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Abstract

In this study, we investigated the effects of context-sensitive distraction warnings on drivers’
in-car glance behaviors and acceptance. The studied prototype warning application functions
on a smart phone. The novelty of the application is its proactive and context-sensitive
approach to the adjustment of warning thresholds according to the estimated visual demands
of the driving situation ahead. In our study, novice and experienced drivers conducted in-car
tasks with a smart phone on a test track with and without the warnings. The application gave
a warning if the driver’s gaze was recognized to remain on the smart phone over a situation-
specific threshold time, or if the driver was approaching a high-demand part of the track (an
intersection or a tight curve). Glance metrics indicated a significant increasing effect of the
warnings on glance time on road while multitasking. The effect varied between 5 to 30%
increase depending on the in-car task. A text message reading task was the most visually
demanding activity and indicated the greatest effect of the warnings on glance time on road.
Driving experience did not have an effect on the efficiency of the warnings. The proposed
gaze tracking with current smart phone technology proved to be highly unreliable in varying
lighting conditions. However, the findings suggest that location-based proactive distraction
warnings of high-demanding driving situations ahead could help all drivers in overcoming
the inability to evaluate situational demands while interacting with complex in-car tasks and
to place more attention on the road. Furthermore, survey results indicate that it is possible to
achieve high levels of trust, perceived usefulness, and acceptance with these kinds of context-

sensitive distraction warnings for drivers.



1 INTRODUCTION

Modern smart phones offer car drivers a lot of useful services on the road such as navigation,
entertainment, communication, and information on nearby points-of-interest. However, a
concern has been addressed lately on the increasing smart phone usage while driving and the
related inattention towards the traffic environment (Fitch, Soccolich, Guo, F., et al., 2013;
Klauer, Dingus, Neale, Sudweeks, and Ramsey, 2006).

From earlier research it is known that driver inattention is a major cause of safety-
critical incidents in traffic. In a naturalistic driving study with one hundred car drivers
(Klauer et al., 2006), it was concluded that almost 80 percent of all crashes and 65 percent of
all near-crash situations involved visual inattention, i.e., the driver’s eyes weren’t on the road
the moment before or at the moment of the incident.

As a cause of visual inattention by secondary activities in these safety-critical events,
the use of a mobile device (mainly mobile phone) was by far the leading factor by at least
30% of the cases (Klauer et al., 2006). Another naturalistic driving study on the topic by
Fitch et al. (2013) indicated that drivers engaging in visually complex tasks with their smart
phones have a three-time higher safety-critical incident risk compared to drivers who pay
attention to the road ahead.

Unfortunately, the most obvious solution to the problem, legislative measures, does
not seem to work. For instance, in Finland a recent poll by the Finnish Road Safety Council
revealed that over 30 percent of drivers admit texting while driving, despite of the fees on
hand-held device usage and distracting in-car activities while driving (Jaaskeldinen and
Poysti, 2014). This means that there is an urgent need for other, more effective means to
mitigate the negative effects of driver distraction by mobile devices. Other possible
approaches are, for instance, driver education and technological counter-measures. In order to

provide efficient counter-measures, the priority should be on means that are widely accepted
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by the drivers (Donmez, Boyle, and Lee, 2007). In this paper, we study the efficiency and
acceptability of context-sensitive distraction warnings that could serve this purpose.

2 DISTRACTION ALGORITHMS AND DRIVER ACCEPTANCE

Due to the increasing significance of driver distraction to traffic safety, a number of
distraction detection algorithms and distraction warning systems are currently under
development by car manufacturers (NHTSA, 2013a; Lee, Moeckli, Brown et al., 2013).
These warning systems operate on the basis of distraction detection algorithms, i.e.,
algorithms that are meant to detect when the driver is distracted. However, there are basic
conceptual difficulties in defining and operationalizing accurately what is distracted
(inattentive) driving (Regan, Hallett, and Gordon, 2011). This places great challenges for the
sensitivity and reliability of the algorithms in detecting distracted driving, and consequently,
to drivers’ acceptance of the distraction warnings.

Liang, Lee, and Yekhshatyan (2012) studied 24 different possible algorithms that
could be used for detecting distraction and evaluated their ability to predict crash risk based
on behavioral data collected in the 100 car study by Klauer et al. (2006). They concluded that
the most sensitive indicator for crash risk seemed to be algorithms that measure instantaneous
changes in off-road glance duration, that is, individual glance durations seem to matter. 1.5th
power of glance duration, glance history, or glance location, did not significantly improve the
sensitivity.

Even if the algorithms are highly valuable for indicating the general statistical link
between off-road glance durations and crash risk, environmental and external situational
factors (e.qg., driving speed, road curvature and road type) were missing in all of the evaluated
24 algorithms (Liang et al., 2012). That is, one can argue that the severity of an off-road
glance duration should be in a relationship with the visual demands of the driving situation,

as suggested by the naturalistic driving study of Tivesten and Dozza (2014) as well as the 100
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car study report by Klauer et al. (2006). Taking into account the situational visual demands of
the driving task could further improve the sensitivity of the single glance algorithms.

The existing and proposed distraction warning systems and detection algorithms do
not utilize context and driver data to the extent that could be possible with modern
technology. Instead, the algorithms focus only on off-road glance durations and the direction
of gaze (NHTSA, 2013a). Context-sensitivity of distraction warning systems could decrease
substantially the high levels of false alarms experienced with the current systems (NHTSA,
2013a). In addition, context-sensitivity could improve the visibility of the system behavior by
providing the driver a possibility to better associate the criticality of the warnings to the
observable demands in the driving environment (e.g., an intersection ahead). All these factors
should increase driver acceptance of these systems and make the systems more reliable. In
addition, positive learning effects could be expected if the driver learns to associate the
warnings to certain driving environments or situations observed ahead.

Like other available technical solutions to mitigate the negative effects of driver
distraction, such as braking and lane-keeping assistants, most of the distraction warning
systems today are reactive, that is, the systems react to observed distraction or its negative
effects by counter-measures (e.g., Wege and Victor, 2014; You, Montes-de-Oca, Baol et al.,
2012). This means often already a degraded driving performance.

Other, somewhat context-sensitive counter-measures act as workload managers,
limiting the access of drivers to certain in-car services when the situational demands are
considered to reach a certain level of high demand (Green, 2004). These kinds of forced
solutions are rarely well accepted by the drivers. In addition, the high workload conditions
are often recognized based on the high levels of activity by the driver (e.g., steering

frequency, Green, 2004; Brostrom, Engstrom, Agnvall, and Markkula, 2006), whereas lack of



sufficient attention on the driving task manifests often as low levels of activity compared to
what the situational driving task demands would require (Regan et al., 2011).

The ideas about drivers themselves acting as dynamic workload managers and driver
assistant systems for this purpose are relatively new (Donmez, Boyle, and Lee, 2008). A
basic requirement for this kind of tactical behavior is that the driver is capable to evaluate the
dynamic demands of each driving situation ahead. In-car tasks undermine this ability because
it has been shown that drivers can have a low level of awareness of their own performance as
well as the elements in the road environment while multitasking (e.g., Schémig and Metz,
2013; Young, Salmon, and Cornelissen, 2013; Horrey, Lesch, and Garabet, 2009). For
instance, Young and Salmon (2012) have suggested that high levels of cognitive workload
due to in-car task demands can have a negative effect on driver’s situation awareness of the
road environment, which could at least partially explain this inability. The study by Lee, Lee,
and Boyle (2007) indicated that brief glances off road together with cognitive load are
additive in their effects on drivers to miss safety-critical events in the driving environment.

