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Abstract

Driving is a complex task that requires auditory, visual, and tactile attention. It is
difficult enough for drivers to handle the increasing number of distractions when they
are in a familiar environment, but what happens when drivers are placed in a new
environment? If we understood this issue, we could design tools to reduce driving
hazards and minimize distractions.

We address this gap by exploring drivers’ behaviour when they encounter road
signs from different countries. We conducted two eye-tracking studies with 50 partic-
ipants. Participants’ spent increased time looking at unfamiliar road signs. Misinter-
pretation occurred due to the influence of previous experience and many drivers drove
at reduced speeds throughout to compensate for the anticipated cognitive load. We
suggest developing context-aware in-vehicle systems that use web mapping services to
present drivers with road signage information. Based on our results, we also provide

four recommendations to improve driver safety.
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Chapter 1

Introduction

1.1 Motivation

Driving is a complex task that requires auditory, visual, and tactile attention from
drivers. Since a drivers’ environment is constantly changing, it is important for them
to use their sensory resources to maintain a good understanding of their immediate
environment. The Canadian Automobile Association (CAA) [4] regards distracted
driving as anything that takes your attention away from the primary task of driving.
With new entertainment features being integrated into vehicles, and a growing use
of hand-held devices, drivers are becoming more susceptible to distraction. Reports
indicate that use of hand-held devices while driving increases probability of being
involved in an accident by a fourfold [65]. Additionally, 29.9% of the top distractions
[3] are external to the vehicle. It is difficult enough for drivers to handle the increasing
number of distractions when they are in a familiar environment, but what happens
when drivers are placed in a new environment?

The United Nations World Tourism Organization recorded 1087 million interna-
tional tourist arrivals in 2013 [55], a large number will rent vehicles during their stay.
Aty and Radwin [5] found foreign drivers have higher accident rates at intersections
with turning manoeuvres. Likewise, a study showed tourists visiting the Greek Island
of Crete were 2.5 times more vulnerable to accidents [58].

Road signs are designed to provide critical cues for drivers, regardless of where
drivers are from. Consequences of ignoring or misunderstanding these cues can cause
drivers to make errors in judgement and increase their risk of accidents. Surprisingly,
there is no universally accepted standard for road signs, rather there exists a variety
of guidelines set at provincial or state levels. As such, one does not even need to
travel overseas to encounter unfamiliar road signs. A recent article published by the

Boston Globe [15] showed how confusing some Canadian road signs can be for an



American driving along the New Brunswick coast.

There is little research looking at drivers in unfamiliar environments. Therefore,
we have minimal data to understand drivers’ behaviour when they encounter an unfa-
miliar situation, and how this may contribute to driving distraction. If we understood
this issue, then we could design tools to reduce hazards while driving, and minimize
distractions such as those external to the vehicle. Therefore, in this thesis, we ad-
dress this gap by exploring drivers’ behaviour when they encounter road signs from

different countries.

1.2 Research Question

Our main research question for this thesis is:

How do unfamiliar road signs affect drivers’ behaviour?

We addressed our research question by developing a driving simulation for two
different driving scenarios and road signs from three different countries. We explored
the effect of road sign familiarity on other driving attributes such as lane keeping and
speed. We also compared drivers’ ability to interpret the road signs and how long

drivers gazed at the signs as a measure of the level of distraction.

1.3 Contribution

The two main contributions of this thesis are summarized in the following sections.

1.3.1 An empirical examination of unfamiliar road signs using a driving

simulator and eye tracking software

We conducted two user studies, using an open source driving simulator and eye track-
ing software. We provide empirical results from 50 participants, in which we tested
their driving performance to evaluate their reaction when encountering unfamiliar
road signs. We found that unfamiliar road signs result in longer gaze fixation times.

Furthermore, misinterpretation of signs can occur due to the influence of previous
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driving experience and local driving practices. This can lead to drivers making er-
rors in judgement, putting them at risk for accidents. Complex road sign symbols

contribute to longer gaze fixation times and poor sign recognition accuracy.

1.3.2 Design recommendations for in-vehicle systems

From our findings, we propose four recommendations: the design of road signs should
be simplistic, road signs should be internationally standardized; in-vehicle systems
should be used as context-aware interpreters and in-vehicle systems should leverage
web mapping services. These recommendations are based on our findings and previous

literature.

1.4 Thesis Outline

This thesis consists of six chapters. In the second chapter, we provide a literature
review of road sign design and in-vehicle computer interfaces, with a focus on driving
distraction. In chapter three, we present the design of our driving simulator and
experimental set-up. In chapter four, we describe the methodology used for the
studies, including data collection tools, and participants. In chapter five, we present
the results of each study. Finally in chapter six, we present a discussion of the results
from our studies and our recommendations. We also present future work and the

conclusion of the thesis.



Chapter 2

Background

Drivers dynamically maintain an understanding of their immediate environment. This
includes vehicle speed, neighbouring vehicles, pedestrians, landmarks, GPS/consoles
and road signs. All of these items contribute to a driver’s situation awareness (SA)
which facilitates decision making. Previous researchers have focused on develop-
ing models to understand how dynamic decisions are made in high-complex situa-
tions such as driving [23]. Likewise, there have been many investigations into the
consequences and failures that arise from an incorrectly formed situation awareness
model [24,29]. In this chapter, we examine how road signs and driver behaviour
contribute to a situation awareness model. We describe related concepts and litera-
ture. We investigate the challenges ergonomic design experts face when developing
road signs. We consider the Human Factors perspective on the understanding of road

signs, and the implications of driver distractions.

2.1 Ergonomics

Drivers need an understanding of the upcoming changes to their immediate environ-
ment and road signs provide a visual way to communicate such changes to drivers.
When understood properly, road signs allow for effective decision making. A sub-field
of Ergonomics considers the design of signs highly important and has extensively
studied sign design features [11,22,56] such as colour, size, and placement. Ng and
Chan [52] categorized these features as “visual” and included cognitive features to
improve the development of user friendly icons. Cognitive features include: famil-
iarity, concreteness, complexity, meaningfulness, and semantic distance. Both visual
and cognitive features must be considered in road sign design.

A variety of organizations, such as the American National Standard Institute

(ANSI) [34], define road sign standards. For example, standards define that particular

4
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colours are associated with specific warnings; Red is used to convey danger, Orange
for warning, and Yellow for caution. Leonard [41] conducted four experiments to
investigate whether the standard warning colours are effective in capturing people’s
attention and conveying the correct level of risk. Participants were asked to rate
either colours, words, or a combination of both in terms of severity. Results revealed
that while red was consistently ranked as most severe. Orange was ranked less than
yellow which does not align with ANSI standards. Ng and Chan [52] also found red
conveys the most serious warnings in other cultures (e.g., Chinese, Spanish). In road
traffic, we see the use of these colours, but at times they may communicate different
meanings. For example, red may tell the driver to stop (e.g., traffic light or stop sign),
that an action is prohibited, or to alert the driver (e.g., yield). Therefore relying on
colours alone is insufficient enough to convey risk.

Dewar [18] stresses the importance of proper placement and legibility distance
of road signs as a criteria for traffic safety. He states that unsatisfactory signage
to inform drivers of a hazard leads to the most common type of highway accident
litigation cases. According to the Canadian Ministry of Transportation [69], the
distance between a road sign and the point in which it applies depends on the posted
speed limit. Additionally, approximately 2.5 seconds is sufficient time for perception-
reaction time [31]. Dewar argues against this by pointing out that previous studies,
such as Hooper and McGee [33], have shown that a minimum of 3.5 seconds is needed
for a proper reaction-time, suggesting a discord within the risk and safety community.

Even though traffic design manuals provide requirements for road sign design
and placement the design criteria remains vague. Take as an example the road sign

requirements outlined by British Colombia’s Ministry of Transportation [69]:
To be effective a sign should:

e Fulfill a need
e Command attention and respect
e Convey a clear and simple message

e Allow adequate time for a proper response

This definition is rather vague; for example, it does not specify that a road sign’s
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message must be understood by everyone. The ambiguity allows for inconsistencies

to occur when designing a sign.

Although there have been international attempts to standardize traffic signs and
regulations. Many studies have found that a large portion of drivers have no under-
standing of road signs’ meaning. For example, David Shinar et al. [63] conducted
an investigation to see how well traffic signs were understood cross-culturally. This
included showing participants road signs from their country (i.e., where their driving
license was issued) and internationally. Unsurprisingly, comprehension scores for non-
local signs were low. Furthermore, a significant percentage of drivers interpreted road
signs to mean the complete opposite of their actual meaning. This could lead to a
potential driving accident as drivers will fail to react properly if a decision needs to be
made. This study did not reveal a difference between the level of driving experience

and road sign comprehension.

To improve the usability of road signs, Shinar recommends ensuring: spatial com-
patibility, conceptual compatibility, physical representation, familiarity, and stan-
dardization. If we recall, Ng and Chan [16] suggested a similar criteria, defined as
cognitive features. Other studies have also suggested incorporating similar features,

however, including familiarity is difficult because it can vary greatly between people.

In cases where a good symbolic representation cannot be found, Shinar suggests
using a textual representation, although other studies have argued against this [56,71].
Viagano and Rovida [71] argue that text added below a pictorial based road sign is
not effective because it takes longer to read and most often cannot be understood by
foreigners. They propose replacing text with semantic symbols as a way to improve
cross-cultural comprehension. Text on road signs uses common prepositions and
complements symbols to convey meaning. Therefore reducing it to a verb or object
could allow for a uniform pictorial representation. Whether this can be considered a
valid alternative has yet to be determined as no user studies have been conducted to

test this method.

While the majority of studies measure participants’ comprehension by rating their

interpretation of road signs, Shinar [64] goes further, by measuring participants’ speed
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of comprehension in addition to accuracy. His within-subject design presents partic-
ipants with either a symbol sign, a text sign, or a symbol-text sign. Results revealed
that text signs yielded quicker reaction times and better comprehension, whereas sym-
bolic signs were better understood only if it was familiar to the driver. The author
highlights the advantages of combining symbol and text signs. For one, they can be
seen from further away, and drivers can learn to associate the symbol with the text.
Lastly, the use of symbol-text signs does not increase comprehension time according
to the results from the author’s study.

A consensus among these studies indicates that road signs are better understood
the more they follow the ergonomic principles identified by experts such as Ng and
Chin and Shinar. This is made further evident in Ben-Bassat’s [8] study where
drivers and ergonomic experts were asked to explain the meaning of signs in terms
of ergonomic principles: sign-content compatibility, familiarity, and standardization.
Responses from both groups were compared in an attempt to find a correlation be-
tween sign comprehension and adherence to ergonomic principles. Results showed
that familiarity had a significant influence on comprehension. Furthermore, the au-
thor found evaluations from drivers and experts lead to the same conclusions, subse-
quently confirming that a road signs with higher comprehension scores adhered closer

to ergonomic principles.

2.2 Human Factors

While Human Factors and Ergonomics are often defined synonymously [25], we have
intentionally focused on the Ergonomics literature concerned with the design of func-
tional and user-friendly systems. We move forward with addressing the Human Fac-
tors side which accounts for understanding the behaviour within interactions. Specif-
ically, we focus on how road signs and regulations affect drivers’ behaviour.
Al-Madani et al. [1] investigated the influence of drivers’ personal characteristics
on their understanding of road signs. Questionnaires were distributed among differ-
ent occupation sectors based on the percentage of people employed in each sector.
The questions were divided into two sections, the first identified personal and socio-

economical characteristics, and the second tested drivers’ understanding of traffic
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signs. Results showed that male drivers comprehend traffic signs better than females.
However, this finding may not be generalizable since samples were taken from the
Arab states of the Persian Gulf which have a low percentage of female drivers due to
social constraints. Marital status did not influence traffic sign comprehension and, in
general, a higher education and income resulted in better sign comprehension. Fur-
thermore, it was found that novice drivers understand signs less than experienced
drivers which confirms the author’s initial assumption, although driving experience
had no influence on comprehension for people who first received their license at the

age of 45 or older.

Driving practices also influence how drivers comprehend traffic signs. Summala
[67] looked at how American drivers without European driving experience interpreted
uncontrolled intersections. Although this study observed only 3 subjects, the findings
highlight an important observation: driving behaviour is influenced by local driving
practices, immediate surroundings, and general rules. These factors can, at times,
conflict with each other, like drivers’ adopted practices and local traffic rules, which
may leave drivers susceptible to greater driving risks. Informing drivers of local rules
can change their adopted practices and thus the way they observe their surroundings.
As Summala noticed, after subjects were told the rules for uncontrolled intersections,
subjects changed their visual scanning pattern and decreased their speed when ap-
proaching subsequent intersections. Borowsky [10] reported a similar finding, where
experienced drivers were less likely to notice important road signs when in an unfa-
miliar place; this “selective looking” behaviour is influenced once again by adopted

practices.

Opposite to Summala, Dissanayake et al. [19] investigated transportation needs
and highway safety issues of tourists driving in the United States as compared to
local U.S. drivers. Findings from their survey show the understanding of traffic signs,
pavement markings, and traffic signals were significantly lower for tourists. Certain
symbol-only road signs were found to be difficult to interpret by tourists. A common
concerned raised by tourists was the lack of advance notice signs about upcoming
traffic events. Ward et al. [72] conducted a study to test American drivers’ compre-

hension of international road signs before and after a training session. The study
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used a between-subject design that presented two participant groups with 50 road
signs each. Comprehension levels were evaluated based on the American National
Standard Institute (ANSI) Z535.3! guidelines. Results showed that prior to training,
60% of U.S drivers provided incorrect responses to signs, and only 17 signs met ANSI
standards. It was found that many participants thought an open red circle road sign
meant an action was permitted (with respect to the symbol displayed within the red
circle), however, a red circle actually prohibits an action. This highlights differences
in road sign design, where in the United States and Canada, prohibited actions are
denoted with a slash. Ward’s study re-tested participants after training and found
that 85% of participants correctly comprehended the road signs presented. Ward
recommends a design improvement for road signs or educational training where there
is a lack of design. To address the latter recommendation, Dissanayke [19] suggests
rental car locations and hotels would be ideal places for educating foreign drivers
about local road signs and traffic regulations.

Educating every tourist when they arrive to a different country is not a realistic
option. Road signs need to be designed in a clear and accurate manner, which should
be understood by every driver, foreign or local. A well designed road sign should
be able to trigger a person’s recollection from previous driving experiences such that
they will carry out actions conditioned by previous experiences. Bazire [6] refers to
this as tactile mental representations. Brézillon et al. [12] discuss how a user-friendly
road sign can prompt the appropriate behaviour when perceived by drivers. They
claim that the meaning of road signs is interpreted from the environmental context
of the driving task, and the context of the current situation. More driving experience
leads to more practical knowledge of road signs rather than relying only on theoretical
knowledge; after years of driving, the legal meaning of a road sign is lost to practical
experience.

To reduce the risk of driving in an unfamiliar environment, we should design
traffic signs in a manner that invokes the correct driving practices gained throughout
drivers’ years of experience. This tactile mental representation will be accompanied

by conditioned actions that allow drivers to react appropriately to the task at hand.

LANSI standard considers symbols with a 5% or greater confusion rate, an unacceptable stand-
alone safety sign.
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(a) Argentina (b) Iran (¢) Thailand

Figure 2.1: Stop signs from different countries

An excellent representation of this is the design of a red octagon to denote a stop
sign. While the word ‘Stop’ may differ among countries, the shape and colour remain
the same? (See figure 2.1). With this road sign, foreign drivers may not recognize
the words within the sign but with the aid of environmental context and driving
experience, they will recognize the road sign by its colour and shape, thus their driving
behaviour will be to bring their vehicle come to a complete stop (a conditioned action).
In the same manner, this design method can be extended to vehicle user interfaces,

or advanced driver assistance systems.

2.3 Driving Distractions

Driving distraction is characterized by any secondary activity that takes attention
away from the primary task of driving. The U.S National Highway Traffic Safety
Administration (NHTSA) [53] reported that in 2013 alone, 3154 people were killed in
distracted driving accidents. The increase in numbers have been attributed (in-part)
to an increasing use of mobile phones and growing number of in-car entertainment
features. This risk to road safety has been studied by different organizations (e.g.,
academia, industry, government) which aim to understand drivers’ susceptibility, the
level of risk, and countermeasures to the problem.

In understanding why distraction occurs, studies have identified Change Blindness

and Inattentional blindness as two major perceptual errors affecting driver distraction

2Exceptions include Japan, and Zimbabwe.
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[17,27,39]. Change blindness is a failure to see events such as when a driver fails to
check their blind spot [60]. Inattentional blindness occurs when an event was observed
but the driver failed to process its significance [42]. Habituation is an example of
inattentional blindness, where a new road sign added to a driver’s regular route may
cause them to completely miss the sign. Given that a driver’s surroundings are
constantly changing as they are in movement, they can be especially susceptible to

these perceptual errors.

Mancero et al. [44] highlighted similarities among studies that examined percep-
tual errors. They noted that the more relevant and meaningful a change was, the
more likely participants would notice. They stress the importance of exploring differ-
ent mediums to alert drivers of changes, especially the often-missed changes situated
outside a driver’s central line of vision. Wikens and Horrey [73] considered how drivers
visually scan their environment, and the type of perceptual error that results from the
location of an event change in relation to the driver’s line of sight. They categorize

events that occur outside of the driver’s line of sight as change blindness errors.

With the understanding of perceptual errors that occur when a driver becomes
distracted and events they are likely to miss, we can now examine the sort of activities
that drivers choose to engage in, and the level of distraction it can cause. Stutts
et al. [66] investigated the frequency of drivers engaging in distracting behaviours.
During a three-hour session, 70 subjects were recorded using a video camera mounted
on the driver’s dashboard. Results from this study showed drivers spent 16.1% of their
time (total driving time) engaging in some type of potentially distracting activity (e.g.,
manipulating vehicle controls, eating/drinking, grooming, reading/writing, using a
cell phone, smoking). Engaging in an activity also resulted in an higher tendency
to direct their eyes towards the inside of their vehicle, and a higher percentage of
drivers having no hands on the steering wheel (while vehicle was in movement). It
is important to note that the paper evaluates activities when the drivers’ vehicle was
moving and when it was stopped. The results show that drivers choose to engage in
certain activities when they were stopped. This suggests that drivers in some manner
assess the level of risk that engaging in certain activities might have on their driving

performance.
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This issue was considered by Titchener et al. [68] who attempted to understand the
judgement of risk that drivers make about deciding to engage in distracting activities.
In terms of driving habits, distraction affected drivers’ visual scanning pattern, with
less time spent looking in their peripheral view. Checking in-car instruments (e.g.,
speedometer) occurred significantly less, with some subjects not checking at all. These
changes were also evident during hands-free tasks. The study also showed that when
deciding to engage in an activity, the following factors significantly affected drivers’
perception of risk judgement: the probability of a crash, the nature of the distraction,
the mental concentration required, the location of the distraction (internal or external

to the vehicle), and the physical demands of the distraction.

