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Abstract: Human-Machine Interfaces (HMIs) in passenger cars have become more complex
over the years, with touch screens replacing physical buttons and with layered menu-
structures. This can lead to distractions. The purpose of this study is to investigate how
often vehicle controls are used while driving and which underlying factors contribute
to usage. Thirty drivers were observed during driving a familiar route twice, in their
own car and in an unfamiliar car. In a 2 x 1 within-subject design, the experimenter
drove along with each participant and used a predefined checklist to record how often
participants interacted with specific functions of their vehicle while driving. The results
showed that, in the familiar car, direction indicators are the most frequently used controls,
followed by adjusting radio volume, moving the sun visor, adjusting temperature and
changing wiper speed. Factors that influenced task frequencies included car familiarity,
gender, age and weather conditions. The type of car also appears to impact task frequency.
Participants interacted less with the unfamiliar car, compared to their own car, which may
indicate drivers are regulating their mental load. These results are relevant for vehicle
HMI designers to understand which functions should be easily and swiftly available while
driving to reduce distraction by the HMI design.

Keywords: vehicle controls; HMI; real-world driving; observation study; passenger cars;
familiarity; driver distraction; task frequency

1. Introduction

Driver distraction, also known as driver diverted attention, has typically been defined
as “the diversion of attention away from activities critical for safe driving, toward a
competing activity, which may result in insufficient or no attention to activities critical
for safe driving” [1]. In recent years, the focus of driver distraction research has shifted
towards in-vehicle distractions, such as mobile phone use and interactions with In-Vehicle
Information Systems (IVISs), i.e., infotainment systems [2—4]. Dingus et al. [5] concluded
that the riskiest activities while driving were those which required drivers to take their
eyes away from the forward roadway. Amongst these activities were interactions with the
vehicle, such as adjusting the climate controls (i.e., heating, ventilation, air conditioning)
which increased crash risk by 2.3. Drivers’ interactions with other in-vehicle devices, such
as touchscreen menus, even increased the driver’s odds of having a crash by 4.6 times. For
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reference, the same study found lower crash risks for other risky driving behaviours, such
as fatigued driving (odds ratio of 3.4), overall handheld mobile phone use (odds ratio of
3.6) and eating or drinking a non-alcoholic beverage (odds ratio of 1.8 each). In addition,
being unfamiliar with a vehicle is amongst the contributing factors with the highest crash
risk. The performance errors resulting from unfamiliarity increased the odds of having a
crash by 204.5 times. These results are based on naturalistic driving data from the USA
from 2010 to 2013 [6].

1.1. More Functions and More Touchscreens

Cars have greatly evolved since 2013. In particular, Human-Machine Interfaces (HMlIs)
in passenger cars have become more complex over the years. A technology scan of passen-
ger vehicles from 2020 to 2024 revealed a trend towards larger touchscreens. It also found
that the interaction modality for functions—such as climate control, audio entertainment
and even primary vehicle controls—moved from physical buttons to touchscreens [7].
The menu-structures of touchscreens allow for more functions to become available in the
car [8]. These recent HMI designs might look clean, but they also take longer to operate
and can result in navigating through multiple layers of menus to perform simple tasks [9].
The distraction that occurs while operating these more complex interfaces could impose
problems regarding road traffic safety [10]. Since 2013, the number of functions on cars
has also expanded. Various Advanced Driver Assistance Systems (ADASs) have become
mainstream on new cars. Functions such as speed control and lane control have increased
the number of functions to manage when driving one’s car. A recent study representative
of Dutch drivers owning a car built between 2017 and 2023 showed that 65% of them
experienced some level of distraction by operating the ADAS in their own vehicle. Only
27% of the drivers reported not being distracted at all by operating these functions while
driving [11]. It can be expected that the impact of operating in-vehicle functions on crash
risk has increased since 2013 [3]. To mitigate distraction due to vehicle operation, The
German Insurers Accident Research institute (UDV) [8] has devised guidelines for assessing
distractions resulting from HMI design, especially for basic driving tasks. As part of these
guidelines, a decision tree for function implementation has been developed. It provides
guidance regarding the acceptable minimum type of function implementation—ranging
from a direct physical input to a menu-based input—depending on the following set of
general functionality questions: Is there an external cause for usage of a function? Is it
time-critical? Is an immediate reaction necessary? Is the function to be used in a complex
situation? Is there a high frequency of usage of the function? Thus, to be able to assess the
distraction resulting from using a particular function, one would need to know whether
or not this function is frequently used while driving. The UDV [8] has defined frequent
usage as ‘being used on almost every trip’. This brings about the following question: which
vehicle controls are frequently used while driving?

1.2. Aim of the Study

The purpose of the current study is to investigate how often various vehicle controls
are used while driving a passenger car and which are underlying factors that contribute to
function usage. To this end, the same drivers are observed during on-road driving, both in
their own car as well as in an unfamiliar car.

2. Materials and Methods
2.1. Experimental Design

In a2 x 1 within-subjects design, the experimenter drove along with each participant
and recorded the number of times they interacted with specific functions of their vehicle
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while driving. For this, the experimenter used a predefined checklist which included a
large variety of functions. The checklist also allowed for logging particular contextual
circumstances, such as road type and weather conditions. Participants made two trips: one
in their own, familiar car and the other in an unfamiliar car. Whether the first trip was with
the participant’s own car or in the unfamiliar car was counterbalanced across participants.
To increase ecological validity, they drove a route familiar to them, as most trips are made
along familiar routes [12,13]. Thus, distractions from an unknown road environment were
avoided [5]. The study took place in the Netherlands, from the 29 November, 2023, until
the 8 January 2024. It was preceded by a small pilot study, which was performed to test the
procedures. Ethical approval was obtained from the Human Research Ethics Committee
(HREC) of the TU Delft (application number 3679, 16 November 2023).

2.2. Participants

In total, thirty people participated in the experiment. Twenty participants identified
as male, the other ten identified as female. To be eligible for the study, participants were
required to be above the age of eighteen, and they had to own a driving licence. Participants’
age ranged from twenty to eighty-five years old (average age was 41.1 years) and they had
held their driving licence for three to sixty-five years, with an average of twenty-two years.
Participants drove at least once a week, with a maximum of twenty-eight times per week
and an average of 7.9. Participants were paid for their participation.