In addition, even if the drivers would be aware of the situational driving demands, the
most popular survival strategy in multitasking while driving seems to be “ASAP”; the in-car
task is completed as soon as possible without considering the situational driving demands.
Horrey and Lesch (2009) showed that although drivers seemed to be aware of the demands of
the driving situation in their experiment, the drivers did not tend to postpone the presented
secondary tasks even if they were given the chance. Based on the findings, the authors
suggested that training drivers on tactical decisions and planning of timing in multitasking is
worth considering. The effects of this type of training of tactical and strategic skills has been
tested by Horrey et al. (2009), giving promising results. Another possibility is to provide real-
time feedback for the drivers (Donmez, Boyle, and Lee, 2007), or both real-time and

retrospective feedback (Roberts, Ghazizadeh, and Lee, 2012) on distracted behaviors. The



study by Donmez, Boyle, and Lee (2010) indicated the positive effects of combined real-time
and retrospective feedback on distracted driving behaviors among young high-risk drivers, in
particular. Roberts, Ghazizadeh, and Lee (2012) suggested that systems providing immediate
feedback on distracted behaviors are experienced in general as less pleasant and less easy to
use than retrospective feedback systems. However, the specific implementation of the
warnings can be argued to have a significant effect on the acceptability of the real-time
warnings.

Instead of mere feedback, one possibility is to give the drivers proactive suggestions
to postpone in-car tasks if the driving situation ahead is recognized as high demanding. A
proactive and context-sensitive distraction warning system that would adjust warning
thresholds according to the expected visual demands of the driving situation ahead and
indicate these in real-time for the driver could in principle answer the issues raised by earlier
research. In this paper, we study one possible implementation of such a prototype system
called VisGuard (“Vision Guard”, Kujala, 2013).

3 VISGUARD: PROTOTYPE FEATURES

In order to study the effects of context-sensitive distraction warnings on the drivers’ visual
behaviors and driver acceptance, we developed an Android-based mobile application called
VisGuard (Kujala, 2013). The VisGuard prototype application displays the warnings on the
smart phone that the driver is using while driving (see Figure 1). The application is intended
to work proactively; warning the driver of the usage of the phone already before the driver

enters a visually highly demanding situation.
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Figure 1. The warning icon on a smart phone screen.

The VisGuard prototype works as a background process in an Android smart phone. It
constantly monitors the GPS, and uses a special-purpose map to estimate the visual demand
level of driving at a given location on the road. The prototype was built using open source
software and open data for the main tasks: Open Street Map for the visual demand map and
Open CV software for gaze recognition. Near Field Communication (NFC) with a Radio-
Frequency Identification (RFID) tag can be used to automatically activate the software once
the driver places the device into a dashboard holder. For hand-held use, Android’s activity
recognition API is used to detect when the device is being used in a car. The software has
been verified on Samsung Galaxy S3 and Note 2, and may work also on other high-end
Android smart phones running Android 4.2 or later.

The visual demand algorithm behind the calculation of the adaptive situational
warning time is based on a driving simulator study with visual occlusion and 97 drivers by
Kujala, Mékeld, Kotilainen, and Tokkonen (2016). The data allowed us to identify visually

high-demanding driving scenarios in which visual distraction would be potentially



particularly dangerous. It also allowed us to adjust the warning thresholds for in-car glance
durations by situational and driver-specific factors.

The visual demand level is determined based on the experience level of the driver, the
proximity of intersections, junctions and pedestrian crossings ahead, the winding of the road
ahead, as well as the speed of the car. In addition, other forms of data, such as headway
distance, traffic, weather, visibility, and device input data, may be be utilized in future
implementations of the application.

The warning threshold is expressed here as a Warning Time (WT): a situation-
specific threshold for a single in-car glance duration above which off-road glances are
considered as risky. This varies from 0 to 2.0 seconds and corresponds to the time it takes to
travel with the driver-selected speed the distance the 85™ percentile of drivers preferred to
travel occluded (i.e., blinded) when fully concentrating on driving in the study of Kujala et al.
(2016). The use of the 85" percentile is based on a common standard in traffic engineering
(TRB, 2003), assuming that 15 percent of drivers represent risky or unacceptable behaviors in
traffic. The curvature of the road ahead is taken into account in our algorithm as OD = 85"
percentile OD - 9.1*W, where OD is the occlusion distance in meters and W Winding as
meter/meter, a measure of how much the driver needs to turn the steering wheel while driving
along the road, based on Kujala et al. (2016). The areas with 85" percentile ODs of less than
5 meters (e.g., in intersections or tight curves) are considered to be visually high-demanding,
and the WT is set to zero. When VisGuard determines that the threshold is exceeded or that
the WT=0 (a highly demanding area ahead), it shows a warning icon (Figure 1) on the screen,
which tells the driver to focus on the driving scene. For the areas of WT=0, the borders of the
area are calculated based on vehicle speed and the corresponding stopping distance to the

middle point of the area.



The application monitors the face of the driver in real-time, and aims to identify when
the driver is looking at the phone. The gaze recognition is technically based on the phone’s
front camera, Open CV face recognition software, and the angle of the driver’s face from the
camera. For optimal gaze recognition for our experiment, the smart phone was placed on a
dashboard holder so that the driver’s face was not recognized when the driver was looking
ahead on the road. It is known that people prefer to move their heads, instead of eyes only, if
the target is more than 30 degrees away from the line of sight (Flannagan and Sivak, 1993).
Therefore, a placement of the holder with at least a 30 degree angle to the driver was
preferred for the testing purposes (as in Figure 2). The negative side effect of this placement
is that it will recognize gaze to the device whenever the driver is looking at the right-hand
field of view, but it was assumed that the driver ignores what is on the display when looking
elsewhere in the driving environment. No sound or vibration was used by default, because of
the possibility of false alarms and the consequent possibility to capture the driver’s attention

unnecessarily in these situations.

Figure 2. The phone holder installed on the dashboard air vent.
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Grey circle symbol on the display indicated for the driver that gaze at the device is not
recognized and the fulfillment level of the circle indicated the WT for the current situation
(see Figure 3). This was intended to provide the driver a chance to check the WT with a very
brief glance (less than 500 ms) before the gaze tracking catches the gaze in order to support
the assessment of the expected visual demands of the situation ahead. Empty circle indicated
a 2.0 s warning threshold and a half circle a 1.0 s threshold. VisGuard started a countdown as
soon as a glance to the phone is identified. This was indicated by changing the color of the
circle symbol to orange and showing a counter inside the circle symbol (the circle filling up,
see Figure 3). In controlled laboratory settings the mean delay in gaze recognition for
Samsung Galaxy S3 was near 500 ms (RMSE=521 ms, N=49 glances) and the delay was
taken into account in the countdown. The orange symbol itself was intended to serve as a
reminder of a potentially dangerous activity and to remind the driver to look back at the road
before the orange circle was full. When a risky glance duration was observed by the
application (i.e., the circle had filled up), the warning icon was displayed (see Figure 1),
intended to signal the driver to pay attention to the road immediately. In situations with very
high visual demands, such as approaching an intersection or a tight curve, the warning
threshold was set to zero. In these situations, the warning icon was displayed immediately
based on the GPS and map information, regardless of the driver looking at the phone or not,

in order to minimize gaze time on the screen.
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Figure 3. The user interface icons: the circle symbols and the warning icon, and their relative

sizes.
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The application does not restrict the usage of the smart phone in any way. The idea is to leave
the final responsibility of safe driving to the driver, but the application is intended to help the
driver in estimating the risks and demands of her or his behavior. The application is not yet
available for the public.

4 METHOD

In order to test the effects of the VisGuard prototype on drivers’ in-car glancing behaviors
and to study how the drivers experience the application, we organized a test track experiment
and a survey with 31 participants.

4.1  Design and Hypotheses

The mixed-model experimental design of 2 x 3 x 2 focused on the effects of the following
independent variables; Warnings: Control/Warnings (within); In-Car Task Type:
Calculator/Navigation/Text message (within); and Driving Experience: Novices/Experienced
(between). In particular, we looked at in-car glance durations, their distributions, and the ratio
of glance time on road of the total task duration.

