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Abstract: We encounter prejudices and stereotypes in all areas of life, including human navigation.
This study seeks to answer whether there is a basis for navigation stereotypes such as: does our
age, gender, place of residence or country affect our car navigation habits? An online question-
naire was distributed in three Central European countries (Hungary, Romania and Austria) and
1556 respondents were reached. In addition to habitancy (settlement type), it was noted that half
of the examined concerns are influenced by stereotypes. A significant difference can be shown
in questions that are directly or indirectly related to the financial situation of the driver (e.g., the
existence and quality of the built-in GPS depends on whether someone has enough money to buy it).
However, it seems that other stereotypes we have about driving and navigation are mostly false. The
results suggest that it may be possible to personalize built-in navigation systems. By incorporating
various “extra” services (e.g., personalized interface, placement), driving and navigation can be
made safer and more comfortable for particular segments of society—the driver does not need to use
other devices.

Keywords: navigation habits; car navigation; built-in GPS; stereotypes; statistical test

1. Introduction

Stereotypes are part of our lives, permeating our everyday life and influencing our
actions [1]. They are most often linked to prejudices based on race, religion, gender, sexual
orientation, nationality and almost any other social category [2]. Stereotypes can be positive
as well as negative. Prejudices with negative connotations still prevail in our society [3].
We often judge others through stereotypes before we are aware of that person’s abilities
and knowledge. Driving and navigation are activities that are not without prejudice either.
Research on stereotypes concerning navigation has examined specific groups such as being
over 65 years of age or of a certain nationality. Since safety is a cardinal issue in driving,
this research mainly examined aspects of health and safety. Demographic and social class
groups were not analyzed.

By accepting stereotypes, we can get to know ourselves (and our environment) better,
and thus we can learn and improve certain forms of behavior (e.g., [1,4]). This research has
the same goal: to examine the extent to which navigation-related prejudices are based on
reality. Based on navigation habits, changes in car navigation can be personalized by both
car manufacturers and navigation software companies. If there are significant differences,
these recommendations may be even more important. For the elderly, these changes can
make driving easier and safer. If there are no differences between drivers, there should be
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no basis for stereotypes and they should be avoided. The present research differs from the
previous studies (see Section 1.1) in that (1) it examines the use of the built-in GPS in the
car; (2) the respondents did not go through any pre-screening; and (3) we did not examine
a specific group (e.g., above 65 years or people with some injuries).

The study deals with navigation habits and stereotypes as an unconscious factor in
our perception. For this, it was essential to ask some driving-related questions. No series of
questions can provide a comprehensive picture of entire driving habits.

The following hypotheses were formulated before the research:

Hypothesis 1: Stereotypes about car navigation (and driving) have a basis.

Hypothesis 2: As we age, our driving habits get worse, and this can be detected. So, (1) we assume
that due to the deterioration of health, the elderly drive less and demand more safety, and (2) they do
not use electronic navigation aids as reqularly as young people, because they do not know how to
use them.

Hypothesis 3: There is a demonstrable difference in the driving habits of women (bad drivers)
and men (good drivers). The general opinion is that women drive less (more in the city) and less
confidently and use electronic devices less.

Hypothesis 4: People who grow up in different living environments have different driving/navigation
habits. Differences due to different financial and cultural backgrounds can be detected.

This paper first examines previous research and the aspects of creating a useful
questionnaire. Then, the completed questionnaire is introduced and the results are
statistically analyzed.

1.1. Literature Background
1.1.1. Vehicle Driving and Navigation Habits

The driving habits of car drivers have been examined by several research studies,
mainly from the point of view of health and the corresponding risk factors. It was shown
that a shorter amount of sleep and younger age of the driver are associated with increased
traffic exposure [5]. Auriault et al. studied how the driving habits of pregnant women
change as pregnancy progresses: while initially they drive themselves, in the last month
they tend to travel as passengers. Regardless of pregnancy stage, almost all women used
seat belts and did not make other seat adjustments [6].

It has been shown that more people are driving who should not for health reasons
(e.g., glaucoma patients). It was also found that these patients are consciously avoiding
(self-regulating) their driving habits to avoid potentially dangerous driving situations [7].
The same pattern was found in drivers wearing a cast (Irish)—15% of orthopaedic trauma
patients wore a forearm or below knee cast while driving [8]. According to Shakerinia
and Mohammadpoor, drivers should undergo regular psychological check-ups, because
certain psychological characteristics (mental health, aggression) are significantly linked to
driving behavior [9].

Since driving is so complex (with the combination of physical and mental tasks), most
of these are about the driving habits and possible health problems of the elderly, or alcohol
influence [10,11]. Some research aims to identify clinical signs that may predict driving
difficulties in older people [12] so healthcare providers can personalize messages to support
safe driving and patient safety [13]. Bishu et al. examined the needs of the elderly—e.g.,
increasing the size of traffic signs and parking spaces, lowering speed limits [14]. It has
been shown that in older age, drivers pay a lot of attention to driving more carefully—they
reduce their daily driving load, and avoid driving at night and during rush hour [15]. They
have also been the subject of studies to test drivers with certain diseases. The most common
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‘handicap’ is eye damage. It has been shown that people with vision loss are particularly
careful when driving because they are aware of their own limitations [16,17].

A few studies can be found in which gender comparisons were made. It was found
that although women drive less on a daily basis (they give up driving more easily than
men in adverse circumstances), there is no difference in driving rates overall [18]. Women
tend to be more prone to self-regulation and adaptation [19,20]. On the other hand, general
comparative studies have not yet been carried out either according to the criteria listed
above, or by place of residence.

