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Abstract

Sales volumes in the automotive market are stagnating. Therefore, new market op-
portunities and sales potential must be developed that address the growing customer
group of drivers 50+ with their increasing purchasing power. This customer group
is likely to have a strong interest in maintaining mobility into old age due to their
increasing individual physical limitations and their need for safety. The automotive
market can ensure this demand for mobility by offering vehicles with individually
equipped driver assistance systems at various levels of automation, offering in-
creased safety on the roads specifically for the aforementioned 50+ customer group.
However, the success of the driver assistance systems on the market remains below

expectations.

This dissertation examines the willingness to pay of the 50+ age group using the
Van-Westendorp-method and an empirical study. Motives and backgrounds for the
manifestation of the willingness to pay remain unclear. Previous acceptance studies
have so far not provided any clear results on technology acceptance in old age.
Therefore, the acceptance of driver assistance systems in the 50+ age group is ex-
amined in more detail using an acceptance model derived from the literature, in
which the influencing factors as critical success factors for the use of a technology
are verified and analyzed with the help of a quantitative study. Not only the influ-
encing factors such as "perceived usefulness”, "perceived ease of use", ""subjective
norm", "trust in technology" and "personal innovativeness" are examined for the
degree of acceptance of driver assistance systems, but also the influence of age and
critical life events in the age group 50 years and older. Implications for research

and practice are consequently derived from the results of the research studies.



Contents

LISt OF FIQUIES ...ttt VI
LISt OF TADIES ... VII
Chapter 1: INtrOAUCTION .......ccveieiie e 1
1.1. Problem and research ObjJeCtiVe..........cccceeeiiiiiiiiiicecee e 1
1.2. Organization of the diSSertation .............ccccocviininiciiise s 7
RETEIBNCES. ... it bbb 10
Chapter 2: Theoretical background ............cccoveviiiiiieiciicceee e 17
RETEIENCES. ... et 25
Chapter 3: MethodOlOgy ........coveiieriiriiiiiiiieieeeee e 30
RETEIENCES. ... ettt 36

Chapter 4: Tapping into Market Opportunities in Aging Societies — the example
of advanced driver assistance systems in the transition to autonomous driving 38
R 101 0o [0 Tox o] o PSPPSR 39
2. LITErature FEVIEW ....c.uveviecveeie ettt 41
2.1. Advanced driver assistance systems in transition to
AUtONOMOUS AFIVING ...vveivecieieccie e 41
2.2. Advanced driver assistance systems and their importance in
AQING SOCIELIES ....vivviiiieite et 42
2.3. Market opportunities in aging SOCIEIes.........ccccevveeieiviereerieennnn, 44

3. Assumptions on market opportunities for driver assistance systems in

AQING SOCIETIES ...vveeeeeee sttt 46
4, EMPITICAL STUAY ..ot 49
4.1, Study apProach .......c.coveiieiiiieie e 49
4.2. Operationalisation of the variables............c.ccccceviiiiiiiiiiccie, 50
4.3, SAMPIE .o s 52
5. Results and diSCUSSION .......c.ccueiierieieiiesieee e 52
5.1. DesCriptive StatiStiCS........ccvivveiiiiiiieie e 52
5.2. Correlation between willingness to pay and age .........ccccceveeveennen. 53
5.3. Age group differences in willingness to pay .........cccceeevvererinienne. 54
5.4. DisCuSSION OF rESUILS.......ccveiieiieiecieee e 57
6. Implications, limitations and outlook ............c.cccocveiiiiii i 58
REFERENCES ..ottt 60



Chapter 5: On the way to autonomous driving: How age influences the

acceptance of driver assiStance SYStEMS ........ccoevveiierieriereeseee e e 69
R 10 0o [0 Tox o o SO TRR 70
2. LITErature REVIEW.......cooiiieiiiie ittt 74

