %. Table 2 shows main dominants redistribution.

Table 2 Main decision

" . Values found according Values found
takl'ng 'dorﬁmants . to RRg, according to RR;,
redls:trlbutlon for flight norm 1 ) 3 4
continuum § = 20 km
T 35 (50 %) T 35 (100 %)
I -
N —
I 5(7.1 %) T -
I 4 (80 %)
N 1 (20 %)
N 30 (42.9 %) T 1 (3.3 %)
I 5 (16.7 %)
N 24 (80 %)
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Table 3 Main decision

" . Values found according Values found according
takl'ng'dorpmants . to RRs, . to RR;,
redls.trlbutlon for flight norm 2 3 1
continuum S = 10 km
T 38 (54.3 %) T 34 (89.5 %)
N _
| 4 (10.5 %)
N 2 (2.8 %) T -
N 2 (100 %)
1 _
I 30 (42.9 %) T 9 (30 %)
N 1 (3.3 %)
1 20 (66.7 %)

As it comes from Table 2 rectification of main dominant happened mostly due to
main “inclined to risk” ATC dominants redistribution. For corresponding nonlinear
estimate functions referred attitude tendencies are kept for all continuum of
researched distances between aircrafts. That is confirmed by 100 % of respondents
that are “inclined to risk” which has kept their dominants after its determination
criterion rectification. Same effect is observed for respondents “non-inclined to
risk” since 80 % of them has kept same dominant after rectification.

In the same way researches of ATC attitude to risk for flight norm of 10 km.
were carried out. Redistribution of main dominants is shown in Table 3.

As a result proportions of ATC respondents that tends, indifferent and not tends
to risk may be presented:

e Dby criterion (1)
N:I.T & 2:30:38 < 1:15:19 & 2.8 %:42.9 %:54.3 %;
e Dby criterion (7)

N:IT & 3:24:43 & 1:8:14.3 < 4.3 %:34.3 %:61.4 %.

So with help of rectified criteria (7) risk premium determination results for 14
respondents (20 %) were changed that witness about efficient and reliable criterion.
Redistribution of main dominants concerned mostly ATC “indifferent to risk”
(Table 3). For 89.5 % of respondents that were “inclined to risk” that dominant
stayed the stable. Same is observed for ATC “non-inclined to risk” since 100 % of
them kept their dominant stable.
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5 Conclusions

Basing on received and presented new scientific results about proactive air opera-
tors main decision taking dominants determination it is expedient to point out the
following main achievements.

New method for main decision taking dominants determination that is based on
risk premium for five key points of estimate usefulness function was proposed and
successfully tested. Method efficiency is defined by 20 % increase in main decision
taking dominants precision.

Further researches should be help in direction of:

e spreading proposed method into all variety of flight norms recommended by
ICAO;
implementing of received results into ATC educational process;
development of intellectual solution taking support module for ATC.
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Quantitative Evaluation of Orientation
Performance of Tactile Walking Surface
Indicators for the Blind

Shinji Takahashi, Tatsuki Ishibashi, Katsuya Sato, Shin-ichi Ito
and Shoichiro Fujisawa

Abstract Tactile walking surface indicators (TWSIs) are installed on roads to
support independent travel for the blind. There are two types of TWSIs, attention
patterns and guiding patterns. The attention pattern is usually installed at the
crosswalk entrances. The direction of the crossing can be acquired by the row of the
projection of the attention pattern through the soles of the shoes. In addition,
truncated domes or cones of the attention pattern were arranged in a square grid,
parallel or diagonal at 45° to the principal direction of travel. However, the inter-
national standard organization (ISO) allows a wide-ranging size. In this research,
the direction indicating performance was compared at the same intervals for the five
diameters specified by the international standard.

Keywords Tactile walking surface indicators (TWSIs) - Attention patterns -
Blind - Orientation - Crosswalk

1 Introduction

Tactile walking surface indicators (TWSIs) were invented in Japan in 1965. They
are now used around the world to help visually impaired persons. There are two
types of TWSIs, attention patterns and guiding patterns [1]. TWSIs are perceived
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Table 1 T.OP diam.eter and Top diameter of truncated domes or cones Spacing
corresponding spacing of (mm) (mm)
truncated domes or cones
12 42-61
15 45-63
18 48-65
20 50-68
25 55-70

using a long white cane or through the soles of the shoes for the blind. The TWSI
design of the attention pattern only calls attention to a hazard or to hazards and
decision points. This attention pattern is usually constructed at the crosswalk
entrance. The direction of the crossing can be acquired from the row of the pro-
jection of the attention pattern detected through the soles of the shoes [2-4]. TWSIs
must have high detection sensitivity and a high ability to distinguish objects as well
as excellent direction detection. An international standard for TWSIs was enacted in
2012 [5]. The current result of the research is reflected for this ISO [6-9]. However,
the international standard organization (ISO) allows a widely-ranging size. The
background that allowed the size with a wide-ranging ISO standard was the
adoption of various sizes by each country. For instance, the top diameter of
attention patterns was specified as 12-25 mm. The spacing was specified as
42-70 mm (Table 1). In addition, truncated domes or cones of the attention pattern
were arranged in a square grid, parallel or diagonal at 45° to the principal direction
of travel (Fig. 1). This diagonal will not indicate the direction of the crossing. This
research, compared the direction indicating performance at the same intervals for
the five diameters specified by the international standard.

2 Experiment Method

2.1 Experiment Outline

Truncated domes were arranged on the disc to secure omnidirectional performance.
The subject enters the disc from a random direction and determines the direction of
the row through the soles of their shoes. Five discs with different diameters were
selected at random. Figure 2 shows the disc used in the experiment. The spacing of
the truncated domes was assumed to be 60 mm as adopted by the national standard
of Japan (JIS). The experimenter guides the subject on the disc. The subject faces in
the direction of the row of dots sensed through the soles of his/her shoes. The angle
of the gap with a positive direction (0°) was measured. The maximum gap angle is
assumed to be 45°.
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Fig. 3 Disc arrangement

2.2 Experiment Procedure

Five discs were arranged in the laboratory (Fig. 3). Each subject was arranged five
discs at random. Five discs were measured ten times as a couple. One subject
performed 50 times measurements. Figure 4 shows the subject turning in the
direction of the row of the point at soles of the shoes. These discs were rotated at
random every cycle. The experiment was performed by 20 blind people (11 male,
9 female).

Fig. 4 Experiment
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3 Experiment Result

The data of each disc obtained from the experiment are presented and summarized
in Fig. 5 in one graph. There were 200 samples for every disc. The 12 mm diameter
(JIS standard) increases when the graph is seen and the ratio of 0° has increased.
For the five TWSLs, the direction was determined as the direction of the row at the
rate from 43 to 54 %. The average was 51 %. Other angles were all less than 7 % at
a resolution of 3°. The average was 5 %. Figure 6 shows the average and the
standard deviation of 0 degree and other degrees for 12 mm diameter discs. Other
diameters were similar to those in Figs. 6 and 7 plots the frequency distribution
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when the seven subjects with a slow sense in the soles of the shoes are excluded.
Figure 5 and 7 are compared, and the value of 0° increases from 51 to 64 %.
Moreover, averages other than 0° have fallen from 5 to 4 %. When a person loses
sight due to diabetic retinopathy, the sensitivity in the sole of the shoes decreases.
The data obtained from the experiment are analyzed according to the angle.
A significant difference was confirmed between 0° and other angles though there

. I Average 64%
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Fig. 7 Frequency distribution when seven subjects with slow sense in sole of the shoes are
excluded
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was no significant difference in the difference of each diameter. Figure 8 shows the
frequency distribution only of subjects with slow sense in sole of the shoes. It is
understood not to be able to orientate from this figure.

4 Conclusions

It has been understood to have the orientation performance of all five kinds of
attention patterns with a different diameter. The attention pattern of JIS was the
highest value. This experiment does not verify the orientation performance of the
difference in spacing, the attention pattern of the diagonal means the performance is
not used. The row of 45° forms the row at the spacing of twice the square root of
two. It was a result similar as for this row. The attention pattern has the orientation
performance in a positive direction (0°), and the orientation performance is not
observed at other angles. Therefore, the attention block of the diagonal array of the
ISO standard does not provide orientation in the front direction. A blind pedestrian
may be misoriented to an angle of 45° if this block is installed at a crosswalk
entrance. The JIS arrangement uses a square grid only. This research, quantitatively
compares the orientation performance for differences in diameter. The purpose of
this research is to acquire a scientific basis for improving the ISO standard. This
work was supported by JSPS KAKENHI Grant Number 15K01458.
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Proof Experiment of LED Block Equipped
with Projections to Locate Travel
Direction for Blind and Vision Impaired
Persons
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Kazuya Takahashi, Kiyohito Takeuchi, Hiroshi Ogino, Katsuya Sato,
Sin-Ichi Ito, Motohiro Seiyama and Shoichiro Fujisawa

Abstract Crossing crosswalks is one of the most dangerous situations for visually
impaired persons. Crosswalk entrances are located on the boundary with the
roadway and are among the most dangerous areas for visually-impaired persons.
Tactile walking surface indicators (TWSIs) are installed on the road to support
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independent travel for blind and low-vision individuals. We developed an LED
block equipped with projections to strengthen the support of the crosswalk
entrance. The blind person can sense this block through the soles of the shoes.
A low-vision person can find it through the use of residual vision. Blind and
visually impaired persons found that the LED block equipped with projections to
locate the travel direction effectively supported crossing. The effectiveness of this
block is described based on measurements and questionnaire results.

Keywords Person with low visual capacity (LV) - LED block - Blind person -
Crosswalk - Orientation - Veering distance - Tactile walking surface indicators
(TWSIs)

1 Introduction

The vision of a person with low visual capacity (“L'V”’) might decrease remarkably
under low-light conditions such as the morning, evening, and nighttime, decreasing
their opportunities to go out. Crosswalk entrances are located on the boundary with
the roadway and are among the most dangerous areas for visually impaired persons.
The guidance of visually impaired person has the result of a lot of researches [1—
10]. An LV person cannot easily find the entrance of a crosswalk at nighttime.
However, LV persons can detect the developed LED blocks with their residual
vision. Moreover, for a blind person to cross the crosswalk safely, it is very
important to acquire the orientation of the soles of the shoes. The authors have
verified the effectiveness of the developed block for visually impaired person using
laboratory experiments [11, 12]. In this experiment, both visually impaired persons
and blind persons found the developed block to effectively support crossing.
Moreover, the time required for locating the LED block was short. Orientation
using the LED block required less time. The LED block was observed to have an
orientation accuracy equivalent to that of TWSIs. Moreover, subjects expressed
opinions such as “It was easy to locate” and “There is a sense of security when
going straight” in interviews after the experiment. Installing LED blocks at cross-
walk entrances was found to be useful for guiding visually-impaired persons.
Moreover, the shape of the projection indicating the direction is easily verified
through the soles of the blind person’s shoes. A LED block experiment was con-
ducted to determine its actual efficiency. In this research, the visibility of the LED
block was verified for different luminescence and illuminance environments.

The results clarified how to provide illumination for a visually impaired person.
Based on this research, the authors developed a LED block with projections to
determine the travel direction for a visually impaired person. The developed block
can be detected with an LV’s residual vision. Blind persons can also detect this
block through the soles of their shoes. This block was installed at the entrance to a
crosswalk of an actual intersection, and a proof experiment was conducted. Twenty
persons with weak sight and 20 totally blind people verified the effectiveness of this
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block. In particular, the effectiveness of the experiment on the LED block for the
LVs was verified by conducting the experiment after sunset. This experiment
measured the visibility of the LED block on the pavement side and the opposite
side. In the experiments with blind persons, the time to acquire the direction of the
crossing from the direction location block and the veering distance at the crossing
was measured to verify its effectiveness. Moreover, low-vision persons and totally
blind persons answered a questionnaire concerning the effectiveness of the block.
The effectiveness of the block was determined based on measurement data and
questionnaire results.

2 Experiment Conditions

2.1 Developed LED Block Equipped with Projections

To increase the support of the crosswalk entrance, we developed an LED block
equipped with projections. Figure 1 presents the specifications for this LED block.
The LED block utilizes a solar power supply. A low-vision person can find it through
the use of residual vision. The surface has two projections of 5 mm high, flat-topped
elongated bars. The height of the flat-topped elongated bars is 5 mm. The top width
of the flat-topped elongated bars is 7 mm. The spacing between the axes of the
flat-topped elongated bars is 47 mm. The length of the top of the flat-topped elon-
gated bars is 262 mm. A blind person can find this block through the soles of the
shoes. Figure 2 is a photo of the LED block installed at a crosswalk entrance.
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Fig. 1 Spacing and dimensions of LED block
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Fig. 2 LED block installed
at crosswalk entrance

Fig. 3 The LED block was
installed at an actual
crosswalk entrance

2.2 Experiment Environment

Figure 3 is a photograph showing where the LED block was installed at an actual
crosswalk entrance. To verify the effect of the LED block, the LED block is
installed only on the other hand. The experiment using blind persons was conducted
during the day. The experiment using low-vision persons was conducted at sunset.
Figure 4 illustrates the size of the crosswalk. The crossing distance is about 10 m,
and the crosswalk is 3.6 m wide.
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Fig. 4 Size of experimented actual crosswalk (mm)

3 Experiment Procedure

3.1 Blind Experiment

Blind persons can detect the developed block through the soles of their shoes.
Seventeen blind people verified the effectiveness of this block. Figure 5 indicates
where the experiment using a blind person is started. The time required to travel
from this start position to the crosswalk entrance is measured. The time required
until this LED block is discovered is measured at the crosswalk entrance. The
subject travels over to the opposite side after he or she arrives at the crosswalk
entrance. The time required to cross and the veering distance are measured. The
veering distance is measured by the number of TWSIs. Round-trip crossing
experiments were conducted three times.
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Fig. 5 The decision point is the position where the experiment using a blind person is started
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3.2 Low-Vision Experiment

The developed block can be detected with an LV’s residual vision. Twenty LV
people verified the effectiveness of this block. The first experiment measured the
visual distance at which the crosswalk entrance was found from the pavement. The
next experiment measured the time required until crossing from the crosswalk
entrance to the opposite side. This experiment measured the visual distance for
discovering the opposite side while crossing the crosswalk. Round-trip crossing
experiments were conducted three times.

4 Experiment Result

4.1 Blind Experiment

Table 1 summarizes the time required for each movement. Much time is needed to
find the LED block when discovering the crosswalk entrance because this block
was installed on both sides of the guiding pattern block leading to the crosswalk
entrance. The LED block did not influence the time required to cross. Figure 6
shows a histogram of the shift in the lateral direction. The horizontal axis is the
number of shifted TWSIs. The TWSI is 300 mm wide. The vertical axis is fre-
quency. Figure 7 plots the average and standard deviation of the lateral shift. There
was a test of significance revealed a significant tendency. Subjects were able to go
straight in the crosswalk by stepping on the two bars with the soles of the shoes.
Figure 8 presents the result of a questionnaire administered after the experiments.
The questions were as follows.

Was it easy to find the LED blocks?

Was it easy to confirm the two bars?

Was it easy to determine the crossing direction?
May I install the LED block?

bl

Table 1 Time required of each movement

From the start position to the crosswalk Crossing (s)
entrance (S)
With support of LED Block 29.5 114
Without support of LED 8.9 11.1
Block




Proof Experiment of LED Block Equipped with Projections to Locate ... 165

=
S

—
[\
P

—
en)

Frequency

/,
Z | .
’/I I 7 7 I%

A 7 7 7 y
7 21 V7 Z / Z

345 6 78 91011121314151617

Lateral misregistration

SO N B O
(=2 SSSSS
po  —

B With support of LED Block 7 Without support

Fig. 6 Histogram of the shift in the horizontal direction of the crossing

S H DN W ks OO 9 @

Average lateral misregistration

'
=

B With support of LED Block @ Without support

Fig. 7 Average and standard deviation of the shift in the lateral direction

4.2 Low-Vision Capacity Experiment

Figure 9 depicts the visual distance at which the crosswalk entrance was found
from the pavement. It is understood that the range of values is large because each
subject’s symptoms are different. Figure 10 plots the average and standard devia-
tion of the visual distance at which the crosswalk entrance was found from the
pavement. There was no significant difference. Figure 11 depicts the visual distance
at which subjects were able to discover the opposite side while crossing the
crosswalk. Figure 12 plots the average and standard deviation of the visual distance
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at which subjects were able to discover the opposite side while crossing the
crosswalk. The reason for the results is that experiment management was made
difficult by differences in illumination and by distractions such as the headlights of
cars in an actual intersection. Figure 13 summarizes the results of a questionnaire
administered after the experiments. The question items were as follows.

1. Was it easy to find the LED blocks?

2. Was it easy to determine the crossing direction?

3. Was it easy to find the LED block on the opposite side?
4. May I install the LED block?
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Fig. 13 Questionnaire result for low-vision persons

5 Conclusions

Blind persons can detect this block through the soles of their shoes. The block was
installed at the entrance to the crosswalk of an actual intersection, and an experi-
ment was conducted to verify its effectiveness. In experiments with blind persons,
the time to acquire the direction of the crossing from the direction location block
and the veering distance at the crossing were measured. In experiments with
low-vision persons, it was difficult to determine the effectiveness due to the
headlights of cars in the actual intersection and differences in the lighting envi-
ronment. After the experiments, the low-vision and totally blind persons answered a
questionnaire concerning the effectiveness of the block. Responses from blind
persons confirmed that all persons could use the two bars easily and easily deter-
mine the direction of the crossing. Low-vision persons also easily determined the
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direction of the crossing. There were a lot of answers of wanting blind person and a
low vision person to install this block. Many blind persons and low-vision persons
wanted this block installed.
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Effect of Tire Pressure to Driving Forces
at a Wheelchair

Masayuki Booka, Hidehisa Oku, Ikuo Yoneda
and Shoichiro Fujisawa

Abstract If the same effect is obtained by less driving force in a manually pro-
pelled wheelchair, necessary user’s physical and mental capability can be
decreased. On the other hand, many external factors not relating with wheelchairs
and internal factors related with wheelchairs affect the driving force necessary to
propel manual wheelchairs appropriately. In these circumstances, the purpose of our
research is to clarify the relation between the tire pressure of the driving wheel and
the required driving force in manually propelled wheelchairs. For this purpose, a
clinical testing to measure required driving forces in different tire pressures at a
manually propelled wheelchair has been carried out. The result of the testing
indicated that the required driving forces increased according to decrease of the tire
pressure. This objectively revealed that appropriate tire pressure in manually pro-
pelled wheelchairs is the one of important factors to reduce driving force.
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1 Introduction

A factor to influence the driving force of the manually propelled wheelchair (here
after, wheelchair) includes the road surface environment such as a step, the incline.
Many researches for these external factors have been performed until now. In
addition, internal factor of the wheelchair including the mounting location of the
large wheels have been also researched. However, relation between tire pressure of
the large wheels and driving force has not been analyzed so far.

The purpose of our research is to analyze influence of tire pressure on driving
force in wheelchairs. This paper describes the result of clinical testing that driving
forces were measured at different tire pressures. The wheelchair used in this
research was the standard one that specification was defined in JIS T 9201.

2 Method

2.1 Setting of a Certain Pressure in Wheelchair’s Tire

To set a certain pressure to wheelchair’s tire, air of high pressure is filled into the
tire through a valve. In this process, the tire pressure is measured by a pressure
gauge being attached to either a compressor or bicycle pump. On the other hand, a
British valve has been generally used as the valve in wheelchair tire. As this valve
has rubber to stop the leak of inside air, higher pressure is necessary to push the
rubber to measure the inside pressure. So, the authors developed the tire pressure
measurement system at first. Figure 1 shows the block diagram of the system.
Figure 2 shows the developed system. As shown in these figures, the developed
measurement system can monitor the tire pressure statically.

Fig. 1 Block diagram of the RN —————
tire pressure measurement . 1Air_0~0.4MPa | mat
System | Three-way |
1 Yo )
The adapter
to the valve Digital
Pressure
Sensor
Tire
| e e 1
iDCO~5V !
lnsssasssnas .
Display part |, _ Digital
of PC | r=zm==m==ms . | multi-meter

{RS232C!
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Fig. 2 The developed tire The adapter Display part of PC
pressure measurement system to the valve (LIFEBOOK, Fujitsu)

The digital multi-
meter corresponding
to various function
type PC (DT9602R+)

Digital Pressure
Sensor (AP-C33P)

Fig. 3 Tire pressure
indicator

This system is, however, is not useful to measure the tire pressure dynamically
because of necessity of connecting tube between the tire valve and the system.
Then, a tire pressure indicator was developed to measure tire pressure dynamically
without the connection to other measurement system.

The developed tire pressure indicator is shown in Fig. 3. This tire pressure
indicator consists of both a pressure gauge and an additional British valve to set the
tire pressure by a compressor or bicycle pump from the outside. The tire pressure is
always indicated to the gauge with or without connection to outside high air
pressure source. To inspect the accuracy of the developed tire pressure indicator,
experiment for calibration was carried out. The experiment for calibration was done
by comparing the input pressure to this pressure indicator and indicated pressure.
As the tire pressure would be decreased from a standard value to lower value
progressively in the target experiment described later, the input pressure in the
experiment of calibration was also decreased progressively. In the experiment of the
calibration, input tire pressure was inputted from 0.3 to 0.02 Mpa with interval of
0.02 Mpa, and the tire pressure indicated in the gauge at each input was recorded.
Figure 4 is the result of experiment of the calibration. In the graph, vertical axis
indicates input tire pressure, and the horizontal axis is indicated tire pressure in the
gauge. The coefficient of correlation between the input air pressure and the
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Fig. 4 Relation between the input air pressure and the indicated tire pressure

indicated tire pressure was 1.00, and it was confirmed that the pressure indicator
shows the input air pressure correctly.

2.2 Measurement of Both Torque to Hand Rim
and Numbers of Rotation in Driving Axis

As described previously, the target experiment was carried out to measure both deft
torque to hand rim and moved distance of the wheelchair. The wheelchair used in
this experiment was the one in conformity with the Japanese Industrial Standards
(JIS). The dimension of the wheelchair was a driving wheel of 600 mm¢, a hand
rim of 554 mm¢, and weight of 318 N.

To measure torque added to hand rim, a torque converter (Kyowa Electronic
Instruments Co. Ltd., TP-10KMSAS84F) was attached to axis of each driving wheel
to measure. By this, input torque was converted to DC voltage from 0.00 to 2.00 V.
This output signal was amplified and converted to digital data by using an A/D
converter (Interface Corporation, CSI-320212) to input PC. The sampling rate of
this analogue to digital conversion was 50 ms. The converted data was stored in the
laptop PC attached to the wheelchair.

The number of rotation in driving axis was measured by encoder count card
(Interface Corporation, CSI-631204), the data was stored in the laptop PC by the
same procedure as torque measurement.
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2.3 Subjects

Subjects were 11 students (9 males and 2 females) without disabilities. Their ages
were 21.4 years old on the average. Their profile was shown in Table 1 and all of
them had experience of having used wheelchairs so far.

2.4 Procedure of the Experiment

In three kinds of different tire pressures, the experiments of the same content were
conducted. The three kinds of tire pressure were 0.3 Mpa that is generally defined
as appropriate, 0.2 Mpa (2/3 of the general), and 0.1 Mpa (1/3 of the general). The
developed tire pressure indicator was used to set each tire pressure. Two types of
courses for test run in the experiment were prepared. Dimension of the each course
was 10.00 m of length and 1.50 m of width, and one of large halls in our university
was utilized. The road surface of the one course was made of semi-hard compo-
sition tile. The road surface of the other one was made of tile carpet.

In each experiment, prior to the test run, the subject recorded the condition of the
experiment into the laptop PC. Table 2 shows the content of the condition. Then,
the subject was asked to set down on the wheelchair’s sheet. The experiment was
conducted as follows according to the experimenter’s instruction.

1. The experimenter starts the measurement system.

2. The subject is asked both to run the wheelchair forward by turning both
hand-rims once and to keep the same posture till the wheelchair will stop.

3. After stopping of the wheelchair, the experimenter stops the measurement
system.

4. The subject returns the wheelchair to the start position.

Table 1 Profile of the subjects

Sex (male or female) Age (years old) Height (cm) Weight (N)
M 21 162.0 671.3
M 21 175.0 695.8
M 21 170.0 656.6
M 21 165.2 672.8
M 21 175.0 666.4
M 21 174.0 709.5
M 25 168.0 901.6
M 21 170.0 625.2
M 21 170.0 580.5
F 21 156.0 455.2
F 21 157.0 535.6
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Table 2 The content of the recorded condition in each experiment

Date of the experiment Year, mouth, day

Subject’s name A maximum of 20 word
Subject’s sex Male or female

Subject’s age 0-125 years old

Subject’s height 50.0-200.0 cm

Subject’s body weight 2.0-250.0 kg

Location of the experiment A maximum of 40 word
Comment A maximum of 60 word
The maximum measurement time 1-3600 s

Sampling frequency 10, 50, 100, 200 Hz (select)

This is one measurement in a certain tire pressure. This measurement is repeated
3 times. These 3 measurements are the result of the experiment in a certain tire
pressure. After 3 times of measurements in a certain tire pressure, the same mea-
surement starts in another tire pressure. Finally, one subject has measurement 9
times in three kinds of different tire pressures.

2.5 Evaluation Methods

In this experiment, both driving force to hand rims and numbers of revolutions were
measured. Based on these data, moved distance of the wheelchair, run time, run
speed, Deceleration ratio, and total torque were calculated.

Moved Distance of the Wheelchair. The distance that the wheelchair ran is
calculated from the number of revolutions of the tire and the diameter of the tire. In
this case, it should be considered that the diameter of tire is decreased according to
the decrease of tire pressure. Therefore, an additional experiment was carried out to
find reduction ratio of diameter that was decided by the tire diameter and the tire
pressure. In the additional experiment, a person of 490 N ran 3 m straight road 10
times on the wheelchair which tires had reduced pressure. The reduction ratio the
diameter in each reduced tire pressure was calculated by obtained data. Using a
revised diameter in each tire pressure, the right moved distance of the wheelchair
was re-calculated.

Speed of the Wheelchair. From the wheelchair’s moved time and moved dis-
tance, speed of the wheelchair was calculated as moved distance in unit time.

Deceleration Ratio. In flat place, the wheelchair is decelerated naturally and
stops when no additional power is added to the hand rims. This is caused by
negative acceleration generated by the friction between tire and the road surface. In
this experiment, each subject is asked to turn hand rims only once. The driving
force to the hand rims had disappeared just after this operation. So, both the speed
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of the wheelchair at this time and interval time before the wheelchair stopped were
measured, and negative acceleration was calculated by this speed and interval time.
In this research, the deceleration ratio was defined as absolute value of this negative
acceleration.

Load/Distance Rate. Cooper reported that necessary power to drive a wheel-
chair is calculated from driving torque added to the hand rims. According to this,
the driving torque is integrated by time, and is used as a parameter to evaluate the
power to move wheelchair. Total torque is divided by the moved distance, and the
obtained momentum (N m/s) is used as Load/Distance rate in this experiment.

3 Result and Discussion

Figure 5 indicates the one of result of the measurement on the torque, moved
distance by the wheelchair, and speed of the wheelchair. The vertical axis indicates
the torque (N m), moved distance (m), and speed (m) respectively. The horizontal
axis indicates the elapsed time (seconds) from the start of the experiment.

—torque(=100)
§ f——ey Smama mowed distance

—peed

torqu (N-m) moved distance (m) speed (m/s)

time (sec)

Fig. 5 An example of the measurement result on the torque, moved distance by the wheelchair,
and speed of the wheelchair
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3.1 Deceleration Ratio

Figure 6 indicates the deceleration ratio at each tire pressure on the hard floor.

The distribution of the deceleration ratio in each subject was indicated in Fig. 7.
As shown in Fig. 7, relation between the deceleration ratio and the tire pressure in
the hard floor is indicated as the regression line described below.

y = —0.1466x +0.1726 (1)

Then, the deceleration ratio on the semi-soft floor is shown in Fig. 8, and the
distribution of the deceleration ratio in each subject was also indicated in Fig. 9. As
shown in Fig. 9, relation between the deceleration ratio and the tire pressure in
semi-hard floor is indicated as the regression line described below.

y = —0.2058x +0.2727 )

Fig. 6 Deceleration ratio on Deseliiaiion

the hard floor ratio{m/s/s)
0,200

0,150 I

0.100

0.157
0.145 0.128
0.050

0.000
0.1 0.2 0.3
Air pressure[MPa)

Fig. 7 Distribution of each

Deceleration

subject’s deceleration ratio on ratio(mys/s)
the hard floor 02
-
018 H
. y =-0.1466x + 0.1726
0.16 » i
. : b
-
0.14 H = 1
. ] |
012 .
-
-
0.1
0.08
0 0.1 02 0.3 0.4

Air pressure[MPa)



Effect of Tire Pressure to Driving Forces at a Wheelchair 179

Fig. 8 Deceleration ratio on Dacaleiaton
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From these results, it was indicated that the decrease of tire pressure increases
the deceleration ratio. This tendency appeared more conspicuously in the semi-hard
floor than in the hard floor. Although the reason of tendency may be caused by the
difference of the materials used for each road, further analysis is necessary in the
next step.

3.2 Load/Distance Rate

Figure 10 shows the load/distance rate in the hard floor. The load/distance rate in
semi-hard floor is also showed in Fig. 11.

There are not obvious relations between the deceleration ratio and tire pressure
when tire pressure was decreased. Although it is subjective, it may be caused by the
difference in subjects’ postures at driving wheelchairs. For an example, when
posture of a subject bends forward, the center of gravity in wheelchair including the
subject moves forward. By this phenomenon, the caster of the wheelchair receives
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Fig. 10 Load/distance rate
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more weight than before. As the rolling resistance of the caster is larger than that of
driving wheels, the speed of the wheelchair should be decreased. As the result, it is
considered that moved distance of the wheelchair becomes short.

4 Conclusion

In this research, drivability of a wheelchair after reducing tire pressure was
experimentally evaluated from the point of the increase and decrease on necessary
driving force. As the result, it was indicated that a wheelchair with driving wheels
of general tire pressure can run longer distance than a wheelchair with driving
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wheels of less tire pressure, when given the same driving force. Then, it was
indicated that the increase of deceleration ratio caused this.

On the other hand, the decrease of the tire pressure in wheelchairs increased the
deceleration ratio whether road had hard surface or soft surface. Although analysis
from load/distance rate was conducted to get the answer on this, no objective reason
was found. In addition to the tire pressure, it is generally said that the posture of a
person on a wheelchair affects to this kind of problem. The further study to this
issue will be necessary in the future.
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Abstract According to the US Department of Transportation, in 2013 14 % of all
traffic fatalities were pedestrians. In Japan, 38.4 % of 2015 traffic fatalities were
pedestrians. Studying pedestrian behavior is an important step in preventing
pedestrian fatalities on the road. However, to investigate pedestrian behavior,
several factors need to be considered. First and foremost, the safety of the partic-
ipants must be assured. Second, the study environment needs to be controlled to
prevent confounding variables and allow for repeated trials. Finally, the costs to
develop and perform the study must also be minimized. To address these obstacles,
we propose the implementation of a virtual reality (VR)-based simulator for studies
of behavior and task performance with full motion. This simulator is composed of a
Unity 5 environment, Oculus Rift VR headset, and Kinect or motion capture based
position tracking. In this paper, we will discuss the development of the simulator,
limitations, and future work.
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1 Introduction

Crossing a road seems like such a simple task. However, for certain populations,
specifically older and younger pedestrians [1-3], this task contains higher level of
risk than for the general population. In the United States, 14 % of all traffic fatalities
were pedestrians in 2013 [4]. In Japan, 38.4 % of 2015 traffic fatalities were
pedestrians [5]. These numbers indicate the importance of research to understand
pedestrian behaviors that may contribute to injury or death.

Previous work in studying pedestrian behavior consists of pen-and-paper studies
[5], questionnaires [6], simulators derived from driving simulators [1, 3], or 3D
environments navigated by joystick, like a video game [2]. Using these simulators,
researchers have been able to investigate specific research questions about pedes-
trian behavior. However, these simulators have problems with validity—partici-
pants may not have felt as though they were actually in the environment, and so
may have acted without any real feeling of perceived danger.

For example, in Zito et al. [1], participants viewed a crosswalk on three screens
that provided a 180° wide by 40° tall field of view in front of the participant where
participants viewed traffic flow and waited for an appropriate gap in traffic to begin
the crossing. Participants signaled their intent by taking a single step forward,
breaking an infrared beam in front of them. However, there were no audio cues
from the environment, and participants could plainly see that they were standing in
a lab and not on a street corner. This could bias the decisions they made without any
real or implied risk.

Charron et al. [2] with their RESPECT simulator developed a 3D virtual world
complete with sound and visual cues to study children’s behavior when crossing a
street. However, participants used a joystick to move through and interact with the
environment. As participant’s ages ranged from 9 to 12 years old, it would be
reasonable to assume at least some of their behavior can be attributed to the video
game-like environment and controls, where there is no real-world penalty for risky
behavior.

Researchers at Mississippi State University and Nihon University believe that
creating an immersive virtual reality simulator capable of supporting free movement
over space, including the space required to simulate crossing a street, may address
the limitations of previous simulation environments: a lack of immersion and a
disconnect between experimental input and real-world action. By incorporating a
3D environment with a virtual reality headset and a room-scale motion tracking
system, users are able to explore a virtual environment via a one-to-one correlation
to their motions in the real world. While virtual environments combining
head-mounted displays and motion tracking for research applications have been
described previously (e.g., [7]), the low-cost low-latency high-resolution headsets
and motion tracking systems available today offer new possibilities for observing
behavior.

One potential pitfall in the use of virtual reality is that of “simulator sickness”,
defined by Russell et al. as “physiological and perceptual responses to discrepancies
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among sensory information circuits most commonly involving vision, balance, and
movement.” [8] This response most commonly manifests in participants as feelings
of discomfort, nausea, and/or light-headedness, and most commonly occurs when
the user or simulation displays movement to the user without the users’ other senses
reporting the same feelings of movement.

2 Design

This paper describes the design, implementation, and initial impressions of a virtual
reality-based simulator that supports free movement. Based on our review of pre-
vious studies, we have identified a few requirements for such a simulator. First, the
simulator needs to be immersive. For a simulator to be immersive, it should provide
as many accurate sensory inputs as possible, including visual, audible,
kinesthetic/proprioceptic, and vestibular sensations. Ideally, the simulator will be
immersive enough that the user will forget they are in a simulator at all and react to
risk and events in the environment as they would in the real world. Second, the
simulator should be easy to use and easy to learn how to use. We want the inter-
actions between the user and the simulator to be intuitive and natural so that the data
we record are most similar to how a user would act in the real world. This also
reduces the time needed to familiarize the user with the simulator and increases the
time available to collect data. The simulator should also be comfortable and safe for
the user. This not only means physically comfortable to use, but also means the
simulator should not make the user sick or give the user a headache. Finally, the
simulator must perform other basic tasks of a research tool. This includes support
for experiment designs including the ability to perform repeated, controlled trials
and record relevant data points.

The next sections address how we meet the requirements defined above. Our
simulation platform is composed of three main parts: a 3D virtual environment, a
virtual reality headset and a motion tracking system. The modular design of the
simulator allows the headset and motion tracking system to change and adapt to a
variety of installations and use cases.

2.1 Virtual Environment

The virtual environment is built in Unity 5. Unity provides built-in virtual reality
support and a large developer support community. Unity provides the visual
backbone for the entire simulator. As Unity is used typically for game development,
it already supports a number of features needed for the simulator, including fast
dynamic lighting, three-dimensional sound, basic physics engine, and a robust
scripting system that allows for the development of any other features needed not
already in Unity.
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In order to increase the sense of immersion that participants feel while in the
simulator, several audio and visual cues were added to the Unity environments.
First, both ambient and specific audio cues were included. Ambient audio cues
include cricket and bird noises in the highway scene, or office and building noises
in the hallway scene. An example of a specific audio cue is the sound of a car as it
passes the user. These specific audio cues make use of Unity’s 3D audio system to
handle automatically scaling the volume of the sound as the audio source moves
closer to or away from the user, including a Doppler effect if the object passes the
user.

In the real world, very few environments are motionless. Fans spin and affect
objects in an office; cars, bicycles, and trucks drive around outdoor environments;
and often there are other people moving around and performing tasks. Our current
environments include several examples of this type of motion. For example, in the
highway scene, cars drive along the highway and a light at the top of a cell phone
tower blinks. A pedestrian standing beside a building randomly cycles through a
series of animations, such as talking on a cell phone, looking around, and waving.

While sound and motion increase the feeling of immersion, a world that does not
react to a user’s presence can still feel sterile. To correct for this, responsive
elements were added using Unity’s build in trigger colliders. Trigger colliders
detect when two collision meshes intersect or overlap. However, no physics cal-
culations performed for trigger colliders, which improves performance. For
example, a trigger collider can be used to start a vehicle moving to see how a user
reacts to that movement.

2.2 Virtual Reality Headset

In order increase the immersion with the virtual environment, the simulator needs a
way to display the environment to the user in an engaging manner. An Oculus Rift
DK2 head mounted display provides the user a natural way to look around the
environment, meeting the requirements of natural actions and sensory input.
Sensors in the Rift allow the user to look around the virtual environment by turning
their head in the real world. This improves on projected displays by allowing the
user to look at any angle in front of or behind them (and up or down) and still
maintain a view of the environment. Moreover, compared to screen-based virtual
environments, visual navigation is as simple and natural as turning your head,
versus using a controller or mouse to look around. Although the simulator only
supports the Rift DK2 at this time, we are planning to add support for the consumer
version of the Oculus Rift, as well as the HTC Vive as those devices become
available later this year.
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2.3 Motion Tracking

Once the user can look around a scene, the next logical step in development is to
allow them to move around the environment. As mentioned previously, this step
needed to be designed carefully to reduce the chance that the user will succumb to
“simulator sickness.” To allow the user the freedom to move naturally throughout
the environment, we first incorporated a Microsoft Kinect 2 sensor to provide a
marker-less motion tracking solution. This solution provided a simple way to obtain
quickly a head position that is used to move around the virtual environment.
Another benefit to the Kinect 2 sensor is that, while currently the simulator is only
using head position, the sensor provides tracking data for 24 other joints that could
be used in a future iteration of the simulator.

However, a major limitation of this Kinect 2 sensor is that there is a limited area
that the Kinect 2 sensor can track the user’s position reliably (a trapezoidal shape,
roughly 11 m?). In order to improve the size of the capture area, a room-scale
motion tracking system was built using a Motion Analysis passive infrared motion
capture system. Twelve motion capture cameras track a set of markers worn by the
participant to obtain their head position and set the camera position in Unity,
similarly to the Kinect system. This solution currently provides a rectangular, 24 m>
capture area, roughly twice the size of the Kinect solution. We are also in the
process of procuring a 12-camera Vicon motion tracking system that will also be
integrated with the simulator.

One of the first challenges encountered in development was developing a way to
calibrate the various coordinate systems that each main sub-system used. Aligning
the Unity coordinate system with either the Kinect or Oculus devices was trivial;
however ensuring that the Kinect and Oculus coordinate systems were also coor-
dinated was a challenge. This calibration was first performed manually—the Kinect
sensor was oriented 180° offset from the forward vector defined by the Oculus Rift.
However, this calibration method was inaccurate and inconvenient, as it was not
always practical to orient the Kinect sensor in this way. After further research, we
identified a Unity method to reset the forward vector of the Oculus, which we use to
align the Oculus coordinate system with the coordinate system of either the Kinect
or the motion capture system.

2.4 Additional Hardware Components

In addition to the main hardware and software components described in previous
sections, two pieces of additional, accessory hardware are used by the simulator.
The first piece of hardware is a pair of wireless headphones. The headphones
provide a dual purpose: in addition to providing audio information to the user, the
headphones also provide a convenient location for mounting the passive infrared
markers for the motion capture system.
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While the increased capture area provided by the motion capture system cer-
tainly increases the amount of the environment that can be explored, it is not a
panacea. Many tasks of interest to researchers may involve movement over spaces
larger than can be easily tracked using current techniques. Any environment over a
few square meters will require some alternative method for navigating great dis-
tances around the environment. To this end, the simulator supports using a gamepad
to move the entire capture area around the environment. Once the capture area is
resituated, the user may resume navigating the environment simply by moving
around in the physical world.

2.5 Software Components

The software components of the simulator were designed to be modular, inde-
pendent subsystems. This design allows experiment designers to include only
components needed for a given scenario. The modular design also allows for a
simple, drag-and-drop method for adding components to a project, which helps
scenario designers quickly get started using the simulator.

The Motion Tracking component comprises both the Kinect and motion capture
tracking solutions. The core of the tracker is a socket server that, when the scene is
started, begins listening for socket connections from either a Kinect or motion
capture client. These clients are responsible for streaming the head point data into
the simulator. After connecting to a client, the Motion Tracking component listens
for updated head position data, and updates the main camera’s position accordingly.

Once users were able to walk around an entire room to explore the virtual
environment, it became clear that additional steps would need to be taken to protect
the users from injury in the real world. One such measure was the addition of
guidelines to the virtual environment that match the confines of the real world. This
serves two purposes. First, it protects the user from running into walls or other
obstacles outside the designated capture area in the room. It also helps keep the
player confined in the region of the room that the motion capture cameras or Kinect
sensor are set up to track. It is jarring when a user reaches the edge of the specific
systems capture area and attempts to go beyond where the system can reliably track
the user, as, once tracking is lost, user’s head movements in the real world are no
longer mimicked in the virtual world. By showing the user the limits of the system
in the virtual environment, it encourages them to stay within the confines of reliably
tracked space.

In order to function as a research tool, the simulator needs to be able to record
specific data points for later analysis. The Recording and Playback components
allow the simulator to keep track of game objects and events in the simulator,
record their positions and orientations for later analysis, and playback a trial to
review what happened during the trial. The Recording component also tracks any
inputs that the user may give from a controller or mouse and keyboard.
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The Experiment Control component is responsible for handling tasks related to
running an experiment, including managing conditions, participants, and data
recording. The Experiment Control module acts as a state manager, which other
script components can query to determine how they should behave in a given
scenario. This module also keeps track of the current participant number and
manages starting and stopping the Recording module as needed.

3 Discussion

As mentioned in the Motion Tracking section above, we are still looking to improve
the size of the capture volume and explore new techniques for motion tracking. As
mentioned previously, we are procuring a 12-camera Vicon motion tracking system
that should improve the quality of our motion capture data. We are also very
interested in investigating the use of the HTC Vive with our simulator. The Vive
system comes with a pair of motion trackers called Lighthouse sensors. These
sensors use infrared lasers in two base stations to allow the headset and included
handheld controllers to be tracked across an approximately 12.5 m? area. While this
area is only marginally bigger than the Kinect’s tracked area (~ 11 m?), it still
provides a marker-less tracking solution and adds additional input mechanisms
through the tracked handheld controllers. We are also interested in investigating
much larger tracking areas through the use of camera-based tracking systems
similar to those used by Zero Latency [9]. This type of system would allow tracking
in a gymnasium-sized area or larger and would allow users to explore even larger
environments.

As with any type of research simulator, such as a driving or flight simulator,
questions of validity will arise. Broadly, these can be described as internal and
external validity. Internal validity questions include: does the user behave the same
way in the simulator as they would in the real world? External validity is concerned
with whether the results from the simulator can be generalized and applied to the
real world. We believe that based on the requirements defined and met, our sim-
ulator addresses these validity concerns. The simulator is highly immersive and
interactions with the environment were designed to be as natural as possible.
Further research will be done to quantitatively address these validity questions.

Along with the questions of validity, there is an additional limitation of the
simulator. While researchers are able to design a wide variety of environments to
observe human behavior and task performance in any number of contexts, these
environments must be designed and implemented with the requirements in mind.
Put another way, the results and experiences provided by the simulator can only be
as good as the environment designer makes them. To counter this, it will be
necessary to develop guidelines for achieving the necessary fidelity and validity in
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virtual environments to ensure that designers are aware of these limitations and
requirements and can develop research scenarios that will provide valid and gen-
eralizable data.

One observation related to the current simulator is the lack of motion or simu-
lator sickness reported by users. We attribute this to two main causes. First, the
latency of the Oculus Rift DK2 display is fast enough that there is minimal lag
between moving your head in the real world and seeing the updated environment
displayed in the headset. In several early prototype environments that were not fully
optimized for the display, as the frames-per-second (FPS) that the simulator could
render dropped and latency in the headset increased, there was a jarring disconnect
between users’ actual and simulated motions, which did result in some reports of
discomfort. The other factor we believe aids in reducing simulator sickness is the
fact that user’s movements in the real world are translated one-to-one into the
virtual environment. Put another way, for every movement a user makes in the real
world, the user’s view in the virtual world updates to match their movement. By
reducing the disconnect between users physical and perceived movements, we
believe that the simulator provides a more comfortable experience for users in the
virtual environment.

3.1 Future Work

Development work continues to improve and develop the simulator. Currently the
only way for users to interact with the simulated environment is through reactive
elements, elements with specific responses to limited environmental triggers. While
reactive elements help to increase immersion by including dynamic elements in the
environment, these elements are currently limited to detection of the user’s pres-
ence, not any intent to act. The inclusion of interactive elements will allow the users
to perform actions like pressing buttons at crosswalks or to open doors.

At present, the simulator only allows one user to explore the environment at a
time. For coordination studies or other experiences, it would be beneficial to allow
multiple users in the Simulator at the same time, whether they are co-located in the
same physical space or geographically disparate. Research is currently being done
to expand this capability of the Simulator.

While the simulator currently only uses head position for representing the user in
the environment, there are instances where tracking and representing more of the
user in the environment would be beneficial. For example, if there are multiple
users in the environment, it would be helpful to be able to indicate a user’s pose to
other users in the simulator. Tracking and displaying users’ arms would also allow
for more natural interactions with the environment. In addition, whole-body
tracking is a key capability to support ergonomic research applications.
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4 Conclusion

Real world pedestrian research can be difficult to do in a controlled real-world
environment. Not only would it be expensive and difficult to secure a large enough
area, the risks involved with exposing users to real traffic would be unmanageable.
Virtual reality has had the potential to allow a range of controlled and repeatable
experiments that are not possible to perform in the real world. Today, emerging
low-cost technologies in VR, motion tracking, and graphics software make
achieving this potential easier than ever. Our current simulator provides a safe,
controlled, and effectively unlimited environment for observing pedestrian behav-
iors. Our simulator provides more, accurate sensory inputs to increase the user’s
feeling that they are truly in the environment. All interactions between the user and
the simulator were designed to be as natural and realistic as possible. While vali-
dation of the current simulator must be done and is likely to be dependent on the
behavior(s) of interest, the free movement and enhanced immersion provided by the
simulator is expected to address limitations of previous platforms for observation of
human behaviors in a wide range of tasks requiring free ranging movement,
including pedestrian behaviors.
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Effect of Human Reactions at Signalized
Intersections on Intersection Efficiency
and Safety

Songsu Son

Abstract An intersection is one of the most critical points in the traffic systems that
contain numerous factors considered in the design process. Human factors in
intersection designs are complex and their characteristics have a wide range of
variability in terms of personality and psychology of road users. However, these
human variabilities could be estimated and used as human factors on road designs
and traffic operations. The locations of traffic signal at the intersections in influences
driver’s visibility and reaction relevant to startup loss time on traffic signal timing.
When unclear visibility exists, driver’s delayed reaction time will results in greater
loss time and a sudden startup that might cause safety concern between pedestrian
and vehicles. This study investigated the effect of driver’s reaction time at varying
distance between stop line and signal location on intersection efficiency and safety
for a near-side traffic signal and far-side traffic signal.

Keywords Traffic signal - Intersection efficiency - Intersection safety - Near-side
traffic signal - Far-side traffic signal

1 Introduction

Geometric design and traffic operation of an intersection are very important and
relevant in view of traffic system considering both traffic safety and efficiency. Each
country has its guideline to design an intersection and a traffic control device.
Traffic signals are generally divided on two types by locations of them on the
intersection, that is, near-side signal and far-side signal. Some European countries
such as German and the United Kingdom adopt a near side signal for traffic safety
but most countries except them adopt a far-side signal.

As safety becomes recently more important on traffic, several countries in Asia
plan to change the location of traffic signal from far-side to near-side. In this case, it
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should be checked the traffic operation on the intersection, whether it makes traffic
condition worse, level of service down on the intersection and causes wrong phases
and other safety problems. Moreover, the application of new equipment on existing
traffic system should be seriously considered how it influences on the existing traffic
system. This study mainly treats what kinds of factors and how much they are
influenced, and the important factors such as control delay, start-up lost time and
Stop line Observance Rate (SOR) on a near-side intersection are re-evaluated to
measure them as a near-side traffic signal is installed on the existing far-side traffic
control system.

2 Literature Review

A proper installation of traffic signal device prevents signalized intersections from
inefficient and unsafe operations of intersections on road networks. It is noteworthy
that intersection geometric design guideline in each country considers various
characteristics of road components such as vehicle characteristics, transportation
operating systems, drivers’ behavioral pattern, etc. Therefore, direct comparison of
intersection design guidelines might mislead the major design concepts embedded
in the design guide. However, it is worthy to research various aspects of guidelines
in various countries to come up with better guidance on intersection operations.
Intersection signal installation guidelines in five countries were considered in this
study.

The Korea Installation and Management Manual for Traffic Control Device
suggests that drivers should be able to see a traffic signal continuously while driving
the intersection segment [1]. According to this manual, the signal should be
installed within 10-40 m from the stop line and the minimum distance between
traffic signal and stop line must be about 10 m minimum with 20° each left and
right side with total angle of 40° to provide a clear visibility of traffic signals. For
the parallel signal installation, spacing between two traffic signals should be greater
than 2.4 m. When the signalized intersection has greater spacing between the traffic
signal and stop line, the secondary signal must be installed prior to the intersection
as shown in Fig. 1.

In USA, Manual on Uniform Traffic Control Devices (MUTCD) regulates that a
traffic signal must be installed within 12-45 m from the stop line and within 20°
each left and right side with total angle of 40° as the same as Korea [2]. The
secondary traffic signal should be also placed on the sides of roadway as Fig. 2.

Guidelines for traffic signals [3] in Germany indicate that the signal location is to
be installed within 6 m from the stop line. One-way road without left or right turn
has the signal device for both vehicles and pedestrians on each side of roadways.
When there is no left turn on the street, one or two side signals are installed as
shown in Fig. 3b. The intersection with a median strip and left turn has the traffic
signal installed on the median strip while a standing traffic signal is placed on the
left side of roadways for the intersection without median strip as shown in Fig. 3a.
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Fig. 1 Signal installation guideline in Korea
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Fig. 2 Signal installation guideline in USA

In Australia, a double primary traffic signal is commonly installed on the street
over two lanes with wide median strip [4]. Due to its higher cost, a forehead traffic
signal is installed only when the post-mounted signal does not provide enough sight
distance and driver cannot perceive a traffic signal on the curve, and the
post-mounted signal is not allowed where the next traffic signal is located within
150 m (Fig. 4).
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Fig. 4 Signal installation guideline in Australia

The United Kingdom regulates that a signal should be installed for driver to
identify two traffic signals on different points. The roadway with a median should
have a traffic signal installed on the median strip and is also not allowed to install
the right side of the road as shown in Fig. 5.

No significant studies have been made on near-side traffic signal, especially
near-side signal on the far-side intersection systems. Jung et al. [5] investigated
safety concern on near-side intersection systems and came up with Stop line
Observance Rate (SOR). This study showed that the SOR depended on various
factors. Ha and Berg [6] suggested safety as level of service (LOS) on intersections
instead of control delay that has been typically used as intersection LOS criteria.
Lee et al. [7] showed TTC method to evaluate intersection safety. There are various
measures for intersection safety as shown in Table 1. Panagiotis [8] concluded that
human behavior was the most influencing parameters on intersection safety.



Effect of Human Reactions at Signalized Intersections ...

197

Fig. 5 Signal installation guideline in UK

Table 1 Surrogate safety conflict measures

Surrogate conflict measure

Description

Gap time (GT)

Time lapse between completion of encroachment by turning
vehicle and the arrival time of crossing vehicle if they
continue with same speed and path

Encroachment time (ET)

Time duration during which the turning vehicle infringes
upon the right-of-way of through vehicle

Deceleration rate (DR)

Rate at which crossing vehicle must decelerate to avoid
collision

Proportion of stopping distance
(PSD)

Ratio of distance available to maneuver to the distance
remaining to the projected location of collision

Post-encroachment time (PET)

Time lapse between end of encroachment of turning vehicle
and the time that the through vehicle actually arrives at the
potential point of collision

Initially attempted
post-encroachment time (IAPT)

Time lapse between commencement of encroachment by
turning vehicle plus the expected time for the through vehicle
to reach the point of collision and the completion time of
encroachment by turning vehicle

Time to collision (TTC)

Expected time for two vehicles to collide if they remain at
their present speed and on the same path

Stop line observance rate (SOR)

Rate which a driver stops the vehicle before a stop line

3 Methodologies

An intersection LOS is evaluated by control delay according to Highway Capacity
Manual (HCM) 2010 [9] and this study indicates the intersection efficiency based
on the control delay. This study set limits on the four-leg intersection and assumed
several factors properly according to HCM 2010 to evaluate control delay on
various conditions including changes on approach speed, startup delay and location
of stop line. Regarding intersection safety, the SOR on intersections shown in
previous study was selected as indication of intersection safety suggested by Jung
et al. [5]. Once intersection safety and efficiency parameters were defined, the effect
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Fig. 7 Geometric and traffic conditions of simulated intersection

of distance between stop line and traffic signal under various conditions were
evaluated using microsimulation software (VISSIM) (Fig. 6).

To avoid any uncontrollable situation, the LOS of E and F were excluded on the
simulations. The BORAMAE Station in Korea was evaluated at varying distances
between stop line and traffic signal as shown in Fig. 7.

4 Analysis and Discussion

Control delays were obtained under varying conditions as indication of intersection
efficiency on nearside intersections. Several critical factors influencing control
delay have been investigated including dilemma zone, and startup lost time. Yellow
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Fig. 8 Startup delay and yellow time on nearside intersection

time is a converting time between green and red signal to provide buffering time to
driver for safe crossing of intersections. When yellow time is too long, the driver is
prone to consider it as a part of green time. Contrarily short yellow time makes a
dilemma zone that makes driver neither crossing intersection nor stopping prior to
the intersection properly. When near-side signal systems are applied on far-side
traffic intersection systems, a stop line is required to move backward to ensure
minimum spacing. The yellow time should be adjusted for extended spacing
between stop line and traffic signal as shown in Fig. 8.

In this case, the control delay increases and the intersection efficiency become
worse due to extended space resulting in longer yellow time or shorter effective
green time per hours as shown in Fig. 9a. Startup lost time is also critical because
the first several vehicles required longer time to identify the signal change and to
pass the stop line than farside signal systems due to unclear visibility with greater
peripheral angles to the signal device. The appropriate perceiving space between
drivers and traffic signal device is typically 10 m for six-meter signal in height.
Drivers within 10 m from nearside traffic signal are not able to identify the traffic
signal and decrease effective green time due to extended startup lost time, which
also deteriorates the intersection efficiency as shown in Fig. 9b.

The microsimulation and calculation results for the BORAMAE Station in Korea
show almost identical increase of control delay with the increase of spacing
between stop line and traffic signal installation location as shown in Fig. 10 [10].

An intersection safety was also evaluated using Stop line Observance Rate
(SOR) concept developed by Jung et al. [S5]. These studies showed that around
30 % of traffic accidents occur at the intersections and nearside signal systems
increased the SOR, which showed that the shorter spacing provided the higher SOR
as shown in Table 2.

Based on analysis for both efficiency and safety, the proper spacing between stop
line and near-side traffic signal to accommodate both intersection efficiency and
safety have been suggested as 10 m of spacing between a stop line and traffic signal
location on near-side traffic signal as shown in Fig. 11.
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Table 2 Efficiency and safety rate at varying spacing

Stop line location (m) Efficiency (%) Safety (%)
1 3.60 60.45
2 7.37 57.94
3 11.30 55.47
4 15.40 53.05
5 19.67 50.67
6 24.12 48.33
7 28.73 46.04
8 33.52 43.80
9 38.48 41.60
10 43.61 39.44
11 48.91 37.33
12 54.36 35.26
13 59.98 33.24
14 65.75 31.26
15 71.67 29.33
16 77.73 27.44
17 83.93 25.59
18 90.27 23.79
19 96.74 22.04

=o=Safety

Proper Location of Stopline

=e=Efficiency
100%
90%
80%
70%
60%
50%
40%
30%
20% / \
10% /

0%

Increase or Decrease (%)

0 2 4 6 8 10 12 14 16 18 20
Stopline Location (m)

Fig. 11 Proper spacing between stop line and traffic signal location
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5 Conclusions

An intersection geometric design is one of the most challenging parts to accom-
modate efficiency and safety concerns of road networks. As mentioned earlier,
many countries put their efforts to improve intersection design guideline to ensure
efficient and safe operation of signalized intersection considering all aspects of
roadway components. As part of these efforts, near-side and far-side intersection
signal systems have been introduced differently in each country. However,
improper installation of each traffic signal systems without modification of corre-
sponding intersection component such as stop line location or signal timings could
result in worse intersection operations.

This study investigated the effect of near-side traffic signal on intersection
control delay and safety, and suggested proper spacing between stop line and traffic
signal to optimize the intersection operations for both intersection efficiency and
safety. Especially, when the near-side signal is installed to provide better SOR on
the far-side signal systems, it dramatically increases control delay because of
extended yellow time and startup lost time, which might results in significant
congestion after installation of near-side traffic signals. Instead of additional lane at
higher cost to increase capacity of intersection to accommodate this congestions,
modification of stop line location would reduce startup lost time and increase safety
with optimum spacing between stop line and signal location. In addition to the
modification of spacing, a secondary traffic signal is also recommended on the sides
of the roadway to provide additional traffic signal like European countries.
However, it still requires drivers to keep their eyes on the sides until the signal has
been changed and take a bit longer time to turn their heads to the traffic direction as
part of startup lost time.

This study suggests further studies on assumptions and restrictions made on the
study. More realistic startup lost time at varying spacing between stop line and
signal location would better estimate optimum spacing on near-side intersection.
Moreover, various safety parameters need to be considered as indication of inter-
section safety in addition to the SOR.
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An Analysis of the Start-up Delay
and Safety for Signalized Intersections:
Impact of Left-Turn Phasing Sequences

Mohamed Shawky, Abdulla Al-Ghafli and Hussain Al-Harthi

Abstract This paper aims to investigate the start-up delay at signalized intersec-
tions in Abu Dhabi (AD) city, UAE. The impact of some external factors that may
affect the start-up delay in examined including; left turn phasing sequences
(split/lead/lag), movement turning (through/left), intersection location
(CBD/non-CBD) and day time (peak/off-peak). The paper also addressed the
impact of illustrating lead/lag phasing system on the performance of traffic and
safety. A significant number of observations were obtained by using automated
license plate recognition cameras at 66 different intersection approaches. The results
show that the estimated mean value of the start-up delay is 2.201 s with a standard
deviation of 1.823 s. In conclusion, the statistical tests show significant difference
in start-up delay the have between observed for through, left, at CDB and non-CDB
area and between split and lead/lag phasing. However, no significant difference
between peak and off-peak periods and between split and lead phasing are recog-
nized. In addition, the lead/lag phasing improved the traffic performance by
reducing the total delay at intersections but has a negative impact on the safety.