Several research studies have examined in-car navigation. Similar to our survey,
a questionnaire was developed in 2011 by a Hungarian-founded navigation software com-
pany, the NNG (developer of iGO Navigation Engine) [21]. According to this, users require
an online, constantly updated database, and more complex interaction with the interface.
Finally, in this research, the need for a more complex, broader study is also expressed.
Based on an investigation on TomTom systems, young GPS users had a more positive
experience and association with GPS systems as compared to the elderly [22]. With the
development of technology, and as mobile phones became more and more commonplace,
applications optimized for mobile phones appeared [23-25].

1.1.2. Stereotypes in Driving and Navigation

There are several ways to define a stereotype [26,27]: the standard point of view is
that stereotypes are beliefs about the characteristics, qualities and behavior of members of
certain groups [28]. The Oxford English Dictionary defines it as a “widely held but fixed
and oversimplified image or idea of a particular type of person or thing”. They appear
as a way of simplifying the demands made on the perceiver: they facilitate information
processing by allowing the perceiver to rely on previously stored knowledge instead of
incoming information [3,28,29].

Age and gender stereotypes are the most common areas of research. It has been stated
that stereotypes related to elders are multidimensional [30]: both negative and positive
driving behaviors are part of the behavioral repertoire. According to Joanisse et al. (2012),
the interviewees tended to define someone as elderly even if they did not behave in a safe
manner, but also if they showed appropriate and safe types of behavior [31]. It was further
shown that the very existence of stereotypes can influence driving habits [32]—positive
(considered) and negative (inflexible) age stereotypes can be automatically activated and
influence behavior at an unconscious level [33].

The same was shown in relation to gender stereotypes: sex stereotypes associated
with driving (SSAD) may influence driving behaviors [34,35]. Some of the relevant re-
search examines the issue from the point of view of safe driving, with fewer accidents
being more feminine qualities [36,37]. Since men drive more often, it is still seen as
a privilege of men [38]. Women are often considered incompetent at driving, even by
women themselves [39]. Overall, it can be said that in all cases, a statistical difference
between men’s and women’s driving habits was shown in the cases where risk avoid-
ance/security was examined.

2. Materials and Methods
2.1. Questionnaires

One of the most common methods of primary data collection in the social sciences
is questionnaire interviewing. As we have seen in previous research, they are used with
preference in this research topic as well. As we indicated in the introduction, our questions
can be divided into two parts. On the one hand, we wanted to gain general knowledge
about driving habits (without any other influencing factors), and on the other hand, we
wanted to map out the habits related to the use of built-in GPS. While we have a significant
amount of research on the former, there are fewer studies in the case of the latter, so we
were not able to draw much inspiration when formulating GPS-related questions.
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Comparing the questions asked in previous research related to driving habits with
those presented in this article, several similarities can be found. Driving in different
situations, kilometers traveled, and GPS use in a general sense have already been examined,
e.g., in the case of elderly people or settlement type. We also asked these questions in our
own questionnaire, combined with the built-in GPS.

2.1.1. Characteristics of a Useful Questionnaire

The way the questions are asked can determine the order, structure, and their word-
ing. Questionnaire queries via the Internet are classified as assisted questions, as the
programming allows us to warn the respondent of incorrect answers and lack of answers,
and automatically follows the logical connections and jumps between the questions. The
downside is that those without the internet are excluded from the study.

Quantitative and qualitative data can be used in a questionnaire [40,41]. Quantitative
data describe the quantitative values of the measured variable, and the qualitative data de-
scribe the type of observations to which we assign numerical integer values. Four different
levels of measurement can be used to describe the data, depending on the content of the
values obtained from the measurement and observation. The measurement levels affect
the study design and data collection, have a decisive influence on the course of the study,
and the statistical methods are also scale-dependent. Examples that are also included in the
questionnaire included: gender, marital status or citizenship are nominal data; settlement
type is an ordinal type; predefined age groups can be measured in an interval scale; and
the number of years spent driving is a scale of proportions [42].

The aim of the questionnaire is to gather as much data as possible from clearly de-
fined, factual data. For a good questionnaire, simple, clear, easy-to-understand questions
must be formulated, to which we can expect clear, preferably quantifiable answers [43,44].
In general, it can be said that it is important to keep the questions as short as possi-
ble [45-47]. Several researchers note that it is worth getting the ideal number of words
in a sentence between 16-64 words [48,49] and keeping the grammatical complexities to
a minimum [46,48,50], so the respondents’ mental capacity is freed up to think about the
answers [51]. It is definitely advised to try out the questions on a relatively small sample to
determine that it does not require too much effort for the respondents [52,53].

2.1.2. Structure of Our Survey

Following the guidelines for questionnaire design, the survey was designed to reach
as many people as possible. The same questions were asked in order to make the results
comparable between different aspects (see Section 2.2). The questions were translated into
the different languages to capture the same meaning of each question. Google Forms was
used because most people are familiar with this online platform. The questionnaire was
distributed in the three countries. It was first made available in Hungary (since the first
author is Hungarian) for two months (from December 2018 to February 2019), then in
Romania for four months (from September 2019 to December 2019), and finally in Austria
for three months (from September 2020 to November 2020).

In each case, snowball sampling was used [54]. It is one of the most popular sampling
methods in qualitative research. It starts with a small number of contacts, who are invited
(and fit perfectly) to the research. Then they are asked to recommend other contacts who fit
the criteria, etc. Sampling usually finishes if the target sample size has been reached. There
are disadvantages of this method: it may be viewed negatively for not preparing random
samples in a statistical sense, and the basis for establishing the representativeness of the
samples can also be questioned [55]. For this reason, the answers in our research cannot be
considered representative.