The dependent variables were glance time on road (%), percentage of over-2-second
in-car glances, and median in-car glance duration. In particular, the experiment tested
whether the VisGuard warnings affect these safety-relevant visual behaviors. Glance time on
road measures how much visual attention the driver devotes to the driving environment
during an in-car task. Low percentages suggest that in-car tasks are performed as fast as
possible, without regard for the situational driving conditions. Previously, for instance, Volvo
has utilized this metric in testing their distraction warning systems (Wege and Victor, 2014).
The ratio of in-car glances over 2 seconds to all in-car glances in percentage was chosen as
another metric, because it is a standard verification criterion in test guidelines for in-vehicle
electronic devices (NHTSA, 2013b) and it is known to have an association to elevated level

of a safety-critical incident risk in real traffic (Liang et al., 2012). In a similar fashion, if the
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median in-car glance duration is high, it suggests a high number of long safety-critical in-car
glances. According to Wierwille’s (1993) general visual sampling model, drivers tend to keep
off-road glance durations between on average 500 to 1600 ms in most traffic scenarios.
Median glance durations for an in-car task above 1600 ms could suggest high visual in-car
task demands that interfere with this general visual sampling tendency.

Furthermore, it is known that complexity of the in-car task increases the cognitive
demands of the task, which can lead to cognitive capture of attention (e.g., Young and
Salmon, 2012; Baumann, Petzoldt, Groenewoud, Hogema, and Krems, 2008; Blanco, Biever,
Gallagher, and Dingus, 2006). We studied three different in-car tasks with varying interaction
demands and complexity (see Table 1) in order to see if the in-car task demands interact with
the warning efficiency.

In addition, we were interested if the warnings are more useful for novice drivers than
for the experienced ones, as could be expected from the vast literature on risks related to
novice drivers (e.g., Wikman, Nieminen, and Summala, 1998). Experienced drivers are
expected to have a better situation awareness than the novice drivers already in the control
condition (Underwood, Chapman, Bowden, and Crundall, 2002) as well as to have lower in-
car glance durations in general (Wikman et al., 1998). The study by Donmez et al. (2010)
suggests that the warnings could be beneficial for high-risk novice drivers, in particular.
Based on the factorial design and the relevant literature, we formulated three hypotheses:

e H1. The warnings increase glance time on road and decrease individual in-car glance
durations.
e H2. The warnings are more efficient for novice than experienced drivers.
o The interaction Warnings x Driving experience should be significant and there

should be greater increase in glance time on road as well as greater reduction
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for Novices on the percentage of over-2-s in-car glances and median in-car
glance durations than for Experienced from Control to Warnings conditions.
e H3. The efficiency of the warnings is in-car task-dependent.
o This means that there should be significant interactions Warnings x In-Car
Task Type on the dependent measures. If these are observed, more detailed
analyses on the differences between the tasks are conducted.

In addition, the efficiency of the location-based (WT=0) warnings while multitasking
will be further analyzed by taking the most demanding part of the test track under a closer
analysis. The survey results should indicate the participants’ experiences and in particular,
the acceptance, of the warning system:

e H4. The participants experience the warnings as acceptable.
o The means for the constructed experience factors differ to a positive direction
from the midpoint of the scale, indicating positive general experiences towards
the application.

4.2  Participants

In total 31 participants were recruited via university’s student emailing lists. The
requirements for the participants included experience on smart phones, a valid driving
license, normal or corrected vision, and either less than 2,000 km (novice drivers) or more
than 50,000 km (experienced drivers) of lifetime driving experience. Twenty of the
participants were men (64.5%) and 11 were women (35.5%). The ages of the participants
varied between 18 and 67 years with the mean age being 31.2 years (SD 12.1). The
participants had had their driving license on average 12.3 years (SD 11.6). There were 10
novice (in or just out of driving school with less than 2,000 km of lifetime driving
experience) and 21 experienced (with over 50,000 km of lifetime driving experience) drivers.
Due to technical difficulties with the face recognition during the practice trials, one novice
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and one experienced driver did not drive the trials, but they were introduced to the system
with a demonstration and they filled in the survey based on this experience (N=31 for the
survey). Due to vibrations of the car and low levels of light during trials driven after sunset,
the quality of the video image of these trials proved to be challenging to code the eye-
movements reliably afterwards from the videos. This led to a sample size of N=24 (9 novices
and 15 experienced drivers) for the glance analyses. All the participants were rewarded with a
movie ticket, a mobile car holder, and a car charger.

4.3  Apparatus

The experiment was conducted on a driving practice track in Lievestuore, Finland during two
consecutive weekends in early March 2014. The track was closed from other vehicles. The
utilized car was a Volkswagen Golf GTI 2005 with direct shift automatic transmission to

make the driving task as fluent and easy as possible (Figure 4).

Figure 4. The car on the Lievestuore track.

The driving paths on the track and the highly demanding parts of the track (WT=0) are
illustrated in Figure 5. The most demanding parts of the track (circles in Figure 5) included
three intersections as well as four tight bends with low visibility. The most demanding path
on the track included a three-way intersection after an icy downhill slope, a stop sign and a
tight (over 90 degrees) turn to right with low visibility. As an additional “warning sign”, there

was a wrecked car on the right-hand side of the road, which marked the start of the WT=0
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area in the intersection. The driving paths and directions were varied between the trials and

participants in order to mitigate unwanted learning effects.

Figure 5. The driving paths on the track. The circles indicate high demand areas with WT=0,
the intersection marked with stop a sign being the most demanding area.
Two Samsung Galaxy S3 smart phones (GT-19305, Android 4.4.2) had the VisGuard
application installed and these were alternated between the Warnings blocks. The dashboard
holder was securely installed on the passenger side air vent, as seen in Figure 2. The angle of
the phone towards the driver was adjustable, and was adjusted for each driver for optimal
gaze recognition before each trial. In the other phone, the VisGuard warnings were set off,
and in the other, they were set on. The phones had differing content (e.g., text messages), but
the search targets were always set on the same locations. In addition, the smart phone with
the warnings on was switched between days. These controls kept task complexity at a similar
level across the conditions.
In contrast to possible real-world application settings, in the experiment, the same

warning times for both novice and experienced drivers were used in order to avoid this

confounding variable on the analyses of the effects of driving experience. Because of the
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fairly static and low visual demands of the practice driving track (excluding the areas with
WT=0) and the low, but fairly constant driving speed (max 40 km/h), the WTs remained at
almost static ca. 1.7 s levels on the relatively straight parts of the track.

A Sony HD video camera was used to capture driver’s gaze and the screen of the
smart phone in the holder. The camera was on a holder attached to the backseat of the car and
operated by a research assistant who was recording the driver’s gaze via a rearview mirror.
An extra-large rearview mirror placed above the standard rearview mirror was used in order
to keep the driver’s eye constantly visible in the video image. Other equipment included a
laptop for filling in the two (pre- and post-experiment) questionnaires online.

4.4  Procedure

At the arrival to the driving track, the participants filled in a consent form and a pre-study
questionnaire for demographic data. After this phase, they completed four practice tasks with
a Galaxy S3 smart phone while being stationary. The conducted tasks were similar to the
tasks used later in the experiment. The participants were given the time they needed to get
comfortable with driving on the track and the car with its controls. Two practice tasks
without warnings were performed while driving; a task of using the calculator to count “89-
56 and a task of searching and setting a destination (by typing and selecting a suggestion) to
Tampere. Before the experiment and between each trial, a gaze recognition test was
performed and the car phone holder adjusted, if needed.

In the trials, the in-car tasks started always on the home screen and the car was
stationary at the starting position in the big crossings (in the middle of Figure 5) before the
participant said to be ready to start the next trial. The participants were briefed to focus on the
driving, to try to keep the speed near the assigned speed limit of 40 km/h if possible, and to
try to keep the car on its lane. However, the participants were asked to adjust the speed

according to the situation and their own feeling. In addition, the participants were instructed
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to drive as if they are driving in real traffic and to obey traffic regulations. For safety reasons,
there was no other traffic on the track during the trials. However, as there was no fence on the
track, there was always a possibility of other road users. Therefore, the participants were
instructed to pay attention to the road. Even though the safety measures were strictly
enforced, in three trials the risk of other road users was realized when hikers were crossing
the track. However, no safety-critical incidents occurred during these events.

