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ABSTRACT

The availability of Smartphones leads to an increased demand for being “always on”. This demand does not only
include being always on during everyday life but also demanding Smartphone usage while driving. Many previous
studies have shown that using a mobile phone while driving does have an impact on driving safety, but little is
known about Smartphone and infotainment usage. This paper presents an online survey with 215 participants, which
was conducted at the Institute of Ergonomics of the Technische Universitidt Darmstadt. The aim of the survey was to
identify needs, requirements, wishes and usage patterns of drivers to the issue of using mobile devices and
infotainment systems during driving. Results show that current drivers use Smartphones and infotainment systems
while driving, even though they are aware of the associated risks and have often experienced hazardous situations
that can be traced back to that usage. Additionally, drivers perceived the usage of internet and applications as more
distracting than the use of mobile phones. Still, participants were not willing to omit usage but rather demanded for
better display and control concepts. The implications of the results are discussed within this paper.

Keywords: always on, Smartphone and infotainment system usage in vehicles, distraction and safety while driving

INTRODUCTION

In recent years a new automotive trend can be observed. While for many drivers making calls during driving is
everyday life, the wish to use other media (e.g. internet, email) while driving increases. Also, with the rise of
Smartphones (in Germany currently 62 % of all mobile phones are Smartphones; heise.de 2013) the trend to be
“always on” is further strengthened. According to Toll Collect GmbH (2013), services and applications for being
“always on” may become an important sales argument for passenger cars in the near future. Many car manufacturers
recognized this trend and therefore are developing more and more modern infotainment systems, which additionally
can often be coupled with Smartphones or have an integrated interface to establish an Internet connection.
Volkswagen for example is working on an interface called Mirrorlink, which allows the user to mirror particular
Smartphone apps onto in-car screens and controls (Gulde 2013). The author states, that hereby driver’s distractions
should be reduced and advanced services could be available on inexpensive infotainment systems. Additionally,
several in-car functions (e.g. heating, sidelights) will be controllable with special Smartphone remote-apps
developed by Volkswagen (Gulde 2013). BMW is developing a system integrated into their Connected Drive strategy
which creates a wifi hot spot in the car. According to Gokcek und Fischer (2013), up to 8 conventional wifi devices
can be connected. Thus, services like video and music streaming or online gaming become available in the car. A
similar system is under development by Daimler. The service called Command Online provides access to real time
traffic information, personalized radio and social networks (cf. Gokcek und Fischer 2013). Also Audi (myAudi),
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Citroen (Etouch), Ford (MyFord), and Toyota (Entune) are developing similar systems which integrate the
Smartphone into existing infotainment systems and enhance their capabilities through internet based services. In
summary it can be said that automobiles are getting more and more linked to the internet and external services (e.g.
Rees 2013). The market research company Juniper Research assumes that there will be around 92 million cars
worldwide with access to the internet in 2016 (Cox und Anthony 2012). The consulting company McKinsey expects
a billion networked automobiles in 2030 (cf. Gokcek und Fischer 2013). It can be assumed, that in near future the
trend to be “always on” will increase further and more services will become available.

On one hand, the main benefit for the driver is a gain in comfort. For example information services (e.g. news,
weather) can be used or text messages can be read aloud. On the other hand, the usage of advanced infotainment
systems or Smartphones with widespread functions can distract the driver and cause dangerous situations. As the
findings of the 100-Car-Naturalistic-Driving-Study show, the execution of a secondary task leads to inattention-
related events (Dingus et al. 2006). Particularly, wireless devices were identified as the most distracting secondary
task type for near crashes (Dingus et al. 2006). This effect can be explained with approaches like the multiple
resource model by Wickens (1980), which describes the interplay of independent but limited attention resources
(Wickens 2002). During the usage of non-driving related devices, parts of the driver’s mental resources are busy and
therefore cannot be used for the driving task. While a phone call distracts the driver primarily in cognitive and
auditive areas, the distraction during the usage of “always on” technology goes much further. Depending on the used
applications, visual, cognitive, auditive and/or motoric distractions can result. In contrast to the well known and
researched effects on making a phone call while driving (cf. meta-analyses by Caird et al. 2008; Horrey und
Wickens 2006), the usage of Smartphones and modern infotainment systems is not yet sufficiently investigated.
Therefore, this paper presents a survey on Smartphone and infotainment system usage while driving. First, the
current state of the art is summarized. Afterwards the method of the survey will be presented. Subsequently, the
results of the survey are shown and discussed. The paper closes with a conclusion section and an outlook on future
research.