By country, the least number of responses came from Austria. By age group, the least
came from the older population. While most elderly use the Internet, the questionnaire
was not as easy to access for them. That is why in some cases the link (see above) was sent
on paper/e-mail.
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Figure 1 shows the structure of the questionnaire. The 50 questions asked can be found
in several languages (Hungarian, Romanian, German and English) at https://mercator.elte.
hu/~vorosfanni/navigation.html (accessed on 25 February 2023).

page 1 page 25 page 3
. 'Yes ~ > | Detailed = Surface
©" | questions (16) i questions (12) questions (2)
General !
page 2b§

questions (17)
o No
=1 questions (3)

Figure 1. Structure of the questionnaire and the number of asked questions in brackets.

On page 1 (after a short description of the interviewer and the research), 17 questions
were asked. The first few questions were demographic (objective data with pre-defined
possible answers) and introductory (multiple choice and intensity issue). Depending on
the answer to the last question, other questions followed.

On page 2b, three open-ended questions were asked, which respondents could answer
at any length. We also provided pre-defined answers as guidance. Page 2 and 3 contains
information about built-in navigation-system usage habits. As the questionnaire was rel-
atively long, in most cases we asked closed questions and gave a choice of pre-defined
answers. On page 3, only two questions were asked about the current and the needed
GPS surface. The questions related to driving habits. There are several issues that, al-
though about the navigation system, are related to driving habits and have been processed.
Examined questions and numbers of answers can be seen in Table 1.

Table 1. Examined questions and the number of respondents. The first seven questions were
obligatory for everyone, the rest only for those who have built-in navigation system in their car.

Question Answers
Your (or your most commonly used) car’s age? 1556
Did you buy a used car? 1556
How often do you drive in these situations? 1556
On average, how many kilometers do you drive per year? 1556
If you had no financial limit, would you use a self-driving car on a daily basis? 1556
Do you have built-in GPS in your car? 1556
Do you use your built-in GPS? 1556
How often do you use the built-in GPS in these situations? 213
Where do you usually plan your trip? 213
Do you update your built-in GPS? 213
How often do you update? 213
In addition to the built-in GPS, what other navigations do you use in these situations? 213
Where would you place the navigation information (e.g., arrow) in your area? 213
Do you turn off the “night mode”? 213
If the built-in navigation system offers alternative routes when planning a route, do you watch it? 213
Do you specify intermediate (more) destinations (e.g., gas station, restaurant)? 213
What addresses do you save to your favorites? 213
If so, how many addresses do you save? 213
Do you use the GPS interface while driving? 213
If you use the interface on the go, when exactly? 213
If you use the interface while driving, for what reason? 213

2.2. Comparative Aspects

Stereotypes are most often based on gender differences and social status (e.g., place
of residence). In addition, with a smaller negative tone, but in the same quantity, we can
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find comments related to age. The first few (mandatory) questions of our questionnaire
asked for general, demographic data. In this publication, the answers have been grouped
according to these aspects: age, gender, habitancy and country. The created groups can
be seen in Table 2. These comparative aspects were later subjected to a statistical test: the
Pearson Chi-square test.

Table 2. Overview of the comparative aspects and the created groups.

Age Gender Inhabitancy Habitat
under 25 male village Hungary
25-35 female city Romania
36-45 county seat Austria
46-55 capital
56-65
above 65

3. Results

The 21 questions asked (Table 1) were examined according to the 4 criteria presented
above (Table 2). Since we examined different stereotypes, it is advisable to group the results
according to them.

3.1. Results Based on Age Groups

Hypothesis 2: As we age, our driving habits get worse, and this can be detected. So, (1) we assume
that due to the deterioration of health, the elderly drive less and demand more safety, and (2) they do
not use electronic navigation aids as reqularly as young people, because they do not know how to
use them.

As it was mentioned above, six age ranges were defined: under 25 years, 25-35 years,
36—45 years, 46-55 years, 5665 years and above 65 years. The age of the cars varies as
follows depending on the age of users: 17.3 -> 15.6 -> 14 -> 13 -> 14.3 -> 14.5. Based on
this, the youngest age group sits in the oldest cars, while the 46-55 age group sits in the
youngest cars. In Figure 2, an overview of eight different driving situations can be seen:
from everyday trips to foreign trips. The pre-defined different driving situations can be
seen in Table 3.

Table 3. The pre-defined driving environments and their matched serial numbers.

Situation Driving Environment

Everyday routes within the city (e.g., workplace)
Everyday routes between cities (e.g., commuting to work)
Other routes within the city

Other routes between cities

Weekend trips

Domestic holidays

Holidays abroad

Other abroad trips

IO WN -

The following can be observed: (1) Most often they drive in “other routes within and
between the cities”, “weekend trips” and “domestic holidays”; (2) In the other four cases,
the “never” answer occurs much more often. For everyday travels, they likely use public
transport (although there are also the most “always” answers on routes within the city),
while long-distance travel is less frequent; (3) In cases (a—d), the oldest age group drives
the least often; and (4) Although no major differences can be observed beyond these, in
general, the 36-45 age group drives the most.
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(a) Everyday routes within the city (b)  Everyday routes between cities
Enever Moccasionally DOusually @Ealways BEnever Moccasionally DOusually Ealways
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%
under 25 25-35 36-45 46-55 56-65 above 65 under 25 25-35 36-45 46-55 56-65 above 65
(c) Other routes within the city (d) Other routes between cities
Enever Ooccasionally Dusually @always Wnever Doccasionally Ousually Malways
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%
under 25 25-35 36-45 46-55 56-65 above 65 under 25 25-35 36-45 46-55 56-65 above 65
(e) Weekend trips () Domestic holidays
Enever Ooccasionally Dusually Halways Enever Doccasionally Dusually @Ealways
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%
under25  25-35 36-45 46-55 56-65  above 65 under25  25-35 36-45 46-55 56-65  above 65
(9) Holidays abroad (h) Other abroad trips
Enever Doccasionally Ousually @Ealways Enever Doccasionally DOusually Ealways
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%
under 25 25-35 36-45 46-55 56-65 above 65 under 25 25-35 36-45 46-55 56-65 above 65

Figure 2. Driving frequencies by age groups in different driving environments.