Keywords Start-up delay - Saturation flow rate - Lead-lag phasing - Road safety -
Abu Dhabi city

1 Introduction

Capacity and delay are two of the commonly used measures of effectiveness
(MOESs) in the evaluation of signalized intersections [1]. The startup delay is a part
of the total delay time that occurs due to the implementation of the traffic signal
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control devices. At the beginning of each green time of the traffic signal phase, the
first few number of queued vehicles experience start-up time losses that is made up
of the response time of the drivers (perception and reaction time) to the change in
signal indication along with the vehicle acceleration time to free-flow speed [2]. In
this case, the headway time of the departure queued vehicles can be illustrated as
shown in Fig. 1. It shows that after a certain number of vehicles (n,) (usually fall
between the third and sixth vehicle) the headway time reaches its minimum value
(h) which calls the saturated flow condition [3].

Based on the Highway Capacity Manual (HCM-2000), the start-up delay takes
place for the first four vehicles in a standing queue (i.e., n, = 4) and from the fifth
queued vehicle the saturation headway can be estimated.

Accordingly, the start-up delay can be calculated as follows:

ny

startup delay(d) = Z I (1)
n=1

where: t = headway time—h.

Many factors that affect the value of the start-up delay can be found in the
literature as presented in the following section based on data collected from dif-
ferent locations around the world. However, the value of the start-up delay and the
contributing factors affecting its value has not been investigated in Abu Dhabi city
(AD), the capital of the UAE. On the other hand, lead/lag signal phasing was
applied in AD intersection by year 2010. The impact of such phasing system in the
operating, safety and start-up delay not intensively discussed before. Thus, the
current study aims to find answers for a number of the following questions:

e What is the average value of the start-up delay in AD city signalized
intersection?

e Is there any significant difference in the start-up delay in terms of left and
through movements, lead/lag/split phasing, off-peak/on-peak hour periods, and
CBD or non CBD areas?

e What is the impact of applying the lead/lag phasing systems on the capacity and
safety performance of the intersections?
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2 Literature Review

The startup delay at signalized intersections has been investigated in a significant
number of prior studies. The HCM-2000 [3] mentioned that the typical observed
value of the startup delay ranges from 1.0 to 2.0 s. However, in literature the
estimated values of the start-up delay have a wide range between 0.75 and 3.04 s.
[3, 4]. Table 1 summarizes the findings of the estimated values of the start-up delay
from prior studies.

Several factors that affect the value and distribution of the startup delay were also
investigated in the prier studies. These factors include the turning movements
(trough, left and U-turn), queue length, intersection geometry and location, time of
the day, weather condition, visibility of traffic light, phasing timing and sequence, etc.

Regarding the turning movements, Honglongli and Prevedourod [13] found that
the startup delay of the through movement is larger than that of the protected
left-turn movement. In addition, high standard deviation values were observed for
both movements and reflect a big variation of the startup delay among drivers.
However, other studies (i.e., [15, 16]) found no significant differences in startup
delay between through and left-turn movements. Also, no significant differences
between peak and off-peak hours in terms of the start-up delay.

Table 1 Examples of the observed startup delays

Study (source) Date Country (location) Queued vehicle Average
number (n,) start-up delay
(s)
Leong [5] 1964 Australia (Sydney) 4 1.12
Gerlough and 1967 USA (Los Angeles) 5 2.05
Wagner [6]
Carstens [7] 1971 USA (Iowa) 4 0.75
Agent and Crabtree 1983 USA (Lexington, 4 1.40
[8] Kentucky)
Lee and Chen [9] 1986 USA (Kansas) 5 3.04
Roess et al. [10] 1989 USA (Texas) 4 1.31
Efstathiadis and 1995 USA (Texas) 4 1.34
Machemehl [11]
Jacobs [12] 1998 South Africa 5 1.43
(Stellenbosch)
Al-Ghamdi [4] 1999 Saudi Arabia 4 2.99
(Riyadh)
Honglongli and 2002 | USA (Honolulu) 4 1.76
Prevedourod [13]
David et al. [14] 2013 USA (various) 5 2.16
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The impact of the geometric parameters was also investigated by Bonneson [17].
It was found that the left-turn radii affect the headway of the queued vehicles. The
larger radii of the left-turn paths resulted lower headways. In addition, it is indicated
that queue length per cycle and lane volume has a negative effect on the headway of
the first twelve vehicles. This finding implies that the startup delay of long queue is
smaller due to the higher traffic pressure of the long queues. Al-Ghamdi [4] showed
that the startup delay of two lane approach is significantly higher than that in the
three lane approaches.

Honglongli and Prevedourod [13] showed that a weak negative correlation
between the startup delay and queue length and the ANOVA tests indicated that the
startup delay is not sensitive to the queue length. Long [16] found that no signif-
icant impact of the queue length, number of lanes, intersection location and peak
period on the observed average startup delay. In addition, no significant differences
were found in average startup delay between queues that contain trucks and queues
with passenger vehicles also between different sites with level approach and sites on
a 5 % upgrade. Regarding the weather condition, Sun et al. [18] observed that the
startup delay increased by 21-31 % in rainy weather compared by clear weather
and no significant differences was found between light-medium rainy weather and
clear weather.

The studies that addressed the impact of the left-turn phasing sequence on the
startup delay are very few compared by the other investigated factors. Most of these
studies concentrated on the impact of the permissive-and-protected left turn (PPLT).
Noyce et al. [19] and NCHRP report [20] found that no differences in the startup
delay were found due to the type of PPLT signal display. However, Brehmer [2]
found that the average startup delay was significantly influenced by the PPLT signal
phasing. On the other hand, Chris Sheffer et al. [21] compared startup delay
between lead and lag protected-only phasing. It was found that that both the mean
start-up lost time and fourth vehicle crossing time were significantly lower for lag
left turns. In addition, Upchurch and Wright [22] evaluated delays at one inter-
section for three different lead and lag phasing. It was found that left-turn delay for
protected/permitted lead phasing is lower than for protected/permitted lag phasing.
However, the study did not consider signal progression adjustments that may have
affected the platooning of upstream traffic.

In terms of intersection capacity there prior studies proved the positive impact of
installing lead-lag phasing on the capacity. Grover [23] documented a 30-50 %
reduction in overall vehicle delay (means 30-50 % increase in capacity). However,
other studies presented the negative impact of such left-turn phasing system on the
safety performance of the signalized intersections. Randy et al. [24] stated that in
the one-year period before installation of lead-lag left-turning 44 accidents occur-
red, whereas 78 occurred in the year after in Kentucky intersections and about 69 %
of these accidents occurred in the first 6 months.
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3 Start-up Delay Model Development

Figure 2 illustrate the concept of the model development to find the startup delay
(d) value of each traffic cycle at a signalized intersection approach. From this figure
the startup delay can be calculated form the following equation:

where:

no
d=t,— |(t, — t, 2
=022 @
d startup delay value

n, number of vehicle experience with startup delay

n number of queued vehicle taken into consideration in the analysis

t, the elapsed time from the beginning of the green light until the vehicle “n”
standing in the queue cross the reference line.

In this study, “n,” and “n” are taken 4 and 10, respectively. It means that the
startup delay will be considered from the first four vehicles and the saturation flow
starts from the fifth vehicle to the tenth queued vehicle. Accordingly, Eq. (2) will be

as follows:
4
d= Iy — |:(tn - tn,)) (6>:| (3)
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4 Case Study Selection and Data Collection

By year 2010, AD DoT applied the lead-lag left-turn phasing at about 38 signalized
intersections in order to increase its capacity. At these intersections two approaches
are operating as lead/lag left turn phasing and the other approaches are working as
split phasing. The leading phase takes place when the left-turn starts at the
beginning with though phase. The lag phase takes place when the left-turn at the
end of the trough phase. Split phasing takes place when the left-turn and trough
movements are start and end with each other.

In this study, about 66 approaches located at 36 different intersections were
selected to be taken as case study. These intersections was selected to cover dif-
ferent geometric and operational parameters that may affect the start-up delay value
and that will be involved in the analysis process such as; (1) intersection location
(CBD/non-CBD area), (2) phasing type (lead/lag/split phasing), and (3) number of
through lanes, number of left lanes. About 12,517 traffic signal cycles were
involved in the analysis, 6202 traffic cycle during the peak periods and 6310 cycles
during off-peak periods. These two periods are defined based on the day time as
shown in Table 2.

It is worth mentioning that the selected approaches have been selected to be
similar in some parameters such as; 0 % gradient, 0 % heavy vehicles and some
lane width. Therefore the impact of these factors in the estimated value of the
start-up delay not included in the collected data. Table 3 shows the studied number
of intersection approaches under each category and the corresponding number of
traffic cycles.

The majority of the collected data in prior studies used the manual technique
from videotapes and stopwatch. However, in this study, a new technique of data
collection was implied. This technique employed the image processing that taken
from the red light violation cameras (TVR cameras) which automatically record the
license plan for each vehicle cross the stop line during red light. In our case, the
system was adapted to record the time when a vehicle crossed the stop line from the
start of green time for each lane separately. So headway time can be accurately
calculated. About 125,170 of headway time were obtained by this method.

On the other hand, the traditional video recording and stop watch technique was
used at about 16 different approaches was applied to determine headway times. The
collected data by this will be used to check and accuracy of the TVR cameras
recording times and then to calibrate the time value of the first vehicle in the queue.

Table 2 Day time
classification for the headway
time data

Day time | Peak period Off-peak period

From To From To
Morning | 6:00 am. |9:00 am. |9:00 am. |11:00 am.
Evening | 2:00 p.m. |4:00 p.m. |4:00 p.m. |16:00 p.m.
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Table 3 Number of studies intersection approaches for each category

No. | Intersection approach category Number of studies No. of studies traffic
approaches cycle
1 Intersection location | CBD 16 2660
Non-CBD |50 9858

2 No. of through lanes |2 5 538

3 41 8015
4 20 3966
3 No. of left lanes 0 6 1027
1 47 9114
2 13 2378
4 Traffic signal Split 37 6243
phasing type Lead 16 2202
Lag 13 6243

5 Data Analysis

5.1 Headway Time Analysis

The mean value of the observed headway time of the queued vehicle based on the
position of the vehicle in the queue is shown in Fig. 3 from the data obtained from
TVR camera. Table 4 shows summary of the observed headway time statistics.
Table 5 shows the mean value of the observed headway by the two methods of
the data collection. It shows that no significant different between the headway time
for the second vehicle to the 10th vehicle in the queue. The observed difference for
the first queued vehicle can be justified due to the taken time for the vehicle to fully
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Fig. 3 Mean value of the observed headway time for queued vehicles
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Table 4 Statistical parameters of headway time

Vehicle Headway | Standard |Maximum | Minimum |Mode |Median | Skewness
position in mean (s) | deviation

the queue (s)

1 4.051 0.925 5.367 0.584 3.852 |4.232 —0.0010
2 2.437 0.838 5.158 0.758 2.106 |2.331 0.0004
3 2.256 0.927 5.367 0.498 1.903 |2.043 0.0010
4 2.026 0.741 5.749 0.487 1.607 | 1.903 0.0006
5 1.890 0.730 4.384 0.524 1.513 | 1.758 0.0007
6 1.896 0.794 4.539 0.658 1451 |1.717 0.0010
7 1.849 0.759 4316 0.421 1.591 | 1.688 0.0009
8 1.809 0.755 4.259 0.398 1.357 | 1.653 0.0009
9 1.805 0.735 4.025 0.342 1.451 | 1.654 0.0008
10 1.906 0.897 5.101 0.450 1.513 | 1.681 0.0011

Table 5 The mean value of the observed headway time based on the two different data collection
methods

Data Vehicle position in the queue (s)

collection | 2 3 4 5 6 7 8 9 10

method

Video 3.038 |[2.465 |2.213 |1.945 | 1916 |1.901 |1.858 |1.835 |1.782 |1.889
recording

TVR 4.051 |2.437 |2.256 |2.026 |1.890 |1.896 |1.849 |1.809 |1.805 |1.906
camera

cross the stop line and the TVR camera recognize and record the plat number. Thus
the difference value of 1.103 s. (i.e. = 4.051-3.038) can be taken as an adjustment
value in the calculation on the start-up delay.

5.2 Estimating the Overall Value of Start-up Delay
and Saturation Flow Rate

Table 6 shows the statistical parameters of the estimated value of the start-up delay.
The estimated mean value of the start-up delay was adjusted due to the usage of
TVR camera as discussed before. The sample size shown in the table represents the
number of traffic signal cycles that taken at each intersection approach category. In
general, the estimated start-up delay vale and its standard deviation for all approach
types are close except the case of lag phase approach has low mean start-up delay
value and higher standard deviation. However, the statistical test shown be applied
to identify whether there are a significant difference or not which will be discussed
in the next section.
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Table 6 Start-up delay statistical parameters for different approach categories of signalized
intersections

Approach category Sample |Mean |Std. dev. |Max. |Min. |Mode |Median
size (s) (s)
All intersection approaches | 12,916 2201 |1.823 8.705 |0.003 |3.308 |3.199
Movement Through 8907 2232 | 1.817 8.705 |0.007 |4.468 |3.235
turns left 4004 |2.133 | 1.834 8.689 |0.003 |4.676 |3.122
Intersection CBD 2863 |2.295 |1.802 8.483 |0.007 |4.681 |3.300
location non-CBD | 10,048 |2.175 |1.828 8.705 |0.003 |3.308 |3.172
Phasing Split 6497 2265 |1.806 8.705 |0.007 |3.308 |3.264
sequences Lead 4122 |2.299 |1.780 8.689 |0.008 |4.108 |3.311
Lag 2292 1.844 | 1.902 8.417 |0.003 |1.405 |2.774
Day time Peak 6479 |2.241 |1.832 8.705 |0.007 |6.916 |3.250
period Off-peak 6200 2209 |1.812 8.483 |0.003 |4.628 |3.222

For more details in the impact of phasing sequence, the start-up delay values of
left turn only was extracted and the statistical parameters for different phasing
sequence s are estimated as shown in Table 7. It shows that the start-up delay value
of let turn movement in case of lead phasing is significantly higher that both split
and lag and lag phasing has the lower value of start-up delay. This result can be
interpreted as the drivers in the left turn lane in case of lag phasing are expecting the
on-set of the green light because the green of the thought movement has been
already turned on. So they are ready to move or sometimes they anticipate the
on-set of green.

From the observed headway, the saturation flow rate (SFR) could be also esti-
mated. The SFR is very important parameter in the evaluation of the traffic per-
formance at signalized intersections and can be calculated from the following
equation:

3600

h

4)

Table 7 Start-up delay statistical parameters for left turn movement with different phasing
sequences

Left turn phasing Sample Mean Std. dev. |Max. |Min. |Mode |Median
size (s) (s)

Left lane with split 1494 2.153 1.843 8.407 |0.030 |4.208 |3.096
phasing

Left lane with lead 1524 2.325 1.772 8.689 |0.012 |5.492 |3.363
phasing

Left lane with lag 988 1.807 1.870 8.247 10.003 |5.259 |2.724
phasing
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Table 8 Statistical parameters of the saturation flow rate

Sample size | Mean (veh/h/lane) | Std. dev. (veh/h/lane) |Max. |Min. |Mode |Median
11,786 1927 276 2494 | 1210 | 1981 |1923

h is the mean value of the observed headway for queued vehicles started by the
5th vehicle in the queue to the 10th vehicle in the queue in our case. Table 8 shows
the summary of the estimated parameters of the SFR. More analysis in SFR doesn’t
take because it is out of current study objective.

5.3 Investigating the Significant Factors Affecting
the Start-up Delay Value

The statistical t-test was employed to test the significant differences between two
pairs of the independent variables; for example between the trough and left
movements, CBD and non-CBD locations, Lead and lag phasing, etc. The statistical
software program SPSS was used in this analysis. Table 9 shows summary of the
output results of the statistical tests. It shows that there are a significant differences
between through and left turn movements, CBD and non-CBD, split and lag, lead
and lag phasing at significant level of 95 %. However, there are not significant
differences between peak and off-peak periods and between lead and split phasing.
This result can be interpreted as in the both cases of split and lead phasing the green
light starts for the left and through movements at the same time when the start-up
delay takes place.

Table 9 Statistical results of the comparison among variables

Compared variables Levene’s test t-test for equality of means
for equality of
variances

F Sig. |t df Sig. Mean Std. error
P- difference | difference

value
CBD and non-CBD 2494 |0.114 |-3.131 | 12,909 |0.002 |—0.120859 |0.038601
Split and lead 1.896 |0.169 | —1.008 | 10,617 [0.313 |—0.036062 |0.035761
Split and lag 21.942 0.000 |9.463 8787 0.000 |0.421006 |0.044492
Lead and lag 30.259 [0.000 [9.560 |6412 0.000 |0.454524 | 0.047547
Peak and off-peak 0.585 |0.444 | -0.999 | 12,677 |0.318 |—0.032336 |0.032377

Left lane with split 4.007 [0.045 |—-2.606 |3015 0.009 | —0.171510 |0.065818
and left lane with lead

Left lane with split 1.542 | 0.214 |4.550 |2478 |0.000 |0.346075 |0.076053
and left lane with lag

Left lane with lead and | 9.387 [0.002 |6.994 |2509 |0.000 |0.517585 |0.074005
left lane with lag
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Table 10 Traffic performance analysis results

Intersection Overall average delay (s/veh.)

no. AM peak PM peak
Before After % of Before After % of
applying applying change | applying applying change
lead/lag lead/lag lead/lag lead/lag

1 82.5 52.6 36 103 40.9 60

2 86.5 60.4 30 422 39.2 7

3 89.7 74.2 17 59.6 31.3 47

4 105.9 52.4 51 61.3 27.7 55

5 97 22.9 76 41.6 19.2 54

5.4 Impact of Lead/Lag Signal Phasing on the Traffic
Performant

Regarding the impact of applying the lead-lag left turn signal phasing on the total
delay and traffic performance, a before and after study has been conducted at five
intersections. Traffic volume counts before installing lead/lag phasing are available
from AD municipality. The traffic performance and average deal value has been
estimated using Synchro software. Table 10 shows summary of the output results of
the software. It shows a significant positive impact of illustrating lead/lag left turn
phasing on the overall average delay whereas the delay reduced by values from 17
to 76 % during AM peak and a reduction from 7 to 60 % during PM peak.

5.5 [Impact of Lead/Lag Signal Phasing on the Safety
Performant

Drivers at a specific approach used to move most of the time (in our case it is split
phasing system), when a lead-lag system was first implemented, some drivers on
the lag approach kept doing the same and accelerating once the through movement
starts to move thinking that their dedicated signal head is changed to green as well.
However, lead lag signal phasing operation can be extremely beneficial but most
traffic engineers wary of implementing it because it violates driver’s expectations
and it may cause accidents [25].

In a previous study the impact of left turn phasing sequences in AD signalized
intersections was investigated [26]. It showed that a significant increase in accidents
between left turn and through movements after changing the phasing sequence from
split phasing to lead lag. Also, the approaches that have changed speed limit from
60 to 80 km/h experienced a significant increase. Referring to the location of the
approach, there was no difference observed between CBD intersections and
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Fig. 4 An Illustration of a real accident occurrence due to lag left turn phase

Non CBD intersections. However, the study showed that the leading left turn
approaches were safer than lagging left turns.

Figure 4 shows a real accident photos occurred at lag left turn phasing approach.
It shows when the green light started for though the driver of (veh. 1) moved without
recognition that he left turn has a separate traffic signal. This video illustrates the
high risk of lag-left turn phasing system and why it has negative impact on the safety.
So countermeasure should be taken in such cases to improve safety level.

6 Conclusions

This study mainly aims to investigate the value and contributing variables of the
start-up delay at AD signalized intersections. The impact of applying the lead/lag
left turn movement has been intensively analyzed with respect to delay and safety.
The data analysis showed that the overall value of the start-up delay is 2.201 s the
start-up delay is significantly differences between though and left movements, CBD
and non-CBD locations, split and lag, lead and lag phasing at significant level of
95 %. However, there are not significant differences between peak and off-peak
periods and between lead and split phasing. Traffic performance analysis at five
intersections showed that the total average delays are reduced by 7-76 % after the
illustration on the lead/lag phasing sequence. However, the safety level was reduced
due to increasing the accident rates especially o the lag-phasing approaches. In
conclusion, the lead/lag phasing systems has a significant impact on the start-up
delay, total delay per vehicle at intersections and safety level. It is significantly
improve the operational performance of traffic but it has a negative impact on
safety. Therefore, countermeasures should be taken at lag-left turn approaches of
intersection to improve safety.
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Improving a Roundabout Design Through
Simulation in a Unity 3D Virtual
Environment

Li Wang, David Johnson and Yingzi Lin

Abstract Traffic congestion is one of the most serious problems in big cities. This
paper proposed a simplified design of roundabout to simulate and improve the
traffic condition of a real-life roundabout in Somerville, MA. A virtual environment
was built by using Unity 3D to simulate the Powder House Square roundabout. This
study used the driving simulator in Northeastern University’s Intelligent
Human-Machine System (IHMS) Laboratory to conduct the experiment, using a
NASA Task Load Index (TLX) to measure the workload experienced by the par-
ticipants. The experiment results show that the total time spent on simplified sector
was 47.2 % less than the original design, and the number of accidents were reduced
by 60.9 %. The average frustration level dropped by 79.2 % on the simplified
sector according to the NASA TLX survey. Simulation results showed strong
evidence that traffic conditions improved a lot by using the simplified design.

Keywords Roundabout - Virtual environment - Simulation

1 Introduction

Despite being a daily activity, driving in city traffic can be as stressful for drivers as
skydiving [1]. What is more serious is that there are lots of traffic accidents every
day in the world. The Global status report on road safety 2015 indicates that more
than 1.2 million people die each year on the world’s roads [2]. Although there are
many factors that affect traffic, the most controllable factors are human factors.
Solving traffic problems by using human factors methods can make a great con-
tribution to humanity. Intersections are a major constraint to traffic flow, especially
when a non-standard style of intersection or a traffic signal is used [3]. The inter-
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section that inspired this research is a combination rotary and traffic light system at
Powder House Square in Somerville, MA.

There are several challenges presented by this intersection in Powder House
Square [4]. There is high level of pedestrian, motor vehicle, and bicycle traffic,
which causes congestion and traffic accidents. When drivers approach the rotary,
confusion is created by having to be simultaneously aware of traffic lights, traffic
flow and pedestrians within the rotary. Pedestrians, having an automatic
right-of-way as long as they are utilizing a crosswalk, have an easier time navi-
gating this intersection. The design of the rotary means that their use of crosswalk
signals causes all traffic throughout the rotary to come to a complete stop. This
study hypothesized that traffic conditions would be safer and more efficient if some
of the traffic lights, crosswalks and stop signs were eliminated or moved in order to
ensure that drivers only need to make one decision at a time.

A virtual environment [5] was built by using Unity 3D to simulate the conditions
experienced in Powder House Square. The driving simulator in Northeastern
University’s Intelligent Human-Machine System (IHMS) Laboratory seen in Fig. 1
was used in this experiment. To test the hypothesis, a square road map with two
roundabouts was designed. Eleven subjects took part in this experiment. Time spent
on each sector and the number of mistakes and accidents in each sector were
recorded by experimenter. After the experiment, all of the subjects were asked to
complete the NASA Task Load Index (TLX) survey in order to effectively measure
the workload experienced by the subjects in each sector [6].

The experiment results show that the total time spent in the simplified sector was
reduced by 47.2 % and the number of accidents were reduced by 60.9 %. What is
more, the average frustration level dropped by 79.2 % on the simplified sector,

Fig. 1 The driving simulator in Northeastern University’s IHMSL
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Fig. 2 Overhead view of the square road map with two different sectors

according to NASA TLX survey data. It is clearly shown from the NASA TLX
survey data that subjects experienced a much lower mental and physical workload
in the simplified design sector than on the original design sector.

2 Methods

Unity 3D was used in this study to build the virtual environment [5]. Unity 3D is a
flexible development platform for creating 3D interactive experiences, and is a
relatively quick platform to learn while still providing plenty of flexibility. A square
road map with two different sectors was the principal design of the study, as can be
seen in Fig. 2. One sector had a rotary emulating the original design of Powder
House Square, and the other sector had a simplified design roundabout [7-10].
A comparison of the two different sectors were shown in Fig. 3. Part A is the
original design and part B is the simplified design.

In the original design, there were 16 traffic lights and 7 crosswalks, all positioned
in a way that contributes to confusion and frustration. The original design forced
drivers to constantly multitask to maintain awareness of traffic signal status, rotary
traffic, and pedestrian traffic. The objective of the simplified design was to ensure
that drivers were only completing one task at a time.
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Fig. 3 A comparison of the two different sectors (A original design; B simplified design)

The first objective in the simplified design was to remove pedestrians from the
middle of the rotary by removing the crosswalks cutting through the center as well
as the intra-rotary traffic lights. This ensures that drivers going through the rotary
only have one task: to focus on other drivers within the rotary. The second objective
was to remove pedestrians from the perimeter of the rotary by moving the cross-
walks 2 car-lengths away from the rotary’s entrance. This setup makes it so that
drivers entering the rotary only have to be concerned about waiting for a gap in
rotary traffic, and so that drivers exiting the rotary may leave freely. It also limits the
pedestrian interaction with drivers to situations where the driver has their full
attention. All these factors combine to eliminate multitasking in the simplified
design.

2.1 Pilot Test

This experiment conducted a pilot test before the formal portion in order to refine
the simulation process [11]. The first change was to the starting point. Originally,
the starting point was very close to the first roundabout. It was found that if the start
point was very near the first roundabout, the subjects could be strongly affected by
having very little reaction time. Another major change was to the frequency of
occurrences of computer-driven cars in the simulation. The reason that the change
was made was to carefully balance the level of traffic so that it would not be too
crowded or too empty [12]. Finally, a trial run for each subject was allowed so that
they could acclimate to the sensitivity of the driving simulator.
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2.2 Subject Selection

A group of 11 subjects took part in this experiment, all from the graduate student
population at Northeastern University. There were 9 male subjects and 2 female
subjects, all between the ages of 21 and 23 (u 21.8 years, ¢ 0.87 years). All 11
subjects had a driver’s license.

2.3 Experiment Instruction

First, each subject completed a trail run to acclimate to the sensitivity of the
simulator. Second, each subject completed the whole experiment without inter-
ruption. During the experiment, the subjects were instructed to obey all traffic rules.
All subjects were expected to recall how they felt in each sector. Finally, all
subjects would complete a NASA TLX survey for each sector of the experiment
after completing the simulation.

3 Data Collection

All data in this experiment was manually recorded. During the experiment, an
observer recorded the time it took for each participant to complete each sector with
a stopwatch. In addition, another observer counted the number of accidents and
traffic violations in each sector.

After each subject completed the experiment, they were asked to fill out a
NASA TLX survey for each sector, original and simplified. The survey asked the
subjects to assess their perceived Mental Workload, Physical Workload,
Performance Level, Pace of the Task, Effort Required for Normalcy, and Frustration
Level. This data is shown in Table 1.

4 Results and Discussion

4.1 Accidents and Violations

Several differences were discovered between the data for the original and simplified
designs. The average number of accidents or traffic violations subjects committed in
the original design roundabout was 3.8, while for the simplified design roundabout
the average was 1.5. This is a decrease in incidents by over 50 %. Another
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Table 1 Data from NASA TLX survey

Factor Type Subject no.
1 2 |3 |4 |5 6 |7 8 |9 10 |11
Mental demand Original 14 |16 (10 |10 | 9 |16 |14 |13 |11 |12 | 3
Simplified |10 | 5 6 [10 | 4 | 4 |20 |13 6 | 6
Physical demand Original 8 6 7 5 2 8 5 (10 |13 7 3
Simplified | 3 2 |6 |10 1 4 5 2 |6
Temporal demand | Original 15 |15 |10 7 7 6 |17 |15 |14 |14 |12
Simplified | 7 | 4 | 8 |12 | 5 1 /10 [ 4 | 4 | 7 |15
Performance Original 5 5 |10 |13 8 [10 |18 5 3 9 1
Simplified |17 |16 |11 |14 |13 |17 |13 |17 |16 |16 |20
Effort Original 14 |17 | 4 |15 8 [10 |12 |14 |13 |11 |10
Simplified | 5 3 9 [18 | 4 1 |15 |11 3 5 |10
Frustration Original 14 |12 1 319 1 4 |15 17 |18
Simplified | 4 |11 |12 1 1 |18 1 3 14 1

important performance marker is that only 2 subjects were able to complete the
original sector without any incidents, while 5 were able to do so in the simplified
version. The standard deviation dropped only slightly from 1.38 incidents in the
original sector to 1.17 incidents in the simplified sector. It is clear from this data that
the simplified intersection is much safer than the original version (Fig. 4).

Number of Accidents

m Original & Simplified

Fig. 4 Number of mistakes that each subject made
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Fig. 5 Time that each subject spent on two different sectors and the average time subjects spent
on two sectors

4.2 Time

The time that subjects spent on each sector is also an important factor to evaluate
the two differently designed roundabouts. The range of time that subjects spent on
original design roundabout was from 96.5 to 195.9 s. For the simplified design
roundabout it was from 66.6 to 95.3 s. Even the slowest time in the simplified
intersection (95.3 s) was faster than the fastest time in the original (96.5 s) (Fig. 5).

The average times for each sector were 149.1 s in the original design and 78.7 s
in the simplified design. A 47.2 % drop is seen in the simplified design, which
illustrates that the subjects’ efficiency improved greatly in simplified design
roundabout. The standard deviations for each sector were also very different. The
subjects were much more consistent in the simplified sector, with a standard
deviation of only 10.5 s, a 66.9 % reduction from the 31.7 s standard deviation in
the original sector.

4.3 Workload

NASA-TLX includes six subscales: Mental Demand, Physical Demand, Temporal
Demand, Own Performance, Effort, and Frustration. The maximum value of each
subscale is 21 and the minimum value is 1. In this experiment, all of the subjects
finished the NASA-TLX survey immediately after the experiment. Figure 6 reflects
the average values of the results of the NASA-TLX surveys for each sector.



226 L. Wang et al.

NASA-TLX Mean Values

Effort Frustration

| Original & Simplified

Fig. 6 Average values of NASA-TLX surveys for mental demand, physical demand, temporal
demand, performance, effort, and frustration

Mental demand [13] shows how much mental and perceptual activity was
required and physical demand shows how much physical activity was required. In
this experiment, less mental demand means that the subjects do not need to pay
much attention to the traffic lights, pedestrians and traffic flows. At the same time,
less physical demand means the subjects do not need to use the brake or turn the
wheel frequently. The average value of the mental demand decreased by 32.8 %
and the average value of the physical demand dropped by 39.2 % in the simplified
roundabout.

Temporal demand was defined as how rushed the subjects felt during each
sector. The subjects were under no strict time constraints and were not told that they
would be timed. The traffic experienced within each sector likely contributed to the
feeling of being rushed. In this study, temporal demand dropped by a factor of
41.7 %, indicating a significant decrease in the pressure subjects felt in completing
the simplified sector.

The Performance value indicated how successful the subjects felt they were in
completing each sector [14]. The average performance increased by 95.4 % in the
simplified sector over the original sector. Effort was defined as how hard each
subject had to try to achieve that level of performance. Subjects experienced a
34.4 9% drop in effort on average from the original to the simplified sector, while
nearly doubling their performance.

Subjects graded their frustration level based on how “insecure, discouraged,
irritated, stressed, and annoyed” they felt [6]. A 40.2 % drop in frustration levels
from the original to the simplified design, along with all the other factors captured
in the NASA-TLX survey, made it very clear that the workload experienced in the
simplified sector was greatly reduced while performance nearly doubled.
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5 Conclusion

The new location of the signals and crosswalks in the simplified design directly lead
to less confusion and therefore a lower probability of accidents within the rotary.
Anyone going through the rotary for the first time is less likely to make a mistake or
get into an accident. This greatly increased the level of safety experienced in the
simplified sector over the original, thus reinforcing the hypothesis that traffic
conditions would be safer and more efficient if some of the traffic lights, crosswalks
and stop signs were eliminated or moved in order to have each driver only com-
pleting one task at a time.

We conclude that the simplified design roundabout works very well in the
simulation environment as the simulation results show strong evidence that traffic
condition improved a lot by eliminating all of the traffic lights, crosswalks, and stop
signs. This simplified design roundabout can also be applied to other roundabouts
all over the world, making a great contribution to humanity.

6 Future Work

For further study, more details should be simulated in the virtual environment with
a greater number of subjects to get more accurate data sets. One detail that would be
important to test is the addition of simulated pedestrian traffic around each rotary.
This would help to add a level of realism to the simulation, as well as measure the
impact of pedestrian traffic flow through each style of intersection. Another
improvement would be to have the simulation software automatically record col-
lisions, near-misses, and traffic violations on its own. This would help to quantify
the severity of incidents instead of all incidents being considered equal.

Another consideration for future work would be to add eye tracking, elec-
troencephalographic, and skin galvanic response sensors in order to capture valu-
able physiological data. This data could be combined with the NASA-TLX survey
data to more accurately assess the workload experienced by subjects though each
sector.
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Part IV
Road and Rail—Driver, Behavior,
Distraction and Fatigue



Exploration of the SHRP 2 NDS:
Development of a Distracted Driving
Prediction Model

Syndney Jenkins, Julius Codjoe, Ciprian Alecsandru and Sherif Ishak

Abstract The objective of this research was to use the SHRP 2 NDS data to predict
whether drivers were engaged in any of three specific groups of distracting tasks or
no secondary task at all. The tasks that were examined included: talking or listening
on a hand-held phone, texting or dialing on a hand-held phone, and driver inter-
action with an adjacent passenger. Multiple logistic regression was used to deter-
mine the odds of driver engagement in one of the secondary tasks given
corresponding driving performance data. The results indicated there were differ-
ences in the driving performance measures when the drivers were engaged in a
secondary task. However, the results of the MLR tests indicated the subset of this
data could not be used to develop prediction models with statistically significant
predictive power.

Keywords Naturalistic driving studies - Secondary tasks - Distracted driving -
Time series data - Driver performance - Multiple logistic regression
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1 Introduction

Distracted driving continues to be a major topic in the area of transportation safety.
Some form of anti-distraction legislation has been enacted in forty-four U.S. states
to date including Guam and Puerto Rico. The U.S. Department of Transportation
has established programs, and even an official government website, all aimed at
educating the public on the dangers of distracted driving [1].

Many researchers in past literature have used driving simulators to mimic the
driving experience and more specifically, to measure the effect distraction devices
have on drivers. However, naturalistic driving studies (NDS) offer the ability to
observe drivers in their own vehicles, driving their typical commutes, and
exhibiting their normal driving behavior [2]. This aspect, that is unique to NDS,
more accurately reflects actual driving behavior when compared to driver simulator
studies that use a simulation vehicle and ask the driver to maneuver through a
simulated environment. The USDOT’s second Strategic Highway Research
Program (SHRP 2) organized and funded a massive naturalistic driving study. This
study yielded data that includes: 32 million vehicle miles, 12,500 miles driven,
7000 near-crashes, 700 crashes, cell phone records, and a final database that is
expected to approach 2 petabytes (or 2000 terabytes) of trip information. SHRP 2
began releasing this database in 2014 to be used by the researching public [3].

The objectives of this research were to identify appropriate performance mea-
sures that could be used as surrogate measures of distraction within the SHRP 2
dataset, and to develop a model to predict driver distraction by cell phone using said
surrogate measures.

2 Background

Driving simulators are used frequently in traffic research. They are an inexpensive
alternative to other experimental methods that can at times be either unethical or
unsafe to complete [4]. An exhaustive literature review conducted by Bach found
that of the 100 papers reviewed, 52 % of them involved driving simulators while
37 % involved instrumented vehicles (e.g. naturalistic studies) [5]. Although
driving simulators with high fidelities can closely mimic an actual driving experi-
ence, naturalistic driving studies offer a truly realistic picture of driver behavior
because they analyze actual drives on authentic roads.

Naturalistic driving studies (NDS) consist of the observation of drivers in their
own vehicles and driving their normal commutes. The vehicles however, are fitted
with sensors and other data collection gadgets which are usually add-ons to the
in-vehicle systems. While NDS will produce more realistic scenarios, and thereby
more valuable data to study driver behavior, they are expensive to use and the
collection of data could be problematic. The first large-scale NDS conducted was
the 100-Car Naturalistic Driving Study which involved 241 drivers over an
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18-month period resulting in about 3 M vehicles miles and yielded 42,300 data
hours, 82 crashes, 761 near-crashes, and 8295 critical incidents [6]. Virginia Tech
Transportation Institute (VTTI) completed the project with funding from the
National Highway Traffic Safety Administration, Virginia Tech, Virginia
Department of Transportation and Virginia Transportation Research Council [7].

Due to NDS being a behavioral-based observational experiment method, there
are many ways this data can be used to study driver behavior and risk analysis.
Some of the studies that have been conducted using the 100-Car NDS include
validation of near-crashes as crash surrogates [8], assessing safety critical braking
events [9], modeling of driver car-following behavior [10], and examining driver
inattention [11]. A study conducted by Feng Guo and Youjia Fang, also used data
from the 100-Car Naturalistic Driving Study. They focused on predicting high risk
drivers and identifying factors associated with individual driver risk. Driver age,
personality and critical incident rate were determined to have major impacts on both
crash and near-crash risk and these factors can be used to predict future crashes or
near-crashes. The researchers developed logistic models as the prediction method
which proved to possess high “predictive powers” [12]. University of Michigan
Transportation Research Institute studied driver performance while engaging in
secondary tasks using naturalistic data they collected themselves [13].

In the University of Michigan study and other previous research, point estimates
such as variance or mean of the performance measures were selected for analysis.
However, point estimates represent only one data point over a length of time, so
much information is lost when the data is averaged or the variance is computed in
order to obtain a point estimate. This study utilizes actual time series data in the
analysis. This distinction is important because the plethora of data points accu-
mulated in time series data has the ability to reveal more information than would be
possible using only a mean or variance.

3 Methods

The methodology consisted of data retrieval from the InSight website, data editing
and aggregation, tests for normality followed by multiple logistic regression.

3.1 Data Retrieval

The data used in this research was the SHRP 2 NDS database which was released
through the program’s InSight website. Additional data is continuously uploaded to
the webpage, therefore it is important to note that all data utilized for this study was
released as of March 2015. It is also important to note that all NDS data used in this
study was taken from Florida driver samples exclusively. Finally, NDS data
specifically from the Events and Trips website categories were used in this study. In
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addition to these categories additional information was required to link the sample
drivers to their trips and event information. This linkage was important because it
enabled comparisons of driver performance measures based on driver gender, age
and location. Participant ID and additional demographic information including state
origin, age and gender of the drivers was retrieved directly from VTTI via a Data
Sharing Agreement. The driving performance measures of GPS speed, lateral and
longitudinal acceleration, throttle position and yaw rate were selected because lit-
erature revealed they were most frequently used in driver behavior research [14].

3.2 Data Aggregation and Editing

Proper data editing before applying said data as input into analyses can aid in the
assurance that the results obtained are accurate. In regards to this research, the data
editing process included checking data entries to ensure the values were within an
acceptable range and logically reasonable as well as identifying outliers or missing
data. However, since time series data was used in this research, the first step taken
in the data editing process dealt with aggregating the time intervals already in place.

Data on the time series variables was collected over a 20-s time interval for each
drive. Within the twenty second time interval the data was broken down into 0.1-s
intervals. For example, the data for the GPS speed variable was represented by 200
data points displayed in 0.1-s increments in the database to account for the twenty
seconds of data collected. In order to reduce the size of the database, the time series
data was aggregated into 1-s increments instead of the original interval of 0.1 s. The
“time series” procedure in SAS statistical software was used in order to accomplish
this. In order to aggregate each set of 200 data points into 20 points representing the
20 s of data corresponding to each drive, the absolute value of the maximum
change for each data point was used for the throttle position, lateral acceleration,
longitudinal acceleration and yaw rate performance measures. The throttle position
variable contained only positive measurements, therefore, simply the maximum
value for each observation per second was kept in the final dataset. Equation 1
displays the function used to aggregate the lateral acceleration, longitudinal
acceleration and yaw rate variables into 1-s increments.

[Max(x) — Min(x)|. (1)

Regarding the GPS speed variable, the variance of the driver’s speed per second
was used to aggregate the data. The Time Series procedure in SAS statistical
software was used to perform all of the aggregation. To serve as an example, the
code used to aggregate the throttle position variable is displayed below.
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proc timeseries data=baseline_throttle_position

out=baseline_throttle_position_timeseries;
id time interval=seconds accumulate=maximum;
by event_id;

var value;

run;

After the data was aggregated into 1-s intervals, the next step in the data editing
process was to ensure the values were within an acceptable range. The upper and
lower data ranges of each time series variable were defined in the Trip Data cat-
egory on the InSight webpage. All values outside of the predefined range limits
were removed from the dataset for each of the five time series variables studied.
Next, any entry that contained missing information was also removed. Potential
outliers were inspected using the distribution analysis task in SAS Enterprise Guide
statistical software and removed once identified. The Kolmogorov-Smirnov test
was used to test for normality. For an alpha value set equal to 0.05, datasets for all
five performance measures resulted in statistically significant outcomes. Due to
these findings, it was concluded all of the datasets were non-normally distributed.

3.3 Multiple Logistic Regression Analysis

Logistic regression is frequently used in research to predict the probability that a
particular outcome will occur. The outcome can either be a continuous-level
variable or a dichotomous (binary) variable [15]. However, the outcomes are
usually classified in a binary nature in logistic regression. In this case the dependent
variable is dichotomous and is coded as “1” if the event did occur and “0” if the
event did not occur. During the analysis, the logistic function estimates the prob-
ability that the specified event will occur as a function of unit change in the
independent variable(s) [16].

The intent of the analysis was to use all five independent variables (GPS speed,
lateral acceleration, longitudinal acceleration, throttle position and yaw rate) to
predict whether the driver was or was not engaged in a secondary task. Since five
independent variables were considered, multiple logistic regression (MLR) was
used instead of simple logistic regression. Three separate MLR tests were run in
order to compare the statistical output between the control and the three individual
secondary tasks of concern. All instances where drivers were not engaged in a
secondary task served as the control group. Table 1 describes the scenarios
examined in each of the tests.

In order to accurately interpret the results of the MLR, the binary predictor
variables used must be coded in a very specific manner. Typically in MLR, the
group that is to be used as the focal or reference group is coded as “0” and the other
outcome is coded as “1”. The focal group in each of the comparison tests was the
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Table 1 Description of multiple logistic regression tests

MLR test Description

Control versus Engaged in no secondary task versus talking or listening on cell phone
Group 1 (hand-held)

Control versus Engaged in no secondary task versus texting or dialing on cell phone
Group 2 (hand-held)

Control versus Engaged in no secondary task versus adjacent passenger interaction
Group 3

individual secondary task in which the driver was engaged. Therefore, for each
comparison test the variable that described No Secondary Task was coded as “1”
and the specified secondary task was coded “0”.

Hosmer and Lemeshow values, Maximum Likelikhood Estimates, Odds Ratios
and the Likelihood Ratio Score p-values were all used to interpret the MLR test
results. Hosmer and Lemeshow values assess whether the predicted probabilities
match the observed probabilities using a chi-square statistic. If the p-values for this
test were not significant, this indicated that the model predictions and actual
observations were about the same and the model provided a good fit of the data.
The estimates computed in the Maximum Likelihood Estimation (MLE) served as
the coefficients used to create a regression line. The odds ratio values were asso-
ciated with each predictor and described the odds of a case being coded as “0” on
the dependent variable. It indicated the amount of change expected in the log odds
when there was a 1-unit change in the predictor variable. Finally, the Likelihood
Ratio Score p-value assisted in identifying the validity of the test. If this measure
was significant it could be stated the output resulting from the test were better than
chance.

4 Results and Discussion

4.1 Test for Differences in Performance Measures Among
Groups

Prior to conducting the MLR, Chi-square tests were conducted in order to examine
if there were any statistical differences between the driving performance measures
when the driver was not engaged in a secondary task (Control group) and when the
driver was engaged in a secondary task (Groups 1-3). Based on the results of the
preliminary Chi-square analysis, the performance variables for the secondary tasks
that proved to be statistically different from their Control group counterparts were
later input into a subsequent Multiple Logistic Regression model to see if any of
said variables could be used to predict the driver’s behavior.

There proved to be statistical differences between the control performance
variables and those when the driver was engaged in a secondary task for almost all
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of the performance variables. The only instances where this was not the case was
for driver’s GPS speed when engaged in texting or dialing (Group 2 task).
Therefore, in the subsequent MLR tests every variable except the GPS speed in the
Control versus Group 2 test was input into the model.

4.2 MLR Results

The MLR tests were all run using the Backward Elimination Method in SAS
Enterprise Guide 6.1. Under the Backward Elimination Method, all of the depen-
dent variables that were proven statistically different under the previous Chi-square
test were initially input into the model and variables were removed one by one until
only variables that produced F statistics significant at the significance level of 0.05
remained. A summary of the variables initially input into the model and the vari-
ables that remained at the conclusion of each test are provided in Tables 2, 3 and 4.

The first model compared the Control group to the Group 1 tasks of talking or
listening on the phone. The performance variables GPS speed, throttle position and
yaw rate proved to have statistically significant F-values and therefore remained in
the model at the conclusion of the Backward Elimination Method. However, the p-
value associated with the throttle position measure was not significant and thus was
not included in the final regression equation. The interaction between the GPS
speed and longitudinal acceleration as well as the throttle position and yaw rate

Table 2 Control versus Group 1 MLR results

Dependent variables Effect After p-value at
type in backwards conclusion
MLR elimination of test

GPS speed Main Remained 0.0166

Lateral acceleration Main Eliminated -

Longitudinal acceleration Main Eliminated -

Throttle position Main Remained 0.3615

Yaw rate Main Remained 0.0177

GPS speed * Lateral acceleration Interaction Eliminated -

GPS speed * Longitudinal acceleration Interaction | Eliminated -

GPS speed * Throttle position Interaction | Eliminated -

GPS speed * Yaw rate Interaction | Remained 0.0445

Lateral acceleration * Longitudinal acceleration Interaction Eliminated -

Lateral acceleration * Throttle position Interaction | Eliminated -

Lateral acceleration * Yaw rate Interaction | Eliminated -

Longitudinal acceleration * Throttle position Interaction | Eliminated -

Longitudinal acceleration * Yaw rate Interaction | Eliminated -

Throttle position * Yaw rate Interaction | Remained 0.0337
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Table 3 Control versus Group 2 MLR results

. Jenkins et al.

Dependent variables Effect After p-value at
type in backwards conclusion
MLR elimination of test
Lateral acceleration Main Eliminated -
Longitudinal acceleration Main Eliminated -
Throttle position Main Remained 0.0032
Yaw rate Main Remained <0.0001
Lateral acceleration * Longitudinal acceleration | Interaction | Eliminated -
Lateral acceleration * Throttle position Interaction | Eliminated -
Lateral acceleration = Yaw rate Interaction | Eliminated -
Longitudinal acceleration * Throttle position Interaction Eliminated -
Longitudinal acceleration * Yaw rate Interaction | Eliminated -
Throttle position * Yaw rate Interaction | Remained <0.0001
Table 4 Control versus Group 3 MLR results
Dependent variables Effect After p-value at
type in backwards conclusion
MLR elimination of test
GPS speed Main Remained 0.0077
Lateral acceleration Main Remained 0.0363
Longitudinal acceleration Main Remained 0.084
Throttle position Main Remained <0.0001
Yaw rate Main Remained 0.0233
GPS speed * Lateral acceleration Interaction | Eliminated -
GPS speed * Longitudinal acceleration Interaction | Remained 0.0342
GPS speed * Throttle position Interaction | Remained 0.0113
GPS speed * Yaw rate Interaction | Remained 0.0132
Lateral acceleration * Longitudinal acceleration | Interaction | Eliminated -
Lateral acceleration * Throttle position Interaction | Eliminated -
Lateral acceleration * Yaw rate Interaction | Remained 0.0044
Longitudinal acceleration * Throttle position Interaction | Eliminated -
Longitudinal acceleration * Yaw rate Interaction | Eliminated -
Throttle position * Yaw rate Interaction | Remained 0.0027

variables also proved strong enough to remain in the model. Equation 2 displays

regression line formed from this test.

y = — 2.3366 + 0.000014(GPS Speed) + — 0.0456(Yaw Rate)
+ — 0.00001(GPS Speed * Yaw Rate) +0.00145(ThrotPos * Yaw Rate).

(2)
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The regression coefficients showed that an increase in driver speed causes an
increase in the likelihood that said driver is talking or listening on the phone. The
converse was true for the yaw rate variable. When considering the driver’s speed
and yaw rate concurrently, there seemed to be a negative correlation between the
interaction of these variables and the likelihood the driver was talking or listening.
The throttle position and yaw rate interaction conversely produced a positive cor-
relation. The coefficients for the GPS speed and GPS speed and yaw rate interaction
terms in the equation were relatively small, designating these variables were not
tremendously affecting the y-term or the likelihood of the driver talking or listening
on the phone. Table 2 displays the Control versus Group 1 MLR Results.

The Odds Ratios for the GPS speed, throttle position and yaw rate were very
weak and all very close to one at 1.0, 1.004 and 0.983 respectively. This meant that
a one unit change in any of these measures would only increase the odds of the
driver being engaged in talking or listening on the phone by one time. Any Odds
Ratio this close to one does not indicate predictive power in the model. The
Likelihood Ratio Score for this test resulted in a p-value of <0.0001, which meant
the results output by this test were better than chance. However with R-square value
of 0.0023 and the Hosmer and Lemeshow p-value at <0.0001 the dependent
variables do not account for the majority of the variance in the model and the
predicted values cannot be said to statistically match those observed. This model
was not a great fit of the data.

The next model compared the Control group to Group 2 tasks of texting or
dialing. The performance variables throttle position, yaw rate, and the interaction
between throttle position and yaw rate proved to have statistically significant
F-values and therefore remained in the model at the conclusion of the Backward
Elimination Method. Equation 3 displays regression line formed from this test.
Table 3 displays the Control versus Group 2 MLR Results.

y = —3.1796 4 0.00859(Throt Pos) + — 0.1270(Yaw Rate)

+0.00396(Throt Pos * Yaw Rate). ®)

The regression coefficients resulting from this test showed an increase in the
driver’s throttle position caused an increase in the likelihood the driver was texting
or dialing on the phone. As in the first model, when the driver’s yaw rate decreased
this indicated an increase in the likelihood the driver was texting or dialing. When
considering the driver’s throttle position and yaw rate concurrently, there was a
positive correlation between the interaction of these variables and the likelihood the
driver was texting or dialing. The Odds Ratios for the throttle position and yaw rate
were again weak and showed little predictive power due to their close proximity to
one at 1.016 and 0.976 respectively.

The Likelihood Ratio Score for this test also resulted in a p-value of <0.0001,
which meant the results output by this test were better than chance. However with
the R-square value for this test was also extremely low at 0.0095. The Hosmer and
Lemeshow p-value here equaled 0.0151 signifying the predicted values cannot be
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said to statistically match those observed. Although the Hosmer and Lemeshow p-
value was significant, it was an improvement from the previous test and is much
closer to the alpha of 0.05.

The final model compared the Control group to Group 3 tasks of interacting with
an adjacent passenger. The following main effects remained in the model: GPS
speed, lateral acceleration, longitudinal acceleration, throttle position, and yaw rate.
These interaction effects also remained: GPS speed and longitudinal acceleration,
GPS speed and throttle position, GPS speed and yaw rate, lateral acceleration and
yaw rate and finally throttle position and yaw rate.

Equation 4 displays regression line formed from this test. The regression coef-
ficients revealed a positive correlation for all of the main effects, an increase in the
driver’s speed, acceleration in either direction, throttle position and yaw rate cor-
responded to an increase in the likelihood the driver was interacting with his or her
adjacent passenger. The sign convention for the yaw rate variable was positive for
this test, however, in the previous tests it was negative. The coefficient values for
most of the effects were quite small, meaning these variables were not tremendously
affecting the y-term or the likelihood of the driver interacting with an adjacent
passenger. The Odds Ratios for the GPS speed, lateral acceleration, longitudinal
acceleration, throttle position and yaw rate were all basically equal to one once
again (1.0, 1.0, 1.001, 1.008, 1.0). Similar to the previous two tests, this indicated
the model had very little predictive power.

y = — 1.4201 + 0.000047(GPS Speed) + 0.000923(Lat Accel)
+0.000499(Long Accel) + 0.0106(Thort Pos) + 0.0198(Yaw Rate)
+ 0.000099(GPS Speed * Long Accel) + — 2.62E—6(GPS Speed * Thort Pos)
+ — 0.00005(GPS Speed * Yaw Rate) + — 0.00128(Lat Accel * Yaw Rate)
+ — 0.00177(Thort Pos * Yaw Rate).

4)

The Likelihood Ratio Score for this test resulted in a p-value of <0.0001, which
meant the results output by this test were better than chance. However with the
incredibly small R-square value equal to 0.0097 and the Hosmer and Lemeshow p-
value at <0.0001, the dependent variables do not account for the majority of the
variance in the model and the predicted values cannot be said to statistically match
those observed. This model was also not a great fit of the data. Table 4 displays the
Control versus Group 3 MLR Results.

It is common practice for researchers to test or validate the results of a newly
developed model. However, since all three models were proven to have such weak
predictive power there was no need to validate the equations. It is recommended
that further study be conducted to produce stronger models and validation be tested
on those.
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5 Conclusions

The objective of this research was to use the SHRP 2 NDS dataset to develop
distracted driving prediction models. GPS speed, lateral and longitudinal acceler-
ation, throttle position and yaw rate were the driving performance measures tasked
with predicting whether drivers were engaged in one of three defined groups of
secondary tasks: talking or listening on hand-held phone, texting or dialing on
hand-held phone or interacting with the adjacent passenger. The time series nature
of the data used provided more robust data than typically used in distracted driving
studies. Therefore, the input information used to develop the prediction models was
of a very high quality. It combined the beneficial attributes of using time series data,
and the more realistic view of driver behavior that is acquired by using the natu-
ralistic method of data collection.

Chi-square tests initially run to compare the Control group to the secondary tasks
groups indicated there were differences in the driving performance measures when
the driver was engaged in a secondary task. Multiple logistic regression (MLR) was
utilized to determine if those differences present could be used to develop models
that adequately predict when drivers were engaged in the three secondary tasks of
interest. The results indicated this data was unable to accomplish that goal.

Future work should focus on comparing these results to prediction models
developed using an alternative to the multiple logistical regression method. If
researchers are able to develop models that have improved R-square and Hosmer
and Lemeshow Test p-values, the potential next step would be the development of a
distraction index capable of ranking the impact of each distracting effect.
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Socializing Under the Influence
of Distracted Driving: A Study
of the Effects of in-Vehicle
and Outside-of-the-Vehicle
Communication While Driving

Hanan Alnizami, Ignacio Alvarez and Juan E. Gilbert

Abstract Advancements of in-vehicle technologies and the development of mobile
applications that keep a driver connected in a driving environment have caused an
increasingly dangerous safety concern. Distracted driving has gained the attention
of legislators and governments globally. Countries have constituted bans that par-
tially or fully forbid drivers from using gadgets while driving, especially hindering
out-of-the-vehicle communications. This paper introduces Voiceing™, a
voice-activated application meant to improve social communications in the car,
serving as a safe alternative to distracted driving. Other modalities of interaction
such as texting, in-vehicle conversations and outside-of-the-vehicle conversation
have been measured and compared with Voiceing™ investigating effects on dri-
ver’s performance, cognitive load and user acceptance. Results from this study
suggest that Voiceing™ is a safer alternative than in-vehicle interactions with
humans. Results also show that natural speech interaction of in-vehicle applications
and the inclusion of context awareness help improve driving performance while
interacting with a vehicle system.
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1 Introduction

The use of mobile phones in cars has risen significantly in the last decade. This rise
is attributed to the need for drivers to feel connected to their outside world [1].
Vehicle information exchange takes place inside of the vehicle, typically in the
form of conversations, and outside the vehicle enabled by vehicle telematics. In
both case, speech is utilized as the main channel of these interactions. When driving
with passengers, a driver engages in conversations that establish a social commu-
nication in the vehicle. When driving alone, research has also found that drivers
have the urge to use their mobile phones while driving [2], performing socializing
activities such as calling, texting or checking email and social networks. Vehicle
manufacturers nowadays are continuously integrating features that help drivers stay
socially connected to the outside world. Studies show that use of these features
increases the driver’s cognitive load impairing driving performance [3] causing
slow reaction time, poor judgment, and poor lane maintenance, due to reduced
lateral and longitudinal vehicle controls and reduced critical event detection [4-7].
Driver’s distraction is defined as the diversion of a driver’s attention away from
activities that are critical for safe driving. Such distraction is caused by a competing
activity [8], object, or event within the internal or the external vehicle environment
[9]. More than 34 US states, and over 52 countries have passed distracted driving
legislations banning the use of mobile devices while driving. But banning the direct
use of mobile devices while driving has only caused further distraction and
increased dangers. Drivers that use their mobile phones while driving take extra
handheld operation measures for fear of being caught, increasing the chances of an
accident. The Federal Communications Commission (FCC) is working to recognize
and help develop technologies that could potentially reduce driver’s distraction
[10].

This paper introduces Voiceing™, a voice activated application that utilizes
speech to send/receive voice messages and send emails while driving to fill the void
in vehicular social communications safely. This research investigates four different
conditions of socializing inside the vehicle vs. outside of the vehicle while driving a
simulator: (1) using Voiceing™ to send and receive voice messages, (2) interacting
with a passenger, which represents an in-vehicle human interaction condition,
(3) interacting with a familiar person over the phone, which represents an—outside
of the vehicle—human interaction condition, (4) interacting with an unfamiliar
person at a call center, which represents an interaction with a trained professional.
(5) Texting while driving. The rest of this paper presents previous work on dis-
tracted driving studies, introduces the Voiceing™ technology, explains the methods
in which driving distractions were measured and the tools used to measure them,
and finally describes the results comparing the above-mentioned modalities.
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2 Distracted Driving

Driver distraction occurs when a driver is delayed from the recognition of infor-
mation that is necessary to safely accomplish the driving task [11]. The “100 car
naturalistic study” found that secondary tasks were performed during 40 % of all
trips [11]. Many drivers find it difficult to resist the temptation of using mobile
devices to stay connected while driving. Text messaging, for example, has been
found to affect lateral control and reaction time, lowering it up to 35 % [12]. In
parallel, the amount of attention given to the use of In-vehicle Infotainment Systems
(IVISs) has peaked considerably and raised safety concerns [13] and studies have
demonstrated that the use of IVISs contributed to 25-30 % of crash risk [14].

