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ABSTRACT

Driver assistance systems are becoming more prevalent in the market. SAE Level 2
systems are now available in affordable price segments and in used vehicles. Nonetheless, very
little is known about how people without any experience with driver assistance systems perceive
and accept such systems, which take over longitudinal and lateral control of the vehicle, or what
physiological consequences an experienced system failure (drop, crash) can have for the
respective driver.

To answer these questions, a real-life driving study was conducted. Nineteen people (9
female and 10 male; M = 36,7; SD = 9,9) with no experience with Level 1 or 2 systems were
recruited for the study. After an introduction and explanation of the Level 2 system, the test
subjects were asked to complete a 50-minute drive in the vehicle. The route was selected to
ensure activation of the installed Level 2 function in the test vehicle (BMW 5 Series). The route
consisted of three sections: an urban road, a two-lane rural road, and a highway.

The system was activated when the following conditions were met: a vehicle was present
in front, the vehicle was driving on a highway, there were visible lane markings, and the speed
was below 60 km/h. The participants were instructed to follow a moving truck on the highway
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for as long as possible. The results show a significant decrease in the acceptance of the system
as well as in the confidence in the Level 2 system as the number of system drops increases.
However, the subjective perception of the increase in comfort provided by the system shows
that, despite the frequent drops, the ride was perceived overall as comfortable. Additionally, most
participants felt that the system drops were justified. Furthermore, the ride was experienced as
very safe and controllable.

Electrodermal activity (EDA) was measured using a two-electrode recording system. This
method quantifies changes in skin conductance between two surface electrodes and serves as an
indirect measure of autonomic nervous system activity and physiological arousal. An analysis of
the EDA responses during the 10-second intervals before and after a system failure revealed no
statistically significant differences. These results suggest that the first system failure does not
cause a measurable change in electrodermal activity and therefore does not lead to a significant
physiological response.

1. Introduction

Advances in vehicle technology and the introduction of semi-autonomous driving
systems have made the physiological reactions of drivers increasingly important. Level 2 driver
assistance systems, such as those offered by Tesla and Audi, enable semi-autonomous control,
in which the vehicle takes over certain driving tasks but still requires active supervision and
intervention by the driver [1]. These systems present new challenges for human-machine
interaction, affecting the psychophysiological responses of drivers as well as their perception of
controllability and acceptance.

1.1. Acceptance and Controllability in Human-Machine Interaction

The acceptance of driving systems, particularly semi-autonomous technologies, is
essential for successful implementation and use [3]. Drivers must understand, trust, and be able
to use the system in different driving scenarios. A key question is the extent to which drivers can
maintain control over the vehicle and system. A high degree of perceived controllability is crucial
for acceptance of such systems. When drivers feel they can intervene in any situation, their trust
in the system increases and their cognitive load decreases [4].

A key element of this interaction is drivers’ physiology, which manifests as heart rate,
skin conductance, and eye movement. These physiological reactions offer valuable insights into
drivers’ perceptions regarding acceptance and controllability. Studies have shown that the level
of physiological stress experienced when using Level 2 systems depends heavily on the
complexity of driving tasks and the frequency of system takeover [5]. High stress levels may
indicate insufficient control perception and uncertainty about the system’s behavior, which can
lead to reduced acceptance.

1.2. Literature, Theory, and Derivation of the Research Question

The literature on autonomous vehicle technology extensively covers the topic of driver
acceptance in relation to physiological reactions. An important theoretical basis is provided by
the Technology Acceptance Model (TAM) [2], which shows that perceived ease of use and
perceived usefulness are crucial for acceptance of technology. When applied to Level 2 systems,
this means that drivers will only perceive the system as useful and easy to use if they experience
it as controllable and reliable. Additionally, the concept of “cognitive overload” from [5]
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broadens our understanding of how the complexity of driving tasks and driver intervention can
affect physiological responses. Studies, such as those by [3], have shown that a highly fluctuating
ratio between autonomous functions and manual intervention by drivers leads to increased
physiological stress, which in turn can impair acceptance.

In summary, drivers’ physiological responses to a Level 2 system are influenced by their
perception of control and acceptance of the system. A deeper understanding of these aspects is
crucial for the future optimization and improvement of autonomous driving systems, as well as
for ensuring drivers’ safety and well-being.

To further refine this understanding, a real-world driving study was conducted to assess
the aforementioned aspects with drivers who had no prior experience with driving assistance
systems above Level 0.

2. Method

A real-world driving study was designed for this purpose. A total of 19 people (9 female
and 10 male; mean age M = 36,7; SD = 9,9) participated. It was important to recruit participants
with no previous experience with Level 1, 2, or higher systems. After receiving an introduction
to and explanation of a Level 2 system, the participants completed an approximately 50-minute
drive in the vehicle.

The route was selected to ensure activation of the installed Level 2 function in the vehicle
(BMW 5 Series). The route consisted of urban, rural, and highway sections (Fig. 1).