Figure 3 depicts ownership and average driven kilometers/year. There is a clear trend
towards the former: the older someone is, the more likely they are to drive their own
car. There is only a slight decline in the oldest age group: the proportion of used cars
is increasing. On the other hand, they practically do not use anybody else’s car—these
two can mean they buy their children’s/grandchildren’s car. As expected after Figure 2,
the 36-55 age group leads the most in each year. More than 80% of the oldest age group
drive more than 5000 km a year. Young people drive the least, presumably using public
transport more often. As we can see in Figure 2, they also travel abroad the least.
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(a) Did you buy a used car? (b) on average, how many kilometers do you
drive per year?

yes (it is used) no (it is brand new) it is other's car

80 Oless than 5,000 km @5 - 10,000 km @10 - 20,000 km B more than 20,000
0 100%

60

g

50 80%

40 60%

30 40%

20

under2s 2535 36-45 4655 5665  above 65 under2s 2535 3645  46-55  56-65  above 65

10 I 20%

Figure 3. (a) ownership of the cars and (b) average driven kilometers/year—grouped by age.

We asked if drivers would use an autonomous car if there were no financial constraints.
Except for the 65+ age group (where it has just reached 20% support) in 6040 ratio, “no”
won. Interestingly, the older someone is, the more likely they are to have and use built-in
navigation. However, even in this age group, built-in navigation remains at only 20%.

The last two questions in the common part were whether the driver has a built-in GPS
and uses it. As noted, there is a correlation between the age of drivers and the presence
and use of built-in GPS: the older someone is, the more likely they are to use the device
(Table 4). The third column shows what percentage of those with GPS use the device.

Table 4. Percentage of users with built-in GPS by age groups.

Has Built-in GPS Uses the GPS

Age (Percentage | Number) (Percentage | Number)
under 25 16%158 57% 133
25-35 18%187 52% 146
36-45 25%179 61% 148
46-55 24% 154 74% 140
56-65 27% 130 97%129
above 65 29% 117 94% 117

The other questions were answered by fewer people (213) as they are connected to
the built-in navigation system in some way. In Figure 4, built-in usage frequency can be
seen in different driving situations. It can be seen that GPS is used least often on everyday
routes, presumably because these are daily roads, and most people know the route by
heart. It is also used less on foreign roads. Examining this figure together with Figure 2, it
can be seen that the youngest go the least on holiday/abroad (so that they drive), so it is
understandable that they use GPS less.

Depending on the above-mentioned driving situations, we asked where and when
respondents are planning their journey. The options were “I don’t plan it”, “before depar-
ture” and “in the car just before leaving”. As expected, in options (a,b) (everyday routes)
non-planning dominated. In (c,d) mainly the “in the car” possibility has been selected—the
extent of non-planning is declining. From (e-g) practically every age group plans their
journey even earlier, before they leave and not in the car. Groups 36-55 were more likely to
plan just before departure. In the context of the results presented so far (Figures 2 and 4),
in the case of “other abroad trips”, in many instances they do not plan their journeys—as
they do not have those. There are some correlations between planning and ages: in an
everyday, “near” environment, both young and old are more likely to plan ahead. It is also
the middle-aged classes [36-55] that plan their trips just before departure. The youngest
are more likely to plan well in advance.
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(a) Everyday routes within the city (b)  Everyday routes between cities
Wnever [Moccasionally Dusually Malways Enever Doccasionally Ousually Malways

100% 100%
80% 80%
60% 60%
40% 40%
20% 20%

0% 0%

under 25 25-35 36-45 46-55 56-65 above 65 under 25 25-35 36-45 46-55 56-65 above 65

B (7
B 11

(c) Other routes within the city (d) Other routes between cities
Enever Doccasionally Dusually Malways Enever Doccasionally Dusually Malways

100% 100%
80% 80%
60% 60%
40% 40%
20% 20%

0% 0%

under 25 25-35 36-45 46-55 56-65 above 65 under 25 25-35 36-45 46-55 56-65 above 65

W T
IR

(e) Weekend trips (f)

Enever Moccasionally Dusually @always Wnever Ooccasionally Dusually Malways
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%

under 25 25-35 36-45 46-55 56-65 above 65 under 25 25-35 36-45 46-55 56-65 above 65

Domestic holidays

1 N
| I

(9) Holidays abroad

(h) Other abroad trips
Mnever Moccasionally Dusually Malways Enever Doccasionally Ousually Malways

100% 100%
80% 80%
60% 60%
40% 40%
20% 20%

0% 0%

under 25 25-35 36-45 46-55 56-65  above 65 under25  25-35 36-45 46-55 56-65  above 65

T
BT

Figure 4. How often do you use the built-in GPS in different situations?

In more than half of the cases (in some cases, more than 3/4), drivers update their
databases in the navigation units. For the most part, the older someone is, the more likely
they are to deal with an older database. For each age group, there are several answers that
address whether users pay for this service. Regardless, however, the most common reason
for not upgrading is the expense. In Figure 5b, it can be seen that even if they pay attention
to upgrading their system, half of the respondents do it less than annually.

In the questionnaire, five options for built-in navigation systems were given. The 1st
option favors left-handers in particular, as it is easier for them to handle the surface on the
left. The 2nd place is behind the wheel on the dashboard. The 3rd option is at the top of
the central console. GPS in the central console itself, in its “usual place”, is the 4th possible
place; while the 5th is when the surface is projected onto the glass. Only a few votes were
cast for the first option (Figure 5¢). In general, the other four options are equally desirable
for drivers. The “usual place” is most coveted by the youngest and oldest groups. Most
like the night mode on the display. Everyone, regardless of age, checks the alternative
routes offered—the oldest group in every case. Everyone loves the “night mode” feature
as they do not turn it off. There is no trend of giving waypoints—the majority do not
take this opportunity. The younger generation save fewer addresses to favorites (mostly
family members) than the older ones. Based on Figure 5f, it can be said that someone is
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more likely to use GPS while driving if they are younger. Forty percent of drivers interact
with it when the car is moving—not when they are stopped. As you get older, people are
increasingly handing over navigation to someone else. In the vast majority of cases, they
use the interface to enter a new address.