2.1. Technology Acceptance Model..........ccccccevvevviieiicie i, 74
2.2. Technology Acceptance Model inold age........ccccceoeviiinininnnn. 76
2.3. Relevance of advanced driver assistance systems for extending
MODIlity iN Old 8QE.......cce i 77
3. Theoretical framework and research hypotheses............cccccvevevverivennenn. 78
L. TAM e ————— 78
3.2. Trustin TEChNOIOQY ......cccoiviiiiiiiiieiee s 79
3.3, Personal iINNOVALIVENESS.........cccveieierienienie st 80
3.4. Moderation Effect 0f AQe.......cccvcvveiieiiiiciec e 81
4. Research MethodolOogy .........ccueieieieiirese e 83
4.1. Measurement & operationalization of CONStructs..............cc.cceuenee. 83
4.2. Data COIBCHION......cci it 84
4.3. Choice of the driver assistance systems to be tested .................... 87
5. Results and DISCUSSION .....ccueeurieeriieieiiesieeie e sieesee e steeee e seeeseeenee s 87
5.1. Measurement Model ASSESSMENT........cccoviiiriririieiee e 88
5.2. Structural Model ASSESSMENT........coeriiiiiiiirieiniee s 91

5.3. Influence of age on the acceptance of advanced driver

ASSISTANCE SYSLEMS ...ttt 92
5.3.1. Difference between younger and older generations ................. 93
5.3.2. Differences in older generations...........c.ccccceevvevieieereciesieenns 93

5.4. Influence of income on the acceptance of advanced driver

ASSISTANCE SYSLEMS ...t 95

5.5. Discussion Of the reSUltS..........ccovvrieerieieiiie e 96
5.5.1. Technology Acceptance in any age ........c.ccoeevvveeevveriesveseenens 96
5.5.2. Technology Acceptance in older age..........cccccoevvevveveiieinennns 99

6. Conclusion and fULUre WOTK..........ccooiveieiieiieere e 101
APPENDIX .. 104
REFERENGCES ..ottt 109



Chapter 6: The Moderating Influence of Life Events on the Acceptance of
Advanced Driver Assistance Systems in Aging SOCIEtieS.........ccovvvevvriernennns 122
IR 101 0o [0 Tox [0 o SO USSR ORI 123

2. Literature Review, theoretical framework and research hypotheses .... 125

2.1. Technology Acceptance Model inold age.........ccccccevevveieinnnen. 125
2.2, LITE EVENTS ..o s 127

3. Research Methodology .........ccocveiiieiiiiieiesiseee e 131
4. Data analysis and reSUIS...........ccceeveiieii e 134
4.1. Measurement Model ASSESSMENT ..........cccvvrvrririiieiene e 134
4.2, Structural Model ASSESSIMENT.......cccvviiriieiesie e 137
4.3. MUlti-Group ANAIYSIS........ccoiiiieiiiiiiiirieeeeee e 139
4.3.1. M@JOr ilINESS ....cccveieeiieie e 140
4.3.2.Birth of a grandchild...........cccooveiiiiiic 141
4.3.3. RELITEIMENT.....oiieiieee et 142
4.3.4. MaJOr aCCIUBNT ......cueiiiiiiieeeee s 143

5. Discussion and iMPlCAtioNS ..........ccccovevveieiiieie e 143
5.1. Technology acceptance model ............cccccvevevieiiiic i 143
5.2, LITE BVENTS ..o 145
5.3, IMPLICALIONS ....vviiiiiiiie e 146
5.4, Limitations and future Worki..........cccocoveiiiieniininienene s 148
APPENDIX ..ottt 149
REFERENCES ..ot 154
Chapter 7: Summary, implications and outlooK ............ccccceevevierriiniienecee 163
7.1. Summary of the reSUItS ..........coovoviiiiiece e 163
7.2. Implications for research and practiCe...........ccccevvveveiieiiieveciieieenns 166
7.2.1. Implications fOr reSearch ... 166
7.2.2.Implications fOr PractiCe...........ccooeverenerenesieeeese e 170
7.3. Limitation and OULIOOK ...........cccoiiiiiiiiieiesesesee e 173
RETEIBNCES. ... 176