2.3. Materials

The checklist. A predefined checklist was created which allowed the experimenter to
quickly score each interaction of the driver with a wide variety of functions while driving.
The checklist listed various tasks—such as adjusting the volume, changing the temperature
or using the direction indicator—which were categorised per function. Tasks considered
for the checklist were on the tactical level of Michon’s driving task hierarchy [14]. This
meant that, e.g., they excluded continuous vehicle control, such as steering or braking, and
took some seconds to perform. The checklist was adapted based on a pilot study and also
allowed for noting down any additional tasks. This resulted in eleven main categories of
functions: Radio and media, Climate control, Phone calls, Lights, Cruise control, Danger
signalling, Windshield, Car setup, Settings, Extra features and Other. Table 1 provides an
overview of all tasks per function. Also noted was whether or not a task was available in
the car, and whether a task was performed while driving on a motorway, a rural road, a
city road or in a traffic jam, or whether it was performed during stand still.

In addition, the checklist included logging the time driven per road type, the weather
conditions (sunny, rainy, cloudy, dark, outside temperature), additional car characteristics,
the trip duration and trip distance. It also had room for additional comments.

The route. Participants were asked to select themselves a route that was familiar to
them, which would take between fifteen and thirty minutes to drive, one way. To assess
whether or not participants were sufficiently familiar with the route they had chosen,
they rated how familiar they were with the selected route on a 10-point route familiarity
scale [12]. On average, they scored a 9.5, with a minimum score of eight and a maximum
score of ten. In accordance with Burdett, Charlton and Starkey [15] and Harms, van Dijken,
Brookhuis and de Waard [16], this score is interpreted as being very familiar with the route.

All trips lasted between fifteen and thirty-two minutes, with an average trip duration
of 22.4 min. Per trip, 18.2 min were driven on roads in the city, which made city roads the
most frequented road type. Usually, the starting point of the route was the participant’s
home address. Routes were driven both with a familiar car as well as with an unfamiliar
car. Most participants drove these two trips during the same appointment, to minimise
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weather and context differences. Nevertheless, seven out of the thirty participants had to
drive the two trips on separate days.

Table 1. Overview of all tasks per function. The eleven functions are displayed in bold, in the
first column.

Radio and Adjust volume Switch radio Switch app Switch media Switch Switch screen Turn on/ off Switch
Media station input songs view media system dashboard
view
Climate Turn on/off AC Change Adjust fan Adjust fan (De)activate Adjust Opening/closing ~ Open/close
control temperature speed layout seat heating recirculating windows roof
mode

Phone calls Answer Call someone

phone call
Lights Turn on/ off Turn on/off high Turn on/ off Turn on/ off Turn on/ off

headlights beam fog light interior light direction

indicator
Cruise Turn on/off Adjust cruise Cancel /resume
control cruise control control speed cruising
Danger Use the horn Turn on/off
signalling hazard lights
Windshield Change Change Use window Use window Change sun (De)activate (De)activate Enable Auto
windshield wiper ~ windshield wiper fluid front fluid back visor window heater ~ window heater windshield

speed front speed back position front back wiper

Car setup Adjust rear-view Adjust outside Adjust seat
mirror mirror(s)
Settings Change auto Change sound Change
distance mix driving mode
Extra Enable auto Enable auto Enable auto Enable auto
features steering parking distance lane-keeping
Other Move cable from Use handbrake Open/close Move arm rest
socket compartment

The cars. For the familiar car, participants used their personal vehicle. This resulted
in a good variety of brands and models, such as BMW, Fiat 500, Fiat Panda, Fiat Sportage,
MG4, Mitsubishi Spacestar, Nissan Juke, Peugeot 208, Peugeot 308 Station, Renault Twingo,
Seat Arona, Seat Tarraco, Suzuki Swift, Tesla Model Y, Tesla Model 3 and Volvo XC40.

The unfamiliar car for the study was provided by the experimenter. For twenty-eight
out of the thirty participants, the unfamiliar car provided was a Seat Toledo from 2014.
Table 2 presents an overview of both the familiar and this unfamiliar car’s characteristics.
Due to circumstances, two participants drove another vehicle as their unfamiliar car.
One drove a Renault Megane from 2012, the other a Renault Modus from 2005. This
ensured that the familiar car was indeed considerably more familiar compared to the
unfamiliar car. The participants were asked to rate their familiarity with the car—both
their own car as well as the car provided by the researcher—on a 10-point scale, similar to
the route familiarity scale. A score of ten means one is very familiar with the car, a score
of one indicates one is very unfamiliar with the vehicle. On average, participants scored
9.5 for their own car and 4.7 for the car provided by the researcher. A paired-samples
test showed that these scores were indeed significantly different from each other (t = 8.80,
p <0.001).

The initial settings of the unfamiliar car were the same for all participants. The climate-
control temperature was set to 19 degrees, and the radio was set to Radio 538 on volume 8.
All lights and the windshield wipers were turned off.
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Table 2. Overview of the availability of particular functions and some of the car’s characteristics for
both the familiar cars as well as for the unfamiliar car.

Availability in the Availability in the Unfamiliar Car

Vehicle Characteristics Familiar Cars (n =30) (Seat Toledo 2014)

Adaptive climate control  63.3% Yes
Adaptive cruise control  36.7% No
Automatic lights 70.0% No

. Manual (56.7%),
Transmission Automatic (43.3%) Manual
Touch screen 66.7% No

2.4. Measures

Number of interactions. To measure which functions were used and how often during a
drive, the number of interactions was counted. The continued and virtually uninterrupted
execution of a single task on the checklist was considered one interaction, regardless of task
duration. Task execution stopped either as the task was completed or aborted for more than
five seconds (see Table 1 for the overview of all tasks). To be able to distinguish whether
an interaction pertained to the same or to a different task, a cooldown timer was used. It
was set to five seconds as it was assumed that, when a driver performs the same task again
within five seconds or continues with a task within five seconds, it is still part of the same
task, in which case it was counted as a single interaction. However, turning on a function
was considered a separate task from turning the same function off. Counting began when
the driver moved the vehicle for the first time. Only interactions with the original installed
HMI equipment were part of the observations. Each interaction was counted separately.