Although the studies examined thus far have focus primarily on internal distrac-
tions, drivers may also become distracted by events external to their vehicle. Metz
and Kriiger [50] conducted a study to test German regulations which allowed the use
of supplementary signs®. The goal of this study was to see if supplementary signs
caused a distraction for drivers looking for directional information. Their assumption
was that it makes it harder for drivers to read directional signs properly since they
require more time to look at the sign thus increasing their reaction time. The results
contradicted the paper’s assumption. It showed that participants who looked for a
specific destination did not pay attention to the supplementary information thus it
was concluded that supplementary signs do not cause distraction on drivers searching
for directional information. Similarly, Dukic et al. [21] measured the effects of elec-
tronic billboards on driver attention and found that although subjects had gazed at

electronic billboards longer, results were inconclusive.

Zhang et al. [74] used a different approach to examine the implications of new
roadside signage. Their concern was that signs with more information might increase
visual distraction. To test this, they used a high fidelity driving simulator and head-
mounted eye tracker to compare driving performance and driver gaze fixation. Zhang
et al. [74] tested highway road signs with varying number of logo panels (see Figure
2.2). Results revealed that while the nine-panel signs captured participants’ attention

longer and resulted in a slower average speed, the changes were small and statistically

3Installed below direction signs to indicate services offered at rest stops.
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FOOD - EXIT 47

Figure 2.2: Zhang et al.’s [74] nine-panel road sign

insignificant. Their findings align with those of Metz and Kriiger [50] and Dukic et

al. [21]. Driving distraction is a major concern affecting road safety.

Studies have shown that distractions can occur internally and externally to a
driver’s vehicle. While external factors cause a distraction, road signs and roadside
advertisements may not affect drivers’ attention enough to become hazardous. If
placed in a visually cluttered environment or if they are highly salient, drivers may
pay attention to the signs for a longer period of time which can take focus away from
important relevant stimuli and possibly contribute to an increase in road risk when

a hazard event is present.

2.4 In-vehicle Interface Systems

To help address and minimize drivers’ susceptibility to distractions, recent work has
looked to new and existing car technology to deliver information safely to drivers [28,
57,70]. Advanced Driver Assistance Systems (ADAS) are designed with the intention
to automate and enhance safety while driving. Concepts include: adaptive cruise
control, pedestrian detection, vehicular communication, and blind spot detectors.
Brookhuis et al. [13] review the benefits and challenges of ADAS. They state that
implementations of ADAS can enhance drivers’ safety and efficiency by providing

real-time warnings, alerts, and instructions to drivers. Heinzman et al. [32] present a
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case study to help recognize fatigue and distraction? using video and image processing.
The ADAS would send alerts to drivers using audio and vibration. ADAS can either

act as a support for drivers, or it could act autonomously.

Brookhuis et al. point out that although these systems are meant to aid drivers
they, it can also leave drivers vulnerable to more distraction and safety risks. They
advise that complexity can increase the likelihood of failure either from the systems’
components, or from the driver. The latter failure can be caused by an overcrowded
interface that requires drivers to place more attention on the interface in order to
execute an ADAS feature. Likewise, Brooks and Rakotonirainy [14] examine current
literature on the effects of ADAS and in-vehicle technologies on driver distraction.
They claim that these technologies require manual data entry or visual attention from
the driver which can cause them to take their attention away from driving. Speech-
based interfaces are a suggested alternative because they do not interfere with drivers’
visual or tactile senses. However speech-based interfaces can still cause distraction at
the cognitive level. A study by Lee et al. [40] show how the demands of speech-based

interfaces on cognitive resources can increase reaction time by 30%.

Further research has examined the implementation of multimodal interfaces as a
way to minimize risk. Politis et al. [59] use three sets of modalities; audio, visual,
and tactile to convey different levels of urgency to drivers. Their intention was to
determine whether these modalities could be recognized accurately by drivers, conse-
quently improving their reaction to different driving scenarios. Their within-subject
study consisted of two experiments. The first, obtained participants’ initial perception
of the level of urgency and annoyance for each of the signals presented. The signals
were combinations of the three modalities. Results showed that participants were
able to correctly correspond the signals with their proper level of urgency without
previous knowledge of the criteria for each level. The second experiment expanded
on the first by having participants identify the level of urgency while in a driving
simulation. Results concluded that using a combination of all three modalities was
perceived as most urgent, while the tactile-visual signal was rated second. High ur-

gency signals produced quicker response rates in comparison to lower urgency levels.

4The study focused on truck drivers as case subjects
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The authors stress the importance of not overloading drivers with warning signals,
especially for low urgency situations as they can cause annoyance in drivers. If this

occurs, drivers are more likely to ignore or disable this feature entirely.

To gain a better understanding of the usability of in-vehicle warning systems,
Maltz and Shinar [43] conducted a study that alerted drivers if they were driving too
close to a lead vehicle. Five alert types were used: visual, auditory tone, auditory
speech, visual and tone, visual and speech. The study also included false alerts
given to represent a system malfunction and to compare driving performance between
both types of alerts. Results showed that prior to being exposed to alerts, 12%
of drivers had less than a 2-second headway from the lead vehicle. When alerted,
5% of drivers decreased their speed providing a larger headway space. Findings
show that the auditory speech interface was relied on most by participants compared
to the multimodal interfaces. Interestingly, women heeded the warning by slowing
down more often than men although no explanation was provided for this finding.
Results also showed that drivers were able to accurately distinguish between valid
and false alerts 86% of the time. However, drivers made more errors when receiving
a large number of false alerts. This study states that over-reliance on alerts can
cause complacency, which they deem not to be hazardous if drivers lightly decelerate.
However, it cannot be entirely overlooked. Since drivers were not given the option to

disable alerts, their effect between false alerts and driver acceptance was not measured.

Donmez et al. [20] discuss different types of feedback and their advantages for
improving drivers’ behaviour. They are specifically looking at distracting behaviour.
They introduce a timescale feedback taxonomy for mitigating distractions where feed-
back is given at different times. For example, they discuss when to provide drivers
with immediate, delayed, retrospective, and cumulative feedback to improve both long
and short term behaviour. A possible problem with this method is that drivers could
become habituated to certain feedback which they may later ignore, or as seen Maltz
and Shinar [43], drivers may become over-reliant. Feedback reliability could also in-
fluence a drivers’ behaviour because they may not be willing to accept or trust the
feedback provided. This insight further supports the importance of not overwhelming

drivers with warnings or alerts. It is clear that this can create opposite intentions
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by reducing driver acceptance, and, at worst, annoyed drivers will be more likely to
disable the feedback, rendering the ADAS completely ineffective. With this in mind,
developing context-aware systems that can provide warnings or alerts to drivers at
high-risk or high-critical times would minimize the number of warnings necessary.

Kennington et al. [36] developed a speech generation system which mimics human
passenger conversations. The idea is for this system to recognize situations that re-
quire a driver’s complete attention. When this occurs, the system will stop its speech
delivery and allow drivers to be fully attentive to the driving task, similar to how hu-
man passengers choose to interrupt conversation when they deem a situation requires
more attention from the driver. The system was tested using a driving simulator with
defined “dangerous situations” (e.g., changing lanes). Drivers’ attention to the speech
system was measured with a short memory-task. Results indicate an improvement
in primary driving task, and memory recall tasks. This strategy can be considered
when designing navigation systems and in-vehicle infotainment features.

Continuing with context-aware navigation systems, Miinter et al. [51] conducted a
study to understand what situation-aware support features are considered important
to drivers. Results show that 73% of participants consider traffic conditions, and
63% consider spatial knowledge, as the top two necessary features for context-aware
systems. Weather and sense of direction were also considered important. This study
suggests that navigation systems be implemented using a rule-based approach. For
example, in familiar environments, support should be minimized and present drivers
only with main road sections. Drivers who identify as having a poor sense of direction
will require additional support on unfamiliar routes.

ADAS with context-aware functionality can cater to participants’ driving situation
by providing support in terms of presenting information, sending sensory alerts, or
interrupting data presentation at critical times for drivers. This flexibility should not

only improve usability, but also improve driver acceptability and reliance.
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2.5 Summary

The literature suggests that the design of systems, whether it be road signs or in-
vehicle systems, requires a minimalistic approach. Road sign symbols should not be
complex, but rather clear enough to be understood universally among all drivers.
This includes foreign, local, novice, and experienced drivers. Likewise, Advanced
Driver Assisted Systems should be designed in a way that adapts to the needs of
all drivers. Providing support, through information, or warnings, helps to minimize
driving risk. When a design fails, such as with a complex road sign symbol or an
overcrowded interface, it can draw drivers’ attention away from the main driving
task. This can decrease drivers’ situational awareness, which hinders their abilities to
react and make efficient decisions while driving. Likewise, overwhelming a driver with
information can have similar effects and reduce not only the usability of the system,
but user acceptance as well. While we recognize that drivers may intentionally engage
in distracting behaviour, we can use in-vehicle systems and feedback to help them
drive safely.

With this awareness, we look to improve on context-aware systems by understand-
ing how drivers behave in unfamiliar situations. Specifically, we examine road signs
which can be used by Advanced Driver Assistance Systems to provide informational
support for drivers. To our knowledge, using a driving simulator to assess driver
distraction when faced with unfamiliar road signs has not been tested. Therefore, we

use this approach as a starting point for our investigation.



Chapter 3

Prototypes

To investigate driver distraction and road sign identification, we designed a highway
driving simulated track and a city driving simulated track. In this section, we describe

these prototypes.

3.1 Overview of OpenDS

We designed the driving tracks using OpenDS version 2.5 [45]. OpenDS is a Java-
based open source driving simulator built on the jMonkeyEngine! framework which
simulates realistic acceleration, friction forces, and audio (i.e., horn, engine noise, col-
lision sounds). Figure 3.1 illustrates the different modules of OpenDS [62]. The inte-
gration of the Nifty GUI? toolkit facilitates the development of independent graphical

user interfaces which can be rendered within the simulator.

OpenDS allows for the configuration of car properties and events which are simu-
lated as the car drives within the map model. Events can be triggered under condi-
tions (e.g., vehicle position, reaction measurements, visibility of triggers, or weather
events) specified in the driving task configuration files. Triggers are objects (visible or
invisible) that can be placed at any position on the model map. When a car collides
with the trigger, it will cause the event defined in the configuration files to execute.
Moreover, multiple camera views can be enabled, such as: top-down view, driver’s
seat view, or follower view. OpenDS also allows for configuration of engine and trans-
mission types. For example, we can define the maximum and minimum speed, RPM
when idle, cruise control, and automatic or standard transmission. 3D map models

can be imported into OpenDS to use as custom sceneries. Currently, OpenDS uses

Thttp://jmonkeyengine.org/
Zhttp://void256.github.io/nifty-gui/
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Figure 3.1: Overview of the OpenDS Architecture 3.1

CityEngine® and OpenStreetMap? to generate their map models.

Vehicle data can be recorded (e.g., speed, direction, or pedal state) for analysis
with the OpenDS “driver analyzer” tool. This enables experimenters to visualize data
from a previous driving experiment and calculate driving deviation. OpenDS has been
commonly used to measure drivers’ reaction-times and behaviour (e.g., attention,
workload) [30,38,61]. It has been used as an effective tool to measure the usability of

different multi-modal interfaces [37,47], and to evaluate collaborative driving [7,46].

3.2 Highway simulation

We used a pre-configured map which modelled roads on an open hilly terrain. This
was chosen as a basis for our highway simulation because of its wide road design and
closed circuit track which allows users to drive at higher speeds for longer durations.
Furthermore, a driver would encounter other vehicles as traffic on the road. Each of
these traffic vehicle’s route was specified as a list of waypoints. Speed and distance

between two traffic vehicles were also defined. This allows for typical traffic related

3http:/ /www.esri.com/software/cityengine
4http://www.openstreetmap.org/
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Figure 3.2: Driver’s seat view of the Highway track

driving situations (e.g., passing cars, following) which increases realism and means
drivers must also avoid collisions. Figure 3.2 shows a driver’s seat view of the track.
This simulation model was used for the three highway tracks tested in the first user
study. The property files were modified to include road sign models that appear
alongside the road. Each road sign model was added as an XML attribute within
the property files. The attributes specified the repository of the road sign texture,
rotation, translation, and entry position of the image. Furthermore, we mapped key
functionality between the simulator and driver interface (i.e., brake pedal, accelerator
pedal, steering wheel, horn, signal lights), and adjusted pedal and steering sensitivity

settings for each track.

3.3 City simulation

We used a pre-configured map which modelled European-like roads within a city. This
was chosen as a basis for our city simulation because it contained cross walk markers
and a roundabout road. The urban layout would require drivers to make more turns
and stops, as well as navigate road traffic. This creates a greater cognitive workload
than on the highway track. This simulation model was used for the three tracks
tested in the second user study. Figure 3.3 shows a driver’s seat view of the track.
The property files were modified to include road sign models that appear alongside

the road. Pedal and steering sensitivity was adjusted for this study.
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Figure 3.3: Driver’s seat view of the City track

3.4 Practice Tracks

We used two separate tracks as driving practice for participants before they were
introduced to either the Highway or City simulation. Participants were not given
navigational directions but were allowed to drive freely around the practice tracks.

The highway practice track was a pre-configured map which modelled dirt roads
on an open hilly terrain. We chose to have participants practice on this track since
it resembled the same terrain as that in the Highway simulation but did not expose
them to the exact tracks that participants would have to drive. This also prevented
participants from becoming habituated to the tracks.

The city practice track used the same pre-configured map as the City simulation,
however, no modifications were made to this track (i.e., no traffic, no road signs).
This track allowed drivers to practice on European-like roads they would encounter

in the City simulation.

3.5 Experimental Set-up

Participants used a Logitech G27 steering wheel and foot pedals to control their
vehicle. The driver interface was connected to a laptop running OpenDS software.
For the simulator to recognize the driver interface, controls were assigned to OpenDS’s
driving functionality. Control of the steering wheel and the pedal sensitivity were
adjusted during pilot testing to provide more realistic feedback to drivers. The laptop

was a MacBook Pro running OS X Yosemite with Intel Iris Graphics 6100. A 55-inch
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Figure 3.4: Driving simulator lab set-up

monitor centred with the driver interface was used to display the simulation, as shown
in Figure 3.4. Participants sat approximately 70 cm from the monitor. To capture
eye gaze movements, we used SMI's iViewETG [35] system, a glasses-type eye tracker
device with integrated audio recording. To get an accurate eye gaze reading, the SMI
device required a 3-point calibration for every participant. This allowed the system
to create an internal eye model that best fit participants’ eye physiognomy.

The source code for each track was modified to have road signs placed along the
side of the road. Distance between road signs was calculated based on Ontario’s
Traffic Sign Design Principles [31], where spacing for signs is derived from the driving
speed. In our tracks, we considered the maximum speed limit as our base speed
therefore signs were placed approximately 50 metres apart for speeds of 60km/h or
less, and 75 metres for speeds greater than 70km/h. Both layouts were encountered in
the Highway study whereas spacing was kept at 50 metres in the City study because
of the fixed 50km/h speed limit throughout the track. The number of road signs
found on each track is specified in Table 3.1.
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Number of road signs per track
Canada | China | Germany
Highway study | 25 25 25
City study 19 19 19

Table 3.1: Number of road signs per track

For the highway study, each track was 1.6 km long, had a maximum of two intersec-
tions, and took approximately five minutes to complete. In the City study, each track
was 1.0 km long, had a maximum of seven intersections (including a roundabout),
and took approximately five minutes to complete. In both studies, the starting posi-
tion of each of the three tracks was changed to minimize user habituation. An ideal
driving path was defined in the simulator’s schema files which was used for analysis

(see Data Collection, Section 4.5).

3.6 Road Signs

The signs placed along each track can be found in Appendix A. The majority of the
road signs were used in both studies in order to see differences in sign recognition
accuracy between highway and city conditions. Some variation was necessary based
on their pertinence to each track. For example, participants encountered a pedestrian
cross-walk sign on the city track but not on the highway track. Text-only signs were
avoided to ensure participants who were familiar with the language of the sign did
not have a significant advantage over other participants however, 2 text signs on the
Chinese track (stop, and slow down sign) were used because there was no symbol based
alternative. The Chinese stop sign followed the same shape and colour conventions as
its equivalent Canadian and German sign, so we felt that participants could recognize
and interpret its meaning despite the Chinese symbol being used. This also applied
to the Chinese slow down road sign.

The dimensions of the road signs were 1024 x 1024 pixels. The signs were located

along the roadside of each track, in positions normally encountered in real life.



Chapter 4

Methodology

4.1 Goal of the studies

The goal of our user studies was to assess driver distraction as evidenced by driving
performance when faced with road signs from different countries. We conducted
two studies, one in a highway setting and the other simulating city driving. The
following sections describe the methodology followed in both studies. The study

design, including participants, procedure, and data collection tools are discussed.

4.2 Study Design

As illustrated in Table 4.1, each participant completed either the Highway or City
study. For each study, we used a within-subjects design where each participant drove
three tracks. Presentation order of the tracks was determined with a Latin square!.
Each track contained road signs from one of three countries: Canada, China, and
Germany. We chose these countries for both studies because according to the United
Nations World Tourism Organization, they represent the top three regions of the
world with the highest number of tourists per year [54]. Since participants were
recruited from within Canada, they would be most familiar with Canadian road
signs, thus Canada was chosen to represent North American road signs. Germany
was chosen as the European representative, because of its participation in the 1968
Vienna Convention [26] where European countries signed a treaty that standardized
traffic regulations. Lastly, China was chosen because it was the highest ranked tourist
destination in the Asia and Pacific region with 55.7 million tourists in 2013 [55].