List of Figures

Figure 1: Levels of driving aUtOMAatioN ............ccccucueueuiiiiiiririeisseeeeee e 3
Figure 2: Organization of the diSSertation............c.cceerrnieeiernnnieeeese e 9
Figure 3: Theory of intertemporal CONSUMPLION .......c.cooveeieinrrniceeerceeeene 18
Figure 4: Theory of Reasoned Action and Theory of Planned Behavior................ 19
Figure 5: Technology Acceptance MOUEl ............ccceiiiirieieirrcee e 20
Figure 6: Critical [Ife @VENTS ..o 23
Figure 7: ReSearch Model...........cooiiieesr e 31
Figure 9: Levels of AUtOMALION ............ccceveveieveieeeeeeceee e 42
Figure 10: Demand for mobility depending on the age of the consumers.............. 47
Figure 11: Driving SIMUIALOT CAVE .........ocoeueiriiriicieieicirecee e 50
Figure 12: Technology Acceptance MOdEl..........ccccerviiiennnnceeeceeeene 76
Figure 13: Acceptance MOEL ............coveveveveveieieieecccceee e 83
Figure 14: Static driving SIMUIALON ..........cccevurriiieieirrrcee e 84
Figure 15: PreteSt QUESTIONNAITE ..........cvueuiueiririicieieieisrecee et 105
FIQUIE 16: LifE EVENES ..ottt 128
Figure 17: Acceptance MOEl ............ccveveveverevciceccecce e 131
Figure 18: Structural model results - CTA ..o 138
Figure 19: Structural model results — PDC.........ccccooiiiirinnrrrreeseeeieieeeeiens 138
Figure 20: Structural model results - LDW ... 139

Vi



List of Tables

Table 1: Quality cirteria for the measurement and structural model .................... 33
Table 2: Operationalization of the CONSEIUCES ............ccocoviiiiiniiiiee 34
Table 3: DeSCriptive StAtISTICS .........ccoiiriiieieieee s 53
Table 4: Correlation table.............cooiiiiiiii s 54
Table 5: Willingness to pay for the advanced Park Distance Control (PDC)

DY B0 GIOUP ..ttt 55
Table 6: Willingness to pay for the advanced Lane Departure Warning (LDW)

02 1o =30 [ (o1 o SRS 56
Table 7: Willingness to pay for the advanced Blind Spot Detection (BSD)

DY B0 GIOUP .veiieiieiieiete ettt 56
Table 8: Willingness to pay for the Tyre Pressure Monitoring System (TPMS)

02 1o T30 [ (o1 U ] o FO S 57
Table 9: Willingness to pay for the Cross-Traffic Alert (CTR) by age group...... 57
Table 10: DeSCriptive STAISTICS .......ooviivirieriieiieieiee s 86
Table 11: Composite reliability, average variance extracted and inter-construct

COMTEIALIONS ... 89
Table 12: Structural MOEl...........cooiiiiiiiii s 91
Table 13: Results of the group analysis for the groups 20-49 and 50-90 ............. 93
Table 14: Results of the group analysis for the groups 50-59 and 60-69 ............. 94
Table 15: Results of the group analysis for the groups 50-59 and 70-90 ............. 94
Table 16: Results of the group analysis for the groups 60-69 and 70-90 ............. 95
Table 17: Results of the group analysis for the groups low income and high
TNCOIMIE. ...ttt bbbt 96

Table 18: Operationalization of the CONSLIUCES..........cccceeeeiviiiiercee e 104
Table 19: Cross-Traffic-Alert - Cross-LoadingsS.........cccoevvevvereeveseeeeerieeeeeevna, 106
Table 20: Park Distance Control - Cross-Loadings.........cccceeveevereeeeeriereveesenene, 107
Table 21: Lane Departure Warning - Cross-Loadings .........cccceevevererererirerirerrsnenenens 108



Table 22:

Table 23:

Table 24:

Table 25:

Table 26:

Table 27:

Table 28:

Table 29:

Table 30:

Table 31:

Table 32:

DemographicC data.........cccceueueeeiiiiieeisseeeee e 133

Construct reliability, average variance extracted and

INter-construct CoOrrelations...........ceovieieieiininseee e 136
Results of the group analysis - Major i1INess...........ccccceeeereiieneenrenene. 140
Results of the group analysis - Birth of a grandchild............................. 141
Results of the group analysis - Retirement..............ccccceeeeeecnceeeene. 142
Results of the group analysis — Major accident..........ccccccoeevrierrernenne. 143
Operationalization of the CONSEIUCES...........coveeeirirnncccec e, 149
Cross-Traffic-Alert - Cross-Loadings..........ccoevvvvvviririeiereiereereeeeeennns 150
Park Distance Control - Cross-Loadings..........cccceeeveveeeeeceenene, 151
Lane Departure Warning - Cross-L0oadings ..........cccccoeerrrenieeeeeinnenenes 152
SErUCTUral MOUEL........oveeeeeeee e 153

Vil



Chapter 1: Introduction

1.1. Problem and research objective

The global passenger car sales figures clearly indicate that the global automotive
market is stagnating (VDA, 2020). The automotive industry is therefore called upon
to seek and generate new market opportunities and sales potential. Due to their rel-
atively high purchasing power and an increasing share of the total population, older
people (50+) represent an interesting customer group (Kohlbacher & Herstatt, 2011;
Klimczuk, 2016). For example, the average new car buyer is over 50 years old
(KBA, 2017) and has an average household net income of €4,376;00 per month
(DAT, 2018). The market opportunities in the 50+ age group (Klimczuk, 2016) are
demonstrated by the fact that they accounted for two-thirds (63.4%) of the 3.6 mil-
lion new registrations in Germany in 2019 (Zentralverband Deutsches Kraftfahr-

zeuggewerbe, 2020).

At the same time, older people have never been more mobile (Schlag, 2013; Nobis
et al., 2019) and account for 45 percent of driver's license holders (Kraftfahrt-Bun-
desamt, 2019). Increased life expectancy is a result of advanced health care systems,
improved medications, expanded knowledge, and better financial status. In this con-
text, demographic change represents a major challenge for the near future (Euro-
pean Commission, 2018; OECD, 2016; Peine et al., 2015). This also applies to Ger-
many, where the over-50s already make up more than 40 percent of the total popu-
lation (Statistisches Bundesamt, 2019a). For older generations, mobility means in-
dependence, social participation, physical activity, and increased quality of life
(Burgard, 2005; Holley-Moore & Creighton, 2015; Musselwhite, 2018;
Musselwhite & Haddad, 2018). Numerous studies show that limited mobility in
older people leads to feelings of uselessness, dissatisfaction, and depression and
reduces well-being (Haustein & Siren, 2014; Fonda et al., 2001; Shaheen & Nie-
meier, 2001). Therefore, by driving their own car, older people can maintain their
independence, social participation, and activities (Limbourg, 1999), which in turn
contributes to an improvement in their quality of life (Burghard, 2005; Engeln,
2001). However, appropriate technical assistance systems are needed to meet the
physiological requirements of older road users and to increase traffic safety for all
road users (Boot & Scialfa, 2016; Rudinger et al., 2013).



Older drivers are more likely than younger drivers to experience problems on the
road, especially in complex traffic situations such as turning left with oncoming
traffic or merging and changing lanes on high-speed highways (Chandraratna &
Stamatiadis, 2003). Additionally, older road users show increased impairment due
to visual changes such as fog, rain, or dusk (Gruber et al., 2013; McGwin Jr. et al.,
2000). As a healthy person ages, a number of cognitive abilities are preserved, such
as crystalline intelligence, i.e., semantic knowledge and age wisdom, but specific
cognitive functions experience an age-associated decline in performance (Brand &
Markowitsch, 2010; Markowitsch et al., 2005). With age, road users experience
declines in perceptual ability (i.e., vision and hearing), cognitive reaction time (i.e.,
coordination of motor skills), cognitive memory and attention, and physical
strength and dexterity (Kline et al., 1992; Shaheen & Niemeier, 2001;). These relate
to memory abilities and the so-called executive functions such as the targeted sup-
pression of action tendencies, cognitive flexibility, planning, working memory, and
the selection of strategies, which in turn are associated with successful driving
(Ashendorf & McCaffrey, 2008; Hodzik & Lemaire, 2011; Reuter-Lorenz & Syl-
vester, 2005; Uekermann et al., 2006).