Based on the counts for the separate tasks and the trip durations, the individual task
frequencies and total frequencies per category were calculated.

Driving context. To be able to account for contextual factors during the drive, which
may influence the use frequency of specific functions, the following factors were logged:
road type, outside temperature, weather type, peak hour and day of the week. Similar to
Metz et al. [17], the following road types were distinguished: city roads, rural roads and
motorways. In addition, it was also logged when the participant was in a traffic jam, either
in standstill or driving. To calculate the frequencies per road type, the driving time per
road type was documented.

Weather type and outside temperature were included as they could influence the use
of climate-control functions and windshield wipers. For example, it was hypothesised that
rainy weather increases the number of tasks related to the windshield. Peak hour and day
of the week were included, as Cuentas-Hernandez et al. [18] found that traffic density had
an impact on secondary task engagement.

Socio-demographic variables. To understand whether or not socio-demographic variables
contribute to function usage, the following factors were registered: age, gender and driving
experience. Older drivers (55-75 years) have been found to struggle more with the use
of IVIS while driving, compared to younger drivers between 21 and 36 years of age [19].
Other research has shown that novice drivers engage in distracting tasks more frequently
as they gain more driving experience [20]. Drivers are also more inclined to engage in
secondary tasks when task difficulty is low, which may be the case for more experienced
drivers [12]. In the current study, driving experience therefore included both participants’
driving frequency as well as the time they had held their driving licence.
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2.5. Procedure

The experimenter drove the unfamiliar car to the start location, and the participants
brought their own car (i.e., the familiar car). The participants filled out a consent form,
completed a short questionnaire about their socio-demographic background and suggested
a route familiar to them. The route was driven once in the familiar car and once in the
unfamiliar car, counterbalanced across participants. Participants were asked to drive as
they would normally do when driving their car. They were instructed to refrain from
engaging in any conversations with the experimenter, as most car trips are made without
passengers [21] and engaging in conversations can distract the driver, which may result in
performing fewer secondary tasks than they would normally do [17]. During both trips,
the experimenter sat in the front passenger seat and noted down participants’ interactions
with the car using the predefined checklist. After each trip, participants indicated their
familiarity with the car and characteristics of the participants’ car were noted. Before
the participants were debriefed, they were asked to describe what they thought to be the
purpose of the study and whether or not they felt that the experimenter had influenced
their behaviour. Only one participant correctly guessed the purpose of the study (3.3%);
the others did not (96.7%). Four participants (13.3%) shared that their behaviour may have
been influenced, but for the majority of participants this was not the case (86.7%).

2.6. Data Analysis Methods

To test whether or not the average frequencies of the performed tasks varied signifi-
cantly between participants, a repeated-measures ANOVA was performed. Paired-samples
t-tests were used to test for differences in average frequencies between the familiar and the
unfamiliar car.

To test if the distribution of tasks that were performed while driving versus standing
still was the same for different categories of tasks, a chi-square test was performed. The test
hypothesis was that tasks that were more typically performed while standing still could
be interpreted as less dangerous compared to tasks that were typically performed while
driving. To meet the requirements of a chi-square test, only tasks or task categories that
had enough observations were tested for differences in distribution.

The dependent variable was the number of times that a task was performed adjusted
by the driving time for each participant. This type of data can be considered as count data,
which is why Poisson regressions were performed to investigate which factors influenced
these frequencies. The natural log of the trip durations was used as the offset (exposure)
variable, in order to take into account the fact that the trip durations varied across partici-
pants. The formula for the Poisson regressions, in which x; stands for independent variable
iand ¢; stands for the random error in observations (assumed to be Poisson-distributed), is
the following: In(count) = In(exposure) + Bg + 1x1 + BaX2 ... BiXj + €.

Multiple models were constructed with two different types of dependent variables:
the total number of tasks performed per hour and the total number of tasks per category
performed per hour. The Poisson models were eventually only constructed using the
data from the trips with each participant’s own car, because the unfamiliar car data had
almost no variety in car types, as 28 out of the 30 participants drove the same unfamiliar
car. To obtain the final Poisson models, first, separate models were created with only one
independent variable. The independent variables with best interpretability and highest
statistical significance were then combined in a single model.

All data were manually entered into Excel, after which the calculations were performed
using the statistical software SPSS Statistics 25.
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Enabling/disabling auto pilot
Adjusting rear view mirror
Switching radio station
Adjusting fan speed
Adjusting temperature

Rear windshield wiper speed
Moving sun visor

Adjusting radio volume

Front windshield wiper speed

Using direction indicator

3. Results
3.1. The Most Frequently Performed Tasks Across All Cars

Based on all sixty trips (i.e., the trips with the familiar and unfamiliar car grouped
together), direction indicators are the most frequently used controls, followed by adjusting
the front windshield wipers’ speed and adjusting the radio volume. On average, the
direction indicators were used 66.4 times per hour. A repeated-measures ANOVA revealed
that this is statistically significantly higher than the average use frequency for any of the
other tasks (p < 0.001). Figure 1 shows the average frequency of the ten most frequently
performed tasks over all trips, and an overview of the statistical results of the repeated-
measures ANOVA, which compares the average task frequencies per hour, is provided
in Table 3. The front windshield wipers’ speed was adjusted with an average frequency
of 4.2 times per hour, whilst the radio volume was averagely adjusted 2.2 times per hour.
The average frequency with which the radio volume was adjusted is significantly higher
than the average frequency with which participants switched radio stations (p < 0.01) or
adjusted the rear-view mirror (p < 0.05).

T

o

10 20 30 40 50 60 70

OMax inone trip M Avg freq per hour number of interactions -->

Figure 1. The ten most performed tasks overall, collocating trips made in the familiar and the

unfamiliar car.

Particularly noteworthy is the usage of the front windshield wiper, as its maximum
use frequency is relatively high compared to many of the other tasks. This finding can be
explained by the fact that some of the participants were unable to figure out how to set the
windshield wipers to a proper interval in the unfamiliar car. Therefore, some participants
had to constantly trigger the windshield wipers manually, resulting in a maximum of
29 occurrences on a single trip for this task. This can also be seen in Figure 3.