The cause of such distractions relates to the fact that humans have a limited
amount of available cognitive resources, according to the Dual-Task Paradigm [15].
In driving conditions a great deal of those resources are allocated for the primary
driving task, leaving little capacity to secondary actions. However, the multiple
resource theory of attention has shown that different pools of resources could be
used in parallel, allowing to perform multitasking if actions performed are being
allocated in different modalities [16]. This principle supports the design of
hands-free, eyes-free vehicular interfaces. Many present auditory interfaces are
preferred media for in-vehicle warnings [17] or menu navigation [18]. Driver dis-
traction effects of utilizing them have been proven lower, comparing voice inter-
faces to manual interfaces [19]. This paper analyzes the effect of using Voiceing™
on driving performance as opposed to the effects of talking to a person inside of the
vehicle(passenger), talking to a person outside the vehicle (call center), and texting
while driving.

3 Voiceing™

Since one of the speech conditions investigated in this research is voice messages,
this section explain Voiceing™, the voice user interface benchmarked in this study.
Voiceing™ is a hands-free, eyes-free voice activated system developed by the
Human-Centered Computing lab at Clemson University. It allows for sending and
receiving short messages using speech. The uniqueness of this tool lies in its
independence of being exclusive to any mobile platform. It could be used with any
telephone number, mobile or landline. Users of Voiceing™ could send voice
messages and receive replies from non Voiceing™ users. The system allows the
user to operate diverse features such as using voice to send emails, short auditory
voice messages, setting reminders, and making calls. In order to interact with it, a
user would perform a call to their unique Voiceing™ number and would interact
with the speech interface accordingly. Once a user creates an account, s/he is able to
set the delivery of voice replies one or multiple delivery modalities according to the
user’s preference. Participants used a dummy account created for the purpose of this
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study. The interaction with the system begins when the Voiceing™ systems
prompts the participant with “how may I help you?”. The participant then says
“send a text to John Doe”. The system prompts them to record their message,
verifies it with the participant and then sends it to out to the contact(s). When the
user receives voice messages, the system calls the participant. When the call is
answered, the system prompts “you have a message from John Doe” then will go
forth with playing the voice recording of the message.

4 Experiment Design

This study examines the effects of various social communication methods on
driving performance and distraction in a driving scenario on a simulator. Different
conditions were investigated and were compared to a single driving condition as a
baseline, and a texting while driving condition, as it has already been proven to be a
highly distracting action. The conditions were: (1) using Voiceing™ to send and
receive voice messages, (2) interacting with a vehicle passenger, (3) interacting
with a familiar person over the phone, and (4) interacting with an unfamiliar person
at a call center.

4.1 Apparatus and Study Logistics

The driving simulator operated on a desktop PC, running Windows 7. The driving
controls used in the study consisted of (1) a Logitech G27 dual-motor force
feedback racing wheel mounted on a table; (2) an HD LCD 40 in. screen positioned
in-line with the racing wheel and directly in front of the participant, and (3) steel
gas, brake, and clutch foot pedals placed on the ground under the table. Simulator
was set up for automatic gear. An adjustable desk chair was used to provide
different height variations according to participants’ liking. A second desktop PC
running Windows 7 was used in connection with a Sony WCS-999 wireless
microphone system that the participant wore during the drive. Skype version 4.2, a
VolIP software application, was used to place telephonic calls. Figure 1 depicts the
experiment setup. The software used to collect performance data was the Lane
Change Task simulation and analysis software (LCT) [20].

4.2 Demographics

Participants were recruited from university campus and were required to be licensed
drivers. A total of 127 participants, 53 females and 74 males, took part in this study.
Participants ranged in age from 20 to 59 and the mean age of the sample was
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® Simulator Display @ Simulator pedals
@ Gearshift @ Passenger’s computer
@ Steering wheel

Fig. 1 Experiment setup

25.1 years old, SD = 10.19. Only one percent of the participants suffered from
disabilities, but this did not affect the participant’s driving skills. All participants
owned a driver’s license with a mean driving experience of 7.62 years.
Participation in the study was voluntary. Subjects were rewarded $10 for their
participation.

4.3 Design

The experiment used a single factor, repeated measures within-subjects design. The
independent variable examined was the method of communication as a secondary
task while driving the simulator. Driver distraction was measured as a combination
of driving performance measures and a subjective cognitive load assessment. User
experience measures were also collected in the post-experiment survey. All par-
ticipants were fluent in English; 70 % of them were native speakers and 30 %
spoke English as a second language.

4.4 Secondary Task Conditions

This study analyzed the interaction of a driver in four different conditions, each
handling a different modality of interaction while driving. All conditions were
hands free. Participants were asked to press a button on the steering-wheel in order
to engage with a person or a system. The four conditions were:
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Interacting with Voiceing™: Participants were asked to interact with a
pre-determined contact, R3 in Fig. 2, an experimenter not present in the same
room, via sending and receiving voice messages. Participants called the
Voiceing™ system by pressing a button on the steering wheel and interact with
the system, sending and receiving voice messages until they reached the end of
the track.

Interacting with a familiar person on the phone: Participants were instructed to
call, and have a friendly conversation with, Michael Jackson for the length of a
track. We used the name Michael Jackson for ease of remembering. Researcher
R3 in Fig. 2 played Michael Jackson. Participants were instructed to discuss any
topic that came to mind. R3 stimulated the conversation by asking further
questions such as “what did you eat this morning” to keep the participant
engaged in the conversation.

. Interacting with a human passenger: Participant was presented with a problem

scenario and were asked to collaborate with their passenger to find a solution.
Researcher R2 in Fig. 2 played the passenger and sat next to the driver. R2 used
a web-based system to look up answers for participant’s specific questions.
When presented with the problem, it was up to the participant to explain the
problem to R2 and seek help solving the problem.
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4. Interacting with a call center operator: Participant was presented with a problem
scenario and was asked to consult a call center operator for information on how
to solve the problem at hand. The participant initiated the call by pressing the
button on the steering wheel. As shown in Fig. 2, the call center operator, R3,
was able to provide the driver with road assistance information according to the
questions asked.

5. Texting while driving: Participant was asked to text a continuous series of text
messages while performing the LCT task using their own mobile phone. The
messages were sent to R3 who engaged in a text message conversation with the
driver.

5 Procedure

First, participants were asked to consent to participating in the study. Once
obtained, participants were provided with information about the study and asked to
complete a pre-survey that collected demographic data, as well as previous expe-
rience operating the simulator, using voice technologies, and texting habits. Next,
participants practiced driving the simulator. A practice session involved driving
three consecutive tracks on the LCT simulator to get familiar with how to operate it.
When completed, an interaction task was randomly assigned to each participant to
counterbalance the conditions. All conditions required participants to drive main-
taining the lane changing and maneuvering task, while they underwent the
requirements of each condition.

An example of a problem scenario presented in conditions passenger and call
center is “This is your first time operating the vehicle and you don’t know how to
place a call. Consult the passenger”. While driving the simulator, the participant
asked the partners (passenger or call center agent) questions like “how do I make a
phone call”. The interlocutor then queried web-based search engine for the correct
answer and read it back to the participant. If the question had no answer, then the
participant would be asked to rephrase the question. This process was repeated with
various scenarios until the end of the track was reached.

After all tasks were completed, the participant was asked to complete a post
survey questionnaire. NASA-TLX is a multi-dimensional 20-point Likert scale that
measures six workload dimensions (mental demand, physical demand, time
demand, performance, effort, and frustration level). The participant also completed
a usability questionnaire using a modified version of the technology acceptance
model, TAM [21].
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6 Results

6.1 Driver Performance Results

A within-subject baseline was computed in the training phase and each secondary
task was compared against the individual baseline to obtain driver performance
metrics. All performance metrics were extracted running the raw LCT data files
trough a data mining script in NI DIAdem [22]. Metrics collected following this
procedure included mean lateral deviation, standard deviation (SD) of the mean
lateral deviation, reaction time, and wrong lane changes.

Results on mean lateral deviation, shown in Fig. 3, present lower mean values
for the baseline and driving alone than the secondary tasks.

One-Way analysis of variance (ANOVA) was performed to compare the dif-
ferences. The results, (p = 0.000), proved significant differences across secondary
tasks. Bonferroni test for pairwise comparison found significant differences between
baseline and texting tasks (p = 0.007) as well as between baseline and Call Center
tasks (p = 0.001). No significant difference was found between the baseline and
Voiceing.

Figure 4 shows that the mean values of lateral standard deviation (SD) were
lowest during the use of Voiceing™ and surprisingly during the texting task.
Participants had a tighter control of the steering wheel than during the baseline. This
results suggest that during these two tasks participants where focusing on the
interaction and they performed a tighter control on the wheel. The phone and

Baseline Volceing Texting Passenger  Call Center Phone
Conversation

Baseline Voiceing Texting Passenger  Call Center Phone
Conversation
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Fig. 5 Reaction times on the
LCT (error bars represent 18 |
95 % confidence interval)
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passenger conversations resulted in the highest SD values suggesting looser control
of the vehicle during these tasks. ANOVA analysis reported however no statistical
significance between tasks.

Reaction time in the LCT is calculated from the time the sign is legible until the
time the user started the lane change maneuver. Given that the point of recognition
for the LCT is known, the reaction time was calculated using steering angle
measures. Figure 5 displays the mean reaction time values for each task. Fastest
reaction times were achieved during the single drive baseline and increased as
participants performed secondary actions. ANOVA test comparing mean reaction
times showed significance between tasks. Following post hoc test showed only
significance on texting while driving (p = 0.038). The reaction time during con-
versation with the passenger was shorter than during phone conversations or
Voiceing™ usage.

Extremely illustrative behaviors were found in the wrong lane changes count for
each task, as can be seen in Fig. 6. A wrong lane change means the participant
missed the sign. Results of the mean values show that there was, on average, close
to zero mistakes during the single task drive. The number of wrong lane changes
increased an average of 40 % performing secondary tasks like conversations with a
passenger or the operator of a call center. However, while performing secondary
actions that required hand and eye attention, such as texting, the number of wrong
lane changes increased dramatically. Kruskal-Wallis ANOVA showed very high
significance, p = 0.000, across tasks. The Tukey-Kramer test showed significant
differences between the baseline and texting (p = 0.000). Texting also presented
significant differences compared to Voiceing™ and the Call Center conditions.
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Fig. 6 Wrong lane changes
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Fig. 7 Mean deviation
during lane keeping (error
bars represent 95 %
confidence interval)
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To further investigate the effects across modalities, the two driving actions of
which the LCT is composed, lane keeping and lane changing, were analyzed
separately. The effects of the different secondary actions were studied during these
phases. Results for the mean lateral deviation are presented in Figs. 7 and 8. During
the lane keeping phases, the driver had to concentrate on maintaining the vehicle in
the center of the lane. Results, Fig. 7, showed that mean deviations when the driver
was interacting with people were the highest. The values for lane deviation were
lowest for the Voiceing™ task, suggesting that participants kept better control than
even the single drive baseline. The results were surprisingly similar for the texting
condition. Interacting with human partners revealed to be more distracting during
the lane-keeping task, based on the lateral deviation values. Statistical analysis
reported very high significance in group comparison, p = 0.000, and post hoc tests
showed significant differences comparing the baseline to all but for the Voiceing™
task. Also, the conversational tasks involving human partners showed high statis-
tical significance compared to Voiceing. The results of analyzing SD during lane
keeping showed the same results as the mean deviation values. On the lane
changing phases, however, the results were opposite to the lane keeping, see Fig. 8.
The secondary tasks that involved interaction with people showed better perfor-
mance than those that implied interacting with technology. Furthermore, results for
phone conversation and the call center showed a slight increment in vehicle control
during lane changes compared to the baseline. Post hoc pairwise comparisons
reported significant differences between the baseline and Voiceing, p < 0.05, and
very high significance, p = 0.001, between baseline and texting. Likewise, signif-
icance was found between the human-to-human modalities, texting and Voiceing.
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6.2 Cognitive Load Results

After performing the secondary driving tasks, participants were asked to rate their
cognitive workload using the NASA-TLX questionnaire [23]. The values of the
overall cognitive workload were calculated giving equal weight to the six workload
dimensions present in the TLX-questionnaire. Figure 9 shows the mean values per
task on a normalized Likert scale from 0, lowest, to 7, highest.

Subjective cognitive level reported by the participants during the baseline drive
was lower than when asked to perform a secondary task. The most demanding task
was clearly texting and the rest of the conditions presented similar mean values.
Statistical analysis followed to determine the significance of the mean value dif-
ferences. The Tukey Kramer procedure revealed pairwise very significant differ-
ences, p < 0.001, between texting while driving and the baseline, but also between
texting and all other tasks. While effort, temporal, physical and mental demand
showed similar results to the overall measure, performance and frustration levels
clearly benefitted the Voiceing™ task above the rest. The highest performance
score was reported for the Voiceing™ task, where participants believed to drive
better than during the baseline task, Fig. 10.

In an inverse correlation, the frustration levels reported during the different
conditions were lowest for the baseline and Voiceing™ tasks, Fig. 11. The highest
frustration was experienced while participants were chatting on the phone which
suggests that participants were aware of the difficulty to perform accurately on the
LCT task while they were on the phone.

Fig. 10 Subjective
performance level reported on
the TLX questionnaire
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Fig. 11 Subjective
frustration level reported on
the TLX
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7 Conclusion

The results presented in this paper suggest that in order to fulfill the socializing
needs of drivers, voice-activated applications have the least effect on the driver in
terms of driving performance. Even compared with human conversations in the
vehicle and through telephony lines, we see results that are favorable towards
Voiceing™. The driving performance metrics were also supported by the behav-
ioral intention of use of the participants, the majority of which rated Voiceing™ as
a preferred communication media, especially when compared to texting while
driving. These results suggest that the social activity in the vehicle is inherently
spoken even though many of the participants were very skilled at texting. The
self-reported performance measures indicate as well that participants felt comfort-
able using the Voiceing™ application.

All in all, these results suggest that speech technology is the most promising
interaction method in the vehicle to enable the social act. A driver-centric design for
in-vehicle communication systems has the potential to lower driver distraction. The
implementation of such a system like Voiceing™ improves communication without
significantly impacting driver cognitive load or driver distraction. We hope to use
these results when designing other socially-inspired communication devices and
other in-vehicle social services. Future improvements on natural speech interaction
of the voice user interface and inclusion of context awareness in the application
could potentially help further palliate the effects of interacting with a vehicle system
while satisfying the communication needs of drivers.
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Risk Factors for Driver Distraction
and Inattention in Tram Drivers

Anjum Naweed, Janette Rose, Sangeeta Singh and Damien Kook

Abstract Tram driving is a complex task requiring high levels of workload, route
knowledge, and attention. Metropolitan tram networks typically contain many
routes and share roads with other road users. Collision potential is highest at road
intersections and areas where the track runs along the road with no segregation and
when collisions occur they can cause serious injury and disruption. A study was
conducted on an Australian tram network to identify collision risk factors. The
approach included focus groups and discussions with 22 drivers, and observations
at two high-risk locations. Data were coded thematically using a recently published
taxonomy for driver distraction and inattention. The majority of factors fell into the
Driver Cursory Attention category, with a large representation also in the
Misprioritised and Neglected Attention categories and instances of Diverted
Attention were mainly driving-related. Findings are discussed in terms of potential
mitigation strategies and their implications for further refinements to driver dis-
traction and inattention taxonomies.
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1 Introduction

A tram driver needs to drive safely and efficiently while also providing a high level
of customer service. Good tram driving not only requires an awareness of the various
elements in the environment but also the ability to understand its complexity and be
prepared for unexpected events. In most tram networks, rail tracks run over roads
(i.e. streetcars) as well as dedicated tramways, creating a mixed-traffic environment
with complex signalling that is traversed using both train dynamics and road navi-
gation tactics [1]. For this reason, the demands on tram drivers may be considered
similar to those of motor vehicle drivers and train drivers combined. Not only do
drivers need to be skilled in handling a variety of trams, all of which have different
handling characteristics, they also need to be highly alert and vigilant at all times.

The environment is highly dynamic and heavily populated with passengers,
pedestrians, motor vehicles and other road users demanding constant attention, and
often requires actions necessary to avoid accidents. Thus a high level of situation
awareness is vital at all times. As defined by Endsley [2], this includes perceiving
and comprehending appropriately, and projecting ahead. For tram driving, percep-
tion includes being aware of the location, destination, required positioning of points
along the route, train handling characteristics specific to the tram type, current speed,
speed limits, and so on. A tram driver’s comprehension of the situation must be
constantly updated with the evolving environment, and being able to project ahead
plays a major role in relation to predicting the behaviour of other trams drivers,
pedestrians and other road users. Experience may improve this skill, especially in
tasks where there is an element of repetition such as tram driving (e.g. travelling the
same route, approaching stations, following other trams) on a daily basis.

Because of the nature of the work and job design, the tram-driving role is also
impacted by specific rail human factors concerns such as fatigue, shift-work, and
reaction time. According to Williamson [3], the relationship between fatigue and
distraction in motorists may be two-way, with both positive and negative effects.
There is some evidence to suggest that fatigued drivers may be less prone to
distraction than non-fatigued drivers, and that certain forms of distraction may assist
in maintaining alertness [3]. However, both fatigue and distraction can be detri-
mental to safety and performance, thus a combination of the two in a task such as
tram driving may increase the risk of accidents.

With such a high demand on attention, it comes as no surprise that accidents and
near misses occur due to distraction and inattention. With distraction estimated to
be the cause of between 10 and 23 % of motor vehicle crashes [4], similar per-
centages are likely to apply to tram collisions. Although accidents are not a frequent
occurrence on metropolitan tram networks, when they do occur they may cause
major disruption to service and serious injury [5]. Despite this, there is a dearth of
research into causes of tram collisions, and in particular driver distraction and
inattention, with most published literature on Australian trams having an engi-
neering focus on the history, growth, design of trams and tram networks rather than
the elements of driving [1].
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In this study, potential human factors causes of tram collisions on an Australian
metropolitan tram network were investigated as part of a broader examination of the
types of incidents that occur on the network, and analysis was undertaken using a
recently published taxonomy for driver distraction and inattention developed by
Regan et al. [6]. The taxonomy divides driver inattention into five categories based
on the different mechanisms by which the inattention may arise, and while the
taxonomy is for drivers of motor vehicles, it may well be suitable for other similar
tasks. Here the taxonomy is applied to tram driving to determine its suitability for
that task, and the paper investigates risk factors for distraction and inattention in
tram drivers. This includes not only accidents that actually occurred but also sit-
uations in which there is a high risk of accidents occurring.

1.1 Aims and Objectives

The aims of the paper are to determine the extent to which distraction plays a part in
tram-on-tram collisions, and to contribute more on this topic to an area of driving
that is under-researched. A secondary objective is to use a recent driver distraction
taxonomy [6], and determine how well it applies in the tram-driving context, and
whether it would be a useful tool for determining strategies to mitigate risks.

2 Methodology

Figure 1 illustrates the stages of research for a study.
A mixed-methods design was used which included:

e A review of industry documentation and accident reports.
e On-site observations at two complex locations with conflicting moves, including
observations from the passenger area of the tram and driver’s cabin.

Stages of Research

Human Factors On-site / On-board Driver Discussions, Focus Groups
Documentation Review Observations + Scenario Invention Task

Fig. 1 Stages of research used to process and collect data in the study
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e Discussions with individual drivers at three depots, and focus group discussions
at two depots, including drivers, trainers, team managers, and other management
staff.

The methodology comprised an early stage of accident report review, both to
gain familiarity with the domain and to scope out the requirements for the rest of the
methodology. A combination of observations, focus groups and direct discussions
were adopted to gather representative data. Two locations were chosen for the main
focus of this investigation, based on history of previous accidents; one major
intersection where road meets rail and where there are multiple road users; and one
junction that is separated from the road but positioned next to a major intersection
that affects tram activity within and approaching the junction. These two locations
were selected based on their representation of the complexities found throughout
the network.

Observations were conducted from various vantage points around each location
as well as aboard trams travelling through each intersection, from every point of
entry. In order to ensure a comprehensive picture of the intricacies of negotiating
these intersections, observations included: tram activity/frequency during peak and
non-peak times; frequency of potential conflicting situations; pedestrian activity in
and around the intersections; activity and behaviour of other road users including
motor vehicle drivers, cyclists, and horse-drawn carriages; and passenger beha-
viour, including those travelling in trams, waiting at stations, and boarding or
alighting the tram.

In the two focus groups, a scenario invention task [7] was conducted where each
driver was instructed to draw a diagram of the first location. This task has been
designed as an effective means of externalising knowledge (drawing out knowledge
that is held subconsciously) that can be very difficult to recall and talk about. Using
various coloured pens, each driver then created a scenario that would create a high
risk of collision. These scenarios could be situations the drivers had experienced
themselves, situations they had heard about from other drivers, or completely fic-
tional scenarios that could potentially occur. When all drivers had drawn their
diagrams and scenarios for the first intersection, they described their scenarios to
the group in turn and discussions were held between all participants and the
researchers. Drivers were then asked to write down any potential technical and
non-technical solutions that they believed could be implemented to reduce the risk
of collisions. The same procedure was followed for the second location. Figure 2
shows an example diagram from the task.

In the individual driver discussions, participants discussed concerns they had in
relation to the two locations, and described the strategies they used to negotiate
those locations safely. These discussions also included other more general concerns
such as strategies used throughout the network to ensure safety and on time
running.
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On the short T-Light, there are times when two trams
proceed when it is only meant for one tram.
When that happens ) there are near misses tram to tram

Tram A has the short T-Light. Tram B is followﬁm close behind.
When this happens Tram D and C will make their T-Light.
If D or C proceeds during this short T-Light, there will be accidents
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Fig. 2 Stages of research used to process and collect data in the study

2.1 Participants

A total of 23 participants were involved in the study (22 Male, 1 Female). Nine of
these participated in the focus groups, and 14 took part in individual driver dis-
cussions. The age of the participants ranged from 25 to 67 years, with an average
age of 50 (standard deviation = 8.89 years). Tram driving experience ranged from
1.5 to 21 years, with an average of 10 years (standard deviation = 6.47 years).
Thirteen of the participants possessed more than 10 years driving experience.

2.2 Data Capture and Analysis

Data was captured via voice recordings for the focus group and individual inter-
views. Written notes and researcher voice recording were used for observations
on-site and aboard trams. Photographs were taken from numerous perspectives
around the study sites. A review of the accident reports was conducted, from which
key themes and categories were derived. Voice recordings were transcribed.
Thematic analysis was used to classify and codify transcript data according to
distraction and inattention types [8]. The codes and were applied deductively during
the process, and based on the five categories of inattention and corresponding
definitions from Regan et al.’s taxonomy [6], with the fifth category having two
sub-categories as described below:

e Driver Restricted Attention (DRA)—Insufficient or no attention to activities
critical for safe driving brought about by something that physically prevents
(due to biological factors) the driver from detecting (and hence from attending
to) information critical for safe driving.
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e Driver Misprioritised Attention (DMPA)—Insufficient or no attention to activ-
ities critical for safe driving brought about by the driver focusing attention on
one aspect of driving to the exclusion of another, which is more critical for safe
driving.

e Driver Neglected Attention (DNA)—Insufficient or no attention to activities
critical for safe driving brought about by the driver neglecting to attend to
activities critical for safe driving.

e Driver Cursory Attention (DCA)—Insufficient or no attention to activities crit-
ical for safe driving brought about by the driver giving cursory or hurried
attention to activities critical for safe driving.

e Driver Diverted Attention (DDA)—The diversion of attention away from
activities critical for safe driving toward a competing activity, which may result
in insufficient or no attention to activities critical for safe driving. This category
has two sub-categories:

— DDA non-driving-related (DDA-NDR)—The diversion of attention away
from activities critical for safe driving toward a competing non-driving
related activity.

— DDA driving-related (DDA-DR)—The diversion of attention away from
activities critical for safe driving toward a competing driving-related activity.

2.3 Ethical Considerations

Ethical approval for all aspects of the research design was sought, reviewed and
granted by the CQUniversity Australia Human Research Ethics Committee
Number: RSH/3337 Proposal for Human Factors Assessment of Tram-on-tram
Collisions. Participants were provided with an information sheet about the study
and informed consent was obtained before beginning each stage of data collection.

3 Results

The analysis revealed a range of strategies that the drivers used in their day-to-day
driving, though it also highlighted many situations in which driver behaviour was
suboptimal from a safety perspective. Consistent with thematic analysis methods,
not every incident or issue was included and the points were representative of the
many incidents and issues arising from the investigation. A brief preliminary
account of the identified risk mitigation strategies is also presented.
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3.1 Restricted Attention

In several scenarios, a cause of potential accidents was associated with the driver
passing out from several physiological issues including overheating in the cab, lack
of food and water, and insufficient sleep. This was also featured in an actual
accident report and fell into the DRA category. In general, fatigue and sleepiness
are common problems in rail, as with other shift-work, and create a risk for
maintaining safety in the system [e.g. 9]. It is often difficult to determine the effects
of fatigue and sleepiness on performance and especially accident causation [10],
however it is reasonable to assume that it would have an impact. Many drivers
reported feeling fatigued and again this was associated with restricted attention.

3.2 Misprioritised Attention

Conflicting goals in relation to safety and on time running were a recurrent theme,
and correspond closely with rail driving in general [11]. All drivers reported safety
as their main concern, yet there was also a lot of time pressure associated with
maintaining on-time running (i.e. timetable). Despite the obvious concern for safety
displayed by all drivers, they indicated that they would make risky decisions to
make up lost time, with the aim to keep their time at zero. This factor could fall into
the DMPA category as drivers found themselves focussing more on time man-
agement to the exclusion of safety. For example, one participant stated that
although drivers would not blatantly run a stop signal, he believed there had been
occasions where drivers pushed through on amber despite having time to stop.

An issue strongly connected to risk-taking behaviour and time management was
found to be inter-depot competition and rivalry. The main cause of this was the
desire to maintain on-time running, which was considered to be jeopardised by
being caught behind a tram from another depot, causing delays. For example, a few
routes went through the city and continued on through the other side to other
suburban areas but most trams turned around at a shunting yard on the edge of the
city centre. The trams that travelled through usually had large numbers of pas-
sengers boarding along the route shared by those trams that turned around at the
edge of the city. Therefore the trams that did not travel through were likely to be
held up by the large number of passengers boarding the tram in front at every stop
along the route. As with the pressure of on time running, this led to risk-taking
behaviour, caused by misprioritisation of goals and therefore corresponded most
with misprioritised attention.
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3.3 Neglected Attention

At one of the study sites, a small building impeded the view of tram drivers travelling
down a gradient towards an intersection and track split. Here, priority was given to the
tram entering from the adjoining track, so tram drivers travelling down the gradient
had to be prepared to stop in order to give way. A signal at this junction provided only
afew seconds notice to approaching tram drivers, meaning that the driver should look
for approaching trams before beginning their descent as a safety check. Many par-
ticipants indicated that this check was not made, and fell into the DNA category as the
drivers failed to attend to safety-related activities, i.e. head check to the right.

During onboard observations, it was noted that many drivers did not turn their
heads to the left to check for oncoming traffic when they entered a road/rail
intersection. Although they were taught that danger typically came from the right, it
was considered good practice to check their left side to ensure it was clear rather
than assuming the case. Thus a failure to make a full head check corresponded with
neglected attention.

3.4 Cursory Attention

There was some expectation bias associated with the manoeuvring of other vehicles
and over-familiarity with stopping patterns, which led drivers to make assumptions
about (and therefore plan around) the behaviours of other road users and other tram
drivers. For example, participants reported that when they approached a stationary
tram at a stop with no passengers waiting to board it, they would assume that the
tram was about to move away and therefore aim to stop where the tram was
currently located. This expectation was correct the vast majority of the time,
however were are occasions when the tram in front did not move away when
expected, thereby requiring the approaching tram driver to heavily apply brakes, to
result in a collision or near miss. Drivers in the focus groups mentioned three
different recent occasions when a tram-on-tram collision had actually occurred as a
result of this expectation bias. This factor could fall into the DCA category as
drivers gave only cursory attention to the tram in front.

Another situation was created by lack of clear rules. For example, there was a
shelter and a flag situated a few metres apart at the off-road junction. Some tram
drivers stopped their tram at the flag while others stopped at the shelter if people
were waiting there. Drivers in the focus group pointed out that this was a problem
because they believed the flag was the correct place to stop, thus most drivers would
assume the tram in front would also stop at the flag and subsequently aim to stop
their tram just behind them. If the tram in front happened to stop several metres short
of the expected location, the following tram would not have time to stop. This fell
into the Cursory attention category as tram drivers gave insufficient attention to what
was actually happening because their expectations over-rode their attention efforts.
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An element of safety related specifically to passengers was the operation of
doors. During onboard observations, tram door closes were observed being acti-
vated while passengers were still disembarking. Some drivers were careful about
ensuring the doors were clear before allowing them to close (they would hold the
‘open’ button down until they were sure passengers were clear). However other
drivers allowed the doors to close when passengers were still trying to alight the
tram. It is often difficult to see the doors properly when the tram is full including
standing passengers, however some drivers were only gave a cursory glance in their
mirrors to check the doors. Thus, this risk corresponded with cursory attention.

3.5 Diverted Attention

Non-driving-Related. In one of the reviewed Incident Investigation Reports, the
driver reported that he had been thinking about his upcoming wedding and did not
notice that the tram in front was stationary, which corresponded to non-driving
related diversion of attention.

Drivers in the focus groups commented that they often arrived at their desti-
nation not remembering how they got there. Although they could not say why this
happened, there are two possibilities for this common phenomenon; they may have
operated with automaticity (i.e. outside of conscious awareness) and “switched off”
from all thoughts, or their thoughts may have been non-driver related.

Driving-Related. At all times tram drivers must be constantly alert for pedes-
trians in the environment. This was especially so at the junction separated from the
road where pedestrians commonly violated rules by walking alongside the track
with no barrier between them and the moving tram. Drivers reported being very
vigilant of pedestrians in this situation, often to the detriment of other important
task-related attention demands, thus the driving-related category of diverted
attention was most suitable for this situation.

Due to the pressure of on time running, drivers constantly checked their display
or timetable to see how close they were to schedule. During observations both
on-site and on the trams, several drivers were seen to be referring to the display or
timetable while the tram was moving, creating a diversion of attention (away from
activities critical for safe driving) that corresponded with a driving-related task.

3.6 Risk Mitigation

The findings were also used to conduct a preliminary analysis of possible risk
mitigation strategies. A more extensive and detailed analysis is required to fully test
the usefulness of the taxonomy for this purpose, however several potential strate-
gies were determined from the preliminary analysis, including: improved fatigue
management training; a review of rostering; a review of timetabling; placement of
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appropriate signage; clearer definition of certain rules and regulations; environ-
mental modifications; and training for tram drivers, including use of specific sim-
ulated scenarios [12].

4 Discussion

As part of a broader investigation into the causes of tram collisions on a
metropolitan tram network, Regan et al.’s taxonomy [6] was used to categorise
causes that related to distraction or inattention. The first objective from this exercise
was to determine what sorts of risk factors were applicable to distraction and
inattention in tram driving. These was presented in the results and for the most part,
correspond well with psychological factors driver distraction and inattention in
heavy rail (e.g. trains) [11]. The second objective was to determine if the taxonomy
was appropriate for use with the tram-driving task and rail in general. The most
notable issue with the coding process associated with the taxonomy was that several
issues could arguably have fallen into more than a single category. In this instance,
the most appropriate category was chosen based on consensus during the analysis.
In particular, the distinction between the neglected and cursory category was
somewhat underspecified in the taxonomy and difficult to code for tram driving. For
example, when a tram driver did not slow down quickly enough when approaching
another stationary tram, it could be that they had paid only cursory attention or had
neglected to pay any attention to the tram altogether. Similarly, the issue with
drivers looking at their timetable was coded as ‘Driver Diverted Attention
Driving-Related’ but this could also fall into the ‘Misprioritised Attention’ category
because the drivers were prioritising time over safety.

There were also some events that may have been due to inattention but did not
fall into any of the categories of the taxonomy. For example, habituation was a
common problem raised by the drivers in the focus groups and individual discus-
sions. An example of habituation was when a driver took out the same tram class
for several weeks then changed to a different tram, for example a longer one with
different handling characteristics. They became habituated to the first type of tram
and then became inattentive about the appropriate way of handling the new tram,
effectively driving in an automatic mode suitable to a different, in this example, a
smaller type of tram. A number of drivers stated that this was a common occurrence
and it also feature prevalently in the scenarios.

Additional categories and modifications to existing categories may assist with
making the taxonomy more suitable for tram driving. For example, Driver
Restricted Attention currently relates to biological factors such as micro-sleeps [6].
This could be modified to include restricted attention caused by elements external to
the driver as was the case described under Driver Neglected Attention where drivers
could not see approaching trams due to the location of a building on the approach to
the track split. This modification could also potentially be added to the existing
taxonomy for the purposes of categorising inattention in motorists.
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A comparison of this method with other methods used in the investigation
showed that the thematic coding often did not reveal the underlying causes of
accidents and potential incidents. For example, simply stating that a tram driver was
inattentive because they neglected to perform checks to the right for oncoming
trams does not explain why they failed to check. Much more detail is needed to
determine the root cause and possible mitigating strategies, and this an area for
future work.

With regard to determining mitigating strategies, the coding was of some
assistance but thinking of the causes in terms of the type of distraction or inattention
did not lead to mitigation strategies over and above the broader analysis and in fact
resulted in less strategies than other methods used in the investigation. However, as
noted, at this stage it was a preliminary analysis only and a more detailed analysis
may highlight more potential mitigation strategies. Additionally, only a relatively
small quantity of data was suitable for coding which suggests that the taxonomy, in
its current form at least, may not be as suitable for the tram-driving task as it is for
the motor vehicle driving task.

5 Conclusion

The categories detailed in Regan et al.’s taxonomy [6], in their current form, may
not be appropriate for the tram-driving task. However modifications such as clar-
ification of codes and addition of new codes may make it more appropriate. A more
detailed analysis is required with respect to the usefulness of the taxonomy in
assisting with mitigating strategies for tram driving. While an example of distrac-
tion was detected for every category in the taxonomy, the types of distraction that
are associated with managing competing activities not critical to safety, such as on
time running, are arguably the most insidious. For the most part, others types of
distraction and inattention, such as neglected and cursory attention, correspond with
the nature of habituated behaviours and automaticity in the task itself. Future work
in this area is needed.
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7 Years of Experience with Demerit
Point System in the Czech Republic:
Is It Effective?

Petr Zametnik, Vit Gabrhel, Veronika Kurefkova and Pavel Reza¢

Abstract This study maps the effectivity of the demerit point system in order to
find possible complementing measures to the demerit point system and improve the
existing ones. Our analysis was done on data from point system since 7/2006 till
12/2013 and national road safety and traffic accident statistic since 2006 till 2015.
Results show, that decrease in road fatalities and serious injuries is partly caused by
socioeconomic development and that Czech demerit point system has some severe
weaknesses and inappropriate focus. That is why it fails in preventing young drivers
and repeated offenders from (re)offending.

Keywords Demerit point system - Traffic offenders - Driver remediation - Driver
recidivism - Traffic safety

1 Introduction

Regarding public health, road traffic safety is the most crucial issue of the 21st
century [1]. World Health Organization informed on road traffic safety situation for
the first time in a broader scale in its report in 2004 [2], when, based on the data of
99 % world population, WHO calculated that 1.3 million people are killed and
20-50 million people are injured in traffic every year. The results have not changed
very much since that time, because the last two reports [3, 4] concluded with very
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similar figures. In addition, the reports claim that in case the trend continues, in
2020 road traffic accidents will become the third most frequent causes of deaths in
the world.

However, the causes of this risk do not stem from the imperfection of the system,
but rather from human factor error. Nevertheless, the issue of human factor is too
complex to formulate simple conclusions and recommendations. Driving is such a
complex and diverse activity that it is impossible to identify several individual
qualities which could help us determine safe and responsible drivers and dangerous
and irresponsible drivers. In addition, drivers are in no way a homogeneous group,
which prevents generalization and interpretation of collected findings. What the
studies generally agree with is the fact that the degree of human factor impact on
road traffic accidents is very high. For example [5] claims that human factor is a
single cause of 57 % road accidents and a co-factor of more than 90 % road
accidents. Later research shows a slightly increasing trend and consider human
factor as a co-factor of 90-95 % road accidents [6-8].

However, in most cases traffic rules violations are more common than for
example insufficient intake of information [9]. One of the main reasons is the
absence of a negative feedback which increases the false belief in a low probability
of accidents [10] and a subjectively felt higher chance of avoiding a road accident
than others [11]. The absence of social feedback was changed with demerit point
systems introduction. European countries were gradually introducing the so-called
demerit point systems in order to provide negative feedback; more effectively
prevent driving for risky individuals, and generally improve road safety. The Czech
Republic is among the countries which introduced the demerit point system in the
2000s within the commitment of the EU to reduce road fatalities by 50 % by 2010
in comparison with 2000. The demerit points have been recorded since 1st of July
2006.

Although the long-term road safety situation in the Czech Republic shows a
positive trend, the country lags behind in reducing the consequences of road
accidents in comparison with countries with similar infrastructure and traffic figures
(e.g. regarding mortality in relation to mileage, which amounts to 15.7 fatalities per
1 billion driven kilometers, the Czech Republic ranks among the last in the IRTAD
world database). The reasons for long-term reduction in road accident and fatality
rate in the Czech Republic are often assigned to the introduction of the demerit
point system, socio-economic development and technological progress. Relatively
high long-term road accident rate and mortality rate on Czech roads in comparison
with foreign countries is based on two reasons. (1) Insufficient system of gradual
education of drivers and (2) minimum number of measures aimed at a small group
the most risky drivers. However, these two factors are dealt with by the demerit
point system with difficulties. The decline in road accident and mortality rate on
Czech roads over the last five years (2009-2013) may thus have a different
explanation than well-working demerit point system. Therefore, it is suitable to
look at road traffic safety in the context of the socio-economic development.

It is quite clear that the introduction of the demerit point system leads to the
reduction of road accidents and fatalities [12, 13], but the effect fades over time as
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there is, for example, lower effect on fatalities on motorways [13, 14]. Regarding
some other aspects, we can see a stable long-term effect, e.g. on the use of safety
belts and child restraint systems [15] on drivers as well as on passengers [16]. From
this point of view we can consider demerit point systems effective and successful
measures, since the use of safety belts and child seats are the most effective methods
to prevent serious injuries and fatalities at road accidents [17].

The demerit point system works on the principle of improving road safety by
deterring road users through the threat of punishment (general level) and through
sanctions for those who are caught and convicted (specific level). The specific
deterring effects can be evaluated by monitoring of the recidivism rate and general
effects by prevalence of the negative phenomenon in driving community [18].
Nevertheless, the term “recidivist”, which is often used to define drivers with
problematic driving history, is frequently mistaken for many other definitions, such
as “repeated offender” or “hard core offender” [19-23], therefore it is opera-
tionalized with difficulties. In addition, recidivism can be understood by many
different ways and each of them has the potential to provide different result.

Firstly, the category of recidivists include those who commit crime or offences
deliberately and unintentionally, secondly, the seriousness of given offences or
criminal acts (just points for given behaviour are deducted regardless of its context
and real hazard) is not taken into account. What is missing is scaling of recidivism
seriousness, since the term in legal, not research, sense of word is concerned [18].
Furthermore, if a driver is caught drinking and driving for the first time and driving
under the influence of drugs for another time, such driver is not considered as
recidivist by the point system, since those are different law violations. In general,
the effectiveness of sanctions in the form of recorded points as a feedback tool for
the change in behaviour is doubtful, since the relationship is still unclear [24].

2 Demerit Point System in the Czech Republic

2.1 Form and Development of Demerit Point System
in the Czech Republic

The existing demerit point system in the Czech Republic was introduced on 1 July
2006, based on the Acts Nos. 411/2005 Coll. and 226/2006 Coll., which superseded
the Act No. 361/2000 Coll., on Road Traffic. “Demerit” points are recorded in the
register of drivers by authorities of municipalities with extended powers within
5 days from the day the driver receives particular decision or is informed of
effective sanction for violating selected obligations in traffic. The reason for
introducing the demerit point system in the Czech Republic was particularly based
on sanctioning recidivistic delicts against road traffic safety. In addition, regarding
certain groups of drivers, e.g. drivers from higher socio-economic groups, the
financial sanctions, even repeated ones, proved to be insufficient and failed to
prevent them from committing further offences, since there was no threat in the
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form of driving license suspension. The demerit point system introduced an
administrative procedure which may lead to driving license suspension. Since its
establishment, the system has changed several times and has been further modified
by amendments of other acts. The changes particularly follow the directive of the
European Parliament and of the European Council 2006/126/ES from 20 December
2006 on Driving Licenses, as amended. Some of the most significant changes are
specified below:

The first change occurred on 1 September 2008. The Act No. 374/2007 Coll. and
Decree No. 156/2008 Coll. have allowed to perform “safe driving training” course,
after which 3 demerit points can be eliminated under conditions specified by law.

Probably the most significant change occurred on 1 August 2011, when the Act
No. 133/2011 Coll., which amended the act on road traffic, became effective. This
amendment revoked the point deduction for offences against road traffic safety which
were considered less serious (in total from 44 to 27 penalized items). They particularly
concerned unauthorized use of special warning lights, failure to use assigned traffic
lane, driving without medical assessment on fitness to drive. Regarding aggressive
behaviour (drinking and driving, speeding), the number of deducted points increased;
based on this amendment, no points are deduced for behaviour related to relatively low
hazard (e.g. no lights or unauthorized use of assigned traffic lane). Furthermore, the
amendment brought about the obligation to participate in traffic psychological
examination, when applying for driving license to be returned.

A prohibition has been effective since 1 January 2012 to issue a driving license
to a person whose driving license is suspended or revoked in another EU or EEA
member state or who has been disqualified from exercising professional activities
based on driving motor vehicles, unless the time period for returning driving license
has elapsed (e.g. time of disqualification from exercising professional activities or
the “out of points” time).

So-called objective responsibility of vehicle owner was introduced on 19
January 2013, in the manner of other EU countries, e.g. France, the Netherlands,
Slovakia, which is to prevent the abuse of the status of a “close person”. In case the
identity of driver who committed a traffic offence cannot be determined, the
sanction is paid by the given vehicle owner.

2.2 Demerit Point System Statistics

The data for the mentioned statistics were collected form publicly available sta-
tistical data of the Ministry of Transport, particularly regarding the National road
safety strategy [25], and information on the status of the demerit point system in the
Czech Republic [26] a partly from a non-public database of Ministry of Transport
of the Czech Republic called “Eliska” [27]. Nevertheless, even within these
non-public accesses for research purposes, it is possible to monitor just basic
indicators, such as the number of individual offences, age and sex of offenders, and
the region where offence was committed.
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Regarding the changes which has occurred since the beginning of the intro-
duction of the demerit point system (particularly the number of offences with point
deduction and the number of points), the outputs for individual years are difficult to
compare. However, based on [27], on average 0.1-0.2 % of drivers reach the limit
of 12 demerit points each year, while two types of drivers are overrepresented—
young drivers and male drivers. Furthermore, the rate of recidivism ranges around
50 % for failure to use seat belts, 25 % for using mobile phones, 30 % for driving
without driving license, 15 % for drinking and driving and 15-50 % for speeding
(depending whether any speeding is considered or how much the speed limit was
exceeded is taken into account as well). Finally, the offence profile of people “out of
points” for the first time and for the second time is very similar.

References [25] and [26] statistics show that on 31 December 2015 there were
39,507 drivers with 12 points deducted, i.e. 7.33 % drivers with deducted points
and 0.59 % of all registered drivers. Out of the total number of drivers with 12
points deducted, there were 36,851 (93.28 %) men and 2656 (6.72 %) women. The
gender ratio of all registered drivers is relatively stable—approx. 55.73 % men and
44.27 % women. The number of men and women with deducted points differs
greatly from the ration of all drivers—it is currently formed by 81.72 % men and
18.28 % women. The differences between men and women with deducted points in
individual regions are negligible (the ration of men ranges between 79.45 and
84.06 %). On 31 December 2015, 539,277 drivers were registered in the central
register of drivers for committing an offence (criminal act) with at least one point
deduction. This is 8.05 % of all registered drivers (6,700,000), i.e. every 12th driver
has a point deduction. It is necessary to take into account the fact that a part of
drivers is inactive and therefore the proportion of point deducted and “out of point”
drivers among active drivers is actually higher. It is interesting that a combination
of all types of speeding (55 %), or slight speeding (36 %) in combination with
failure to use seat belts (20 %) form more than half of the offences.

Regarding the road accident rate statistics [25], the national statistics show that
the number of fatalities in 2010 was reduced by 42.7 % in comparison to 2002 and
in 2012 by 48.2 % (in comparison to 2002). However, the decreasing trend
reversed in 2014 and in the last two years (2014 and 2015) the increasing trend
appeared again. In 2014 the set target of NSBSP 2020 (National road safety strategy
2011-2020) was not met with regard to the number of fatalities in both monitored
categories—within 24 h and within 30 days and their number even significantly
increased in comparison with 2013—by 7.9 % (within 24 h), or by 5.2 %
respectively (within 30 days). The statistics of 629 fatalities in 2014 (target 594)
and 660 fatalities in 2015 (target 505) indicates that in order to reach good results
from the previous years, it will be necessary to introduce new measures, and that
very optimistic estimate of the number of 360 fatalities in 2020 will most likely fail
to be met. The statistics of calculation of losses from road accident rate stay stable
in the long-term—they range between CZK 40 and 50 billion per year and roughly
correspond with 2 % GDP. Another stable trend is the group of young drivers as the
most hazardous group of road users [28].
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2.3 Demerit Point System Evaluation

Effectiveness of Sanction Part of the System. The effectiveness of the demerit
point system to prevent recidivism depends on the perception of sanctions by
drivers. The most important appears to be the certainty of punishment [29], while
the increase in the severity of punishment only slightly reduces the recidivism in
risky behaviour [30] and a slight change in the behaviour of population regarding
the general level of deterrence [18, 31]. The severity of sanctions is an effective
factor in case the certainty of be caught and punished is high [18, 32-34]. However,
this is particularly difficult with hard-core recidivists, when we can find several
differences in comparison with “common’ recidivists. In comparison with common
recidivists they consider the risk of being caught as lower, benefits from traffic
offences higher, and losses related to offences lower [35]. Consequently, a large part
of the imprisoned drivers returns to the prison within three years [29]. Regarding
drinking and driving, we can see the effect of addicted life style. Those who drink
more drink and drive more frequently, while those with low or medium alcohol
consumption are more able to separate drinking and driving [36].

Regarding the effect of the demerit point system on recidivism, the system is the
least effective on speeding (more than 50 % of registered offences and the recidi-
vism rate of 50 %) and on seat belt use (recidivism of 50 % likewise). The system
is seemingly the most effective on drinking and driving, although the low rate of
recidivism (15 %) is caused by the longer period of driving license revocation (the
demerit point system has not been introduced for sufficiently long time to fully
manifest the recidivism rate) and by the fact that a part of those drivers has not been
registered in EliSka database since 2011, due to being allocated in a separate spe-
cialized database [27].

Effect on Young Drivers. NSBSP 2020 also focuses on young drivers and
introduction of stricter conditions for point deduction for drivers beginners with up
to 2 years of driving practice [35]. No stricter conditions for point deduction for
drivers beginners were introduced by the amendments in 2011 and 2013, since the
constitutional principle of equality and prohibition of discrimination would have
been breached. This in turn leads to the fact that drivers under 25 years of age in the
Czech Republic are the most point-deducted and out-of-points group, die in road
accidents more frequently than other groups, and cause road accidents more fre-
quently than other groups. This is particularly misfortunate in combination with
potential elimination of points for training to deal with critical situations. The
introduction of this measure in the system in 2008 has neither been evaluated, nor
sufficiently justified. However, based on the available literature, this measure seems
rather counterproductive, particularly for novice drivers.

It is well known that some criticism has been reported against this type of
training since the late 1980s. For example [37] reported an increase in slippery road
accidents after skid training became a mandatory part of the training. Keskinen et al.
[38] pointed in the same direction: after the introduction of skid training, a larger
proportion of young driver’s accidents occurred in slippery road conditions. The
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suggested explanation was that the skid training courses were mostly based on
exercising maneuvering skills and this resulted in overconfidence of driving skills.
Instead of using their better skills in critical situations the students used their
improved skills in ordinary driving situations, e.g. for higher speed [39]. The
skill-training group of novice drivers rates their skill as greater than other groups,
although the actual skill level in skid-test conditions did not differ [40]. We can
generally said, that any training programmes that teach drivers to respond in
emergency situations lead to aggravated road traffic safety [40—42].

3 Discussion

Although we can see a reduction in the accident rate and mortality rate on Czech
roads in the last decade, the question is how much is this reduction influenced by
the demerit point system. In the context of development trends in the Czech
Republic the situation is similar to most other countries in Central and Eastern
Europe, despite the fact that demerit point systems were introduced at different
times (or not implemented at all). The statistics since 2009 were probably influ-
enced by improvements in technology and health care and also by the economic
crisis, which is also indicated by a negative trend in road traffic safety since 2013.

European statistics show that the largest decrease in accident rates can be seen in
the regions with the highest unemployment rates and that the biggest decrease was
obvious in large cities [43]. Therefore, the economic recession is associated with
reduced traffic volume, especially in the field of freight transport and commuting.
Furthermore, we can see a change in travel behaviour, where part of the drivers
changed trips for leisure activities for local activities and focused more on “fuel
save” driving, which, among other things leads to reduced speed [44]. Regarding
mortality, a significant help comes from technological advancement in passive
safety and improved health services, which is mainly beneficial for elderly drivers
and road users [45]. However, the progress in technology does not necessarily
contribute to safety, as some drivers feel safer thanks to better technology and tend
to more risky behaviour [43].

The stable decrease in road fatalities (with the exception in 2007) and serious
injuries between 2006 and 2013 can be therefore explained as follows. In the first
years the demerit point system worked very well—the effectiveness of the demerit
point system is generally the highest in one or two years after its introduction [46]
—and performed its function. But it is the starting economic crisis which has had a
significant contribution to the reduction of accident rate since 2009. The subsequent
negative trend since 2013 shows that there is a need for a modification of the
system. The main shortcoming can be considered the low certainty of punishment
based on the system (law enforcement in the Czech Republic is generally low, e.g.
[47]) and also that changes in the demerit points system went mainly towards higher
severity of sanctions, not reflecting the need to focus on young drivers and inter-
connecting the system with a counterproductive measure. Furthermore, during the
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lifetime of the demerit point system, there were no support campaigns or actions for
better compliance (only general road safety actions). In addition, the administration
related to the demerit point system has excessive impact on the justice system, and
the system of state and public administration, while the costs related to the
administration could be spent on preventive and rehabilitation programmes and
campaigns.

4 Conclusions

Although the evaluation of effectiveness of the demerit point system is very diffi-
cult, we consider the system in the Czech Republic insufficient, based on the
described data, particularly due to the absence of focus on the most risky popula-
tions—young drivers and recidivists. The sanction part of the demerit point system
fails to reach its optimum function for its focus on sanction severity and lower
enforcement. The preventive part of the demerit point system includes a counter-
productive measure of a critical situations training course and lacks a rehabilitation
part. The positive trend in fatalities and serious injuries in this context can be rather
attributed to the effects of the economic crisis, which is confirmed by the aggravated
situation since 2013.
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Driving Related Fear—A Complex
Problem with a Complex Treatment

Veronika Kuretkovi, Ale§ Zaoral, Pavel Reza¢ and Petr Zameénik

Abstract It is estimated that up to 15 % of the population have symptoms of
driving phobia. Strong driving related fear affects 1 % of the population, mostly
women. From 2012 until 2015 we had 40 clients with driving phobia. For most of
them driving related fear manifested as a part of a more complex self-esteem
problem, not as an isolated issue. We used various methods concerning the whole
contexts of client’s life and the system of client’s relationships. 12 out of the 17
participants of group program and 20 out of the 23 participants of the individual
programs experienced a significant decrease of the driving related fear symptoms
and started to drive regularly. Based on our experience—driving related fear is
rarely an isolated symptom, so it has to be treated as a part of a more complex
problem. The complex approach significantly contributes to the efficacy of the
therapy.

Keywords Driving related fear - Driving phobia - Therapy - Treatment « Trauma

1 Introduction

Driving is an integral part of lives of the majority of population and the lives in turn
are closely connected with driving and transport. It is well documented, that
emotions play important role in driving at the site of human factor. They directly
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influence willingness and ability to drive. As the scientific interest is most com-
monly focused on anger and hostility, they are the best-documented emotion and
there are the clearest effects for these emotions. Most studies explored the rela-
tionship of these emotions with hazardous and aggressive driving [1]. But there is
also other part of the spectrum. Not only drivers with high recidivism rate and
aggressive drivers deserve attention. Besides anger and hostility, fear and depres-
sion are rated among the most important emotions affecting driving. Feeling of
anxiety, fear or stress is related to the higher number of errors and reduced ability or
inability to drive what leads among others to reduced wellbeing and lower position
on the labor market.

Clinical studies about fear of driving are usually focused on driving related fear
(DREF) after crash and posttraumatic stress disorder (PTSD) or on psychiatric part of
this phenomenon as the driving phobia is often connected with agoraphobia or
panic disorder [2]. A significant proportion of the existing research on DRF has
come from an interest in psychological consequences of motor vehicle accidents
(MVAs). PTSD and DRF appear relatively often in the package of symptoms that
can manifest as a result of MV As. There are (mostly clinical) studies which explore
DRF and PSTD arising from MVAs and MVA-related driving fears [3], but
exploring DRF which is not connected with MVAs is performed very rarely.
Typically, there is one way direction in research MVA—DRF/PSTD symptoms—
clinical treatment. However, the other sources of DRF, differences among various
types (and consequently differences in causal treatment), description of symptoms,
triggers and development of DRF still remain unclear.

Due to the fact that fear is the most potent negative force, anxiety, fear and
phobia of driving are one of the psychotherapeutic and psychiatric themes of
growing interest. There are many studies as well as therapeutic approaches and
procedures concerning this disorder. The driving phobia seems quite common. It is
estimated that up to 15 % of the drivers’ population have symptoms of driving
phobia [4]. Strong phobia from driving (amaxophobia) affects 1 % of the popula-
tion, mostly young women. The problem of driving phobia is not about young or
novice drivers only, one quarter of people aged 55+ feel driving anxiety, despite the
fact that many of them have been driving for many years [5]. Most of the people
that report about their suffering from the driving phobia are women. This is proved
by the research [6-8] as well as by the experience from the Transport Research
Centre, Czech Republic [9]. However, in the Czech Republic we have neither exact
numbers nor estimations, as the problem of driving phobia has so far not been
considered as an issue. Despite serious anxiety symptoms many people are not
aware that their problems are an indicator of a potentially serious phobia that
deserves treatment.

Despite of the growing interest in the driving phobia, there are still some con-
troversies about categorizing the anxiety, fear or phobia of driving. The essential
question is—what really is a driving phobia? However, it seems that there is no
simple answer. A mild fear from driving is a very common issue, especially with
novice drivers. A mild anxiety with no avoidance tendencies and no impact on
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social, occupational and personal functioning might be perceived as physiological.
After all, driving a vehicle is a complex psychomotor process requiring sensori-
motor coordination, psychophysical judgment, attention, emotion and reaction time
[10]. It can never be absolutely safe so some concerns are reasonable. However, in
some cases the concerns can exceed a certain limit and exclude drivers from the
active car using or cause serious psychical states during driving, resulting in serious
phobic symptoms with huge impact on many aspects of patient’s life, that can be
considered as a psychological disorder.

The causes and pathogenesis of the driving phobia seem not be very clear. It has
been stated many times that the MVA and non-MVA studies suffer from incon-
sistency in defining fear of driving [11]. Early research and conceptions [7, 8, 12,
13] considered driving phobia as a disorder following motor or non-motor vehicle
accidents. Even some recent research shows that 18-77 % of people after a serious
accident suffer by a phobia [4], but this does not implicate that driving phobia is
always a result of a traumatic experience on the road. It can have various causes as
well as levels of severity and symptom patterns. In some cases driving phobia is
manifested by fear of driving or fear of the sudden panic attack or anxiety while
driving [14]. Some of the drivers can be worried about potential criticism or neg-
ative evaluation of their performance [13]. Many of the patients experience a fear of
losing control of the vehicle and the situation or a fear of specific driving situations
(high speeds, night driving, open roads driving, tunnel driving, driving over
bridges, steep roads etc.).

Some diagnosis as panic disorder, posttraumatic stress disorder and social
phobia are considered to be part of the driving phobia [15]. Driving fear frequently
appears as an accompanying symptom of agoraphobia. The image typically com-
bines agoraphobic symptoms, panic and specific phobia [6]. Other authors state that
driving phobia can develop after the individual experiences of unexpected panic
attack in the feared situation [11]. Some authors [11] perceive the difference
between specific phobias and agoraphobia in the focus of apprehension. Patients
with agoraphobia feel a fear of panic and its consequences—anxiety expectancy; in
contrast patients with specific phobia feel a fear of specific danger—danger
expectancy [11, 16, 17].

There is a connection between driving phobia and actual driving skills; however,
there is not much research of this issue [10]. In some cases people are not feared of
driving only, but overall by travelling in any motor vehicle. In many cases there are
other phobias or psychopathologic symptoms continuously developing and
changing which sometimes complicates the diagnosis, as well as treatment. In short,
driving anxiety, fear and phobia include many levels of intensity, as well as wide
and various scales of symptoms. The nature and development of the disorder cannot
be easily described, as it involves complex pathogenesis patterns that have to be
concerned. So as the symptoms and their intensity the methods and proceedings of
treatment vary too. Experts usually emphasize the need of the individual therapeutic
schedule, tailor-made for each of the clients.
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Cognitive behavioral psychotherapy has proved a good efficacy in many of the
cases [18, 19]. de Jongh et al. [20] reported using of trauma-focused Cognitive
Behavioral Therapy (TF-CBT), and Eye Movement Desensitization and
Reprocessing for travel phobia. They noticed that the stronger the symptoms were,
the more significant was the decrease of its intensity after the therapy. da Costa et al.
[17] as well as Wald and Taylor [14] reported the effects of virtual reality exposure
therapy (VRET)—especially as a factor facilitating the in vivo exposure. Walshe
et al. [21] suggest some basic measures to ensure an appropriate level of immersion
during the VRET exposures. Other authors [22] describe a case study of creating a
virtual reality in hypnosis. Hypnosis and imagination proved to be an effective tool
for driving phobia treatment—separately or combined with some other methods.
E.g. Hill and Bannon-Ryder [23] combined the hypnosis with cognitive behavioral
programs. Williamson [24] successfully combined self-hypnosis training, instituting
a calmness anchor and dissociative imagery with positive mental rehearsal.
However, the driving phobia does not have to be treated by worlds and images only.
E.g. transcranial magnetic stimulation as a potentially effective method for anxiety
treatment was mentioned by some authors [25]. The maladaptive behavior people
with driving phobia often engage themselves in [26] is a factor that contributes on
the road safety decrease. The authors state it is probably because a high frequency of
cognitive distortions facilitates the tendency to protect themselves from unpredicted
dangers when driving. Also sudden panic attacks while driving increase the risk of
traffic accidents and therefore constitute a risk for all road users.