The system was activated when the following conditions were met: a vehicle was present
in front, the vehicle was driving on a highway, there were visible lane markings, and the speed
was below 60 km/h. The participants were instructed to follow a truck ahead of them on the
highway for as long as possible.
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Figure 1. Sections of the Test Drive Route
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The recording of the respective system status and any system shutdown was ensured both
by a camera pointed at the system display and by the eye-tracking system used (Dikablis 3.0).
Since the use of different measurement systems can lead to time discrepancies, all data was
recorded in the eye-tracking software (Dlab 3.56).

The test subjects’ physiological parameters (skin conductance and heart rate) were
recorded using an EXG measurement system from Becker Meditech. To ensure synchronization,
this data was imported into the Dlab recording software of the eye tracking system as well.

In addition to the objective data, demographic data of the test subjects were collected, as
well as, for each system drop, the subjective assessment of the criticality of the situation, system
trust, and acceptance of the system used. An overall evaluation of the system in terms of comfort
was also carried out after each trip.

This data was collected using a tablet with the Limesurvey questionnaire system. The test
supervisor continuously recorded the data, conducting the survey immediately after each system
drop. Each test subject conducted the survey at the turning point and at the end of the test drive
on the tablet.

3. Evaluation and Results

The results are presented in separate sections. The first section presents and discusses the
objective data. The second section deals with subjective data.

3.1. Physiological Reactions to System Drops

To evaluate the physiological reactions, we observed and statistically compared the 10
seconds before and after a system crash. This period was selected based on a previous literature
analysis.

Examining the electrodermal activity (EDA) in millisiemens (mS) 10 seconds before and
after each system drop revealed no significant differences in EDA before the drop (M = 9,64)
compared to after the drop (M = 9,81). Therefore, even the first system drop does not lead to a
significant change in EDA (t(15) = -1,022; p = n.s.), at least with regard to EDA (see Fig. 2).

10.1

[mS]

93 -

e ——
Average value Average value
before 1st drop after 1st drop

Figure 2. EDA mean value before and after the first system drop

Examining the heart rate (Fig. 3) one minute before and after the first system drop reveals
asignificant increase from 86,56 before the drop to 93,21 after the drop (t(14) = -2,63; p = 0,020).
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Figure 3. Heart Rate before and after the first system drop

3.2. Subjective Reactions to System Drops

As the number of system drops increases, the acceptance of the system significantly
decreases (Fig. 4) (F(2/32) = 8,41; p = 0,001).
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Figure 4. Acceptance after system drops

Similarly, the confidence in the Level 2 system has significantly decreased due to the
increasing number of system drops (Figure 5) (F(2/32) = 4,42; p = 0,020).
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Figure 5. Confidence in Level 2 system after system drops
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However, when considering the subjective perception of increased comfort provided by
the system, it becomes apparent that, despite frequent system drops, the journey was perceived
overall as comfortable (Fig. 7a). Additionally, most participants believed that the system
shutdowns were justified. Furthermore, the system shutdowns were generally perceived as very
safe (Fig. 7b). The system generally evoked positive emotions (Fig. 7c). Overall, the system
received a good rating by the participants (Fig. 7d).
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Figure 7. Perceived comfort while driving with Level 2 system (a), controllability during system
drops (b), positive emations (c) and overall evaluation of the system (d)

4. Conclusions

Overall, initial contact with a Level 2 system appears to lead to a physiological reaction.
Heart rate values significantly increase, but this effect is not observed for skin conductance. Both
parameters remain within a safe range.

Subjective perception of the system changes despite the many system drops. Although
acceptance and confidence in the system decreased with an increasing number of drops, contrary
to expectations, the overall evaluation and perceived usefulness of the system were not
negatively impacted. Likewise, system drops were perceived as controllable.

Based on initial contact with Level 2 systems, it can be concluded that no overly strong
physiological reactions are to be expected that could negatively impact road safety. Similarly,
frequent system drops do not lead to an unfavorable evaluation of the system as a whole.
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OU3NOJOI'NMYHHU PEAKIIUU, BB3IIPUEMAHE 1 OLIEHKA HA
KOHTPOJIUPYEMOCTTA HA CUCTEMA OT HUBO 2 OT
HO®bOPHU BE3 OITUT C TAKABA CUCTEMA B PEAJITHHU

YCJIOBUSA HA IBUKEHUE

K. Paiinnpext?, I1. Heanur?, b. Xpucros®

Knrouosu oymu: cucmemu 3a noonomazane na ¢ooawa, SAE Hugo 2, ¢usuonocuunu
peaxkyuu, enexmpooepmMaina akmugHOCHL, CUCHIEMHA NO8Pedd, CUCMEMEH CPUS, NPOCIeOasane
Ha noznedd, cbpoeyHa 4ecmomd, 8b3npuemMar Komgpopm

PE3IOME

Cucremure ot HEBO SAE 2 3a mojmomaraHe Ha BojJjada cTaBar BCe IM0-pa3poCTPaHeHn
Ha Tas3apa M Beue MoraT Jia ObJlaT HaMepeHH Ha JIOCTHITHH LEHH MPU HOBU M YIOTPEOSBaHU
aBTOMOOWIN. BbIpekn ToBa, KbM JHEIIHA JaTa ce 3HA¢c MHOTO MaJKO 3a TOBAa KaK TaKHBa
CHCTEMH, KOMTO II0EMaT HALTBKHOTO M CTPAaHUYHOTO YIpaBJICHHE Ha aBTOMOOWIa, ce
BB3MPUEMAT OT X0pa 0e3 OIUT ChC CUCTEMH 3a IIOJNIOMAaraHe Ha Bojada U KakBH (pU3HMOIOTHYHU
MOCNIEANIY MOJKE Ja MMa €/JHa CBEHTYyallHa TIOBPE/a B CHCTEMATa 3a CbOTBETHHUS BOJAH.