To get a better overview of the type of tasks that are used relatively frequently, the
tasks have been grouped together into several function categories (the overview of all tasks
per function is displayed in Table 1). Figure 2 shows the aggregated frequencies for all tasks
per function category. Presented are only the function categories for which there were more
than ten interactions with any of its tasks. Table 4 comprises the results of the repeated-
measures ANOVA to compare the average task frequencies for these function categories.
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Table 3. Repeated-measures ANOVA for the ten most performed tasks overall, collocating trips made
in the familiar and the unfamiliar car. * p < 0.05, ** p < 0.01, *** p < 0.001.

Mean Use ANOVA Post Hoc
Frequency SD Comparisons with
per Hour F p Bonferroni Correction
Using direction indicator 66.4 14.2
Front windshield wiper speed 42 9.3
Adjusting radio volume 22 2.3 Using direction
Moving sun visor 1.4 3.9 indicator > all other
: : : tasks ***
Rear windshield wiper speed 1.2 25 40003 <0.001 Adjusting radio
Adjusting temperature 1.0 12 volume > switching
. radio station **
Adjusting fan speed 0.6 14 Adjusting radio
Switching radio station 0.4 0.9 volume > Adjusting
Adjusting rear-view mirror 0.4 1.0 rear-view mirror *
Enabling/disabling auto pilot 0.4 24
Other category

Setup category
Climate control category

Radio and media category

Windshield category

Lights category

All tasks excl direction indicator and front wiper

All tasks excl direction indicator _—‘
Al tasks  |———————————

0 10 20 30 40 50 60 70 80 90

OMax inone trip B Avg freq per hour number of interactions -->
Figure 2. Aggregated task frequencies per function category.

Table 4. Repeated-measures ANOVA for the aggregated task frequencies per function category,
collocating trips made in the familiar and the unfamiliar car. * p < 0.10, ** p < 0.05, *** p < 0.001.

Mean Use ANOVA Post Hoc Comparisons
Frequency SD — with Bonf iC .
F 1 onferroni Correction
per Hour p
Lights category 66.6 14.3
. . Lights > all other tasks ***
Windshield category 7.2 11.0 Windshield > Other **
Radio and media categor 3.3 3.9 Windshield > Setup **
8oL 37120 <0001 ol C It
Climate-control category 1.9 23 adio and media er
Radio and media > Setup **
Other category 0.7 1.5 Climate control > Setup *

Setup category 0.6 1.2
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Since the direction indicator is part of the lights category, it is not surprising that this
function category has the highest average use frequency, which is 66.6 interactions per hour.
This is significantly higher than all other categories (p < 0.001). The function categories
with the second and third highest use frequencies are the windshield and radio and media
categories, with an average of 7.2 and 3.3 interactions per hour, respectively. The average
frequency of both the windshield task category as well as the radio and media category
is significantly higher (p < 0.05 for all) than the setup category and the “other” category
(respectively 0.6 and 0.7 interactions per hour). The categories with the lowest aggregated
average use frequency per trip are calling, changing settings and danger signalling, with
average frequencies of 0.06, 0.08 and 0.10 per hour of driving, respectively.

To give an impression of the number of interactions drivers have with their vehicle
while driving, Figure 2 also displays the average use frequency per hour over all tasks.
On average, participants performed 81.4 tasks per hour of driving. Since the direction
indicator is used much more frequently compared to the other tasks—hence putting a
lot of weight on the average use frequency per hour over all tasks—a separate variable
was created to visualise the average use frequency per hour over all tasks, excluding the
direction indicator. Excluding direction indicator usage reduces the average total number
of interactions from 81.4 tasks per hour to 15.0 tasks per hour of driving. Lastly, again for
visualisation purposes, a variable was created that also excludes the front windshield wiper.
This was done, given the issues some participants experienced with it in the unfamiliar car,
resulting in extremely high use frequencies.

3.2. Comparing Task Performance in the Familiar and the Unfamiliar Car

Before comparing participants’ interactions with the vehicle in their own car versus
the unfamiliar car, it was first established that each participant’s own vehicle was indeed
more familiar to them than the car that was brought by the experimenter. This analysis
has been described in more detail in the Materials section as part of the paragraph titled
The cars.

The most frequently performed task while driving was using the direction indicator.
This was the case for both the familiar car as well as the unfamiliar car, with an average
frequency of 66.2 and 66.6, respectively. For the familiar car, the next most-used tasks
were found to be changing the volume, moving the sun visor, changing the temperature of
the climate-control system and changing the front windshield wiper speed, with average
frequencies of 2.7, 1.7, 1.7 and 1.6, respectively. For the unfamiliar car, the most performed
tasks after changing the direction indicator were changing the front windshield wiper speed,
adjusting the volume, changing the speed of the rear windshield wiper and moving the sun
visor. The average frequencies were 6.9, 1.6, 1.6 and 1.2, respectively. For the unfamiliar car,
higher frequencies can be found for tasks that are related to setting up the car, compared to
in the familiar vehicle. Examples of these tasks are adjusting the rear-view mirror as well as
the seat. These were adjusted 0.7 and 0.4 times per hour of driving, respectively, compared
to 0.1 and 0.1 times in the familiar car. Figure 3 shows the average frequencies of the most
performed tasks in both the familiar versus the unfamiliar car, whilst Figure 4 presents the
same comparison but on the aggregated level of the function categories.
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Enabling/disabling cruise control

—

Adjusting seat
Adjusting rear view mirror
Using handbrake
Opening/closing windows
Switching radio station
Changing rear wiper speed
Enabling/disabling auto pilot
Adjusting fan speed

0 1 2 3 4

Changing front wiper speed
Adjusting temperature
Moving sun visor

Adjusting radio volume

5 6 7 8

number of interactions -->

O Unfamiliar car, average use frequency per hour B Familiar car, average use frequency per hour

Figure 3. Average use frequencies for the most frequently performed tasks, comparing the familiar
car and the unfamiliar car. Excluding the most frequently used task: the direction indicator, with an
average use frequency of 66.22 per hour for the familiar car and 66.58 per hour for the familiar car.
Setup category
Climate category

Radio and media category

Windshield category

Lights category
All tasks excl direction indicator and front wiper

All tasks excl direction indicator

Al tasks  —————————

0 10 20 30 40 50 60 70 80 90

number of interactions -->

O Unfamiliar car, average use frequency per hour B Familiar car, average use frequency per hour

Figure 4. Aggregated task frequencies per function category, comparing the familiar car and the
unfamiliar car.