(a) Do you update your in-built GPS? (b) How often do you update it?

Bevery3months Bevery halfyear Dannually Oless frequently

DOyes, it was included in the purchase
price

DOves, | am doing it in another way

[yes, | pay for it

01 do not know how to do it

01 did not know if it was possible

@no, because it is too expensive

Eno, because it involves too many tasks

@no, | do not care to upgrade it .

under 25 25-35 36-45 46-55 56-65 above 65
. . —— Do you specify intermediate (more) destinations?
(C Where would you place the in-built navigation system? (d) you specify ( )
If the in-built navigation system offers alternative routes
when planning a route, do you watch it?
I B2 O3 04 35 ——yes sometimes =———no 80
100% 60 | 50
80% =%
e 40 30
60% =
20 20
40% 10
& 0 no, | type only one at a time
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Figure 5. Answers about (a,b) updating habits, (c) placement and alternative routes, (d) intermediate
destination, (e) favorites and (f) GPS use while driving.

The surface chart in Figure 6 shows what other additional navigation is used by
drivers. The numbers in the x-axis represent the driving situations presented in Table 3.
Options were given in the questionnaire for what apps and devices can be used in addition
to the built-in ones. These can be seen on the y-axis. Coloring depends on the ratio (%) of
responses to a given situation; these numeric values are specific values at the intersection of
situations and application options. The coloring between grids is created by interpolation
to give a hypsometry-similar look.

Several correlations can be drawn: (1) the younger age group uses far fewer types of
applications than the older ones: Google Maps, Waze, and Apple Maps dominate (but the
latter is only for the youngest); (2) older people use paper maps more often, especially for
unknown (foreign) roads; and (3) drivers under 35 are much more likely to bring out some
aids to navigate.
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In addition to the built-in GPS, what other
navigations do you use in these situations?
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Figure 6. Other navigation devices used in different driving situations—grouped by age groups.

3.2. Results Based on Gender

Hypothesis 3: There is a demonstrable difference in the driving habits of women (bad drivers) and
men (good drivers). This means that, according to our prejudices, women drive less (more in the
city) and less confidently and use electronic devices less.

Results for men are presented, followed by those for women. The average age of
men’s cars is 14.7 years, while women’s are 15.2. In terms of usage, the data are almost
identical: 66-63% had used cars, and 21-21% had new cars. In Figure 7a, the declining
trend presented earlier is shown: the less “close” a road is, the less often people drive.
There is only a few percent difference between the genders; 23-15% have a built-in GPS
and about 64% use them. Women use the built-in GPS less often (proportions of “always”
and “never” answers in Figure 7b). There is not much difference for everyday trips. The
difference is greater for less frequent trips. Figure 7a,b are almost perfect mirror images
of each other. It can be seen from this that there is a correlation between the frequency of
built-in GPS usage and driving.
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Figure 7. Frequency of (a) driving and (b) built-in GPS usage in different driving situations—grouped
by gender.

The difference in mileage is more striking, as can be seen in Figure 8a. Sixty percent of
men drive over 10,000 km/year, compared to 30% of women (usually, when the family goes
on vacation together, men prefer to drive). In terms of updating the database, women are
less aware of their options and almost a quarter of them do not know how to do it. However,
the ratio of non-updates between the two genders is quite similar (both 25%) (Figure 8b).
The frequency of updates is almost the same: 30% do it more often than annually.

(a) On average, how many kilometers (b) Do you update your built-in GPS?
i ?
do you drive peryear: Oyes, it was included in the purchase price
Oless than 5,000 km @5 - 10,000 km Oyes, | am doing it in another way
E10-20,000 km B more than 20,000 Wyes, | pay for it
01 do not know how to do it
100%
@1 did not know if it was possible
0,
fje B no, because it is too expensive
80% M no, because it involves too many tasks female
70% HEno, | do not care to upgrade it
60%
50%
40%
30%
20%
10%
0%
male female

Figure 8. (a) The number of annual kilometers driven and (b) updating habits—grouped by gender.

We examined by gender if the respondents specify intermediate destinations. More
than 60% of women enter only one destination at a time, compared to only 40% of men.
Men enter extra destinations while driving twice as many times as women (see Figure 9a).
Just over half of the women save addresses to favorites, and 70% of them save less than
five. Men do just the opposite.

Figure 9b shall be understood as follows: the results indicated by the green and red
lines (answers for the question “If you use the interface on the go, when exactly?”) are
obtained by examining the two “yes” answers to the first question (“Do you use the GPS
interface while driving?”).
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The above-mentioned contrast also appears when using GPS while driving: almost
70% of men and less than 50% of women use it by themselves on the way (not the passenger).
Of those who use it, in almost every second case, men do it when the car is moving. For
women, this rate is only 20% (Figure 9b). For both genders, it is mainly used to input
anew address.

(a) Do you specify intermediate (more) (b) Do you use the GPS interface while driving?
destinations? If you use the interface on the go, when exactly?
Byes, | type itin advance Oyes, onthe way BEno, | typeonly one at a time EElyes CJsomeone else besides me EEMno =———the car is standing ====during moving

100% 100% %
90% 90% 80
80% 80% 70
70% 70% 50

60% 60%
50

50% 50%
40

40% 40%
30% 30% 30
20% 20% 20
10% 10% 10
0% 0% 0

male female male female

Figure 9. Answers about (a) intermediate destinations and (b) GPS usage while driving—grouped
by gender.