In some cases driving phobia manifests itself in the driving situations only.
Therefore it seems to be an isolated problem. However it influences a lot the
patient’s life. The restriction of freedom, career handicaps and social exclusion [26,
27] are only some of the disadvantages people with driving phobia face with. In
some cases it can be the cause of serious existential problems. Research of da Costa
et al. [26] comparing the clinical characteristics and quality of life of the women
suffering by driving phobia in comparison with the women without such symptoms.
The research showed lower scores in the quality of life scales, especially in these
items: “functional capacity”, “social aspects”, and “mental health”. They obviously
scored higher in anxiety.

2 Experience from the Czech Republic

Transport Research Centre has begun the driving phobia research and therapy
programs in 2012. During the years 2012-2015 we had 40 clients; 17 of the clients
attended group programs, 23 of them attended the individual therapy. With all of
our clients following symptoms appeared: (a) fear of driving (self-reported);
(b) driving avoidance; (c) anxiety symptoms while driving. The reports from the
therapies were analyzed.
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2.1 Methods of Treatment

In the group programs (2 groups, 17 participants) we worked with expectations and
goals and motivations for driving. During the individual therapy many methods and
approaches were applied. For most of our clients driving phobia manifests as a part
of a more complex self-esteem problem, not an isolated issue. We used various
methods concerning the whole contexts of client’s life and the system of client’s
relationships. Important supporting fellows were often invited to the therapy. We
also used practical training with the driving school instructor and psychologist—it
had a significant effect as an exposition in vivo but also as a method of the driving
skills development that influenced both actual skills and self-efficacy of our clients.
With some of the clients we used a driving simulator for routine training and
anxiety reduction. 12 out of the 17 participants of group program and 20 out of the
23 participants of the individual programs experienced a significant decrease of the
driving related fear symptoms and started to drive regularly.

2.2 Driving Related Fear—Isolated Symptom or a Part
of the System Problem?

For most of our clients driving related fear was not an isolated symptom. In many
cases the clients had symptoms of social phobia and general anxiety. More than
75 % of the clients showed some psychasthenic symptoms. Serious problems with
self-esteem were noticeable, mostly in connection with the relationship to mother.
Our client’s mothers very often showed anxiety and we could also notice attach-
ment issues in our client’s childhood. Partner issues were also one of the deter-
minants of driving related fear. In some cases there was a conflict with partner that
resulted in the discouraging behavior as a part of the fight for the hegemony.
Usually there were also supporting persons that encouraged our clients to drive. We
invited those persons to the therapy as supporting elements.

Driving itself is also a complex problem that extents to many aspects of the
client’s life. There are four levels of driver competencies that can be considered
with the DREF issues, based on the GDE matrix [28].

e Vehicle control—driving skills issue: Actual driving skills were quite low with
women with DRF, mainly due to the lack of routine. Sometimes the driving
performance can be affected by the temporary or permanent cognitive deficit. In
three cases our clients had significant cognitive deficits. With two of them the
deficits were probably determined by the psychical overload and faded away
after the therapeutic treatment. On the other hand many of the clients showed
concerns about their driving potential that proved to be inadequate. Lack of
driving skills determines significantly the client’s self-esteem. For such clients
driving training can be a reasonable part of the treatment.
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e Mastery of traffic situation: Other traffic participants are usually a stressful
element. Clients are worried about the potential risks the others can cause, as
well about the potential risks they can cause when interacting other road users.

e Strategy and planning: Lack of self-confidence and self-esteem and strong
concerns about the others influence a lot the planning and strategy. Respects to
the needs of follows also should be considered.

e Lifestyle: The context of client’s life and significant relationships should be
considered on this level.

2.3 Men Versus Women

There were only 4 men out of the group of 40 clients. We noticed significant
differences between men and women in our sample. With men we noticed signif-
icantly more serious symptoms of anxiety. It can be caused by the fact that men
usually hesitate to ask for a professional help and they join the therapy only if their
symptoms are beyond endurance. With our male clients we revealed a strong father
person as a problematic element—the fathers were usually dominant and despotic,
with no support of their son’s self-confidence. We have also noticed a significantly
higher level of the driving skills that contrasted with the high level of anxiety. Men
very often reported sudden outbreak of the DRF symptoms after many years of
unchallenged driving experience. Women usually experienced DRF symptoms
right from the beginning of the driving practice.

2.4 DRF as a Consequence of Traumatic Experience?

With our clients serious post-accidents traumas were extremely rare. On the other
hand there were traumatic experiences from the driving school. Many of the clients
reported sexual attacks or humiliation from the driving instructors. During the
process of novice driving traumatic conflicts with fellows (parents or partners) were
also very often. In some cases other serious traumas (not connected to driving)
acted as a determinant of anxiety and influenced the driving related fear.

3 Conclusions

Driving related fear is a serious problem that influences social inclusion, individual
well-being as well as the traffic safety itself. There are many methods that can be
used with appropriate results. However we noticed that the DRF is rarely an isolated
symptom. Therefore it must be treated as a part of a complex context of client’s life,
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concerning individual specifics as well as the significant follows of the client but
also the more general social and cultural context. In some cases all levels of driving
competencies must be developed, in some cases the therapy is focused on the
psychopathological symptoms. However the complex approach is what signifi-
cantly contributes to the efficacy of the therapy.

Our experience differed from the experience of many foreign experts. However
our experience is based on limited number of cases, therefore it cannot be gener-
alized. It probably indicates a high variability of symptoms, determinants as well as
the methods of treatment of the DRF issues.

We have to emphasize that individual therapeutic approach reflecting individual
specifics is always necessary. There is also a need of the systematic social measures
that can help to prevent the DRF (especially driver education system) or facilitate
the treatment (system of early diagnostic of the DRF, system of effective treatment,
accessible for everyone, advantages and risks of alternative therapeutic methods—
e.g. medical treatment etc.). Further research of the DRF issues, including preva-
lence studies in specific populations, can also be helpful.
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Using a Prospect Theory Approach
to Studying the Car-Following Model

Mohammadadel Khodakarami, Yunlong Zhang, Bruce X. Wang,
Mohammadali Shirazi and Maryam Shirinzadeh Dastgiri

Abstract Car following is a fundamental traffic feature that has been widely
studied in literature using vehicles’ speed and acceleration. This study investigates
car following from an entirely different perspective, a psychological approach based
on the Prospect Theory (PT). PT is a behavioral economic theory that explains
human reaction under risk situations. Since car following can be regarded as a risk
containing task that addresses the need for balancing safety with travel time
reduction, PT is an ideal approach to model car following. Employing PT can
provide a spectrum of probabilistic locations of following vehicles in contradiction
with traditional methods that define the exact position. This study presents a sen-
sitivity analysis in order to validate the results and calibrate PT’s parameters. The
results reveal that PT generates similar probability distributions to the simulation
scenarios that proxy the space headway in real situations.

Keywords Car following model - Prospect theory - Risky Decision-Making

1 Introduction

A car-following model determines the properties of the following vehicle such as
spacing, speed, and acceleration. The car following phenomenon has been resear-
ched for a long time; one of the first models dates back to the early fifties when
Pipes (1953) offered his model by defining a safe distance between the leading and
following vehicles. Car following models are now fundamental components of
every microscopic simulation program since the base of any microscopic traffic
simulation is determining the drivers’ behavior while following other vehicles and
changing lanes. There are also more elaborate car following models such as
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stimulus response models that similarly use relative speed between the following
and leading vehicles to calculate the exact reaction of the follower.

Although the aforementioned models seem to work very accurately, they have
several limitations. First, they usually depend on some sensitivity parameters that
are difficult to measure, and also are likely to vary by traffic fluctuation. Second, car
following as the common experience of driving is different in reality from the
models that have been developed so far. In other words, drivers are not aware of
their exact distance and speed difference from the predecessor vehicles. Instead,
they act based on a more general perception of the leading vehicle; moreover, they
choose a range of attitudes instead of a definite predictable reaction. Hence, as
Ceder [1] mentioned: “Drivers do not completely follow any deterministic behav-
ior”. The problem of unpredictability was the main motive for the current study to
enable simulating the driver decision making process as close to reality as possible.
Accordingly, the authors adopted the Prospect Theory (PT) that originated as an
econometric model for modeling decision making under risk to model car
following.

Since car following is a humanistic decision making process in which the driver
should always be concerned about the space from the lead vehicle, it contains some
risk related to driver behavior. Driving close to the lead vehicle increases the risk of
collision while driving far behind the lead vehicle increases the travel time.
Therefore, each driver should balance her utilities from travel time reduction and
safety increase by selecting her position in a range of distance behind the lead
vehicle where the former utility results in risky driving and the latter in conser-
vative. This study investigates the application of PT concept to model car following
behavior. The developed model uses PT to extract the probability distribution of
distance gap that drivers adopt when following another vehicle. To assess the
model’s result and its approximation to real drivers’ behavior, it should be com-
pared with real case distance gap distribution. However since authors did not have
access for this comparison, some simulations were performed to replace the lacking
real data. Several simulation scenarios were tried to mimic different conditions that
might happen in real car fallowing situations. In addition, although one could use
the original parameters that were originally derived for economical decision making
purposes, it is needed to calibrate these parameters for transportation specific
applications. To this end, we conducted several sensitivity analyses and calibrated
PT parameters to obtain an acceptable match between model and the simulation
results.

The rest of study is organized as follows: section two provides a literature review
on car-following models as well as PT application in transportation. Section three
describes the methodology of PT application to model car-following. Section four
and five represent the results and discussion, and finally section six provides the
study conclusion and suggestions for future studies.
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2 Literature Review

In this section, a brief history of car-following models and PT applications in
transportation-related literature is reviewed. This history constitutes the background
for this paper, and thereby enabling the construction of the core concepts for the
car-following model proposed in this paper.

2.1 Car Following

One of the famous earliest car following models was defined by Pipes [2]. He
proposed a straight forward model by assuming a safe minimum distance between
follower and leader vehicles. Later Chandler et al. [3], working at the General
Motors Research Laboratories, proposed one of the more famous models for
modeling the follower driver’s acceleration. This model calculates the acceleration
of the following vehicle based on the driver’s perception of his/her relative speed to
the leading vehicle. This model was the base for the next well-known model
proposed by Gazis et al. [4] which is known as Gazis—Herman—Rothery (GHR) or
the General Motors (GM) model. In fact, determining these parameters within the
GHR model was the main cause of proposing different models by later researchers.
This class of car-following models could be categorized under stimulus-response
car-following models. Brackstone and McDonald [5] described the GHR model as
having lost its popularity in the early nineties according to the large number of
contradictions observed as to the correct values of m and 1.

One car following model which appeared late and was considered state-of-art is
a fuzzy logic based model, which holds the most similarity to the adopted concept
in current study. This model usually starts with dividing the inputs into several
overlapping subsets (fuzzy sets) to determine what variables belong to which
description of a term. Accordingly, in this model some of the terms used are “very
close”, “close” or “far” based on the space or time headway. Based on these defined
terms, logical operators could be used to equivalent fuzzy outputs with the reality of
driving action [5]. Kikuchi and Chakroborty [6] implemented the GHR model in
fuzzy-logic framework.

In this paper, the authors use the same concept of dividing the space headway
into different regions with different terms. Each region represents some risk and
shows the extent of the utility to be investigated based on the prospect utility.

2.2 Prospect Theory

Prospect theory which was first proposed by Kahneman and Tversky [7] is a
decision making model that mainly accommodates the violations of Expected
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Utility Theory (EUT) in handling risk situations. Four major issues that expected
utility theory fails to address dealing with risky decisions are listed as below:

e Reference dependency: EUT assumes that people make decisions about different
options based on their state of wealth. However, in reality people tend to
consider the difference in wealth relative to a reference point.

e Loss Aversion: EUT considers the same weight for loss and gain however the
decision makers’ value function for loss is steeper than gain.

e Gain and loss diminishing effect: The outcomes’ value in EUT is considered as a
linear trend, whereas both positive and negative have diminishing patterns.

e Small probabilities: EUT assigns the same weight to different probabilities,
while in fact people usually overweight small probabilities.

Accordingly, EUT fails to accurately count for uncertain and risky decision
making. Thus the individual’s choices from EUT deviates from what they choose in
reality. Prospect theory, was motivated to address the above mentioned short-
comings with EUT. Tversky and Kahneman [8] later applied some minor changes
to a PT model and developed Cumulative Prospect Theory (CPT). The changes are
mostly related to the probability weighting function and do not affect the basis of
PT. In continuation of this paper the CPT is used instead of PT.

Employing CPT has shown a superior performance when predicting the decision
maker’s behavior in risky conditions compared to EUT in many research areas
especially in economics. This method has recently been used in the transportation
engineering area and has proven capable of addressing many problems concerning
travelers’ decision making under uncertainty. For instance, Xu et al. [9] used CPT
to model travelers’ route choice behavior under uncertainty. After analysis of a
survey, they determined that even when using original values of CPT parameters,
CPT can provide much better results than EUT. In addition, they tried to estimate
CPT parameters in the context of travel behavior, and the results achieved after
using estimated parameters showed significant improvement. Schwanen and Etta
[10] used CPT to analyze the employed parent behavior when faced with an
uncertain network while collecting children from the nursery at the end of a
weekday. A series of results obtained from a stated preference survey revealed
some violation of EUT.

Hamder et al. [11] investigated the application of PT to develop a car following
model. In their model, the following driver is assumed to have a normally distributed
perception of the leader’s speed. They linked the following driver’s behavior to the
objective collision probability and based their research on a nonstationary sub-model
with mixed behavior probability that basically assumes different mechanisms for the
follower. Gain and losses in this research are assumed to be the gains and losses in
terms of speed that is calculated from their previous acceleration state. They also
limited the gains corresponding to the maximum desired velocity and the maximum
loss to nonnegative velocity. In a later study [12], they improved their previous work
by expressing loss and gains as functions of acceleration and deceleration. Then they
modeled the acceleration as a function of three factors: the expected acceleration
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value, the variance of the acceleration distribution, and a correlation time. They
assumed that the acceleration being distributed as a continuous logit model with a
distribution conditioned on: follower speed, relative speed between the leader and
follower, and the space gap between the two. Having access to vehicles trajectory
data from Next Generation Simulation (NGSIM) project, they used nonlinear opti-
mization process based on genetic algorithm as a tool to calibrate model parameters.
Although they were not able to derive the parameter value distributions due to the
lack of data, their results show high heterogeneity between the drivers’ behavior.
Also because their proposed model is a stochastic process, compared to Intelligent
Driver Model (IDM) [13], the PT model experienced higher levels of fitting error. In
the current study, the loss and gains are described in term of distance gaps instead of
velocity or acceleration/deceleration.

CPT is comprised of three main components: (1) a reference point, (2) value
function and (3) weighting function. The reference point represents the cutoff point
dividing loss and gain domains. The value function is an S-shape function that
shows a diminishing pattern for the values in both loss and gain, and the weighting
function is an inverse S-shaped function which overweighs the low probabilities
and under-weighs the high probabilities. Figure 1 shows the general shapes of value
and weighting functions.

The right and left side of value function represent the gain and loss domain,
respectively. The equations of these functions are shown in Egs. 1-3:
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w(p;) weighting probability,
o,1,7 Prospect Theory parameters
A loss aversion coefficient

In above relations o, # show the diminishing sensitivity of the value function and
A represents the amount of people sensitivity to loss rather than gain. In weighting
function y reflects how people overweigh or underweight the probabilities. All four
parameters of «,7,y and A should be calibrated based on different context of
application; but, the result of other researchers show that the estimated new
parameters typically are not very far from the original values. For applying the
CPT, the first alternative should be divided into several components and then the
probability of occurrence for each of these components should be determined. To
further the proposed relation for CPT as a final utility for w whole alternative would
then be available. Therefore, the final utility for each alternative composed of
(m + 1 + n) component is calculated based on below relations (m and n are,
respectively, the number of components in loss and gain):

t(p) =wpit...+pn) —wpis1+...+pa),0<i<n (4)

T (pfj) = W(me +.. +p7j) - W(P—m +... +p7j71)a —m< _]S 0 (5)

-1

Ulep) =Y oAn)n )+ S pldn)r (p) (6)
=0

i=—m

Now by having each alternative utility the probability of each utility selection can
be calculated based on the appropriate logistics model, that depends on the distri-
bution of errors.

3 Methodology

This section presents the main idea of the modeling approach. The general scheme
of this model is based on the quality of driver perception of the car-following
process and the reaction that she/he adopts in response to the leader. In this study,
the reaction is determined based on the relative distance from the leading vehicle
instead of other stimuli-like acceleration.

The main assumption of this model is that drivers do not have an exact per-
ception with respect to speed, acceleration and space headway. Therefore, their
response is different from what traditional models like GHR [4] predict. Thus, this
study generates a distribution of responses instead of an exact response. For
example, common sense dictates that drivers cannot know the exact distance
between their vehicle and the lead vehicle nor can they ascertain the exact speed of
the leader. Hence, drivers attempt to choose a distance as close as possible to the
lead vehicle, while maintaining a safe distance. There is a perception of safe



Using a Prospect Theory Approach ... 293

distance for drivers to keep their clearance with the lead vehicle that in this study is
assumed as a ratio of their vehicle length. Therefore, the distance between two
vehicles follows a region or extent instead of a certain point and subsequently the
distribution over this region replaces the equation of a point location. Now the
problem changes to finding this probability distribution and evaluating how the
proximity to the leader vehicle affects distance distribution.

According to the described assumption in the above paragraph, people generally
desire to lessen their travel time even if only to a very tiny extent; therefore, in an
ideal situation where all vehicles could drive at the same speed and all the dynamics
of leader and follower are the same, all drivers like to drive bumper to bumper.
However, considering the real-world situation, drivers always need to keep a
minimum safe distance to avoid any kind of unexpected collisions (one car length
for every 10 mph of car speed in the US). Clearly, there is a contrast between the
desire to shorten travel time and to maximize safety. The combination of these two
components gives the problem a risky decision making nature addressed by CPT.

To apply CPT, first the terms of risk and risky decision must be defined. The
distance between follower and leader has been divided into three segments. The first
segment with length of “L1”, represents the minimum space needed between the
two vehicles, i.e., the “close” region. This means that exceeding this distance could
increase risk of collusion while an unwanted event can cause the leader to stop or
decelerate quickly. The second segment with length of “L2” represents the region
that the majority of drivers prefer when following a lead vehicle; hence, it is known
as the “desired” region. Finally the third segment which can have an unlimited
length of “L3” starting from the last point of the desired region and is called the
“far” region. By introduction of these three regions, one can conclude that all
drivers like to keep themselves in the desired region and avoid the close (L1) and
far (L3) regions. These regions reflect the property of reference points in CPT that
distinguishes gain domain from loss domain. Accordingly, in current model, we are
faced with twos reference point in contrast to typical problems that work with only
one reference point. The reference points are the junction points of desired region
with close and far regions. Figure 2 describes these regions.

Based on this classification, the ideal desire of each driver, as shown in Fig. 2, is
staying at the first point of desired region or where d = L1. The problem comes
from the rough ability of the drivers to adjust their location exactly at the desirable
point; therefore if they unknowingly enter the distance equal to d, they are in the
close region that is not safe. Assuming the range of driver error in adjusting his/her
exact location defined by a length “L4” and named as the “tolerance” extent, drivers
will choose the policy which maximizes their utility or level where they feel safe.

Fig. 2 A sketch of the three . Far region (L3) ‘D:aludr:g!nl‘.f.l.l-lw{'losgkcgml[I]
different regions

MEE:L:“ Leader

e
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According to CPT the length of tolerance extent can be divided into several dif-
ferent parts or cells. Each of these cells serve as a CPT component and their
probability is assumed to follow a uniform distribution. For example in the case
shown in Fig. 2, there are 4 cells, where cell 1, colored black, represents the part of
a tolerance extent placed in the close region and possess a negative utility with
25 % occurrence probability (the ratio of cell to the tolerance extent length). Hence,
based on the number of cells, these probabilities can be determined and would be
equal for all cells. In further CPT applications, both close and far regions are
considered as domain of loss. The desired region is understood as the gain domain;
therefore, the two endpoints of the desired region are taken as the reference points
where in the desired region, utility increases by reducing the distance between the
leader and the follower.

Subsequently, the problem can be modeled like a decision-making problem (on
the desirable locations), in which the presence of tolerance affects the probability
and risk of each alternative. To model this decision making a CPT method was used
and after calculation of the utilities, a logit formula was employed to obtain the
probability of different alternatives (positions behind the leader vehicle). The results
that are distribution of follower distance from leader vehicles are presented in next
section.

4 Developing a CPT Model for Space Headway

This section provides the results of the space-headway distribution estimation based
on the CPT model.

The parameters that should be calibrated for CPT application include: o, #, y and A.
In other transportation studies, different values for these parameters have been esti-
mated. Despite this variation, these parameters except for 4 kept their proximity to
original values. Table 1 shows the original values and those adopted by Xu et al. [9].

Since microscopic headway data are hard to get, these parameters may not be
easily estimated. In this study, we investigated space headway distribution first by
adopting the values by T&K and Xu. Sensitivity analysis of the parameters is used
also to test the sensitivity of the model to other values of parameters like L1 and L2
in order to analyze their effect on the car following behavior.

Table 1 CPT parameters

Parameter Original value Transportation value
values

o 0.52 0.37

n 0.52 0.59

Y 0.74 0.74

A 2.25 1.51
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The other parameters that are used in this model with a variety of values are L1
and L2, which incorporate the reference values of the model. L1 comprises the
concept of minimum safety distance that is approximated through Pipes [2] model
as follows:

e, )

dyiv = Ly
MIN [ 10

where:
L, average length of vehicles,
X,+1 speed of leader vehicle in mph at time t,

In addition to determining L1, the desired region length L2 should also be
determined. These factors depend on the real behavior of travelers and could be
estimated from separate study that surveys the drivers’ behavior. However, in this
paper a set of values have been considered and tested to investigate the sensitivity
of parameters. Figures 3 shows the graphs of distance gap distribution obtained
from different combinations of parameters.

The above results represent the distribution of space headway between two
following vehicles achieved for different combinations of CPT parameters. The
value of each parameter is shown on the plots except for the values for L1, L2 and
L3 in top plots that are L1 = L2 = L3 = 80 ft. As it is clear from the above plots,
the original parameters and transportation related parameters show some difference.
The most significant difference is caused by varying o that can change the distri-
bution shape. However, two other parameters A and # do not influence the distri-
bution. Parameter « largely influences the gain domain that is interpreted by being
located in desired region. The weak effect of 4 and n is also related to this
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Fig. 3 Vehicle-spacing distributions between a following and leading vehicle. The graphs
represent values of CPT parameters and changes in space headway distribution
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significant effect. The bottom row of plots illustrates the change in distribution due
to change in L1, L2 and L3. It looks like increasing L1 and L2 could only shift the
distribution to right and left along x axis without any meaningful change into the
distribution shape. Thus, those could be seen as a location factor. On the other hand,
L2 changes the shape of distribution and acts as a shape factor. Among the above
plots, the fifth plot seems to be the most appropriate distribution according to
comparison with the simulation results in next section where the lower L2 length
shows a better fit.

After identifying the model’s parameter, we need to validate if the obtained
distance-headway distribution matches with the reality. To this end, we need to use
field data and find the distribution, or a implement a simulation. In this study, since
we did not have access to the field data, CPT model results were validated against
some microscopic simulation tests where the results are presented in the next
section.

5 Simulating the Space Headway Distribution

This section presents the simulation results used to develop a space headway dis-
tribution in order to compare and assess CPT results. For this purpose, several
simulation scenarios were generated in VISSIM. In each scenario the space head-
way of two consecutive vehicles was recorded for an hour of simulation. Then,
generating a large number of headways, their probability density functions
(pdf) were estimated and plotted using Kernel Density Estimation [14]. Six different
scenarios were tested for simulation wherein each vehicle moved in a single lane
loop and their space headway was recorded for an hour of simulation. The first two
minutes of observation in each case was considered as a simulation warm up and
was excluded from simulation results. The six simulated scenarios were as follows:

e Scenario 1—Two vehicles traveling at 70 mph desired speed where one is
following the other one with initial headway of 1 s.

e Scenario 2—Two vehicles where the leader is traveling at 70 mph and the
follower at an 80 mph desired speed.

e Scenario 3—Fifteen vehicles moving at desired speed of 70 mph with initial
headway of 2 s.

e Scenario 4—Fifteen vehicles moving at desired speed between 60 and 70 mph
with initial headway of 2 s.

e Scenario 5—Fifteen vehicles moving at desired speed of 70 mph with initial
headway of 1.5 s.

e Scenario 6—Fifteen vehicles moving at desired speed between 60 and 70 mph
with initial headway of 1.5 s.

Using the kernel estimation the distance distributions for all scenarios are plotted
in Fig. 4. We used the method introduced by Scott [12] to find the optimal
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Fig. 5 Comparison between the CPT method and simulation results

bandwidth for the kernel estimation. This plot shows scenarios at a fixed 70 mph
are slightly different from the ones between 60 and 70 mph as the desired speed.

At this point, the plotted distribution density from simulation, and the distri-
bution mass from the CPT could be used for comparing these two methods and
evaluating CPT results. Figure 5 shows the plot of distributions form CPT against
simulation.

The legends in Fig. 5 represent simulation scenarios and CPT parameter sets that
relate to the distributions. Figure 5 represents significant similarity between CPT
results and simulation tests. The slight difference could be attributed to the discrete
nature of CPT probability distribution against simulation that is a continuous pdf.
These results state that the distribution from CPT, a psychological-based model,
mimics the results from the simulation that with a physical logic. The slight scale
differences could be resolved by tuning up the CPT parameters using field study
results. A parameter calibration is conducted and the result is presented in Fig. 6.

Figure 6 illustrates a fine match between calibrated CPT and simulation space
headway distribution. To find this match several CPT parameters were examined
and the combination of A =2.4, n =0.78, a = 0.52, and y = 0.75 was the final
selection of parameters. Along with this parameter setting, to obtain distribution
that is more continuous, the step size of CPT algorithm was decreased by 50 %, so
it provides more smooth distribution. We also conducted a chi-square test to
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evaluate the similarity of these distributions more exactly. The chi-square p-value
was very close to one indicating almost an identity between two distributions.

In spite of very solid solution from chi-square, the calibration of parameters
would be more meaningful while using the real data, this example only shows the
significant potentials of CPT model to be adopted in real world modeling.

6 Evaluating the Performance and Application of CPT

According to the obtained results in the previous section, it is clear that CPT is
capable of describing the car following distribution, however it is sensitive to its
parameters and there is a need for calibration. As it is mentioned before, CPT works
according to the logic of decision makers while facing risky situations. Thus, it is
reasonable to assume, due to different mindsets of the drivers to be risk averse or
risk seeking, the parameters of CPT need to be calibrated for different personalities
and conditions. Indeed, this is a valid assumption and whenever facing humanistic
situation the effect of individual behavior should be taken care of. Thus, to apply
the CPT there is a need for another study that categorizes drivers according to their
risk taking attitude and then calibrates the parameters for each group. In other
words, to apply CPT a set of parameters should be calibrated to fit different users
characteristic.

The other issue related to CPT is the method of its application in micro simu-
lation. To that end, after determination of different parameter sets, one can generate
different probability distributions for different parameter sets. Now to simulate the
car following distance, the micro model can take a random sample from the
intended distribution for the specific parameter set. Thus, the car following model
transforms into random samples of space headway distribution. To involve char-
acteristics of different drivers, another sampling should be done on driver type
distribution and then headway samples be taken from the distribution for each type.
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7 Conclusion

This study studies a new car-following model using Prospect Theory to take care of
drivers’ decision-making under risky conditions. Traditional car-following models,
develop their relations based on drivers’ perception of the exact relative speed or
space; however this perception is not completely valid in reality and drivers do not
have exact perception of other vehicles location and speed. The proposed model in
this paper instead uses a more general concept of spacing and offers the space
division between leader and follower vehicles into three regions close, desirable,
and far. These regions represent the desirable distance between follower and leader
vehicles. Using Prospect Theory, this study’s model calculates the probability
distribution of distance between follower and leader vehicles based upon the utility
of placing in each region. This study conducted several tests to compare the space
headway distribution from CPT with micro-simulation distribution. The results
display a fine similarity between these distributions. Calibrating the CPT parame-
ters, the results illustrate a more significant match between CPT and simulation
distribution. The achieved result validates the application of CPT for modeling the
space headway.

CPT parameters are highly correlated to the drivers’ characteristics like age, sex,
education and other socio-economic attributes. In addition to drivers’ characteristic,
weather and traffic condition change the drivers risk taking behavior as well. Hence,
as recommendation for further studies, the authors suggests calibrating CPT
parameters considering different personal and environmental factors affecting dri-
vers’ behavior. Finding a range of parameters for different conditions will allow for
applying CPT in micro simulation models.
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Enhancing Drivers’ Situation Awareness

Andreas Gregoriades and Maria Pampaka

Abstract This work describes the evaluation of a prospective situation awareness
enhancement system (SAES) that exploits augmented reality through a head up
display. The specification of the proposed SAES is based on domain knowledge
from the literature. Herein, a method is described that utilizes the benefits of a
modular simulator to model the design of a prospective SAES. The situation
awareness assessment method used is based on the Situation awareness global
assessment technique (SAGAT) and utilizes data obtained from the simulator that
replicates the infrastructure of a road network in Cyprus. The simulator mimics the
functionality of a prototype SAES using a number of candidate visualization
metaphors, that simulate a number of candidate head up display designs. The paper
describes the process of assessing the situation awareness of drivers that use a
prototype smart SAES, through a series of experiments in a virtual reality CAVE.
The effectiveness of the SAES is tested in a between-groups research design.

Keywords Situation awareness - Situation awareness enhancement system
SAGAT

1 Introduction

Road accidents are a daily hazard worldwide [1]. According to [2], around 1.2
million fatalities and more than 50 million injuries occur in roads worldwide every
year. Given the current trends, the accident fatalities are projected to become the
second most common cause of death in 2020 if no drastic measures are taken. Road
accidents have many causes including demographic, infrastructural and political
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factors [2]. From another perspective, accidents are associated with human error,
that is the human activity (or absence of activity) that leads to incorrect system
behavior [3, 4]. This may occur due to human beings’ physical, perceptual and
cognitive limitations [5] and is directly related to visual attention [1] and workload
[4]; all these factors, in turn, affect situation awareness (SA). The analysis of
accidents due to human error can be carried out from two perspectives: the
designers’ and the users’. The former addresses the system designing flaws that
hinder human activity due to usability problems whereas the latter analyzes internal
cognitive processes of human operators to identify decision making bottlenecks
caused by reduced SA [6, 7] induced by increased workload. High levels of
workload degrade drivers’ concentration, information processing, SA and decision
making, leading to increased errors [8]. Endsley et al. [7] warn socio-technical
system designers of the importance of maintaining SA in complex systems design
and draw the attention on issues that could inhibit SA. One of the most important
strains of SA is information overload. Too much information at any point in time
hinders human operators’ SA. Overloading divides the decision maker’s attention
among numerous stimuli resulting in increased demand for cognitive resources.
When too much information is available information scanning capability is reduced,
because of attentional tunneling [6, 7], resulting in decision makers locking their
attention on certain aspects of the environment whilst ignoring other important
stimuli.

SA constitutes a critical factor in road safety. In particular, it provides the driver
with the ability to anticipate events given perceived driving and environmental
conditions. Smart driver assistive technologies belong to a class of systems that are
used to alleviate accident risk by either reducing driver workload or enhancing
driver situation awareness. Such systems aim to draw drivers’ attention on critical
information cues that help maintain a good level of situation awareness that in turn
improve decision making. However, in some cases, these systems could have a
negative effect due to the extra information load they incur to the driver which
could lead in an erroneous act. The focus of this study is on the evaluation of a
proposed user interface designs of smart SAES that aim to improve SA of drivers.
The SA analysis is based on phenotype driver behaviour data analysis through
experiments in simulated Virtual Reality (VR) settings [9]. The use of a driving
simulation is inevitable since it is difficult to eliminate confounding effects on
control measures in field experiments. Hence, the ability to test driving behaviour
under controlled settings. However, low cost driving simulators do not provide a
sufficient level of realism to analyse SA, and unrealistic conditions may affect the
driving behaviour which could influence the validity of the study. The method
proposed herein demonstrates the use of a custom made driving simulator that
exploits 3D modeling tools in a VR CAVE facility. The research questions are,
thus: Does any of the two SAES designs improve driver SA? Which SAES design
is better among the two? Which features of the SAE design need refinement?



Enhancing Drivers’ Situation Awareness 303

The paper is organized as follows. Next section addresses the literature in the
areas of SA and SA assessment. Next the design of the experiment for the
assessment of drivers’ SA is described. The analysis of the experimental data is then
described and the emerging results are explained. The paper concludes with a brief
discussion of the implications of the findings.

2 Literature Review

2.1 Situation Awareness

SA constitutes a critical factor in safety critical systems. In transportation, it pro-
vides the driver with the ability to anticipate events given perceived driving and
environmental conditions. SA defines the process of perceiving information (level
1) from the environment, comprehending its meaning (level 2) and projecting it into
the future (level 3) [6, 7]. From the perspective of driving, SA is categorized as
spatial, identity, temporal, goal and system awareness [10]. Spatial awareness,
addresses the appreciation of the position of all relevant environmental features;
identity awareness addresses knowledge of salient environmental items; temporal
awareness addresses knowledge of the changing spatial picture over time. Goal
awareness addresses the navigation plan to the destination or at a lower level, the
maintenance of speed and direction to conform to the navigation plan, or the need to
maneuver the vehicle within the surrounding traffic. Finally, system awareness
addresses information within the larger driving environment which is the road
network. Therefore, a goal-oriented model of driver behavior, encompasses
strategic, tactical, and operational goals of driving [10].

Several studies examined ways to enhance SA in driving context. Smart driver
assistive technologies have been developed to alleviate accident risk by either
reducing driver workload or assisting driver attentiveness. Examples include
adaptive cruise control, collision notification, driver monitoring, traffic signal
recognition, night vision, lane departure warning systems and blind spot monitor-
ing. Such systems aim to draw drivers’ attention on critical cues that improve their
decision making. However, they only provide limited support to SA since they
address isolated factors affecting it and in some cases with negative effect due to the
extra information load they incur to the driver. The first step in improving drivers’
SA is to enhance their capability of perceiving and interpreting traffic and envi-
ronmental conditions, which constitute level 1 and 2 SA processes. However, such
smart systems facilitate level 3 SA for navigation, which might decrease drivers’
attention, due to secondary task execution, that could lead to reduced level 1 SA.
This could undermine attention to operational or tactical driving activities (e.g.
braking, lane changing, gap acceptance etc.). These issues have been examined by
various researchers. Walker et al [11] examined the effects of different forms of
non-visual smart driver assistive technology feedback on driver SA using a
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probe-recall method and suggested that adding auditory feedback increases driver
SA compared to vision only feedback. Other studies identified associations between
SA and driving performance using secondary tasks analysis. Specifically, [12]
showed that an adaptive cruise control system reduced workload and improved
overall SA when the driver was using a mobile phone under typical driving con-
ditions. However, the cell phone conversation decreased level 2 and 3 SA while
level 1 SA was not affected significantly [12]. A follow up study by [13] examined
the effects of in-vehicle navigation aids and reliability on driver SA and perfor-
mance in a simulated navigation environment. Results revealed that navigation
information improved driver SA and performance with improved operational and
strategic behaviors, while unreliable and task-irrelevant information degraded SA
and performance.

However, to be able to evaluate the effect of a smart driver assistive technology
on SA it is essential to employ a suitable SA assessment technique. The following
section addresses this subject.

2.2 SA Assessment Methods

According to Endsley [6, 7] the methods for assessing SA in dynamic systems, is
categorized into subjective and objective. The former uses subjective rating of
drivers after their engagement with a situation, e.g. the Situation Awareness Rating
Technique (SART) [14] also includes observer subjective rating techniques. SART
focuses on generic, overall task characteristics rather than on specific task elements
[15], involving a series of questions on three dimension of SA, namely demand on
attentional resources, supply of attentional resources and the understanding of a
situation.

Objective measures, on the other hand, use actual assessments of the situation
and can be classified into: freeze probe recall techniques (e.g. SAGAT: Situation
Awareness Global Assessment Technique), real-time probe (e.g., SPAM:
Situation-Present Assessment Method), and real-time probes based on SAGAT,
process indices (e.g., eye-tracking), or performance measures. SAGAT [6, 7] is a
dynamic query technique that inquires participants’ recent memory of the situation.
In SAGAT, driving situation is freezed, all screens become blank and questions are
presented to the participant. The more correct answers, the better the operator’s SA.
Because the SAGAT freezes the display frequently, it is criticized as being intrusive
to performance [7]. Alternatives such as Real-time probe techniques have been
suggested for objectively and unobtrusively measuring SA in highly dynamic
operating environments [16]. In SPAM [17], SAGAT-like queries are given to the
operator, but information remains in view and response latency is used as the
primary measure. Real-time probes based on SAGAT [7] only involve natural
verbal communications between an experimenter and an operator without any prior
warning signal, which is given in the SPAM. However, conversation with an
experimenter during driving is likely to distract participants and could lead to
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deterioration of their SA due to overloading. Hence, SPAM measures are dependent
on workload and spare capacity. The fact that subjects have access to the infor-
mation and can refer to it to answer could be interpreted as an indicator of the spare
workload capacity more than a SA indicator. Another limitation of SPAM and
real-time probes based on SAGAT is that the questions and answers are verbal:
addressing spatial representation of traffic is more difficult verbally than
diagrammatically.

Hazard perception is considered as an alternative technique for evaluating SA
[18]. In this method researchers have been using filmed traffic situations for a
hazard perception test and asked participants to detect a traffic hazard, using a
button [19], or touch screen [20]. However, requiring such an active response from
participants is different from the natural driving environment. Therefore, implicit
performance measures are considered more appropriate. If participants maintain
good SA, they are expected to cope with the situation effectively. Empirical
research has shown that drivers’ hazard perception has been found to be negatively
associated with drivers’ accident records [8]. This, and the finding that SA
assessment is also associated with the coping level with hazard events [17], makes
the intervention during a hazardous event, such as those in SPAM and real-time
SAGAT, impossible since it affects driver performance through increased workload
induced by the distraction.

Therefore, in this study due to the richness of information provided by the
proposed SAES, the SAGAT technique was used to avoid driver distraction and to
improve the scope of the inquiries during interventions by addressing issues relating
to projection and surrounding traffic conditions.

3 SAES Evaluation Method

The SA assessment method used in this study is based on SAGAT and is under-
taken in a VR cave facility. The goal of the proposed SAES is to improve road
safety by reducing the likelihood of accident through improved SA. The specifi-
cation of the SAES designs based on domain knowledge from the literature and
input from subject matter experts. Therefore, SA guidelines as specified by [6] are
expressed in information requirements, visualization metaphors and interaction
styles which are specified in terms of the functional requirements of the SAES. The
overall design of SAES is based on Design Science methodology [21] which
embraces the use of feedback loops until the desired artefact qualities are obtained.
Initially a high level design of the system is grafted and subsequently specification
is refined into functional specifications. Therefore, for any of the two SAES designs
to be useful, the level of SA improvement had to be significantly better than the
control conditions (no use of SAES). If this initial SAES requirement is not met
then the specification of the candidate SAES is altered and the process is repeated
until this SA requirement is satisfied. The next step in the process is the specifi-
cation of the test scenarios, based on which the SAES is going to be evaluated.
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Fig. 1 Simulation-based SAES validation method based on design science

Grounded within the problem to be analyzed, the goals of the desired virtual
environment (VE) are set. Accordingly specifications of the VE to be used for the
evaluation of the artefact are also set. During this stage a tailor made VR driving
simulator is customized based on the above goals, to model the research question.
The customization of the simulator is performed in three steps (Fig. 1). The first
step addresses the development of the test environment in terms of buildings,
infrastructure and traffic flow. The second step concentrates on the modelling of the
scenarios, including atypical events in the simulation that would stress test the
subjects in the experiment. The third step includes the modelling of the virtual
version of the SAES designs under scrutiny. Prior to its use, the VR simulator needs
to be validated against a number of factors such as realism, to guarantee the cor-
rectness of the SA assessment. The assessment of SA is refined into phenotype
behaviors that can be monitored in a driving simulator. Phenotype driving behav-
iors are monitored and logged into the simulator’s database. The logged observa-
tions from the simulation are collated into a single metric that corresponds to the
assessed SA. The SA level is compared against the desired SA level. If the mini-
mum level of SA is not satisfied then the virtual artefact under scrutiny needs to be
redesigned. The process is repeated until the SA level attained by the drivers is
satisfactory. Two SAES designs were evaluated using this methodology. The first
SAES design uses the paradigm of radar on a head-up display and aims to provide
peripheral vision and threat prioritization, with the capability of informing drivers
of traffic situation in surrounding roads. Hence it supports level 1 and 2 of the SA
model. The second design addresses the need to prioritize information based on risk
level and aims to warn drivers of hazardous events that are expected to emerge from
side roads and are not yet visible, using the metaphor of pointing arrows on the
HUD. This design is similar to the Mercedes blind spot assist system. Throughout
the experiment the simulator monitors and logs the phenotype observations in a
database. These are map-matched based on road section that the observation was
made [4].
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4 Data Collection

During the SAES evaluation stage, 17 participants were involved, each spending on
average 90 min to complete the experiment in the VR CAVE. Participants were
from the local population and had a valid driver’s license and 20/20 vision or wore
corrective glasses or lenses. Throughout the experiment, physiological, objective
and subjective information is obtained from the driver, such as, electroen-
cephalography, driving data, and questionnaires. During the experiment, partici-
pants had to drive on a road divided into 63 sections, under the three conditions.
The simulation was stopped at several points to inquire participants’ understanding
of the situation according to the SAGAT method. Collected data from the experi-
ments underwent cleansing and pre-processing prior to being analyzed statistically.

SAGAT related observations were made using the simulation freezing method.
Participants had to answer question regarding their current situation just before the
simulation freezing. Throughout the experiment, each participant encountered 3
freezing events that corresponded to hazardous events that required high SA. These
events occurred in road Sects. 17, 32 and 53. In each event, perceived-user-
situation was compared against the actual-situation using a number of features that
described the situation, such as vehicles in front or behind the host vehicle, current
speed, current vehicle’s lane, peripheral situation, imminent threats etc. The higher
the dissimilarity between the two the lower the SA level of the participant for that
simulation freezing point. Drivers’ workload at each time step of the simulation was
measured using a combination of physiological and phenotype measures, such as
Electroencephalography (EEG) and lateral deviation. Hence, the higher the work-
load the lower the SA of participants. Similarly, the higher the lateral deviations the
lower their SA. Workload is assessed using a non-invasive EEG (Fig. 2) such as
NeuroSky’s brain computer interface. The algorithm implemented in the device
measures the participant’s attentional resources consumed while performing a task.
The assumption here is that if the participants’ attention readings are high near the
points where the situation is intense, such as in hazardous events, this indicates that
the user is utilizing high cognitive resources to deal with the situation, hence the
workload is high. Therefore, this could indicate that the participant will not be able
to perceive the situation correctly, due to limited available cognitive resources. This
is manifested in missed informational cues, as a result of information tunneling. The
underlying method of assessment is the measure of raw EEG brainwaves (Alpha,

Fig. 2 EEG workload
assessment using
non-invasive brain computer
interface
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Beta, Theta, Gamma and Delta) using three dry electrodes located on the left ear
and forehead. Attention is calculated using an algorithm that takes into account all
five bands of brainwaves. Collected data from the EEG was mapped with the rest of
the data from the SAGAT questionnaires in order to make the comparison between
the actual and perceived situation. The mapping was performed manually using
road section ID at the freezing location as a reference point.

5 Subjective Evaluation of the Two Designs

In the subjective analysis, participants had to complete a questionnaire after their
engagement with the two designs in the experimental settings. The evaluation of the
two designs was based on the constructs listed in Table 1. Analysis of the results
revealed that both SAES designs were perceived by the users as better than the
control condition (i.e. without SAES). Specifically the post-experiment question-
naire addressed the following dimensions of each candidate design: features, user
interface, ease of learning, system capabilities, usefulness, ease of use, and situation
awareness. Each dimension was assessed on average by 5 questions on a 7 point
response scale with a 1 (negative effect) to 7 (positive effect). To increase the

Table 1 The dimensions of the post-questionnaire constructs

1D Questionnaire constructs

1. Overall rating (general features) of the system (Rada/Arrows)

2. User interface (Rada/Arrows)

3. Learning (Rada/Arrows)

4. System capabilities (Rada/Arrows)

5. Usefulness (Rada/Arrows)

6. Ease of use (Rada/Arrows)

General

7. The driving simulator is realistic

8. The radar is better than the arrow system in helping me understand the situation around
my vehicle

9. The arrow system is better than the radar helping me understand the situation around my
vehicle

10. | None of the two systems can help me have a better understanding of what is the situation
around my vehicle

11. | During the experiment, in which cases did you consult the radar system?
12.

13. During the experiment, in which cases did you consult the arrow system?
14. | What other features would you like to see in the radar system?

15. | What other features would you like to see in the arrows system?

16. | Which point(s) on the road was (were) the most risky? (Show these on the diagram
below)
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discrimination in the evaluators’ judgment, participants’ were asked to report the
reasons for their choices and any interaction problems they had experienced with
each design.

Responses regarding participants’ perceptions on the different dimensions of the
SAES were considered as a percentage of positive scores (i.e. scores of 4 and
above). Figure 3 shows the percentages of positive responses (i.e. >4, or <4 for
negatively worded statements) for each of the measured dimensions on which the
two designs were evaluated. Based on this analysis, there do not seem to be
noticeable differences in regards to user interface and ease of use. However, overall
the radar design seems to have been perceived more positively than the arrows,
especially in relation to learning, system capabilities, and usefulness. This might be
attributed to the small size of the arrows that were popping up on the HUD
windshield. Hence, participants did not perceive the system’s response in some
cases, which leaded in perceiving the arrows design less useful in comparison to the
radar.

Participants’ post-test response on radar or arrows design superiority questions
reveal that radar was perceived as superior to arrows as shown in Fig. 3. This
difference was statistically significant. Moreover paired sample t-test of the dif-
ferences between the constructs of the questionnaire listed in revealed that the user
interface of the radar design is superior to that of the arrows and this is statistically
significant. This justifies the overall preference of participants towards radar design.
Other constructs of the questionnaire highlight that the radar is better but this is not
statistically significant. Finally, based on open responses from participants, in
certain occasions the number of arrows that were present on the windshield
exceeded two and hence the cues were becoming destructing rather than infor-
mative. On the other hand, the Radar design also had its shortcoming in terms of
visualization of the threats. Specifically, the coloring and size of threats were
considered insufficient.
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6 Results

The analysis of the SAGAT data was performed using ANOVA in a within-subjects
model for the 3 freezing points of each condition. Based on the results the use of
both SAES designs in an augmented reality overhead display demonstrated a
superior performance to no-design. Results from the SAGAT analysis using SPSS
also revealed that design 1 (radar) was superior to design 2(arrows) and no design.
This was identified as significant. Despite having different traffic conditions and
SAES design phase 3 still shown significant results with other 2 phases. However,
since SAES design were used interchangeably in phase 3 the effect of learning was
equally distributed among the two designs.

Additionally, a within group chi square analysis for the road sections in which
the freezing events occurred revealed a significant difference between the two
SAES designs. Specifically, 100 data points were recorded by simulator for each
participant in each road section. Therefore for the road section in which the events
occurred, the data points used for the analysis were 100data points*3 road sec-
tions*3 designs*17 participants. Prior to the analysis the data were preprocessed
based on assumptions regarding the driving behavior of low SA drivers.
Specifically, high workload, speeding or high lateral deviations reduce SA and
these 3 rules have been used to transform the data into a format that indicated the
positive or negative effect on SA. A collated results of SA per design and road
section was performed using a function that related the three factors. The chi square
analysis of the collated results, showed that the Radar design was significantly
better than the Arrows design which verifies the results of the SAGAT method.

7 Conclusions

The SA evaluation method presented herein provides a novel cost effective solution
to evaluate prospective SAES. The method is based on design science and
encourages the redesign of the artefact until it satisfies the designer needs. Results
indicate that what the users experience during their interaction with the SAES and
what they perceived of this experience as reported in the post-test questionnaire
point to the same conclusion. Specifically, statistical analysis of the data collected
during SAGAT and Log files indicated that the radar design is superior to arrows
and no design. Similarly, subjective evaluation of the candidate designs also
revealed the same results. Limitations of this work concentrate to fact that simulated
settings do not currently offer the resolution of the real world, and so they may
affect driving behavior.
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Driving Behavior in Weaving Maneuver:
A Driving Simulator Study

Maria Rosaria De Blasiis, Chiara Ferrante, Antonella Santilli
and Valerio Veraldi

Abstract In terms of road safety, as well demonstrated in previous studies, the
combination of concentrated flows in one specific area might induce more critical
maneuvers. In this contest, one of the crucial points for road safety are weaving
lanes where different flow can perform different maneuver merging and diverging,
producing some conflict points. Bearing in mind this facet, this particular elements,
have to be designed with a specific geometry, in order to ensure both maneuver,
deceleration for exit and acceleration for entrance in the main flow. The main goal
of this paper is the analyze the exchange maneuver of vehicles by means of a real
time driving simulator, which allows to evaluate the performance of car users when
approaching the exchange of lanes under the same boundary conditions. More
specifically, the present paper deals with the extension of previously performed
research on this type of element. Therefore, same indicators, same analysis tech-
nique and virtual reality scenarios were adopted, in order to establish a comparison
between two different conditions of approach to the weaving lane: the first with
same speed between the main and the secondary flow, the second one, with a
significant speed difference between the flows. The analysis of the maneuvers has
been addressed at first under a geometrical point of view and then estimating the
related risk parameters in line with the same indicators presented in the previous
research (deceleration and risk area evaluated as longitudinal ant transversal dis-
tance between vehicles). The main results highlight that, under a geometrical point
of view, in different speed condition between the two flows, car users tend to reduce
the length of the maneuver, performing the weaving earlier and then occupying a
reduced length of the lane in comparison at same speed condition. Under the point
of view of risk analysis, results are more significant in terms of traffic flow man-
agement rather than in terms of lengths of the lanes. In case of flows with different
speed, car users tend to use brakes more often, probably because they are cali-
brating the speed of the vehicle approaching the weaving lane.
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1 Introduction

1.1 Background

In term of road safety, it is well known that drivers’ behavior and subjective
perception of risk play a key role. As a matter of fact, the driver, adapts its behavior
according to the stresses caused by road he is traveling on.

The parameter typically employed for verifying this direct correspondence is the
speed of travel. Indeed, as suggested by [1, 2] the driver adjusts his speed in
function of the subjective perception of risk accident [3], so that. The speed vari-
ation can represent a significant measure of risk perceived by the driver [4, 5]. In
addition, experimental analysis [6] have shown that the assessment of the risk
threshold by users, as well as depending on the discomfort induced by the road, is a
function of more psycho-physiological variables, namely:

e the driving memory;
e the driver’s behavior related to road conditions and driving expectations.

As demonstrated by [7], drivers’ behavior is related to road safety and conse-
quently to the changes in user’s behavior result in a variation of the road safety
conditions, and therefore on the incidental risk [8], [9]. In particular, under these
points of view, the case of weaving lanes appears as worthwhile of interest, already
since seventies [10, 11]. According to Highway Capacity Manual [12] weaving
lanes are defined as the crossing of two or more traffic streams traveling in the same
direction along a significant length of highway without the aid of traffic control
devices.

In practice, weaving maneuvers occur when an acceleration lane is connected to
a deceleration lane through an auxiliary lane that produces a roadway enlargement
with respect to its current section. Therefore, this area, being crossed by different
flows (namely weaving and straight traveling), and so holding a crucial importance
as far as road safety is concerned [10], is taken as objective in this work.

The key aspect of this research is that the entry into the main flow, does not
depend on the user’s will, but is rather delayed by a time (gap-acceptance) which
corresponds to an interval of space that must be large enough to allow the vehicle to
join the main flow. The definition of this gap affects the geometrical design of the
weaving lane, and broadly depends on three variables [13]:

e The traffic on the main lane;
The insertion frequency of other vehicles into the main lane;
The speed difference between the vehicle that is entered and the flow on the
main lane.
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First scientific contributes, testing several traffic and geometric conditions of the
weaving lane [11, 14], suggested that the solution to such an issue may lay in the
increase of the length of the weaving lane, in order to not affect the user’s psy-
chology in terms of quickness of the maneuver. More recent experimental studies
conducted through a virtual reality driving simulator [15] demonstrated, on the
contrary, that the length of the lane is not an influential parameter on the dynamics
of the maneuver, which is rather conditioned by other parameters, some of which
psycho-physiological. In fact, by testing a sample of users engaged in a weaving
maneuver on a lane dimensioned with the maximum length defined by the Highway
Capacity Manual [12] (600 m), it was found that the users tended to exploit about
half of the available lane only. Therefore, it is evident that the lane design should
not only refer to geometric variables, but should also refer to the parameters that
influence the users’ behavior.

Particularly, the difference in speed between the user and the vehicles on the
main lane is known to be one of the most significant variable defining the
gap-acceptance dimension [16]. In fact, this difference of speed affects the fluidity
of the maneuver, which is quicker when the speed difference is low [17].
Conversely, when the speed difference between the two flows is significant, the
entering vehicle will slow the main flow down, which involves a decay of the
weaving lane functionality [18].

1.2 Objective

This research aims at analyzing the user’s behavior, while performing the weaving
maneuver, by means of a virtual reality driving simulator. Main goal is to determine
the risk perceived by the users and the safety level of the maneuvers [19].

Authors focused their efforts on the study of the weaving maneuver conditions,
in terms of speed difference between the flow on the main lane and the entering
flow, by imposing a significant speed reduction. Lastly, results were compared with
those deriving from of a previous experiment [15], in order to investigate different
conditions of the approach maneuver.

2 Methodology

2.1 Equipment

In order to characterize drivers’ behavior during driving STISIM Driving Simulator
of the Virtual Reality Laboratory of University Research Centre for Road Safety
(LASS3) has been used (Fig. 1).
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Fig. 1 STISIM driving simulator at the virtual reality laboratory of university research centre for
road safety (LASS3)

The reliability of full instrumentation has been fully validated [20, 21]. The
simulator is a real vehicle, so that a better perception of the real conditions by the
user during the tests is provided. The image are projected in front of the car and
sideways in order to cover a visual angle of 135°, and sound speakers are located in
the hood of the car, for emulating the acoustic environment at the best.

To assess the outcome of the simulations thirty-five parameters are recorded with
a frequency equal to 0.25 s. Through a driving simulator study it is possible to
make an objective comparison between the simulation output of different drivers,
because this tool is able to repeat the same test conditions for all drivers.

2.2 Sample of Drivers and Its Validation

An homogeneous sample of subjects was selected and the same driving conditions
were generated for each driver, in order to avoid biasing of results induced by driver
attitude, experience in driving, age, stress phenomena, emotional state or neuro—
cognitive status or by other factors. Twenty subjects (8 women and 12 men,
35 years old on average, with age ranging from 20 to 50) were recruited via direct
contact as volunteers from the Department of Engineering at the University Roma
Tre.

All participants had a valid Italian driving license and reported to have driven, on
average, 13050 km in the previous year (range: 2000-25,000 km). None of the
subjects had previous experience with driving simulator.

Through Chauvenet criterion [22] we assessed that the number of participants is
significant from a statistical point of view, so assuring a correct statistical data
interpretation. For each generated scenario, some drivers were excluded because
they showed anomalous behavior during driving, typically in terms of average
speed registered on the weaving lane. Outliers were considered as the speed values
strongly higher/lower than mean value. According to the Chauvenet criterion, no
data were rejected.
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2.3 Scenario and Traffic Flow Conditions

Starting from the assumption that several findings in literature indicate that the
length of the weaving lanes combined with traffic volumes is a crucial factor for
accident rate along interchange zones [11, 23] the authors wanted to analyze drivers
behavior in these different conditions.

Four simulation scenarios have been carried out, the cross-section has two lanes
(3.50 m wide), designed according with the Italian regulations. The only difference
between scenarios was the length of the weaving lanes. Starting from the maximum
value of length provided by Highway Capacity Manual [12] which is 600 m called,
three more lengths of the weaving lane were calculated by employing two different
probabilistic methods, according to the Italian regulations [24]. Therefore, each
simulation scenarios were characterized by a different length of the weaving lane,
namely: Very Long 600 m (VL), Long 220 m (L), 185 m Medium (M), Short
140 m (S).

Four weaving flows representative of the wider range of road traffic conditions
have been chosen. In particular four different classes have been defined: Very High
Flow (VHF) 2200 veh/h, High Flow (HF) 1600 veh/h, Average Flow
(AF) 800 veh/h, Low Flow (LF) 400 veh/h. Some vehicles, out of the flow, are
expected to change lanes and some others to continue along their lane. Which kind
of vehicle the driver meets on the weaving section depends on the velocity that he
adopts when he faces the lane change. Each traffic flow condition has been com-
bined with each simulation scenarios. In this way 16 scenarios with different driving
situations have been carried out. Each driver drove all scenarios, so 640 weaving
maneuvers have been analyzed.

2.4 Procedure

At the beginning participants were informed about the test procedures, in terms of
duration, use of the steering wheel, pedals and gear. According to the procedure of
simulation experiments, participants were required to complete a training simula-
tion scenario for at least 10 min driving. The drivers were requested to drive along
four simulated road stretches, in four different runs, without speed limitations.
Subjects could see their speed on the speedometer visualized on the screen and they
were free to choose the velocity, according to what the road scenario suggested
them. Between each scenario participants were allowed a short break. This break
was intended to avoid as much as possible the fatigue effect of each driving period.



318 M.R. De Blasiis et al.

2.5 Road Safety Indicators

The outcomes of simulation will be analyzed, in order to investigate drivers’
behavior along the weaving lanes characterized by different lengths and in different
traffic flow conditions, through two indicators:

e Deceleration;
e Risk area.

The first one represents how drivers change their speed when they start the
weaving maneuver. The second one is based on the concept of safety distance.

Deceleration. Assumed that the speed variations is a reliable indicator of drivers
risk perception [25], three different classes of deceleration, representative of drivers
behavior, have been defined. The first class includes drivers that did not decelerate;
the second one takes into account drivers that decelerate just by lifting. This allow
the drivers to adjust their speed to coordinate the flow into which they have to get;
the third class represents situation where the use of the brake is representative of a
condition of risk perception that induced drivers to brake.

The three classes have been defined as following:

e Class O—drivers do not decelerate approaching weaving lane;
e C(Class 1—maneuvers carried out only by lifting throttle;
e Class 2—maneuvers carried out braking;

In order to confirm these results has been analyzed also how each driver reduced
his speed. With this aim the deceleration curves, performed in the weaving areas,
have been studied (Fig. 2). Through the analysis of this curves it was possible to
obtain a value which takes into account the deceleration value and how long drivers
brake.