To understand whether function usage differs between driving a familiar or an un-
familiar car, paired-samples t-tests were performed on the function category level. An
overview of the results of these paired-samples t-tests is provided in Table 5. When looking
at the aggregated function category level again, it shows that the three categories with the
highest average task frequencies are the same for the familiar and the unfamiliar car. These
are the categories for tasks related to the lights, the windshield and to radio and media,
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with average frequencies of 66.3, 4.5 and 3.8 for the familiar car and 66.9, 9.9 and 2.7 for the
unfamiliar car, respectively. However, the fourth most frequently used category of tasks
differs between the familiar and the unfamiliar car. For the familiar car, the fourth category
with the highest task frequencies is the climate-control category. When driving their own
car, on average participants used functions in this category 3.5 times per hour compared to
0.4 times per hour in the unfamiliar car, which is significantly less (p < 0.001). On the other
hand, in the unfamiliar car, the fourth most used category of tasks is the setup category. In
the unfamiliar car, participants engaged in tasks from this category significantly more often
than in the familiar car (p = 0.03), with an average frequency of 1.0 times per hour when
driving the unfamiliar car compared to 0.2 times in their own car. Note however, that the
trip took approximately half an hour.

Table 5. Results of paired-samples t-tests in which the aggregated task frequencies per function
category are compared between the familiar car and the unfamiliar car. * p < 0.10, ** p < 0.05,
*** p < 0.001.

Function Category Familiar Car Unfamiliar Car ¢ p

Lights category 66.33 66.92 —0.35 0.73
Windshield category 4.50 9.94 —1.32 0.20
Radio and media category  3.79 2.73 1.22 0.23
Climate category 3.45 0.40 4.32 <0.001 ***
Setup category 0.21 1.03 —2.30 0.03 **

All tasks excl. direction

indicator and front wiper 1211 936 1.86 0.07

Next to differences in individual functions, it is also of interest to understand whether
function usage in general differs between driving your own car or an unfamiliar car. In
order to make a proper comparison between the total number of interactions per hour
while driving a familiar car versus an unfamiliar car, for the current study it is imperative
to exclude both direction indicator usage as well as front windshield wiper usage. As the
route in the familiar car was not always similar to the route in the unfamiliar car, this could
affect the need for indicator usage. Hence, direction indicator usage needs to be excluded,
as differences might not be related to the car itself. Regarding the front windshield wipers,
it appeared that their design in the Seat Toledo—which acted as the unfamiliar car—was so
unintuitive for some participants that it resulted in very high use frequencies, as explained
earlier (see also Figure 3).

For the familiar car, the average use frequency over all functions, excluding direction
indicator usage as well as front windshield wiper usage, is 12.1 interactions per hour (it
is 79.9 when including all functions and 13.7 when only excluding direction indicator
usage). In comparison, the average use frequency over all functions, excluding both
direction indicator usage and front windshield wiper usage, is lower for the unfamiliar
car, with 9.4 interactions per hour (it is 82.8 when including all functions and 16.3 when
only excluding direction indicator usage). Statistical analyses, shown in Table 5, indicate a
tendency to use less functions when driving an unfamiliar car (p = 0.07).

3.3. Underlying Factors That Contribute to Task Frequency

To study the influence of the factors in the study, Poisson regression models, as pre-
sented in Table 6, have been constructed based on the data from driving the familiar car. It is
important to note that all models showed (some) overdispersion in the dependent variable,
which is common in Poisson models; the final models had a statistically significantly better
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fit than the intercept-only model (see Likelihood Ratio test in Table 6). The exponent of
the parameter estimates (B) of the model can be interpreted as an odds ratio of the impact
of the independent variable on the dependent variable (i.e., its effect across units of the
independent variable; either the variable is continuous or discrete).

Table 6. Poisson regressions parameter estimates and goodness-of-fit.

Total Tasks Radio and Media Windshield Climate Control
Model 1 (N = 30) Model 2 (N = 30) Model 3 (N = 30) Model 4 (N = 30)
Value p Value p Value p Value p
Likelihood ratio 7.545 0.006 18220  <0.001 54118  <0.001 10463  0.005
chi-squared
Exp(B) p Exp(B) p Exp(B) p Exp(B) p
Car familiarity 1.276 0.009 1.436 0.048
Age 0.980 0.060
Gender 3.239 0.016 0.534 0.034 0.576 0.091
Rainy 8.725 <0.001
Sunny 9.167 <0.001

Transmission type

0.372 0.004

Adaptive cruise control

0.355 0.020

The results of the Poisson model 1 for the total tasks indicate that, overall, participants
performed 28% more tasks for every point higher on the car familiarity scale.

The results of the Poisson model 2 indicate that, for the radio and media category, the
use frequency for radio and media tasks is more than three times higher (Exp(B) = 3.239)
for male drivers compared to female drivers. Furthermore, for every additional year of
driver age, 2% fewer radio and media tasks are performed. Finally, the coefficient for car
familiarity is statistically significant and indicates that participants perform 44% more radio
and media tasks when they scored one point higher on the familiarity scale.

The results of the Poisson model 3 for the windshield category indicate that par-
ticipants performed around nine times more windshield tasks in both rainy conditions
(exp(B) = 8.725) and in sunny conditions (Exp(B) = 9.167), compared to cloudy conditions
(which was the reference case in this model). In rainy conditions, this may be due to usage
of the windshield wipers, while in sunny conditions it may be due to more frequent usage
of the sun visor. Furthermore, when cars were driven with an automatic transmission
participants performed 63% less windshield tasks. A possible explanation for this could be
that cars with an automatic transmission more often have automatic windshield wipers,
which by default reduces the need to trigger the wipers manually. However, this correlation
cannot be tested as part of this study as the availability of automatic windshield wipers has
not been recorded. Finally, the regression analyses indicates that men perform 47% less
windshield tasks than women.

The results of the Poisson model 4 for the climate-control category suggest that men
use 42% less climate-control tasks compared to women. However, the coefficient for
gender is only statistically significant at a confidence level of 90%. In addition, participants
performed 65% fewer climate-control related tasks in cars with adaptive cruise control.
This may be explained by the fact that, in modern cars, more tasks have been automated.
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4. Discussion and Conclusions

This study showed that, regardless of the car being familiar to the driver or not, the
direction indicator is by far the most frequently used function. Other frequently performed
actions include adjusting the volume of the radio, moving the sun visor, adjusting the
temperature and changing the wiper speed.