Participants drove all three tracks then answered a questionnaire corresponding to

!The order of the tracks is assigned randomly using a 3x3 table. Each track appears once per
row and once per column, ensuring that no ordering effects impact the outcome of the studies.
Participants are sequentially assigned a presentation order from one row in the table
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Study Tracks Number of Participants
Highway study | Canada China Germany 25
City study Canada China Germany 25

Table 4.1: Study Design

the road signs found on all three tracks. Participants were told the aim of the study
was to recognize the road signs present while driving. The terms driving performance
and cognitive workload can encompass a variety of measures and we focus on a subset.
In our hypotheses, we outline what specific measures define driving performance and

cognitive workload for this thesis. Our hypotheses are as follows:

e H1: If participants face unfamiliar road signs, their driving performance will

decrease. Performance will show a decrease in driving speed, and lane keeping.

e H2: Drivers will experience a higher cognitive workload with unfamiliar road
signs. A higher workload will increase the visual time needed to identify a sign,

and will result in low sign recognition accuracy.

For the first hypothesis, we specifically look at driving performance in terms of
speed and lane keeping to identify if unfamiliar road signs contribute to drivers’
distraction. We are particularly interested in these measures because both unsafe
driving speed and lane drifting can increase driving risk.

For the second hypothesis, we measure specific aspects of cognitive workload. The
cognitive workload is affected by every environmental element a driver needs to be
aware of when driving. This can include elements such as traffic, pedestrians, and
road signs which each attract some of the driver’s attention. A higher overall workload
therefore may affect drivers’ ability to keep track of these elements by splitting their
attention and unfamiliar elements may require more attention to process. In our

work, we focus on the ability to handle familiar versus unfamiliar road signs.

4.3 Procedure

This study was cleared by the Carleton University Research Ethics Board. The

sessions lasted 45 minutes on average and unfolded according to the following steps:
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1. Consent form: Participants were asked to consent to the study and to being

audio recorded during the session.

2. Pre-test questionnaire: Participants filled out an online questionnaire designed
to gather information about participants’ previous driving experience, current
driving license level, experience driving in foreign countries (outside of Canada),

and general demographic questions.

3. Introduction to driving simulator: The experimenter demonstrated the func-

tionality of the wheel and pedal set.

4. Practice track: Participants drove a practice track for approximately one minute.
This allowed them to familiarize themselves with the sensitivity of the wheel
and pedals. It was also an indication that they could successfully control their

on-screen vehicle.
5. Driving instructions: The experimenter instructed participants to

(a) obey posted speed signs, stop signs, and yield signs.
(b) not pass vehicles unless road signs allow it.
(c) avoid collisions with surrounding traffic.

(d) maintain vehicle in the proper lane. For the Highway study, the OpenDS
model used two different types of lane demarcations along the track and
these were not easily reconfigurable. To alleviate confusion, participants
were shown a screen shot of the changes in road markings they would
encounter on the tracks (Figure 4.1 and Figure 4.2) and were shown how
to maintain their vehicle in the correct lane when they encountered these

markings.

6. Task introduction: The experimenter instructed participants to verbally identify
road signs as they appeared along the track. The explanation required was
twofold: first, explain the symbol/text on the road sign. Second, explain the

rule/warning being conveyed.
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AN WA

Figure 4.1: First lane demarcation Figure 4.2: Second lane demarcation
found on the Highway track. Proper on the Highway track. Proper lane is
lane is identified by green check mark identified by green check mark

7. Eye tracker: The SMI eye tracker glasses were adjusted to fit participants and

then calibrated using three-point calibration.

8. Track presentation: A Latin square determined the order of presentation for
each track. Participants received navigational directions from the experimenter

when necessary and were given a few minutes break between tracks.

9. Post-test questionnaire: Once all three tracks were completed, participants com-
pleted an online questionnaire. This questionnaire measured participants’ recog-
nition and interpretation skills, as well as their opinions and perceptions of each

track.

10. Conclusion of session: Participants were thanked and given $10 as compensation

for their time.

4.4 Data Collection

Data was collected using several methods to provide an overall understanding of
drivers’ behaviour and to measure driving performance. In addition to the methods
presented below, the experimenter noted any relevant comments made by participants

during the study session.

4.4.1 Software Logs

OpenDS can collect driving data from their pre-defined tracks. We used this function-
ality to collect participant driving data from each of our tracks. The data is collected

as plain text files with semicolon delimiters. The logs store information about the
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Zomes | Deviation Distance (cm)
Zone 0 |d| < 25

Zone 1 25 < |d| < 50

Zone 2 50 < |d| < 100

Zone 3 100 < |d| < 150

Zone 4 |d| > 150

Table 4.2: Distance (cm) from ideal path

vehicle’s absolute position, speed (km/h), steering wheel position, and pedal position.
Each data point was timestamped for post study analysis. We wrote a Python script
to parse through all of the driving data files. Once the data was parsed, it could
be filtered based on any defined key value. For example, data could be filtered for
a specific participant or by track. Separate Python modules were written based on
the type of analytics required. An example would be the mazSpeed module which is
loaded with the main parser script. This module outputs the maximum speed of the
data from the specified filter. This allows for quick retrieval of participants’ driving
data during the analysis part of this experiment. Furthermore, we defined an ideal
driving path within each track’s property files. This path reflects a vehicle that stays
centred in their lane throughout the track. Using the OpenDS Analyzer tool, we
can load specific driving sessions and visually compare an individual’s actual driven
path and the ideal path. Figure 4.3 shows the ideal path (marked in blue) and the
actual driven path (marked in yellow). The Analyzer tool calculates the total mean
deviation from the ideal path (marked in red). From this, we modified the Analyzer
tool’s existing code such that it returns the distance (cm) between a point on the ideal
path and the direct opposite point on the driven path. We wrote a Python script to
categorize the results of the area of deviation into four zones. Table 4.2 shows the
boundaries of each zone.

The script aggregates the time participants spent in each zone. Cases where a
participant decided to pass a leading vehicle were marked as a controlled pass and
were not counted against the final Zone scores. If participants went too far off the
track, they were reset back to start of the track. This was counted as a reset in
the analysis; data on distance, zones, and road sign identification were not counted

until the participant returned to the original position where they went off the track.
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Figure 4.3: Lane deviation example [45]

The Python script sums the distance (m) travelled in each zone, the total number of
cars passed, the total number of resets that occurred. It additionally calculates the
percentage spent in each zone over the total distance (m) travelled. This data is used

to determine if there is a relationship between lane deviation and sign recognition.

4.4.2 Eye Tracking

Using SMI’s analysis software, we captured video of participants’ gaze fixation points.
Formatted as a .csv file, the data for each participant was manually tagged to include
the point where a road sign came into gaze view, point where the road sign was in
plain sight, participant’s gaze fixation on the road sign, and the duration of their gaze

fixation (ms). This information was then processed in Python for further analysis.

4.4.3 Audio Capture

Verbal responses from participants identifying road signs were recorded using SMI’s
eye-tracking device. During the session, the experimenter scored participants’ verbal
responses using a modified version of Shinar et. al’s road sign guessability score [63]:
Correct and complete (coded as +2), correct and complete with repeated tries (+1.5),
partially correct (e.g., turn instead of right turn, coded as +1), partially correct
with repeated tries (40.5), incorrect (0), or opposite of actual road sign meaning
(e.g., pedestrians allowed instead of pedestrians prohibited, coded as -2). The audio

captured was used to verify scores assigned during the session.
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4.4.4 Questionnaires

The pre-test questionnaires gave us an understanding of participants’ previous driving
experience. Post-test questionnaires measured the perceived difficulty of each track
using a 3-point Likert scale: hard, moderate, easy. Perceived distraction for each track
was evaluated using a 5-point Likert scale where “1”7 was “Not distracting” and “5”
was “Very distracting”. Participants were also asked to rate their perceived ability
to keep in their proper lane, and obey posted speed limits, on a 3-point scale from
Poor to Excellent. The post-test questionnaire also examined participants’ ability to
recognize and interpret road signs that appeared on each track. They were shown
road sign images and were asked to identify whether each appeared on the track and
explain the rule conveyed by each sign. The Highway study questionnaire had 11
signs that were included in the tracks and 4 decoys. The City study questionnaire

had 10 valid signs and 5 decoys. The questionnaires are included in Appendix F.

4.5 Analysis Plan

In this thesis, we use two statistical tests to analyze the data gathered from our user
studies. In particular, we examined participants’ driving data and data from the
Analyzer tool to validate our first hypothesis. Data from eye gaze fixations, road
sign recognition scores, and questionnaires helped us answer our second hypothesis.
Road signs and tracks represent our independent variables, whereas, our dependent
variables are speed, lane keeping, gaze fixation, and sign recognition scores. Table
4.3 outlines the tests used. Non-parametric tests were used in cases where data did
not follow a normal distribution. A Shapiro-Wilk test was used to check normality.

In all cases, p < 0.05 is taken as statistically significant.

4.6 Participants

Both driving studies required participants to have a valid driver’s license from any
country. This ensured they minimally had an understanding of the basic road regula-
tions. The following section describes the participants recruited for each study, their

driving habits, and driving experience.
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Name Description Example

X’=n,df =k—1,p<0.05
n = value of test statistic y>
k = number of groups

p = significance level

Test used to identify differences between F(z,n),p < 0.05,12

related means by comparing within-subject groups | F(z,n) = effect of group on value
under three or more conditions. p = significance level
Normality is assumed. n? = effect size

Z =n,p < 0.05

n = value of test statistic Z
p = significance level
t=mn,p<0.05

Pairwise t-test Tests the differences between two paired groups. n = value of test statistic t
p = significance level

A non-parametric test used to test for differences
Friedman test between two or more paired groups.
A normal distribution is not assumed.

One-way repeated measure ANOVA

A non-parametric test that compares

Vilc igned-rank test P
Wilcoxon Signed-rank tes the differences between two matched groups.

Table 4.3: Summary of statistical tests conducted

4.6.1 Highway Study

We recruited 25 participants, 12 female and 13 male with an average age of 31.7 years
(S.D.=12.94). Sixteen participants had a full driver’s license (i.e., G-level, M-level).
One participant had a learner’s permit (i.e., G1, M1). Six had graduated learners’
permits (i.e., G2, M2). Two participants had enhanced drivers’ licenses that allowed
them to drive school buses and trucks in addition to regular motor vehicles. Of these
participants, 5 reported having had a driving license issued by another country with
3 being from Iran, 1 from El Salvador, and 1 from the United States. The average
driving experience was 13.8 years (S.D.=12.59), with the highest being 46 years and
the lowest being 1 year. Fifteen participants reported having experience driving in
a foreign country (U.S was considered as a foreign country). Figure 4.4a shows the
distribution of hours spent driving. Figure 4.5a provides additional details of how
participants spend their driving time (multiple responses were accepted). Results
from the demographics questionnaire showed that 80% of participants drive mostly
in the city rather than on a highway, and only 24% frequently drive outside of their
regular routes (see Figure 4.6a). 20% of participants admitted to having had at-fault

car accidents.

4.6.2 City Study

Twenty-five participants, 11 female and 14 male with an average age of 32.52 years

(S.D.=14.65) were recruited for this study. Eighteen participants had a full driver’s
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Figure 4.4: Hours Spent Driving per week

license (i.e., G-level, M-level). Two participants had their learner’s permit (i.e., G1,
M1). 5 had a graduated learner’s permit (i.e., G2, M2). Of these participants, 8
reported having had a driver’s license issued by another country with 4 from Iran, 2
from the United States, 1 from Bangladesh, and 1 from China. The average driving
experience was 13.08 years (S.D.=13.32), with the highest being 47 years and the
lowest being 1 year. Ten participants reported having experience driving in a foreign
country. Figure 4.4b shows the distribution of hours spent driving. Figure 4.5b
provides additional details of how participants spend their driving time (multiple
responses were accepted). Results show that 60% of participants drive mostly in the

city rather than on a highway. Only 24% often drive outside of their regular route
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(see Figure 4.6b). 24% of participants reported having had an at-fault car accident.
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Chapter 5

Results

In this chapter, we analyze data collected from OpenDS and SMI’s eye tracking
software to determine the impact unfamiliar road signs on drivers’ behaviour, and
its influence on driver distraction. The data includes participants’ gaze fixations,
verbal identification of road signs, driving speed, lane deviation, and questionnaire

responses.

5.1 Hypotheses

As stated in section 4.2, our hypotheses are as follows:

e H1: If participants face unfamiliar road signs, their driving performance will

decrease. Performance will show a decrease in driving speed, and lane keeping.

e H2: Drivers will experience a higher cognitive workload with unfamiliar road
signs. A higher workload will increase the visual time needed to identify a sign,

and will result in low sign recognition accuracy.

5.2 Gaze Fixation

We manually tagged the fixation data to identify events of interest. In both studies,
we examine the longest consecutive gaze fixation time (in seconds) participants spent
fixated on each individual road signs per track. Fixation points are considered con-
secutive when the subject stared at a road sign without looking away. Additionally,
we examine the total gaze fization time (in seconds) participants spent looking at a
sign. Due to limitations of the eye tracking software, gaze data could not be reliably
collected from participants wearing eyeglasses. Therefore, the remainder of the gaze
fixation data is composed of 17 participants from the Highway study, and 15 from
the City study.

35
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Max | Min | Median | Mean | Standard Deviation
Germany | 13.76 0 3.11 3.44 2.50
Canada | 14.01 0 3.38 3.70 2.57
China 14.13 0 3.64 4.12 2.96

Table 5.1: Total gaze fixation time (seconds) statistics per sign (Highway Study)
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Figure 5.1: Gaze fixation box plots (Highway Study)

For the statistical analysis, we calculated the mean value across all road signs for

each participant, giving us one data point per participant per track.

5.2.1 Highway Study

Figures 5.1a and 5.1b illustrate the time per Highway track participants spent looking
at an individual sign, and the longest consecutive gaze for one sign, respectively. From
Figure 5.1a and Table 5.1 and we can see participants spent slightly longer time in
total looking at road signs on the Chinese track which could indicate that participants
were most unfamiliar with road signs on this track. A Friedman test comparing the
mean total gaze fixation times for each track rendered a Chi-squared value of 12.12 (df
= 2) which was significant at p < 0.05. A Bonferonni adjusted pairwise comparison

using Wilcoxon rank sum test shows a significant difference between Canada and
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Max | Min | Median | Mean | Standard Deviation
Germany | 13.73 0 2.06 2.50 2.03
Canada | 11.46 0 2.41 2.85 2.25
China 10.43 0 2.88 3.35 2.23

Table 5.2: Total gaze fixation time (seconds) statistics per sign (City)

Germany, and between China and Germany.

To further examine where the difference lies, we looked at participants’ longest
consecutive gaze fixation. Figure 5.1b shows that longest consecutive gaze fixation
points remained relatively the same on all three tracks. Table B.1, B.2, and B.3 from
appendix B provides further details on participants’ longest consecutive gaze fixation
times for each road sign.

The road signs with the two highest averages for longest consecutive gaze fixa-
tion used complex designs with more than one image to convey a message (with the
exception of German Sign 14 (Bus Stop)). For example, Canadian Sign 17 (Caution
possible flooding) used 2 images, one to represent the road and the second to repre-
sent flowing water. The participants who were unfamiliar with this sign mistook the
image of flowing water for a bridge. One participant commented that this represented
a warning for snakes crossing the road.

German Sign 14 (Bus Stop) displayed only the letter ‘H’. Our observations show
that participants who looked at this sign for a longer time were attempting to interpret
the letter. They often mistook it to represent “hospital” by using their knowledge
of local road signs to comprehend this sign. ‘H’ is used to represent “hospital” on
Canadian road signs.

On the contrary, road signs with the lowest average for longest consecutive gaze
fixation used only one image. Participants glanced at the sign and came up with
a meaning. This does not necessarily mean they understood the sign correctly, but

rather they were able to deduce a meaning quicker.

5.2.2 City Study

Figures 5.2a and 5.2b illustrate the time per City track participants spent looking at

a sign, and the longest consecutive gaze fixation per sign, respectively. From Figure
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Figure 5.2: Gaze fixation box plots (City Study)

5.2a and Table 5.2 we see that participants spent longer looking at road signs on the

Chinese track, likely because these were most unfamiliar.

A Friedman test comparing the mean total gaze fixation times for each track
rendered a Chi-squared value of 14.8 (df = 2) which was significant at p < 0.05.
A post-hoc test with Bonferonni correction showed a significant difference between
China and Germany ( Z = 3.29, p < 0.167).

To further examine where the difference lies, we looked at participants’ longest
consecutive gaze fixation. Figure 5.2b shows longest consecutive gaze fixation points
were highest on the Chinese track and lowest on the Germant track, which further
supports our significance findings. Table B.4, B.5, and B.6 from appendix B provides
further details on participants’ consecutive gaze points for each road sign. We ob-
served that results were similar to the Highway study. The road signs with the two
highest averages for longest consecutive gaze fixation used complex images with more
than one image to convey a message. Conversely, the lowest averages were associated
with road signs displaying only one image. German Sign 15 (Stop) had the lowest
average. Since this sign is identical to a common Canadian road sign, participants

identified it quickly.
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5.2.3 Summary of Gaze Fixations

Our findings from both studies showed participants generally spent 2-3 seconds look-
ing at road signs to develop an understanding of its message. Road signs with the
highest gaze fixation times contained two or more images. We observed that the
Canadian “caution possible flooding” sign received one of the top two highest con-
secutive gaze fixation averages in both studies (Sign 17 and Sign 14, respectively).
Likewise, the Chinese “caution avoid collisions” road sign also received one of the top
two highest consecutive gaze fixation averages in both studies (Sign 13 and Sign 15,
respectively). The design of both of signs should simplified to reduce the gaze time
required to analyze the sign before deciding on its meaning.