This curve is defined as:

/I:fadt (1)

Acceleration (m/s’)

Time (s)

Fig. 2 The figure shows the curve of deceleration area
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Fig. 3 The figure shows risk area and an example of shortage of safety during weaving maneuver

where:

P; Final point of maneuver
P; Initial point of maneuver
a  Acceleration

t Time

Risk Area. Risk area is an indicator based on the concept of safety distance and
it takes into account both the longitudinal distance (L.d) and the transversal distance
(Td) between two vehicles that interfere on the weaving area (Fig. 3).

Usually to investigate safety audit during stopping maneuver, only longitudinal
distance has been considered. Regarding weaving lanes, it is necessary to analyze
not only longitudinal distance but also transversal distance because two vehicles
can perform weaving maneuver at the same time.

The traditional longitudinal safe distance between vehicles Dy is defined as
shown [26]:

Ds=1txv (2)

where:
t Reaction time
v Flow speed
Regarding transversal distance there are no findings in literature and because of
this the authors decided to consider the dimension of the vehicle limit size (2.5 m).
Whenever during the weaving maneuver an overlap occurs between the drivers’
risk area and an interfered vehicle, a shortage of safety has been determined.
Moreover relationship between the overlap and the time in which the phe-
nomenon occurs has been analyzed. This result allows evaluating not only the
quantitative assessment of the shortage of safety but also for as long as this con-
dition persists.
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3 Results and Discussions

According to findings in literature [27], the Analysis of Variance test (ANOVA) to
research the statistically significant differences on indicators values among analyzed
configurations has been used. For each parameter two analysis were performed. The
first one to evaluate the effects due to the length of the weaving lanes; the second one
was performed to investigate the effects of different traffic flow conditions. The null
hypothesis was that the average of the dependent variable was the same for the
configuration investigated. Rejecting the null hypothesis would mean that inde-
pendent variable, the traffic flow of the weaving lane, influences the dependent
variable. Table 1 shows the results of the ANOVA test for each indicator performed
on the four different lengths of the weaving lane combined with the four different
traffic flow conditions. The null hypothesis was rejected almost for the whole set of
data, in fact more than 80 % of cases have a statistical significance higher than 90 %.

3.1 Deceleration

The results about the deceleration indicator show an increasing amount of users
who reduce their speed when interfering flows increase. Indeed, in each flow
conditions, more than half of drivers slow down. In detail, the amount of drivers
who reduce their speed ranges from 60 % in low flow conditions, to 90 % in very
high flow conditions.

The decelerations using brake, which are the most significant in terms of drivers’
behavior and therefore allow studying the real risk conditions, follow this trend. In
fact, they show greater values for very high flow conditions. In particular (Fig. 4),
the maximum value is in short lane in very high flow, equal to 22 %. This fact
demonstrate that a too short lane and several vehicle interferences lead to a growing
of risky maneuvers, caused by an high level of interferences that increase the risk
perceived by the driver during the weaving maneuver.

In order to confirm deceleration results Deceleration Area has been analyzed.
This area is the area under the curve which represent acceleration. Regarding this
area the results confirm the trend of deceleration and show that the area is larger as
the flow increases (Fig. 5).

3.2 Risk Area

Regarding risk area is it necessary a preliminary consideration: in accordance to
previous study, the risk area indicator show a bad perception of safety in the very
long lane, by the sample of driver. This phenomena is highlighted by the high value
of Risk Area show in Table 2.
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Fig. 5 Deceleration area

Excluding the anomaly of the very long lane the results show a significant
variation in function of the flow, but not in function of the length of the lane. In
particular, the value of risk area increase when interfering flow increase. On the
contrary, varying the length of the lane, the values of risk does not show a sig-
nificant variation. The maximum value is in the low flow between the short and the
long lane, and is 28 (Fig. 6). This result show that the increased interference
increase the levels of risk perceived by the driver, who pays more attention to the
flow rather than to the length of the weaving lane. With a very high flow, the
maneuver is less regular, increase the decelerations and reduces the safety distance
between vehicles. This ever results in an increase in the drivers’ discomfort and to a
lowering of the risk acceptance threshold.



Driving Behavior in Weaving Maneuver: A Driving Simulator Study 323

Table 2 Average values of risk area

Lane Flow

Low Average High Very high
Short 59 104 171 199
Medium 46 91 167 202
Long 31 92 159 192
Very long 93 344 401 311
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Fig. 6 Risk area

4 Conclusions

The paper deals with the analysis of drivers’ behavior, through the use of a driving
simulator, in approaching the weaving lane with a difference in speed respect to the
main lane. The contribution of this research is the analysis of drivers’ behavior in
these situations in order to suggest a method for weaving lane design. For this
purpose the effects of different length of weaving lanes and different traffic volumes
have been studied and statistically validated. Results showed that the drivers’
behavior is influenced significantly more by the flow on the main lane rather than
by the length of the weaving lane. Therefore, the driver perceives more the risk of
not finding the gap acceptance to take the weaving lane, because of the high
interference, than the risk of not having enough time to finish the maneuver.

This topic is faced by means of two indicators: deceleration and risk area.
Regarding deceleration, a high percentage of braking is representative of a high risk
perception by drivers. In order to validate these results, the authors analyzed
another indicator defined as risk area and based on the concept of safety distance.
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The results obtained by the analysis of this indicator showed that driver’s behavior
changes significantly under high and very high flow conditions, accordingly to
previous results.

About length of lane, which is the key element of the weaving lane design, this
research reaches interesting results about behavior of drivers traveling along short
weaving lanes: tests pointed out that a too short lane and significant vehicle
interferences lead to an increase of risky maneuvers. Conversely, it has been shown
that a very long weaving lane does not increase the safety level, but generates an
uncertainty of behavior of the driver in the approach maneuver. All results, in fact,
showed anomalous values related to the deceleration and to the risk area for very
long lanes, so confirming that a too long weaving lane does not lead to higher safety
conditions. Conversely, this study unlighted that a too high increase of weaving
lanes length leads to an uncertainty in the behavior of drivers, who do not correctly
interpret road geometry, and are so forced to adjust their trajectory by braking, with
high adhesion values.

Despite the promising results, the present research can be expanded by testing a
larger sample of drivers and analyzing different flow conditions, with the aim of
developing a comprehensive analysis of the drivers’ behavior.
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Observations of Drivers’ Behavior When
Opening Car Door with Two Stages

Cheng-Yong Huang

Abstract Door crashes are common occurrences in motorcycle-car accidents in
Taiwan. Since 2013, the two-stage door opening method has been an examination
item when obtaining a driver’s license in Taiwan to teach people to avoid these
types of accidents. According to the investigative results of this study, half of the
car drivers in Taiwan still do not know the two-stage door opening method.
Furthermore, observations of driver’s two-stage door opening behavior in this study
showed that men habitually use their left hand and women habitually use their right
hand to open car doors. The one-way analysis of variance (ANOVA) showed that
the older the driver, the shorter their first stage car door opening distance is. This
means that elderly drivers are more careful about opening their car doors. The
correlation analysis showed that the body weight continuous variable has a sig-
nificant and negative correlation with car door opening distance, and a significant
and positive correlation exists between car door opening distance and driver’s field
of vision. The results of this study can serve as a reference for future car door
opening human factor design.

Keywords Door crash - Motorcycle-car accident - Behavior observation

1 Introduction

Door crashes are a type of vehicle and motorcycle traffic accident that is unique to
Taiwan. The cause for this is Taiwan’s special human geography and traffic pat-
terns. Taiwan is an island with an area of 36,000 km® and a population of
approximately 23 million people. Taiwan ranks 10th in population density among
countries in the world and has an average of 645 people per square kilometer.
Overall, 70 % of land in Taiwan is mountains and hills, and plains only account for
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30 % of land. Thus, the population is mainly concentrated in the urban areas of the
plains. Population density in the most populated urban areas can reach 10,000
people per square kilometer [1]. Taiwan also has the highest proportion of
motorcycles as transportation tools among all nations [2]. According to Taiwan
government statistics, there were approximately 15 million motorcycles and 7
million cars in Taiwan as of 2012 [3]. That means there were twice as many
motorcycles as cars. This phenomenon is related to Taiwan’s economic develop-
ment. Motorcycles have better fuel economy and are very suitable for short distance
travel. In addition, motorcycles are convenient to drive in narrow alleys and
crowded areas. The combination of narrow crowded areas and excessive number of
motorcycles and cars means that it is difficult to find parking in urban areas.
Consequently, parking spots are often made on the side of the road while motor-
cycles drive by the side of these parking spots. If drivers parked on the side of a
road do not pay attention to incoming vehicles and suddenly open their doors, they
can easily cause a moving motorcycle to crash into the car door and result in traffic
accidents.

Because door crash accidents are common in Taiwan, the Taiwan Vehicles
Supervision Station added a two-stage door-opening method item to driver’s tests
starting in July 2013 [4]. That is, drivers must first look whether there are vehicles
passing by when they open car doors to get in or get out of their cars. However, the
so-called two-stage door opening method does not actually have any clear speci-
fications. Thus, we attempted to use a human factor engineering perspective to
explore two-stage door opening behavior.

2 Literature Review

Door crash accidents are a type of automobile-motorcycle right-of-way
(ROW) accident [5]. Because Taiwan cities are crowded and narrow, and there
are a large number of cars and motorcycles, many parking spaces are located on the
side of streets for temporary parking. However, motorcycles often drive on the
outer lanes, and drivers of parked cars can interfere with a motorcycle’s right of
way when they open the car door. When car drivers do not pay attention while
opening their car door, they can surprise passing motorcyclists and cause a door
crash accident. The fallen motorcycles rider can also then be easily run over by cars
behind them and suffer severe injuries. Illustrations of potential door crash accidents
are shown in Fig. 1.

The term door crash was seen in Pei’s [6] article in the Accident Analysis and
Prevention journal. However, Dennerlein and Meeker [7] have also mentioned this
type of traffic accident, which they refer to as bicycle riders colliding with the car
door of cars parked on the side of the road. Severe injuries can be caused by
collisions with the door (bicycle rider flipping) and by impact with the ground,
especially for bicycle riders who are not wearing helmets. This type of research on
bicycle riders colliding with car doors opened by drivers is rare. Although some



Observations of Drivers’ Behavior ... 329

Fig. 1 Door crash illustration

unpublished articles discuss the inappropriateness of bicycle lanes being in close
proximity to roadside parking spots and the associated risk of door crash, most
typical bicycle lanes are still in the “door zone” of parked cars because car doors
extend out about 90-105 cm when opened. Most bicycle lanes are often only
slightly wider than 90-105 cm, which often increases the risk of bicycles colliding
with open doors of parked cars even if the bicyclist is riding in the middle of the
bicycle lane. Regardless of whether the bicyclist is riding on a bicycle lane, bicy-
clists are often instructed to ride one door distance away from roadside cars. This
can improve the visual field of the car driver at the side of the road and make the
bicycle rider more visible [8].

Another paper related to door crashes is by Johnson et al. (2013), which
pro-posed that bicycle riders involved in collisions with open car doors often end up
with severe injuries. However, few studies have been conducted on the nature of
these accidents and the resulting injuries [9]. A “door crash” refers to the potential
collision that can result when open doors of roadside cars are in the path of bicycle
riders [7]. Fatal results often occur when bicycle riders collide unexpectedly with
open car doors. From 1989 to 2012, four bicyclists in Victoria, Australia, died from
door collision accidents [9]. Similar to other types of bicycle accidents, door col-
lision accidents are uncommon, thus it is difficult to accurately determine a total
number. Generally speaking, no records or data are kept, especially when the
bicycle is not damaged [10].

The two previously described papers are related to bicycle and car door crash
accidents. Huang [1] used a human factor engineering perspective to observe dri-
vers’ car door opening behavior. The test subjects wore an EEG and a camera on
their heads while driving and parking at a designated parking spot. The results of
the study showed the door opening behavior for four different types of car drivers.
The types are as follows: (1) drivers that did not look before opening the door;
(2) drivers that looked at the rear view mirror before opening the door; (3) drivers
that turn their head and look out the rear left side window before opening the door;
and (4) drivers that partially open the door and look first before fully opening the
door. Brainwave focused data of drivers while opening the door also shows that
drivers will directly open doors without looking when roads are wider and there is
less traffic, and that their focus level while opening car doors are also lower.
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The above-described study also showed that there is a 40 % probability that
drivers in Taiwan use rear view mirrors to look for incoming vehicles. There is only
a 20 % probability that drivers will use a two-stage door opening. This indicates
that most drivers are not in the habit of using two-stage door opening. Thus, further
pro-motions and studies are required to improve two-stage door opening awareness
in drivers.

3 Experiment Design

According to Human Factor by Hsu et al. [11], human factor engineering studies
can be conducted in the laboratory or in the field. Variables are easier to control in a
laboratory scenario and the study will be less likely to be affected by non-topic
related interference, which means that the collected data is also more accurate. The
advantage of a field environment is that study related variables, environmental
conditions, and test subject characteristics all conform to actual situations. Thus, the
obtained results are more likely to be inferred on actual operations. The disad-
vantage is high cost, safety risks to test subjects, and experiment control is harder to
achieve [11]. Behavioral observation is primarily used in this study to understand
driver’ two-stage door opening behaviors. Observing in a laboratory environment
cannot realistically reveal the situation when drivers open the car door. Therefore,
we chose to use the field study method because it is more appropriate.

3.1 Experiment Environment Setup

To understand drivers’ two-stage door opening status, a Toyota Altis 1800 cc
experiment car was used for the experiment. This is the number one selling car in
Tai-wan. The experiment was divided into two parts. The first part was the car door
opening distance and the second part was the driver’s field of vision. The car
door opening distance mainly measures the distance in the first stage of drivers’
car door opening. That is, when the driver partially opened the door to look for
incoming vehicles. A tape measure was fixed on the car with a 3D printed fixing
device. When the car door opens, we could determine the opening distance.
A camera was set up in the back to record the distance in the first stage car door
opening. To test the driver’s field of vision, a two-meter wide telescoping rail was
set up in the rear of the car. The cloth was marked with scales in five centimeter
increments. Test subjects were also asked to wear a camera to record the width that
can be seen by the subjects when they open the car door to look backwards.
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3.2 Experiment Procedure

First, we set up the experiment vehicle and the recording equipment rack. Then the
subjects were asked to wear a Gopro head camera. We then asked the test subject
whether they know what a two-stage door opening is. This can determine the
general public’s awareness level towards two-stage door openings. If the test
subject does not know, then the experiment assistant will notify the subject of how
to conduct a two-stage door opening. Next, the test subject was asked to get in the
car, simulate shutting off the car engine, and use a two-stage door opening to get out
of the car. At that time the experiment assistant will take note of which hand the test
subject uses to pull the door handle. Subsequently, the test subject was asked to get
in the car and repeat the same steps, with the exception of using a different hand to
conduct the two-stage door opening. This can determine which hand the general
public uses to open car doors, and the card door distance and visual distance when
using their left/right hand to open car doors.

4 Experiment Result

In total, 22 test subjects participated in this experiment. The test subjects included
12 men and 10 women from 22 to 58 years of age. All are Republic of China
citizens and have a valid Taiwan driver’s license. Test subjects’ car driving
experience range from 1 to 30 years. Two of the test subjects were eliminated
because their head cam angles were too high and did not record their visual distance
when opening car doors. Thus, 20 subjects (10 men and 10 women) completed
valid experiments. The following is a description of their two-stage door opening
observation results.

4.1 Two-Stage Door Opening Awareness

Of the 20 test subjects, 10 did not know about the two-stage door opening. Of the
10 women, six did not know about the two-stage door opening. Of the 10 men, four
did not know about the two-stage door opening. Therefore, 60 % of women and
40 % of men did not know about the two-stage door opening. Awareness results are
shown in Fig. 2.
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Fig. 2 Men and women’s awareness of two-stage door opening
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Fig. 3 Men and women’s hand habit when opening car doors

4.2 Hand Habitually Used to Open Car Doors

The experiment assistant did not notify the test subjects of which hand to use in the
two-stage door opening and the test subject followed their own habits in opening
the car door. The results showed that out of 10 men, 9 habitually used their left hand
to open car doors. Of the 10 women, 9 habitually used their right hand to open
doors. This hand use habit was one major difference between men and women when
opening car doors. Habitual hand used by men and women to open car doors is
shown in Fig. 3.

4.3 Car Door Distance One-Way ANOVA

One-way ANOVA analysis was conducted on the first stage door opening distance.
That is, one-way ANOVA was conducted based on gender, door opening hand, and
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Table 1 One-way ANOVA summary

Item Number | Average | Standard Standard | F Significance
deviation error
Gender Men 20 22.10 7.21 1.61 0.032 | 0.860
Women |20 22.55 8.73 1.95
Door Right 20 20.30 8.65 1.93 2.742 |0.106
opening hand
hand Left 20 2435 | 6.69 1.50
hand
Age group | 20-29 |6 29.50 8.87 3.62 3.504 |0.025
30-39 |8 19.38 8.18 2.89
40-49 |14 23.85 7.42 1.98
50-59 |12 18.92 5.30 1.53

age group. The summary of the analysis is shown in Table 1. The results showed
that both men and women had an average door opening distance of 22-23 cm, and
there was no significant difference. Statistic results showed that the first stage car
door opening distance when using left hand to open the door was 24.5 cm. This is
four centimeters more than when using the right hand to open the car door, but
statistically, this is not a significant difference. Finally, subjects were tested based
on age (car driving experience). Four groups were formed in 10-year increments.
Results showed that the youngest group (20-29 years old) had the largest first stage
car door opening distance (average of 29.5 cm). The oldest group (5059 years old)
had the shortest first stage car door opening distance (average of 19 cm).
Statistically, this is a significant difference. This indicated that the older the driver
the more cautious the driver was when opening car doors. Car door opening dis-
tance for different age groups is shown in Fig. 4.

Average
40
30
) \/o\‘
=4 Average
10
0

20-29 30-39 40-49 50-59

Fig. 4 Car door opening distance for different age groups
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4.4 Relationship Between Human Factor Size and Field
of Vision and Car Door Opening Distance

Before the test subjects proceeded with the two stage door opening experiment,
they were measured for body height, body weight, and left/right arm length.
Correlation analysis was conducted on these continuous variables in relation to door
opening distance and field of vision during first stage door opening. The results
were used to understand the linear relationship between continuous variables.
Summary of the correlation analysis is shown in Table 2. The correlation analysis
showed that body weight has a significant negative correlation (one-tailed test) with
car door opening distance. That is, the heavier the body weight, the smaller the car
door opening distance (r = —0.276*). However, car door opening distance in
relation to the test subject’s field of vision exhibited a positive correlation
(r = 0.674%). This means that greater the car door opening distance, the broader the
field of vision.

The above results show that body weight will affect car door opening distance.
Next, we conducted further analysis of left/right hand use in correlation to car door
opening distance. Results showed that in right hand car door opening distance, body
weight did not have a significant correlation with car door opening distance.
However, car door distance and field of vision showed an even higher positive
correlation (r = 0.714*%*). This indicates that field of vision was wider when using
the right hand to open doors. A summary of right hand correlation analysis is shown
in Table 2. In left hand car door opening distance, body weight and left hand car
door opening distance exhibited a significant negative correlation (r = —0.392%).
This indicated that the heavier the body weight, he smaller the car door opening
distance. A summary of left hand correlation analysis is shown in Table 3.

Table 2 Correlation analysis summary

Body Body Right Left Car door
height weight arm arm distance

Body height

Body weight 0.463

Right arm 0.881 0.322

Left arm 0.889 0.356 0.922

Car door —-0.073 -0.276 —0.047 —0.105

distance

Field of vision —0.085 -0.177 0.057 —0.010 0.674
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Table 3 Summary of right hand correlation analysis

Body weight Right arm Car door distance

Body height

Right arm 0.322
Car door distance in right hand opening -0.207 0.045
Field of vision -0.219 —0.040 0.714

Table 4 Summary of left hand correlation analysis

Body weight Left arm Car door distance

Body height

Left arm 0.356
Car door distance in left hand opening -0.392 —0.284
Field of vision —-0.125 0.037 0.654

5 Discussion

The human factor engineering experiment in driver’s two-stage door opening was
conducted in this study. The following are the results of this study: (1) although the
two-stage door opening has been required by the Taiwan MVDIS since 2013 when
testing for a license, half of the car drivers in Taiwan do not know they need to use
two-stage door opening. Overall, 60 % of women and 40 % of men drivers do not
know about this regulation; (2) when testing subjects’ habitual hand use in opening
car doors, 9 out of 10 men used their left hand to open the car door. Out of the 10
women, 9 habitually used their right hand to open the car door; (3) results show that
the older the driver, the more cautious they are about opening the door, and the
shorter the car door opening distance; and (4) the correlation analysis results
showed that body weight affected the left hand car door opening distance. The
heavier the body weight of the driver, the shorter the car door opening distance. Car
door opening distance also exhibited a highly positive correlation with field of
vision (Table 4).

6 Conclusion

Taiwan has few plains and many mountains. Taiwan also has a high population
density concentrated in urban areas, which creates unique traffic patterns. The
motorcycle ratio among transportation tools is the highest in the world, and there
are twice as many motorcycles as cars. Because not enough space is available for
parking, a large number of parking spots have been established on the side of roads.
Motorcycles driving past these parked cars can easily cause door crash accidents.
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Although two-stage door opening has been added to the driver’s test since 2013,
half of the people with driver’s licenses do not know about the two-stage door
opening. More women do not know about this rule than men. The majority of men
use their left hand to open car doors while women generally use their right hand to
open doors. The older the driver, the more cautious they are when opening car
doors, and have smaller door opening distances. Body weight and left-handed car
door opening distance exhibits a significant negative correlation while car door
opening distance exhibits a significant positive relationship with driver’s field of
vision. The above results can serve as a reference for future human factor design in
car door opening.
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Resurrecting Driver Workload,
Multivariate Analysis of Test Track Data

Jack L. Auflick

Abstract This paper presents multivariate analyses of data collected from divers at
a test track during the Driver Workload Metrics (DWM) project. As noted in a prior
publication, the DWM project was a cooperative effort with the National Highway
Transportation Safety Administration (NHTSA) and four automotive manufactur-
ers. The DWM project defined workload as the competition in driver resources
(perceptual, cognitive, or physical) between the driving task and a concurrent
secondary task, occurring over that task’s duration. It was hypothesized that,
depending on the type of secondary task performed while driving, measured
workload and the correlated quality of driving should either remain the same or
decline, but would manifest in degraded measures of lane keeping, longitudinal
control, or eye glance behavior. Data for this new analysis was collected from test
subjects who drove an instrumented car on a test track while performing various
on-board tasks. These data also contain additional responses from several new
visual manual task that were originally deemed to be too hazardous for test subjects
while driving on a major four lane highway. It was therefore further hypothesized
that the new task would demonstrate higher levels of visual-manual workload when
compared to less demanding tasks. As in the prior DWM multivariate paper, test
subject responses from the kinematic and eye glance behavior from the test track
data were first analyzed using Maximum Likelihood Factor Analysis. This
well-known statistical method attempts to uncover the underlying unobserved
structure within the large set of variables. It is this hidden multi-dimensional
structure that must be examined to empirically comprehend the concept of driver
workload. As in the DWM on-road analyses, these new analyses found that
task-induced workload affected driving performance and was multi-dimensional in
nature. Visual-manual tasks exhibited fundamentally different performance profiles
than auditory-vocal tasks or just driving. Furthermore, when secondary statistical
analyses of the normalized factor scores were done using Multivariate Analysis of
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Variance (MANOVA) the results found highly statistically significant workload
differences in age groups and task type.

Keywords Human factors - Driver workload - Driver distraction - Exploratory
factor analysis

1 Introduction

In recent years, automotive manufacturers have increasingly been introducing new
technologies into their cars and trucks often suggesting that the new technologies
will provide enhanced safety for drivers. For example, these technologies range
from advanced navigation systems, lane departure warnings, blind spot warnings
and active braking systems designed to prevent rear-end collision. While ostensibly
improving safety, these technologies, as well as handheld devices like cell phones
or tablets, generate fears from researchers and regulatory agencies alike that use of
these new technologies and devices within the automotive cockpit will at times
overload and distract the driver. As a result, various regulatory agencies within the
US and the European community have funded extensive research projects in
attempts to understand the dimensions of driver distraction. These noted projects
include the Human Machine Interface and the Safety of Traffic in Europe (HASTE)
[1], the Naturalistic Driving Program at Virginia Tech [2], the European Advanced
Driver Attention Metrics Program (ADAM) [3], the Crash Avoidance Driver
Metrics, and the Driver Workload Metrics' (DWM) [4].

Of particular interest for this paper, the DWM project established correlates
between the driving metrics, eye glance behavior, and demands placed on the driver
from secondary discretionary tasks that had the potential to interfere with the pri-
mary driving task. Workload was defined as the competition in driver resources
(perceptual, cognitive, or physical) between the driving task and a concurrent
secondary task, occurring over that task’s duration. It was hypothesized that,
depending on the type of secondary task performed while driving, measured
workload and the correlated quality of driving would manifest in degraded mea-
sures of lane keeping, longitudinal control, object-and-event detection, or eye
glance behavior. Within the DWM project, there were three separate data collection
efforts: (1) Analysis of surrogate laboratory test measures, (2) on-road data col-
lection, and (3) data collected from subjects while driving on a test track.

In its final report, the DWM project extensively reviewed driver workload lit-
erature and Multiple Resource Theory (MRT) [5], creating a set of conventional
experimental tasks commonly performed in vehicles today. These tasks were

"The Driver Workload Metrics project, a co-operative agreement between the NHTSA, Ford, GM,
Nissan, and Toyota, was conducted under the Crash Avoidance Metrics Partnership (CAMP), a
partnership established by Ford and GM to undertake joint precompetitive work in advanced
collision avoidance systems.
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defined by the input and output modalities needed to perform the task: either visual
input and manual output, or auditory input and vocal output [6]. Tasks used on the
test track were comprised of eight auditory-vocal and 13 visual-manual tasks with a
baseline just drive and a combination auditory-vocal and visual-manual task, where
subjects picked up a cell phone, pressed a preset button, and then interacted with an
automated voice recognition flight schedule service. An example of the
auditory-vocal tasks was a biographic task where the experimenter asked the
subjects a series of questions intended to elicit a verbal response. Questions such as,
“Where do you live?” and “How many children do you have?” An example of the
visual-manual tasks was the CD7 task that directed the subjects to select a CD from
the visor, place it in the CD player, and tune to track seven. However, on the test
track several additional visual-manual tasks were included that had originally been
determined by an institutional review board as being possibly too hazardous for the
on-road data collection. They included map reading (easy and hard), maze tracing
(easy and hard), read text (easy and hard) and a destination entry navigation task.

1.1 Multi-Dimensional Interrelationships

This project accomplished several goals including development of performance
metrics and test procedures that reliably assessed how driving performance may be
negatively affected due to auditory, visual, manual, and cognitive aspects of driver
workload associated with using in-vehicle systems, and the creation of a metrics
toolkit that could be used by automotive engineers during all stages of the design
process to assess the implications of driver workload while using future systems.
When the DWM project collected its data, workload, the construct of interest, had no
direct empirical measure available at the time. As a result, the existence of driver
workload was inferred from an extensive string of bivariate correlation and regression
analyses, observed across multiple measures of performance. These individual
analyses provided brief glimpses into the complex, hidden interrelationships within
the collected data. DWM had one unrealized goal, i.e. to apply exploratory factor
analysis (EFA) methods in an attempt to uncover the latent, unobserved structure of
correlated measures of workload. It is this hidden structure that must be examined to
empirically comprehend the multidimensional concept of driver workload.

As explained in the DWM final report, driver performance data on the test track
was collected from 69 test subjects using a canonical repeated measures experi-
mental design where each test subject repeatedly performed the secondary tasks
during real driving on the track. From this pool of subjects, 42 were selected based
on their having nearly complete eye glance behavior data. The sample of participants
was approximately balanced by gender and age. Task sequences and presentations of
the secondary driving tasks were randomized for each subject. The driving condition
selected for testing was at highway speed, approximately 55 mph, using a
car-following scenario on a multilane paved test track surface with sharp banked
curves followed by long straight, level road, under clear, dry, daytime conditions.
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During testing, subjects drove the same instrumented car that was the center car
of a three-vehicle platoon. This platoon operated as a single testing unit and pro-
vided a realistic car-following driving experience. During each task, an extensive
array of sensors, cameras, and on-board instrumentation recorded kinematic data for
longitudinal and lateral vehicle control, including task duration, speed, range, range
rate, time headway, and time to contact. Mean, median, standard deviation, mini-
mum and maximum distances, and time durations (at the minimum or maximum)
were captured for each of the kinematic variables. In addition, steering wheel
behavior was measured for three variables, e.g., how much time during a task the
steering wheel was held beyond a zero-degree location and how long it was held at
either a 15 or 20° offset from zero degrees, including the number of lane excee-
dances and durations, plus the number of center stripe touches and their durations.

In conjunction with kinematic variables, driver eye glance patterns were also
recorded for glances to the road, mirror, situation awareness (outside left or right),
task related (glances to in-cockpit locations during visual-manual tasks), not road,
and to not assigned (other) locations. These eye glance metrics included median
glance duration, standard deviations, and the percent of a task’s duration attributed
to that specific location. Eye glance data was manually scored through review of
on-board video taken during each task. As in the on-road testing, due to timing and
funding constraints, only 42 of the 69 test subjects had complete eye data at the time
the final DWM analyses were completed.

2 Factor Analysis

This present analysis followed the same procedures as those reported for the
analysis of on-road data [7]. The same 42 vehicle kinematic variables (like speed,
range, range rate, longitudinal and later lane positions, etc.), time variables (like
time for the vehicle at minimum or maximum lane position right and left, plus
minimum and maximum times for the kinematic variables), and the steering wheel
position and durations were the independent variables. The analysis also included
the eye glance data from the 42 subjects who had complete visual data. There were
approximately 14 subjects in each of three age related groups, i.e. older, middle,
and younger. Their eye glance data included median, standard deviation, and
percent task duration, etc. from test track driving related to mirror, situation
awareness, task-related, and not-road or not-assigned locations. The purpose of this
new analysis was to extract the underlying latent, highly inter-correlated structure
within these data, believed to be workload, caused by the variation in driving
performance during multitasking. Specifically, this analysis used the maximum
likelihood factor analysis (MLFA) method [8, 9] one of several commonly used
exploratory methods that in general, seeks to: (1) reduce the number of variables
and (2) to detect latent unobserved structure within the relationships between
variables. MLFA accomplishes this by first estimating the loadings and commu-
nalities in the data set and subsequently maximizing the probability of the observed
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correlation matrix occurring. In MLFA, maximizing the likelihood function
determines the parameters that are most likely to produce the observed data.

2.1 Hidden Structure

This analysis started with all 42 independent variables. So there could have been up
to 42 orthogonal or independent factors. MLFA first identified that there were only
seven factors, i.e. latent (unmeasured) variables that defined the hidden relation-
ships within the measured, observable variables. The seven factors all had
Eigenvalues greater than 1.0, based on using both the Kaiser criterion [10] and
Cattell’s scree plots [11]. The Eigenvalues from these seven factors measured the
variance from all the variables that were accounted for by a given factor. As seen in
Table 1 below the seven factors explain approximately 63 % of the original vari-
ance in the data.

The initial MLFA solution left the factors and factor scores (i.e. estimates of
actual subject scores for individual observations for each factor) in an un-rotated
seven-dimensional space, making the given solution difficult to interpret. As an aid
for interpretation, factor scores were rotated and normalized using the varimax
orthogonal transformation [12, 13]. Varimax rotations were so named because the
process maximizes the sum of the variances (e.g. Vari-Max) of the squared loadings
(i.e. the squared correlations between variables and factors). A varimax rotation
makes the output more understandable by maintaining the orthogonality of the
factor axes but maximizing the variance of the squared loadings in the factor matrix
(i.e. correlation coefficients between the cases (rows) and factors (columns)). These
rotated factors identify the simple structure or hidden relationships within the
unobserved configuration in the data, if such structure exists.

Table 1 Eigenvalues, named factors, and explained variance

Factor Eigenvalue | Total variance (%) | Cumulative Cumulative (%)
eigenvalue

Eyes up-on road 11.8 28.1 11.8 28.1

Lat. & long. lane 3.9 9.3 15.7 37.4

variation

Situation awareness 2.8 6.7 18.5 44.1

No glances to 2.5 5.9 21.0 50.0

unassigned

Cross centerline 2.0 4.8 23.0 54.7

Touch centerline 1.3 32 243 57.9

Range, range rate 2.0 4.7 26.3 62.6

variation
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Factor loadings are correlations of an observed variable with the underlying
factor and are conceptually similar to Pearson’s r, the common correlation coeffi-
cient. When the loadings are squared, the resulting values describe the percentage
of variance within a specific independent variable explained by a given factor.
Based on their individual directionality and magnitude, factor loadings must be
interpreted through a highly subjective activity where “names” are applied to each
factor based on the magnitude and direction of the rotated loadings. While there are
several approaches on how to do this, a generic rule of thumb has been developed
suggesting that interpretations should be done only on those loadings exceeding
|0.7]. The rationale for this is that when a loading of 0.7 or higher is squared, about
half of the variance in that variable is being explained by the factor. Table 1
contains the names applied to the seven factors that were derived through analysis
of loadings on each of the seven factors.

2.2 Multivariate Analysis of Variance (MANOVA)

During the varimax process explained above, individual scores for each test subject
on each variable and task were normalized, and then rotated resulting in a matrix of
factor scores representing numerical values defining a person’s relative spacing or
standing on each of the seven latent factors. Test subjects’ factor scores on each
factor were analyzed using Multivariate Analysis of Variance (MANOVA).
The MANOVA tested hypotheses that there were statistically significant differences
between gender, age groups (Younger 19-39, Middle 40-59, Older 60-79), and
Task Type (Visual-Manual, Auditory-Vocal, Just Drive, Combination). Initial
results found no significant main effect for gender. So Gender was excluded and the
MANOVA was rerun. The seven rotated factors were the independent variables. As
can be seen in Table 2, there were highly statistically significant main effects for
Task Type (p < 0.0000001) and Age Group (p < 0.000001). There were no sig-
nificant interactions.

Test subjects’ factor scores on each factor were subsequently averaged by age
group and task type. Means were then plotted on radar plots that present a
multi-dimensional driving workload profile for different groupings of subjects
based on how type of task or age group affects workload. Figure 1 below presents a

Table 2 Multivariate tests of significance

Test Value F Effect df Error p
df
Intercept Wilks 0.521 116.04 7 883 0.0000001
TaskType Wilks 0.065 191.38 21 2536 0.0000001
AgeGroup Wilks 0.941 3.8752 14 1766 0.000001
TaskType vs. Age Wilks 0.939 1.3291 42 4145 0.076328
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Fig. 1 Driver workload vs. task type

profile graphically comparing workload related to type of task. Note that Factor 1,
the Eyes up-On Road factor, is in the 12 o’clock position while Factors 2 through 7
rotate in a clockwise direction.

2.3 ANOVA—New Visual-Manual Tasks

As mentioned above, the test track analyses included several additional
visual-manual tasks that were felt to be too unsafe for drivers to perform while
driving on a major highway. The original on-road tasks were also very short, lasting
only 10 s or less. So the DWM team added six new tasks to test track analyses that
were significantly longer in duration but required more eyes off the road time for
test subjects. These new tasks included Route Tracing, Destination Entry, Read
Easy, Read Hard, Map Easy, and Map Hard. An initial hypothesis was that these
new tasks had significantly more work compared to the original set of visual manual
tasks.

A second one-way Analysis of Variance (ANOVA) was used to analyze the 42
subjects’ factor scores. However, this ANOVA only tested if the new visual-manual
tasks were different, i.e. had more workload, compared to the original
visual-manual tasks. Table 3 below presents the ANOVA results.
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Table 3 ANOVA results comparing old vs. new visual-manual tasks

Test Value F Effect Error p
Intercept Wilks 0.1133 562.9 7 504 <0.001
Old. vs. new Wilks 0.6785 34.1 7 504 <0.001

As can be seen in the ANOVA, there were highly statistically significant dif-
ferences between the two groups of visual-manual tasks. Figure 3 below shows the
radar plot from this ANOVA. This is a relative cross-sectional comparison of the
seven dimensions of work load differences between the two visual-manual task
groups. When one examines these results and the associated radar plot, it becomes
apparent that the older tasks did have less workload compared to the newer tasks,
but the comparison is based on the interpreted factor names. For example, com-
paring the two groups on factor 1, Eyes Up-On Road, the older tasks had positive
averaged factor scores, meaning that test subjects spent more time with eyes on the
road when performing one of the original visual-manual tasks. Alternately, for
factor 1, the new tasks have negative average scores, suggesting that test subjects
were spending significantly less time with eyes on the road while performing one of
the new visual-manual tasks. Similar comparisons can be made for the remaining
six factors. However, note that factor 5, cross centerline, and factor 7, Range, Range
Rate Variation, showed no significant differences between the two groups.
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3 Discussion—Conclusions

These results from the MANOVA affirm the qualitative differences as shown in the
proceeding figures. Given the original data, there are notable differences in driving
workload as defined by the dependent grouping variables. The purpose of the
MFLA using the DWM test track data was to examine the very large DWM data set
and identify hidden structure that was indicative of driver workload. This MLFA, as
well as the earlier reported analyses of on-road data, found that these DWM data
contained extensive multicollinearity in the data set, hidden relationships, i.e. the
latent structure that could be described by a minimum of seven factors while still
being able to explain ~63 % of the original variation in the data. The seven
underlying factors began to reveal key effects of multitasking on driver workload
caused by interference from secondary tasks. The actual driving task was shown to
be multidimensional in nature, meaning that it was represented in the data by
simultaneous effects on multiple factors. Driver workload, shown in the multi-
variate results, appears to be affected by different allocations of driver resources
across input modalities as well as being affected by task type or age
group. The MANOVA confirmed that within these data there are highly significant
main effects due to age group, and task type.

It should be noted that the current results were based on the DWM data collected
as test subjects performed secondary tasks while driving on an automotive test
track. While ostensibly a driving task, drivers on the test track were able to drive in
a tightly coupled three car platoon without having to devote attention to other
vehicles that would have been driving near the instrumented test car driven on the
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Table 4 On-road vs. test track factors and explained variance

DWM on-road factors Road explained | DWM test track factors | Track explained
variance variance

1 | Eyes up-aud. vocal work |28.5 Eyes up-on road 28.1
load

2 | Mirror & Sit. aware 11.9 Lateral & longitudinal 9.3
glances lane variation

3 | Glances to road 5.8 Situation awareness 6.7

glances

4 | Safety check glance 54 No glances to 59
variability unassigned

5 | % Task glance to road-not | 5.9 Cross centerline 4.8
task related

6 | Crossing center stripe 4.7 Touch centerline 32

7 | Variability-range and 3.8 Range, range rate 4.7
speed variation

highway. Initially the author hypothesized that these differences in the driving task,
e.g. road versus test track, would have some notable differences in workload. As in
the first DWM on-road analyses, this analysis found that the MLFA could reduce
the dimensionality of the original 42 independent variables by identifying seven
new factors. Both analyses explained approximately 63 % of the original variance.
However, when the rotated factor loadings were interpreted and named, qualitative
differences in workload between the two data sets were observed.

Table 4 below compares the named seven factors from both analyses and
includes the per cent explained variance. Figure 4 from the first DWM MLFA [7],
also presents the radar plot from the on-road analysis. A visual, albeit qualitative,
comparison of Fig. 4 compared to Fig. 1 will show the observed differences in
workload.

Figure 5 below also presents the radar plot from the on-road analysis related to
difference in age group. Again, one can visually compare Fig. 5 to Fig. 2 above to
note that there are age related differences in driver workload but that there are also
qualitative differences in workload based on the testing venue.

When qualitatively comparing test track versus on-road data, an additional
difference in driver workload is that there are no gender differences and no two or
three way interactions. The original on-road analyses did have these statistically
significant differences. Based on these qualitative comparisons, it is apparent that
both venues have demonstrable levels of workload. However, the individual factors
are qualitatively different, and in addition, the test track results are statistically
simpler, possibly showing that drivers were able to devote more attention to the
driving task when there is no additional traffic on the road.

In applying this methodology on the test track data, once again there was an
explicit recognition that it was exploratory in nature, and that the underlying
dimensions it identified would need to be attributed with meaning and interpreted
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through subjective analysis. One must reiterate that this is exploratory work, and
that the nature of the dimensions could change if the input to the analysis were
different. Similarly, the interpretations of the underlying dimensions may be refined
as a deeper understanding of the data set is acquired over time. The next step in this
process will be to combine both test track and on-road data in one full MLFA of the
DWM data using the same MFLA approach and then statistically compare the
resulting factors scores using MANOVA. Assuming analysis provides similar
results, one could then begin the laborious process of using Confirmatory Factor
Analysis (CFA), to test whether measures of a construct are consistent with a
researcher’s understanding of the nature of that factor. CFA tests whether the data
fit a hypothesized measurement model where the hypothesized model is based on
theory and/or previous analytic research.
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Effect of Mental Workload and Aging
on Driver Distraction Based
on the Involuntary Eye Movement

Le Anh Son, Hiroto Hamada, Makoto Inagami, Tatsuya Suzuki
and Hirofumi Aoki

Abstract We have shown that the driver distraction can be quantitatively estimated
from the vestibulo-ocular reflex (VOR) that is a type of involuntary eye movement.
However, the optokinetic reflex (OKR) was not considered in the previous models.
Here, we developed a new model with both VOR and OKR. Using the new model,
we investigated the effect of mental workload and aging on the involuntary eye
movement as well as the driving performance. In this study, we evaluate driver
distraction of younger group (age 20-59) and older group (age 60 and above) while
driving with/without mental workload. Total 12 participants (6 in each group) who
drive on a daily basis participated in the experiment to evaluate driver distraction.
As expected, we succeed in applying VOR and OKR models to evaluate driver
distraction while driving. Based on that, the effects of mental workload and aging
on driver distraction were analyzed. The results indicate that the older group shows
worse performance, especially under the distracted driving condition.
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1 Introduction

1.1 Aging Problems

Currently, the aging of population occurs in most countries in the world, especially
in developed countries. For example, according to the statistics in Japan, the per-
centage of people with age 65 and over increases year by year. In 2014, the
percentage of people with age over 65 years old is 26.0 %. It increases to 39.9 % in
2060 [1].

As suggested by previous researches, aging cause a complex issue that include
transportation especially driver distraction [2—7]. For example, Thompson, et al.
found out that older drivers made more driving safety error than middle-aged
drivers while completing an audio serial addition task [8]. In order to support old
drivers, we need to develop a method to evaluate driver distraction based on
behavior.

1.2 Driver Distraction

According to previous researches, eye movement can be simulated by using head
motion [9-12]. In case of focusing on one target, when the head turned to the left,
the eyes move in the opposite direction to stabilize the visual image based on the
input to the vestibular organ. The vestibular system, which is a sensory mechanism
in the inner ear, provides the principal contribution to the sense of balance and
spatial orientation. The system consists of two parts: the otolith and the semicircular
canal. In this research, we applied a VOR model proposed by Merfeld and Zupan
[13] which can deal with the interaction between otoliths and the semicircular canal.

Based on the simulation of eye movement, in 2008, Obinata’s group has used the
VOR model to evaluate mental workload [4] and driver distraction in terms of
memory-decision workload [5]. They presented a new method for quantifying
mental workloads by utilizing the VOR. Based on the model-based approach, they
found that the driver’s eye movement deviates from the simulation results by the
VOR model under distraction, and distraction can be estimated quantitatively. They
did not, however, consider changes in gaze direction of the driver.

Drivers need to do multi tasks, that is obtain information from the environment
and control the vehicle. To obtain visual information during movement (not only in
vehicle but also during walking, etc.), people need to stabilize the visual image of
the environment. As determined by Schweigard & Mergner to reduce the effect of
movement, the optokinetic model (OKR) was combined with VOR model [14-17].
In most previous researches on OKR-VOR interaction, passive and active head
movements were used. By using active and passive head movements, Schweigard
& Mergner created the relationship between visual pattern motions in space with
subject’s head movements. Based on that information, the negative feedback loop
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was made to stabilize the image on the retina and the VOR only as a useful addition
which compensates for the limited bandwidth of the OKR during high
frequency/velocity head rotations.

In another way, Newman [16] and Clark et al. [15, 17] dealt with the interaction
between VOR and OKR by including static and dynamic visual sensory informa-
tion from four independent visual sensors (visual velocity, position, angular
velocity, and gravity). Because the Merfeld and Zupan’s model has only first-order
lag characteristics for the eye muscle, we combined it with Robinson’s model as a
final common-path segment [11]. The processed of visual input is shown in Fig. 1.

2 Method

2.1 VOR—OKR Interaction

In order to consider the interaction between semicircular canal and otolith, in this
research, we applied the VOR model proposed by Merfeld and Zupan. The model is
shown in Fig. 2.

In this model, linear acceleration (o) and angular velocity (w) of head-fixed
coordinator frame are input. The orientation of gravity (g) with respect to the head
is calculated using a quaternion integrator the angular velocity. The otolith is
modeled to unify and respond to the gravito-inertial force (f = g—a). At the same
time, by using high-pass filter of angular velocity, the signal of semicircular canals
is calculated. After that, afferent signals from the canals and otoliths are compared
in the central nervous system (Internal processing). This model combines four
free-parameters (k,, k¢, k¢, and k,). The parameter values are determined by the
feedback of this error.

According to Schweigard & Mergner, the visual pattern motion in space and
time is matched with subject’s head movements. It can be calculated by multiple
head position with one parameter (k).

In a similar way with Newman et al. [9, 10, 15], one negative feedback loop was
created which is important for image stabilization on the retina and the VOR only as
a useful addition which compensates for the limited bandwidth of the OKR during
high frequency/velocity head rotations. Detail of the model is shown in Fig. 3.
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In case of driving, it is difficult to get target information from vision because the
target changes time by time. Therefore, we applied technique from Schweigard and
Mergner [14] by using head movement in active condition. The visual information
(VS) was calculated based on head movement (HS) following the function:
VS =k * HS. VS was used as input of our OKR model.

After that, a visual input is processed by the visual sensor (VIS) to generate a
visual sensory estimate. This estimate is compared to an expected visual sensor
evaluated from the internal model of visual sensor (<VIS>). Then the difference
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between visual sensory estimate and the internal model of the visual sensor is
weighted with a residual weighting parameter (Ky) and added to the rate of
changing of estimated state.

After calculating the eye movement, the final common path proposed by
Robinson [11] was applied. In this part, two parameters (k; and k;) were used, based
on the different types of muscle fibers present in muscles of the eye (Fig. 4).

2.2 Experiment Setup

In the experiment, subjects were asked to drive by following a course on the seat of
a driving simulator with six degrees of freedom. The driving simulator had a
cylindrical 360° screen of 6 m in diameter. The simulator was controlled by CarSim
(Mechanical Simulation Co.) which can simulate the dynamic behavior of a vehicle
(Fig. 5). By controlling Carsim with MATLAB Simulink (MathWorks), the seat
was moved at a prefixed frequency on the vertical and horizontal planes.

In this study, the participant followed the course with visual stimulus by mean of
driving simulator. Eye movement was captured by using SmartEye pro (Smart Eye
AB) with four cameras on the dashboard. To collect information on movements of
the head, we used a Fastrak electromagnetic tracker (Polhemus Inc.).

Fig. 5 The experimental setup of the driving simulator
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An n-back task was used to create driver distraction. In the present n-back task, a
series of one-digit numbers was verbally presented at an interval of 2 s. The subject
was asked to judge whether or not each number was equal to preceding one and
respond by pressing buttons on the steering wheel.

In order to simulate vibration of the vehicle, the seat was moved by the control
of CarSim with MATLAB Simulink. The seat vibration consists of two compo-
nents: vertical and horizontal. Figure 6 shows the profile of input for the seat
vibration.

3 Results and Discussion

Subjects were divided into younger (less than 60 years old) and older (60 years old
and above) groups, each of which consisted of 6 subjects.

3.1 VOR and OKR Interaction

To confirm a new model combined VOR and OKR models, we compared the eye
movement of two cases: only VOR model and VOR/OKR model without mental
workload. By comparing the observed eye movement and the simulation results
from the models, the VOR/OKR model showed lesser mean square error than the
VOR model only. For example, the mean square error of the observed eye
movement and calculated one from the model reduced from 1.1E—03 to 4.3E—04 in
Subject 18. We confirmed similar results in other subjects. Moreover, Fig. 7 shows
that by combining OKR model, the simulation provides better matching.

As a result, the model consists of both VOR and OKR shows better performance
compared with VOR model only.
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3.2 Effect of Driver Distraction on Eye Movement

In this study, the effect of n-back task on driver distraction was evaluated by using
the mean-square error between the measured and simulated eye movement in both
vertical and horizontal direction.

All subjects participated in this experiment with two trials: drive without mental
workload and drive with mental workload. The eye movement was simulated based
on head movement using VOR/OKR model.

Younger Group. Figure 8 shows an example of the eye movement in vertical
direction without and with mental workload for total 50 s. In this case, the mean
square error for vertical direction without mental workload was 4.3E—04 and it
increased to 1.9E—03 with mental workload.

As shown in Fig. 8, the time and frequency response became mismatched with
mental workload. Consequently, the mean square error increased from the case
without mental workload. We found similar results in other subjects in younger
group (Table 1).
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Fig. 8 Driving without/with mental workload (example of Subject 18)
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Table 1 Mean square error of each younger subject
Subject | Without mental workload With mental workload Ratio of
Horizon | Vertical | Total Horizon | Vertical | Total with/without
S13 4.1E-03 |2.0E-03 |6.1E-03 |4.7E—03 |4.7E-03 |9.4E—03 |1.54
S14 2.0E-03 |5.3E-04 |2.5E-03 |2.7E-03 |1.7E-03 |4.4E-03 |1.74
S17 3.2E-03 |1.0E-03 |4.2E-03 |3.9E-03 |1.3E-03 |5.1E-03 |1.23
S18 1.7E-03 |4.3E—-04 |2.1E-03 |2.8E—03 |1.9E-03 |4.7E—03 |2.20
S21 1.0E-03 |5.0E-04 |1.5E-03 |14E-03 |83E-04 |2.2E-03 |1.46
S22 24E-03 |7.8E-04 |3.2E-03 |2.6E-03 |1.8E—03 |4.4E-03 |1.38
3 10,
2
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Fig. 9 Driving without/with mental workload (example of Subject 9)

Older Group. The results of older group show the same trend with young
people. The mean square error was increased in the condition with mental work-
load. Figure 9 shows an example of subject 9.

In the case of driving without mental workload, the eye movement of subject 9
matched well in both time and frequency response. Inversely, when the subject 9
drove with mental workload, the simulation became mismatched and it increased
the mean square error (Table 2).

Table 2 Mean square error of each older subject

Subject | Without mental workload With mental workload With/
Horizon | Vertical Total Horizon | Vertical Total without
S1 2.5E—03 |4.0E—04 |29E-03 |3.0E-03 |1.2E-03 |4.2E-03 |1.45
S2 3.5E—03 |3.8E-04 |3.9E-03 |4.0E-03 |74E-04 |4.7E-03 |1.22
S4 1.5E-03 | 1.2E-03 |2.7E-03 |[44E-03 |1.7E-03 |6.1E-03 |[2.26
S9 1.7E-03 |2.3E—04 |19E-03 |28E-03 |1.4E-03 |4.2E-03 |2.17
S10 2.3E—03 |2.0E-03 |43E-03 |24E-03 |3.7E-03 |6.1E-03 |1.42
S12 5.4E-03 |9.2E-04 |6.3E-03 |1.1E-02 |24E-03 |14E-02 |2.17
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Fig. 10 Effect of metal workload while driving

In the same way with younger group, the mean square errors were higher in the
condition with mental workload. The rates of increase in the error from 1.22 times
to 2.17 times. We once again confirmed that the older drivers are more distracted by
the secondary task.

Cross Effect. Figure 10 compares the increase of the mean square error between
older and younger groups. The mean square error of older group increased more
sharply than that of younger group (for older group, the average of mean square
error from 3.7E—03 without mental workload to 6.5E—03 with mental workload.
On the other hand, younger group got small larger with average from 3.3E—03 to
5.0E—03). This means that older people were more distracted when driving with the
secondary task.

3.3 Effect of Driver Distraction on Driver Speed

In this experiment, we asked subjects to drive at a speed from 40 to 60 km/h. We
analyzed the vehicle speed recorded during experiment.

By using standard deviation (SD) of speed, the results show that with mental
workload, almost driver was more difficult to keep the sustainable speed. The SD of
speed while driving with mental workload was bigger compare with without mental
workload (Fig. 11) except subject 14. In addition, as similar with mean square
error, the older people show worse performance compare with younger people with
higher SD.
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4 Conclusion

We succeed in applying VOR model and OKR model to evaluate driver distraction
while driving. Based on that, the effects of mental workload and aging on driver
distraction were analyzed. The results confirm that the older people shows worse
performance than younger, especially under distracted driving. It means that they
need more support from technology while driving to reduce the mental workload.
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A Study on the Positioning of a Mounted
Mobile Phone to Reduce Distraction While
Driving Among Young Adults

Angelique Mae Alconera, Lakan Garcia, Jeremy Christine Mercado
and Alyssa Jean Portus

Abstract This study examined three locations for mounting a mobile phone inside
a vehicle to minimize distraction while driving. The locations considered were the
three most preferred locations based on a survey among 76 young adult drivers.
Nineteen right-handed drivers aged 19-25 participated in a series of visual, audi-
tory, and tactile distraction tests while driving using a simulator. Total distraction
time, response accuracy, and the effect to driving skill were recorded for each test.
At o = (.10, the mean time that the drivers’ hands were off the steering wheel was
found to be different among the locations (P-value = 0.096). Further analyses
suggest that the samples taken from the top-left of the steering wheel do not differ
(P-value = 0.6614) with the most favorable location, the top-right of the steering
wheel. This implies that driving distraction is minimal when the mobile phone is
mounted in either of these two locations.

Keywords Ergonomics - Philippine driving - Mobile phone - Driving distractions

1 Introduction

Driving is a complex activity that requires focus and attention. Drivers monitor
several things simultaneously including regulating speed, maintaining a safe fol-
lowing distance, looking out for incoming vehicles, pedestrians and traffic signs.
Drivers act on all these while making sure that safety rules and regulations are

A.M. Alconera (X)) - L. Garcia - J.C. Mercado - A.J. Portus
University of the Philippines—Diliman, Quezon City 1101, Philippines
e-mail: giquealconera@gmail.com

L. Garcia

e-mail: lakandgarcia@ gmail.com

J.C. Mercado
e-mail: christine.mercado2012@gmail.com

A.J. Portus
e-mail: aaportus@up.edu.ph

© Springer International Publishing Switzerland 2017 361
N.A. Stanton et al. (eds.), Advances in Human Aspects of Transportation,

Advances in Intelligent Systems and Computing 484,

DOI 10.1007/978-3-319-41682-3_31



362 A.M. Alconera et al.

observed. As much as driving already seems like an arduous task for many, drivers
in the Philippines in particular should take more precaution. Driving conditions in
the country are more demanding as drivers and pedestrians lack the discipline
necessary for a peaceful and well-coordinated thoroughfare.

Despite the unfavorable driving conditions, according to the President’s 6th State
of the Nation Address, car sales in the Philippines grew by 27 % from 2014 to 2015.
Albeit being an indicator of economic boom, this may be a cause of worry given the
notorious lack of discipline of many Filipino drivers. The Association for Safe
International Road Travel even deems bus and jeepney drivers as downright reckless.

1.1 Mobile Phones as an Inevitable Part of the Filipino
Lifestyle

Despite the increased awareness of the dangers of using mobile phones while
driving, the activity still remains prevalent among drivers. This can be linked to the
fact that mobile phones are now considered a necessity, especially by individuals
from the Generation Z. In a study conducted by Siddiqui [1], 89 % of respondents
aged 20-25 years old said that they consider cell phones a necessity rather than a
luxurious item. On the other hand, 43 % of the respondents claimed that they use
their mobile phones almost always, sometimes unconsciously, and 63 % of the
respondents feel that they feel incomplete without their mobile phones.

Aside from mobile phones being one of the most accessible media of commu-
nication, it also has features and applications that are deemed essential for the
lifestyle of some. As can be observed, many drivers use various mobile phone
applications while driving specially to navigate through the streets. Evidently,
although the usage of mobile phones while driving poses serious safety risk, they
are still a necessity and the usage of such while driving is inevitable.

As the need for using a mobile phone while driving becomes unavoidable, many
drivers have opted to mount their mobile phones on various locations in the vehicle
such as their dashboards, radio consoles, near the rear-view mirror or windshields.
Currently, there is still no standard location wherein the phone should be placed.
Thus, this study would like to answer the question, “Where is the position of
mounting the mobile phone in a vehicle such that distraction is minimized?”

1.2 Scope and Limitation

This study is limited only to drivers who use a regular-sized mounted mobile phone.
The findings in this study do not necessarily apply to mounted tablets or laptop
computers that may also be used for navigation. Furthermore, this study is limited
to only one model of mobile phone and one sedan type vehicle. In addition, this
study focused only on drivers aged 19-25. Young and Regan [2] found in their
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research that older drivers often choose not to divert attention while driving. Lastly,
only Filipino drivers who are right-hand dominant and have at least one year of
driving experience were considered in this study. The aspects looked into were only
the auditory, visual and tactile distractions of driving. These were the senses chosen
as these are the ones commonly used while using a navigation application.

2 Review of Related Literature

In an experiment conducted by Strayer and Johnston [3] wherein participants were
made to perform a simulated-driving task (pursuit-tracking) under different sce-
narios, drivers who were engaged in cellphone conversations missed twice as many
simulated traffic signals regardless if the phone is handheld or not. Tracking error
increased when drivers used cellphones to perform attention-demanding word
generation tasks. Both tasks divert the attention of the driver into an engaging
cognitive context which disrupts driving performance.

In a study on the effects of cell phone use on peripheral vision [4], it was
determined that cell phone conversations tend to artificially constrict the visual field
of the driver. This suggests that cell phone use will decrease the perceptual visual
field, making the driver less aware of one’s environment, consequently increasing
the chances of accidents.

The same detrimental effect is observed even when the driver is simply inter-
acting with a voice-based messaging system. In particular, the ability of a driver to
do a complete scan of an intersection reduced by 11 % when they were conversing
with a voice-based console [5]. It can be seen through these that even though the
secondary task of the driver mainly draws its resource pool from the auditory sense,
such an activity also had an effect on the visual perception of the driver.

Another activity that a driver usually engages in is manually typing or inputting while
driving. In a study by Cheung [6] regarding the effects on driving performance and text
messaging behavior when tasks are done simultaneously, he found a serious degrada-
tion of vehicle control and increase in lateral and lane deviation compared to when the
driver is simply focused on driving. Furthermore, the given task, which was to enter an
address, took significantly longer to complete. Regan et al. [7] also performed different
experiments regarding this matter. It was found out that manually dialing a phone
number has the most detrimental effect on the performance of the driver.