Advanced driver assistance systems (ADAS), which are continuously being im-
proved, can compensate for these deficits in older drivers (Karthaus et al., 2016;
Wild, 2014). These systems aim to prolong the ability to drive, regardless of driver
limitations. New technologies such as advanced driver assistance systems hold
promise for compensating for these declining abilities of older drivers and ensuring
safe mobility in later years (Eby & Molnar, 2012). Such driver assistance systems
thus have the potential to increase driving comfort and road safety (Anderson et al.,
2014; Duncan et al., 2015; Fagnant & Kockelman, 2015; Gruyer et al., 2017;
Naujoks & Neukum, 2014). This improves safety by avoiding collisions and pro-
vides comfort for vehicle occupants (Gruyer et al., 2017; Naujoks & Neukum,
2014). Such driver assistance systems include partially automated systems, such as
Active Brake Assist, (Adaptive) Cruise Control, Adaptive Front-lighting System,
Adaptive High-Beam System, Blind Spot Detection, Driver Drowsiness Detection,
Emergency Brake Assist, Intelligent Parking Assist System, Lane Detection Sys-
tem, Lane Departure Warning, Lane Keep Assist, Night View Assist, Parking As-
sist, Tire Pressure Monitoring and Traffic Sign Recognition (Winner et al., 2015).

The EU regulation 2019/2144 "Regulation concerning type-approval requirements



for motor vehicles and their trailers, and systems, components and separate tech-
nical units intended for such vehicles, as regards their general safety and the pro-
tection of vehicle occupants and vulnerable road users" (EU, 2019), which came
into effect at the end of 2019, will apply to all passenger cars type-approved in the
EU from 06.07.2022. It requires all newly registered passenger cars to be fitted with
the following driver assistance systems as standard from 07.07.2024: Intelligent
speed assistance; alcohol interlock installation facilitation; driver drowsiness and
attention warning; advanced driver distraction warning; emergency stop signal; re-
versing detection and event data recorder. These important assistance systems are
designed to ensure a sustained reduction in the number of accidents and road users
killed in traffic accidents. They are seen as steps in the digital transformation to
autonomous driving, i.e., up to Level 5 "no driver" and enabling Level 2 today, see
Figure 1 (SAE, 2019).

| Human driver monitors the driving environment ‘ | driving system itors the driving
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u driver everywhere
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Figure 1: Levels of driving automation (SAE, 2019)

With increasing age, there is a decrease in reaction time among older drivers in
particular (Shaheen & Niemeier, 2001). The study on traffic accidents of seniors in
road traffic in Germany illustrates the most frequent misbehavior while driving a
vehicle among seniors 65 years and older (Statistisches Bundesamt, 2019b). Ac-
cording to the statistics, the errors occur mainly in connection with right of way and
priority in road traffic (17.7%), turning, reversing, entering a road and accelerating
(17.0%), and distance errors (8.8%). Based on these statistics on accidents involv-

ing senior citizens in road traffic in Germany and the evaluation of a pretest on the




needs of older drivers, the driver assistance systems Cross Traffic Alert, Park Dis-
tance Control and Lane Departure Warning are selected and investigated. All sys-
tems are to be placed within the scope of automation levels 1 and 2 (SAE, 2019).

Although there is a need to support older drivers, the success of many driver assis-
tance systems is far from the expectations of car manufacturers (Winner & Schop-
per, 2015). Thus, driver assistance systems have not been able to be established in
the market of older drivers with the expected success. Since an holistic view of this
is lacking in the literature, the first research question is whether drivers aged 50

years and older are willing to pay for driver assistance systems.