The factors that influenced the task frequencies included car familiarity, gender, age
and weather conditions. Unsurprisingly, rainy weather triggered an increase in wiper
usage and sunny weather resulted in increased use of the sun visor. Men, younger drivers
and drivers familiar with the car were more likely to use HMI functions related to radio
and media. As radio and media tasks are optional (i.e., not required to use in order to safely
drive the car) and mostly for entertainment purposes, it seems that older people choose to
perform these tasks less [19]. The same reasoning might be true for those not familiar with
the car, as a means to self-regulate the task load. Women, on the other hand, were more
likely to use HMI functions related to climate control. This could be because women have
been found to be more perceptible to cold [22].

In more modern cars, it appears that drivers have fewer interactions with their vehicle’s
HMI, possibly because more functions can be put on auto mode. An exception is the usage
of the Autopilot function. Despite the fact that only two out of the thirty participants were
driving a car with this function, the engaging and disengaging is comparatively prominent
in the overview of average use frequencies per task. This suggests that this function triggers
a significant amount of interactions while driving.

In general, drivers familiar with a car were more likely to engage with its HMI
functions compared to when driving an unfamiliar car. Possibly, participants are more
comfortable in a familiar car and therefore more confident that they can perform these
tasks safely while driving. This behavioural adaptation may indicate that drivers find
driving in an unfamiliar car more effortful and that they try to regulate their mental load
by using fewer functions. This can be seen as a form of self-regulation, where people only
perform tasks when they think they can safely perform them [23]. Contrary to good driving
practices, it was also found that, in the unfamiliar car, participants continued adjusting
their seat as well as the rearview mirror while driving.

Dingus et al. [5] found that driving an unfamiliar car increased crash risk by 204.5 times.
In the current study, it was found that driving an unfamiliar car may also result in increased
distraction when the design of the car is unintuitive. Multiple participants driving the
unfamiliar car struggled to set the front windshield wipers to an interval due to the
unfamiliar design. This example shows that a lack of standardisation can result in an
unnecessary high number of interactions, thus causing distractions [24,25]. As part of
their study, the UDV [8] pointed out that currently ‘there are no regulations or mandatory
best practice that define how to design increasingly complex HMIs that distract drivers as
little as possible from their driving task’. In fact, when HMIs are addressed in regulations,
the focus is mostly on symbols and telltales only [26], such as UN R121, including its 01
series of amendments [27]. As a result, there is much variety in HMIs across different
brands. Standardisation is also lacking, and this is often mentioned as a problem in the
literature [24,25], as it can result in reduced safety, particularly when driving unfamiliar
cars. This is backed up by naturalistic driving research, which finds that crash risk increases
when driving unfamiliar cars [5,28]. This lack of standardisation could become an even
bigger problem due to a growing number of people who are using services such as car
sharing, where they are driving unfamiliar cars [29].

A limitation of the current study is that each participant drove their own selected
route. As a result, there is considerable variety in the exact driving circumstances for the
participants, which increases the noise in the data. The advantage of the method used is that
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we were able to observe driving behaviour under rather naturalistic circumstances since,
in the real-world, most trips are made along familiar roads [12,13,30-32]. To somewhat
account for the lack of control over the routes and still be able to understand the driving
contexts, certain characteristics of the route and the weather conditions were noted. Due to
choosing their own familiar routes, the exact trip length also varied between participants,
though the total trip time never exceeded one hour. This time budget was chosen as it was
expected that participants might not have been willing to drive longer than 60 min. In
addition, these trip durations have resulted in distances travelled that are reasonably close
to the average distance per car trip in the Netherlands, which is found to be 17.44 km [33].

The ride-along method of simply counting the number of interactions has been shown
to be effective, though there are also some drawbacks. Counting was performed manually,
which makes it more vulnerable to human error. Some people also found it difficult to
refrain from engaging in a conversation with the researcher. This could be remedied by
using cameras, which would also allow for tracking people for longer periods of time
and/or using a larger participant sample. Nevertheless, for the purpose of the current
study, the ride-along method has proven to be efficient, as it is an easy-to-use, low-budget
method. Another limitation of the current study is that the Seat Toledo that was used as
the unfamiliar car lacks some modern features. This may have increased the number of
interactions with the unfamiliar vehicle, as less functions could be put on auto mode.

Nevertheless, the results of this study are particularly relevant for vehicle HMI design-
ers as well as for policymakers. They may also prove to be a useful input for HMI guidelines
and assessment tools. For example, the UDV decision tree [8] includes use frequency of
a function to determine the appropriate function implementation. This decision tree is
one of the main building blocks of Euro NCAP’s new assessment protocol on HMISs for
2026, to encourage car manufacturers to implement good HMI practices and facilitate the
safe use of general vehicle controls [26]. For this, their protocol assesses a wide variety of
functions used while driving. Insights into which functions are used significantly while
driving compared to which are less frequently used help to understand which functions
should be easily and swiftly available while driving in order to reduce distraction by the
car’s HMI design.
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Abbreviations

The following abbreviations are used in this manuscript:

HMI Human-Machine Interface
IVIS  In-Vehicle Information Systems (IVIS)

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Regan, M.A_; Hallett, C.; Gordon, C.P. Driver distraction and driver inattention: Definition, relationship and taxonomy. Accid.
Anal. Prev. 2011, 43, 1771-1781. [CrossRef] [PubMed]

Harms, .M. Distracted by familiarity: Implications of ‘autopilot” as a default cognitive mode. Transp. Res. Part F Traffic Psychol.
Behav. 2023, 99, 274-288. [CrossRef]

Regan, M.A.; Oviedo-Trespalacios, O. Driver Distraction: Mechanisms, Evidence, Prevention, and Mitigation. In The Vision
Zero Handbook: Theory, Technology and Management for a Zero Casualty Policy; Edvardsson Bjérnberg, K., Belin, M., Hansson, S.O.,
Tingvall, C., Eds.; Springer International Publishing: Cham, Switzerland, 2020; pp. 1-62.