These studies may mean that the time where at least one of the hands is not on
the steering wheel may lead to making the driver more distracted. This, as well as
the auditory and visual effects of dual-tasking while driving, is taken into consid-
eration in the method of gathering the data for this study.

In sum, this literature review shows the adverse effects of dual-tasking through
cellphone use while driving and the potential danger that it brings. These dangers
come from the diversion of attention from performing demanding tasks simulta-
neously. The study aims to address this issue through the concept of multiple
resource theory and statistical models.
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3 Methodology

Eleven male participants and eight female participants participated in the study. All
participants have at least one year of driving experience, are right hand dominant,
and are 19-25 years of age.

3.1 Setup

Toyota’s Vios model was used in the study as it is the most common vehicle
purchased in the Philippines. In addition, the study conducted by Mohamed and
Yusuff [8], proves that the Toyota Vios is the best among its close competitors in
terms of spaciousness, steering adjustability, driver reach ability to surrounding
components, driver view, vibration, and noise among others.

The dimensions of the standard car were replicated in an indoor setting. In
particular, the distance from the steering wheel to the window, distance from the car
seat to the radio component, and the distance from the steering wheel to the gear
stick were taken and were used in the setup. The distance from the car seat to the
steering wheel, window, and radio component were not computed as the car seat
can be adjusted to suit the comfort of the driver. The distance between the steering
wheel and the car seat were decided upon by the participant. To drive through the
prepared simulator, the participants made use of a modified steering wheel.

The mobile phone used in the setup is an ASUS Zenfone 2 model. This was
mounted on a stand and was placed in different pre-set locations. To reduce vari-
ability among tests, the same model of mobile phone and phone mode, volume and
brightness were maintained in all tests. The participant adjusted the angle of
inclination of the mobile phone, as is the situation in real life. The experimental
setup is shown in Fig. 1.

Fig. 1 The experimental
setup was made of a
makeshift steering wheel, a
mobile phone mounted using
a tripod, a laptop and
projector which allowed the
user to view and interact with
the driving simulator
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3.2 Location of Mount

Nine different locations were initially chosen for the study. These locations were
selected as they are either in the same horizontal plane as the usual location where
drivers hold the steering wheel, the same horizontal plane as the normal line of sight
of a driver or the same vertical plane as the console of the car. The figure below
shows the locations where the mounted mobile phone is to be located (Fig. 2).

In order to determine the three (3) most preferred location of the mounted phone,
a survey was conducted to 76 individuals who are 19-25 years of age and who have
at least one year of driving experience. The participants of the survey were asked to
rank the locations in terms of preference, where 1 is the most preferred and 9 the
least preferred. Table 1 below shows that locations 6, 4, and 8 were the most
preferred. These three locations were used in the driving simulation in the setup
shown above.

Location 6 is the area to the top-right of the steering wheel, herein referred to as
the Top location. Location 4 is the area to the top-left of the steering wheel, herein
referred to as the Left location. Lastly, location 8 is the area to the right of the
steering wheel, which is referred to as the Right location.

Fig. 2 Proposed locations of mounted mobile phone

Table 1 Average rankings of [ ation
locations according to
preference of drivers
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3.3 Tests

In order to determine the most ergonomic location of the mounted mobile phone,
participants were subject to dual-task activities and the effects of the distractions
were observed and recorded. The distractions fall into the following categories:
auditory, visual, and tactile.

The participants played the 3D Speed Driver game. While doing the tests, the
participants were instructed to avoid all barriers along the way. The number of
barriers hit was recorded to account for the general driving skill of each participant.
Before the actual tests, participants were allowed to play the game until they
confirm that they have become familiar and comfortable with the controls. This is
done so that the results can be directly attributed to the distractions, not by the
driving task.

3.4 Visual Distraction Test

In visual distraction happens when drivers do not have their full attention at the
road. While using navigation applications, drivers often glance at their mobile
phones for various reasons like monitoring routes, confirming road blocks, and
noting estimated arrival times. These examples of visual distraction were accounted
for. This was conducted by letting the participant verbally respond to a simple
question displayed as a text message. The questions were “Is there a clock in
front?”, “Is there a barricade in front”, and “Are there wheels in front?”.

If the item in question was visible on the lane where the participant is currently
in, the participant was expected to answer with a ‘Yes’. Otherwise, the answer was
to be a ‘No’. Once the question popped up, the driver was expected to immediately
respond to the stimuli. The questions specified above appeared at different intervals.
The total time in the game that the participants’ eyes looked at the mobile phone,
read the question, and went back to the road were recorded. The responses of the
participants were also recorded, regardless of whether they were accurate or not.

3.5 Auditory Distraction Test

Navigation applications commonly use artificial voice commands to give drivers
directions or notify them of road hazards. Drivers divert their attention from the
road to comprehend and react to these commands. In this part of the test, the
participants were tasked to respond to turning commands that were given via a
mobile phone speaker. For simplicity, the drivers were instructed to immediately
follow the command regardless of any immediate roadblocks.
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Similar to the previous test, commands were given to the participant three times.
These commands were simply to “Turn Right” or “Turn Left”. The reaction time of
each participant towards each command was recorded.

3.6 Tactile Distraction Test

Distraction due to physical stimuli also arises from the use of navigation applica-
tions. This happens when the driver does tasks that require taking at least one hand
off the steering wheel to interact with the mobile phone. An example of this activity
is when the driver zooms in the map while navigating. This distraction was sim-
ulated by instructing the participants to input patterns on the mobile phone. The
participants were asked to input the patterns at random intervals.

The amount of time that the participant’s fingers and eyes were on the screen of
the mobile phone was recorded. In addition, the number of times that the participant
made corrections while inputting the patterns was recorded.

3.7 Measurement Error

All of the tests were video recorded. Reaction times were obtained using a stop-
watch. This method may be prone to error as the recorded times have very short
durations; usually less than a second. To reduce the error, data points were taken
three times and the averages of these recordings were used for analysis.

4 Results and Discussion

Kolmogorov-Smirnov Test for Normality was used to determine if the factors taken
in each distraction test come from a normal distribution. Using Minitab Statistical
Software, the P-values taken from each test were determined and are shown in
Table 2. With a = 0.10, only the samples in factor F were proven to come from a
Normal Distribution.

As this factor satisfies the assumptions for a parametric analysis, ANOVA at
o = 0.10 was used to determine if there is any significant difference among the
locations. From this, a P-value of 0.187 is derived. This implies that there is no
significant difference between the three locations.

The rest of factors do not have a normal distribution, hence were analyzed using
Nonparametric Statistical tests. The results of Kruskal-Wallis Test at o = 0.10 are
shown in Table 3. From this, it can be seen that there is a significant difference
among locations only in factor G (P-value = 0.096). Consequently, no further
analysis was done for other factors.
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Table 2 Results of Kolmogorov-Smirnov test for normality

Test Index Factor P-value Conclusion
Auditory | A Reaction time 0.028 Nonnormal
Auditory | B Roadblocks hit <0.01 Nonnormal
Visual C Amount of time eyes focused on the phone | <0.01 Nonnormal
Visual D Roadblocks hit <0.01 Nonnormal
Visual E Missed questions <0.01 Nonnormal
Tactile F Amount of time eyes focused on the phone | >0.15 Normal

Tactile G Amount of time hands are on the phone <0.01 Nonnormal
Tactile H Average repetitions needed to input pattern <0.01 Nonnormal
Tactile 1 Roadblocks hit <0.01 Nonnormal

Table 3 Results of Kruskal-Wallis tests

Test Index Factor P-value Conclusion
Auditory A Reaction time 0.267 Nonnormal
Auditory |B Roadblocks hit 0.482 Nonnormal
Visual C Amount of time eyes focused on the phone | 0.460 Nonnormal
Visual D Roadblocks hit 0.937 Nonnormal
Visual E Missed questions 0.288 Nonnormal
Tactile G Amount of time hands are on the phone 0.096 Nonnormal
Tactile H Average repetitions needed to input pattern 0.813 Nonnormal
Tactile I Roadblocks hit 0.322 Nonnormal

Nonparametric tests are generally limited compared to tests for samples that have
a normal distribution. Because of its limitation, instead of comparing means, only
the medians of the samples for this factor were compared. To do this, one location is
first considered to be the “best” location then the other two locations were com-
pared to it.

Clearly, it is more desirable that the amount of time wherein the hand of the
driver is on the mobile phone is minimized. Among the three locations, the least
median amount of time is spent when the mobile phone is mounted in the top
location (median of 1.7617 s), followed by the left location (median of 1.9074 s)
and by the right location (median of 1.9686 s). From this, the top location is
considered to be the “best” location in terms of tactile distraction.

Mann-Whitney Tests at o = 0.10 shown in Table 4 indicate that there is no
significant difference in the medians of all the data samples taken at the left location

Table 4 Results of Mann-Whitney tests

Locations to compare P-value Conclusion

Left vs. top 0.6614 No significant difference between location

Right vs. top 0.0410 There is significant difference between locations
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and the top location. This means that the levels of tactile distraction that the par-
ticipants experienced are statistically equal and are minimal when the mobile phone
is placed at these locations.

Overall, the result of the tests and statistical analyses that follow show that at
o = 0.10, only the amount of time that the hands of the driver are on the mobile
phone proved to be significantly different among the three different locations that
were tested. Among these, the left and top locations appear to be the locations
where the drivers experience the least amount of distraction while driving.

These results can be used as baseline data for further studies for determining the
optimal location of the mobile phone. It is recommended that more samples be
taken and that more locations be considered while conducting further studies. In
addition, it is suggested that an a. = 0.05 be used instead of a or 0.10 to draw more
accurate and precise results and conclusions.

5 Conclusion

The amount of time that the driver’s hands are on the mobile phone has a significant
effect on driver distraction. The location with the least amount of time was the top
location, which was then used as a basis of comparison. Furthermore, no significant
difference was found between the left and top locations at a 0.1 level of signifi-
cance. This implies that the most favorable position of mounting a mobile phone in
a vehicle that will reduce distraction is either to the top-left or the top-right of the
steering wheel.
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Characterization of Driver Perception
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Abstract The research presented in this paper characterizes driver
perception-reaction times (PRTs) in a controlled field environment at the onset of a
yellow-indication transition in high-speed signalized intersection approaches. The
study characterized the impact of driver gender, driver age, roadway grade, mean
approach speed, platooning scenarios (leading, following, or alone), and
time-to-intersection (TTI) on the driver PRT. This characterization is critical for the
efficient and safe design of traffic signal clearance timings. The study demonstrates
that the driver PRT is higher for female and older drivers (60 + age group) as
compared to male and younger drivers. The PRT is larger when vehicles travel
along an upgrade section. Driver PRTs are typically higher if they are following a
vehicle that runs a yellow light. Furthermore, driver PRTs decrease when they are
followed by another vehicle. Finally, driver PRTs increase as the TTI at the onset of
the yellow interval increases.
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1 Introduction

The driver perception-reaction time (PRT) is of significant importance in highway
design. For example, it is used to estimate the stopping sight distance in the
computation of horizontal and vertical profiles in highway design [1] and also used
in the calculation of the yellow interval duration in traffic signal design [2]. At the
onset of a yellow-indication transition on high-speed signalized intersections, a
driver decides to either stop safely or to proceed through the intersection before the
end of the yellow interval. Accordingly, the proper design of traffic signals requires
the computation of a yellow interval that entails an estimate of the driver’s PRT.
The state-of-practice in different dilemma zone alleviation strategies typically rec-
ommends a 1.0 s PRT, which is assumed to equal or exceed the 85th percentile
brake PRT [3]. However, a number of studies have demonstrated that brake PRTs
are much longer than 1.0 s and that the 85th percentile PRT is more in the range of
1.5-1.9 s [4]. These studies have also demonstrated that the PRT on high-speed
intersection approaches (greater than 64 km/h or 40 mile/h) are lower, with 85th
percentile PRTs in the range of 1.1-1.3 s.

A review of the fundamental concepts associated with reaction times will give a
better understanding of the factors related to PRT. A comprehensive survey by
Green [5] summarized PRT results from most studies published until 2000. The
study concludes that when a driver responds to the onset of a yellow light at a traffic
signal, the total reaction time can be split into a mental processing (perception) time
which is the time required for the driver to decide on a response and a movement
(reaction) time which is the time used for lifting the foot from the accelerator and
touching the brake pedal. Because the mental processing time is an internal quantity
that cannot be measured directly and objectively without a physical response, it is
usually measured jointly with movement time. Furthermore, Green demonstrated
that older female drivers respond more slowly than younger male driver.

A study by Caird et al. [6] which used a driving simulator to analyze the
behavior of 77 drivers approaching signalized intersections at speeds of 70 km/h
concluded that the PRT did not differ by age and was affected by
time-to-intersection (TTI). The PRT grand mean was 0.96 s, ranging from 0.86 s
for drivers closest to the intersection stop line to 1.03 s for drivers farthest from it.
In another study [7], conducted by the present investigators, the authors used data
gathered from a controlled field test on 60 test participants to characterize driver
brake PRTs at the onset of a yellow indication at a high-speed signalized inter-
section approach. Participants were instructed to drive the car at 72 km/h (45 mph)
on a closed test course with no other vehicles. The study concluded that the 1.0 s,
85th percentile PRT that is recommended in traffic signal design procedures is valid
and consistent with field observations and demonstrated that either a lognormal or
beta distribution is sufficient for modeling brake PRT. Another study by Gates et al.
[8] recorded vehicle behavior at six signalized intersections in the Madison,
Wisconsin area comprising 463 first-to-stop and 538 last-to-go records. The study
found that addition of potential predictor variables related to the activity of other
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vehicles nearby had statistical significant correlation with stop—go activity. The
analysis of the brake-response time for first-to-stop vehicles showed that the 15th,
50th, and 85th percentile brake-response times were 0.7, 1.0, and 1.6 s,
respectively.

Previous studies have either been conducted in a driving simulator, or were
gathered in a controlled field environment without considering the interaction with
other vehicles, or gathered from the field by randomly recording driver behavior.
This study extends previous research efforts by characterizing driver PRT behavior
in a controlled field environment considering different approach speeds and the
influence of other vehicles on driver response at the onset of a yellow indication on
high-speed signalized intersection approaches.

The objectives of this study is to characterize driver PRT behavior to investigate
the need to design driver and situation-specific yellow times as opposed to using the
current approach of one size fits all yellow times. This characterization is critical in
the efficient and safe design of traffic signal clearance timings within the emerging
Connected Vehicle initiative to provide driver-specific in-vehicle warnings and
communicate this information over wireless networks to other vehicles and to
various roadside infrastructures.

2 Experimental Design

The field experiment involved in this paper analysis was conducted at the Virginia
Department of Transportation’s (VDOT) Virginia Smart Road facility, located at
the Virginia Tech Transportation Institute (VTTI). Itis a 3.5 km (2.2 mile) two-lane
road with one four-way signalized intersection and with limited traffic access. The
horizontal layout of the test section is fairly straight, and the vertical layout has a
substantial grade of 3 % [9]. Because participants turned around at the end of each
run, half of the trials run by each participant were on a 3 % upgrade and the other
half were on a 3 % downgrade.

Three vehicles were used in the study, one was driven by test participants
(accompanied by the in-vehicle experimenter) and the other two vehicles were
driven by two research assistants. One of them was either leading or following the
test vehicle, whereas the other vehicle was crossing the intersection from the
conflicting approach when the traffic light was green. A real-time data acquisition
system (DAS) was installed inside the trunk of a 2004 Chevrolet Impala. The
vehicle was also equipped with a differential GPS unit, a longitudinal accelerom-
eter, sensors for accelerator position and brake application, and a computer to run
the different experimental scenarios. The data recording equipment had a com-
munications link to the intersection signal control box that synchronized the vehicle
data stream with changes in the traffic signal controller. Phase changes were con-
trolled from the instrumented car using the GPS unit to determine the distance from
the intersection and a wireless communications link to trigger the phase changes.
Twenty-four licensed drivers were recruited in three equal age groups (under
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40-years-old, 40 to 59-years-old, and 60-years-old or older); equal numbers of
males and females were assigned to each group. The experiment involved test-track
driving, for six sessions, once per day, where each participant was assigned to six
different test conditions. The different test conditions were based on two instructed
vehicle speeds of 72.4 km/h (45 mile/h) and 88.5 km/h (55 mile/h) and three
platoon conditions (leading, following, and no other vehicle).

Participants drove loops on the Smart Road, crossing the four-way signalized
intersection where the data were collected, 24 times for a total of 48 trials, where a
trial consists of one approach to the intersection. Among the 48 trials, there were 24
trials in which each yellow trigger time to stop-line occurred four times. On the
remaining 24 trials the signal indication remained green. This scheme would result
in yellow/red signals being presented on 50 percent of the 48 trials; conversely,
50 % of intersection approaches would be green indication. To examine whether
willingness to stop varies with speed, the onset of yellow was based on the
time-to-stop line (between 2.0 and 4.6 s) at the instructed speed rather than on
distance from the stop line.

A 4-s yellow indication at the 72.4 km/h (45 mile/h) instructed speed and a 4.5-s
yellow indication at the 88.5 km/h (55 mile/h) instructed speed were triggered for a
total of 24 times (four repetitions at six distances). The yellow indications were
triggered when the front of the test vehicle was 40.2, 54.3, 62.5, 70.4, 76.5, and
82.6 m (132, 178, 205, 231, 251, and 271 ft) from the intersection for the
72.4 km/h (45 mile/h) instructed speed and 56.7, 76.2, 86, 93.6, 101, and 113 m
(186, 250, 282, 307, 331, and 371 ft) for the 88.5 km/h (55 mile/h) instructed speed
to ensure that the entire dilemma zone was within the range.

3 PRT Measurements and Analysis

Video and vehicle performance data were assembled digitally from the test vehicle
DAS. Video frame, driver’s information (subject number, age, and gender), pla-
toon, trial number, and condition were reported in the data file. The data that were
gathered included but were not limited to: current state and duration of the traffic
signal, vehicle heading, speed, acceleration, distance to intersection, brake appli-
cation (on/off).

Although the drivers were instructed to drive at either 72.4 km/h (45 mile/h) or
88.5 km/h (55 mile/h), the instantaneous approach speeds at the yellow interval
onset varied considerably. In the case of the 72.4 km/h (45 mile/h) instructed
speed, speeds varied from 64.5 to 88.7 km/h (40.1-55.1 mile/h), with a mean of
74.4 km/h (46.2 mile/h), a median of 74.4 km/h (46.2 mile/h), and a standard
deviation of 2.3 km/h (1.4 mile/h), as illustrated in Fig. la. Alternatively, in the
case of the 88.5 km/h (55 mile/h) instructed speed, the test vehicle speed varied
from 73.5 to 97.5 km/h (45.7-60.6 mile/h), with a mean speed of 89.3 km/h
(55.5 mile/h), a median of 89.5 km/h (55.6 mile/h), and a standard deviation of
2.7 km/h (1.7 mile/h), as illustrated in Fig. 1b. Consequently, the average approach
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speed tended to be slightly higher than the instructed speed in both cases. The
histograms of the two approach speeds appear very close to a normal distribution.

A total of 2016 data records were available for analysis, of which 971 data
records were for those who were instructed to drive at 72.4 km/h (45 mile/h) and
1045 observations were for a speed of 88.5 km/h. The TTI for the 72.5 km/h
instructed speed ranged from a minimum of 1.93 s to a maximum of 4.69 s with a
mean equal to 3.59 s, a median of 3.66 s, and a standard deviation of 0.45 s. The
remaining 1045 data records for an instructed speed of 88.5 km/h (55 mile/h)
included TTIs ranging between 2.31 and 5.33 s with a mean equal to 3.98 s, a
median of 3.99 s, and a standard deviation of 0.53 s. In other words, drivers
decelerated at farther distances when they traveled at higher speeds.

A study of driver PRTs at the onset of the yellow indication was performed
considering all stopping events. As was noted earlier, it was possible to determine
the approach speed to the intersection, the TTI, and the brake application of the
stopping vehicles from the data files. Using this information, PRT characteristics
and profiles were examined. PRT was defined as the time elapsed between the onset
of the yellow indication and the instant the driver started to press the brake pedal.
The PRT ranged from a minimum of 0.22 s to a maximum of 1.52 s with a mean of
0.73 s, a median of 0.72 s, and a standard deviation of 0.18 s for the participants
who were instructed to drive at 72.4 km/h (45 mile/h). Alternatively, the PRT
ranged between 0.18 and 1.53 s with a mean equal to 0.74 s, a median of 0.72 s,
and a standard deviation of 0.18 s for those who were instructed to drive at
88.5 km/h (55 mile/h). The histogram for the observed PRTs of the 2016 stopping
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events for the two approach speeds is shown in Fig. 2. These figures demonstrate
that the driver PRTs were very similar for both instructed speeds.

The observed 15th, 50th, and 85th percentile PRTs were 0.57, 0.72, and 0.92 s,
respectively, in the case of the 72.4 km/h instructed speed; and were 0.58, 0.72, and
0.92 s, respectively, in the case of the 88.5 km/h instructed speed. The 85th per-
centile is consistent with earlier studies which showed that the 85th percentile PRT
in high-speed intersection approaches (greater than 64 km/h or 40 mile/h) are in the
range of 1.1-1.3 s. The lower value of PRTs in the current study can be attributed
to the fact that the PRT was defined from the instant the signal indication changed
to yellow until the driver touched the brake pedal, and not when the brake light was
activated as in most studies; thus PRT did not include the time lag from the instant
the driver presses the brake pedal until the brake lights activate. Consequently, the
results appear to be consistent with other naturalistic field study findings. The data
were sorted based on the driver’s TTI, at the yellow-indication onset, into equal
sized bins (equal number of observations) and the average TTI and PRT for each
bin was computed (for illustration purposes only) given the large number of
observations.

A general linear model procedure (GLM) was conducted using the SAS software
to investigate the effects of the TTI, grade (uphill and downhill), age group (under
40-years-old, between 40 and 59-years-old, and 60 years of age or older), gender
(male and female), and platoon (leading, following, and no other vehicle), for the
two instructed speed levels (72.4 and 88.5 km/h) on PRT. The results showed that
the TTI had a significant effect (P < 0.0001) on PRT for both the 72.4 km/h
(45 mile/h) instructed speed and the 88.5 km/h instructed speed. The mean PRT
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estimates at each TTI for the two instructed speed levels and approaches (uphill and
downhill) were used to illustrate various trends and effects, as demonstrated in
Fig. 3. The results showed that the PRT on either approach (i.e., on upgrade or
downgrade) exhibit similar trends, with slightly higher PRTs in the case of the
uphill approach. This difference, which is significant, demonstrates that drivers
traveling uphill might be pushing harder on the accelerator and take longer to
release their push and move their feet to press the brake pedal while drivers trav-
eling downhill might not be pressing the accelerator in order to maintain some
desired speed and are more alert because they realize that the deceleration level
needed to stop the vehicle is greater. For TTIs in the range of 1.93-4.69 s, for the
72.4 km/h (45 mile/h) instructed speed, the PRT ranged from 0.22 to 1.67 s for the
uphill approach, and from 0.23 to 1.27 s for the downhill approach. Similarly, for
the 88.5 km/h instructed speed, the PRT ranged from 0.22 to 1.53 s and from 0.18
to 1.43 s for the uphill and downhill approaches, respectively. These results
occurred for TTIs ranging from 2.31 to 5.33 s, as shown in Table 1. Significant
differences in PRTs were observed for the uphill (M = 0.78 s) and downbhill
M = 0.68 s) conditions (F (1,972) = 65.4, P <0.0001) for the 72.4 km/h
(45 mile/h) instructed speed, and also for the uphill (M = 0.77 s) and downhill
(M =0.71 s) conditions (F (1,1045) =30.1, P < 0.0001) for the 88.5 km/h
(55 mile/h) instructed speed.

Female drivers appeared to have slightly longer PRTs when compared to male
drivers for both the 72.4 km/h (45 mile/h) and 88.5 km/h (55 mile/h) instructed
speeds, as shown in Fig. 4. For the 72.4 km/h (45 mile/h) instructed speed, the
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Table 1 Descriptive statistical results of PRT for grade, age, gender and platoon

Variable N [PRT ()
Min |Max |Mean [15% [50 % [85% |Std. Div.

(a) 72 km/h instructed speeds

Grade Uphill 532 022 |1.67 [0.78 0.62 0.74 0.96 0.18
Downbhill 440 [0.23 |1.27 |0.68 0.53 0.67 0.83 0.16
Gender | Female 462 10.23 (142 [0.75 0.58 0.73 0.93 0.18
Male 510 (022 |1.67 |0.71 0.57 0.68 0.88 0.17
Age Older 317 (042 |1.42 [0.79 0.63 0.78 0.93 0.15
Middle 345 037 |1.31 |0.71 0.57 0.67 0.88 0.17

Younger 310 (022 |1.67 |0.70 0.53 0.67 |0.88 0.20
Platoon | Following 309 (022 (147 (074 |058 [0.72 |092 |0.18

Leading 325 023 |1.42 |0.73 0.57 0.71 0.92 0.18
Single 338 |0.37 |1.67 |0.73 0.57 0.72 0.91 0.17
Overall 972 022 |1.52 |0.73 0.57 0.72 0.92 0.18
(b) 88 km/h instructed speeds
Grade Uphill 544 1022 |1.53 [0.77 0.62 0.73 0.93 0.18
Downbhill 501 |0.18 |1.43 |0.71 0.53 0.68 0.87 0.18
Gender | Female 489 [0.22 |1.53 |0.76 0.61 0.73 0.92 0.18
Male 556 |0.18 |1.48 [0.73 0.57 0.68 0.92 0.18
Age Older 360 |0.51 |1.48 |0.81 0.66 0.78 0.97 0.16
Middle 366 (022 |1.53 [0.72 0.57 0.68 0.88 0.18

Younger 319 |0.18 [1.32 |0.69 057 |0.68 |0.85 0.17
Platoon | Following 336 [0.22 [1.48 |0.78 062 |0.77 |0.93 0.18

Leading 351 |0.18 |1.27 |0.71 0.57 0.68 0.88 0.17
Single 358 032 |1.53 |0.74 0.58 0.72 0.90 0.18
Overall 1045 |0.18 |1.53 |0.74 0.58 0.72 0.92 0.18

mean PRT was found to be 0.75 s for the female drivers and 0.71 s for the male
drivers (as shown in Table 1; for the 88.5 km/h (55 mile/h) instructed speed, the
mean PRT was found to be 0.76 and 0.73 s for the female and male drivers,
respectively. Although the difference in PRT between male and female drivers
seems small, the F-statistic generated from the GLM demonstrated that these dif-
ferences are statistically significant for both approach speeds (F (1,972) = 22.3,
P < 0.0001 for the 72.4 km/h instructed speed and F (1,1045) = 10.9, P = 0.001
for the 88.5 km/h instructed speed).

The data were utilized to analyze differences in driver PRTs associated with
driver age. The PRT for drivers 60 years of age and older (M = 0.79 s for the
72.4 km/h instructed speed and 0.81 s for the 88.5 km/h instructed speed) were
found to be significantly higher than those for the 40-59 age group (M = 0.71 s for
the 72.4 km/h and 0.72 s for the 88.5 km/h) and those for the under 40-years-old
age group (M = 0.70 s for the 72.4 km/h and 0.69 s for the 88.5 km/h), as shown
in Table 1 and Fig. 5. The F-statistic generated from the GLM for the three age
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groups demonstrated that significant differences, with P-values less than 0.0001,
exist between the driver age groups for the 72.4 km/h (45 mile/h) instructed speed
(F (2,972) =33.9) and also for the 88.5 km/h (55 mile/h) instructed speed
(F (2,1045) = 66.6).

A comparison of driver PRTs for the three different platooning scenarios (fol-
lowing, leading, or alone) was performed in order to characterize the effect of
surrounding traffic on driver behavior. This behavior is important in designing
traffic signal timing plans within the IntelliDrive initiative. The results showed that
the PRT was not impacted by the platooning scenario in the case of the 72.4 km/h
instructed speed (M = 0.74, 0.73, and 0.73 s for the leading, following, and alone
scenarios, respectively), as shown in Table 1 and Fig. 6 (F (2,972) = 1.4,
P = 0.26). Alternatively, in the case of the 88.5 km/h (55 mile/h) instructed speed,
the mean PRT for the following, leading or single vehicle scenarios were 0.78, 0.71,
and 0.74 s, respectively. Figure 6 shows that in the following platoon scenario,
where the test vehicle was following another vehicle that proceeded through the
intersection without slowing or stopping, the mean PRT was higher compared to the
other two scenarios. A potential explanation for the higher PRT values could be that
because the lead vehicle ran through the intersection, the subject driver was also
inclined to proceed. This initial inclination to run increased the deliberation time for
the drivers that eventually elected to stop. In the case of the leading platoon con-
dition, a shorter mean PRT was observed (compared to the other two scenarios) as
the driver may have been forced to decide faster in order to provide the following
vehicle with sufficient braking time to avoid a rear-end collision. The F-statistic
generated from the GLM demonstrated that significant differences, with P-values
less than 0.0001 (F (2,1045) = 16.9), exist between the different scenarios.
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The mean PRT for the 4-s (72.4 km/h instructed speed) and 4.5-s (88.5 km/h
instructed speed) yellow interval was plotted against the TTI at the yellow interval
change time, as shown in Fig. 7. The results show that the PRT tends to increase as
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the TTI increases. For the range of TTIs from 4.69 to 1.93 s for the 72.4 km/h
(45 mile/h) instructed speed, the PRT decreased from 1.53 to 0.22 s with a mean of
0.73 s, while for the range of TTIs from 5.33 to 2.31 s for the 88.5 km/h
(55 mile/h) instructed speed, the PRT decreased from 1.53 to 0.18 s with a mean of
0.74 s. The figure demonstrates that the mean PRT curve for the 72.4 km/h
(45 mile/h) instructed speed was higher than the 88.5 km/h (55 mile/h) instructed
speed over the entire TTI range. This shift correlates to a lower PRT for those
drivers traveling at higher speeds on the onset of the yellow interval. The results,
however, indicate a similar PRT trend at different speeds. The results generated
using the regression procedure (REG) of the SAS software showed that the
approach speed had a significant effect, with P-values equal to 0.0006, on the
average PRT.

4 Conclusions and Recommendations

The paper presented the results of a controlled field study that attempted to char-
acterize driver PRTs at the onset of a yellow indication. Specifically, the study
characterized the impact of driver gender, driver age, roadway grade, mean
approach speed, platooning scenario (leading, following, or alone), and TTI on
driver PRT. This characterization is critical in the efficient and safe design of traffic
signal clearance timings and can be used within the Connected Vehicle initiative to
provide the capability for vehicles to identify threats and hazards on the roadway
and communicate this information over wireless networks to other vehicles and to
infrastructure. Consequently, within the Connected Vehicle initiative the vehicle
can gather information on the driver, the subject vehicle, and surrounding traffic
conditions in addition to receiving Signal Phasing and Timing (SPaT) data to
compute and display customizable in-vehicle warnings to the driver.
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Initially the PRT values obtained from the study were compared to other field
study results. The findings of this study are consistent with earlier studies, pro-
ducing 85th percentile PRT values that are consistent with previously reported
results. These findings demonstrate that the driver behavior observed in the con-
trolled field experiment appear to be consistent with naturalistic and non-obtrusive
field-observed driver behavior. Subsequently, the study demonstrated that the driver
PRT is higher for female and older drivers (60 + age group) compared to male
drivers and younger drivers of both genders. The PRT is larger for vehicles trav-
eling along an upgrade given that the driver is typically accelerating when the
yellow indication is initiated. Driver PRTs are typically higher if they are following
a vehicle that runs a yellow light. Furthermore, driver PRTs decrease when they are
followed by another vehicle. Finally, driver PRTs increase as the TTI at the onset of
the yellow interval increases.
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Abstract Numbers of ship passengers are increasing and modern cruise ships fit up
to 8000 passengers. Nevertheless, technical failures and hazards on passenger ships
can never be completely excluded, often requiring a fast and efficient evacuation of
the ship in an inclined position. This paper aims at an integrated analysis how
physical, mental and emotional stress affect decision-making for escape route sig-
nage in terms of decision times. 26 participants processed decision-making tasks
with contradicting escape route signage while walking on a treadmill at 0°, 7°, and
14° with and without stressors, i.e. time limit and acoustic background noise. An
inverse relationship between mental, emotional, and physical stress and decision
times was found, that is, steeper uphill grades and higher stress levels were asso-
ciated with shorter decision times.
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1 Introduction

Numbers of passengers on cruise ships are continuously increasing having evoked
capacities of up to 8000 passengers on a single ship. Nonetheless, technical failures
and hazards on passenger ships can never be fully ruled out. Inclined positions
imply high physical needs for passengers on their escape route. Such hazards have
already resulted in fatalities, such as on the Costa Concordia in 2012.

The situation in an evacuation is emotionally and physically very stressful due to
implied conditions of an emergency with a possibly steep inclined ship position.
Moreover, passengers need to process information, such as escape route signage,
and decide for correct directions that might have changed from the presently
deployed static escape route signage according to the specific circumstances, e.g.
fire. Influences of environmental conditions, for instance, corridor width [1],
knowledge of previously valid escape routes [2, 3], affiliative and social factors
[4, 5] compete with signage information. In a prior study, we found that trust and
decision-making for digital escape route signage can be positively affected by
integrating temporal update information [6]. However, the results also revealed
tendencies for rash decisions with increasing mental and emotional stress, for
instance, due to time limits, which was already found to act as stressors on
decision-making [7] and to induce anxiety [8].

Based on the Processing Efficiency Theory (PET) [9], Eysenck et al. [10] pro-
vided evidence in the Attentional Control Theory (ACT) that anxiety decreases
information processing allowing different conclusions on decision times in anxiety
states. Subsequently, more time is needed to process information. Anxiety is often
related with urgency, which might cause the perceived need to make hasty deci-
sions. Keinan et al. [11] found stress to enhance the tendency to decide before all
decision alternatives have been scanned. Porcelli and Delgado’s [12] results indi-
cate that stress exacerbates the behavioral bias and enforces automated reactions.
Stankovic et al. [13] investigated decision-making in the context of aviation
emergencies in an eye-tracking study. The fixation numbers and dwell times
decreased under stress. However, there was no effect of stress on the decision times.
In conclusion, evacuation conditions with their implied stress are likely to reduce
information processing efficiency prolonging processing times on the one hand. On
the other hand, haste due to the emergency situation potentially counteracts against
longer decision times. Thus, the influence of stress on decision times for escape
routes remains uncertain with present literature to the authors’ knowledge.
Moreover, physical demands increase uncertainty of decision times under evacu-
ation conditions on ships in inclined position. However, convincingly communi-
cating escape route directions in times shorter than the decision times is crucial in
evacuations.

Consequently, our research question that we focus on in this paper is: How do
physical demands of escape routes on ships in inclined position, i.e. uphill grades,
and mental and emotional stress influence decision-making in terms of decision
times?
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Therefore, we conducted an experimental study to investigate the effect of
mental, emotional, and physical stress similar to an evacuation process on a pas-
senger ship in inclined position. 26 participants walked on a treadmill at 0°, 7°, and
14° with and without applied mental and emotional stressors, i.e. time limit and
acoustic background noise. The task was to decide for escape route directions
according to contradicting signage. Perceived mental effort and state anxiety were
evaluated. Decisions were recorded and examined with focus on how
decision-making in terms of decision times is affected by the simulated evacuation
conditions.

2 Methods

2.1 Participants

The 26 participants (13 m, 13f) had a mean age of 24.31 years (SD = 2.57).
Ethical approval for the study was obtained by the ethics committee of the
University Hospital of the RWTH Aachen University (EK 280/15). Exclusion
criteria were pregnancy, cardiac pacemakers, severe illnesses, especially coronary
heart diseases, and mobility, visual and hearing impairments. No participant vio-
lated the minimum boundary for visual acuity of 2.8 or suffered from a red-green
color-deficiency.

2.2 Experimental Conditions

Participants processed the same decision-making tasks in four conditions on a
treadmill in the experimental setup depicted in Fig. 1. Four specifications of escape
route signs were tested in randomized pairs against each other resulting in 36
decisions per condition with pauses of 2, 3, or 4 s in between. The minimum
content was the standardized escape route sign according to DIN EN ISO

Monitors displaying
escape route signs

Treadmill

LS

Fig. 1 Experimental setup with treadmill for level and uphill walking, loudspeakers (LS) pointing
at the participant for acoustic stressors, and two monitors displaying contradicting pairs of escape
route signs as decision-making task
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Table 1 The four experimental conditions varying in grade and applied stressors

S.Th. Kwee-Meier et al.

Condition Condition Condition Condition
A B C D
Grade (°) 0 0 7 14
Time limit of for decisions - 2000 2000 2000
(ms)
Acoustic stressors (dB(A)) - 60-70 60-70 60-70

7010:2012 [14], optionally accompanied by either temporal update information, a
flashing frame, or both elements.

The four experimental conditions varied in grade and applied stressors (see
Table 1). Condition A was defined as level walking without stressors. In conditions
B, C and D, mental and emotional strain was applied by acoustic stressors, i.e.
continuous mumbling at 60-70 dB(A) played in a loop, and a time limit of 2000 ms
for decisions with a maximum sign display of 1500 ms. Additionally, physical
demands were increased in conditions C and D by uphill walking at 7° and 14°
instead of level walking in conditions A and B. The walking speed was 2.7 km/h
over all conditions. The condition order was permuted.

2.3 Experimental Protocol

Participants were comprehensively informed about the study, especially about the
physical demands, signed informed consent, and answered questionnaires on
demographic data, physical mobility, exercising, personality traits, and attitudes, for
instance, technical affinity. Tests for sight and reaction times were conducted. Each
participant walked on the treadmill for 5 min for familiarization to inhibit potential
between-subject effects. The speed was increased from O to 1 km/h in the first
minute, up to 2 km/h in the second minute, up to 2.7 km/h in the third minute, and
kept constant during the last 2 min. Participants were secured on the treadmill with
a safety harness in the training and the experimental conditions. There were breaks
of 10 min between the training and in between the experimental conditions. At the
beginning of each experimental condition, a standardized instruction was read to the
participants. It covered a short description about the decision-making task under
the simulated emergency conditions and how to decide for the preferred direction,
i.e. left or right, according to the two contradicting escape route signs on the
monitors by Wii remotes. They were informed whether they had to expect a time
limit for the display of the signage and encouraged to make their decisions as fast as
possible in every condition and latest when the displayed signs fade out in the
limited time conditions B—D. Each condition started with two example escape route
signs to demonstrate the principle and the potential time limit. Participants
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answered several questionnaires between the conditions and rated mental effort
(RSME) [15], and state anxiety (MRF) [16, 17].

2.4 Apparatus

The treadmill was an h/p cosmos mercury treadmill with a walking surface of 1.5
by 0.5 m. The visual stimuli, i.e. the escape route signs, were displayed on two 22"
TFT monitors at 1.8 m height, adjusted upwards with treadmill grades in conditions
C and D. The acoustic stressors for the background noise were played via two
loudspeakers. The decisions were entered by two Wii remotes for right and left
hand using the button on the backside for index finger inputs (B button).

2.5 Statistical Analysis

Statistical Analysis of Mental Effort and State Anxiety. The alpha level was set
to oo = .05; tests were one-tailed as state anxiety and mental effort were assumed to
increase with applied stressors and steeper grades. Repeated measures ANOVAs
were conducted with the independent variable condition as within-subject factor.
The assumptions for analysis of variance were not strictly met. Hence,
Greenhouse-Geisser corrected measures of ANOVA were used for interpretation.
The pairwise differences were analyzed by dependent-samples t-tests and effect
sizes were evaluated by Cohen’s d [18] adjusted for dependent samples by Dunlap
et al. [19] integrating the correlation in Formula (1) with n for the cases. Effects
sizes were evaluated by Cohen’s criteria for |d| with .2 = small, .5 = medium, and
.8 = large effect size [18].

d=12(1 —r)/n]">. (1)

2.5.1 Decision Times

The alpha level was as well set to o = .05, tests were two-tailed as literature is
ambiguous about the influence of stress on decision times. Decision times are
closely related to classical reaction times. Subsequently, the decision time data were
positively skewed in the study, especially in condition A without time limit (see
Table 4). The decision numbers were equal over the conditions and the maximum
of missing values did not exceed 1.7 % [20]. Hence, the analyses of decision times
were conducted using non-parametric measures and tests. Friedman’s ANOVA was
used for examining the influence of the effect of the condition on the decision times.
Pairwise test were conducted by Wilcoxon signed-rank tests. Effect sizes were
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calculated by Formula (2) with N for the number of observations over the compared
conditions, not the number of cases [21]. They were evaluated by Cohen’s criteria
for |r| with .1 = small, .3 = medium, and .5 = large effect size [18].

r=z/\N. 2)

3 Results
3.1 Mental Effort

Mental effort for the decision-making tasks increased with applied stressors and
steeper uphill grades (see Fig. 2). The influence of the factor condition on mental
effort was significant with a large effect size, Greenhouse-Geisser corrected
F(2.17,54.13) = 31.85,p <.001, ;112, =.56. All pairwise comparisons between
conditions were as well significant, indicated by dependent-samples t-tests
revealing small to large effect sizes (see Table 2).

3.2 State Anxiety

State anxiety was evaluated by the mental readiness form with its three dimensions
(MREF) [16, 17], indicating increasing levels of state anxiety with applied stressors
and steeper uphill grades (see Fig. 3). The factor condition had a significant
influence on state anxiety, Greenhouse-Geisser corrected F(1.81,45.28) = 15.50,
p<.001,11£ = .49.

50

40

30

20

Mean mental effort ratings

0° without stressors 0° with stressors ~ 7° with stressors  14° with stressors

Fig. 2 Increasing ratings of mental effort (RSME) over the conditions varying in grades and
applied stressors, means with 95 %, *p < .05, ** p < .01, *** p < .001, one-tailed, for effect sizes
see Table 2
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Table 2 Mental effort comparisons between conditions A (0° without stressors), B (0° with
stressors), C (7° with stressors), and D (14° with stressors)

Condition B-A Condition C-B Condition D-C
RSME 1(df) 2.1%%% (25) 2.46%%% (25) 5.41%%% (25)
d .36 .33 77

*p < .05, ** p < .01, *** p < .001, one-tailed

Conditions

7 0° without stressors
Hokok 0° with stressors

7° with stressors
14° with stressors

Mean values of state anxiety dimensions

My thoughts are: My body feels: | am feeling:
CALM - WORRIED  RELAXED - TENSE CONFIDENT - SCARED

Fig. 3 Increasing state anxiety values according to the MRF dimensions over the four conditions,
means with 95 %-CI, *p < .05, ** p < .01, ***p < .001, one-tailed, for effect sizes see Table 3

Dependent-samples t-tests showed that the second dimension of the MRF was
only sensitive to changes in the grade (see Fig. 1) indicating that it might have been
mainly influenced by physical demands in the study. Therefore, a new dependent
variable MRFpsych is suggested, which is calculated as mean of the first and third
dimension of the MRF to depict exclusively emotional strain, showing significant
small to medium effects for each pairwise comparison of conditions (see Table 3).

3.3 Decision Times

Decision times were significantly different over the conditions, y?(3) = 178.81,
p<.001. Table 4 depicts the decreasing mean and median decision times with
applied stressors and steeper uphill grades. However, valid decisions slightly
decreased over the conditions A-D (see Table 4). The distribution of decision times
in condition A without stressors, including time limit, is positively skewed and
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Table 3 State anxiety comparisons between conditions A (0° without stressors), B (0° with
stressors), C (7° with stressors), and D (14° with stressors)

Condition B-A Condition C-B Condition D-C

MRF1: calm Hdf) 2.30* (25) 2.19% (25) 3.291%* (25)
Worried d .30 .29 .50

MRF2: relaxed 1(df) 750 (25) 3.51%** (25) 5.31%%* (25)
Tense d - .58 17

MREF3: confident 1df) 2.90%* (25) 78 (25) 3.11%* (25)
Scared d 32 - 44
MRFpsych 1(df) 2.90%** (25) 1.83 (25)* 3.70%* (25)
(MRF1 + 3) d 31 .20 48

* p<.05, % p< .01, *** p<.001, one-tailed

strongly leptokurtic implying that most decisions were made quickly, for instance,
82.2 % within 1500 ms. However, the distribution is heavy-tailed on the side of
high decision times with a maximum decision time of 12.289 s although partici-
pants had been instructed to decide as fast as possible. Therefore, there is a strong
variation in the decision times in condition A without stressors and a noticeable
difference between the mean and the median (see Table 4). Thus, we utilized the
median and non-parametric methods for further analyses (Fig. 4).

The decision times significantly decreased in each condition with small to
medium effect sizes (see Fig. 3), resulting in medium effects between level walking
without stressors and uphill walking at 7° and 14° with stressors, r = —.30 and
r = —.32 respectively (see Table 5).

The effect size of the comparison of decision times between level walking with
and without stressors, i.e. time limit and acoustic background noise at 60-70 dB
(A), is small to medium. Participants made more than 80 % of the decision within
the first 1500 ms, to which the presentation time of the escape route signs was
limited in the other conditions, already in the level walking condition without
stressors, including time limit. The percentage of decisions within the first 1500 ms

Table 4 Descriptive statistics on the decision time distributions in conditions A (0° without
stressors), B (0° with stressors), C (7° with stressors), and D (14° with stressors)

Condition A Condition B Condition C Condition D

Decisions 936 928 926 921

Missing decisions 0 8 10 15

Mean 1142.6 845.5 824.7 789.5
Median 867.5 820.0 792.0 770.0
Within 1500 ms (%) 82.2 97.3 96.2 97.5

Within 2000 ms (%) 90.3 99.1 98.9 98.4
Skewness 5.5 0.7 1.2 1.0

Kurtosis 47.0 0.6 2.5 1.8
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Fig. 4 Decreasing decision times for direction decisions according to escape route signs with
increasing grades and applied stressors, medians with 95 %-CI, *p < .05, ** p < .0l,
*#%p < .001. For effect sizes see Table 5 (The confidence intervals do not depict exactly 95 %
but most likely a slightly larger interval as the median is a non-parametric measure and works with

ranks)

Table 5 Comparisons of decision times between the condition A (0° without stressors), B (0°

with stressors), C (7° with stressors), and D (14° with stressors)

Cond. A Cond. B Cond. C Cond. D
Condition A N -
0° without stressors z -
r _
Condition B N 929
0° with stressors V4 —9.54%** -
r -.22 -
Condition C N 926 919
7° with stressors VA —11.60%** —3.34%%% -
r -.30 —-.08 -
Condition D N 921 914 912
14° with stressors z —13.87%%* —6.24% %% —3.57 %% -
-.32 —-.15 —-.08 -

r
* p<.05, % p< 01, *** p

<.001, two-tailed
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further increased to 97 % with applied stressors. In other words, with 1 % missing
decisions, participants made their decisions only in 2 % of the cases after the
announced soon end of the possible time to react (escape route signage fades out)
although knowing that this option existed from the instruction at the beginning of
each condition (Latest decision when escape route signs fade out). This largely
unused time until exhaustion of the time limit suggests that decreased decision
times are irrationally evoked by the increases in mental and emotional strain (see
Sects. 3.1 and 3.2).

The effects with increasing uphill grades are small but noteworthy for two
reasons. First, in condition B with stressors but only with level walking, the median
decision time for escape route signs is 820 ms. In comparison, this is only 14 %
longer than the time needed to read a traffic sign (720 ms) with 1 line with
approximately 10-13 characters [22]. Second, these further decreases in decision
times with steeper uphill grades show that increases in mental and emotional strain
(see Sects. 3.1 and 3.2) not only arise because of higher physical demands but
significantly affect decision times in the inverse direction despite higher physical
demands and decreased information processing efficiency.

4 Discussion

The presented study investigated the influence of increased physical uphill walking
demands of ships in inclined position referring to evacuation conditions, i.e. steep
uphill grades and stress, on decision-making in terms of decision times.
Conditions A and B were level walking and C and D uphill walking at 7° and 14°,
respectively. In condition B, C, and D, stressors, i.e. time limit and acoustic
background noise, were applied.

The stressors evoked significantly higher mental effort for decision-making and
higher state anxiety, whereas decision times decreased with applied stressors from
condition A-B. The decision times further significantly decreased with (steeper)
uphill walking. Effects of grade were also found on mental effort for
decision-making and state anxiety contradicting purely physiological demand rea-
soning for illogically decreasing decision times with increasing physical demands,
but rather because of induced increasing mental and emotional strain by (steep)
uphill grades.

Increasing state anxiety levels imply higher information processing times due to
decreased efficiency according to the Attentional Control Theory (ACT) [10].
However, the inverse relationship was found. While mental effort and state anxiety
increased in every condition from A to D with applied stressors and (steeper) uphill
grades, reaction times decreased. This inverse relationship can be explained by the
perceived stress, which was found to evoke several effects on decisions. For
instance, it leads to decreased attention to the all possible choices [11, 13] and
enhances the tendency to fall back to automated behavioral patterns under
stress [12].
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The effect of decreasing decision times under these controlled conditions was
significant between all conditions and is expected to be even stronger under real
evacuation conditions. However, the conditions with the stressors, i.e. time limit
and background noise, and (steep) uphill grades already significantly affected
mental effort and also state anxiety.

From a methodological point of view, the positively skewed and extremely
leptokurtic decision times of condition A with the heavy tail for high decision times
in comparison to the distributions of the other conditions are of interest for stress
and evacuation related research. Participants were instructed to decide as fast as
possible in every condition, including condition A, but the decision time results
show that more than 2 s were taken for a decision in 10 % of the cases. In light of
the distribution measures of the conditions B-D with stressors (see Table 4), it
becomes clear that this instruction is not enough to evoke emergency similar
decision-making behavior but external stressors and ideally challenging and real-
istic physical demands like (steep) uphill walking in conditions C and D are needed.

The participants’ age was quite homogenous and young. Therefore, the gener-
alizability of results is limited to this young age group in the first instance. Against
the background of the relatively high ages on cruise ships and passenger ships in
general with 72 % same or older than 50 years [23], we will conduct this experi-
ment as well with people who are 60 years old and older.

5 Conclusion

The simulated evacuation conditions particularly regarding ships in inclined posi-
tions led to significantly shorter decision times for directions according to digital
escape route signage. The applied stressors, i.e. time limit and acoustic background
noise, resulted in higher mental and emotional strain, as did (steeper) uphill grades.
In conclusion, an inverse relationship between mental, emotional, and physical
stress and decision times was found. Against the background of the generally short
decision times, the further decreasing decision times imply a high risk of rash
decisions for directions in evacuations according to automated behavioral patterns.
Well-designed and attention attracting signage [24] could help preventing people
from rash decisions, that is, following cues in wrong directions into potentially
dangerous routes, for instance, because of social influences by accompanying
passengers [4, 5].

Acknowledgments The study was conducted within the project SIREVA funded by the German
Federal Ministry of Education and Research (BMBF) in the context of the national program
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FRAM in FSA—Introducing
a Function-Based Approach to the Formal
Safety Assessment Framework

Gesa Praetorius, Armando Graziano, Jens-Uwe Schroder-Hinrichs
and Michael Baldauf

Abstract Formal Safety Assessment (FSA) is a structured methodology in mar-
itime safety rule making processes. FSA takes organizational, technical and
human-related factors into concern. While the method allows for the use of expert
input during the identification of hazards and risk control options, the FSA
guidelines give preference to assessment methods grounded in quantitative risk
assessment. No specific guidance is given on how expert input should be obtained.
This article therefore presents the findings of a pilot study with the objective to
introduce the Functional Resonance Analysis Method (FRAM) as a method to
enrich FSA studies through structured expert input. Two focus groups (n = 6) were
conducted to compare hazards and risk control options identified in one scenario
with the help of fault tree analysis and FRAM. The results of the study show that
FRAM has the potential to enrich hazard identification as a complementary tool.
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1 Introduction

Formal Safety Assessment (FSA) is a key feature in the International Maritime
Organization (IMO) rule-making process. It is a systematic and structured frame-
work to be used in studies to evaluate maritime risks with the objective to provide
suitable options for risk control to be covered by IMO regulations [1]. The FSA
framework consists of a five step approach including hazard identification, risk
analysis, identification of risk control options, cost-benefit assessments and rec-
ommendations to decision makers [2]. FSA encourages a systematic assessment
including organizational, technical and human-related factors. While FSA allows
for the use of expert input during the identification of hazards and risk control
options, many of the suggested methodologies for eliciting, formalizing and
quantifying expert input are rooted in quantitative risk assessment.

Quantitative risk assessment is often of limited value when the system context of
an operation is to be considered. The FSA guidelines, however, lack methods that
may be able to capture this context in a more suitable way. This article therefore
presents the findings of a pilot study with the objective to enrich the FSA frame-
work through applying the Functional Resonance Analysis Method (FRAM) as a
method to obtain structured expert input in the hazard identification and risk control
option phase of the methodology. Two focus groups with master students (n = 6) in
the World Maritime University (WMU) M.Sc. program Maritime Safety and
Environmental Administration (MSEA) were conducted to test whether the appli-
cation of different methods (fault tree analysis, FRAM) would result in the iden-
tification of different hazards and risk control options for a given scenario. The case
chosen for the comparison was a collision avoidance scenario involving two vessels
on collision course in the open sea in good visibility conditions. This rather simple
scenario was chosen in order to limit the number of variables to be considered for
the hazard identification. Even though the methodology is normally a five step
approach, only the steps one (hazard identification) and three (identification of risk
control options) were carried out in the groups. Both groups used two different
approaches—a fault tree based approach and FRAM—in the context of FSA and
discussed the results of their considerations after the exercise in the light of limi-
tations and suitability of the different tools used.

2 Background

Before the results of the study are discussed, some theoretical background for the
research presented in this article should be given.
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2.1 Formal Safety Assessment (FSA)

Originally introduced in the response to the Alpha Piper disaster in 1988, FSA is
currently being used in the IMO to support the rule-making process [3] with the
objective to propose proactive, systematic, transparent and cost-effective maritime
legislation [4]. First FSA interim guidelines were published in 1997 and IMO
member states were invited to submit FSA studies for evaluation and further dis-
cussion. Over the years, many FSA studies have been submitted to IMO meetings
on a regular basis and have addressed vital safety concerns on different ship types
over the years. Very comprehensive FSA studies were, e.g., the FSA studies
resulting from the EU financed project SAFEDOR reviewing general issues of
concern on specific ship types, such as LNG Carriers (MSC 83/INF.3), container
vessels (MSC 83/INF.8), crude oil tankers (MEPC 58/INF.2) etc. These are just a
few examples to highlight that there is a lively debate about the application of FSA
in the work of IMO.

The FSA guidelines have been revised and extended several times on the basis of
the evaluations of the various FSA studies submitted to IMO. The Human Element,
as human factors are referred to in the IMO, was recognized fairly soon. In 2006, it
was also noted that for many issues to be assessed not enough data may always be
available. Reliance on historical data may also prevent that FSA studies can be
proactive. This is why an option for the inclusion of expert judgment was accepted
in cases where no or insufficient data may be available for a thorough analysis.

However, the FSA guidelines remain deeply rooted in probabilistic approaches to
risk assessment. This is reflected throughout the 2013 version of the FSA guidelines.
Paragraph 3.2.3, as an example, highlights that a “proactive approach is reached
through the probabilistic modelling of failures and development of accident sce-
narios”. It can be debated if such an objective is realistic. However, this is not a
question for this paper. Appendix 3 of the guidelines contain recommendations for
methods to be used during hazard identification. Most of them are quantitative risk
assessment tools, such as Fault Tree Analysis, Event Tree Analysis, Failure Mode
and Effect Analysis (FMEA) etc. The same applies to methods suggested for the
consideration of human factors. The main tool to be used for that purpose is Human
Reliability Analysis (HRA), as suggested in Appendix 1 of the 2013 FSA Guidelines.
A core component of the considerations is the quantification of human error prob-
abilities with techniques like the Technique for Human Error Rate Prediction
(THERP) and Human Error Assessment and Reduction Technique (HEART).

At the same time, the FSA guidelines acknowledge that many of the safety
aspects evaluated in a FSA study require an evaluation of the entire system to which
that aspect belongs. The generic model mentioned in the FSA guidelines (IMO [1];
Fig. 3 on page 17) specifically shows a diagram in which the Technical/Engineering
System is embedded in a Personnel Subsystem which is part of an Organizational/
Management Infrastructure in a wider Environment. It is therefore not quite clear,
why the guidelines do not include tools that are more suitable to include the orga-
nizational context of safety performance in safety assessments [5, 6].



402 G. Praetorius et al.

There is one option in the guidelines that potentially open up for such consid-
erations. Especially in relation to expert input one tool is suggested during the
hazard identification. This tool is an influence diagram. Even though this tool is also
embedded in probabilistic thinking during HRA, it is more flexible and less linear
than fault trees and event trees.

On the basis of the discussion above, the idea was developed within the MaRiSa
group at WMU to compare a linear and a systemic tool and evaluate the results in the
context of hazard identification during FSA studies. The two tools to be compared
are Fault Tree Analysis and the Functional Resonance Analysis Method (FRAM).

2.2 Functional Resonance Analysis Method (FRAM)

FRAM is a method to analyze and model complex sociotechnical systems, in which
functions are distributed over human operators, organizations and technology. The
method focuses on the concept of performance variability and ways in which
systems manage and monitor potential and actual variability. FRAM is based on
four basic principles; the principle of equivalence of successes and failures, prin-
ciple of approximate adjustments, principle of emergence and the principle of
functional resonance e.g. [7, 8]. The principle of equivalence of successes and
failures expresses that the only difference in between these two is the judgment of
the outcome. While an action is deemed a success if it has the desired outcome, the
same action can be identified as a failure when negative and unforeseen conse-
quences occur. How these consequences arise is accounted for by the principle of
approximate adjustments.

Sociotechnical systems are complex systems acting in an uncertain and dynamic
environment. Functions are distributed over people, technology and organization
that adjust their performance to be able to meet the demands the system is facing in
the current situation. As this adjustment is based on the availability of resources
(e.g. time, manpower) it will always be approximate. Consequently, everyday
performance is, and needs to be variable to help the system to successfully adapt its
functioning to the current operational conditions. The last principle, the principle of
functional resonance, highlights the potential of the variability in multiple functions
to resonate, and therefore reinforce and even amplify itself, so that the outcome of a
function might carry an unusually high amount of variability, which the system is
not able to manage given the current condition. As a result, accidents might occur.

FRAM consists of four steps, which are used to model the system based on
functions and to identify sources of performance variability as well as measures to
manage, dampen or monitor it. In Step 1 all necessary system functions are defined.
The aim is to afford a consistent description as a basis of the analysis. All functions
are described in form of their six aspects (Input, Output, Time, Control,
Precondition, Resources/Executing conditions). These aspects describe the basic
characteristic of an activity and help to understand relations among functional units
within a system.
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The functions that are the focus of the analysis are called foreground functions.
Functions that are required by the foreground functions, but which do not them-
selves contribute to the variability being investigated, are called background
functions [9]. Background functions represent the context and while they do not
vary during the time frame specific for the analysis, they shape the performance and
affect how events progress [10].