STATE OF THE ART

In a survey performed by Allianz Technik Zentrum Austria (ATZ) it could be shown that 56 % of the younger
participants (18 to 24 years) answer the phone while driving (ATZ Austria). Among the older participants (25 to 64
years) the phone is answered by 48 %. In contrast, 48 % of the younger participants and 32 % of the older drivers
use the phone to actively call somebody while driving. In a similar study performed by Ford Germany, 47 % of the
participants reported that they use the mobile phone while driving (Falk und Mundolf 2013). The results of the ATZ
survey also show that 25 % of the younger and 22 % of the older drivers use the mobile phone to read and write
emails and text messages (ATZ Austria). About 15 % of the younger and 3 % of the older drivers even admitted to
use the mobile phone frequently for the aforementioned actions. A similar result was found by Ford Germany. In
their study 21 % of the participants confirmed using a mobile device to write and read text messages while driving
(Falk und Mundolf 2013). Also, a study by Valeo could show similar results (cf. Reilhac 2012).

The survey performed by A7Z also showed that 87 % of the younger drivers listen to music while driving and 90 %
interact with their music device frequently (ATZ Austria). Similarly, 70 % of the older participants listen to music
and 69 % operate their infotainment system while driving.

The above mentioned research results show that approximately every second driver makes phone calls while
driving. In addition, about a fifth of all drivers reads and writes emails and text messages while driving. Also
infotainment functions are used while driving. This is the case, even though the drivers are justifiably aware of the
risk as will be shown below.

In the study by Valeo the participants stated that the usage of the mobile to make and answer phone calls, as well as
writing and reading text messages or emails is clearly dangerous (Reilhac 2012). This perceived risk could be
confirmed in several studies. The epidemiological studies performed by Violanti und Marshall (1996), Redelmeier
und Tibshirani (1997), Young (2001), Lam (2002), Strayer und Drews (2003), and Laberge-Nadeau et al. (2003)
consistently showed an increase in crashes associated with use of cell phones (cf. Caird et al. 2008; Horrey und
Wickens 2006). Similar findings could be shown with several other types of additional tasks (cf. Stevens und
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Minton 2001; Stutts und Hunter 2003; Jamson und Merat 2005) like in-vehicle information systems (cf. Biever
2002) and voice-activated email systems (cf. Jamson et al. 2004; Lee et al. 2001). With respect to mobile phones and
infotainment systems, research results indicate that cognitive distraction is the primary issue in driving impairments
(cf. Hatfield und Chamberlain 2008).

In summary it can be stated that several non-driving related tasks are performed by the driver while driving and that
those tasks increase the risk of accidents. It can be assumed that modern infotainment systems and Smartphones
even increase that risk since they integrate more and more functions into the vehicle (cf. Grane und Bengtsson 2013;
Bengtsson et al. 2003; Burnett und Mark Porter 2001). To the authors, no studies for the usage of modern
infotainment systems and Smartphones are known. Therefore a survey was conducted at the Institute of Ergonomics
of the Technische Universitit Darmstadt. In the next section the method of the survey is described.