A few differences for other used applications can be detected: (1) men know and
use more applications, (2) women drive only on the most daily roads without any help,
(3) women mainly use google maps in all situations. Fifty percent of men and 30% of
women would drive a self-driving car if they could choose this possibility. There is no
significant difference in the location of planning either: on average, women plan their
journey 10-12% more times in advance. With the exception of two situations (3,5) men
plan their journeys less often. Even in this case (grouping by gender), in addition to the
“left-handed” (1) option, the answers are roughly evenly distributed among the other four,
where they want to place the built-in GPS. The majority (~80%) do not turn off night mode.

3.3. Results Based on Habitancy Groups

Hypothesis 4: People who grow up in different environments have different driving/navigation
habits. This follows from the different distances, road conditions and environment (whether natural
or built).

Four types of residences could be selected: village, city, county seat and capital; with
results presented in this order. In terms of the age of the cars, 15-15.2-15.2-14.2, there is no
significant difference. Cars of those living in the capital are one year younger. Moreover,
65-69% of drivers bought used cars, except (again) in the capital where it was only 60%.
This difference also appears in the “I use other’s car” option, where in the capital almost
20% do so. In the other three scenarios, only 10% marked this answer. There is no significant
difference in the number of kilometers driven annually (Figure 10a), or in the existence and
use of GPS.
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Figure 10. (a) The number of annual kilometers driven and (b) GPS usage and existence—grouped
by inhabitancy.

Figure 11 should be interpreted as follows: the driving situations defined in Table 3
are shown on the x-axis (from 1 to 8). The answers (“I do not plan it”, “before departure”
and “in the car just before leaving”) to the question (“Where do you usually plan your
trip?”) can be seen grouped by place of residence on the y-axis. Regarding GPS usage, the
proportion of “always” answers increases from 1 to 8 in all cases, while “never” changes as
follows: it decreases from 1 to 5 (so weekend trips have the fewest never answers), then
increases again. There is a slight difference in the ratio of “usually” and “occasionally”
answers—the least common in the capital being “occasionally”. Likewise, no significant
changes in road planning can be seen in Figure 11a—c. The more distant they travel, the
more they tend to plan ahead; earlier, in their living area, not immediately before departure.

(@)

1

Where do you usually planyour (b)  Where do you usually planyour () Where do you usually planyour
trip? trip? trip?
-ldo not planit - - before departure - - inthe car just before leaving-

mvillage wm city

mcounty seat M capital mvillage wmcity mcountyseat M capital mvillage wcity ®countyseat M capital

5

50
40
30
20
-» 10
[ _pleagiiend - -
2 3 4 6 4 8 1 4 5 6 7 8

2 3

Figure 11. Road planning habits—grouped by inhabitancy and situations.

A small difference can be detected in the update of the built-in navigation: only 50% of
the respondents living in the capitals upgrade, while in the other three places this value is
closer to 70%. Almost 10% of the residents of the capitals and county seats do not know
how to carry out the update. This was not the case in the case of those in villages and
towns. Roughly 30% update it more often than once a year—interestingly, this is done least
often in villages and capitals.

Regardless of where they live, most people use “Google Maps” for navigation. Waze
is used second-most. In the case of villages, approx. 20% use “Apple Maps”. A significant
difference can be observed in the case of “nothing” and “paper map”. In the case of villages
and towns, situation 4 is last, while it is present in all driving situations in the county seats
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(~20%). In the case of the capital, they are indicated at 1-2 and 6-8, only for (weekend)
holidays were they not given as an answer (Figure 12).

In addition to the built-in GPS, what other
navigations do you use in these situtions?

m0-10 ©10-20 m20-30 m30-40 mA40-50
village

123456738 12345678
city capital

county seat

TomTom GO
Sygic
Paper map
Nothing
Navmii
MAPS ME
iGO
HERE WeGo
Google Maps
Garmin

Apple Maps

Waze
TomTom GO
Sygic
Paper map

Nothing
MNavmii

MAPS ME

HERE WeGo
Google Maps
Garmin

! Apple Maps

123458678 123456738

Figure 12. Other navigation devices used in different driving situations—grouped by inhabitancy.

In the case of respondents in capitals, the least number indicated that they would like
to see the orientation information projected on the windshield. They would place it at
25-35% in the “current location”. The 3rd option (top of the central console) was nominated
by only a few people from the city; the other three places of residence all wanted ~25%.

The ratio is exactly the opposite for option 2 (behind the wheel on the dashboard).
Alternative routes are looked at least often in county seats. Variability can be found
in specifying intermediate targets. The bigger a settlement, the less they think ahead.
In villages and county seats, they prefer not to enter more, while in the capital/cities,
entering addresses on the way dominates. There is also no correlation in the addresses
saved/unsaved in favorites: the largest proportion (70%) of the residents of the capitals
use this opportunity: about 50% save less than 5 addresses (Figure 13a). Most people (70%)
use the GPS interface while driving in the capital, but the fewest (cities) use it also, at 55%.
Both “when” (60% in a standing car) and “for what” (to enter a new address) received the
same proportion of answers (Figure 13b).
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Figure 13. Habits of (a) saving to favorites and (b) GPS usage while driving—grouped by inhabitancy.
3.4. Results Based on Habitat Groups

Hypothesis 4: People who grow up in different environments have different driving/navigation
habits. Differences due to different financial and cultural backgrounds can be detected here.