The participants were further instructed that there is always the possibility of
unexpected events, as for example the road surface can be slippery. Therefore, they were
instructed to take their time in completing the tasks with the smart phone. They were also told
to use their own discretion in completing the tasks. However, they were instructed to keep the
car in movement, if possible, when completing the smart phone tasks. They were instructed
to take turns only according to the verbal instructions given by the experimenter sitting on the
passenger seat. An important last advice was that if they would hear someone saying STOP,
they should brake the car to a halt immediately.

The in-car tasks were selected to be equal with realistic in-car activities one could
imagine drivers are willing to engage in while driving (see Table 1). The in-car tasks varied
in many aspects, but the Gallery task was used as a practice task to reduce unwanted learning
effects. It was the simplest task at least in terms of the number of interaction steps required as
well as the number of possible interaction options per screen. The last Text message task was
intended to be the most visually complex one, as it involved visual search of finding five
targets in an unordered list among 13 items in total in a sentence-like text message. Blanco et
al. (2006) as well as Kujala and Saariluoma (2011) have shown that finding a semantic target
on a compressed text is a visually highly demanding task while driving. In addition, it

included a small cognitive decision-making component of choosing if an item is a member of
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the target category (dairy product or fruit), whereas the other tasks included only a memory

component of remembering the verbal target.

Table 1

In-Car Tasks (Trials) in the Order of Execution per Block (Top-Down).

Task type  Black phone White phone Task steps
Gallery Find an image of a dog (with Find an image of a sheep (with 1. Gallery
page-by-page scrolling) page-by-page scrolling) 2. Browse (7 items)
Calculator Use the calculator to count Use the -calculator to count 1. Calculator (on the
851/742, and 269*358 962*853, and 158/247 Home screen)
2. (E.g.) 962*853=
3. (E.g.) 158/247=
Navigation Search and set a destination to Search and set a destination to 1. Google Maps (on
Helsinki, after which stop the Jyvéskyld, after which stop the the Home screen)
navigation and search and set a navigation and search and set a 2. Search
destination to Oulu destination to Turku 3.(E.g)h
4. (E.g.) Helsinki
5. Car icon
6. Select a route
7. Start
8. Stop the guidance
(and go to 2.)
Text Read a text message — read Read a text message — read 1. Messages (on the
message aloud what dairy products you aloud what fruits you have to Home screen)

have to buy from the grocery
store

buy from the grocery store

2. Select the first
message in the menu
3. Read the targets
aloud (13 items with
five targets)

The tasks with the same phone (i.e., warnings off or on) were performed in a sequence in a

block, but the orders of the Control and Warnings blocks were counter-balanced across the

sample and level of driving experience. In addition, the exact contents of the task varied with

the phone (black or white, see Table 1) and therefore, from the Control to Warnings blocks

from day to day.

After the trials, the participants filled in a post-study questionnaire on their

experiences, after which they were rewarded. A single experiment lasted on average one hour

and 15 minutes.
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4.5  Survey Design

Before the experiment, the participants filled in a web-based pre-study questionnaire, which
included questions about the participants’ background such as gender, age, and amount of
years the participants had had a driving license. The results of the pre-study questionnaire
were mostly used in analyzing the demographic data from the participants, which is presented
in the “4.2 Participants” section of this paper.

After the experiment, the participants filled in a web-based post-study questionnaire,
which included statements (i.e., questions or items) about the VisGuard application. Most of
these statements were positive in nature (e.g., “The application was useful for me”), but the
questionnaire included also some negative statements (e.g., “The application was annoying”).
The answering options for the statements were in a 5-point rating scale with response options
ranging from “strongly disagree” (1) to “strongly agree” (5). Response option 3 was “neither
agree nor disagree”. Each statement had also an additional text field for possible open
comments regarding the chosen answering option. The post-study questionnaire items and the
constructed factors based on these are presented in the “4.6 Analysis” section of this paper.

In detail, the post-study questionnaire included questions about different themes,
which were based on previous literature. From research regarding trust in technology, the
questionnaire had three items related to the application’s trustworthiness (Lee and See, 2004;
Dzindolet et al, 2003), perceived consistency (i.e., reliability) (Lee and See, 2004; Bisantz
and Seong, 2001), and timeliness (Grandison and Sloman, 2000). In addition, two items were
related to whether the participant would recommend the application (Jonsson, Harris and
Clifford, 2008; Ghazizadeh, Lee and Boyle, 2012) and to application designers’ benevolence
(Lee and See, 2004; Mayer, Davis and Schoorman, 1995).

From technology acceptance research, two items were related to the application’s and

its warnings’ perceived usefulness (Roberts, Ghazizadeh, and Lee, 2012; Pavlou, 2003;
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Venkatesh and Davis, 2000) and another two on whether the participant would use the
application after the study (Venkatesh and Davis, 2000). Also, four items were related to the
general acceptance of the application and user satisfaction (Pavlou 2003; Venkatesh and
Davis, 2000; Lewis, 1995; Van der Laan, Heino and De Waard, 1997). In contrast to
perceived usefulness, four items were related to the perceived harmfulness (Bisantz and
Seong, 2001) and annoyance (Van der Laan, Heino and De Waard, 1997; Weinstock, Oron-
Gilad and Parmet, 2012) related to the application.

In addition, four items were related to the suitability of the application for its intended
task (i.e., validity) (Lee and See, 2004; Venkatesh and Davis, 2000). The application
developers’ definition of the application’s intended task was defined before these statements
in the questionnaire. Finally, further four items related to the participants’ experiences with
the functioning of the circle symbol of the application. The questionnaire included also other
items regarding, for example, the participants’ opinions about the commercialization of the
application, but the results of those items are not analyzed or reported here as they are not in
the focus of this paper.

4.6  Analysis

Because of the expected unreliability in the glance data collected with VisGuard, two data
reducers coded independently the in-car glance durations to the smart phone from video after
the SAE-J2396 standard (SAE, 2000). Noldus Observer XT software was used for coding the
glance data. Inter-rater reliability was assessed by calculating Cohen’s Kappa and Intraclass
Correlation Coefficient (ICC) for the glances of eight randomly selected trials the both data
reducers had scored. Both metrics indicated high levels of inter-rater reliability
(Kappa=0.874, 95% Cls [0.848, 0.900], N=160; ICC=.910, 95% Cls [.871, .937], N=122).
For Kappa, there were 140 events during which both data reducers scored a glance within

500 ms of each other, and a total of 20 events when only one of them did.
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Repeated measures ANOVA and paired samples t-tests were used for testing the
hypotheses on the glance metrics. For each ANOVA, assumptions of sphericity were
confirmed. If the assumption of sphericity was violated, degrees of freedom were adjusted
with the Greenhouse-Geisser correction.

The received questionnaire answers were analyzed with exploratory factor analysis
(Principal Axis Factoring) using IBM SPSS Statistics (Version 20). The used rotation method
was Varimax with Kaiser Normalization. The purpose of the exploratory factor analysis was
not to create a novel general scale but to reduce the data set by constructing the most suitable
factors amongst the items for the purposes of the current experiment (H4). Twenty-five
questionnaire items that were based on the previous research presented in “4.5 Survey
Design”, and which correlated at least with r = .5 with at least one other item were selected to
the initial factor analysis.