Both studies have some participants gazing at road signs for much longer than the
average time. Observations during both sessions revealed some participants coming to
a complete stop in order to identify a road sign. Additionally, we noticed participants
would bring their face closer to the monitor if they did not comprehend a sign. On
the other hand, participants who were focused on the leading vehicle, on passing a
vehicle, on other track elements would miss looking at a road sign completely. These

observations help to explain the outlier data identified in our graphs.

5.3 Road Sign Identification

Using the audio recording from the sessions, we rated participants’ verbal identifica-
tion of road signs for each study using the scale described in section 4.4.3. Possible
scores range from -2 to +2, with higher scores indicating better accuracy. For each

study we compared scores between tracks.

5.3.1 Highway Study

Figure 5.3a shows the scores of participants per highway track. We observe that
Canada clearly outperforms the other two countries. Participants’ scores out of 50
for each track were as follows: Germany (M = 27.00, S.D = 4.29), Canada (M =
39.72, S.D = 6.17), and China (M = 29.50, S.D = 4.31). There were 20 participants

on the German track who scored at least one -2, indicating they interpreted the
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Figure 5.3: Results from verbal road sign identification by study

road sign as the opposite of their intended meaning. From this total, 19 participants
misinterpreted the “end of no overtaking zone” road sign. The remaining participant
misinterpreted the “no overtaking” road sign.

Although data appears normal, a Friedman test was used to compare scores be-
tween the three tracks because of the non-linear scoring scale used to evaluate partic-
ipant responses. Results rendered a Chi-square value of 33.36 (df = 2) at p < 0.05.
A post-hoc Wilcoxon test with Bonferroni adjusted alpha levels of 0.0167 (0.05/3),
showed a significant difference between Canada and China (Z = 4.35, p < 0.0167)
and a lower but significant difference between Canada and Germany (Z = 4.35, p <

0.0167), with Canada outperforming both.

5.3.2 City Study

Figure 5.3b shows the scores of participants per City track. We observe a similar
pattern as the highway study, with Canada scoring much higher than China and
Germany. On the German track, all but one participant scored at least one -2 value.
Nineteen occurred at the “no overtaking” sign, and 5 occurred at “end of no overtaking

zone” sign. Additionally, on the Chinese track, 9 participants scored at least one -2
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value. Eight occurred at the “overtaking allowed” sign, and 1 occurred at the “sharp
right” turn sign. One -2 score occurred at the Canadian “passing permitted” sign.

A Friedman test comparing scores between tracks rendered a Chi-square value of
28.60 (df = 2) with p < 0.05. A post-hoc Wilcoxon test with Bonferroni adjusted
levels showed significant differences between Canada and China (Z = 4.27, p < 0.05)
and Canada and Germany (Z = 4.17, p < 0.0167).

5.3.3 Summary of Road Sign Identification

We observed that the Canadian track outperformed the other two countries in both
studies. Likewise, post-hoc tests revealed significant differences between the same pair
of tracks (i.e., Canada and China, Canada and Germany) in both studies. Participants
were able to accurately comprehend significantly more signs on the Canadian track,
likely due to familiarity. German road signs “no overtaking” and “end of no overtaking
zone” were interpreted as the opposite of their intended meaning in both studies. This
may have occurred because typically Canadian road signs with a diagonal line through
an image means the action is prohibited. On the contrary, German road signs with an
open red circle indicate a prohibited action, and a diagonal line negates the original
meaning. This provides more evidence that international road sign standards are
necessary. It also highlights some of the consequences of not having standardization:

road signs can be interpreted as completely the opposite to their intended meaning.

5.4 Lane Deviation

Participants’ ability to stay in their lane was measured relative to a pre-determined
ideal path which ran through the middle of the lane. Deviations were calculated from
the OpenDS driving logs. There were categorized into zones as described in Table
4.2, where Zone 0 indicates perfect lane keeping and Zone 4 indicates a deviation
greater than 1.5 m. Statistical comparisons were done between the proportion of
distance participants spent in their proper lane (zones 0 and 1 combined) per track,
and the distance spent outside of their lane (zones 2 and greater combined) per track.

Controlled passes were compared separately.
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Germany
Mean | Standard Deviation
Zone 0 | 1239.0 247.80
Zone 1 | 330.10 226.62
Zone 2 27.06 39.21
Zone 3 3.45 8.65
Zone 4 0.00 0.00
CcP 46.94 45.65
Canada
Mean | Standard Deviation
Zone 0 | 1286.56 285.62
Zone 1 | 373.52 274.79
Zone 2 29.11 42.19
Zone 3 3.53 12.99
Zone 4 4.88 14.52
CcP 20.30 71.49
China
Mean | Standard Deviation
Zone 0 | 1164.21 299.76
Zone 1 | 352.25 264.31
Zone 2 26.52 40.82
Zone 3 7.39 16.47
Zone 4 7.81 16.21
CcP 70.81 62.93

Table 5.3: Zone statistics for each track (Highway Study). Average distance travelled
in each zone is reported in meters.

5.4.1 Highway Study

Table 5.3 shows the average distance (m) travelled in each zone and during controlled
passes (CP) per Highway track. We can see that most time was spent within the
proper lane (zone 0 and 1). High standard deviations indicate a lot of variability
between participants. They deviated the most on the Chinese track, and spent the
most time in controlled passes. Figure 5.4 summarized the distances travelled within

and outside the correct lane for each track.

A Friedman test on distance travelled in the correct lane per track yielded a Chi-
squared value of 35.52 (df = 2) at p < 0.05. A post-hoc Wilcoxon test with Bonferonni

adjusted alpha levels showed significant differences among all tracks. Canada and
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Figure 5.4: Distribution of distance travelled inside and outside correct lane per track
(Highway Study)

China (Z = 4.37, p < 0.0167), Canada and Germany (Z = 3.915, p < 0.0167),
and China and Germany (Z = -3.11, p < 0.0167). These results show participants

travelled further within their proper lane for Canada than the other two countries.

A Friedman test on distance travelled in the incorrect lane per track yielded a Chi-
squared value of 0.30 (df = 2) at p < 0.05. A post-hoc Wilcoxon test with Bonferonni
adjusted alpha levels did not reveal any significant differences among Highway tracks

(due to the stricter Bonferroni p < 0.0167 threshold).

A Friedman test on Controlled Passes per track yielded a Chi-squared value of
15.65 (df = 2) at p < 0.05. While a post-hoc Wilcoxon pairwise comparison be-
tween Canada and China revealed p < 0.05, it does not meet the threshold for the
Bonferonni-adjusted p-value therefore we do not consider the difference statistically

significant.

These statistical results further indicate that although participants drove mostly
in zone 0 and zone 1 on all tracks, they travelled furthest in their proper lane while

being least likely to undertake controlled passes on the Canadian track.
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Germany
Mean | Standard Deviation
Zone 0 | 552.60 145.74
Zone 1 | 402.80 141.96
Zone 2 | 56.68 37.65
Zone 3 | 18.71 9.75
Zone 4 3.50 7.52
CcP 0.58 2.88
Canada
Mean | Standard Deviation
Zone 0 | 516.40 108.46
Zone 1 | 410.40 97.85
Zone 2 | 76.98 51.56
Zone 3 | 23.97 15.39
Zone 4 | 10.02 10.54
CcP 0.00 0.00
China
Mean | Standard Deviation
Zone 0 | 562.70 108.46
Zone 1 | 410.40 97.85
Zone 2 | 76.98 51.56
Zone 3 | 23.97 51.56
Zone 4 | 10.02 10.54
CcP 0.00 0.00

Table 5.4: Zone statistics for each track (City Study). Average distance travelled in
each zone is reported in meters.

5.4.2 City Study

Table 5.4 shows the average distance (m) travelled in each zone and during controlled
passes (CP) per City track. The majority of distance was traveled in zone 0 and
zone 1. The distance travelled in zone 2 was similar in all three tracks. Figure 5.5

illustrates the distance travelled within and outside their proper lane.

A Friedman test on distance travelled in the correct lane per track revealed no
statistical significance.

A Friedman test on the distance travelled in the incorrect lane per track yielded
a Chi-squared value of 6.48 (df = 2) at p < 0.05. A post-hoc Wilcoxon test with

Bonferonni adjusted alpha levels showed a significant difference between Canada and
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Figure 5.5: Distribution of distance travelled inside and outside correct lane per track
(City Study)

Germany (Z = 2.84, p < 0.0167), with drivers spending longer outside of lane on the
Canadian City track.

A Friedman test on controlled passes per track was not statistically significant.

These results indicate that distance travelled within the proper lane was relatively
the same on all three tracks. However, participants spent more time outside of their
lane on the Canadian track. This suggests that the Canadian track may have been

more difficult for participants.

5.4.3 Summary of Lane Deviation

Participants had good lane keeping abilities in both studies. They kept within in
their lane for a longer distance on the Canadian Highway track and no significant
differences were found between pairs for the City track. Interestingly the city study
saw more people drive outside of their lane on the Canadian track, although it is not

clear why this occurred.
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Max | Min | Median | Mean | Standard Deviation
Germany | 79.60 | 50.04 59.66 61.36 6.95
Canada | 76.70 | 46.50 54.31 57.13 8.62
China 72.40 | 46.64 55.41 55.92 7.16

Table 5.5: Summary of average speeds (km/h) per track (Highway Study)

Max | Min | Median | Mean | Standard Deviation
Germany | 35.01 | 11.34 24.18 23.83 5.41
Canada | 27.25 | 10.66 20.00 20.19 3.87
China 25.10 | 12.39 18.98 18.91 3.73

Table 5.6: Summary of average speeds (km/h) per track (City Study)

5.5 Speed

Using logs collected from the OpenDS simulator, we calculated the speed of partici-
pants per track. For each participant, an average speed was calculated and used in

all subsequent analysis in this section.

5.5.1 Highway Study

Table 5.5 shows the average speeds (km/h) on highway each track. We observe that
Germany had the highest average speed over the other two countries. The minimum
average speed participants drove on all three tracks, was no greater than 50.04 km /h.
The speed limit varied along each track. The lowest posted speed limit was 50 km /h
and the highest was 100 km /h, with the exception of the Chinese track which reached
speed of 120 km/h. A Friedman test comparing average speeds per track rendered
a Chi-square value of 10.64 (df = 2) at p < 0.05. A Bonferroni corrected post-
hoc comparison using Wilcoxon signed rank test with adjusted alpha level of 0.0167
(0.05/3) found a significant difference between China and Germany (Z = -3.30, p <
0.0167). This supports data from table 5.5 showing Germany had the highest speeds

over China who had the lowest average speeds.
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5.5.2 City Study

Table 5.6 shows the average speeds (km/h) on each City track. Similar to the highway
study, Germany had the highest average speed. The maximum average speed on all
three tracks did not exceed 36 km/h. The posted speed limit on all three tracks
was a constant 50 km/h. This means that participants on average did not meet
the maximum speed limit in the city study. Data followed a normal distribution
thus we tested participants’ average speeds between the three tracks using a one-way
repeated-measure ANOVA test. Results revealed a significant effect of track (F(2,48)
= 28.79) at p < 0.05 with an n? of 0.97. A post-hoc pairwise-t test with Bonferroni
adjusted levels of 0.0167 (0.05/3) found significant differences between Canada and
Germany, and between China and Germany, at p < 0.0167. This further supports
data from table 5.6 that shows Germany had the highest average speed from the other

two countries.

5.5.3 Summary of Speed

Drivers were generally cautious in both studies, maintaining driving speeds well below
the posted speed limit. With mean speeds of approximately 20 km/h, drivers were
especially cautious on the City tracks. The reduced speeds in both studies at least

partially explained why drivers were mostly able to stay within their lanes.

5.6 Perception Questionnaire

Participants completed an online questionnaire at the end of both studies. Their
responses were organized into four categories: track difficulty, perceived level of road
sign distraction, perceived ability to obey road signs, perceived lane keeping. Table 5.7
and 5.8 shows the statistical analysis of the Likert scale responses from the Highway

and City study respectively. Full questionnaires are available in Appendix F.
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Question Tracks | Mean, Standard Deviation || Wilcoxon Test
G: M = 1.96, S.D = 0.61 **C and Ch: Z =-4.12, p <0.0167
Track Difficulty C: M = 1.28, S.D = 0.46 **Cand G:  Z =-3.62, p <0.0167
Ch: M =2.32,S.D=10.63 n.s. —
G: M =282 SD =094 *¥C and Ch: Z =-4.39, p <0.0167

Perceived level of

rond st distrnction | € M = 1.72, S.D = 0.89 #Cand G: 7 = -4.20, p <0.0167
€ Ch: M = 3.48, S.D = 0.87 **G and Ch: Z = -3.08, p <0.0167
i G M = 2.04, SD = 0.54
izﬁ‘?.' tos obey C: M = 2.32, S.D = 0.56 NA.
r g1 Ch: M = 1.96, S.D = 0.54
i . G M = 2.04, SD = 0.45
Ability lto stay in C M = 228 SD = 0.61 N.A.
proper jane Ch: M = 2.12, S.D = 0.52

Table 5.7: Likert scale questionnaire responses (Highway Study). ** indicates statis-
tical significance. Tracks denoted as follows: (G)ermany, (C)anada, (Ch)ina. n.s. =
not significant, N.A. = not applicable because original Friedman test not significant

5.6.1 Highway Study
Perceived Track Difficulty

We used a 3-point Likert scale (1=easy, 2=moderate, 3=hard) to ask participants how
difficult they found each track in terms of general driving and road sign identification.
Figure 5.6 shows the distribution of responses where we can see participants thought
the Canadian track was the easiest and none found it hard. Sixteen percent found the
German track difficult as compared to an 8% who found the Chinese track difficult.

A Friedman test comparing the Likert scale responses per track revealed a Chi-
square value of 28.41 (df = 2) which was significant at p < 0.05. A post-hoc test using
Wilcoxon with Bonferroni adjusted alpha levels of 0.0167 (0.05/3), showed significant
differences between Canada and China (Z= -4.12, p < 0.0167) and between Canada
and Germany (Z= -3.62, p < 0.0167), reflecting the observed difference between

Canada and the other countries.

Perceived Level of Road Sign Distraction

We asked participants to rate how distracting road signs were, using a 5-point Likert
scale (1=Not distracting and 5=Very distracting). Figure 5.7 shows that the German
track was rated moderately distracting, with most responses falling in the middle of

the scale. The Chinese track had the highest number of participants rating it very
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Figure 5.7: Perceived level of road sign distraction
(Highway Study)

distracting (16%). The Canadian track had highest number of participants say that
the track was not distracting (56%). A Friedman test comparing the perceived level of
distraction responses per track rendered a Chi-squared value of 37.06 (df= 2) which
was significant at p < 0.05. A post-hoc using Wilcoxon with Bonferroni-corrected
results showed significant differences between all three pairs: Germany - China (Z=
-3.08, p < 0.0167), Canada - China (Z= -4.39, p < 0.0167), and Canada - Germany
(Z=-4.20, p < 0.0167), with Canada as least distracting.



50

[0 3 (Excellent)

2
Germany 18 l I 1 (Poor)
Canada 16 l
o : .

Number of Responses

Tracks

Figure 5.8: Perceived ability to obey road signs
(Highway Study)

I 3 (Excellent)

2
s - - e

Canada

China 15
15 20 25

0 5 10

Tracks

30

Number of Responses
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Perceived Ability to Obey Road Signs and Stay in Proper Lane

We used 3-point Likert scales (1=Poor and 3=Excellent) asking participants to rate
their ability to obey road signs and stay in their lane during each track. Figure 5.8
shows the distribution of responses for ability to obey road signs. Participants felt
their abilities to obey road signs were better on the Canadian track and moderate
overall. A Friedman test comparing participants’ responses to obeying road signs per
track showed an overall significant difference between tracks but post-hoc Bonferroni

adjusted Wilcoxon test could not reliably determine where the differences exists.

Figure 5.9 shows the distribution of responses when asked how well they were
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Question Tracks | Mean, Standard Deviation | Wilcoxon Test
G: M = 1.96, S.D = 0.61 **C and Ch: Z =-3.73, p <0.0167
Track Difficulty C: M = 1.40, S.D = 0.58 **Cand G: Z =-3.35, p <0.0167
Ch: M =2.28,S.D =0.61 n.s. —

. T — — *% . —
Percoived lovel of | M =248, SD = 1.00 C and Ch: i_ 121, p <0.0167

road sign distraction C: M=112,5.D =033 1S B
Ch: M =3.12, S.D = 1.30 n.s. —

Ability to obey G: M = 2.64, S.D = 0.86 **C and Ch: Z = 3.79, p <0.0167

road signs C: M = 3.04, S.D = 0.84 **Cand G: Z =299, p <0.0167
Ch: M = 2.20, S.D = 0.87 n.s. —

- . G: M = 2.00, S.D = 0.96

srl;l[l)‘g’ postay i ¢ M = 2.12, S.D = 0.93 N-A.

Ch: M =2.12,S.D =0.93

Table 5.8: Likert scale questionnaire responses (City Study). ** indicates statistical
significance. Tracks denoted as follows: (G)ermany, (C)anada, (Ch)ina. n.s. = not
significant, N.A. = not applicable because original Friedman test not significant

able to keep within their lane. Participants rated themselves as mediocre on all three
tracks. Nine participants rated their lane keeping as poor on the German track,
suggesting that they felt this was the most difficult track. However, a Friedman test
comparing participants’ perceived abilities to stay in their lane showed no significant

difference between tracks.