Kujala, T.; Grahn, H. Key requirements and a method for measuring in-vehicle user interfaces’ distraction potential. In Proceedings
of the DDI 2022, the 8th International Conference On Driver Distraction And Inattention, Gothenburg, Sweden, 19-20 October
2022.

Dingus, T.A; Guo, E; Lee, S.; Antin, J.E; Perez, M.; Buchanan-King, M.; Hankey, J. Driver crash risk factors and prevalence
evaluation using naturalistic driving data. Proc. Natl. Acad. Sci. USA 2016, 113, 2636-2641. [CrossRef] [PubMed]

Dingus, T.A.; Hankey, ] M.; Antin, ].F; Lee, S.E.; Eichelberger, L.; Stulce, K.E.; McGraw, D.; Perez, M.; Stowe, L. Naturalistic Driving
Study: Technical Coordination and Quality Control (SHRP 2 Report 52-S06-RW-1); Transportation Research Board: Washington, DC,
USA, 2015. Available online: http://hdl.handle.net/10919/52942 (accessed on 27 April 2025).

Deguzman, C.A.; Donmez, B.; Harbluk, J.; Lau, C.; Burns, P.C. A Technology Scan of Touchscreen Trends in Passenger Vehicles.
In Proceedings of the 16th International Conference on Automotive User Interfaces and Interactive Vehicular Applications,
AutomotiveUI 2024—Main Proceedings, Stanford, CA, USA, 22-25 September 2024; Association for Computing Machinery, Inc.:
New York, NY, USA, 2024; pp. 149-159.

UDV. Distraction Due to Vehicle Operation. Compact Accident Research. Report No. 125; Unfallforschung der Versicherer
(UDV—German Insurers Accident Research): Berlin, Germany, 2023. Available online: https:/ /www.udv.de/udv-en/distraction-
due-to-vehicle-operation-137110 (accessed on 27 April 2025).

Vikstrom, ED. Physical Buttons Outperform Touchscreens in New Cars, Test Finds. ViBildgare. 2022. Available online:
https:/ /www.vibilagare.se/english /physical-buttons-outperform-touchscreens-new-cars-test-finds (accessed on 27 April 2025).
Blanco, M.; Biever, W.J.; Gallagher, J.P.; Dingus, T.A. The impact of secondary task cognitive processing demand on driving
performance. Accid. Anal. Prev. 2006, 38, 895-906. [CrossRef] [PubMed]

Rijkswaterstaat. Onderzoek Rijtaakondersteunende Systemen (ADAS) 2023; Bezit, Gebruik, Waardering en Kennisniveau. 2023.
Available online: https:/ /open.rijkswaterstaat.nl/@269056 / onderzoek-rijtaakondersteunende-systemen/ (accessed on 27 April
2025).

Harms, LM.; Burdett, B.R.D.; Charlton, S.G. The role of route familiarity in traffic participants’ behaviour and transport psychology
research: A systematic review. Transp. Res. Interdiscip. Perspect. 2021, 9, 100331. [CrossRef]

Mucelli Rezende Oliveira, E.; Carneiro Viana, A.; Sarraute, C.; Brea, J.; Alvarez-Hamelin, I. On the regularity of human mobility.
Pervasive Mob. Comput. 2016, 33, 73-90. [CrossRef]

Michon, J.A. A critical view of driver behavior models. What do we know, what should we know? In Human Behavior and Traffic
Safety; Evans, L., Schwing, R.C., Eds.; Plenum Press: New York, NY, USA, 1985; pp. 485-520.

Burdett, B.R.D.; Charlton, S.G.; Starkey, N.J. Mind wandering during everyday driving: An on-road study. Accid. Anal. Prev. 2019,
122,76-84. [CrossRef] [PubMed]

Harms, I.M.; van Dijken, J.H.; Brookhuis, K.A.; de Waard, D. Walking without awareness. Front. Psychol. 2019, 10, 01846.
[CrossRef] [PubMed]

Metz, B.; Landau, A.; Just, M. Frequency of secondary tasks in driving—Results from naturalistic driving data. Saf. Sci. 2014, 68,
195-203. [CrossRef]

Cuentas-Hernandez, S.; Li, X.; King, M.J.; Oviedo-Trespalacios, O. The impact of road traffic context on secondary task engagement
while driving. Front. Psychol. 2023, 14, 1139373. [CrossRef] [PubMed]

Cooper, ].M.; Wheatley, C.L.; McCarty, M.M.; Motzkus, C.J.; Lopes, C.L.; Erickson, G.G.; Baucom, B.R.W.; Horrey, W.J.; Strayer,
D.L. Age-Related Differences in the Cognitive, Visual, and Temporal Demands of In-Vehicle Information Systems. Front. Psychol.
2020, 11, 01154. [CrossRef] [PubMed]

Klauer, S.G.; Guo, F; Simons-Morton, B.; Ouimet, M.C.; Lee, S.E.; Dingus, T.A. Distracted driving and risk of road crashes among
novice and experienced drivers. N. Engl. |. Med. 2014, 370, 54-59. [CrossRef] [PubMed]


https://doi.org/10.1016/j.aap.2011.04.008
https://www.ncbi.nlm.nih.gov/pubmed/21658505
https://doi.org/10.1016/j.trf.2023.10.021
https://doi.org/10.1073/pnas.1513271113
https://www.ncbi.nlm.nih.gov/pubmed/26903657
http://hdl.handle.net/10919/52942
https://www.udv.de/udv-en/distraction-due-to-vehicle-operation-137110
https://www.udv.de/udv-en/distraction-due-to-vehicle-operation-137110
https://www.vibilagare.se/english/physical-buttons-outperform-touchscreens-new-cars-test-finds
https://doi.org/10.1016/j.aap.2006.02.015
https://www.ncbi.nlm.nih.gov/pubmed/16584702
https://open.rijkswaterstaat.nl/@269056/onderzoek-rijtaakondersteunende-systemen/
https://doi.org/10.1016/j.trip.2021.100331
https://doi.org/10.1016/j.pmcj.2016.04.005
https://doi.org/10.1016/j.aap.2018.10.001
https://www.ncbi.nlm.nih.gov/pubmed/30315995
https://doi.org/10.3389/fpsyg.2019.01846
https://www.ncbi.nlm.nih.gov/pubmed/31456719
https://doi.org/10.1016/j.ssci.2014.04.002
https://doi.org/10.3389/fpsyg.2023.1139373
https://www.ncbi.nlm.nih.gov/pubmed/37077849
https://doi.org/10.3389/fpsyg.2020.01154
https://www.ncbi.nlm.nih.gov/pubmed/32581959
https://doi.org/10.1056/NEJMsa1204142
https://www.ncbi.nlm.nih.gov/pubmed/24382065

Appl. Sci. 2025, 15, 5230 16 of 16

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

CBS. Mobiliteitstrend; per Rit, Vervoerwijzen, Reismotief, Leeftijd en Geslacht; Centraal Bureau voor de Statistiek (CBS): The Hague, The
Netherlands, 2022. Available online: https://opendata.cbs.nl/#/CBS/nl/dataset/84755NED /table?ts=1697116530423 (accessed
on 27 April 2025).