The factor analysis was done five times, because some of the items originally thought
to contribute for the acceptance-related factors had to be excluded from further analysis. On
the first run, "I could recommend this application to my friends™ had high cross loadings (>
40), "The intentions of the application’s designers are good" had no loadings at all, and "I am
satisfied with the application” had high cross loadings on the second run. On the third run, the
items "The application supported my driving performance”, "The application supports my
safe driving"”, "The warnings support my safe driving", and "The circle symbol did not have a
harmful effect on my driving performance”, had still high cross-loadings, and were removed.
On the fourth run, items "The warnings given by the application were annoying"” and "The
application increased my alertness in traffic” had high cross-loadings, and one of the factors
had only two items with loadings over .40; "I was happy to use the application™ and "I
accepted the application as part of my driving activity during the study". All these items were

removed before the fifth run. In addition, the item "The application works well in its intended

22



task" was removed from the final solution, as it loaded only for a factor otherwise closely
related to the circle symbol.

For the final solution with 13 items, the Kaiser-Meyer-Olkin measure of sampling
adequacy was .65, that is, greater than the limit of acceptable (.50, Kaiser, 1974), and
Bartlett’s test of sphericity indicated high significance, y?(78) = 250.643, p<.001, indicating
that factor analysis is appropriate. All the communalities were over .40. Following the Kaiser
criterion, only factors with Eigenvalues over 1.0 were selected. This resulted in the selection
of four factors. Scree-plot indicated the last notable drop in the Eigenvalues after the fourth
factor, after which there was a less steep decline. The rotation converged in 5 iterations. The
factor loadings are presented in Table 2.

Table 2

Factor Loadings for Exploratory Factor Analysis with Varimax Rotation of the Questionnaire Items.

Item Factor Factor Factor Factor
1 2 3 4

The warnings given by the application appear when they are .76 33 -.27 12
needed.

The application works coherently and logically. .62 .03 -.29 21
The application is trustworthy. .63 .39 .05 .29
After this study, | could use the application every day while .33 .79 -21 14
driving.

I could use this application after the test run. A1 73 -14 .23
The warnings that the application gives are useful for me. 24 .80 -.16 -.04
The application was useful for me. .02 .78 -.10 -.09
The warnings had a harmful effect on my driving performance. -.07 -.28 .78 -.01
The application had a harmful effect on my driving performance. -.26 -.05 .78 -14
The application was annoying. -12 -.18 a7 -.29
The circle symbol was not annoying. * .02 -.08 -12 .78
The circle symbol supports my safe driving. .29 A7 -.25 .76
The circle symbol is useful for me. .23 .09 -.05 .69

Notes ‘Reverse-coded values. Factor loadings > .40 are in boldface. N=31.
Factors were constructed from items that had a loading of over .40, but only if the
Cronbach’s alpha was over .70. The factors were finally selected and labeled according to

themes identified based on the literature presented in “4.5 Survey Design”. Table 3 presents
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the questionnaire items that contributed to the four different factors identified in the factor
analysis. All the four factors can be interpreted as indicative of an underlying factor
contributing to the acceptance of the application. The four factors explained 67.1% of the
total variance of the items. Finally, means for the constructed factors were calculated by
adding up the scores of each item in a factor and dividing the total by the number of items
included in the factor. We hypothesized that the scale means for the constructed factors
differed to a positive direction from the theoretical mean (or median) of 3.0 (one-sample t-
test and one-sample Wilcoxon Signed Rank test), indicating a positive general experience on
the latent factors (see H4).

Table 3

Factor Loading of Each Questionnaire Item and Cronbach’s Alpha for Each Identified Factor.

Factor number and short label / Item (Factor long label) (% of total variance) Factor «
Loading
Factor 1: Trust (Trust in the application) (13.4%)" .79
The warnings given by the application appear when they are needed .76
The application works coherently and logically .62
The application is trustworthy .63
Factor 2: Usefulness (Usefulness of the application) (21.8%)* .88
After this study, I could use the application every day while driving .79
I could use this application after the test run 73
The warnings that the application gives are useful for me .80
The application was useful for me .78
Factor 3: Harmfulness (Harmfulness / annoyingness of the application) (16.5%)" .85
The warnings had a harmful effect on my driving performance .78
The application had a harmful effect on my driving performance .78
The application was annoying g7
Factor 4: Circle symbol (Functioning of the circle symbol) (15.4%)" .82
The circle symbol was not annoying? 78
The circle symbol supports my safe driving .69
The circle symbol is useful for me .78

Notes 'Rotation sum of squared loading (% of variance), > Reverse-coded values. N=31.
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For all the statistical analyses the alpha level was set to .05. For multiple comparisons,
Bonferroni correction was applied for the alpha level. Where applicable, partial eta-squared
and Cohen’s d were used as a measure of effect size.

) RESULTS AND DISCUSSION

5.1 Glance Metrics

The glance metrics indicated varying levels of support for the hypotheses. The glance metrics
relevant for the three hypotheses H1-H3 are presented in Table 4.
Table 4

Glance Metrics Relevant for the Hypotheses H1-H3 (N=24). Values are Means (Standard Error of

Mean).

Glance time on road Percentage of over-2-s  Median in-car glance
(%) in-car glances (%) duration (s)

Control ~ Warnings  Control Warnings  Control ~ Warnings
Total 55.4 (2.7) 62.3(2.3) 281(41) 29.1(4.4) 157(09) 1.58(.09)
Calculator 60.5(2.6) 63.7(25) 24.9(44) 22.4(4.0) 1.49(09) 1.42(.08)
Navigation 58.6 (2.8) 61.6(2.6) 24.1(3.7) 26.6(4.2) 1.44(09) 1.52(.09)
Text message 470(36) 61.0(2.7) 30.6(4.7) 340(57) 1.70(10) 1.75(.11)
Novices 56.9(4.2) 62.7(36) 32.6(6.3) 31.0(6.7) 1.66(13) 1.59(.14)
Experienced 53.9(3.5) 61.8(3.0) 235(5.3) 27.3(56) 1.49(11) 1.57(.11)

A significant main effect of the VisGuard warnings was observed on glance time on road,
which was increased on average by 12.5 percent, F(1,20)=13.125, p=.002 partial n°=.396.
However, no significant effects were found on percentage of over-2-second in-car glances
(p=.743) or on median in-car glance durations (p=.908). Therefore, Hypothesis 1 was
supported by the fact that the warnings increased glance time on road, but not supported by
the absent effects on individual in-car glance durations.
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There were no significant interaction effects of warnings and driving experience on
glance time on road (p=.578), percentage of over-2-second in-car glances (p=.409), or
median in-car glance duration (p=.301). This finding suggests the effects of the warnings are
independent of the driving experience of the driver (i.e., Hypothesis 2 is rejected). In general,
the novice drivers seemed to have a greater number of over-2-second in-car glances than the
experienced (see Table 4), but the difference was not significant with this sample size (only 9
novice drivers). Due to the unequal group sizes, we tested the main effect of driving
experience on in-car glance metrics in the control and experiment conditions by averaging
over the tasks, and by testing the differences also with Welch’s t-test that is more reliable
when the two samples have unequal sample sizes. Still, we did not find significant
differences between the driving experience groups with any of the in-car glance metrics
(glance time on road, control: p=.566, experiment: p=.843; percentage of over-2-second in-
car glances, control: p=.274, experiment: p=.670; median in-car glance duration, control:
p=.308, experiment: p=.904).

There was a significant interaction effect of Warnings and In-Car Task Type on
glance time on road (F(2,28.198)=10.975, p=.001, partial n?=.354), but not on percentage of
over-2-second in-car glances (p=.579), or on median in-car glance durations (p=.434). These
findings give partial support for Hypothesis 3; the efficiency of the warnings on glance time
on road seems to be in-car task-dependent. However, more detailed analyses are required in
order to better understand the task type effects on the efficiency of the warnings.

All the in-car task types proved to be visually demanding because the mean
percentages of over-2-second in-car glances were well above the 15 percent for the 85"
percentile verification criteria for in-car tasks set by NHTSA (2013b) (Calculator: 25.7
[SEM=4.0], Navigation: 27.5 [SEM=3.9], Text Message: 32.6 [SEM=4.8]). The driving

speeds were low (40 km/h) compared to the NHTSA (2013b) testing scenario (80 km/h),
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which may partly explain the high percentages. On the other hand, the visual sampling model
of Wierwille (1993) suggests that drivers prefer to keep in-car glance durations well below 2
seconds in most traffic situations.