METHOD

A large online survey was conducted at the Institute of Ergonomics from the Technische Universitdt Darmstadt. The
aim of the survey was to identify needs, requirements, wishes and usage patterns of drivers to the issue of using
mobile devices and infotainment systems during driving. The survey involved n = 215 participants (158 male; 57
female) with ages range from 19 years to 70 years (mean = 34.3 years, sd = 12.9 years). Participants were
confronted with 23 section blocks with a maximum of 12 questions per block. The format of the questions varied
between the different sections and is explained for each question directly in the next chapter. The survey took about
10 minutes and was online between June and September 2013. Participants were recruited via Internet and notices.

RESULTS AND DISCUSSION

Results of the survey underline the wishes of today’s drivers to have access to the internet and to various
applications under way. To answer the first questions concerning the usage/availability of Smartphone and
infotainment the participants had to choose between the two nominal scale values “yes” or “no”. As shown in figure
1, nearly 90 % of the survey participants have a Smartphone. Even more surprising is the availability of
infotainment systems among the interviewees. 41.90 % drive a car with integrated infotainment system, even though
these solutions are expensive.

Smartphone
(n=215) infotainment
system (n=215}

Figure 1: Availability of Smartphone and infotainment system among the participants.
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The results manifest the above written statement that customer demands are tending towards being “always on”.
Automotive manufacturers have already recognized these wishes. First apps have been listed in the chapter “state of
the art”. However, it is questionable if the offered applications and solutions match with the customer demands.
Figure 2 presents the usage of different applications while driving (6 point likert scale from 1 “at no time” to 6
“during each trip”).

80.00%
70.00%
60.00%
50.00%
40.00% M1 (at no time)
30.00% m2
20.00% 3
10.00% - -
0.00% - m4a
Q‘S\ Q‘\,\ S Q’b\ 0‘5\ bq}\ s
& & & & &
‘0‘\\ ‘dz.\ g\\‘ ,3-\ o\ .&\ 06 (during each trip)
I I N SR SN
& & & &
& ) & A& S &
¢ @ N F & F
&Y < &
‘5@

Figure 2: Use of applications while driving.

As can be seen in figure 2 about 30 % of the participants in the study admitted to use at least some times news
services or social networks while driving. The results for using communication services are even worse. Over 60 %
of the participants use communication while driving. This is almost three times the amount of younger people that
admitted to use mobile phones under way for reading and writing mails (cf. ATZ Austria).

Another important point is the customer request regarding the interfaces and control options of infotainment
systems. Do the offers currently available at market match the wishes and requirements? Figure 3 shows the average
rating and standard deviation (on a 6 point likert scale from 1 “not interested” to 6 “very interested”) for various
system functions.
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and infotainment display Smartphoneto infotainment system infotainment systems

(n=209) infotainment system (n=209) (n=209)
(n=207)

Figure 3: Average rating and standard deviation for various infotainment system functions.

The results show a high demand for better control of current devices. Most participants did not want internet access
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via infotainment system but were interested in controlling their Smartphone via infotainment and viewing and using
their contents on an infotainment system. Those findings lead to the conclusion that drivers are at least partially
aware of the risks that they are accepting by using inappropriate devices during driving. This is further confirmed by
the number of hazardous situations due to Smartphone handling (cf. figure 4). But results do also show that this
awareness does not lead to a decreased usage of inappropriate devices, but to a demand of new forms of interaction
(e.g. voice control).

Voice control functions could be a good solution in order to reduce distraction of the driver as the time during which
a driver looks away from road is decreased.

A substantial indication of the importance of such voice related developments is the frequency of hazardous
situations triggered by handling applications by hand. The participants were asked to answer a previous question
concerning the frequency of experienced hazardous situations. 6 options to answer the question were given from
“never” to “more than three times” (see figure 4) and, in addition, the possibility of “no statement”. Results are
shown in figure 4. Over 50 % of the participants that answered the question (n=196) confirm that they had been in a
hazardous situation for one time or more because of using a Smartphone for applications or calling.