5.6.2 City Study

Perceived Track Difficulty

Following the same format as in the previous study, Figure 5.10 shows the 3 point
Likert scale responses for the City study. The Canadian track was rated the easiest
and the Chinese track was considered hardest. A Friedman test comparing per-
ceived track difficulty responses per track revealed a Chi-squared value of 21.79 (df
= 2) which was significant at p < 0.05. A post-hoc test using Wilcoxon test with
Bonferroni-corrected results showed significant differences between Canada and China
(Z =-3.73, p < 0.0167) and between Canada and Germany (Z = -3.35, p < 0.0167).
This further reflects the data presented in the figure.
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Figure 5.10: Likert scale responses to perceived
track difficulty (City Study)
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Figure 5.11: Perceived level of road sign distraction
(City Study)

Perceived Level of Road Sign Distraction

Figure 5.11 show that the Chinese track had the highest number of participants (3 of
25) rating it as very distracting, whereas the Canadian track had no negative ratings.
A Friedman test comparing perceived sign distraction responses per track rendered
a Chi-squared value of 34.13 (df = 2) which was significant at p < 0.05. A post-hoc
using Wilcoxon test with Bonferroni-corrected results showed significant differences
between Canada and China (Z = -4.21, p < 0.0167) and Canada and Germany (Z =
-4.15, p < 0.0167), supporting that Canadian signs were considered least distracting.
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Figure 5.12: Perceived ability to obey road signs
(City Study)
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Figure 5.13: Perceived ability to stay in proper lane
(City Study)

Perceived Ability to Obey Road Signs and Stay in Proper Lane

For the second study, we increased our Likert scale to 4 points (1=Poor, 2=Fair,
3=Good, 4= Excellent) to get a more detailed understanding of participants’ reported
abilities. Figure 5.12 shows participants’ responses for ability to obey road signs.
The majority of participants rated their ability to obey road signs as “Good” or
“Excellent” on the Canadian track. Participants found it much harder to obey signs
on the Chinese track with the majority rating it “Fair” or “Poor”. A Friedman test

comparing participants’ responses to obeying road signs rendered a Chi-squared value
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of 21.85 (df = 2) at p < 0.05. A post-hoc test found significant differences between
Canada and China (Z = 3.79, p < 0.0167), and Canada and Germany (Z = 2.99, p
< 0.0167), with a clear perception that Canadian signs were easiest to obey.

Figure 5.13 shows the distribution of responses to participants’ perceived ability
to stay in their lane. This figure shows similarly mixed perceptions about their
lane keeping abilities across all three tracks. A Friedman test revealed no significant

difference between their responses.

5.6.3 Summary of Perception Questionnaire

Both studies show the Canadian track was rated least distracting and least difficult
over the other two countries, whereas the Chinese track was rated the opposite. This
suggests that participants are more inclined to perceive a familiar environment as eas-
ier in terms of cognitive workload. Participants had mixed perceptions about their
abilities to stay in the correct lane on both studies and statistical tests found no
significant differences between participants lane keeping abilities per track. Addition-
ally, while participants perceived their ability to obey road signs was easier on the

Canadian Highway track, there were no statistical differences in the City study.

5.7 Recognition and Interpretation Questionnaire

The post-test questionnaire asked participants to say whether they recognize 5 road
signs for each track they drove (15 in total). These signs are shown in Appendix
A. The road signs presented had either appeared on the track or were decoys. Par-
ticipants were also asked to write down the meaning of each sign. The researcher
categorized participants’ written interpretations of each sign as correct or incorrect.
Partially correct answers were counted as correct. The number of correct answers

was tabulated to give an interpretation score for each participant.

5.7.1 Highway Study

Figure 5.14 shows that out of 15 road signs for the Highway Study, 73.3% were

accurately labelled real or decoy. Individual road sign recognition scores are found in



95

@ Right
@ Wrong
@ Did not know

Figure 5.14: Road Sign Recognition Scores (Highway Study)

Appendix C.

Table 5.9 shows us the distribution of recognition and interpretation responses
per track. The majority of participants correctly recognized if a sign appeared on
the track. However, interpretation scores were much lower, with 58% correctly inter-
preted overall. The German “No Hazardous Goods” sign had the worst recognition to
interpretation ratio with 17 of 25 participants (68%)correctly recognizing the sign but
only 1 had the correct interpretation. Additionally, the German “Bus Stop” sign was
recognized by 19 participants but only 9 out of 25 participants were able to correctly

interpret it.

The Canadian track had the best recognition to interpretation ratio, with the
exception of the “Dangerous Goods Allowed” sign which had only 3 participants
correctly interpret its meaning. Some interesting answers participants provided for
interpreting this sign were: “Four way road ahead”, “Stop Ahead”, and “Safe to

enter”.

Similar to the German track, all participants were able to interpret the Chinese
sign “Double Curve”. This indicates a good road sign design because all participants
were able to interpret the meaning of this sign. On the other hand, the Chinese

sign “Stop for Inspection” and “Slow down” were not understood by any participant.
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Track Sign Decoy Recognition Interpretation Recognition-to-
Correct  Incorrect  Unsure | Correct Incorrect No answer | Interpretation Ratio
Warning Hazard - 23 2 0 21 4 0 23:21
Bus Stop - 19 5 1 9 15 1 19:9
Germany | Double Curve - 20 3 2 25 0 0 20: 25
No Hazardous Goods - 17 4 4 1 24 0 17:1
Yield - 19 3 3 21 4 0 19: 21
Railway Crossing X 15 7 3 16 7 2 15: 16
Trans-Canada .
Canada | Highway Marker B 2 3 0 2 3 1 202
Keep right of . . )
traffic island X 20 3 2 21 3 1 20 : 21
Loose Gravel - 24 1 0 22 2 1 24 : 22
Dangerous Goods Allowed - 20 3 2 3 14 8 20: 3
Stop for Inspection - 18 2 5 0 21 4 18:0
Double Curve - 25 0 0 25 0 0 25: 25
China Yield X 13 7 5 16 7 2 13: 16
T-Intersection X 18 0 7 17 6 2 18 : 17
Slow Down - 8 8 9 0 15 10 8:0
Table 5.9: Recognition and Identification of signs (Highway Study)
. Recognition Interpretation Recognition-to-
Track Sign Decoy Correct  Incorrect Unsure | Correct Incorrect No answer | Interpretation Ratio
Intersection Ahead X 16 2 7 2 18 5 16 : 2
Bus Stop - 24 1 0 2 22 2 24: 2
Germany | Double Curve X 16 5 4 21 2 2 16 : 21
No Hazardous Goods - 11 10 4 0 24 1 11:0
Parking Prohibited - 17 1 7 3 16 6 17:3
Shared Path X 23 2 0 22 2 1 23 : 22
Caution possble flooding - 19 4 2 17 5 3 19: 17
Canada | Keep right of _
e X |22 2 1 20 5 0 221 20
Loose Gravel - 24 1 0 22 2 1 24 : 22
Dangerous Goods Prohibited - 20 4 1 0 23 2 20:0
Stop for Inspection - 15 7 3 0 21 4 15:0
Sharp Turn - 23 2 0 25 0 0 23: 25
China Yield - 22 1 2 16 7 2 22: 16
T-Intersection X 2 19 4 17 6 2 2:17
Avoid Collisions - 21 2 2 6 15 4 8:0

Table 5.10: Recognition and Identification of signs (City Study)

Chinese characters are included on these signs, and since none of the participants

identified themselves as fluent in Chinese, we assume they were not familiar with the

characters. Instead, they mapped the road signs to similar North American signs. For

example, participants interpreted the “Stop for Inspection” road sign to mean “Do

Not Enter”. Likewise, a participant noted that the orange colour used in the “Slow

Down” road sign usually relates to construction warnings. Based on participants’

explanations, 36% of participants who incorrectly interpreted the sign thought this

sign related to construction.
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@ Right
@ Wrong
® Did not know

Figure 5.15: Overall Road Sign Recognition Scores (City Study)

5.7.2 City Study

As in the Highway study, participants were asked to say whether they recognize 5
road signs for each track they drove. Figure 5.15 shows that 77.9% of participants
correctly recognized whether a road sign was present on a track. Individual road
sign recognition scores are found in Appendix C. In comparison, 46% of signs were

correctly interpreted.

Table 5.10 shows the distribution of recognition and interpretation responses per
City track. Similar to the Highway study, the majority of participants correctly rec-
ognized if a sign appeared on the track. The German “No Hazardous Goods” sign was
not correctly interpreted by any participant, a similar response rate was previously
seen on the Highway track with the same sign. 72% of participants interpreted this
sign to be concerned with trucks or heavy vehicles. The German “Bus Stop” sign was

also easily recognized but poorly interpreted in both studies.

The Canadian “Dangerous Goods” sign was misinterpreted by all participants.
On the contrary, the Canadian “Loose Gravel” road sign was properly interpreted by

22 of 25 participants.
The Chinese “Sharp Turn” sign was correctly interpreted by all participants. The
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“Avoid Collisions” road sign had mixed responses. Many participants replied that
this road sign was a warning specifically for trucks and collisions, which indicates that

participants literally interpreted the symbols on the road sign.

5.7.3 Summary of Recognition and Interpretation Questionnaire

While both studies saw a greater than 70% correct recognition scores for the 15 road
signs, many participants failed to correctly interpret their meaning. It was evident in
many cases (e.g., Bus Stop, Avoid collisions, No hazardous goods) that participants
related road signs to ones they had previously seen. Whether this exposure was from
road signs encountered during the simulation, or from real-life driving is unclear. For
example, the Chinese sign “Stop for Inspection” had 56% and 40% (Highway and City
study, respectively) of participants believing that it meant “Do not Enter”, likely due
to the similarities with the North American Do Not Enter road sign. Participants
who correctly identified the bus stop road sign on the German track said their initial
thought was that it meant “hospital”, but its placement near bus shelters altered
their interpretation. Participants frequently looked to their environment for clues to

help understand an unfamiliar road sign.

5.8 Effects of unfamiliar road signs on driving performance

In this section, we take a look at participants’ road sign scores and focus on partic-
ipants who scored less than 1 (partially correct) on each road sign, assuming that
these participants were unfamiliar with that specific sign. We measure participants’
driving speed 15 m before the road sign and the point immediately after they pass it
(i.e., the road sign is out-of-frame). Additionally, we mark their lane deviation zone
at the 15 m mark and their zone after they pass the road sign. Controlled passes

were excluded from the dataset for this analysis.

5.8.1 Highway Study

Appendix D includes Table D.1, D.2, and D.3, which list the number of participants

who found each road sign unfamiliar per track. Additionally, the tables show how
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many of these participants decreased their speed.

On the German track, we observed 115 instances of decreased speed. The average
speed decrease was 9.14 km/h (max = 48.89, min = 0.5, S.D = 24.86). Of these
instances, 46% deviated from their initial zone, with 40% deviating by one zone, and
6% deviated by 2 or more zones. The maximum was a 5 zone deviation. The road
sign “Honking Prohibited” had the highest number of participants (14 participants)
deviate from their lane.

On the Canadian track, we observed 52 instances of decreased speed. The average
speed decrease was 8.22 km/h (max = 51.26, min = 0.04, S.D = 11.25). Only 13%
of instances coincided with deviation from their initial zone; all resulting in a one
zone deviation. Omne participant was not in their proper lane before encountering
the “directional” road sign, but they corrected this and were in zone 1 after passing
the road sign. The “caution possible flooding” road sign had the highest number
of occurrences where participants deviated from zone 0 to 1. Moreover, five partici-
pants did not verbally identify the “stop sign” but decreased their speed to near-zero.
Therefore, we can assume that these participants recognized the road sign but failed
to verbalize it to the experimenter.

On the Chinese track, we observed 106 instances of speed decreases. The average
speed decrease was measured at 6.48 km/h (max = 37.34, min = 0.31, S.D = 7.44).
Of these instances, only 34% deviated from their initial zone, with 28% deviating by
one zone, and 6% deviating by 2 zones. Five participants were not in their proper
lane before encountering the road sign (driving in zone 2 and 3) but were either in
zone 1 or 0 immediately after passing the sign. As a road sign was approaching, they
intentionally drove back into their lane to see the road sign. The “Cars permitted”
and “No honking” signs had the highest number of occurrences where participants

deviate from zone 0 to zone 1.

5.8.2 City Study

Appendix D includes Table D.4, D.5 and D.6, which show the number of participants
who found each sign unfamiliar. On the German track, there were 96 instances of

decreased speed. The average speed decrease was 8.35 km /h (max = 45.85, min = 0.4,
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S.D = 8.81). Of these, 34% deviated from their initial zone, with 33% deviating by
one zone, and 1% deviating by 2 zones. The “No parking” sign led to the most lane
deviations. Likewise, “no hazardous goods”,“priority road”, and “two-way traffic”
signs had 4 participants each deviate from their initial zone. Although one participant
failed to verbally identify a yield sign, our findings show that they decreased their
speed by 10 km/h, which suggests that they did recognize the road sign but failed to
verbally communicate it to the experimenter. Likewise, 2 participants did not identify
the “stop sign no.2” verbally, but they slowed to a near-zero speed.

On the Canadian track, we observed that 61 instances of decreased speed. The
average speed decrease was 14.52 km/h (max = 53.99, min = 0.31, S.D = 12.20). Of
the 61 instances, 2% deviated from zone 0 to zone 2, and 30% deviated by one zone.
Six participants were in zone 2 prior to passing an unfamiliar sign, and 5 of them
returned to zone 1 after passing the sign. The sixth participant further deviated to
zone 3 when passing the “stop” road sign.

On the Chinese track, there were 119 instances of decreased speed, with an average
reduction of 12.22 km/h (max = 40.90, min = 0.31, S.D = 8.99). 29% deviated by one
zone, and 3% deviated by two or more zones (max deviation = 4). The participant

who deviated by 4 zones started at zone 4 and decreased to zone 0 at the road sign.

5.8.3 Summary of Effects of unfamiliar road signs on driving performance

From these results, we can see that while participants encountered unfamiliar signs,
they largely maintained their lane position in both studies. When a deviation oc-
curred, it was usually only by one zone. We did find, however that many showed
speed decreases, and this occurred approximately twice as often in the foreign tracks
as on the Canadian track. It appears that drivers needed to compensate less for the

effects of unfamiliar signs when in a familiar environment.

5.9 Effects of unfamiliar road signs on gaze fixation

In this section, we examine the unfamiliar road signs identified in Appendix D, to

determine if participants gazed at these sign longer than the average total gaze time.
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Unfamiliar signs are those where participants scored less than 1 in the verbal identifi-
cation of the sign while driving. Due to limitations of the eye tracking software only
17 participants from the Highway study, and 15 from the City study were considered

during this analysis.

5.9.1 Highway Study

Appendix E includes Table E.1, E.2, and E.3 which list the unfamiliar road signs for
the highway study. There were 20 unfamiliar signs identified on the German track,
from which 8 road signs had over 50% of participants exceed the average gaze time.
The “Intersection Ahead” sign had 13 out of 14 participants exceed the average gaze
time. Additionally, this sign scored a 11 out of 50 on our road sign identification scale.
The lowest identification score was for the “end of highway” road sign (4%). From
table E.1, we notice that only 25% of participants exceeded the average total gaze
time for this sign. Observations made in the session showed that some participants
would bring their face closer to the monitor in an attempt to comprehend the signs,
indicating that their focus was placed on the unfamiliar signs themselves rather than

on the road ahead at that point in time.

On the Canadian track, 14 road signs were marked as unfamiliar. Five of these
road signs had over 50% of participants exceed the average total gaze time. The
“dangerous goods prohibited” had 80% of participants exceed total average. It also

received the lowest identification score with 12%.

On the Chinese track, 20 signs were unfamiliar. Eleven of these signs had over
50% of participants exceed the average gaze time. All 17 participants scored a zero
on the identification scale for the “stop for inspection” road sign. 53% of participants
exceeded average total gaze time for this sign. Likewise, no participant could explain
the meaning of this sign on the post-test questionnaire (Section 5.6.1). Even with
additional time, participants were unable to correctly or partially guess the meaning

of the sign.
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5.9.2 City Study

Tables E.4, E.5, and E.6 of Appendix E list the road signs unfamiliar to participants
in the City study. There were 15 unfamiliar road signs on the German track. Six
signs were unfamiliar to only one person; 3 of these signs exceeded the average total
gaze time. The “Bus Stop” and “No Parking” signs each had 5 participants exceed
the average total gaze time. These road signs scored 32% and 25%, respectively, on
the identification scale.

On the Canadian track, 14 road signs were marked as unfamiliar; four exceeded
average total gaze time. In particular, the “dangerous goods prohibited” road sign
had 8 out of 15 participants exceed the average. This sign not only also had a low
identification score, but none of the participants were able to correctly identify this
road sign during the post-test questionnaire.

On the Chinese track, 14 road signs were marked as unfamiliar. Six of these
exceeded average total gaze time. In particular, the “Intersection Ahead” sign had
a 60% of participants exceeding the total gaze time. An identification score of 50%
further indicates that participants had trouble comprehending this sign. Likewise,
the “caution avoid collisions” sign had 57% of users exceeding total gaze time, and a

road sign identification score of 46%.

5.9.3 Summary of Effects of unfamiliar road signs on gaze fixation

There is no clear pattern of gaze fixations when faced with unfamiliar road signs. In
both studies, some unfamiliar signs had long fixations while others did not. Other
characteristics of the sign, such as complexity or the presence of text may have a

larger impact on gaze fixation but this has not been closely explored.

5.10 Support for Hypotheses

In this section, we summarize our hypothesis and whether our findings offered support
for each. We provide an explanation for each.
H1 (Partially Supported): If participants face unfamiliar road signs,

their driving performance will decrease. Performance will show a decrease
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in driving speed, and lane keeping.

This hypotheses is partially supported. Participants stayed within their proper
lane for a longer distance on the Canadian Highway track, but no significant dif-
ferences were found between city tracks. They generally drove much slower than
expected on all tracks, but surprisingly, the fastest track was Germany, not, Canada.
We also looked at what happened specifically when participants could not identify
a sign. Our findings for both studies indicate participants mostly drove in the cor-
rect lane (zone 0 and zone 1) when encountering unfamiliar signs regardless of which
track. However, speed decreases occurred approximately twice as often on the foreign
tracks than on the Canadian track. With respect to perception, participants were
significantly more confident in their abilities on the Canadian tracks.

H2 (Partially Supported): Drivers will experience a higher cognitive
workload with unfamiliar road signs. A higher workload will increase the
visual time needed to identify a sign, and will result in low sign recognition
accuracy.

This hypothesis is partially supported. Longer gaze duration times and longer
consecutive gaze duration times reflected poor road sign identification scores and
incorrect interpretation scores. This finding, however, is not consistent since low
identification and interpretation scores sometimes show short gaze fixation times,
due to participants glancing at a road sign and misinterpreting the sign, or quickly

deciding that they do not comprehend the sign at all.