More detailed analysis revealed that there were significant differences between the in-
car task types on glance time on road (F(2,40)=7.485, p=.002, partial n?=.272), percentage of
over-2-second in-car glances (F(2,40)=3.333, p=.046, partial n°=.143), as well as median in-
car glance durations (F(2,40)=11.800, p<.001, partial n?=.371). The mean differences
between the in-car task types are displayed in Table 5. Paired comparisons revealed, as
expected, that the Text message task seemed to be the most visually complex task with the
glance time on road as well as on the median in-car glance duration metrics. Besides the Text
message task, the participants seemed to be able to follow the general visual sampling
behavior suggested by Wierwille (1993); keeping the median in-car glance durations below
1.6 seconds (see Table 4).

Table 5

Mean Differences Between In-Car Task Types (N=24).

Glance time onroad  Percentage of over-2-  Median in-car glance

(%) s in-car glances (%) duration (s)
Text message - Calculator -8.9** (p=.001) 7.0 (p=.024) .243*** (p<.001)
Text message - Navigation -6.0 (p=.032) 5.2 (p=.051) .204** (p=.001)
Navigation - Calculator -2.8 (p=.200) 1.8 (p=.562) .039 (p=.518)

Notes * p < .017 (Bonferrroni-adjusted alpha level for multiple comparisons), ** p <.01, *** p <.001

However, the greatest effect of the warnings on glance time on road was also seen in the
visually most complex Text message task (see Figure 6). The percentual increases on glance
time on road from Control to Warnings condition per task type were 5.3% for the Calculator
(t(23)=1.393, p=.177), 5.1% for the Navigation (t(23)=2.210, p=.037, d=.225), and 29.7% for

the Text message (t(23)=4.407, p<.001, d=.929). The increases on glance time on road were
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achieved without significant increases on individual in-car glance durations (Table 4).
Because of confounding factors, we cannot say definitely that the visual complexity of the in-

car task affected the efficiency of the warnings but it seems to be one plausible factor.
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Figure 6. Mean glance time on road (%) by Warnings and In-Car Task Type (N=24). The
bars represent 95% Cls.

Due to varying lighting conditions, we noted a number of technical difficulties in gaze
tracking with the VisGuard application, which may at least partly explain the absent effects
of the warnings on the individual in-car glance durations. Therefore, we wanted to see if the
observed effects of warnings on glance time on road would be due to the location-based
warnings (WT=0) that worked reliably based on the GPS signal, and thus, did not require the
gaze tracking. We took the glance time on road in the most demanding intersection on the
track with the stop sign (see Figure 5) and WT=0 under closer analysis. The driving
directions and paths were systematically varied between the participants in order to mitigate

unwanted order effects, but 14 participants drove the Calculator and Text message trials on
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exactly the same path that included the stop sign intersection for both Control and Warning
conditions. The sample of the 14 participants was in balance for the trial orders. This enabled
us to analyse if the general task type effect was visible in the glance time on road also in this
highly demanding intersection. The glance time on road was coded frame-by-frame from the
video material from a clearly visible landmark (the wrecked car on the side of the road)
leaving the picture as marking the starting point of the WT=0 section to another clear
landmark (a ploughing stick) leaving the picture as marking the end point of the section
identically for both Control and Warnings conditions.

Figure 7 illustrates that, at a general level, the participants seemed to acknowledge
that the intersection required more visual attention than driving in general and in the
Calculator trials they were successful in devoting high levels of visual attention on the road
environment. However, in the Text message trial in the Control condition, the mean glance
time on road was only 71.3% compared to the 93.5% in the Calculator trial in the Control
condition (t(13)=2.971, p=.011, d=1.105). The warnings succeeded in raising the percentage
up to 90.1% (26.4% increase) in the Text message Warnings trials (t(13)=2.761, p=.016,
d=.838. These findings give further support for the result that the Text message tasks were
the most engaging ones, capturing participants’ attention also in highly demanding situations
and perhaps undermining their situation awareness. However, the location-based warnings
(WT=0) seemed to increase participants’ attention on road on these tasks, at least on this

highly demanding point of the track.
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Figure 7. Glance time on road (%) by Warnings and In-Car Task Type in the most demanding
intersection on the track with WT=0 (N=14). The bars represent 95% ClIs.
Overall, the glance metrics indicated that the warnings increased glance time on road, and in
particular in the visually most complex Text message trials, whereas no effects on individual
in-car glance durations were found. Driving experience, or the lack of it, did not affect the
efficiency of the warnings. The missing effects on in-car glance durations by the warnings
can be attributed to the poor working of the gaze tracking in real driving environment with
varying lighting conditions. However, the location-based warnings (WT=0) seemed to have a
clear impact on the participants’ glance time on road and in particular in the visually complex
Text message tasks. This finding is well reflected in the analysis on the glance time on road
in the most demanding intersection, as illustrated above, but also in the survey results on the

participants’ experiences towards the application.
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5.2  Survey Results

Table 6 presents the means and standard deviations for the four different factors identified in
the factor analysis as well as for the individual questionnaire items that contributed to the
factors.

Table 6

Mean and Standard Deviation for Each Identified Factor and Contributing Questionnaire Item.

Factor number and short label (Factor long label) / Item M SD
Factor 1: Trust (Trust in the application) 3.71 .68
The warnings given by the application appear when they are needed 3.61 .96
The application works coherently and logically 3.94 .68
The application is trustworthy 3.58 a7
Factor 2: Usefulness (Usefulness of the application) 3.45 91
After this study, | could use the application every day while driving 3.10 1.25
I could use this application after the test run 3.77 .88
The warnings that the application gives are useful for me 368 111
The application was useful for me 3.26 97
Factor 3: Harmfulness (Harmfulness and annoyingness of the application) 2.06 .92
The warnings had a harmful effect on my driving performance 1.94 .93
The application had a harmful effect on my driving performance 206 1.15
The application was annoying 219 1.05
Factor 4: Circle symbol (Functioning of the circle symbol) 3.23 1.02
The circle symbol was not annoying* 355 115
The circle symbol supports my safe driving 306 121
The circle symbol is useful for me 3.06 121

Notes ' Reverse-coded values. N=31.

As can be seen from Table 6, in general, the means of the identified factors indicated
positive experiences of the participants towards the application. The participants’ textual
questionnaire comments regarding the application also supported the received mean values of
the factors. For example, the rather high level of trust in the application (M = 3.71, SD = .68)
was reflected in the following participant comment: "The application had relevant warnings

in dangerous situations. The detection of dangerous situations works well". The usefulness of
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the application (M = 3.45, SD = .91) was commended, for example, in the following way: "It
is a useful application, which increases the safety of driving".

The low level of experienced harmfulness and annoyingness of the application (M =
2.06, SD =.92) was supported by the following comment: "The usage of the application did
not have a harmful effect on my driving performance. Instead, I think it improved it". Finally,
Factor 4: Functioning of the circle symbol (M = 3.23, SD = 1.02) received a mean only
slightly larger than 3.0. In line with this result, the participants commented the circle symbol
to be "rather unnoticeable” and "difficult to read". Furthermore, one participant commented
that "The warning triangle works nicely, but the circle symbol does not — it is difficult to
perceive".

Hypothesis 4 that the scale means for the constructed factors differ to a positive
direction from the theoretical mean of 3.0 was tested with one-sample t-test. In addition, the
result of non-parametric one-sample Wilcoxon Signed Rank test (with 95% confidence level)
was used to support the one-sample t-test result with each factor. The results of these
analyses are described in Table 7 along with the short labels of the factors. Based on these
results, the means differ statistically significantly from 3.0 on all the other factors, except on
Factor 4 (Circle symbol). The reason for Factor 4 to not differ statistically significantly from
3.0 may be that the participants did not seem to experience the circle symbol to be neither
very useful nor harmful. Rather, their attitudes were neutral towards the circle symbol. This
was reflected in participant comments such as "I think the circle symbol did not have an
effect on my behavior™ and "I focused more on the given task and on the driving [than on the

circle symbol]".
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Table 7

Factors’ One-sample Test Mean Differences, One-Sample t(30) values and Wilcoxon Signed Rank

Test Z Values With Their Significance Levels.