The questionnaire was completed in three countries (in this order): Hungary, Romania
and Austria. There is a great difference in the age of used vehicles: while the average age of
Hungarian and Romanian cars is ~15 years, the average age of Austrian cars is significantly
younger, 10 years (Figure 14a). 65% of Hungarians and 74% of Romanians bought a used
car, while only 37% did so in Austria. In contrast, Austrians drive other people’s cars at
a higher percentage. Hungarians and Romanians drive more often on “everyday” roads,
and this proportion decreases along with further distances. While in the case of Austrians,
this decrease cannot be seen.

Austrians drive abroad almost as often as they do at home, on a daily basis. Interest-
ingly, however, looking at the average number of kilometers driven per year, it is more
common for Austrians to travel less. While in the other two countries, the distances are
distributed practically exactly the same (20-30-30-20%); in the case of the Austrians it is:
30-35-30-5%. Austrians would rather use a self-driving car, but even in their case, only half
of the respondents answered this.

Significantly fewer Hungarian (18%) and Romanian (22%) cars have built-in GPS
(Austrian: 45%). These are also the proportions in their use: Hungarians (10%) use it the
least, and Austrians (40%) the most (out of all the people interviewed). If we examine
the percentage of drivers who have a device in their car and use it, the situation is better.
However, there is a difference here as well: 88% of Austrians and 60-63% of drivers in the
other two countries use it (Figure 14b).

GPS usage in certain situations can be seen in Figure 15. The nature of the answers is
the same in the three countries: the proportion of “always” answers increases continuously
from 1 to 8. The “never” responses decrease until situation 6, and then start to increase
again. The difference lies in the proportions: Austrians have fewer “always” answers than
the other two countries, and more answer “usually”. The same is true for planning the
road. “I don’t plan” decreases until situation 6, and then starts to increase again; while the
opposite is true for planning in the car (immediately before driving): its frequency increases
until situation 4, and then decreases. On everyday trips, Hungarians tend not to plan.
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Figure 14. (a) Frequency distribution of the cars’ age and (b) GPS usage and existence—grouped by

countries.
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Figure 15. Frequency built-in GPS usage in different driving situations—grouped by countries.

Three quarters of Romanians, 60% of Hungarians, and only half of Austrians update
their GPS database. Austrians most commonly answered that they do not know how to
update. The most common reason for not updating is that it is too complicated. None of
the Romanians indicated this reason. In connection with this, 30% of Romanians update it
every 3 months—in a similar proportion, only 30% do it less often than a year. Austrians
perform the worst: approx. 5% do it every 3 months, while more than 60% update it less
often than one year.

Significant differences can be observed in what applications/devices drivers use
(Figure 16). The Hungarians show the most diverse picture: regardless of the driving
situation; Google Maps is used most often, closely followed by Waze. What is interesting
is that both the “paper map” and “nothing else” appear in a significant percentage of all
cases—especially often for everyday (“nothing else”) and foreign trips (“paper map”). The
same is typical for Romanians: Google Maps and Waze are used in 40-50% of cases, but

“nothing else” and “paper map” are typical only in the first three situations. They use

something for navigation in all the other cases. The most homogeneous answers came from
the Austrians: Google Maps dominates unanimously (60%), and in addition to “nothing
else”, only Apple Maps received a significant number of votes.
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Figure 16. Other navigation devices used in different driving situations—grouped by countries.

Hungarians do not clearly know where they want the built-in navigation interface—
the answers are split 25-25% (except for the left-handed option). In the case of Romanians,
it can already be seen that the fold-out and the current placement are the favorites. The
situation is the clearest with the Austrians: almost half of the respondents are satisfied with
the current placement.

Concerning the night function, a very small percentage of drivers disable this function;
84% (Hun, Au) and 92% (Ro) like and use it. Romanians look at alternative routes most
often—50% always, 30% occasionally. In the case of the other two countries, the results are
just the opposite. The drivers of all three countries prefer to enter one point in the device
at the same time—in the case of the Austrians, the “type it in advance” also appears in
a significant percentage. In their case, the fewest addresses are saved to favorites: 70% save
less than 5. It’s the opposite for the Hungarians, in their case the most common is to save
several (up to 10) addresses.

Whether drivers use GPS while driving makes no difference: 60% do so in all
three countries. Unfortunately, almost 40% do this when the car is moving—the Romanians
are the most careful with only 30% doing so, while 40% prefer to stop when touching
the surface.

4. Discussion

Stereotypes are based on placing one (or several) groups above or below others in
a given topic—that is, comparison (usually without any scientific aspects). We did the same
through the results presented above. Following the previous research, the obtained results
were also tested with a statistical test.

The Pearson Chi-square (x?) test is a statistical procedure for examining variables
with (or can be converted to) discrete distributions. Nominal (or categorical) variables are
considered discrete variables. There are different categorical variables, the basic expectation
is that an entity (person, thing, etc.) can only fall into one category (the most common exam-
ple of this type of variable is gender). But it is also a categorical variable whether someone
answered the question correctly or not, and who among the potential candidates they voted
for in the end. It is important to note that variables with a continuous distribution can also
be made discrete by forming a finite number of categories (for example, age categories,
etc.). In the case of discrete variables, the frequency of which elements/variables fall into
each category can be analyzed. Relationship analysis is worth doing if we are wondering
whether there is a correlation between what an individual assumes within two categorical
variables—do the expected frequencies in each category differ in a random level?
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We first examine whether having a built-in GPS is related to the age of drivers. In
this case, the null hypothesis is that possession is independent of age. If p > 0.05 then the
null hypothesis is rejected. In Table 3 the p values are presented for every question. It is
important to note that we are only showing whether there is a correlation—and between
which groups, etc. For p = 0.05, depicted with red numbers, we can say that there is
some correlation. In cases where there were several possible answers, the results have
been aggregated.