Chapter 6

Discussion and Conclusion

The main goal of this thesis was to examine drivers’ behaviour when they encounter
unfamiliar road signs. This was addressed using the OpenDS driving simulator and
SMI’s eye tracking software. In this chapter, we provide a summary of results from
our user studies, interpret our findings and position them within the literature, discuss

our recommendations, address the limitations of our studies, and discuss future work.

6.1 Summary of Results

In general, participants required about 2-3 seconds to look at a road sign and verbally
identify its meaning. On both the Highway and City track, we noticed that the road
signs requiring the most visual time were those which contained two or more images.
In driving, speed of response is critical, which means reducing the complexity of a road
sign design should be made a priority in interface design [48]. One participant on our
highway track commented that she was so focused on trying to identify the Chinese
character on the road sign that it wasn’t until she noticed the shape and colour of the
road sign that she was able to identify it as a stop sign. Our session observations noted
that some participants would come to a complete stop in order to identify a road sign.
Although, behaviour on a simulator is less precise than actual driving [9,49], it does
suggest that some participants will reduce their speed substantially to spend more
time looking at a sign. This behaviour can lead to collisions due to fast approaching
vehicles on highways, or closely following vehicles in cities. Thus, complex road
signs may increase the probability of car accidents because they hold drivers’ visual
attention for longer.

While some participants’ gaze fixation times were short, their verbal identification
of road signs were incorrect. Duration of gaze alone is not reflective of road sign

comprehension, which is why we also considered verbal identification of road signs.

64



65

Our findings show Canada outperformed the other two countries for comprehension,
which means participants were unsurprisingly better at identifying local road signs.
This aligns with findings from previous studies which demonstrate that drivers are
better able to comprehend local road signs over foreign ones [19]. Additionally, the
explanations for some of the road signs demonstrated that participants tried to relate
an unfamiliar road sign with a visually similar local road sign. This supports previous
studies [6,10] which state that drivers have a tendency to use previous experiences
and local practices in unfamiliar situations (e.g., a different country). This can cause
a misinterpretation of traffic rules, increasing drivers’ susceptibility to risk [67]. We
observed this in our findings, where some road signs were mistaken for the opposite of
their actual meaning. It can result in drivers making incorrect decisions (e.g., passing
a vehicle, entering a prohibited street), subsequently making them more susceptible

to risk.

To better assess driver distraction, we measured participants’ lane deviation. Our
findings show that, for the most part, participants did not deviate from their proper
lane. Micro deviations were not considered hazardous so long as drivers maintained
within their proper lane. To test for small deviations, the zone parameters would need
to be finer-grained. We also compared the amount of deviation that occurred before
and after an unfamiliar road sign was encountered; however, results were inconsistent.
To our knowledge, our study was the first to measure lane deviation with unfamiliar
road signs using a driving simulator. The majority of papers that examine driver
distraction do so with static images or videos [42,73]. From our results we cannot
claim that unfamiliar road signs result in distraction based on lane performance. Lane
deviations that did occur were a result of controlled passes or participants’ steering
abilities. Participants did, however, drive much more slowly than expected, which
likely helped them control their lane deviation. In real-life, driving at half the posted

speed limit could also be very dangerous.

Data collected from the post-test questionnaire gave us participants’ opinions of
each track. For both studies, Canada scored the best overall in terms of difficulty,
perceived road sign distraction, lane keeping abilities, and ability to obey road signs.

Some of these perceptions agreed with our statistical findings; Canada received the
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highest road identification score, and participants stayed in their lane 96.6% and
89.3% (Highway study and City study, respectively) of the time. However, partic-
ipants required more time to look at signs on the Canadian track compared to the
German track potentially because drivers quickly dismissed the German road signs
as unknown whereas they felt that they should understand the Canadian signs and
expended more effort. The Chinese track faired worst in terms of perceived track dif-
ficulty, perceived road sign distraction, and ability to obey road signs. Our statistical
findings match participants’ opinions, with the exception that China scored higher
than Germany for road sign identification on the Highway study. Although partici-
pants indicated that Chinese road signs were the most distracting, our lane deviation
data and the number of reported unfamiliar signs did not support this perception.
Rather, perceived distraction relates to a higher cognitive workload as seen by du-
ration of gaze fixation on unfamiliar road signs (as identified by road identification
scores). A comment made by participant 22 during our Highway study summarizes
this relationship well: “I was more familiar with Canadian signs therefore I was able
to be more attentive to my speed, I could remember what prior road signs said, and
knew what my driving restrictions were. On the other countries, I was unfamiliar
with the signs therefore, I did not pay attention to my speed limit, or to traffic in

front of me”.

Participants were able to correctly recognize whether a sign appeared on one
of the tracks within more than 70% accuracy. However, they had a harder time
describing the meaning of road signs. In particular, the most confusing signs also
had the longest gaze fixations. This further supports our initial comments about the

necessity of simple road sign designs.

From the findings discussed, we direct our focus to how we can apply this un-
derstanding to enhancing in-vehicle systems. Our findings can be a starting point to
designing in-vehicle systems that help reduce external driving distraction. In our case,
we focus on unfamiliar road signs. Since our findings show that participants fixate
longer on complex road signs, complex signs may increase the risk of collisions. Like-
wise, they may incorrectly interpret the meaning of a road sign which can lead them

to make errors in judgement while driving. Studies describe implementing systems
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that alert drivers to dangers on the road [43,59] (e.g., following too closely), in the at-
tempt to reduce hazardous and distracted driving. We propose that it maybe possible
to further reduce these risks by designing an in-vehicle system which presents drivers
with road sign information when drivers are in an unfamiliar location. This informa-
tion could be retrieved using context-aware systems [2]. Additionally, context-aware
systems would have knowledge about drivers’ behaviour [36,51] and could theoret-
ically know about drivers’ movements and geo-location. Therefore, systems could

warn drivers when they attempt to do something against traffic policies.

Studies show that current image processing systems still require extensive work
before they can provide an accurate and reliable method for dynamically identifying
objects in real-time [28]. We suggest an alternative is to use web-based services such
as Google Maps® Street View feature to asynchronously identify road signs present
along routes. Translation or interpretation details could be retrieved in real-time
by the car using geo-location. These road signs could be processed and potentially
stored by in-vehicle systems such that when a driver encounters an unfamiliar sign
or attempts to contradict local traffic signs, the system could present the driver with
information about the road sign. Different modalities could be used for in-vehicle
interfaces such that drivers could communicate via speech or touch if they want more
information about the sign. Such a system would be particularly helpful for new or
temporary drivers in foreign environments, or even as a driving aid to new drivers in

their local environment.

We recognize that re-evaluating road sign designs will take a long time and sig-
nificant cost efforts, which is why we believe designing in-vehicle systems may be the
key to helping drivers with road signs. The methods discussed for in-vehicle systems
require further exploration; our findings merely reveal that a problem exists and we
suggest a potential solution. Additionally, our findings can be used as a starting
point for further in-vehicle tools to reduce the external distraction currently present

in driving.

Thttp://maps.google.ca/maps
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6.2 Recommendations

Based on our observations and findings, we propose four recommendations. We be-
lieve these will improve driver safety, and minimize distraction. We divide our rec-
ommendations into two categories: those relating to road signs, and those relating to

the design of in-vehicle systems.

6.2.1 Design of Road signs

R1: Design of road signs should be simplistic

Road signs should not use complex symbols to convey their meaning but rather should
follow ergonomic design principles: Spatial compatibility, Conceptual compatibility,
Physical representation, Frequency, Singular functionality, and Visibility.

Our findings show participants had trouble recognizing complex designs both while
driving in our simulation and during the post-test questionnaire. This supports pre-
vious ergonomic studies such as Ng and Chin [16] and Shinar [63], which indicate that
road signs with high comprehension scores adhere closer with ergonomic principles.
We emphasis the importance of using this design approach. However, design of a
road sign should not compromise meaningfulness for simplicity. This is in-line with
semantic symbol design approach proposed by Viagano and Rovida [71].

R2: Road signs should be internationally standardized
Road sign symbols that convey warning, caution, prohibited actions, and permitted
actions should be standardized and used internationally.

Variation between countries’ road signs were apparent in both of our studies. Par-
ticipants would often use previous knowledge of local traffic signs to comprehend signs
from different countries. In some cases, they would mistakenly interpret a road sign
to mean the opposite of its intended message. Previous studies [10,67] have shown
that drivers’ comprehension is influenced by previous driving practices. By using a
set of road sign designs internationally, we can promote cross cultural comprehen-
sion. This would reduce driving hazards that occur because of misinterpretation of
traffic signs. Additionally, our recommendation complements findings by Shinar et
al. [63] and Ward et al. [72] which show that a lack of standardization exists between

countries, and many road sign designs do not meet standards already in place.
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6.2.2 Design of In-vehicle Systems

R3: In-vehicle systems should be used as context-aware interpreters
In-vehicle systems should be context-aware in order to convey the meaning of road
signs to drivers. From our studies, we specifically believe that geographical context

would be beneficial.

In both of our studies, Canadian road signs had the highest sign identification
scores, and were perceived least distracting compared to the other two countries.
While participants were able to comprehend local signs, they had more trouble when
driving in an unfamiliar country. We can use this knowledge to develop in-vehicle
systems that are capable of assisting drivers in an unfamiliar place. They can act as
interpreters to help drivers understand foreign traffic signs and policies. The systems
could relate current signs with ones equivalent to the driver’s local traffic signs or
policies. This familiarity can be used as leverage so a driver can potentially respond

to driving situations correctly, thus reducing driving risks.

Context-aware systems might also use other contextual information to customize
their output. For example, sensors might determine a driver’s level of stress or fatigue,
and external input such as weather or traffic conditions could also influence the in-

vehicle system. Further research would be needed to determine the best combinations.

R4: In-vehicle systems should leverage web mapping services
In-vehicle systems should leverage web mapping services like Google Maps to present
drivers with road sign information such as upcoming signs and/or road sign rules.
This would differ from traditional turn-by-turn directions found on navigational sys-
tems. Instead, it would present drivers with information about warnings, prohib-
ited /permitted actions, and cautions that they may encounter along their route in a

familiar language.

This recommendation is made as an alternative to using dynamic image processing
methods. Additionally, this design should selectively alert drivers about traffic sign
policies if they attempt to drive in an illegal manner (e.g., passing vehicles), to prevent
overwhelming drivers with notifications and causing further distraction. As discussed

in the literature [20,43], overwhelming users can affect user acceptance and usability.
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6.3 Limitations

Although it provided useful results, our study had some limitations. The eye track-
ing glasses were not able to register the eye movements of participants who wore
eyeglasses. Additionally, in the City study, the eye tracker was not properly posi-
tioned on two participants which resulted in gaze fixation not being captured. As a
result, we were not able to include them as part of our eye tracking analysis. This
may have had an impact on our gaze fixation results and our comparison between
unfamiliar signs and gaze duration, however, we were still able to analyze gaze data
from over 60% of the participants. Data from all 50 participants was used in the

analysis not requiring gaze data.

While the majority of our data was collected and parsed using Python scripts, gaze
points had to be collected manually because the SMI software did not support defining
regions of interest on video from a non-static source. This might have caused slight
discrepancies in the time participants spent looking at a sign. Creating a separate
program to read video and raw gaze data from the eye tracking software which could
identify road signs and mark them as areas of interest is a complex image processing
problem that eye-tracking experts have yet to solve. This is clearly outside the scope

of this thesis.

Some participants had more trouble controlling the steering wheel than others
which may have made it more difficult for them to stay in their lane. This may be
due to the sensitivity of the steering wheel, or participants’ unfamiliar with gaming
“wheels”. In an attempt to balance this, we gave all participants a practice run on a

test track so they can familiarize themselves with the controls and sensitivity.

If we were to run this study again, we would restrict recruitment to participants
who do not need corrective eye glasses (contact lenses worked properly). Additionally,
we could give participants more time to drive on a practice track before introducing
them to the real tracks. Likewise, if our interface was identical in size to a real vehicle
(i.e., size of steering wheel and pedals), participants might have more control of their

vehicle.
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6.4 Future Work

Future work on driver distraction and unfamiliar road signs should build upon our
findings to develop in-vehicle interface systems that inform drivers when they en-
counter unfamiliar signs. Our studies used a single monitor to display the simulator.
We could improve the simulation by providing a more realistic driving environment.
This could be done by running the simulator over multiple monitors so drivers can
have a larger frame of view (e.g., check blind spots, side mirrors). Additionally, we
could use a Controller Area Network (CAN-bus) to connect a real vehicle to the
simulator.

In our work, we compared road signs between Germany, Canada, and China. We
could test participants with road signs from other countries to determine whether
findings were similar. Likewise, we could more precisely compare signs with various

characteristics (e.g., text-only signs versus symbol-only signs).

6.5 Conclusion

The U.S National Highway Traffic Safety Administration (NHTSA) [53] reported that
in 2013 alone, 3154 people were killed in distracted driving accidents. Studies have
shown that distraction is not just limited to in-car activities [66,68], but also encom-
pass external distractions. In this thesis, our main research question is concerned
with how unfamiliar road signs affect drivers’ behaviour. Our findings show that
participants fixate on road signs with a complex design and those that are unfamiliar
for longer. This may increase their risk of collisions. Likewise, misinterpretation of
signs occurred due to the influence of previous driving experience and local driving
practices. This may lead drivers to make errors in judgement, putting them further
at risk for accidents. Results also demonstrated that participants had the tendency
to stay in their lane even when they encountered unfamiliar road signs, although
many drivers drove at reduced speeds throughout the track to compensate for the
anticipated cognitive load.

To aid drivers in understanding unfamiliar road signs, we suggest using this thesis

as a starting point for developing in-vehicle systems that are context-aware, and can
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use web mapping services to present drivers with road signage information. This
information should be presented in an unobtrusive way to promote user acceptance
and reduce the chances of further distraction. More research is necessary in this area

to determine the optimal approach for reducing driving risk.
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Appendix A

Road Signs used for Highway and City studies
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German Signs Description Highway Track City Track
Dangerous curve to W
the right

t Double Curve W

Maximum Speed o iy
Limit

.: Mo Hazardous Goods W v"
| Slippery Road W V
Loose Gravel W V
. Mo Overtaking 4 v"

f Warmning Hazard o

Emergency Fhone J
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German Signs Description Highway Track City Track
Buses Warning J
w
@ Pedestrian Zone Ny
ZONE
® Bus Stop J -.f
End of Pedestrian Ny
Zone
End of Mo Overtaking v
Upward Incline v
Intersection v
End of Highway v
Yield v V
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German Signs Description Highway Track City Track
. Mo Parking -..I’ f
O Mo Cars v v
= Do Not Enter v v

Mandatory W

@ Roundabout

t Animal Crossing V
@ Stop W W
. Pedestrian Crossing v
JAN

:: Priority Road W
G Mandatory Right W
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German Signs Description Highway Track City Track
f Two Way Traffic W v
Canadian Signs Description Highway Track City Track
: Roundabout Ahead J
: Hidden Road Ahead ,,r ,,r
| Loose Gravel J J
| Slippery Road J J
4 BARRIE Directional Sign J
4= ORILLIA
MIDLAND =
. Airport Route J J
= Do Mot Enter ,,r
Mo Stopping v v

®

-
w

|
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Prohibited

Canadian Signs Description Highway Track City Track
® No Parking v v
¢« >

Speed Limit Changes v
546 Ahead
V Yield at Roundabout V
| COwertaking Permitted v .
Overtaking Mot v
Permitted
@ Stop V v
Dangerous Goods V v
@ Prohibited
Dangerous Goods v .
© Permitted
® Mo Littering v
E Pedestrians + v
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Canadian Signs Description Highway Track City Track
Road Narrows )
Sharp Tum v
[rP=—— Maximum Speed - v
50 Limit
V Yield v
Caution possible - v
.ﬂ flooding on the road
—_— Trans Canada .y
* Highway Marker
o
: Slight Tumn -
: Winding Road .
i Stop Sign Ahead .
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Traffic

Chinese Signs Description Highway Track City Track
i Stop for Inspection v v
f |
\s___/

@ Cars Permitted V
@ Honking Permitted v
 a— Honking Prohibited V J
i \.
N’
Cwertaking Allowed v v
@. Minimum Speed Limit v
Mo Cars V J
@ Roundabout v
. Yield to Oncoming v
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Chinese Signs Description Highway Track City Track
@ Mandatory Turn )
e Maximum Speed v v
-"-. Limit
Nt
Ii Intersection Ahead v.-’
Pedestrian Crossing .
Turn out .
@ Stop J "
Caution Avoid v J
A Collisions
; Intersection J
; Downwards Incline v

38



Chinese Signs Description Highway Track City Track
i CIliff v
2 Watch for Children v
Caution Possible V V
Flooding on the Road
Aﬁ;
Fork in the Road v
f Bumpy Road v
| Slippery Road v v
: Slow Down "y
f Sharp Turn v
Attention for J
A Pedestrians
f Double Curve v

89



Chinese Signs Description Highway Track City Track
Yield v
Construction Ahead v
Y Rest Stop v
HiIPX
& %
Yhincey 1™
Trucks and Busses V
keep to the Right
Mo Parking v
Mo Long Term v

Parking
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Appendix B

Longest Consecutive Gaze Fixation Time Per Sign

The following is a list of tables showing statistics for the longest consecutive gaze

fixation time per sign. It is organized based on study.
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Longest Consecutive Gaze Fixation Time (German Track) - Highway