Kaikaew, K.; van den Beukel, ].C.; Neggers, S.J.C.M.M.; Themmen, A.P.N.; Visser, J.A.; Grefhorst, A. Sex difference in cold
perception and shivering onset upon gradual cold exposure. J. Therm. Biol. 2018, 77, 137-144. [CrossRef] [PubMed]

Wandtner, B.; Schumacher, M.; Schmidt, E.A. The role of self-regulation in the context of driver distraction: A simulator study.
Traffic Inj. Prev. 2016, 17, 472-479. [CrossRef] [PubMed]

Uhlving, VM.; Weyde, K.V.; Hagenzieker, M.; Aasvik, O.; Rostoft, M.T. Advanced Driver Support Systems and Screen Interfaces in
Car—How Do They Affect Driver Behaviour? Transportekonomisk Institutt (TQI): Oslo, Norway, 2023; ISSN 978-82-480-1519-2.
Available online: https://www.toi.no/getfile.php?mmfileid=77085 (accessed on 27 April 2025).

Ruzic, D. The ergonomic aspects of a passenger car climate control panel. IOP Conf. Ser. Mater. Sci. Eng. 2022, 1271, 012019.
[CrossRef]

Harms, I.M.; GrofSe, G.; Gehlert, T.; Savona, F.; Ceci, R.; Palao, A. Safe use of general controls: Towards a Euro NCAP assessment
protocol to target distraction by design. In Proceedings of the DDI 2024, the 9th International Conference On Driver Distraction
And Inattention, Ann Arbor, Michigan, 22-24 October 2024; University of Michigan: Ann Arbor, Michigan, 2024.

UNECE. UN Regulation No. 121—Rev.2—Identification of Controls, Tell-Tales and Indicators (01 Series); Last Update: UN R121.01
Suppl. 6; Date of Entry into Force 24/09/2023; UNECE: Geneva, Switzerland, 2023.

Lee, S.E.; Dingus, T.A.; Klauer, S.G.; Neale, V.L.; Sudweeks, ]. Naturalistic Data Collection of Driver Performance in Familiar and
Unfamiliar Vehicles. Proc. Hum. Factors Ergon. Soc. Annu. Meet. 2005, 49, 1994-1998. [CrossRef]

Autodelen.info. Cijfers en Onderzoek. Autodelen.Info. 2022. Available online: https://autodelen.info/cijfers-autodelen (accessed
on 9 October 2022).

Charlton, S.G.; Starkey, N.J. Attention and awareness in everyday driving. Transp. Res. Part F Traffic Psychol. Behav. 2018, 57, 1-3.
[CrossRef]

Burdett, B.R.D.; Starkey, N.J.; Charlton, S.G. Characteristics of the close to home crash. Saf. Sci. 2018, 105, 222-227. [CrossRef]
Charlton, S.G.; Starkey, N.J. Driving on familiar roads: Automaticity and inattention blindness. Transp. Res. Part F Traffic Psychol.
Behav. 2013, 19, 121-133. [CrossRef]

van Heukelingen, C.; Schakel, L.; Molnar-in"t Veld, H. Onderweg in Nederland (ODiN) 2022—DPlausibiliteitsrapportage; Centraal
Bureau voor de Statistiek (CBS): The Hague, The Netherlands, 2023. Available online: https://www.cbs.nl/nl-nl/longread/
rapportages/2023/onderweg-in-nederland--odin---2022-plausibiliteitsrapportage /5-gemiddelde-afgelegde-afstand-per-
verplaatsing (accessed on 27 April 2025).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://opendata.cbs.nl/#/CBS/nl/dataset/84755NED/table?ts=1697116530423
https://doi.org/10.1016/j.jtherbio.2018.08.016
https://www.ncbi.nlm.nih.gov/pubmed/30196892
https://doi.org/10.1080/15389588.2015.1102231
https://www.ncbi.nlm.nih.gov/pubmed/27082493
https://www.toi.no/getfile.php?mmfileid=77085
https://doi.org/10.1088/1757-899X/1271/1/012019
https://doi.org/10.1177/154193120504902223
https://autodelen.info/cijfers-autodelen
https://doi.org/10.1016/j.trf.2018.04.014
https://doi.org/10.1016/j.ssci.2018.02.020
https://doi.org/10.1016/j.trf.2013.03.008
https://www.cbs.nl/nl-nl/longread/rapportages/2023/onderweg-in-nederland--odin---2022-plausibiliteitsrapportage/5-gemiddelde-afgelegde-afstand-per-verplaatsing
https://www.cbs.nl/nl-nl/longread/rapportages/2023/onderweg-in-nederland--odin---2022-plausibiliteitsrapportage/5-gemiddelde-afgelegde-afstand-per-verplaatsing
https://www.cbs.nl/nl-nl/longread/rapportages/2023/onderweg-in-nederland--odin---2022-plausibiliteitsrapportage/5-gemiddelde-afgelegde-afstand-per-verplaatsing

	Introduction 
	More Functions and More Touchscreens 
	Aim of the Study 

	Materials and Methods 
	Experimental Design 
	Participants 
	Materials 
	Measures 
	Procedure 
	Data Analysis Methods 

	Results 
	The Most Frequently Performed Tasks Across All Cars 
	Comparing Task Performance in the Familiar and the Unfamiliar Car 
	Underlying Factors That Contribute to Task Frequency 

	Discussion and Conclusions 
	References