Factor’s short label One-sample test One-sample Wilcoxon Signed Rank
mean difference t(30) value Z value

Factor 1: Trust 0.71 584" 4,057

Factor 2: Usefulness 0.45 2.787 2.28"

Factor 3: Harmfulness -0.94 -5.68"" -4.05"

Factor 4: Circle symbol 0.23 1.23 1.26

Notes * p < .05, ** p<.01, *** p <.001

With all the other factors (than Factor 4), the means of the factors were statistically
significantly greater than 3.0, except with Factor 3 (Harmfulness), which was significantly
lower than 3.0. This result is due to the fact that, in contrast to the other factors, all the
statements regarding the application in Factor 3 were negative.

Pearson correlations between the factors were calculated (see Table 8) to establish the
construct validity of the factors. Table 8 indicates that the correlations between the factors
were otherwise statistically significant (at least on the .05 level), except that the factors
"Usefulness of the application” or "Harmfulness and annoyingness of the application™ did not
correlate with the "Functioning of the circle symbol" factor. Based on this result — and also
on the comments given by the participants regarding the circle symbol — it can be concluded
that the circle symbol’s functioning was not experienced to have importance over the general
perceived usefulness (or harmfulness) of the application. Rather, especially the warnings
given by the application were experienced to contribute to the perceived usefulness of the
application, which became also evident in participant comments like the following one: "Yes,

the warning triangle was useful, and it could have been even more visible".
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Table 8

Correlation Matrix Presenting the Values (Pearson’s r) for Inter-Correlations between the Identified

Factors.

Factor short label Trust Usefulness Harmfulness Circle symbol
Trust 1 -

Usefulness 0.52" 1

Harmfulness -0.42" -0.38" 1

Circle symbol 0.43" 0.20 -0.35 1

Notes * p < .05, *p<.01

There were also other relevant items in the post-study questionnaire than the ones
presented in Table 6. These individual questionnaire items are presented in Table 9 in a
descending order by the mean value. The individual item means are well in line with the
factor means, further supporting the notion that the application was well accepted by the
drivers.
Table 9

Mean and Standard Deviation for Each Individual Questionnaire Item Left Out of the Factor Analysis.

Sorted by Mean.

Item M SD
The intentions of the application’s designers are good 4.58 .56
I accepted the application as part of my driving activity during the study 4.19 .70
The warnings support my safe driving 4.06 a7
I could recommend this application to my friends 4.03 .88
I was happy to use the application 3.94 .81
The application supports my safe driving 387 1.02
The application works well in its intended task 3.74 .82
The application increased my alertness in traffic 3.74 .82
| am satisfied with the application 3.55 .85
The application supported my driving performance 3.48 .96
The circle symbol did not have a harmful effect on my driving performance* 342 1.09
The warnings given by the application were annoying 216 1.04

Notes * Reverse-coded values. N=31.
The four individual items intended to measure the suitability of the application for its

intended purpose got all median scores higher than 3.0 (one-sample Wilcoxon Signed Rank
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test); "The application works well in its intended task" (Z = 3.77, p <.001), "The application
increased my alertness in traffic" (Z = 3.77, p <.001), "The application supports my safe
driving" (Z = 3.64, p < .001), and "The warnings support my safe driving" (Z = 4.44, p <
.001). The suitability was commented, for example, in the following way: "If you use a
mobile (phone) while driving, the application will increase the safety of driving".

Based on the survey results, it can be said on a general level that the application was
well accepted by the participants (H4 supported). The application was trusted by the
participants as they felt that it works coherently and logically especially in demanding road
locations (e.g., tight curves or intersections). The warnings of the application were
experienced to be useful and the participants thought they could use the application also after
the study. This attitude was also indicated in the survey results regarding the harmfulness and
annoyingness of the application and its warning messages, which were experienced to be
fairly low. The suitability of the application for its intended task (to support safe driving) was
thought to be high, especially in demanding road situations according to the participants.
However, the survey results suggest that the functioning of the circle symbol needs
reconsideration in order for the application to support safe and distraction-free driving even
better.

6 GENERAL DISCUSSION

In this paper, we have studied the effects of a context-sensitive distraction warning
application on in-car glance behaviors and subjective experiences of drivers who conducted
smart phone tasks on a test track while driving. We have also studied the moderating effects
of driving experience and in-car task type on the efficiency of the warnings. The general goal
of the study was to better understand the effects of the proactive and context-sensitive

distraction warnings on drivers’ visual behaviors and acceptance.
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The glance metrics indicated a significant increasing effect of the VisGuard warnings
on the glance time on road while multitasking with the smart phone. The average increase
was 12.5 percent of the total in-car task time. VVolvo has reported even 37 percent increases
on glance time on road with their Visual Distraction Alert (VDA) systems (Wege and Victor,
2014). However, Volvo’s studies have been conducted in driving simulators in highly
controlled settings, whereas our experiment was done in a real car with varying
environmental conditions, although on a closed track. Our experiences clearly indicated that
gaze tracking with current smart phones outside the laboratory is highly unreliable due to
varying lighting conditions. Besides the variable environmental lighting conditions, we found
the gaze tracking based on face recognition, head pose, and phone holder position in the
passenger side air vent problematic. The method requires that the driver turns his/her head
sufficiently towards the phone for optimal gaze recognition. In addition, the holder position
makes it challenging to utilize peripheral vision for driving while looking at the phone.

The in-car task type had a clear effect on the efficiency of the warnings on the glance
time on road. The maximum increase of 29.7% on glance time on road was observed with the
visually most complex Text message tasks. The findings are in line with previous research,
suggesting that the increased demands of in-car tasks decrease drivers’ ability to
appropriately evaluate the dynamic visual demands of the driving situation (Young and
Salmon, 2012; Baumann et al., 2008; Blanco et al., 2006). According to the data, the context-
sensitive distraction warnings can help drivers in overcoming this inability and to place more
attention on the road.

However, the in-car tasks differed also in many other aspects than the measured
visual demand and these confounding effects should be considered when drawing
conclusions. For instance, the Text message reading task included the lowest number of

manual interactions (only two inputs to open the message) and the warning icon was
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displayed always closer to the visual targets (i.e., the message) than in the other tasks. The
other tasks’ input elements, in particular, were often located on the lower part of the smart
phone display (N.B. the icon did not cover the targets in any task). Due to the latter aspect,
the warning icon could have been noticed more easily in the Text message trials than in the
others. The Text message trials were also always the last trials within a block. However, the
data suggests that the visual complexity was significantly higher and the glance time on road
considerably lower for the Text message tasks in the Control condition (at least for the most
demanding section of the track) than for the other task types. It seems the participants were
able to prioritize the driving task at a sufficient level in the Control conditions in the other
trials, but not in the Text message trial. The warnings seemed to increase the glance time on
road to a comparable level for the Text message task compared to the other tasks. Therefore,
it is hard to see how the other (listed) task properties than the visual or cognitive complexity
could explain the observed interaction between the warnings and the in-car task type on the
glance time on road. The text message task represented the only in-car task in which there
was a clear cognitive component together with the brief off-road glances, an unfavorable
combination from the viewpoint of missing safety-critical events in the road environment
(Lee et al., 2007).