50%
45%
40%
35%
30%

25%
19.50%
20%

15% 1160% 12-10%
10%

5o 3.30%

0% | | I

44.70%

never one time two times three times more than
three times

Figure 4: Frequency of hazardous situations caused by handling a Smartphone (n=196).

It seems quite clear that drivers are aware of the risk of using Smartphones while driving but are not willing to omit
usage. Additionally, drivers seem to accept the control of their Smartphone content via infotainment systems as an
appropriate solution. This has to be regarded as critical, because former studies were able to show that the usage of
infotainment systems does also increase the risk while driving (cf. Hatfield und Chamberlain 2008; Biever 2002).

To get an impression about the personally perceived distraction, participants were asked how distractive the usage of
applications and Internet is in contrast to making and receiving calls. The question was divided in the four
distraction categories: auditory, visual, motoric and cognitive. The answers had to be given on a 6 point likert scale
from 1 “none” to 6 “very strong”. Mean scale value and standard deviation are shown in figures 5. Corresponding
bar graphs are pictured in figures 6 and 7.
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Figure 5: Perceived distraction by making a phone call or using applications and Internet while driving (from
1 “none” to 6 “very strong”).

With the exception of auditory distraction the participants rated applications and Internet using as more distractive
than calling. A t-test shows that the differences are significant for visual distraction (t =-9.631, df = 147, p = 0.000),
motoric distraction (t=-7.250, df = 146, p = 0.000) and cognitive distraction (t =-5,784, df = 146, p = 0.000). One
result that needs to be classified as very critical is the perceived visual distraction. As nearly 90 % of the important
information for driving is perceived visually, a visual distraction leads to safety critical situations. The auditory
distraction, however, is rated to be less distractive while using applications or Internet. This difference is also
significant (t=4.378, df = 146, p = 0.000). It can therefore be concluded that voice control functions would be a
possible alternative for presenting app contents.

30%
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15% m3
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|5
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(n=192) (n=191) (n=191)

Figure 6: Perceived distraction by making or receiving calls while driving.
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Figure 7: Perceived distraction by using applications or Internet while driving.

The results of the study are summarized within the next section and conclusions are drawn for further development
of display and control elements.

CONCLUSIONS

The results of this study show that drivers use Smartphones and Smartphone applications while driving, even though
they are aware of the associated risks and over 50% of them already experienced hazardous situations in this
context. In combination with the demand for better access to Smartphone contents via infotainment system, this
leads to the conclusion that current drivers do have a permanent demand for being “always on” and that they are not
willing to omit this. Furthermore, this study was able to show that the perceived distraction by applications and
internet is perceived to be significantly higher than that of calling and receiving calls, especially in the area of visual
attention. This is critical, because visual attention is one of the main aspects for safe driving.

Those results show that the distraction of the driver is dependent on the display and control concept. In combination
with former research, showing that the usage of infotainment systems does have a negative impact on driving (cf.
Hatfield und Chamberlain 2008; Biever 2002), it becomes clear that an adaptation of current display and control
concepts is necessary.

Possible ways to meet the distraction problem are new solutions that use the auditory or haptic modality to reduce
driver workload and consequently increasing safety (cf. Bengtsson et al. 2003; Damiani et al. 2009). The feasibility
of auditory or mixed visual-auditory solutions was already shown by Jamson und Merat (2005) and Liu (2001) who
demonstrated a faster response to that information and a more accurate performance compared purely visual
information. This goes along with findings of Treisman und Davies (1973, cited by Wickens 2002) that stated that
dual task performance is weaker when two visual tasks must be performed and increases by mixed tasks. Those
findings were replicated multiple times (cf. Wickens und Seppelt 2002). Additionally, new display concepts such as
head-up displays, Google glasses or adaptable displays have to be investigated in terms of usability in the driving
context. It is expected that the visual distraction of those new displays is significantly reduced in comparison to the
usage of Smartphone or the display of Smartphone context via the infotainment system.
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