3a ;1a ce OTTOBOPH Ha TE3M BHIPOCH, Oellle MPOBEICHO MPOYUYBaHe 3a HI0(HUpaHe B pealHl
ycnoBust. B npoyuBanero Osixa BKIIOUeHH JeBeTHasneceT Ay (9 skernn u 10 Mbxe; cpenHa
BB3pact M = 36,7 ronunu, cragaaptHo otkiaoHeHue SD = 9,9 ronunn) 6e3 onuT Che CHCTEMH
ot HBO | nnm 2. Crnex BbBeneHne U 00siCHEHHE Ha crcTteMa oT HuBo 2 yyacTHuIMTE B TEecTa
0s1xa momosieHn Jia u3Bbpumar 50-MUHYTHO mo(UpaHe B NMPEBO3HOTO CPEACTBO. MapmpyThT
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Oeme n30paH 1O HayMH, KOWTO OCHUTYpsBa akTHBHpaHeTo Ha (yHkmustTa or Huso 2,
MHCTaJIMpana B MpeBo3HOTO cpenctBo (BMW Cepust 5). MapuipyThT ce chCToeIIe OT TPH YacTH:
yJIHIIa B Tpajia, U3BBHIPAJICKH JBYJICHTOB ITHT M aBTOMArucTpaa.

3a ma ce akTUBHpa cHCTeMara, TpsOBamle Aa ObJAT U3NBIHEHH CIEIHHUTE YCIOBHA:
HaJIMYUe Ha MPEBO3HO CPEACTBO OTIpE/, IBM)KEHHE N0 Marucrpaia, BUANMa MapKHUPOBKa Ha
OBTHOTO TIAaTtHO M ckopocT moa 60 km/h. YuactHuimre B Tecta 0sXxa MHCTPYKTHPAHH Ja
cleqBaT ABMDKEIN e KaMHOH II0 MarucTpasiara, JOKOJIKOTO TOBA € Bb3MOXKHO.

PesynraTuTe mokasBaT 3HAYMTENHO HAaMaJIsIBaHE Ha BB3NPUEMAHETO U JOBEPUETO B
cucremara otT HuBo 2 ¢ yBenmudaBaHe Ha Oposi Ha IPeKbCBaHUATA Ha cucTeMaTa. CyOeKTHBHOTO
BB3MPHSTHE 32 yBENWYaBaHEe Ha KOMQopTa, OCHTYpeHO OT cHcTeMara, obade, IMOKas3Ba, 4e
BBIIPEKH YECTUTE MPEKBCBAHMS, KAaTO ISI0 IIBTYBAHETO ce BBh3NpHeMa kato KoMpopTHo. OcBeH
TOBA, TIOBEYETO YYACTHHUIIM CMSTaT, Y€ MIPEKbCBAaHMUATA HA CHCTEeMaTa ca OMIIM ONpaBJaHM U ca
BB3MPHETH ITBTYBAHETO KaTO MHOTO 0€30IacHO M KOHTPOJIUPYEMO.

Enextponepmannara aktuBHocT (EDA) Gente m3mepeHa ¢ moMoIiTa Ha CHCTEMa 3a 3aITHC
¢ 11Ba enekTpoa. To3n MeTo/] KOIMIEeCTBEHO U3MEPBa IIPOMEHUTE B IIPOBOIMMOCTTA HA KOXKaTa
MEXIy JBaTa eIEeKTPOJa M CIy)KH KaTo KOCBEH IOKa3aTeld 3a aKkTMBHOCTTA HA BEreTaTHBHATA
HEepBHA CHCTEMa U (HU3MOJIOTMYHOTO BB3OYkIaHe. AHamm3sT Ha EDA peaknuure mpes 10-
CeKYHJTHUTE WHTEPBAJIM MPEAN M CIIEA CHCTEMHA Ipelika He Pa3KpH CTaTHCTHYECKH 3HAYUMHU
paznuku. Te3u pe3ynaTaTH 1MoKas3Bar, ue IIbpBaTa CUCTEMHA Ipelika He MPeAn3BUKBa U3MeprMa
MIPOMSIHA B €JIEKTPOIepMalTHaTa aKTUBHOCT U CJIIOBATEIIHO HE BOJIH /10 3HAYNMa (PU3NOJIOTHIHA
peaxIys.
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