Signs Max | Min | Median | Mean | Standard Deviation

S1 - Caution Sharp Right Turn 8.95 0 3.29 3.24 2.25

S2 - Maximum Speed Limit 100 9.82 | 0.63 3.59 3.62 2.46

S3 - Hazardous Goods Prohibited 7.64 0 3.82 3.71 1.95

S4 - Slippery Road 8.05 | 0.40 1.21 2.02 1.96

S5 - Caution Sharp Left Turn 3.36 | 0.38 1.03 1.17 0.80

S6 - Loose Gravel 5.00 | 0.38 3.01 2.76 1.37

S7 - General Caution 4.54 0 2.15 2.18 1.28

S8 - Overtaking Prohibited 5.34 | 163 2.22 2.68 1.02

S9 - Two-way Traffic 2.84 | 0.23 1.11 1.22 0.73

S10 - Emergency Phone 6.25 0 3.58 3.22 1.91

S11 - Maximum Speed Limit 80 3.09 | 0.22 1.15 1.18 0.74

S12 - Caution Buses 8.90 0 2.06 2.31 2.10

S13 - Pedestrian Zone 8.78 0 2.13 2.61 2.20

S14 - Bus Stop 3.56 0 10.31 11.35 0.87

S15 - End of Pedestrian Zone 9.70 | 0.86 3.64 4.09 2.67

S16 - Double Curve 6.67 | 0.53 1.16 1.63 1.43

S17 - End of No Overtaking 3.46 0 0.78 1.02 0.90

S18 - Upwards Incline 3.74 | 0.22 1.48 1.75 1.02

S19 - Intersection Ahead 4.45 0 173 2.02 1.33

S20 - End of Highway 8.81 | 0.71 2.62 2.90 1.90

S21 - Yield 3.49 0 1.33 1.44 0.85

S22 - Animal Crossing 2.16 | 0.17 5.99 0.86 0.58

S23 - No Parking 4.42 0 1.99 2.11 1.25

S24 - No Cars 4.89 0 1.16 1.75 1.42

S25 - Do Not Enter 3.74 0 0.70 0.99 0.91

Table B.1: Longest Consecutive Gaze Fixation Time per sign (German Track)

Longest Consecutive Gaze Fixation Time (Canadian Track) - Highway
Signs Max | Min | Median | Mean | Standard Deviation

S1 - Maximum Speed Limit 50 3.84 | 0.10 1.19 1.55 0.96
S2 - Dangerous Goods Prohibited 6.44 | 0.50 3.56 3.37 1.76
S3 - Directional Sign 5.46 | 0.60 2.78 2.75 1.28
S4 - Stop Ahead 3.95 0 1.16 1.42 0.10
S5 - Stop 3.32 0 0.85 1.12 0.99
S6 - Hidden Road 7.03 0 1.16 1.58 1.85
S7 - Road Narrows 1.63 | 0.20 0.98 0.93 0.39
S8 - Trans-Canada Highway Marker 6.55 | 0.61 4.37 3.76 1.70
S9 - Slight Right Curve 5.36 0 1.80 2.07 1.55
S10 - Overtaking Prohibited 3.59 0 1.53 1.82 1.01
S11 - Loose Gravel 5.21 | 0.10 2.79 2.90 1.20
S12 - Maximum Speed Limit 80 3.73 0 1.41 1.69 1.07
S13 - Pedestrians Prohibited 7.20 0 2.26 2.97 2.07
S14 - Dangerous Goods Permitted 5.41 | 0.33 2.99 2.92 1.53
S15 - Overtaking Permitted 3.84 | 0.18 1.93 1.91 1.10
S16 - Slippery Road 9.48 | 0.46 4.12 4.50 2.34
S17 - Caution Possible Flooding 8.42 | 1.21 4.08 3.90 1.71
S18 - 50 Speed Limit Begins Ahead 3.74 | 0.37 1.06 1.38 1.07
S19 - Maximum Speed Limit 50 5..45 | 0.01 1.53 1.82 1.19
S20 - No Stopping 6.40 | 0.22 1.60 2.33 1.71
521 - No Parking 4.59 | 0.33 1.81 1.78 1.14
522 - Maximum Speed Limit 100 3.41 0 1.70 1.62 0.84
523 - Winding Road 4.03 | 0.08 1.25 1.57 1.22
524 - Airport Route 3.72 | 0.17 1.56 1.44 0.93

525 - Do Not Enter 3.61 | 0.30 0.96 1.48

Table B.2: Longest Consecutive Gaze Fixation Time per sign (Canadian Track)
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Longest Consecutive Gaze Fixation Time (Chinese Track) - Highway

Signs Max | Min | Median | Mean | Standard Deviation

S1 - Maximum Speed Limit 50 4.24 | 0.18 1.33 1.26 0.97

S2 - Fork Ahead 413 | 0.65 1.80 1.97 1.02

S3 - Slow Down 8.17 | 0.27 3.06 3.25 2.10

S4 - Stop 4.96 | 0.08 0.46 0.89 1.12

S5 - No Cars 1.10 0 0.38 0.37 0.37

S6 - Downwards Incline 4.51 | 0.33 1.56 1.79 1.09

S7 - Cliff on Right 8.05 | 1.11 3.38 4.00 2.14

S8 - Double Curve 9.11 | 0.58 2.16 3.08 2.22

S9 - Cars Allowed 5.42 | 0.20 2.39 2.44 1.56

S10 - Maximum Speed Limit 50 3.31 | 0.37 0.85 0.45 1.73

S11 - Watch for Children 5.61 | 0.85 2.49 247 1.28

S12 - Turn Out on Right 3.78 | 0.45 1.53 1.81 0.98

S13 - Caution Avoid Collisions 9.92 | 1.73 4.61 4.64 2.04

S14 - Trucks and Buses Stay on Right 1.19 | 0.07 6.39 6.07 3.09

S15 - Maximum Speed Limit 120 4.04 | 0.25 1.78 1.78 0.97

S16 - Rest Stop Ahead 9.58 0 2.89 3.15 2.39

S17 - Honking Prohibited 7.87 0 3.16 3.05 1.93

S18 - Honking Permitted 6.99 0 1.70 2.13 1.93

S19 - Construction Ahead 8.65 0 2.76 3.40 2.24

S20 - Bumps Ahead 4.85 | 0.27 2.01 2.09 1.54

521 - Slippery Road 5.04 | 0.43 1.56 1.91 1.25

S22 - Maximum Speed Limit 80 2.26 0 1.20 1.12 0.63

S23 - Caution Possible Flooding 1.02 | 0.06 0.37 0.38 2.67

524 - Stop for Inspection 6.35 | 0.15 2.79 3.36 1.89
S25 - Yield to Oncoming Traffic 5.04 | 0.85 2.13 2.34

Table B.3: Longest Consecutive Gaze Fixation Time per sign (Chinese Track)

Longest Consecutive Gaze Fixation Time (German Track) - City

Signs Max | Min | Median | Mean | Standard Deviation
S1 - Maximum Speed Limit 50 2.74 0 0.83 0.82 0.68
S2 - Bus Stop 4.28 0 1.43 1.41 1.16
S3 - Roundabout 3.01 | 0.66 1.31 1.49 0.67
S4 - Yield 1.55 | 0.23 0.70 0.77 0.46
S5 - Stop Sign 2.48 | 0.25 0.61 0.81 0.63
S6 - No Parking 596 | 1.18 3.93 3.83 1.47
S7 - Sharp Right Turn 3.29 | 0.27 1.93 1.77 0.96
S8 - Overtaking Prohibited 4.46 | 045 2.06 2.20 1.28
S9 - Two-way Traffic 3.89 | 0.99 2.15 2.29 0.94
S10 - Loose Gravel 729 | 0.22 2.15 2.32 1.73
S11 - No Hazardous Goods 11.08 | 0.48 3.76 4.37 2.94
S12 - Slippery Road 9.50 | 0.65 2.56 3.20 2.31
S13 - Stop Sign 4.32 | 0.13 0.98 1.27 1.11
S14 - Pedestrian Crossing 4.84 | 0.26 1.60 2.26 1.57
S15 - Stop Sign 2.10 | 0.23 0.58 0.74 0.51
S16 - End of No Overtaking 2.75 0 1.11 1.08 0.87
S17 - Priority Road 7.84 | 0.65 2.51 3.07 2.03
S18 - Mandatory Right 2.45 | 0.37 1.16 1.15 0.59
S19 - Yield 2.46 | 0.35 1.06 1.08 0.57

Table B.4: Longest Consecutive Gaze Fixation Time per sign (German Track)
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Longest Consecutive Gaze Fixation Time (Canadian Track) - City

Signs Max | Min | Median | Mean | Standard Deviation

S1 - Maximum Speed Limit 50 1.90 0 0.51 0.66 0.62

S2 - Stop 1.65 0 0.50 0.59 0.42

S3 - Pedestrians Prohibited 5.34 0 1.95 2.38 1.97

S4 - Sharp Right Turn 2.37 0 1.28 1.21 0.72

S5 - Dangerous Goods Prohibited 1.14 0 0.34 0.41 2.94

S6 - Stop 2.03 0 0.53 0.70 0.56

S7 - Slippery Road 8.70 0 3.19 3.48 2.41

S8 - Yield 2.79 0 0.55 0.82 0.86

59 - Roundabout 6.16 0 1.01 1.47 1.49

S10 - Yield 3.44 0 1.81 1.78 0.88

S11 - No Parking 4.61 0 1.98 2.01 1.21

S12 - No Stopping 6.15 0 2.64 2.46 1.75

S13 - Overtaking Permitted 4.59 | 0.25 2.28 2.16 1.35

S14 - Caution Possible Flooding 7.44 | 0.18 4.21 4.07 2.06

S15 - Hidden Road 7.22 | 0.66 1.80 2.29 1.58

S16 - Airport Route 4.62 | 0.37 1.33 1.67 1.07

S17 - Loose Gravel 6.60 | 0.58 2.48 2.59 1.65

S18 - No Littering 8.17 | 0.86 1.90 3.74 2.87

S19 - Dangerous Goods Permitted 7.19 | 1.30 2.79 3.35 1.84

Table B.5: Longest Consecutive Gaze Fixation Time per sign (Canadian Track)

Longest Consecutive Gaze Fixation Time (Chinese Track) - City

Signs Max | Min | Median | Mean | Standard Deviation

S1 - Maximum Speed Limit 50 4.71 0 0.91 1.10 1.18

S2 - Sharp Right Turn 6.84 | 0.50 2.67 2.76 1.51

S3 - T-Intersection 3.68 0 1.41 1.46 0.94

S4 - Stop 6.02 | 0.63 1.73 2.10 1.41

S5 - No Parking 6.47 | 0.13 3.96 3.70 1.76

S6 - Yield 5.67 | 0.12 1.88 2.01 1.49

S7 - Pedestrian Crossing 3.18 | 0.08 1.23 1.41 0.85

S8 - Roundabout 1.96 | 0.07 0.95 0.96 0.54

S9 - Attention for Pedestrians 412 | 0.25 1.63 1.82 1.26

S10 - No Long Term Parking 3.99 | 0.27 0.96 1.58 1.20

S11 - Overtaking Permitted 7.97 | 1.48 3.89 4.29 2.01

S12 - Honking Prohibited 7.43 | 0.96 341 3.53 2.18

S13 - Slippery Road 5.06 | 0.61 2.03 2.04 1.09

S14 - Intersection Ahead 5.96 | 0.10 2.74 3.00 1.64

S15 - Caution Avoid Collisions 7.92 | 0.96 4.66 4.30 2.63

S16 - Mandatory Right Turn 6.14 | 0.27 1.21 1.66 1.51

S17 - No Cars 5.44 | 0.63 2.16 2.26 1.44

S18 - Caution Possible Flooding 8.98 | 0.43 3.54 3.76 2.15

S19 - Stop for Inspection 9.93 | 0.68 3.14 3.73 2.59

Table B.6: Longest Consecutive Gaze Fixation Time per sign (Chinese Track)



Appendix C

Road Sign Recognition Scores

The following graphs represent post-test questionnaire recognition scores per track.

C.1 Highway Study

C.2 City Study
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Appendix D

Effects of Unfamiliar road signs on speed - Tables

The following tables describe the number of participants who found each road sign

unfamiliar for each track.
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Track Unfamiliar Road Sign Number of Participants Number who reduced
their speed
No Hazardous Goods 25 11
End of highway 24 22
End of No Overtaking 24 19
No Cars 23 5
No Parking 23 2
Intersection Ahead 19 8
Bus Stop 17 10
Loose Gravel 16 12
No Overtaking 12 6
Do not enter 12 4
Germany Yield 10 5
Slippery Road 7 7
Pedestrian Zone 4 1
Dangerous Curve Right 4 0
Caution Buses 3 3
End of Pedestrian Zone 3 1
Emergency Phone 3 1
Two-way Traffic 3 0
Maximum speed limit 1 0
Dangerous Curve Left 1 0
Maximum speed limit no. 2 1 0
Upwards Incline 1 0

Table D.1: Number of participants unfamiliar with German road signs (Highway
Study)
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Number who reduced

Track Unfamiliar Road Sign Number of Participants .
their speed

Dangerous Good Permitted 22
Dangerous Goods Prohibited 22
Caution possible flooding 1
Hidden Road Ahead
Loose Gravel

Do not enter

Stop

Maximum 50 speed limit
Trans- Canada

Canada | Highway Marker

Slippery Road

No Stopping

Directional Sign

Slight Curve

Road Narrows

Airport Route

No Parking

Winding Road
Overtaking not permitted
Overtaking Permitted

O U x| Ol = = OO

—_

RN NN NN N Ot OO O O |

OO OO NN

Table D.2: Number of participants unfamiliar with Canadian road signs (Highway
Study)
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Track | Unfamiliar Road Sign Number of Participants Nulirnber who reduced
their speed
Stop for Inspection 25 18
Slow Down 20 17
Yield to Oncoming Traffic 19 14
Caution possible flooding 17 8
Cars Permitted 16 15
Turn out 12 3
CIliff on right 11 0
Trucks and Buses keep right 10 5
Honking Prohibited 10 4
Caution avoid collisions 9 8
China | Honking Permitted 9 6
Fork Ahead 5 1
Construction Ahead 4 1
Rest Stop 4 0
Stop 3 3
Slippery Road 3 2
Maximum 50 speed limit 2 1
Watch for Children 2 1
Bumps Ahead 2 0
Maximum 80 speed limt 2 0
Double Curve 1 0

Table D.3: Number of participants unfamiliar with Chinese road signs (Highway

Study)
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Track Unfamiliar Road Sign | Number of Participants Nu]frlber who reduced
their speed
No Hazardous Goods 25 17
Priority Road 25 12
Overtaking Permitted 22 8
Bus Stop 21 7
Loose Gravel 18 17
No Parking 18 15
End of No Overtaking 12 9
Two-way traffic 7 4
Germany | Sharp Turn 3 2
Stop no 3 2 3
Slippery Road 2 1
Yield 1 1
Stop no 2 1 1
Pedestrian Crossing 1 1
Maximum speed limit 1 0
Roundabout 1 0
Stop 1 0

Table D.4: Number of participants unfamiliar with German road signs (City Study)

Track

Unfamiliar Road Sign

Number of Participants

Number who reduced
their speed

Dangerous Goods Prohibited

25

12

Dangerous Goods Permitted

24

19

Caution possible flooding

—_
=~

13

Slippery Road

EN(

Maximum speed limit

Pedestrians Prohibited

Overtaking Permitted

Loose Gravel

Canada

Stop

Hidden Road Ahead

No Littering

No Stopping

Yield

Yield no 2

Stop no 2

Sharp Turn

Airport Route

== ] =] DN DN DN DO W W | Ol ©

OO OO NN N OO

Table D.5: Number of participants unfamiliar with Canadian road signs (City Study)



103

Track | Unfamiliar Road Sign | Number of Participants Nul.mber who reduced
their speed
Stop for Inspection 25 21
No Cars 25 8
Overtaking Permitted 24 18
No Parking 23 22
Intersection Ahead 20 12
No Long Term Parking 19 13
Caution possible flooding 17 5
Caution Avoid Collisions 10 9
China | Honking Prohibited 9 6
Yield 2 2
Slippery Road 2 1
Speed Limit 2 1
Pedestrian Crossing 1 1
Sharp Right Turn 1 0
Intersection 1 0
Roundabout 1 0
Attention for pedestrians 1 0

Table D.6: Number of participants unfamiliar with Chinese road signs (City Study)



Appendix E

Effects of Unfamiliar road signs on gaze - Tables

The following tables identify the road signs that were unfamiliar to participants for

all tracks. Tables are organized by study.
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Germany
. Average Total Participants who . .

Sign Gaze Duration (seconds) | Exceeded Average Total Participants
Dangerous Curve right 6.09 0 1
No Hazardous Goods 5.16 8 17
Slippery Road 3.52 1 4
Dangerous Curve left 2.06 1 1
Loose Gravel 4.33 1 5
Overtaking Prohibited 4.99 3 9
Two-way traffic 2.61 0 2
Emergency Phone 4.49 1 2
Caution Buses 3.57 2 3
Pedestrian Zone 3.21 2 2
Bus Stop 2.13 4 11
End of Pedestrian Zone 5.76 2 3
End of no Overtaking 1.62 7 16
Upwards Incline 2.93 0 1
Intersection Ahead 0.49 13 14
End of Highway 4.43 4 16
Yield 2.21 2 6
No Parking 3.68 9 15
No Cars 2.33 7 15
Do not Enter 2.42 4 7

Table E.1: Average gazing time for German road signs identified as unfamiliar (High-
way Study)

Canada
. Average Total Participants who . .

Sign Gaze ]gDuration(seconds) Exceed]zd Average Total Participants
Dangerous Goods Prohibited 2.83 12 15
Directional Sign 3.88 0 1
Stop 2.01 0 4
Hidden Road 2.57 1 4
rF’rans—Canada Highway 6.96 9 4
Marker

Overtaking Prohibited 3.59 0 1
Loose Gravel 6.29 1 3
Dangerous Goods Permitted 5.12 9 15
Overtaking Permitted 3.05 0 1
Slippery Road 6.55 1 2
Caution Possible Flooding 5.88 4 11
Maximum speed limit 3.74 1 4
No Stopping 3.55 1 1
Do not Enter 2.42 0 3

Table E.2: Average gazing time for Canadian road signs identified as unfamiliar
(Highway Study)
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China

. Average Total Participants who . .
Sign Gaze %uration (seconds) | Exceeded Average Total Participants
Maximum speed limit 2.37 0 1
Fork Ahead 4.27 0 1
Slow Down 5.12 4 17
Stop 1.55 0 2
Cliff on right 7.45 4 6
Double Curve 4.84 0 1
Cars Permitted 3.46 5 12
Watch for Children 4.98 1 1
Turn out 3.48 2 7
Caution Avoid Collisions 7.19 5 5
Trucks and Buses
keep right 9-16 3 4
Rest Stop 5.02 1 2
Honking Prohibited 4.73 3 5
Honking Permitted 2.90 3 6
Construction Ahead 4.84 1 2
Bumps Ahead 3.14 0 1
Slippery Road 3.72 1 2
Caution Possible
Flooding 543 0 !
Stop for Inspection 4.07 9 17
Yield to oncoming 406 7 1
traffic

Table E.3: Average gazing time for Chinese road signs identified as unfamiliar (High-

way Study)
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Germany
. Average Total Participants who . .