Step 2 helps to identify the variability of the functions in the FRAM model. The
functions performance can vary in various ways. While functions involving humans
tend to vary a lot, technical functions usually show a stable performance over time.
Organizational functions do not show the same extent of variability as human
functions, but show a delayed effect on these. There are three types of variability
that can be characterized in a function: endogenous (internal), exogenous (external),
and upstream-downstream coupling variability. Most interesting for an event
analysis is the upstream-downstream coupling variability as it can become the basis
for functional resonance. Upstream functions are carried out before downstream
functions in the instantiation of the model, which means that variability in the
earlier will impact on the performance of the latter [9].

In Step 3 of the analysis, an instantiation is created to see how performance
variability can propagate through the system. It can help to understand how per-
formance variability within some functions can amplify or dampen the variability of
other functions, as the instantiation provides a way of simulating the functions
performance within a specific operational condition to identify vulnerabilities and
strengths of the system at work. The final step, Step 4, is used to suggest ways in
which performance variability can be monitored, managed or eliminated. However,
the analyst should keep in mind that varying performance also is an indicator for the
flexibility to adapt performance to specific conditions, which means that eliminating
variability can make the system rather inflexible and brittle [11].

Within the research presented here, step 1 to 3 have been carried out to build a
model for “Collision Avoidance”, which is described in more detail in Sect. 3.1.

2.3 Fault Tree Analysis (FTA)

FTA is a standard tool in safety and reliability engineering. It has been widely used
in a number of industries since the early 1960s and is covered by various industry
standards and norms (e.g. IEC 61025).

FTA is a top down approach in risk assessment to identify what factors in what
combination may cause a top level event. Factors on a lower level come together in
“and” or “or” relationships in order to cause an event on a higher level. The main
objective of this method is to calculate the overall probability of the top level event
in the tree.

In order to allow for a comparison of a fault tree with FRAM, the fault tree
method had been slightly changed. Instead of identifying how an accident is caused,
a tree was developed showing how an accident can be avoided. By doing so, a
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success tree had been developed. This allows for a discussion how vulnerable
certain parts of this tree are and how their function can be strengthened. This
approach is closer in line with the FRAM approach and therefore is more suitable
for direct comparison.

3 Methodology

The following section describes the methodological approach of this study. Firstly,
two models for Collision Avoidance, one based on the Fault Tree Analysis
(FTA) and another based on FRAM were developed. Secondly, a hazard identifi-
cation exercise was conducted with the help of two focus groups to explore the two
models’ ability to elicit expert input and formalize it in a way that it can contribute
to a FSA.

3.1 Modeling Collision Avoidance

Prior to the focus group exercise, two models for collision avoidance were devel-
oped. The scenario modeled is based on two vessels in the open sea on opposite
courses. The scope of discussion was open as it included options that may lead to a
collision as well as circumstances under which the collision can be avoided.

The FRAM for Collision Avoidance. The FRAM model was constructed based
on a task analysis carried out as part of the EU financed research project CyClaDes,
a project focusing on crew-centered design. The task analysis was adapted in
WMU’s MaRiSa group, by a team member with a navigational background. This
ensured that the functions identified and described in the model reflected a sufficient
level of granularity. It also ensured appropriate couplings between the functions
covered by the model.

All in all, a total of 25 functions, 6 background (e.g. (to) man the vessel,
(to) leave the port etc.) and 19 foreground (e.g. (to) plot position, (to) detect target,
etc.) were identified in step 1. In step 2 and step 3 the functions’ variability (in-
ternal, external and in the couplings) was identified based on an accident analysis
using TRACEr-MAR [12] which was also part of the aforementioned project
CyClaDes [13]. This was done to indicate what functions were the most likely to
vary and may cause a spread of variability through the system. Based on this
analysis, five of the functions considered crucial for the safe conduct of the vessel in
a collision avoidance scenario were identified ((to) monitor AIS, (to) perform
lookout, (to) detect target, (to) set ARPA-alarm and (to) communicate intentions).
These functions were subsequently highlighted in the model for the purpose of the
exercise to enhance the comprehension of the model.

The Success Tree—An Adapted FTA for Collision Avoidance. As a
FRAM-model depicts the functional units of a system and the couplings among



FRAM in FSA—Introducing a Function-Based Approach ... 405

those, it was necessary to take into consideration that the Fault-tree would need to
be adapted to be able to explain the source of failure, but also offer the ability to
elicit preconditions for successful avoidance.

3.2 Data Collection

Participants. Six master students pursuing a M.Sc. Degree in Maritime Safety and
Environmental Administration (MSEA) were recruited for this pilot study. The
participants were chosen based on their previous work experience, all had worked
onboard ocean-going vessel and served as navigation officers prior to joining the
university. All participants were male and the age ranged from 28 to 49 years
coming from six different countries outside Europe.

Focus Groups. Two focus group interviews were conducted to be able to gain
insights in whether, and if so how, FRAM can contribute to the identification of
hazards and potential risk control options.

A focus group interview is a moderated group interview in which several par-
ticipants are asked a certain number of questions, which are then discussed (often)
openly in the group. The group discussion features one or two moderators who guide
and steer the informants during their discussions [14]. Focus groups are generally
good for understanding the fundamental issues and perceptions and the attitudes,
thoughts and feelings of the informants. They are also highly useful for brain-
storming. However, the moderator has few opportunities to control the outcome of
the interview, as it is difficult to steer interactions among the participants [15].

3.3 Hazard Identification Exercise

The focus groups for the hazard identification exercise took place simultaneously in
meeting rooms at the university’s premises. Each group consisted of three partic-
ipants and was led by a research team of two, who were responsible for introducing
the exercise, present both models and moderate the discussions, as well as to
document the identified hazards and risk control options. In addition, audio
recordings and pictures of notes on the whiteboard were made. All notes by the
participants were collected as well.

The group exercise took approximately 100 min and both groups started by
introducing the participants to the aim of the study, the overall structure of the focus
group interview and explained the right to withdraw informed consent at any time.

It was explained that the study focuses on two phases of the FSA; “Hazard
Identification” and “Risk Control Options”. The participants were instructed that
their task would be to identify hazards and their potential consequences followed by
the task to identify risk control options. To counterbalance any effects of order in
which the participants were exposed to the model, one group started the exercise by
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using FRAM, while the other group started their hazard identification based on the
FTA-model.

The results of the exercise were captured on a whiteboard to enable discussions
about identified hazards and their control options. When a consensus about hazards,
consequences and risk control options had been reached, the three participants were
exposed to the second model and they were asked whether they would like to make
any changes to the documented results on the whiteboard in terms of additional
hazards or risk control options.

In a final step of the exercise, the participants were asked to comment on the use
of the two models for the task they had been assigned. The focus was on capturing
the advantages and disadvantages of each of the two models with regards to the task.

3.4 Identification of Hazards and Risk Control Options

Table 1 shows the various hazards that the two groups identified based on the
model they were presented first. Group 1 started the hazard identification based on
the FRAM model, while group 2 was first exposed to the success tree.

The hazards and risk control options identified by group 1, represented a wide
range of aspects stretching over technology, organization and the human operator.
The three participants focused in general little on identifying error(s), and more on
how various functions were interconnected due to the couplings. Hazards often
addressed aspects of the overall system design ranging from the design of technical
equipment, to issues of manning and training. Furthermore, in general the hazards
identified related to variability in the output of a function and its likely effect if that
variability would be carried further through the coupling to another function. One
example was variability in the output of the function “to monitor conning” (list item
3), which might arise due to the changes in manning of vessels. Less crew also

Table 1 Overview of identified hazard

Group 1 Group 2
1. Too high traffic density when monitoring the AIS 1. Malfunction of the radar
2. Target data is not complete system
3. Monitoring the conning display is varying due to less 2. Deck officer without the
manning on the bridge necessary knowledge
4. Wrong reading of data within the integrated bridge 3. Fatigue or use of prohibited
system substances
5. Information overload in the electronic chart display 4. Bad weather conditions
6. Erroneous alarms/signals in the decision support 5. Inappropriate actions by
7. Wrong data input other ships
8. Manoeuver without communicating to the other vessel 6. Small fishing vessels
9. Communicate with the wrong vessel
10. Choose inappropriate action (course alteration too
small, misunderstanding of port and starboard)
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Table 2 Overview of identified risk control options

Group 1 Group 2
1. Lookout to support visual target detection 1. Maintenance
2. Use of the ECDIS 2. Redundancy Systems
3. Additional watchkeeper 3. Increase look out
4. Calibration of alarms in decision support (the log is | 4. Good selection process and

kept without any calibration) training on board
5. Correlate to other sensors 5. Continuous supervision from
6. Back-up ECDIS on the bridge senior officers
7. Alarm switch 6. Appropriate manning level
8. Paper chart as back-up 7. Compliance with the regulations
9. Officer-of-the-Watch (OOW) is habituated 30 min about rest and work hours

prior to watch to compare (Change to SOPs) 8. Radar setting and capacities
10. Guidance by company to communicate (SOPs) at 9. Increase look out

any time possible 10. Take early actions

11. To alter course remarkably to give a clear signal 11. Avoid close quarters situations
12. Check AIS 12. Radar settings
13. Broadcast intentions to vessel(s) nearby 13. Increasing look out
14. Education and regular assessment of the OOW
15. Additional training for OOWs
16. Better integration of technology

means that the same tasks need to be conducted with less manning, affecting the
workload of other crewmembers and the bridge-team. A suggested risk control
option was to ensure that additional resources (lookout or additional watchkeeper)
would be present.

A similar observation about differences in between the groups can be made
based on Table 2. While there is an overall concurrence in the identified RCOs with
regards to manning (additional watchkeeper and increase lookout), there are dif-
ferences in addressing underlying technical and organizational aspects beyond the
immediate causes. In this pilot study only the group that first worked with the
FRAM model identified several measures that addressed the company’s responsi-
bilities to provide the right preconditions for a successful operation in terms of
adapted Standard Operational Procedures (SOPs), as well as regular training and
assessment of competencies.

However, some comments (“We are doing this from our heads” (participant 2,
group 1)) suggest that it was not always easy for the participants to relate to the
model they were presented with. As an expert in a domain, it is not always easy to
follow the formality of the model rather than falling back on one’s own knowledge
from actual work experience.

4 Applicability of Methods Within the FSA

Table 3 presents an overview of the positive and negative aspects identified by the
informants concerning the two models used in the exercise.
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In general, the participants were more positive towards the use of the FRAM
model than towards the success tree. They felt that the FRAM provided a more
detailed description of the onboard work and therefore was better able to capture the
overall complexity of the scenario in comparison to the success tree.

Furthermore, by depicting the interdependencies among functions, the FRAM
was also more supportive in the identification of RCOs and their likely effects as the
participants could use the visualization to track the couplings among the various
functions.

One of the participants also highlighted that he thought of the FRAM model as a
macro-level for analysis as all functions, background and foreground, were visible
making it possible to reason beyond looking for a single point failure. However,
while the participants were overall positive towards the use of FRAM, they also
showed concern for the lack of quantification of variability and its spread.

The FSA consists of multiple steps and requires a cost-benefit analysis to
evaluate the effectiveness of a RCO. Therefore, using only a FRAM might cause
difficulties when RCOs need to be compared in terms of cost and effect in later
phases of the assessment. Furthermore, it was stressed that FRAM is rather
time-consuming and not as straight forward to understand as models that are based
on tree-structures, such as the success tree. Therefore, it is of great importance to
consider the choice of method for hazard identification in relation to the subject
under assessment as well as in relation to the further steps of the assessment
framework. For issues involving mainly technical systems or isolated problems, an
approach based on a FTA with a model depicting a clear and easily assessed
structure, might be more suitable.

5 Discussion

This study has taken a first approach to consider enriching two of the steps of the
FSA methodology. The results show that different types of models applied in the
hazard identification and identification of RCOs also elicit different types of feed-
back. Overall, the participants were positive towards the use of less traditional
methods, such as FRAM, to complement commonly used approaches.

Furthermore, among the aspects addressed and criticized by Psaraftis [16] with
regards to the FSA, two have been addressed in this pilot study focusing on hazard
identification and RCOs. Firstly, the overreliance on expert opinion or, differently,
the lack of a rigorous elicitation method to quantify experts’ judgment, emerged as
one of the major deficiencies in recently submitted FSA studies. Secondly, it was
observed that many of the hazards identified in step 1 of recent FSAs, were ulti-
mately not addressed in the following steps, reducing their thoroughness.
Consequently, this suggested the testing of a complementary approach which could
enrich hazard identification and still facilitating experts.

The results of the study show that FRAM can be considered as a complement to
traditional risk assessment approaches, such as FTA, but probably not as a
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standalone method suitable for the FSA. Both focus groups were positive towards
the function-based model and highlighted its added value as being able to portray
the complexity of everyday maritime operations as well as interdependencies
between tasks, which normally go unnoticed.

Some of the participants highlighted how the six aspects embedded in the design
and the multiple possible interdependencies between functions, manage to portray a
level of detail (in terms of tasks) which results in a comprehensive picture very
close to the reality of ship operations. From the discussion, the six characteristics
were considered a significant advantage of FRAM compared to the FTA, since “you
are able to determine which one influence which. You can see it clearly”
(Participant 2, group 2). Furthermore, the hazards identified differed depending on
which visualization had been presented first, with the FRAM showing an emphasis
on risk control options related mostly to organizational aspects, such as manning,
education and fit between (design of) technology, operator and work environment.
The FTA mostly generated direct advice on how to avoid errors and discussions
circled around how to cut or add to the branches of the fault tree. The participants
further stated that the FRAM offered a macro perspective of the system at work,
while also enabling the participants to discuss and reason about the effects of risk
control options. However, the lack of quantification and the complexity of the
visualization was stressed as a disadvantage and the participants felt that the FTA
would be a better option for the identification of hazard and risk control operation
for less complex scenarios or a micro perspective on an isolated problem.

6 Concluding Remarks

While the use of failure-based approaches has a long history in risk assessment, this
research has tried to show that there is a potential to study the introduction of new
approaches into traditional frameworks. Within the maritime domain the FSA is the
foremost tool to support decisions regarding safety-related measures. While the
focus has so far mostly been on creating scenarios where the estimated risk is as low
reasonably possible, the results show that there is a general lack to take everyday
complexity and the interdependence of work environment, organizational setup and
operator performance into consideration. The study seems to support concerns that
the scenario-based approach of FSA is too limited for a thorough hazard identifi-
cation and RCO evaluation.

This study presents a first attempt of introducing a complex modelling method
into the FSA framework, and while several disadvantages were highlighted, it has
been very salient that complementary approaches to identify hazards and risk
control options are needed. FRAM presents one potential candidate for such a
complementary approach.
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Designing New Interfaces for Submarines:
From Cognitive Work Analysis
to Ecological Interface Design

Daniel Fay, Neville A. Stanton and Aaron Roberts

Abstract Current submarine control rooms show a high degree of technical evo-
lution, although future additions may cognitively overload operators. Additional
sensors, capabilities and technology may prove difficult to effectively use for even
the most trained operators. To mitigate this, the Command Team Experimental
Test-Bed project aims to assess current methods of work, and how they can be
improved. Cognitive Work Analysis will be used to assess current interfaces, with
results informing new Ecological Interface Designs. It is anticipated that these new
interfaces will reduce operator workload. This paper details how completed anal-
yses are directly informing interfaces, ensuring that they meet required needs.

Keywords Human factors - Ecological interface design - Cognitive work analysis

1 Introduction

The Command Team Experiment Test-Bed (ComTET) is a project with the
objective of identifying and developing new ways of working for submarine
command teams [1]. A need for new ways of working will be necessitated by
increased data, improved technologies, and a drive for crew reductions; these
changes stand to improve a submarines command room, although may lead to
cognitive overload for operators. There are many factors that could mitigate these
effects on future crew, one of which is the design of an operators’ station interface.
Given that operators use their stations to interact with the submarines data, sensors,
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technology, and crew, it is imperative that stations facilitate, rather than hinder
work. The focus of this research was to perform an evidence-based assessment of
current interfaces.

Submarine command teams use passive sonar sensors to gather data. In early
generations of submarines, sonar was listened to using headphones, and a crank that
altered which bearing; these were passed to Target Motion Analysis
(TMA) operators, who would plot the signals location on a paper chart. Command
rooms have evolved since in response to technology and innovation [2]. Initial
improvements have created digital versions of paper tools for operators to use,
seeking to improve operator processes. Submarines show a high degree of tech-
nological evolution [3].

Recently Submarine Combat system upgrade projects have moved towards using
Consumer Off-the Shelf (COTS) systems, as opposed to Military Specification
(MILSPEC) ones [4-6], as well as modular open systems [7]. These projects have
clearly shown to be beneficial in a variety of aspects, however it is unclear as to
whether the associated user interfaces departed from their predecessors enough to
make full use of new capabilities. There is little literature with regards to the design
of currently operational interfaces, although there is literature regarding creating
new interfaces to remedy problems regarding their usability, cognitive require-
ments, or functionality [8—10]. These sources all indicate that whilst a submarines
command room is more advanced than ever, there is a clear need to present the
information in highly usable interfaces.

2 Background Theory

2.1 Stations to Be Redesigned

To demonstrate the effectiveness of interface redesigns, it was decided to choose
stations whereby the gains would be most evident. Through a series of discussions
held with submarine and human factors SMEs it was decided that the Sonar and
TMA would be candidates for this, due to their complex nature as well as impor-
tance within the command team. This importance can be seen in the sum of
communications between the two sets of stations during scenarios, an example of
which is published by Stanton [3].

Sound Navigation and Ranging (Sonar) is a system for locating and ranging
objects via means of sound propagation and listening. This is often achieved pas-
sively, by listening to ambient noise. Sound detected by sensors can be plotted for
analysis by TMA. Sonar is especially important for submarines as it allows them to
gain a picture of their surroundings, as underwater visuals cannot be used. By
listening to sounds underwater other objects can be detected and classified. This
will then allow the control room to determine which actions to take.



Designing New Interfaces for Submarines ... 415

TMA is the process of analysing positional data from contacts derived from
sensors to produce a location, and predicted movements. This is called a solution,
consisting of the speed, course, heading, and bearing of a vessel. Solutions are fed
into a tactical map view, which can inform movement, attacks, or other changes.
Such analysis is important, as it converts data into knowledge about contacts,
allowing actions that can ensure mission success and platform safety.

2.2 Cognitive Work Analysis (CWA)

CWA [11, 12] is a framework developed for modelling complex socio-technical
systems (systems constructed of social (humans, or other actors) and technological
agents), to understand layers of constraints and how work could proceed within a
system given their presence. Sanderson [13] further defines CWA as an approach to
analyse, evaluate and design complex systems that have a high degree of
human-computer interaction. Throughout all stages, there is an emphasis on how
work could be conducted, as opposed to how it is conducted [14]. CWA has been
applied, for a number of purposes [15], including interface design and evaluation
[12, 16].

There are five different phases to CWA, which can have differing names and do
not have to all be completed for an effective analysis. These are, as defined by
Vicente [12]: Work Domain Analysis (WDA), Control Task Analysis (ConTA),
Strategies Analysis (StrA), Social Organisation and Cooperation Analysis (SOCA)
and Worker Competencies Analysis (WCA). As StrA and WCA were not used they
will not be described. They were not used as they not often used to design interfaces
[15, 17]; WDA is used for individual interface design, with ConTA and SOCA
being used for interfaces that will form part of a system.

WDA considers objects within a system, what work can be performed using
them and for what purposes [12, 18]. This is achieved using an Abstraction
Hierarchy (AH), a diagram that models the system using five different levels of
abstraction, ranging from physical objects to the systems reason(s) for existing,
linked using means-ends connections, see Table 1. These connections may be
verified using the “Why-What-How’ triad for each item in each layer of the AH,
allowing users to either go from top to bottom to discover how a function is
achieved, or bottom to top to assess how why objects exist and what they do. Once
a hierarchy is complete, it is possible for practitioners to understand what an object
in the system does by examining at links that go upwards, and understand how this
is done by following downwards links. Figure 1 presents two examples of items
within an AH, linked to form a “Why-What-How’ triad, with how these connections
should be interpreted displayed below.

CTA addresses context in relation to activity. It can be modelled using a
Contextual Activity Template (CAT) [19] table. Context is provided as situations,
which can either be temporal or spatial, or a combination of both. Such analysis
helps to identify different types of constraints and whether they are hard (requiring
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Table 1 The levels of an abstraction hierarchy, with definitions of each level

Level Items on this level should:

Functional purpose Capture all reasons for design or procurement of a system. Each
function provided by a system should be an item

Values and priority Be a measure of how a system achieves its functional purposes

measures

Purpose related Link abstract ideals at the hierarchy’s top levels to figurative items

functions present in the bottom two levels, by grouping affordances into actions

whose completion would count towards evaluating a Value and
Priority Measure

Object related Show possible affordances provided by the physical objects below.

processes These affordances should be generic, so as not to constrain subsequent
levels

Physical objects Consists of both internal and external physical objects of the system,

including user interface objects

7 Nt )
( Detection of Contacts ) Why ( Facilitating tactical picture )

it |

( Visual representation from arrav) What ( Gauge solution accuracy )

v £ t

( Broadband waterfall display ) How ( Solution rulers )
T A A
Sonar Example TMA Example
How does visual data from an array get Why do solution rulers exist, and why is
displayed, and why? that included in the system?

Fig. 1 Example items in an abstraction hierarchy for both sonar and TMA, with physical objects
at the bottom. Note that arrows are only used for clarity, they are not included in the actual
diagram

changes to environment or system) or soft (requiring changes in attitudes or
behaviour) [14]. The wvertical axis is typically populated either from the
object-related processes or the purpose-related functions level from the AH. The
horizontal axis is populated from possible scenarios. Finally, a graphical key is
added to each row, showing which situations a can task be carried out and when it is
[19]: An empty box indicates an action can never be carried out, a dashed outline
indicates that an activity could, but is not, and a circle with solid lines through
connecting scenarios denotes that an activity can and is typically performed. An
example excerpt is show in Fig. 2a, showing available ORPs for a sonar operator on
the vertical axis, and situations of work along the horizontal axis. As can be seen,
the high level of training for operators, combined with a high level of technological
sophistication, allows tasks to be completed across a variety of contexts. At this
stage, actors are not included in the analysis, with the CTA’s main purpose being to
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Fig. 3 A simple interface design, created from a sample sonar AH

show constraints for each activity with regards to whether or not it can be under-
taken within a given scenario.

SOCA includes the actors of the system [20] as colours overlaid onto diagrams
from other CWA stages. This is achieved by looking at constraints imposed by
social and organisational structures and specific actor roles or definitions [15].
Actors are assigned a colour, which is then used to shade activities that they are
capable of doing; it is important to note that shading denotes a capability to per-
form, rather than actual completion. With multiple actors, shading is split into
discreet, equally proportioned blocks. For this analysis a SOCA CAT was
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performed, see Fig. 2b for an excerpt, allowing for analysis which tasks were
performed, when they were performed, and who by. Figure 2b builds upon Fig. 2a
by adding shading, representing sonar operators, to indicate that they will be the
actors performing the actions laid out in the CAT.

2.3 Ecological Interface Design

Ecological Interface Design (EID) is a theoretical framework for designing
human-machine interfaces of a complex nature [21], and is based upon the Skills,
Rules, and Knowledge Taxonomy (SRK Taxonomy) [22] and the AH. Vicente [21]
and Rasmussen [22] identify two primary objectives of EID: To ensure that
required mental processing does not exceed task demands for a user, and to support
all three levels of cognitive control described from in the SRK taxonomy. These
inform user actions, and as such must be easy to interpret in routine, as well as
unfamiliar, situations. For both types of situation, interpretation of an interface
should not detract from a user’s cognitive capabilities, that could better utilised
executing their desired functionality. Enabling a user to understand the current
environment at a glance enables them to use their full cognitive capabilities for
assessing and choosing an appropriate course of action. Using CWA and EID to
create interfaces has been extensively performed, as evidenced by Mcllroy and
Stanton [16], whose paper analysed usage of different CWA stages in relation to
EID designs. In their paper they analyse the usage of different CWA stages used
when producing an EID, alongside whether the SRK is mentioned, for over seventy
entries. Their analysis indicated EID usage in a wide variety of fields, including
aviation, military, and Information Technology. Additionally, they found a mix of
CWA stages were used, with WDA being the most common, appearing in all but
two entries.

Rasmussen’s SRK Taxonomy posits that each taxa is a discrete distinction of
human behaviour originating from fundamentally different representations of
environmental constraints [12, 22]; however it is noted that they are not necessarily
mutually exclusive. Each taxa is followed by ‘Based Behaviour’ when describing
associated actions taken at that level, and can be abbreviated as: SBB, RBB, KBB.
The taxa, and their associated environmental information perception contributories,
are shown in Table 2. Both signs and symbols can be deemed as affordances,
defined as what an environment offers an individual [23], and will contribute to how
an environment or interface is manipulated. The SRK Taxonomy is important as it
guides design principals, so as that all information in an interface is displayed in a
manner that takes advantage of human perception and psychomotor abilities [24].
By capitalising on these innate abilities for most of the interface design, higher
cognitive capability and capacity can be preserved to respond to events which
require higher cognitive function to process and respond to. Vicente [21] defines a
design principal for each taxon to guide creation of an EID as follows:
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Table 2 The three taxis of Rasmussen SRK taxonomy, with associated perceptual contributories

Taxa*

Perception®

Skill—rote learned responses from an
individual’s perceptual motor system, in
response to signals

Signals—environmental information, created
via navigational as well as manipulatory
means, sensed as time-spatial signals

Example—focusing® on a new sonar trace” that

has appeared on screen

Rule—priorly learned sequential, or
concurrent, actions to complete a desired or
given end goal, encompassing manipulation
of necessary

Signs—environmental information that
indicates activation or modification of
predefined actions or manipulations is
possible. These indications refer to situations
or behaviour by convention or prior
experience, and do not represent concepts or
functional properties of the environment

Example—setting a tracker* on the new sonar trace”

Knowledge—actions generated in response to
a new unfamiliar situation with no control
rules available from previous encounters.
These actions will be towards a goal based
upon an analysis of the environment, in
tandem with operators overall aims, taking

both signs and symbols into account

Symbols—provide information pertaining to
functional properties, and can be used for
both reasoning as well as comprehension by
virtue of providing this information

Example—deciding on a course of action* if the system cannot classify the trace®

SBB: An operator should be able to directly act upon the interface, with dis-

played objects being isomorphic to the environmental object it represents

RBB: A consistent one to one relationship between work domain constraints and

signs presented within the interface should be provided

KBB: The work domain should be represented as an abstraction hierarchy,

serving as an external mental model to support knowledge based problem

solving

3 Method

The described method was carried out for both Sonar and TMA stations within

ComTET. Construction of each diagram

only proceeded after multiple consulta-

tions with submarine as well as human factors SMEs, visits to the Royal Navy’s
Talisman trainer, and over sixty hours of experimentation in ComTET. This was to
ensure that all aspects of the system were fully understood, and as such could be

effectively analysed.
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3.1 Creating the CWAs

Abstraction Hierarchies were created in accordance with the requirements for each
level laid out in Table 1, with the requirements being met as follows, with examples
listed underneath each point:

e Functional Purpose: Given that all stations fulfil the same functional purpose in
most cases, a set of purposes was devised and reused. Changes or additions were
added to certain diagrams, so as not to constrain them and to provide a more
accurate representation. A submarines main tenets (Remain safe, remain unde-
tected, and complete the mission) were not included at this level, as they are
better suited to being measures of performance, and they do not accurately
provide a reason for the system existing in the control room.

— A sonar station exists for Detection, Classification, Localisation, and
Tracking (DCLT).
— A TMA station exists to assist tactical picture generation.

e Value and Priority Measures: As with the functional purposes, all items were
similar across diagrams, although greater variation was employed to represent
different consoles functionality. Usage of keywords ‘maximise’ and ‘minimise’
created clear, quantifiable measures, including the submarines three main tenets.

— A sonar station should maximise contact DCLT.
— A TMA station should maximise solution accuracy, plus provide a repre-
sentation of uncertainty.

e Purpose Related Functions: Functionality groups were identified from the object
related processes. These functionality groups were aligned to processes.

— A sonar station should provide functionality for DCLT of contacts.
— A TMA station should provide functionality to predict contact actions.

e Object Related Processes: Each physical object was assessed for affordances,
whether alone or in combination with another object. Inherent affordances, such as
‘Push button’ were not included so as not to detract from system related affordances.

— A sonar stations bearing tapes display available bearings to an operator.
— A TMA stations cuts allow an operator to identify detections of a contact.

e Physical Objects: All objects in the operators’ screen were broken down and
added, using a left to right, top to bottom approach. The breaking down of each
component was performed by determining if the object was a group of objects,
each with separate affordances.

— A sonar stations waterfall can be broken down into the waterfall display, a
bearing tape, a time tape, tracker indicators, etc.

— A TMA stations solution rule can be broken down into a directional arrow,
cut markers, a drag handle, etc.
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To create the Contextual Activity Templates for both diagrams, the vertical axis,
actions, was populated from the AHs Object-Related Processes, and the horizontal
axis, situations, was populated using a common and an analysis specific set of
situations. The common situations were derived by combining each scenario run by
ComTET with an at depth, or periscope depth modifier. ComTET uses three sce-
narios, tracking, manoeuvring, and reconnaissance, as a low and high workload
version, however as the processes are of comparable nature in each, a decision was
made to ignore workload when populating the scenarios. Whilst the analysis
specific situations would yield sufficient results by themselves, they would not have
allowed for a comparison between different analyses; these comparisons will allow
commonalities to be discovered, providing an exploitation vector for potential role
mergers.

A SOCA CAT was constructed from the finished CAT diagram, with the
inclusion of ‘system’ actor. This actors purpose was to represent all supporting
actions that the system takes, in addition to logic checks that support users; for
example, not assigning a tracker unless the Signal to Noise Ratio (SNR) is over a
certain threshold on a sonar station. Whilst there was no explicit automation, logic
built into the system creates safe-guards, which could be likened to system actions.
An example of both a SOCA and SOCA CAT for sonar can be seen in Fig. 2.

Upon completion of the analyses, a thorough validation process was carried out
to ensure accuracy and completeness. This process involved consulting with vari-
ous SMEs, across differing relevant domains, and analysing ComTET scenarios.
Results from this extensive validation led to several corrections being made;
however, these corrections were not due to errors, rather ensuring that creational
rules had been followed across all diagrams, and changes to represent a consensus
on system functionality. With these ‘finalised” CWAs, experimenters visited HMS
Drake to perform an analysis of the Talisman trainer, in conjunction with currently
serving submariners. Interviews were held and scenarios were monitored across
several days, allowing experimenters to construct station CWAs that could be
compared to those performed on Sonar and TMA stations of DW. Compiled
analyses of this visit were then compared to their DW counterparts; there were
differences in which role performed which function as well as differences in
methods to completing tasks, but overall the comparison validated both the DW
CWAs and ComTETs simulation capabilities. It should be noted that ComTETs
capabilities have been explicitly validated before, this was an additional measure.

3.2 From CWA to EID

To inform an EID from both CWAs, the AH was the most used diagram. Both the
SOCA and SOCA CAT were used to ensure that operators could carry out required
functions in required contexts, in addition to identifying where potential automation
could be added. Table 3 shows the steps taken, and example output, to translate
each AH to an EID, which could then be refined to ensure optimal usability.
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Table 3 A generalizable process for translating an AH to an EID, with a scaled down sonar

example

Taxa | Step In example

)

SBB List all objects within the expected * Own-ship
operational environment, including those | ¢« Environment
identified by Purpose Related Functions * Contact

» Sonar array

SBB Create a Physical Object to represent | Own-ship [ sonarArmay
each object, using skeuomorphism
where appropriate O
[ Environment || Contact ]
\ q o1 |
Not to scale
SBB Identify relevant properties that each * Own-ship—course
object will have, using certain Object * Environment—Iland/sea boundaries
Related Processes nodes to ensure » Contact—bearing, aural Strength
completeness * Sonar array—range, bearings covered
RBB Identify constraints, if any, for each of *» Courses and bearings can only be 0°-
these properties 360°
* Aural strength can vary greatly
depending on the background noise
* The range and bearings covered for a
sonar array is contingent on which one
is being used
SBB Create Physical Objects to represent * Course and bearing constraints are
RBB these properties and their constraints, or already enforced by being displayed on
KBB alter the Physical Object of the object it a circle
is attached to. Consider creating different | » To represent aural strength in relation
states for when constraints have been to background noise, the ‘Contact’
broken, or properties are different to Physical Objects’ transparency will
expected values change
* For this example, an array capable of
surveying all 360° is employed, with
the range being displayed by a thick
border
- For each Object Related Process:
SBB Ensure the outcome or information, * The selected bearing is not currently
RBB detailed in the connected Object Related shown, so a Physical Object similar to
KBB Process, can be determined using a contact detection is added to

existing Physical Objects. If not, add
Physical Objects to accomplish this

represent the current array location

* The bearing of a contact is shown by its
location, but the exact bearing is not; a
text field will be added to the marker to
display this

(continued)
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Taxa Step In example
()
SBB If it always occurs, try to make the * As ‘Detection of Contacts’ always
RBB associated Physical Objects as occurs the user should have to
non-intrusive as possible explicitly interact with them before the
interface changes, to prevent issues
when moving a cursor across the
screen
RBB If it needs to be triggered, add a Physical |+ ‘Detection of Contacts’ does not need
KBB Object, or affordance, to do so. Altering to be triggered, so this step does not
the states of related Physical Objects apply
dependent on this trigger is strongly
advised
RBB If it can be remedial or diagnostic, list all  ‘Detection of Contacts’ is not remedial
KBB causes of requirements. For each cause, of diagnostic, so this step does not
consider Physical Objects to represent apply
this
SBB Arrange all Physical Objects on screen, See Fig. 3
RBB ensuring the structure of the environment
KBB is represented

The target supported SRK taxa’s are displayed as a guide, but all taxa’s should be considered
where appropriate

The process allowed for systematic capturing of all required environmental objects
that would need to be displayed, what constraints there were, how to display them,
and how to manage activation of functions to interact with the environment. This
systematic elicitation provides support for behaviour at each level of the SRK
Taxonomy, creating signs, signals, and symbols to facilitate appropriate levels of
cognitive control; by integrating a model of the environment with an AH for
interface design, it is possible to identify how best to do so. Additionally, it is
believed that this process is generalizable to other scenarios where a practitioner is
creating an EID from a CWA.

4 Results and Future Work

By following the process outlined it has been possible for experimenters to sys-
tematically create EID prototypes from CWAs, with a focus on AHs. It is believed
that such a systematic elicitation of design direction can explicitly build upon a
CWA to create designs, as opposed to informing them and starting a design from
scratch. It is acknowledged that this method is not fool proof, and some subjective
liberties will have to be taken, although not to the extent that a practitioner should
feel without guidance from their analysis.
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For future work, these interfaces will be extensively reviewed by human factors
and submarine SMEs to ascertain their suitability; this process will be in-depth, to
ensure a high standard of interface. Based on these reviews, it is anticipated that
each interface will be iteratively improved before being testing their efficacy.
Experimental testing is planned to follow.

5 Conclusion

This paper has presented how the ComTET team is moving towards testing new
interfaces employing an EID approach, based on CWA analyses, to assess their
impact in the submarine command room. A generalizable method for translating an
AH from a CWA was presented, ensuring that analysis work informed each design
in a direct manner, taking into consideration the environment of the system.

It is anticipated that experimental results will show a reduction in operator
mental workload, coupled with improved task performance. Such a result would
make a strong, evidence based case for future exploration of submarine command
team improvements via interface redesigns. However, the authors recognise that
there are many factors affecting team performance, interface design is just one piece
of the puzzle. To that end, as the ComTET project progresses, many different ideas
will be tested so as to address as many facets of such a complex challenge.
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The Command Team Experimental
Test-Bed Phase Two: Assessing Cognitive
Load and Situation Awareness

in a Submarine Control Room

Aaron Roberts, Neville A. Stanton and Daniel Fay

Abstract The Command Team Experimental Test-Bed (ComTET) is a body of
work examining the functionality of submarine command teams with an emphasis
upon future ways of working. 10 teams of 8 participants (80 participants in total)
received extensive training at one of the operator stations in the submarine control
room simulator (e.g. sonar or periscope operator). The teams then completed 3
different scenarios under higher and lower work demand conditions. The Work
Load (WL) and Situation Awareness (SA) of the command team was assessed using
a variety of standardized subjective rating scales (e.g. NASA TLX), physiological
measures (e.g. ECG), in play cognitive capacity assessments (e.g. duel task para-
digm) and SA assessments. The communication(s) between all team members were
recorded allowing the use of the Event Analysis of Systemic Teamwork (EAST)
method to examine performance. Preliminary results indicate that the WL of
operators in a submarine command team varied as a result of scenario type and
scenario demand. The initial results are discussed alongside future analysis plans.

Keywords Human factors - Submarine - Command team - Work load

1 Introduction

The submarine control room has evolved across many decades of operations and so
represents a highly advanced system, but this does not mean that it cannot be
improved [1]. Submarines of the future will be required to handle greater volumes
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of data (e.g. extra sensors), with potentially reduced crew sizes, a drive prevalent in
many domains [2—4]. Previous research has identified the types of decisions that
submarine command teams are required to make and it is clear that such decisions
are informed by the integration of information from disparate sources [5, 6]. A key
challenge for future submarine command teams is to effectively manage increasing
volumes of data of greater complexity, whilst ensuring that Work-Load (WL) and
Situation Awareness (SA) is maintained at a level which facilitates optimal per-
formance [1, 3].

A submarine control room is an excellent example of a socio-technical system,
involving complex interactions between technological agents and human operators
[1, 7]. Previous work investigating WL and SA in submarine control rooms has
typically focused upon such concepts as being held in the mind of the operators,
often whilst performing particular operational sub-tasks such as track management
[8, 9]. However, placing WL and SA solely in the mind of the individual operatives
does not facilitate a complete understanding of the sociotechnical system as a whole
but rather the cognitive capacities of the operator, which are accepted to be limited
[10].

Distributed cognition and SA is defined as the requirement of multiple indi-
viduals to communicate and coordinate tasks effectively to complete common
higher objectives, often with a reliance on technology [11, 12]. To understand the
functionality of a submarine command team in its entirety it is important to
understand the operations completed and relationships between all agents within the
sociotechnical system, not just the minds of the humans acting as operators. The
work of Stanton [1] provided valuable insight into one of the key operations rou-
tinely completed by operational submarines from a socio-technical perspective,
returning to periscope depth from below 60 meters. However, such work did not
objectively examine the SA and WL of the submariners. It is also important to
consider a greater range of operations routinely completed by submarines.

The first phase of the Command Team Experimental Test-bed (ComTET) pro-
gram was the building of a submarine control room simulator with sufficient fidelity
to undertake such a program of research [2]. The aim of the current work (the
second phase of ComTET) is to conduct a set of rigorous experiments with high
statistical power in the submarine simulator. This will allow the examination of the
WL and SA of submariners from a socio-technical perspective.

2 Method

2.1 Participants

10 teams of 8 individuals (80 participants in total) were recruited opportunistically
using posters (e.g. placed on University of Southampton campus and submarine
Museum) and by directly contacting local groups with a maritime or military
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interest (e.g. University Military undergraduates, Royal National Lifeboat Institute).
A total of total of 71 males and 9 females participated with an age range of 18-52
from a variety of backgrounds primarily including undergraduate students and
graduate recruits for Ministry of Defence supported companies. The study protocol
received ethical approval from the University of Southampton Research Ethics
Committee (Protocol No: 10099) and MoDREC (Protocol No: 551/MODREC/14).

2.2 Equipment and Materials

The ComTET team designed and built a submarine control room simulator (see
Fig. 1) that is based upon a currently operational RN submarine. A fuller
description of the building process and the simulator capabilities is provided by
Roberts et al., [2]. The operator roles present in the control room was advised by
Subject Matter Experts (SME’s) to be representative of an operational submarine.
They include; two Sonar Operator stations (SOP), two Target Motion Analysis
stations (TMA), a Sonar Controller station (SC), an Operations Officer station
(Ops0), a Periscope station (PERI), a Ship Control station (SHC) and an Officer of
the Watch station (OOW). The OOW role was played by a member of the ComTET
team who was highly trained in the use of all DW stations and had received training
from RN SME’s in playing the role of OOW.

An unclassified set of scenarios (see Table 1) capturing the widest range of
operations submarines routinely complete were selected by SMEs and programed in
DW. The scenarios chosen were Returning to Periscope Depth (RTPD), completion
of Inshore Operation (INSO) and Dived Tracking (DT) of a surface vessel. The
average scenario length was 45 min.

A training program was developed by the ComTET team, allowing a team of
novices with no maritime experience to become competent enough to complete
scenarios in DW as a functional submarine command team. Initially over 12 h of
video tutorials were designed, written and recorded. This initial package was then

Fig. 1 The ComTET submarine control room simulator
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reviewed by SME’s from the RN who facilitated the condensing of the tutorials into
a daylong training package in which all essential tasks were trained. The final
training program consisted of 6 h long video tutorials concerning the basics of
bearing, course, ranging, speed, communications and operator workstation specifics
(e.g. a broadband sonar tutorial or Periscope tutorial). Participants also completed a
training communications game, in which disparate pieces of information (word
anagrams) had to be manipulated (solved) and integrated for higher goals (sentence
solving). The solved sentences then linked to a higher global objective. During the
game operators were required to use a military verbal protocol such as putting out
‘calls’ to operatives by stating who the ‘message’ is from and intended for.

A wide range of data were collected during the study to assess a variety of
different constructs (e.g. SA vs. WL) from a number of different perspectives (e.g.
objective vs. subjective). A comprehensive list of the data collected and the purpose
of each measure is provided in Table 1. A number of cognitive tests and WL
measures were administered to participants. The majority of tests were chosen from
the Psychological Experiment Building Language (PEBL) test battery [13].
Electroencephalogram and respiration rate was monitored using Biopacs
Bionomadix system. The BioNomadix system is a wireless, non-invasive,
multi-channel physiological recording platform. Its design allows for nearly
unlimited freedom of movement, enabling subjects to easily relax into their
experimental procedure. A total of 4 wireless receivers were used allowing the
collection of ECG and respiration rate from 4 operators (TMA and Sonar opera-
tors). The blood pressure, heart rate and temperature of all operators was measured
across the day using two Omron M7 monitors and a Braun Thermoscan ear ther-
mometer. To comply with ethical guidelines, fresh ear caps and electrodes were
used for every recording.

2.3 Procedure

The experiment was run over a two-day period. Informed consent was attained from
participants whilst a simulator induction was completed on the first (training) day.
Participants were randomly assigned station roles and provided with a daylong
familiarization/training program at their workstation. The tutorials were run on the
second screen at the workstations, allowing operators to watch the tutorials whilst
simultaneously practising skills at the workstation on the bottom screen. Each
tutorial lasted approximately 45 min—participants watched 5 tutorials in total, with
adequate breaks in between. At the end of the day participants took part in 4
practice scenarios with guidance and instruction provided by DW SMEs from the
ComTET team. At the mid-point of the training day, after a lunch break, partici-
pants were administered a battery of cognitive tests which took approximately
60 min to complete, heart rate, blood pressure and temperature of participants was
also recorded at this point. The battery of cognitive tests included baseline scoring
for the three tasks chosen to be part of the dual task assessment alongside all of the
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tests of WM. All versions of the tests were electronic, running on the top monitor of
the workstation. The presentation order of the tasks was counterbalanced across
teams.

On the second day of testing participants were guided through a final practice
scenario in the morning before the formal testing began. The four participants
chosen (TMA and Sonar operators) to have ECG recorded were asked to step into
private fitting booths in which posters with detailed instructions concerning the
fitting of the electrodes and respiration belts were present.

The integrity of the physiological data was checked after fitting of equipment.
Participants were then told that the first scenario would begin—all recording
devices were started and a verbal time stamp was read aloud for synchronization
purposes. Participants were also presented with a secondary cognitive task on the
top screen of their workstation. Participants were instructed that anytime they were
not required to be actively engaged with tasks relevant to submarine command team
performance (e.g. no work had been allocated), they should try and complete as
many trials on the cognitive task as possible, whilst maintaining accuracy.

Each scenario began with an OOW briefing outlining the mission objectives.
The OOW led the direction of the scenario tactically, as would occur operationally.
Once the command team had completed the mission objective(s) the end of the
scenario was called. Immediately after the end of the all scenarios participants
would be presented with electronic versions of the NASA TLX, Bedford scale and
SA scale, the presentation order of these scales was counterbalanced across teams.
After a short break for refreshments and debrief regarding the previous scenario
participants were asked to sit back at their workstation and the second scenario
would begin. From the third scenario onwards, immediately prior to the end of the
scenario, two participants would have their blood pressure, heart rate and temper-
ature recorded.

2.4 Results

The ComTET team is currently in the process of completing the pre-processing and
analysis of data from all 10 teams that completed phase two of ComTET, the
baseline testing. A selection of results are presented below providing an early
indication regarding the direction of the work. Firstly, the NASA TLX and
Bedford WL scores from 6 teams (48 participants) are presented from all 6 sce-
narios completed. Secondly, measures of HR and temperature recorded at baseline
during training and during the completion of scenarios from the same 6 teams (48
Participants) are presented.

The temporal load (F, ¢ =3.22, p <0.05, 1’112, = 0.10), performance (F5,
62 = 14.04, p < 0.05, %7 = 0.31) and frustration (F»_ 6> = 3.04, p < 0.05, 15 = 0.09)
of the command team was statistically significantly affected by scenario type.
Scenario demand statistically significantly affected the mental load (F;, 3; = 46.24,
p < 0.01, ﬁg = 0.60), physical load (F;, 3; = 39.67, p < 0.01, ﬁg = 0.56), temporal
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Table 2 Means and SDs of workload scores in high and low demand scenarios

Measure Scenario Low demand High demand
mean £+ SD mean £+ SD
NASA TLX mental RTPD 7.03 + 3.94 11.29 £ 6.66
INSO 775 £ 4.72 10.51 £+ 4.84
DT 9.14 + 5.34 10.49 £ 5.47
NASA TLX physical RTPD 4.45 + 3.75 7.05 £5.27
INSO 5.20 £ 4.07 6.80 £ 4.73
DT 5.86 £ 4.32 6.97 £ 4.99
NASA TLX temporal RTPD 797 £ 4.25 12.14 £+ 6.34
INSO 8.20 £+ 5.05 10.40 £ 3.84
DT 10.06 £ 5.22 11.51 £ 4.70
NASA TLX RTPD 16.40 £+ 3.48 1291 £+ 5.48
performance INSO 14.11 £ 3.69 12.37 £ 5.04
DT 15.80 £ 3.13 16.48 £ 2.58
NASA TLX effort RTPD 9.46 £ 4.18 12.54 £ 5.49
INSO 9.17 £ 5.22 11.17 £ 3.65
DT 11.02 £+ 4.53 11.23 £ 5.01
NASA TLX frustration RTPD 6.14 £ 3.46 10.20 £ 6.59
INSO 8.11 + 4.93 10.48 + 5.41
DT 7.48 + 4.65 8.14 £+ 4.45
BEDFORD WL RTPD 297 + 1.38 5.60 £ 2.99
INSO 3.29 £ 2.08 5.07 £ 2.50
DT 377 £ 1.93 4.87 £ 2.38

load (F;, 31 = 34.33, p < 0.01, ﬁg = 0.53), performance (F;, 3; = 11.13, p < 0.01,
fis = 0.26), effort (Fy_ 3 = 19.05, p < 0.01, f}; = 0.38), frustration (F;, 3, = 23.75,
p < 0.01, r’]f, = 0.43) and Bedford score (Fy, 3; = 86.82, p < 0.01, ﬁg = 0.74) of the
command team (see Table 2). Operator role statistically significantly impacted upon
the mental workload (F3, 3; = 4.03, p < 0.05, ﬁﬁ = 0.28), and Bedford score (Fj,
31 = 2.80, p <0.05, 1’]12, =0.21) of the command team. A number significant
interactions were observed the most notable being a statistically significant between
scenario demand and operator role on effort (Fg 6> = 19.94, p < 0.01, Tﬁ = 0.20)
and Bedford score (Fg, 62 = 19.94, p < 0.01, ﬁf, = 0.20).

The HR (F;, 4o = 11.22, p < 0.01, ﬁf, = 0.21) and temperature (F 4 = 179.02,
p < 0.01, ﬁg = 0.81) of participants was statistically significantly affected by par-
ticipation in scenarios (see Table 3). Operator role statistically significantly affected
the temperature of the command team (F3, 4, = 3.28, p < 0.05, ﬂf, =0.18), a sig-
nificant interaction between time measure was taken and role (F3 4 = 5.07,
p < 0.01, ﬁf, = (0.26) was also observed.
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Table 3 Means and SDs of HR and temperature before and after scenarios

Measure Role Baseline mean + SD After scenarios mean £ SD
Heart rate Command 74.00 £ 11.77 37.25 £ 7.25

Picture 7091 £ 9.37 81.25 + 8.53

Sonar 72.08 £ 11.42 73.16 £ 13.82

Peripheral 75.70 £ 12.70 84.70 £+ 16.70
Temperature Command 36.30 £ 0.47 37.25 £ 0.56

Picture 35.37 £ 0.57 37.30 + 0.33

Sonar 36.00 £+ 0.54 37.08 £+ 0.27

Peripheral 35.67 £ 0.81 37.32 £ 0.15

3 Discussion

The current work aims to provide a comprehensive understanding of submarine
command team functionality across a variety of operations routinely completed by
submariners. It is clear that safe submarine operation is complex, requiring the
integration of vast amounts of data from different instruments by different operators
[1, 3, 7]. Once complete the current work will offer insight into how the integration
of information to inform a tactical picture changes with different operational
requirements, building upon previous submarine command team studies which
examined one task type or one scenario type [1, 3, 5, 6].

The primary objective of the baseline study is to design and conduct a set of
rigorous experiments that provide a comprehensive understanding of submarine
command team functionality and capacity using both subjective and objective data.
There is not a great volume of work published in the submarine control room
domain due to economic and security issues [2]. The current work has demonstrated
that it is possible to conduct cost effective, unclassified experiments with high
statistical power. The ComTET team has successfully managed to recruit and train
80 participants to complete various operations as part of a submarine command
team. The success of the training package is a notable feather in the cap of the
ComTET project to date. Furthermore, the statistically significant differences in
both subjective (e.g. NASA TLX) and objective (e.g. HR and Temperature) indi-
cators of WL indicate that the scenario design has been successful in terms of
creating a high and low demand operational environment. Such success is further
evidenced by the fact that difference WL scores were observed depending on
scenario type, particularly as the WL of particular operators changed as a result of
scenario type (i.e. the WL of PERI is higher during an INSO compared to DT). This
indicates that the design of scenarios effectively captures different operation
capacities, however when complete such work may also offer insight into where
capacity may exist within the command team to accommodate future sensors and/or
reducing crewing that is required [2—4].
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The current research builds upon previous work investigating WL and SA in
submarine control rooms [8, 9]. In the current work the subjective WL of operators
is being considered from a sociotechnical perspective across a greater selection of
sub-tasks (e.g. track management, sonar detection and periscope operation) and
overarching operational goals (i.e. RTPD, DT and INSO). The subjective WL
scores (NASA TLX and Bedford) highlight that the WL of the command team is
different depending on scenario type. This indicates that future submarine control
rooms may be optimised by increasing command team flexibility, where the layout,
roles and technological support offered to operator’s change depending upon the
particular operation being completed.

3.1 Conclusions and Future Work

There is a drive for submarines to have increased capacities, whilst operating in
difficult conditions and utilizing a wider array of complex instruments to facilitate
operations [1-3, 7]. For this to be possible a thorough evaluation of submarine
control room design and command team performance is required—including
evaluations of optimizing new technologies, layouts, ways of working and inter-
faces. Once all analysis of data is complete the current work will provide an
excellent baseline describing how submarine command teams currently function.
The fact that statistically significant findings are observable with just over half the
data (6 of 10 teams) included in the analysis offers great hope for findings with high
statistical power—a key objective of the ComTET project. It is anticipated that once
complete this body of work will offer insight into future ideas for submarine control
room improvements, providing a baseline for comparison whilst also providing a
methodological template for future research in this domain. This will provide the
catalyst for phase 3 of ComTET—examining future concepts.
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Passenger Safety During Rescue

and Evacuation from Passenger Vessels:
A Holistic Concept for the Integration
of Technical Assistance

Silvia Hockling, Alexander Kunz and Florian Motz

Abstract Worldwide the popularity of cruise holidays is constantly growing. In the
last 10 years the annual passenger capacity has doubled to more than 20 million.
With the deployment of modern cruise ships with capacities of up to 8000 persons
(passenger and crew) new challenges arise for the international cruise industry with
regards to a safe and effective evacuation in case of an emergency. This paper
describes project work funded by the German Ministry of Education and Research
(BMBF) to develop innovative methods and technical solutions for supporting a
fast and complete evacuation of all passengers. The focus of this project is on
optimizing the workflow and communication of the emergency organization
onboard by providing technical support for the crew member’s key functions such
as counting and identifying passengers at their assembly stations.

Keywords Human factors - Evacuation management - Cruise ship -« Ship
evacuation - Decision support « People localization

1 Introduction

The cruise industry has been expanding rapidly in the past years. It is expected that
15 new ships will be delivered from 2016 to 2017 that will add around 40,000
lower berths to the worldwide passenger capacity [1]. This trend has been driven by
increasingly larger ships with many new on-board amenities, as well as shore-based
activities, offered to match the customer’s demand. The ships being built in the next
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few years are essentially small cities which are already seen to represent a desti-
nation in themselves [2].

Maritime disasters in the past years have shown that there is a strong need for
timely and effective evacuation of large passenger ships during emergencies. Major
challenges during emergencies involve evacuation, mustering (head count of peo-
ple) and abandonment procedures. For instance, accidents such as the fire on the
Star Princess in 2006 showed major problems in communication and mustering of
all 2690 passengers. The investigation report describes that roll calls “had to be
repeated several times and took between 2 and 3 h to complete” which contributed
to the situation where one deceased passenger could not be identified until over 6 h
after the alarm was sounded [3]. Moreover, it was not possible to check all cabins
since busy telephone lines made it impossible to request additional master keys and
to inform the responsible coordinator.

A safe evacuation of cruise ships significantly depends on accurate and fast roll
calls at assembly stations supplemented by searching all areas of the ship. Each
crew member contributes to the evacuation and mustering procedures in various
ways, for instance in ensuring that passengers proceed directly and in an orderly
manner to the muster stations, preparing life boats, assisting persons with handi-
caps, etc. Their most difficult and time-critical emergency duties are, however,
crowd management, proper and correct head counting and locating the whereabouts
of missing persons onboard.

Several EU funded projects reflect the urgent need for crew support using indoor
positioning systems. For instance, in the LYNCEUS project localization technology
was initially tested in lab and in small scale pilots. In the follow-up project
LYNCEUS2MARKET launched in June 2015, the declared aim is to implement the
first market replication of products such as localizable life jackets, bracelets and
cabin key cards and intelligent decision support systems [4]. In MONALISA 2.0,
another EU funded project, a pilot system for people tracking was tested onboard of
Ruby Princess, a cruise ship operated by Princess Cruises. In a testing phase of
several months 150 crew members have been tracked in safety critial crew areas
such as the engine room [5].

There are already attempts by the cruise industry to implement tracking systems
on newly built cruise ships. Royal Caribbean offers RFID bracelets, known as
WOWDbands, on the Anthem of the Seas launched in April 2015 [6]. RFID enabled
bracelets allow onboard purchases and stateroom access and can be optionally used
instead of the traditional board card. At this stage the system is not used to localize
passenger in case of emergency. However, with already existing luggage tracking
features, localization of passengers via RFID could be the next step with the
opportunity to monitor passenger movement around the decks. This technology is
likely to be rolled out on every new Royal Caribbean ship but it is doubtful, if RFID
retrofitting of existing ships is technically and economically feasible.

Any intelligent system that makes the gargantuan task of keeping track of
several thousand people simpler will likely replace clipboards and paper lists.
Although tracking solutions using RFID technologies, as well as barcode scanning
techniques, are available there is still no proven system established on the market
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that fulfills all the complex requirements in the given context. These requirements
can be summarized as follows:

1. Tracking technology should be based on wireless technology and easily be
integrated in new and existing passenger ship infrastructures.

2. Low-cost and robust tracking devices should be localized in real time, and not
hindered by possible interferences of large steel structures or masses of people.

3. Tracking sensors should be able to be embedded in wearable items which can be
scanned quickly and without contact to allow counting and identifying its
owner.

In the research project SIREVA, funded by the German Ministry of Education
and Research (BMBF), a holistic concept for supporting evacuation processes is
being developed that not only addresses the technical requirements listed above but
also issues regarding data protection and protection of privacy, acceptance of
passenger wearing tracking devices, and others.

In the end, however, a key factor for a successful implementation will not only
be to which extent tracking systems meet the technical and economical require-
ments but also how well the system supports the common understanding between
the different actors involved in emergency situations. One area of research in the
SIREVA project is facilitating communication and cooperation between decision
makers, monitoring and control authorities and distributed teams in order to
improve reaction time, the reliability of the process and situational awareness (SA).

This paper describes and analyzes critical roles and problems in the organiza-
tional structure of emergency management that need to be addressed when speci-
fying user requirements for an evacuation management/support systems.
Furthermore, human factors techniques and methods that have been applied in the
first phase of the project are presented including requirements analysis, modelling
of design solutions for human machine interfaces (HMlIs) and iterative evaluation of
the prototypes with end users [7].

2 Understanding and Specifying Characteristics of Users,
Tasks and the Organizational Environment

Various methods were applied to understand emergency management as it is
practiced onboard various cruise ships of one of the world’s largest cruise ship
operators. These methods included reviewing available documentation material,
conducting observations, and interviewing crew members. The focus in the analysis
phase was on identifying characteristics of the individual roles and tasks and the
organizational, technical and physical environment which defines the context that
will apply to the future system.

First, emergency plans and training materials, such as work flow charts, job
descriptions, checklists, and other working material were analyzed. Additionally,
observing emergency drills with crew and passengers enabled the capture of typical



442 S. Hockling et al.

work processes of each position in the organizational structure. As a result, the degree
of workload, as well as sources of error and the effects of exceptional incidents on the
workflow could be determined. Additional interviews conducted with representatives
of all significant roles in the organizational structure resulted in more detailed
understanding of work processes and communication behavior during emergency
drills. Based on the information gathered a task analysis was conducted to understand
the current system and the information flows. High level tasks were broken down into
their subtasks and have been systematically documented according to the methodical
approach of task decomposition by Kirwan and Ainsworth [8]. The information
gathered through document analysis, workplace observations and interviews was
organized into organizational and communication charts for further analysis. The
following paragraphs give an overview of the most significant results.

The individual tasks of crew members vary depending on the allocated role in
the organization and the type of alarm being triggered. During the first alarm phases
the completeness and readiness of teams for evacuation and mustering is deter-
mined in order to be prepared for crew and passenger mustering, and the evacuation
of the decks in the alarm phases following thereafter.