Against our expectations, there were no significant interaction effects of warnings and
driving experience on any of the glance metrics. The finding suggests the effects of the
warnings are independent of the driving experience of the driver. In general, the novice
drivers seemed to have a greater number of risky over-2-second in-car glances in general than
the experienced drivers (as in Wikman et al., 1998), but the difference did not become
significant with our sample size. In the study by Donmez et al. (2010) their distraction
feedback had a significant effect on the glance behavior of the high-risk drivers only. The

study suggests there are individual differences in visual sampling behaviors among young,
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inexperienced drivers, in a similar fashion as one can expect differences among more
experienced drivers. Therefore, the novice drivers in our study should probably not be
regarded as a homogenous group. However, we did not analyse their glancing behaviors in
order to form subgroups due to the small group size. In addition, it should be noted that even
if our data does not support differences between novice and experienced drivers, the group
sizes were small and unequal, and this finding should be interpreted with caution.

To summarize, the glance metrics indicated that the warnings significantly increased
glance time on road, and in particular in the visually most complex Text message trials,
whereas no effects on individual in-car glance durations were found. The missing effects on
in-car glance durations can be attributed to the poor working of the gaze tracking in a real
driving environment with varying lighting conditions. On the other hand, the location-based
warnings on the demanding parts of the track (curves, intersections) ahead seemed to have a
clear impact on the participants’ glance time on road and in the Text message tasks in
particular. This finding is well reflected in the analysis of the Text message trials in the most
demanding intersection, where glance time on road increased by 26.4% due to the warnings
(from 71.3% to 90.1%). The level of driving experience did not seem to affect the efficiency
of the warnings.

The survey results indicated a rather high level of trust in the application. This can be
a positive result, if the trust is at an appropriate level (i.e., matches the capability of the
system), as discussed, for instance, by Lee and See (2004). In addition, the results indicate a
high level of perceived usefulness, and low level of perceived harmfulness of the application.
All of these factors can be seen to contribute to the general acceptability of the application
according to the previous literature as the results of our factor analysis are in line with the
Technology Acceptance Model (TAM) and its extensions. From TAM (Venkatesh and Davis,

1996), perceived usefulness (PU) was evaluated especially with the items in "Factor 2:
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Usefulness of the application” (Table 6). In our survey, it was not reasonable to measure
TAM’s perceived ease of use (PEOU), as the VisGuard application did not have or require
user input. From a TAM extension labelled Automation Acceptance Model (AAM) by
Ghazizadeh et al. (2012), AAM’s "trust” is similar to items in our "Factor 1: Trust in the
application”. In addition, the high mean scores on the individual items on suitability, such as
"The application works well in its intended task™ and "The application increased my alertness
in traffic”, are well in line with the factor means and support the importance of the suitability
of the application for its intended purpose for technology acceptance (Ghazizadeh et al.,
2012). Therefore, we see that the results of our study contribute to the current discussion of
what factors affect technology acceptance in general and the acceptance of distraction
warning systems in particular (Roberts, Ghazizadeh, and Lee, 2012). However, the
interpretation of the results of the exploratory factor analysis should be done with care, as the
ratio of cases per items (31 / 13) was low.

Drivers’ experiences towards the warning system were significantly more positive
than towards the real-time feedback system studied by Roberts, Ghazizadeh, and Lee (2012).
We suggest at least three plausible reasons for this finding; 1) the proactive context-
sensitivity of the warnings, 2) people in general seem to acknowledge that the use of mobile
devices while driving is always a distraction (Jaaskeldinen and Poysti, 2014), and 3) the
warnings on the screen of the smart phone were more subtle than the flashing LED + auditory
warnings in Roberts, Ghazizadeh, and Lee (2012).

The functioning of the circle symbol, intended to display the remaining warning time
threshold, was not thought to be useful by the participants. One plausible explanation for
these experiences is the larger than expected delays in gaze tracking. The individual
comments also suggest that the circle caused only additional visual load. The warnings, on

the other hand, were experienced as highly useful, which suggests that the circle symbols
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could be removed and the warnings kept as the only icon for guidance. In this study, we
expected challenges with the gaze tracking, and therefore, we did not utilize warning sounds,
vibrations, or blinking in order to avoid attracting (instead of detracting) the attention of the
driver towards the phone in a high-demand situation. However, the effects of other modalities
than visual only for the efficiency and acceptability of the warnings should be studied (Smith,
Clegg, Heggestad, and Hopp-Levine, 2009).

Existing and suggested distraction warning systems have typically high false positive
rates, which can undermine the acceptability of these systems by the drivers (Lee et al., 2013;
NHTSA, 2013a). The false positive rate of the VisGuard system was low in the experiment
due to the larger than expected recognition delays in the gaze tracking. Consequently, this
must have also led to lower true positive rate than intended for the single glance duration
warnings (WT~1.7 s), which may partly explain the absent effects on the in-car glance
durations. For the location-based warnings of demanding road conditions ahead (WT=0),
however, the true positive rate was 100%, as the warnings were displayed based reliably on
the GPS signal and map data, regardless of whether the driver’s gaze was recognized or not.

Our study had also some shortcomings that should be taken into account in further
research. The experience of the participants with the application was fairly short. The
acceptability of the application in daily use as well as possibility of long-term negative
behavioral adaptation (e.g., Rajaonah, Tricot, Anceaux, and Millot, 2008) should be studied.
The warning application could increase the use of smart phones while driving due to false
sense of security, undermining its positive effects. According to the theory of task difficulty
homeostasis by Fuller (2005), a driver has a preferred range of driving task difficulty that
s/he is prepared to accept and prefers to maintain. Via its warnings, the application could
improve the driver’s ability to calibrate the perceived situational task demands to her/his

capability while multitasking. On the other hand, if the driver’s experienced risks of
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multitasking, informing the estimates of task difficulty, are reduced by the application, the
driver could be motivated to increase multitasking behind the wheel. The long-term effects of
providing drivers feedback of and support for multitasking behaviors in order to develop their
tactical visual off-road sampling and task prioritization skills via a distraction warning system
should be carefully studied.

We did not measure directly participants’ situation awareness in this experiment but
the increase in glance time on road in the most demanding part of the track achieved by the
location-based warning could suggest that the warning helped the drivers to recognize the
demanding section also with the most demanding in-car task, as they did while conducting
the other, easier in-car tasks. Increased attention on road increases the possibilities to detect
task-critical events on the road environment compared to a situation where the driver’s eyes
are off road. However, more glance time on road does not necessarily mean higher situation
awareness, and the effects of the warnings on drivers’ situation awareness should be more
carefully studied in future work. Furthermore, the warning icon was the same for both
glance-duration and location-based warnings, and it remains unclear if the drivers were able
to correctly associate the location-based warnings to the increased visual demands ahead for
each situation.

Due to the unreliable gaze detection, the current study focused mainly on the location-
based warnings of the highly demanding parts of the track (intersections, tight bends). This
together with the fairly static visual demands of the track on the straights allowed us to test
and prove the concept of context-sensitive warnings in a controlled setup, but did not allow
us to test the adaptability of the glance duration warning time in more dynamic settings.
However, the proactiveness and context-sensitivity of the distraction warnings got significant

support from both objective and subjective data.
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Whereas in-car user interface design (Lee, Forlizzi, and Hudson, 2005) and testing
tools (Kujala and Salvucci, 2015), driver education (Horrey et al., 2009), reactive in-car
driver assistance (e.g., lane-keeping assistants) and feedback systems (Donmez et al., 2007),
as well as legislative and governmental regulations (NHTSA, 2013b) may help in reducing
the negative effects of driver distraction by in-car activities, there is additional demand for
fast and cost-effective counter-measures that can be easily deployed by a driver. According to
our study, mobile applications aimed to supervise the use of the smart phone while driving
and aiding the driver to place more attention on road seems to be a one viable and acceptable

option.
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Highlights

¢ Context-sensitive distraction warnings had a positive effect on drivers’

behaviors.
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The warnings significantly increased glance time on road, especially while
reading a text message.

The level of driving experience did not seem to affect the efficiency of the
warnings.

Location-based warnings worked more reliably than glance duration based
warnings.

The context-sensitive warning application was well accepted by the drivers.
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