Sign Gaze ]%uration (seconds) Exceed]zd Average Total Participants
Maximum speed limit 1.05 1 1
Bus Stop 2.30 5 11
Roundabout 1.84 1 1
Yield 1.26 1 1
Stop 4.62 5 11
No Parking 1.93 1 2
Sharp Turn 2.69 2 6
Two-way Traffic 2.46 2 9
Loose Gravel 2.48 4 9
No Hazardous Goods 4.92 7 15
Stop no.2 2.12 0 1
Pedestrian Crossing 3.64 0 1
Stop no.3 0.91 0 1
End of no Overtaking 1.50 5 12
Priority Road 4.54 6 15

Table E.4: Average gazing time for German road signs identified as unfamiliar (City

Study)

Canada
. Average Total Participants who . .

Sign Gaze Duration (seconds) | Exceeded Average Total Participants
Maximum speed limit 0.75 0 4
Stop 0.87 0 1
Pedestrians Prohibited 3.03 0 2
Sharp Turn 1.96 0 1
Dangerous Goods
Permitted 520 8 15
Stop no. 2 0.81 0 1
Slippery Road 4.64 0 3
Yield 1.01 0 1
No Stopping 2.81 0 1
Overtaking Permitted 2.61 0 2
Caution possible
Flooding 549 4 8
Hidden Road 3.02 1 2
Loose Gravel 3.26 1 2
Dangerous Goods
Permitted 507 7 15

Table E.5: Average gazing time for Canadian road signs identified as unfamiliar (City

Study)
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China
. Average Total Participants who . .

Sign Gaze Duration (seconds) | Exceeded Average Total Participants
Maximum speed limit 1.61 0 1
No Parking 4.96 7 14
Yield 2.81 1 2
Pedestrian Crossing 1.77 0 1
Roundabout 1.16 0 1
Attention for Pedestrians 247 0 1
No Long Term Parking 2.42 6 13
Overtaking Permitted 5.22 6 14
Honking Prohibited 4.30 2 4
Intersection Ahead 3.75 6 10
Caution Avoid Collisions 5.22 4 7
No Cars 3.36 7 15
Caution Possible

Flooding 4.26 4 7
Stop for Inspection 5.49 6 15

Table E.6: Average gazing time for Chinese road signs identified as unfamiliar (City

Study)



Appendix F

Questionnaires

F.1 Pre-test questionnaire
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5/25/2015 Pre-test Questionnaire

Pre-test Questionnaire

Data from this questionnaire is stored on U.S servers and thus subject to U.S law

* Required

1. Age *
In Years

2. Sex*
Mark only one oval.

Male
Female

Prefer not to disclose

3. What is your current driving license level? *
Mark only one oval.

| don't have a license

G1,M1 (i.e., Learners permit)
G2,M2

G,M (i.e., Full license)

Other:

4. Do you hold or have you ever held a drivers license issued by another country? *

If yes, specify the country in the text field below
Mark only one oval.

Yes

No

5. Country:

6. Driving Experience *
In years

https://docs.google.com/forms/d/1443ccnnaXHwuPGJfYEXkIC 3N ybPjGOF pu9pvgJ GoHzs/printform 13



5/25/2015 Pre-test Questionnaire

7. Do you have experience driving a car in a foreign country? *
Mark only one oval.

Yes After the last question in this section, skip to question 13.

No After the last question in this section, stop filling out this form.

8. Approximately how many hours a week do you spend driving? *
Mark only one oval.

0-2 hours
3-5 hours
6-8 hours
9-11 hours

12+ hours

9. Select the area where you drive most often *
Mark only one oval.

Highway
City

10. When | drive, it is usually for

select the option that best applies
Check all that apply.

Commuting to work/school
Distances greater than 120 km (e.g. road trips)

Distances shorter than 15 km (e.g. running errands)

Other:

11. How often do drive outside of your regular routes? *
Mark only one oval.

Often
Sometimes

Seldom

Never

12. Have you ever had any at-fault car accidents? *
Mark only one oval.

Yes
No

Prefer not to answer

https://docs.google.com/forms/d/1443ccnnaXHwuPGJfYEXkIC 3N ybPjGOF pu9pvgJ GoHzs/printform

213



5/25/2015 Pre-test Questionnaire

Pre-test Questionnaire Part 2

13. List the country/countries where you have previously driven *

Powered by
% Google Forms

https://docs.google.com/forms/d/1443ccnnaXHwuPGJfYEXkIC 3N ybPjGOF pu9pvgJ GoHzs/printform 3/3
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F.2 Post-test questionnaire

F.2.1 Highway Study



5/13/2015 Post-test Questionnaire

Post-test Questionnaire

Data from this questionnaire is stored on U.S servers and thus subject to U.S law

* Required

Section 1

Reflection questions

1. Rate the tracks in terms of difficulty *
Mark only one oval per row.

Hard Moderate Easy

German Track
Canadian Track
Chinese Track

2. Select the languages you are fluent in *
Check all that apply.

English
German

Chinese

None of the above

German Track

3. How distracting were the German road signs? *

Did it take focus away from driving
Mark only one oval.

Not Distracting Very Distracting

https://docs.google.com/forms/d/1Q0gKOS7fEISI5lybkdMIg3HIGF 9isBeTp8dCAHLRq_8/printform 113



5/13/2015 Post-test Questionnaire
4. If you found the German road signs distracting, please explain how/why

5. For the German track, rate your ability to... *
Mark only one oval per row.

Poor Excellent

Obey posted speed signs
Stay in your lane

Some of these road signs may have been present during the track you drove. Please explain the
meaning of each of the road signs presented.

1)

6. 1b) Appeared on German track? *
Mark only one oval.

Yes
No

| don't know

7. 1c) Rule conveyed by German road sign *

https://docs.google.com/forms/d/1Q0gKOS7fEISI5lybkdMIg3HIGF 9isBeTp8dCAHLRq_8/printform

2113



5/13/2015 Post-test Questionnaire

2)

8. 2b) Appeared on German track? *
Mark only one oval.

O Yes
TN
Q | don't know

9. 2c) Rule conveyed by German road sign *

10. 3b) Appeared on German track? *
Mark only one oval.

Q Yes
T e
O | don't know

https://docs.google.com/forms/d/1Q0gKOS7fEISI5lybkdMIg3HIGF 9isBeTp8dCAHLRq_8/printform 3/13



5/13/2015 Post-test Questionnaire
11. 3c) Rule conveyed by German road sign *

12. 4b) Appeared on German track? *
Mark only one oval.

@ Yes
Ce
Q | don't know

13. 4c) Rule conveyed by German road sign *

https://docs.google.com/forms/d/1Q0gKOS7fEISI5lybkdMIg3HIGF 9isBeTp8dCAHLRq_8/printform

4/13



5/13/2015

Post-test Questionnaire

14. 5b) Appeared on German track? *
Mark only one oval.

Yes
No

| don't know

15. 5c¢) Rule conveyed by German road sign *

Canadian Track

16. How distracting were the Canadian road signs? *

Did it take focus away from driving
Mark only one oval.

Not Distracting Very Distracting

17. If you found the Canadian road signs distracting, please explain how/why

18. For the Canadian track, rate your ability to... *
Mark only one oval per row.

Poor Excellent

Obey posted speed signs
Stay in your lane

Some of these road signs may have been present during the track you drove. Please explain the
meaning of each of the road signs presented.

https://docs.google.com/forms/d/1Q0gKOS7fEISI5lybkdMIg3HIGF 9isBeTp8dCAHLRq_8/printform

513



5/13/2015 Post-test Questionnaire

6)

19. 6b) Appeared on Canadian track? *
Mark only one oval.

Q Yes
Ce
Q | don't know

20. 6c) Rule conveyed by Canadian road sign *

7)

TRANS CANADA

% A,

21. 7b) Appeared on Canadian track? *
Mark only one oval.

Q Yes
T e
Q | don't know

https://docs.google.com/forms/d/1Q0gKOS7fEISI5lybkdMIg3HIGF 9isBeTp8dCAHLRq_8/printform

6/13



5/13/2015 Post-test Questionnaire
22. 7c) Rule conveyed by Canadian road sign *

8)

23. 8b) Appeared on Canadian track? *
Mark only one oval.

Yes
No

| don't know

24. 8c) Rule conveyed by Canadian road sign *

9)

https://docs.google.com/forms/d/1Q0gKOS7fEISI5lybkdMIg3HIGF 9isBeTp8dCAHLRq_8/printform 713



5/13/2015 Post-test Questionnaire

25. 9b) Appeared on Canadian track? *
Mark only one oval.

Yes
No

| don't know

26. 9c) Rule conveyed by Canadian road sign *

10)

27. 10b) Appeared on Canadian track? *
Mark only one oval.

Yes
No

| don't know

https://docs.google.com/forms/d/1Q0gKOS7fEISI5lybkdMIg3HIGF 9isBeTp8dCAHLRq_8/printform 8/13



5/13/2015 Post-test Questionnaire
28. 10c) Rule conveyed by Canadian road sign *

Chinese Track

29. How distracting were the Chinese road signs? *

Did it take focus away from driving
Mark only one oval.

Not Distracting Very Distracting

30. If you found the Chinese road signs distracting, please explain how/why

31. For the Chinese track, rate your ability to... *
Mark only one oval per row.

Poor Excellent

Obey posted speed signs
Stay in your lane

Some of these road signs may have been present during the track you drove. Please explain the
meaning of each of the road signs presented.

11)

https://docs.google.com/forms/d/1Q0gKOS7fEISI5lybkdMIg3HIGF 9isBeTp8dCAHLRq_8/printform 9/13



5/13/2015 Post-test Questionnaire

32. 11b) Appeared on Chinese track? *
Mark only one oval.

Q Yes
L
Q | don't know

33. 11c) Rule conveyed by Chinese road sign *

34. 12b) Appeared on Chinese track? *
Mark only one oval.

@ Yes
L
Q | don't know

https://docs.google.com/forms/d/1Q0gKOS7fEISI5lybkdMIg3HIGF 9isBeTp8dCAHLRq_8/printform 10/13



5/13/2015 Post-test Questionnaire
35. 12c) Rule conveyed by Chinese road sign *

36. 13b) Appeared on Chinese track? *
Mark only one oval.

D Yes
oL
Q | don't know

37. 13c) Rule conveyed by Chinese road sign *

14)

https://docs.google.com/forms/d/1Q0gKOS7fEISI5lybkdMIg3HIGF 9isBeTp8dCAHLRq_8/printform

1113



5/13/2015 Post-test Questionnaire

38. 14b) Appeared on Chinese track? *
Mark only one oval.

Yes
No

| don't know

39. 14c) Rule conveyed by Chinese road sign *

15)

40. 15b) Appeared on Chinese track? *
Mark only one oval.

Yes
No

| don't know

41. 15c) Rule conveyed by Chinese road sign *

Section 3

https://docs.google.com/forms/d/1Q0gKOS7fEISI5lybkdMIg3HIGF 9isBeTp8dCAHLRq_8/printform 12/13



5/13/2015 Post-test Questionnaire

42. Additional comments/feedback

Please provide any additional comments about the driving simulator, road signs, study
session etc.

Powered by
% Google Forms

https://docs.google.com/forms/d/1Q0gKOS7fEISI5lybkdMIg3HIGF 9isBeTp8dCAHLRq_8/printform 13/13
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F.2.2 City Study



7/14/2015 Post-test Questionnaire

Post-test Questionnaire

Data from this questionnaire is stored on U.S servers and thus subject to U.S law

* Required

Section 1

Reflection questions

1. Rate the tracks in terms of difficulty *
Mark only one oval per row.

Hard Moderate Easy

German Track
Canadian Track
Chinese Track

2. Select the languages you are fluent in *
Check all that apply.

English
German

Chinese

None of the above

German Track

3. How distracting were the German road signs? *

Did it take focus away from driving
Mark only one oval.

Not Distracting Very Distracting

https://docs.google.com/forms/d/17S7ZegYrfMVMZcHe-IJppswVLOtEP1CtajtrNEVJ7us/printform 113



7/14/2015 Post-test Questionnaire
4. If you found the German road signs distracting, please explain how/why

5. For the German track, rate your ability to... *
Mark only one oval per row.

Poor Fair Good Excellent

Obey posted speed signs
Stay in your lane

Some of these road signs may have been present during the track you drove. Please explain the
meaning of each of the road signs presented.

1)

6. 1b) Appeared on German track? *
Mark only one oval.

Yes
No

| don't know

https://docs.google.com/forms/d/17S7ZegYrfMVMZcHe-IJppswVLOtEP1CtajtrNEVJ7us/printform 2/13



7/14/2015 Post-test Questionnaire
7. 1c) Rule conveyed by German road sign *

8. 2b) Appeared on German track? *
Mark only one oval.

Q Yes
C e
@ | don't know

9. 2c) Rule conveyed by German road sign *

https://docs.google.com/forms/d/17S7ZegYrfMVMZcHe-IJppswVLOtEP1CtajtrNEVJ7us/printform

3/13



7/14/2015 Post-test Questionnaire

10. 3b) Appeared on German track? *
Mark only one oval.

Q Yes
Ce
O | don't know

11. 3c) Rule conveyed by German road sign *

12. 4b) Appeared on German track? *
Mark only one oval.

O Yes
Coe
Q | don't know

13. 4c) Rule conveyed by German road sign *

5)

https://docs.google.com/forms/d/17S7ZegYrfMVMZcHe-IJppswVLOtEP1CtajtrNEVJ7us/printform
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7/14/2015

14.

15.

Post-test Questionnaire

5b) Appeared on German track? *
Mark only one oval.

@ Yes
Coe
Q | don't know

5c) Rule conveyed by German road sign *

Canadian Track

16.

17.

How distracting were the Canadian road signs? *

Did it take focus away from driving
Mark only one oval.

1 2 3 4 5
Not Distracting O O Q Q O Very Distracting

If you found the Canadian road signs distracting, please explain how/why

https://docs.google.com/forms/d/17S7ZegYrfMVMZcHe-IJppswVLOtEP1CtajtrNEVJ7us/printform
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7/14/2015 Post-test Questionnaire

18. For the Canadian track, rate your ability to... *
Mark only one oval per row.

Poor Fair Good Excellent

Obey posted speed signs
Stay in your lane

Some of these road signs may have been present during the track you drove. Please explain the
meaning of each of the road signs presented.

6)

19. 6b) Appeared on Canadian track? *
Mark only one oval.

Yes
No

| don't know

20. 6c) Rule conveyed by Canadian road sign *

7)

https://docs.google.com/forms/d/17S7ZegYrfMVMZcHe-IJppswVLOtEP1CtajtrNEVJ7us/printform 6/13



7/14/2015 Post-test Questionnaire

21. 7b) Appeared on Canadian track? *
Mark only one oval.

Yes
No

| don't know

22. 7c) Rule conveyed by Canadian road sign *

8)

https://docs.google.com/forms/d/17S7ZegYrfMVMZcHe-IJppswVLOtEP1CtajtrNEVJ7us/printform 713



7/14/2015 Post-test Questionnaire

23. 8b) Appeared on Canadian track? *
Mark only one oval.

Yes
No

| don't know

24. 8c) Rule conveyed by Canadian road sign *

9)

25. 9b) Appeared on Canadian track? *
Mark only one oval.

Yes
No

| don't know

26. 9c) Rule conveyed by Canadian road sign *

10)

https://docs.google.com/forms/d/17S7ZegYrfMVMZcHe-IJppswVLOtEP1CtajtrNEVJ7us/printform 8/13



7/14/2015 Post-test Questionnaire

27. 10b) Appeared on Canadian track? *
Mark only one oval.

Yes
No

| don't know

28. 10c) Rule conveyed by Canadian road sign *

Chinese Track

29. How distracting were the Chinese road signs? *

Did it take focus away from driving
Mark only one oval.

Not Distracting Very Distracting

30. If you found the Chinese road signs distracting, please explain how/why

https://docs.google.com/forms/d/17S7ZegYrfMVMZcHe-IJppswVLOtEP1CtajtrNEVJ7us/printform 9/13



7/14/2015 Post-test Questionnaire

31. For the Chinese track, rate your ability to... *
Mark only one oval per row.

Poor Fair Good Excellent

Obey posted speed signs C) Q @ O
Stay in your lane Q Q Q Q

Some of these road signs may have been present during the track you drove. Please explain the

meaning of each of the road signs presented.

11)

32. 11b) Appeared on Chinese track? *
Mark only one oval.

Q Yes
S
C) | don't know

33. 11c) Rule conveyed by Chinese road sign *

https://docs.google.com/forms/d/17S7ZegYrfMVMZcHe-IJppswVLOtEP1CtajtrNEVJ7us/printform
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7/14/2015 Post-test Questionnaire

34. 12b) Appeared on Chinese track? *
Mark only one oval.

Q Yes
L
Q | don't know

35. 12c) Rule conveyed by Chinese road sign *

36. 13b) Appeared on Chinese track? *
Mark only one oval.

Q Yes
Ce
Q | don't know

https://docs.google.com/forms/d/17S7ZegYrfMVMZcHe-IJppswVLOtEP1CtajtrNEVJ7us/printform 1113



7/14/2015 Post-test Questionnaire
37. 13c) Rule conveyed by Chinese road sign *

14)

38. 14b) Appeared on Chinese track? *
Mark only one oval.

Yes
No

| don't know

39. 14c) Rule conveyed by Chinese road sign *

15)

https://docs.google.com/forms/d/17S7ZegYrfMVMZcHe-IJppswVLOtEP1CtajtrNEVJ7us/printform

12/13



7/14/2015 Post-test Questionnaire

40. 15b) Appeared on Chinese track? *
Mark only one oval.

Yes
No

| don't know

41. 15c) Rule conveyed by Chinese road sign *

Section 3

42. Additional comments/feedback

Please provide any additional comments about the driving simulator, road signs, study
session etc.

Powered by
% {_}.oﬂglc Forms
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