We now examine whether the stereotypes that we (and previous research) have de-
scribed are supported by our results:

We assume that the older someone is, the slower and safer they drive, as they are
aware of their own limitations (see previous research), and they are not aware of newer
technological tools (or even if they are, they don’t use them that often). Examining the first
column of Table 5 (and the Results section), it can be seen that this is only partially true.
They are more thoughtful (e.g., planning habits), drive less and pay more attention to safety
(e.g., they don’t use the built-in GPS while driving), which supports what was found by
others [15-17]. Surprisingly, they know and use the device anyway. Based on these results,
it seems that their GPS usage habits are the same as those of younger people.

Table 5. Results of the Pearson Chi-square test. Significant differences (p < 0.05) in bold.

Question Age Gender Inhabitancy Habitat
Did you buy a used car? <0.001 0.4 <0.001 <0.001
On average, how many kilometers do you drive per year? <0.001 <0.001 0.59 0.006
If you had no ﬁna.naal limit, would you use a self-driving 0.02 <0.001 0.32 0.03
car on a daily basis?

Do you have built-in GPS in your car? 0.03 0.001 0.87 <0.001
Do you use your built-in GPS? <0.001 0.001 0.5 <0.001
Where do you usually plan your trip? 0.04 0.1 0.96 <0.001
Do you update your built-in GPS? 0.3 0.15 0.18 0.01
How often do you update? 0.2 0.7 0.36 <0.001
Where Would you place the navigation information (e.g., 02 0.4 03 01
arrow) in your area?

Do you turn off the “night mode”? 0.04 0.18 0.7 0.53
If the bu11t—1¥1 navigation system offers' alternative routes 0.65 0.99 02 018
when planning a route, do you watch it?

Do you specify intermediate (more) destinations (e.g., gas 0.8 0.01 0.05 058
station, restaurant)?

What addresses do you save to your favorites? 0.6 0.07 0.08 0.5
If so, how many addresses do you save? 0.1 0.1 0.8 0.05
Do you use the GPS interface while driving? 0.03 0.04 0.4 0.99
If you use the interface on the go, when exactly? 0.98 0.01 0.87 0.34

The most common stereotype is that women cannot drive, and that the act itself is
considered a male occupation. In other research, we have seen that women tend to pay
more attention to safety and drive more carefully, as found in [36,37]. That is why they give
up driving first if they deem the situation tiring/dangerous. Longer trips are preferred to
be handed over to male members of the family. The other prejudice is that women are not
as friendly with electronic devices. Based on the research, these stereotypes all prove to be
true. However, women who have GPS use it with the same confidence as men.

When examining respondents living in different types of settlements, we might expect
different driving habits. Based on the results, no differences were found.

Wherever we live in the world, we probably all have our own preconceived notions
about the countries (and inhabitants) around our own country. The authors of this article
are no exception—they had their own prejudices in relation to the three countries examined.
Some of these turned out to be true: examining the last column of Table 5, it can be said
that the western country with a higher GDP (Austria) is clearly separated from the other
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two in half of the examined questions. In the other half, however, there is no difference: if
we look at those who use built-in GPS, there is no difference in usage habits from this point
of view. After examining the answers to the questionnaire grouped by age, gender, place of
residence and habitat, the following can be said:

Hypothesis 1: Stereotypes about car navigation (and driving) have a basis.

Any driving or navigation habits are independent of habitancy. In the case of the other
three aspects, a significant difference can be shown in half of the 16 examined questions. In
general, most of these connected to the drivers’ earnings/financial background. Based on
this, it cannot be said that there is a clear connection between certain social characteristics
and driving habits.

Hypothesis 2: As we age, our driving habits get worse, and this can be detected. So, (1) we assume
that due to the deterioration of health, the elderly drive less and demand more safety, and (2) they do
not use electronic navigation aids as reqularly as young people, because they do not know how to
use them.

A difference can be shown in the (non)planning, “night mode” usage and the usage of
the GPS while driving. A closer look reveals that the older age group prefers to plan ahead
and does not use the device while driving—which shows that they are more thoughtful
and pay more attention to safety.

Hypothesis 3: There is a demonstrable difference in the driving habits of women (bad drivers) and
men (good drivers). The general opinion is, women drive less (more in the city) and less confidently
and use electronic devices less.

There is a difference between giving multiple addresses (women do not do it) and
using the interface while driving: men use it more, while women prefer not to do it, or
if they do, only when the vehicle is stationary (e.g., at a red light). On the one hand, this
shows the thoughtfulness of women, and on the other hand, that they prefer to avoid more
complex tasks.

Hypothesis 4: People who grow up in different living environments have different driving/navigation
habits. Differences due to different financial and cultural backgrounds can be detected.

Any driving or navigation habits are independent of inhabitancy; in the examined
three countries (see more in [56]), there are differences in planning and updating habits,
although the latter may also be related to earnings.

5. Conclusions

Because stereotypes can influence how we behave, it is important to examine their
legitimacy. It seems that the stereotypes we have on driving and navigation are mostly
false. If the drivers have similar backgrounds, there will be no differences in their habits,
even if we assume that women or older people do not understand the devices. Although,
in this article, we only examined navigation and closely related driving habits, based on the
fact that no clear differences can be shown in most comparisons, we can assume that there
will be no significant differences in other driving habits either (e.g., in the male-female
relationship). Based on the issues examined here, it would be worthwhile to examine this
with comprehensive research in the future—not using an online questionnaire, but, e.g.,
testing with eye tracking.

The following limits can be stated during the questionnaire: (1) due to the fact that
the questionnaire was online, it was more difficult to reach the older age group (it required
a different form of distribution), so we were able to achieve fewer completions. (2) Since
the distribution of the questionnaire began in a university environment, the age group
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thus reached was also a difficulty. (3) Due to the same reason, the number of fillings
in the capital was also in the majority. In summary, we warn against using unfounded
stereotypes as examples because it seems (with one or two exceptions that have their own
social reasons) that most driving and navigation differences depend not on the social but
on the material background.
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