The hierarchical organizational structure defines a clear separation of responsi-
bilities and a fixed communicational structure and chain of command. As shown in
the organigram (Fig. 1) the command center on the bridge is the strategic lead and
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the highest instance in the hierarchical structure. The evacuation center directly
sub-ordinate to the command center collects and filters all status reports of the
distributed teams and forwards the main information to the command center.

The teams in the lower hierarchical levels are organized by areas of responsi-
bilities (evacuation, mustering, and assistance) and report solely to the evacuation
center. Only an indirect exchange of information between these teams is possible
via the evacuation center. Long communication channels in such hierarchical
structures encourage effects like delays in coordination and communication pro-
cesses. This issue could be observed on several cruise ships during emergency
drills. The hierarchical organization reaches its limits if exceptional or unexpected
incidents occurred in addition to standard situations. Due to the inflexible and long
communication channels efficient exchange of status messages between teams is
quickly affected.

Within such hierarchical structures it is typical that fixed roles and responsibilities
are assigned to the crew. A consistent and complete system of task completion using
paper checklists and clipboards trains the working routine of crew members and
avoids human inattentiveness and forgetfulness. However, this manual process
promotes long transmission times of information between the teams and control and
evacuation centers. Since only one message can be received or redirected after
another, waiting times due to blocked communication channels are unavoidable.

In addition, status information is predominantly verbally communicated in
person, by telephone or radio. This increases the information density especially in
the evacuation center where all information is accumulated. Information from many
different communication channels needs to be perceived, processed and filtered in
an environment of high acoustic noise level, which is distracting and increases the
potential for errors.

The physical environment is an additional aspect that needs to be taken into
account when specifying system requirements and designing user interfaces. Each
organizational unit has a primary duty station where the teams meet after the alarm
has been sounded. The command and evacuation center are located in office spaces,
while the subordinate teams meet on open decks, in public spaces of the vessel or in
crew areas. It is necessary to provide usable technical support for both teams using
PC working station, and teams working without a fixed workplace.

The above mentioned main characteristics of the organizational structure, the
individual tasks and responsibilities, and the technical environment must be con-
sidered in requirements specifications.

3 Identifying User Needs and Specifying System
Requirements

The information gathered throughout the analysis phase provided indication for the
potential use of computer-based support in emergency management. The concept
for computer-based support solutions are described here.
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Indoor positioning of crew and passenger makes the complex task of counting
persons on the assembly stations easier and assists in evacuating danger areas and
searching for missing persons. Additionally, capacity bottlenecks on assembly
stations as well as in lifeboats and rafts could easily be identified. The system may
provide in a further step decision support for an effective distribution of passenger
among all remaining life-saving appliances.

A network of distributed information systems across all hierarchy levels enables
a quick distribution of status messages so that information is automatically
exchanged and not dependent on potentially busy telephone lines and radio chan-
nels. Only periodic manual checks of the current status may then be necessary so
that the lines of communication mainly remain open for important safety-critical
reports. An automatic exchange of up-to-date status information is essential to keep
and maintain shared SA across all hierarchy levels and at the same time frees up the
operators’ resources for their core business, as described in following paragraphs.

The command and evacuation centers continually exchange information about
evacuation, mustering, no-go areas, and inaccessible staircases and escape routes.
The head of the evacuation center collects information from many different sources
and forwards status reports to the command center. Shared SA requires an accurate
common picture of the current situation. However, if information gathering and
exchange consumes too many mental resources the perception and evaluation of
ongoing processes is reduced which directly influences the decision making pro-
cess. Especially non-standard situations, e.g. appearance of medical emergencies or
unaccompanied children, create additional workload which leads to reduced SA and
increased time to make the decisions. An information system used in this context is
required to automatically exchange status information, so that accurate and com-
plete information is provided and only a minimum of time is needed for collecting
and transferring information.

The integration of information technology also frees up resources on the muster
stations, so that the primary task of crowd control can be carried out. Calling names,
checking off lists or transmitting information is then no longer required. The current
status of crew and passenger mustering is directly transferred to command and
evacuation center in order to ensure a continuous information flow across all
hierarchy levels.

Additionally, the mustering process will be optimized in terms of also identi-
fying passengers at muster stations to which they were not assigned. These pas-
sengers would normally be reported as “missing” on their assigned stations.
However, if they are localized by tracking technology, the evacuation center would
receive the correct information so that time and resources are not unnecessarily
spent searching for them. An overview of all people present at muster stations also
allows for monitoring the capacity of the stations and enables efficient distribution
of people, if the maximum capacity of a station is exceeded. Information systems
also contribute considerably to an effective management of evacuating public
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spaces and crew areas on the ship by providing an accurate and complete picture of
the current situation. Missing persons on the muster stations can be found quickly
so that crew and passenger do not need to remain for an unnecessarily long time in
hazardous areas. Here too, the chain of reporting is significantly shortened as the
actual state of evacuation processes is transferred automatically to all higher hier-
archy levels.

Considerable time would also be saved by using tracking technology in the
evacuation of passengers with handicaps. Normally teams are sent to the passen-
gers’ cabins and assist them in reaching their muster stations. Knowing their
positions beforehand avoids unnecessarily long ways of the crew to the cabins, and
lost time, if the passenger is not located there.

In this project user groups, mainly leader and deputies in the first three hierarchy
levels, have been identified who considerably benefit from information systems in
terms of reduced workload and enhanced SA. Figure 3 shows an overview of the
integration of individual systems in the emergency organization. For each user
group system requirements were developed that were specifically tailored to their
needs and areas of responsibilities (Fig. 2).
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4 Creating User Requirements and Interface Designs

Integration of technology influences existing workflows and communications pro-
cesses in the emergency management, as described in the previous chapter.
Therefore, the processes have been modelled in flow charts in order to identify
bottlenecks and less-obvious features and for deriving user requirements.

Figure 3 shows a workflow example for electronic identification at a muster
station. Passengers are identified via the tracking sensor’s unique identification
number (ID) which allows determining whether a person is assigned to the station
or not. If a passenger appears on the assigned station, the mobile device of the
station leader lists the person as “present”. Passengers not tracked at their muster
station are displayed as “missing” and must be called with name and cabin number.
Persons reaching their stations but carrying no tracking sensor, or a non-functioning
sensor, will then be manually mustered.

In a further step, user scenarios have been created, describing system-specific
interaction processes from the user’s point of view. These scenarios show user’s
input and the system’s output and supported the process of designing graphical user
interfaces. First, simple conceptual layouts were created to communicate and dis-
cuss user requirements with project partners in workshops. HTML-mockups used
for interviews with end users showed an advanced graphic design and allowed
simple interactions to get detailed user feedback for the further development.
Reactions and comments captured from a total of 18 interviewees were used to
verify user requirements and to improve and refine the user interfaces.

AT T

Missing
Tracking-1Ds
on station

Roll call of persons

listed as ,,missing” SRCpeIson . preseni
"

Person on
station

All persons listed
as ,present” Person remains

~missing”

Fig. 3 Flow chart—electronic mustering process
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The industrial partners in the SIREVA project used the requirement specifica-
tions and the mockups as a basis for the development of pilot systems which again
will be iteratively evaluated until the end of the project in September 2016.

5 Discussion

User-centered activities carried out in an iterative fashion provided understanding
of the context of use and supported in specifying user requirements, producing
design solutions and evaluating the designs against requirements.

In general, it can be noted that the potential of information systems essentially is
to make key processes in the workflow more effective and to support a quick flow
of information among distributed teams. In an emergency situation, complex and
time-critical incidents must be managed by the local teams and coordinated and
monitored by the command and evacuation center. It is required to keep commu-
nication channels open and to enable short lines of communication for the devel-
opment and maintenance of the necessary SA across all hierarchy levels. If
task-relevant and timely information is already incorporated into the development
process of situation awareness, it can lead to better decisions and results. This is
particularly the case when several sudden incidents occur leaving little time for
collecting and transferring information.

Through the integration of technology, resources are set free to enhance acqui-
sition and sharing of information across the teams with the effect that actual tasks can
be fulfilled more efficiently. However, the optimization level in the mustering and
evacuation processes is closely related to the willingness of the passengers and crew
to wear tracking sensors with the knowledge that their personal movement profiles
are captured in case of emergency and during drills onboard.

Using tracking data leads to a variety of potential risks concerning privacy and
data protection which must be considered. Measures must be taken so that access to
personal movement data outside of emergencies and drills is restricted. The data
shall only be available after appropriate authorization of the bridge crew and when
the alarm for evacuation is sounded. Control mechanisms may involve logging each
attempt to access these data for subsequent verification and informing the shore-side
fleet operation center of the cruise line accordingly.

6 Conclusion

The potential for technical support in evacuation processes on cruise ships is to
manage the information flow between the organizational units and to support
decision making in time-critical work processes. Developing and maintaining SA in
such complex, dynamic environment requires complete and accurate information
about the current situation in order to inform effective decision processes.
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This aspect is transferable to many other possible domains where people in
safety-critical working areas must be evacuated in the event of immediate danger to
life, for example on offshore oil rigs, power plants or in the chemical industry.
The advantage of this technology lies in connecting motion profiles with personal
data in order to identify the physical whereabouts of people.

The challenge is to combine the use of tracking data to the benefit of passengers
and crew with the protection of their personality and data protection rights.
Therefore, it is necessary to recognize risks arising from the use of positioning
technologies, and to take action against misuse or illegal use by unauthorized
persons.

The use of localization technologies in the evacuation of cruise ships will create
a better SA by facilitating a faster flow of information and supporting essential
work processes. Such a system can enhance existing evacuation management only
in connection with adequate crew training. The knowledge of the individual’s role
and responsibility in the organization remains essential in order to allow building
accurate mental models of the current situation.
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Abstract Hybrid electric vehicles (HEVs) can significantly contribute to sustain-
able road transport, yet driver behavior has a marked effect on actual energy effi-
ciency (i.e., the ultimate sustainability effect). The objective of the present research
was to examine ecodriving motivation of HEV drivers. To this end, we recruited 39
HEV drivers with above-average fuel efficiencies (suggesting at least some degree
of ecodriving motivation) and collected interview data, questionnaire responses,
and fuel efficiency data. Specifically, we assessed factors that motivated drivers to
drive energy efficiently as well as factors that led to reduced ecodriving behavior.
Ecodriving motivation of HEV drivers was found to be particularly driven by the
goals of environmental protection, cost reduction, and gamification aspects.
Furthermore, relationships between drivers’ most important ecodriving motivation
and the level of ecodriving motivation, the achieved fuel efficiency, the level of
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1 Introduction

Within the global agenda of decarbonization and reduction of greenhouse gas
emissions electrification of road transport has become a major trend [1]. Within the
last decade hybrid electric vehicles (HEVs) have become particularly widespread
[2, 3]. While HEVs can significantly contribute to sustainable road transport, driver
behavior has a marked impact on actual energy efficiency and, therefore, is key for
the ultimate sustainability effect achieved (see e.g., [4]). Ecodriving is the term that
is used to describe all those driving behaviors performed in order to increase
real-world energy efficiency of a road vehicle. Research shows that both motivation
and knowledge are important factors that lead to successful ecodriving behavior in
HEV driving (e.g., [5]). However, which factors motivate HEV drivers to drive
energy efficiently?

The objective of the present research was to examine HEV drivers’ ecodriving
motivations, particularly (Q1) the factors that motivate drivers to increase eco-
driving efforts (including the most important ecodriving motivation, Q2) as well as
(Q3) the factors that lead drivers to not drive maximum energy efficiently (i.e., other
drivers’ goals in conflict with ecodriving). Furthermore (Q4), relationships between
drivers’ most important ecodriving motivation and the level of ecodriving moti-
vation, the achieved fuel efficiency, the level of total HEV driving experience, as
well as typical HEV driving distances (i.e., mobility profile) were examined.
Adopting a similar perspective as [6], the main focus was to advance understanding
of the motivating factors as experienced by the drivers (i.e., by directly asking
drivers via qualitative interview questions). The focus on drivers with
above-average fuel efficiency (and thus a probably high ecodriving motivation)
within sample recruitment enabled us to assess a particularly broad bandwidth of
motivational factors.

2 Background

Besides cognitive factors such as the drivers’ mental models (e.g., [7]) or knowl-
edge (see e.g., [8]), the motivation to drive energy efficiently has been investigated
as an important predictor of ecodriving behavior (see e.g., [5, 6, 9]). Usually these
investigations focus on (a) how ecodriving behavior can be explained by theoretical
motivational processes (see e.g., [10, 11]) and (b) how practical interventions can
increase ecodriving motivation (e.g., financial reward, [12]; specific feedback types,
[6, 13]).

Taking into account the exploratory character of the present research, we refer to
motivational factors as those factors drivers report as reasons for their motivation to
perform or not to perform ecodriving. Consequently, two different kinds of moti-
vational factors are examined, motivating factors (factors related to increased
ecodriving efforts) and factors conflicting the ecodriving motivation (factors related
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to reduced ecodriving efforts or simply factors related to not driving maximum
energy efficiently).

From a theoretical perspective, motivational processes driving ecodriving
behavior are multifold. One important distinction is the one between motivational
(how the intention to drive energy efficiently is formed; cf. [10]) and volitional
(how the existing intention to drive energy efficiently is transferred into concrete
driving behavior; cf. [10]) processes. Central to motivational processes is the for-
mation of a behavioral intention (see e.g., [14]), which—in terms of ecodriving—
represents the general goal to perform energy efficient driving behaviors. The
concept of behavioral intention stems from the theory of planned behavior [15],
where the intention is, in terms of ecodriving behavior, the mediating factor
between driver variables (attitudes, social norms, behavioral control) and driver
behavior (see e.g., [10]). Hence, it is important to understand which factors form the
behavioral intention to perform energy efficient driving behaviors. Consequently,
our first and second research questions are (Q1) which factors motivate drivers to
increase ecodriving efforts and (Q2) what is the most important ecodriving
motivation.

Ecodriving motivation as defined above is the general goal to drive energy
efficiently. However, in typical driving, drivers have to balance numerous goals,
such as safety or time pressure (see e.g., [16, 17]). These goals and their weighting
can be expected to vary between journeys and situations. This notion is specifically
acknowledged by control theoretic models of (eco)driving (see e.g., [5, 17, 18]).
Hence, it is also important to understand the driver goals that typically stand in
conflict with ecodriving. Consequently, our third research question is (Q3) which
factors lead drivers to not drive maximum energy efficiently (i.e., other drivers’
goals in conflict with ecodriving).

Finally, it is also relevant to understand the relationship between the motiva-
tional structure (e.g., the most important or primary motivation) and further vari-
ables. Thus, our last research question (Q4) focuses on an exploratory quantitative
analysis of the relationships between drivers’ most important ecodriving motivation
and (Q4.1) the level of ecodriving motivation, (Q4.2) the achieved fuel efficiency,
(Q4.3) the level of total HEV driving experience, as well as (Q4.4) typical HEV
driving distances (i.e., mobility profile).

3 Method

3.1 Participants

We focused recruitment on HEV drivers of the Toyota Prius (2nd gen, 3rd gen, and
Prius ¢ [in Germany sold as Yaris Hybrid]), being the most sold (see e.g., [3]) and
most prototypical HEV model. From the almost 1500 Prius drivers in the www.
spritmonitor.de database we invited drivers who (a) had an average fuel efficiency
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above the fleet-average of the vehicle model, (b) were from Germany, Austria, or
Switzerland, and (c) had logged their fuel efficiency within the last 3 months. We
avoided drivers who appeared to log fuel efficiency inconsistently, and sought to
sample drivers across a range of above-average fuel efficiencies (i.e., from “just
above average” to “top of the list”). Ethical approval was sought from and granted
by the University of Southampton’s Ethics and Research Governance committee
(reference number 17071).

Participants in the resulting sample (N = 39) had an average age of M =45 years
(SD = 10) and an average HEV driving experience of M = 74,079 km (SD =
64,513), 92 % were male, and 56 % had a university degree.

3.2 Procedure

Telephone interviews (including questionnaire sections) were conducted
(M guration = 48 min, SD = 8). Participants received the interview guideline before
the interview and could therefore refer to the documentation as the interviewer went
through the questions. The interviewer’s experience with HEV driving (>6 years)
facilitated the process.

After introducing the study and gaining informed consent, the interview had the
following parts: (P1) ecodriving motivation, (P2) ecodriving strategies, (P3) further
questions on ecodriving support, strategy development, and false beliefs, and (P4)
questionnaire to assess socio-demographic and experience-related variables. The
interview was audio-recorded and transcribed. The present paper focuses on section
(P1) of the interview. Results regarding the other parts of the interview and further
details on the methodology have been published in [5].

3.3 Scales and Measures

Interview Questions regarding Ecodriving Motivation. The three interview
question to assess the data for Q1-Q3 were as follows: (1) What motivates you to
drive energy efficiently? (2) What is the most important motivation for you?
(3) What are the reasons for you to not drive maximum energy efficiently
sometimes?

Level of Ecodriving Motivation. To assess ecodriving motivation quantitatively, a
two-item scale (Cronbach’s Alpha = 0.82) focusing on the behavioral intention [15]
was assessed (see also [5]).

Fuel Efficiency Indicators. Two fuel efficiency indicators were computed for the
analysis. First, participants exported fuel log data of their current main HEV from
the spritmonitor.de database. This data included all refueling events, comprising the
refueling amount (in liters) and the distance driven (in total 1.9 million km).
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The data of the last 90 days was extracted (labelled FuelEfficiency.last90d.log) to
standardize for seasonal variations (interviews were conducted in August 2015).

Second, participants’ estimated fuel efficiency for four situations (autobahn, city,
rural flat road, rural mountainous road) was assessed (in liter per 100 km, for further
details on the specific questionnaire items see [5]). We computed a mean score
FuelEfficiency.4sit as the average estimated fuel efficiency for the four situations
(supported by a high Cronbach’s Alpha = 0.87). While this score is based upon
self-reported energy efficiency, it helps to counteract inter-individual differences in
fuel efficiency that are caused by differences in trip profile or environmental con-
ditions (i.e., for some drivers it is simply more difficult to achieve a good fuel
efficiency because of their usual trip profile which is reflected in FuelEfficiency.
last90d.log). Moreover, the self-reported energy efficiency estimations where found
to be accurate in our sample (see [5]). Hence, FuelEfficiency.4sit should be con-
ceived as the primary indicator of fuel efficiency for the present analysis (parallel to
the analyses in [5]).

Finally, to eliminate the influence of vehicle model we computed the distribution
parameters for each HEV model (based on fuel efficiency data from all vehicles of
this model in the spritmonitor.de database) and z-standardized the fuel efficiency
values of each participant on the respective distribution. Finally, all fuel effi-
ciency values were inverted such that higher values corresponded to higher fuel
efficiency.

Total HEV Driving Experience. HEV driving experience was assessed as total
distance driven. The item text was: “How many kilometers did you already drive
HEVs altogether?”

Typical HEV Driving Distance. As a basic indicator of HEV usage intensity we
asked participants to estimate their average distance driven in a typical week with
HEVs. The item text was: “How many kilometers do you drive with HEVs in a
typical week? Please refer your statement to a typical week within the last three
months.

3.4 Qualitative Data Analysis

We based our qualitative data analysis on thematic analysis [19]. After each
interview, the interviewer and the scribe (first and second author) discussed insights
and first ideas for possible codes. After familiarization with the data, the initial
coding phase led to a list of codes that were relevant to the respective research
question. Afterwards, the coding system was reviewed and discussed, and initial
ideas for themes (i.e., thematic clusters) were revised and refined based on pre-
liminary indicators of prevalence in the data. As only a relatively low level of
abstraction of statements was targeted, this phase was less complex than for other
topics in psychology (i.e., semantic rather than latent level analysis; [19]). In the
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final phase we again went through all transcripts and coded participants’ statements
with regard to the developed coding systems (i.e., clusters and sub-clusters). Within
this phase some final revisions and refinements of the coding system were per-
formed. Hence, all statements of the participants that were relevant to the respective
research question were grouped into clusters and sub-clusters. Clusters group
similar statements of different participants (i.e., an overarching theme that is
addressed by several participants). In the results section only clusters/sub-clusters
with a prevalence of n =2 2 (i.e., 5 % of the sample) are described.

4 Results
4.1 (QI) Ecodriving Motivations

Participants’ responses regarding the interview question (1) What motivates you to
drive energy efficiently? were grouped into seven major clusters (see Table 1).
Q1C1 environmental protection and Q1C2 cost reduction where the most important
motivations that drivers expressed.

Regarding Q1C1 environmental protection, many drivers (21 %) referred to the
reduction of driving emissions (CO, [10 %], exhaust emissions [5 %], noise pol-
Iution [5 %]) and several drivers (13 %) spoke about resource conservation. Finally
some drivers (8 %) stated their motivation to be the wish to take responsibility for
the next generations or improve the world. Most drivers however expressed the
environmental protection motivation in rather general terms (e.g., ‘environmental
awareness’, ‘make a contribution to environmental protection’, ‘behave in an
ecologically sensible manner’, ‘reduce the ecological footprint’).

The motivation of cost reduction (Q1C2) was less multifaceted. Drivers typically
referred to the potential to pay less for fuel (i.e., for driving a certain distance) or
running costs in general (e.g., also addressing the increase of durability of car
parts).

The third major cluster (Q1C3) was labeled gamification because it grouped the
various motivations that are usually addressed by gamified systems. Particularly,
many drivers (28 %) expressed their motivation as pushing the limits (i.e.,

Table 1 Ecodriving motivations (Q1)

Cluster-ID Cluster label % of 39 participants
QIC1 Environmental protection 77
Ql1C2 Cost reduction 74
QI1C3 Gamification aspects 49
QlC4 Enthusiasm about HEV technology 15
QICS More relaxed driving 15
Q1C6 The car/interface motivates ecodriving 13
Ql1C7 The smart and safe way of driving 8
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ecodriving as a personal challenge). Furthermore, several drivers explicitly stated
ecodriving to increase driving enjoyment and fun (15 %), others stated ecodriving
to be a competition (10 %), sport (8 %), game (8 %) or hobby (5 %) and that their
ambition motivated them to increase energy efficiency (8 %).

Apart from these three large major clusters there were also four less prevalent
major clusters named by 8—15 % of the drivers. Cluster Q1C4 summarized several
drivers who stated their ecodriving motivation to be driven by the enthusiasm for
the HEV technology. Moreover, several drivers also stated ecodriving to be a more
relaxed and elegant way of driving (Q1C5). Interestingly, only relatively few of the
drivers (13 %, Q1C6) pointed out that they were motivated by the car (or more
specifically the interface) to increase their ecodriving efforts. Finally, few drivers
stated ecodriving to be the smarter and safer way of driving (Q1C7).

4.2 (Q2) Most Important Ecodriving Motivation

Participants’ responses regarding the interview question (2) What is the most
important motivation for you? were categorized with the same coding system as
used for Q1. Most drivers clearly stated only one most important motivation. Two
drivers however also named a second (or third) ‘most important’ motivation. Here
only the first stated motivation entered the analysis. As shown in Table 2, the first
three major clusters from the analysis of Q1 accounted for 92 % of drivers’ most
important motivations. Cost reduction (Q3C1) was the most important factor,
directly followed by environmental protection (Q3C2) and gamification (Q3C3).

4.3 (Q3) Reasons for not Driving Maximum Energy
Efficiently

Participants’ responses regarding the interview question (3) What are the reasons
for you to not drive maximum energy efficiently sometimes? were grouped into five
major clusters (see Table 3).

Table 2 Most important Cluster-ID Cluster label % of 39
ecodriving motivation (Q2) participants
Q2C1 Cost reduction 36
Q2C2 Environmental protection |31
Q2C3 Gamification 26

Q2C4 More relaxed driving 5




458 T. Franke et al.

Table 3 Reasons for not driving maximum energy efficiently (Q3)

Cluster-ID Cluster label % of 39 participants
Q3Cl1 Time issues 67
Q3C2 Traffic compatibility 36
Q3C3 Specific driving maneuvers 23
Q3C4 Enjoyment of acceleration/speed 18
Q3C5 Long trips 13

Above all (Q3C1) time issues were the most important reason to reduce eco-
driving efforts, either because of time pressure (56 %) or because of the individual
wish to save time (13 %). A specific motivation herein, which was named by two
drivers (5 %), was the wish to be home with the family quickly.

Regarding Q3C2 traffic compatibility, drivers stated several traffic-related factors
that made them reduce ecodriving efforts (or that simply impeded ecodriving
efforts), such as general bad traffic conditions (18 %), the wish to not be a traffic
obstruction (13 %) or other drivers tailgating (8 %).

Regarding Q3C3 specific driving maneuvers, drivers for example named over-
taking maneuvers (18 %) or dangerous situations (5 %) to be situations when
ecodriving played a less important role.

Finally, several drivers named the enjoyment of fast acceleration and high
driving speeds (Q3C4) and particularly long trips (Q3C5) to be factors that led to
reduced ecodriving efforts.

4.4 (Q4) Relating Most Important Motivations to Level
of Ecodriving Motivation, Fuel Efficiency, Total HEV
Driving Experience and Typical HEV Driving Distance

To assess the relationship between the most important ecodriving motivations and
the level of ecodriving motivation, fuel efficiency (FuelEfficiency.last90d.log and
FuelEfficiency.4sit), HEV driving experience and typical HEV driving distance, a
quantitative analysis comparing the three groups from Q2C1, Q2C2 and Q2C3
against each other was performed (see Table 3). Cohen’s d for differing group sizes
(d) was calculated as standardized effect size measure [20]. Statistical significance
was computed via a permutation test [21]. Nonetheless, due to the small group sizes
(and thus small power), we base the interpretation of results primarily on effect sizes
(i.e., moderate effects, respectively d > |0.50|, are interpreted).

As indicated in Table 4, there were no significant and no effects bigger than
moderate for the comparison between the group with cost reduction and the group
with environmental protection as primary ecodriving motivation. This is clearly
different for the comparisons of both groups with the group with gamification as
primary ecodriving motivation: Gamification was, when compared to
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Table 4 Relationship between most important ecodriving motivations and further variables

Variables Cost reduction Gamification Gamification
versus versus versus cost
environmental environmental reduction
protection protection
d (2] d ) d )

Level of ecodriving 0.27 (0.540) 0.66 (0.174) 0.35 (0.456)

motivation

FuelEfficiency. 1ast90d.log -0.31 (0.435) 0.18 (0.681) 0.54 (0.201)

FuelEfficiency.4sit -0.08 (0.836) 0.51 (0.243) 0.66 0.127)

Total HEV driving —0.32 (0.430) —1.11 (0.001) -1.16 (0.001)

experience

Typical HEV driving distance 0.22 (0.610) —0.74 (0.102) -0.69 (0.107)

environmental protection, positively related to the level of ecodriving motivation
and FuelEfficiency.4sit but negatively related to both, total HEV driving experience
and typical HEV driving distance. The same applies to the comparison of gamifi-
cation to cost reduction, except for FuelEfficciency.last90d.log, which was addi-
tionally positively related to gamification. Summed up, gamification was generally
positively associated with fuel efficiency and negatively related with HEV driving
experience and the typical HEV driving distance (i.e., gamification is by tendency
less often the most important ecodriving motivation for drivers’ driving more km
per week).

5 Discussion

5.1 Summary of Results

The objective of the present research was to identify and understand HEV drivers’
ecodriving motivations as well as factors that lead drivers to not drive maximum
energy efficient. Results regarding Q1 indicate that the goals to protect the envi-
ronment and to reduce costs were important factors for drivers as were aspects of
gamification such as seeing ecodriving as a challenge (pushing the limits), com-
petition, sport or game. Regarding Q2, drivers’ most important ecodriving moti-
vations were cost reduction, environmental protection and gamification aspects.
Furthermore, regarding Q3, time issues, traffic compatibility, implementation of
specific driving maneuvers, and enjoyment of the car’s acceleration and speed were
reported to be factors that conflicted the ecodriving motive. Finally, regarding Q4,
comparisons between the resulting three major groups regarding the most important
ecodriving motivation (cost reduction versus environmental protection versus
gamification aspects) revealed the following: First, there were no relevant differ-
ences regarding the level of ecodriving motivation, achieved fuel efficiency, HEV
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driving experience, and mobility profile between the groups with cost reduction and
environmental protection as primary motivation. Yet, gamification was, compared
to both other groups, related to higher fuel efficiency, less total HEV driving
experience and a mobility profile comprising shorter typical weekly driven dis-
tances (criterion for interpretation: moderate effect sizes, only effect of total HEV
driving experience was also statistically significant).

5.2 Implications

Although some limitations have to be taken into account when interpreting the
results of the present study (specifically the relatively small sample size and the
correlational design of our study regarding Q4), some interesting tentative con-
clusions can be drawn.

While the relatively ‘classical’ ecodriving motivations related to cost savings
(i.e., individual utility) and environmental protection (i.e., social utility) stand out as
the most important motivational factors, the cluster of gamification aspects is also
particularly strong (i.e. prevalent). This pattern and particularly the positive rela-
tionship of the gamification motivation with fuel efficiency gives some support to
the notion that gamification approaches to ecodriving can indeed have a consid-
erable potential (i.e., in relation to approaches focused on costs or the environment).
However, the results regarding the relation of gamification and driving experience
could be interpreted as giving some indication that motivations related to gamifi-
cation are less prevalent or play a less important role (less often act as primary
ecodriving motivation) with increased driving experience. Therefore, using different
motivational factors at different states of experience could enhance the long-term
stability of ecodriving-motivation. However, further more controlled studies would
be needed to allow a definite conclusion about these patterns of results.

All in all, the present study provides a further step towards a comprehensive
understanding of (a) those factors HEV drivers perceive as motivating their use of
energy efficient driving behaviors as well as (b) those factors that have the potential
to conflict with ecodriving. For designing optimal intervention approaches and
advanced driver assistance systems (i.e., ecodriving support systems) these factors
should be taken into account, for example by providing drivers with precise
information to easily balance the goals of energy efficiency and time efficiency
(e.g., how much energy does it cost to save five minutes on this trip). Ultimately,
such design approaches could contribute to a greater sustainability effect of HEVs.
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A Countdown to Manual Driving: How Do
Drivers Get “Back-in-the-Loop”?

Annika Larsson

Abstract In automated driving, transitions of control from and to the driver are an
important safety issue; studies have shown that drivers are slower to respond to
hazards immediately after resuming control. This study explores the use of
countdowns to mitigate transition problems before drivers are pushed back into
control in a simulated driving task. In order to test the effectiveness of the count-
downs, immediately after one of the four countdowns, the driver had to react to a
stationary vehicle (TTC 5 s) revealed by a lead vehicle changing lanes. Driver
responses were logged and analysed. The results indicate that drivers respond more
alike if they have the opportunity cognitively to get back into the loop before they
need to respond. However, the signal needs to be perceived by the driver, otherwise
it can be missed. Drivers thus need support during the switch to manual control, as a
focus on other tasks can cause them to miss signals from the vehicle. If such support
cannot come from the vehicle, it needs to come from the infrastructure.

Keywords Automated driving - Take-over-request - Tactical responses
Out-of-the-loop

1 Introduction

When the vehicle itself drives for parts of a journey, transitions of control from and
to the driver pose a potential risk. Studies have shown that drivers are slower to
respond to critical scenarios immediately after resuming control (e.g. [1-3]), which
could be risky at higher speeds. We believe that one reason for difficulties when
resuming control is that drivers do not monitor the road in a structured way when
automation is driving the vehicle, for the simple reason that they do not need to.
Drivers switch from needing to monitor traffic to delegating that to the vehicle.
When the need to drive and monitor is removed, drivers instead perform other tasks
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(see e.g. [4]) which they come to see as their new main tasks. Drivers even delay
transitions back to manual control, if possible. Merely keeping their hands on the
wheel does not appear by itself to lead to structured monitoring. Gold et al. [1]
found that keeping the hands on the wheel when in automated mode did not lead to
a faster response to a critical situation. In our view, goal-directed monitoring of
traffic was still lacking, which in turn affects how drivers are able to respond to
risky situations as well as even to signals prompting them to resume control.

It is likely that changing the task from driving to something else produces a
cognitive cost [5]. The theory of task switching (ibid) suggests that activating
another set of rules, associated with the new goal, is effortful. This effort will then
show as longer deliberation as well as slower responses until the switch is com-
pleted. Therefore, it may be effortful to resume the driving task after having been in
automated mode. Helping drivers switch their task goal ahead of resuming physical
control of the vehicle could therefore provide help in handling hazardous situations
when back in control again.

Resuming control while moving is not necessarily simple or straightforward.
Following a signal to resume control, it can take drivers up to over 10 s merely to
put their hands on the steering wheel again [6]. Thus, some drivers may not resume
control early enough to be able to handle risky situations immediately after a
transition of control. Banks and Stanton [7] found that 22 % of their participants
failed to resume control of an automated vehicle following an auditory system
warning. Rather, the drivers required a prompt by a safety driver to resume control
and put their hands back onto the steering wheel.

Some studies have also examined transition prompts with pre-warnings, such as
[8], and [9]. Willemsen et al. [8] tested both a countdown to manual control and an
instant pass-back to manual via sound with visual indication. However, they did not
compare responses to critical situations for the two indications. [9] transitioned
control to the driver after a total of 7 s, consisting of a two-second spoken message
followed by a five-second visual countdown. Participants were also asked to con-
firm the transition by pressing a button on the steering wheel, all providing time for
a mental switch of control ahead of the physical switch. In contrast to the earlier
research cited on switching from automated to manual control, [9] found no sig-
nificant difference in response times to critical events after automation compared to
baseline. One difference is their use of a countdown ahead of the actual pass back to
manual control, as the other studies previously mentioned all pushed drivers into
control immediately when issuing a beep sound of some sort along with a visual
indication.

Providing a countdown is one way to allow drivers to anticipate when they will
receive control again. Indeed, [10] found a trend that anticipated transitions of
control lead to a somewhat shorter time to take control and to get back into the
driving loop. The benefit of anticipation or countdowns may be different given what
drivers are doing immediately before, though. [11] also found that a scheduled
transition was beneficial for drivers who were looking at video when responding to
a critical event, compared to a non-scheduled transition. Radio listeners were faster
to respond though, both with scheduled and non-scheduled transitions. There was
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no significant effect of the scheduled strategy for radio listeners, but the standard
deviation of response times became smaller. We speculate that this is due to drivers
being able to both listen to the radio and somewhat stay in the driving task, whereas
when watching video the task switch becomes more complete. Drivers may also
consciously choose to keep performing a non-driving task they have started, if first
provided with a more optional resumption signal, until required to resume control
immediately [5].

Drivers appear to take about five seconds to be able to handle more demanding
driving situations again. Mok et al. [12] provided drivers with an auditory message,
at the start of which control was immediately handed back to them 2, 5 or 8 s before
having to manually negotiate a curve. In the 2 s condition, all participants failed to
negotiate the curve, whereas in the 5 and 8 s condition all participants managed to
do so. The same also applies for responding to hazards. In Gold et al. [13], driver
strategies changed from a fairly even distribution of steering, braking and steering
and braking at a five second TTC transitioning from automated driving, through a
mix of steering and steering and braking (7 s TTC from automation, as well as 5 s
TTC from manual), to only steering for 7 s TTC from manual. Thus, available time
also appears to have an effect on the tactical side of driving, not only on response
times or similar operational measures (see Michon [14]).

In this study, we intend to investigate whether a countdown will cause drivers to
resume control in a different way, compared to when being handed control
immediately. In particular, we focus on whether countdowns make a difference to
drivers’ tactical strategies for resolving a critical situation just after control
transition.

2 Method

This study explores the use of countdowns to ease drivers back into manual control
in a simulated driving task.

The countdowns tested were 0, 5, 10 and 30 s long. At the start of the count-
down, an information sound was played, and an informational display counting the
seconds to transition was shown. At five seconds to the end of the countdown, the
same information sound was played again (the first sound for the 5 s countdown).
At the end of the countdown (the only sound for O s), a distinct warning sound was
played. At the end of this warning sound, the driver was pushed back in control of
the car.

2.1 Participants

39 participants (21 male), recruited from a sample of employees at Volvo Cars
participated in the study, as part of their normal working day. Participants held a
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valid driving license and ranged in age from 25 to 60 years (mean 40 years, sd
8.8 years), and drove on average 300 km per week. Thirteen participants, with at
least one year of experience with ACC, were randomly distributed between the
groups.

2.2  Simulator

The study was conducted in a fixed-base simulator with a 180° field of view, in the
Volvo Cars HMI lab. Side mirror screens were unfortunately out of order during the
study, but a rear view mirror screen displayed the scene behind the participant’s
vehicle. The participant controlled the steering wheel as well as gas and brake
pedals, gear shifting was automatic. In automated mode, the simulator disregarded
any input from the wheel or pedals. To indicate automated mode, the instrument
cluster displayed a black screen with just the current speed in the same location
where the speedometer is located during manual drive. Automated driving was
based on an ACC-type functionality, set to a speed of 95 km/h. In automated mode,
the participant followed a lead vehicle travelling at 90 km/h for parts of the drive.

The simulated road consisted of a two separated two-lane roads with moderate
traffic and gentle curves, so that the road was not completely straight. Drivers could
not drive into oncoming traffic. Participants were instructed to keep to the road
speed, 90 km/h. Participants drove manually for around one minute before the
vehicle started driving itself. They were then shown a message on the simulator
wall that automation was active. Participants were in automated mode for five
minutes before manual control was returned, at the same time as the lead vehicle
changed lanes. This loop was repeated four times for each participant. The critical
scenario only occurred once for each driver, after the lead vehicle had switched
lanes.

During the practice session, participants were introduced to the Android mobile
phone game “Dots” by Playdots, Inc. The game was played on a Samsung Galaxy
S4 mini. Participants were instructed to play the game during automated driving.
The game was set to a time limit of one minute, during which participants were
instructed to score as high as possible by connecting dots on the screen. After the
minute was up, participants were instructed to play again, and repeat for the entire
drive while in automated mode. At the start of each drive, if the participant did not
start playing the game, the test leader asked them to do so.

2.3 Procedure

Participants were welcomed in the simulator, and asked to adjust the seat and the
steering wheel so that they were comfortable. They were then allowed to drive for
about 5 min, so that they were at ease with driving the simulator. Participants were
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trained in having control passed back to them from the vehicle, as well as to
recognize the accompanying auditory and visual signals used to indicate that
automated driving had ended. Each participant heard and practiced the signals at
least 3 times for each type of signal.

For the test, each participant drove four drives in the simulator, trying all four
countdowns in a balanced order. In order to test the effect of the countdowns,
immediately after one of the four countdown, the driver had to react to a stationary
vehicle (TTC 5 s) revealed by a lead vehicle changing lanes. Drivers’ responses
were logged and analysed. The study was conducted in a between-group design,
split by countdown type.

2.4 Critical Scenario

The participant’s vehicle was driving without a lead vehicle for the majority of the
drive, switching to a lead truck during the last minute of automated driving to
conceal the possibility of the critical scenario occurring (Fig. 1).

During the critical scenario, the lead vehicle, a truck that had been obscuring the
road in front, changed lanes to reveal a stationary car in the right lane.
Simultaneously, the left lane filled with other cars, meaning the participant had to
be on the lookout for obstacles to that side as well. In order to avoid the stationary
vehicle in front, the participant had to brake or to steer into the left lane, avoiding
the other cars there (Fig. 2).

s [ o
3= ><

||
TTC =5s
at transition and reveal

Fig. 1 Ceritical scenario, subject vehicle in the right lane, lead vehicle changing lanes in front of
the stationary vehicle
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Fig. 2 Ceritical scenario as seen in the simulator

3 Results

Steering input of over 4°, and pedal input of 10 % of max was used to distinguish
conscious input as well as signal from noise in the data. Smaller steering input than
4° was difficult to tell apart from noise in the simulator. Results indicate that a
longer countdown resulted in participants using the steering wheel by itself to a
lesser degree. Instead, they tended to both steer and brake, or only brake, in order to
avoid the stationary vehicle. For the O s transition with only the warning sound, two
participants did not move to avoid the stationary vehicle. This was not the case for
any of the countdowns (see Fig. 3).

At the moment of transition to manual, pedal use was very similar across the four
conditions. Approximately half of the participants in each condition did not press
any pedal at all, whereas the other half pressed the gas pedal (Fig. 4).

One of the participants in the O s group who did not make any attempt to avoid
the stationary vehicle, did not use any of the vehicle controls after the control
transition. The other participant in the 0 s group who did not attempt to avoid the
stationary vehicle was not pressing any pedals at transition either, but started
pressing the gas pedal close to the stationary vehicle. No steering above the chosen
threshold of 4 degrees was detected, but smaller steering adjustments to the left can
be seen in the data just after the participant depressed the gas pedal. So, this
participant may have tried to steer away from the stationary vehicle.
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mNoresponse M Steer ™ Steer+brake = Brake

108 308

Fig. 3 Response types, ordered by countdown

mNoPedal = GasPedal mBrakePedal

108 308

Fig. 4 Pedal use at transition to manual control across the four groups

4 Analysis

The transitions and the critical scenario in this study all provided drivers with 5 s
time-to-collision (TTC) to the stationary vehicle. Five seconds is enough to respond,
but can be difficult if one has recently been driven by an automated vehicle (e.g. [1]).
For this five second take-over-request and TTC, it was apparent that drivers in the O s
group did not always manage to resume control and perform an avoidance
maneuver. One participants in the O s condition did not act to avoid the stationary
vehicle at all, another in the same group only acted very vaguely, whereas all
participants in the other countdown groups performed clear avoidance maneuvers.
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It could be assumed that the lack of response would appear as a general problem
also at the transition point for the 0 s group compared to the other conditions. Yet,
pedal use at the transition point is similar across all four conditions. Instead, it may
be that the drivers in the O s condition who did not perform an avoidance maneuver
did not notice that they were back in control of the vehicle, as they did not need to
confirm the switch (cf. [9]). The fact that approximately half of the participants
across all conditions did not press any pedal at transition, whereas the other half
pressed one of the pedals, warrants further investigation.

Similarly to what was found in [13], the results of this study indicate that driver
strategies to respond to a critical situation when back in manual control appear to
become increasingly alike if more time is available to deliberate. The results indicate
that countdowns can cause this streamlining effect on tactical driving strategies even
without longer manual control. Thus, it appears that a countdown to manual driving
can start the task switching process earlier. This may also be the reason for [9] not
finding any significant difference in response time to critical events for drives with
countdowns from automated driving compared to baseline manual driving.

Other explanations are of course also possible. Perhaps previous research that
has found that drivers are slower to respond after automated driving also includes
some kind of double-checking on the part of the driver, to see whether they are
really in control again. As previously mentioned, these other studies generally have
provided the driver with one single beep before pushing them back in control. Such
a warning could also take drivers a while to identify in itself, and they may even
miss the signal. For these reasons, drivers need to be given the opportunity to
become aware of the transition to manual control, and not miss it if they focus on a
non-driving task.

4.1 Conclusions

If it is not possible to provide the driver with a warning that automation will no
longer be controlling the vehicle in time before a control switch, mitigating systems
or infrastructure may need to be in place.

Providing not one, but several temporally spaced and sufficiently salient tran-
sition signals appears to be important for drivers to be able to handle potential
hazards after a period of automated driving. Handing control to a driver without
asking for confirmation may also be risky, as the driver may fail to notice the
pass-back signal. If it is not possible to provide the driver with a warning that
automation will no longer be controlling the vehicle in time before a control switch,
mitigation is necessary.

If drivers cannot be supported during or immediately after the switch, one way to
handle the risk of drivers not responding to hazards could be only to allow that level
of automation on roads with low speeds. Thus, infrastructure could mitigate diffi-
culties of transitioning to manual control from automation, so that the risk of severe
accidents can be reduced.
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Assessing Truck Drivers’ and Fleet
Managers’ Opinions Towards Highly
Automated Driving

Natalie Richardson, Fabian Doubek, Kevin Kuhn and Annika Stumpf

Abstract Highly automated driving is on the advance and is linked to various
benefits such as increased overall comfort for the driver as well as rising fuel and
transport efficiency. Especially within the domain of truck driving in terms of long
distance haulage, it seems as if highly automated driving systems could positively
enhance the conditions for drivers and transport companies. Literature suggests that
the acceptance of new technologies is a major determinant of whether a developing
technology is used. This paper describes an approach aimed at assessing truck
drivers’ attitudes towards highly automated driving. Furthermore, fleet managers’
opinions regarding the potential and limitations of highly automated driving sys-
tems were queried to investigate whether transport companies would invest in this
new technology. Data was collected by an online and paper-based questionnaire.
The results reflect the major areas of acceptance and doubts towards highly auto-
mated driving from the drivers’ as well as the fleet managers’ perspectives. Both
groups are found to be the most concerned about legal liability issues and the
general safety and reliability of such technology. Comfort and safety seem to have
the biggest influence on the acceptance of highly automated driving. Truck drivers
were concerned about reduced driving pleasure as well as being redundant. Results
show that the majority of truck drivers do not have a clear idea of highly automated
systems. In contrast, fleet managers claim to have an idea of the system.
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1 Introduction

In the future, transportation demands can be expected to increase in line with trade
growth [1], indicating a rising importance of truck haulage. To meet the require-
ments of a fast growing economy, transport companies need to enhance fuel and
transport efficiency while taking a maximum safety level into account. Highly
automated driving is considered promising in meeting these requirements. Highly
automated driving is defined as a system able to perform the driving task com-
pletely by itself [2]. Permanent system monitoring by the driver is not necessary,
though he must be able to take over control within a predefined take over time if
required by the system [2]. This advancing technology seems to have the capability
to strike a balance between growing mobility demands, road safety and environ-
mental protection [3, 4]. Especially in the domain of truck driving in terms of long
distance haulage, it seems as if highly automated driving systems could positively
enhance the conditions for drivers and transport companies.

By enhancing fuel efficiency, thereby decreasing gas emissions and traffic
congestion, transport companies might be able to increase their efficiency and
profitability [3]. While commercial haulage operators might decrease the overall
operational costs, truck drivers would be the major beneficiaries when it comes to
driving comfort and road safety [4].

While higher levels of automation offer benefits, these might be undermined by
several downsides. Relevant issues mainly relate to the driver’s changing role,
resulting in an exclusion from the actual driving task [5]. As an outcome, phe-
nomena, such as a reduced situation awareness leading to inappropriate levels of
trust in the automated system, might increase [5—7].

The acceptance of new technologies is of primary importance and a major
determinant in whether a developing technology is used [8]. Therefore, the intro-
duction of highly automated driving in trucks will only be beneficial if drivers are
willing to use the system. Previous research in the automotive domain indicated that
acceptance towards highly automated systems is significantly affected by the user’s
extent of technical affinity [5, 9]. If automated systems are not accepted by drivers,
the positive impact of automation on the transportation industry might be mitigated
[10, 11]. However, there is no clarification of the current acceptance level of truck
drivers and transport companies towards the usage of highly automated systems
within trucks. Current research has already investigated car drivers’ trust as well as
acceptance regarding highly automated systems [11]. As trucks are characterized as
commercial transport vehicles and therefore workspaces, findings on the acceptance
of car drivers towards highly automated driving cannot be transferred onto the field
of truck driving easily.
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2 Research Question

This study investigates truck drivers’ as well as fleet managers’ acceptance towards
highly automated driving to determine acceptance enhancing elements.
Furthermore, affinity for technology was determined. Information about concerns
and needs were collected. In addition to that, forwarding agents’ perspectives on
benefits and concerns regarding highly automated driving were analyzed.

3 Method

The quantitative method used was a questionnaire. Data was collected by applying
it either as an online or as a paper-based questionnaire. This approach reflects the
method of explorative research attempting to establish a foundation for formulating
hypotheses leading to future studies. Two surveys were created, for truck drivers as
well as transport companies. The online questionnaire was implemented using the
open source tool LimeSurvey [12].

3.1 Questionnaire Construction

Drivers’ questionnaires were divided into the following sections: demographic
information such as age, gender, number of years in employment as a truck driver,
mileage as well as driving frequency. Furthermore, technical affinity and truck
drivers’ general opinions towards the idea of using highly automated driving sys-
tems were assessed. For measuring truck drivers’ affinity towards technology, the
TA-EG (Technology Affinity—Electronic Devices) [8] questionnaire, consisting of
19 items, was used. The resulting scores between 1 and 5 were divided into the four
categories enthusiasm (5 items), competence (4 items), negative (5 items) as well as
positive attitude (5 items). In addition, the survey recorded information about
potential benefits and concerns regarding the implementation of highly automated
driving, as well as necessary conditions under which truck drivers would like to be
supported by such systems.

Fleet managers’ surveys also focused on the attitude towards highly automated
systems within trucks and investigated thoughts and ideas of a potential shift in
drivers’ work tasks and environments. To investigate whether transport companies
would invest in this new technology, the questionnaire further analyzed benefits and
limitations of highly automated driving systems from forwarding agents’
perspectives.

Both subject groups were informed about the aim of the survey study and that
they would need approximately 20 min to complete the questionnaire. A brief
definition of the term highly automated driving was provided in written form within
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the survey. Participants were informed that all data recorded for the study was
anonymized.

3.2 Item Analysis

For the purpose of measuring truck drivers’ technical affinity, the standardized
TA-EG questionnaire [9] was used. Questions regarding concerns, benefits and
usage of highly automated systems were translated into German using questions
from Kyriakidis et al. [11] on the public opinion on automated driving. An
empirical examination of the questionnaire should be conducted to check the
reliability of items regarding the general acceptance and attitude towards higher
automation. In order to verify whether the test items meet their purpose, an item
analysis was conducted using the statistical analyzing software SPSS [13]. In total,
eight items, selected to measure the drivers’ attitudes towards highly automated
driving systems, were taken into account for analysis. Item difficulty was found to
vary between 2.62 and 3.31 (scale from 1 = disagree strongly to 5 = agree
strongly). The major share of the item difficulties is above the average rating of 3.
This means that the majority of the items the subjects agreed to were difficult to
measure psychometrically. The scientific merit of each item was valued using
Cronbach-o. for standardized items (Cronbach-a = 0.855). The inter-item-
correlation spread from 0.051 to 0.757 (mean 0.425). The adjusted part-whole
selectivity came to r_ix > 0.30, except for one item (“if the truck drives highly
automated, other tasks can be pursued”) with r_ix = 0.235. Hence, the item was
excluded from further analysis.

3.3 Procedure

Data was collected by using either an online or paper-based questionnaire.
A newsletter referring to both questionnaires was sent out by the Bavarian
Association of Shipping Companies to its subscribers. Both online questionnaires
were published on different online community forums. Truck drivers were
approached using a list of test subjects provided by the Institute of Automotive
Technology of the Technische Universitdt Miinchen. Furthermore, a paper-based
version of the truck driver questionnaire was handed out to drivers at two regular
driver meetings organized by the traffic police of Bavaria.

A link to the questionnaire addressing transport companies was posted by the
German Logistics Association on their official Facebook site as well as in the
research and development forum of the associated Xing group. The questionnaire
was also sent out to various transport companies based on the general e-mail contact
information found on the companies’ internet websites.
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3.4 Participants

A total of 69 subjects replied to the driver questionnaire. Incomplete questionnaires
(N = 22) were removed and not used for further analysis. Another 8 respondents no
longer involved in active driving were also excluded from the analysis. In total, 39
complete response sets from the driver’s side were taken into account for analysis.
The responses were gathered between December 21, 2015 and February 17, 2016.
The sample consisted of 2 female and 37 male drivers aged 22-74 (mean
49.34 + 11.07). 30.56 % of the drivers operate on long haul transport, 41.67 % on
regional transport and 22.22 % on local transport (local transport: up to 50 km;
regional transport: 50—-150 km; long haul transport: more than 150 km per day). On
average, the subjects of the inspected sample had been operating as truck drivers for
27 years (£ 11.96).

Concerning the transport company questionnaire, 17 responses were received of
which 10 were completed. The companies employ a minimum of 3 and a maximum
of 100 drivers. The results indicate that 60 % lease, 30 % rent and 80 % buy trucks.
80 % of the inspected companies stated that their trucks are in use for a range of 4—
6 years, while 20 % indicated a range of 7-9 years.

4 Results

Descriptive statistics were calculated for each of the factors and items of the
questionnaires. In addition, linear models (LM) were used to analyze the data. LM
are especially appropriate for the estimation of item influence on the given influence
of other variables, which is not possible with univariate testing methods. Therefore,
LM were calculated between the averaged drivers’ attitudes towards highly auto-
mated driving and the items regarding why a driver would want to let the system
take over the driving task.

4.1 Descriptive Statistics

Resulting TA-EG (scale ranging from 1 = strongly disagree to 5 = strongly agree)
scores of truck drivers (Fig. 1) are located around 3.16 (£ 0.39), reflecting a
moderate overall affinity of drivers towards technology. The scores varied between
3.39 (£ 0.76) representing the subscale competence, and 2.99 (£ 0.45) describing
positive attitude towards technology in general. Intermediate scores for the sub-
scales negative attitude (reversed, mean 3.28 £ 0.62) and enthusiasm (mean
3.01 £ 0.63) support the tendency of a rather medium attraction of truck drivers
towards new technologies.
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Fig. 1 TA-EG scores of truck drivers

Analyzing the initial question addressing the general comprehension of the
concept and of highly automated driving systems, 43.6 % of truck drivers were not
familiar with the terminology. Truck drivers showed themselves neutral towards the
statement that the idea of highly automated driving is fascinating (mean
3.05 £ 1.19, on the scale from 1 = strongly disagree to 5 = strongly agree).
Regarding driving pleasure, respondents neither assumed that highly automated
driving will be enjoyable (mean 2.97 &£ 0.96), nor did they strongly agree that
highly automated driving would be easier than manual driving (mean 3.03 £ 0.90).

Furthermore, truck drivers fear losing their job due to being replaced by
automation (25.6 %). Drivers adopted a neutral attitude towards the statement that
driving in highly automated mode might be a potential relief in monotonous
demanding driving situations (mean 3.31 £ 0.92). Although 53.8 % of all
respondent drivers would hand over the driving task to the system when manual
driving is monotonous, only 7.7 % would like to drive in highly automated mode in
order to be able to engage in a secondary task.

51.3 % of truck drivers named higher safety as one of the reasons why they would
like to drive in a highly automated truck (Fig. 2). Further insights into truck drivers’
attitudes towards highly automated driving are provided by open questions. 47 % of
the participants stated that the main reason for choosing their job was “driving
pleasure”. 17.65 % mentioned family backgrounds for instance “truck company is
family owned” or “other family members have been truck drivers” or other forms of
forced reasons. The following examples can be given: “unemployment” or “no
alternatives”. 8.8 % were tempted by the salary. Additional acceptance related
statements are: “If the truck drives by itself, it should forgo the driver” or
“automation will not mitigate the current situation for the drivers, it will replace
them”.
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Fig. 2 Truck drivers’ answers (in percentage) indicating why they would like to drive in highly
automated mode

90 % of fleet managers have already heard of highly automated driving systems
before. From the forwarding agencies’ perspectives, the main reasons for choosing
the profession “truck driver” nowadays are financial aspects instead of choosing a
desired profession. Moreover, the companies mentioned doubts regarding safety
issues, cybercrime and liability. The fact that drivers could pursue other occupa-
tional activities is evaluated positively by truck companies and may promote
acceptance. Examples are vocational training and occupational retraining or editing
documents. Also drivers can comply with and make optimal use of statutory rest
periods.

Asking about concerns (Fig. 3), a widespread introduction of automated systems
might bring up that both groups are notably worried about the fact that drivers
might lose the joy of driving and the feeling of being in control (truck drivers:
46.2 %, fleet managers: 40 %). Truck drivers adopted a rather neutral attitude
(mean 3.31 + 1.00) towards the statement that highly automated driving might
prevent severe accidents. 38.5 % of truck drivers (fleet managers: 60 %) indicated
that they have substantial doubts about the safety and general reliability of such
systems. Both truck drivers and fleet managers showed themselves most concerned
about legal liability issues in the event of a highly automated truck being involved
in an accident (truck drivers: 51.3 %, fleet managers: 60 %).
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Fig. 3 Respondents concerns (in percentage) about the idea of introducing highly automated
driving systems on a widespread scale

4.2 Linear Models

Linear models were run to determine the relationship between the averaged values
of drivers’ attitudes towards highly automated driving (response variables) and the
values of every item concerning why a driver would want to let the system take
over the driving task (explanatory variables) (Fig. 4). Linear models (a = 10 %)
show that subjects thinking that highly automated driving is more comfortable have
a significant higher attitude (mean +0.45, SD 0.19, p-value 0.0256) towards highly
automated driving. Calculated effect size with a mean of +0.45 also indicates a
strong as well as relevant effect, with the effect uncertainty (SD 0.19) being low in
comparison to the other cases.

In addition, subjects thinking that highly automated driving is safer show a
significant higher attitude regarding highly automated driving (mean +0.39, SD 0.2,
p-value 0.0601). The calculated effect size also shows a strong, relevant effect with
effect uncertainty again being low in comparison to other covariates.

Other comparisons between drivers’ attitude and explanatory variables such as
reduced traffic jams (mean +0.02, SD 0.25, p-value 0.927), reduced driving times
(mean +0.06, SD 0.27, p-value 0.811), lower fuel consumption (mean 0.02, SD
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Fig. 4 Descriptive analysis showing drivers’ opinion regarding highly automated driving and
why a driver would want to let the system take over the driving task

0.24, p-value 0.9435) or a higher environmental friendliness (mean +0.13, SD 0.25,
p-value 0.61) did not reveal significant results.

5 Discussion

This paper describes an approach aiming to assess truck drivers’ attitudes towards
highly automated driving. In order to set a baseline and derive implications for
enhancing system acceptability on behalf of the driver, affinity for technology as
well as concerns and needs towards system usage were inquired. Fleet managers’
opinions regarding the potential and limitations of highly automated driving sys-
tems were queried in order to investigate whether transport companies would invest
in this new technology.

Contrary to previous findings in the automotive domain indicating that accep-
tance towards automated systems is affected by the user’s extent of technical
affinity, could not be confirmed within this study [8]. Almost half of the respondent
truck drivers (43.6 %) answered that they did not have a clear idea of the term
“highly automated driving systems”. This fact might lead back to truck drivers’
average affinity towards new technologies, leading to problems regarding the
imagination of driving in a highly automated mode. Furthermore, it must be con-
sidered whether using the TA-EG questionnaire is suitable for inquiring affinity for
technology in terms of highly automated driving since the TA-EG was originally
developed for electronical devices [9]. Considering future studies, an evaluation of
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the TA-EG must take place in order to determine whether it is suitable for mea-
suring affinity for the technology of highly automated driving.

Recent studies have documented public opinion on automated driving technol-
ogy. Most of these studies focused on measuring the public opinion of car drivers
[4, 11, 14, 15]. Differences between car and truck drivers lie in the fact that most
people buy cars for private reasons, whereas trucks are commercial vehicles serving
a different purpose. Therefore, comparability between studies relating to car and
truck drivers is limited.

Kyriakidis et al. [11] stated that car drivers find manual driving the most
enjoyable mode of driving, yet they found the idea of highly automated driving
fascinating. In contrast, truck drivers show a neutral attitude towards enthusiasm.
Furthermore, car drivers were found to be most concerned about software hacking
and misuse, but also about legal issues, similar to the findings by Scho