Acceptance of technology is a critical success factor in implementing technology
in the everyday lives of older people (Hu et al., 1999) and influences willingness to
pay (Arndt, 2011). A commonly cited reason for not using technology is that ac-
ceptance of technology decreases with age. Studies in the field of acceptance re-
search show both positive and negative effects of age on the acceptance of new
technologies (Alexandrakis et al., 2020; Arning & Ziefle, 2007; Escobar-Rodriguez
& Bartual-Sopena, 2013; Hauk et al., 2018; Jimoh et al., 2012; Martins et al., 2014;
Morris et al., 2005; Morris & Venkatesh, 2000) and specifically on the acceptance
of driver assistance systems (Braun et al., 2019; Larue et al., 2015; Roberts et al.,
2012; Souders & Charness, 2016; Xu et al., 2010).

Different acceptance models have been developed to explain technology ac-
ceptance. The foundations of these are the Theory of Reasoned Action (TRA, Ajzen
& Fishbein, 1980) and the Theory of Planned Behavior (TPB, Ajzen, 1991) and,
related to these, the Technology Acceptance Model (TAM) by Dauvis et al. (1989)
and the Unified Theory of Acceptance and Use of Technology (UTAUT) by Ven-
katesh & Davis (2003). They posit that a person's behavioral intention directly in-
fluences their actual behavior. Davis et al. (1989) developed the Technology Ac-
ceptance Model (TAM), which, with its extensions and further developments, is the
basis of numerous technology acceptance studies. The model is an adaptation and
specialization of the Theory of Reasoned Action (TRA) to the specific requirements
of information systems and technology (Ajzen & Fishbein, 1980). It examines the
likelihood of individual user behavior in voluntary system use and attempts to es-
tablish consistent indicators for various research questions. The intention is to pro-
vide a general explanation of the factors of information system use that is at the
same time as simple as possible (Legris et al., 2003; Ma & Liu, 2004). Based on

4



these technology acceptance models, although there are many studies, a clear and
unambiguous statement on technology acceptance in old age has been lacking
(Hauk et al., 2018). Therefore, the second research question is which factors in-
fluence the acceptance of driver assistance systems in the group of older driv-

ers (50 years and older).

Evidence suggests that technology acceptance and use is not based solely on the
perceived ease of use or perceived usefulness of the technology, but that social and
cultural aspects of older users in particular can explain technology acceptance or
rejection (Chen & Chan, 2014; Knowles & Hanson, 2018; Mitzner et al, 2016;
Waycott et al, 2016;). The life course approach seeks to better understand ac-
ceptance behavior by implementing additional determinants and demographic fac-
tors into research models (Alemi et al., 2018; Lanzendorf, 2003; Herrenkind et al.,
2019;). In this regard, critical life events play a role because they can lead to a
change in daily routines and thus to a change in mobility behavior and increase the
willingness to use driver assistance systems (Busch-Geertsema & Lanzendorf,
2017; Clark et al, 2016; Janke & Handy 2019; Lanzendorf, 2010; Oakil et al, 2011;
Schafer et al., 2012; Scheiner & Holz-Rau, 2013; van der Waerden et al, 2003;
Zhang, 2017). Typically, these include age-related events such as studying, starting
a career, starting a family, and ending a career, but also non-age-related events such
as unemployment, life-threatening illnesses, or the death of a relative or partner
(Elder, 1994; Miggenburg et al., 2015; Uteng et al., 2019). These events not only
interrupt the everyday course of life, but also the natural ageing process and lead to
age-induced effects that need to be further investigated. The implementation of life
events in studies thus represents another approach to further investigate the ac-
ceptance of driver assistance systems and to explore them as influencing factors on
technology in general and on the acceptance of driver assistance systems in partic-
ular (Ryuetal., 2009; Uteng et al., 2019). In order to increase the explanatory power
of the previous research, the third research question is what influence critical

life events have on the acceptance of driver assistance systems.



Three research objectives (RO) of this dissertation emerge from the research ques-

tions:

RO,: Development of a method to measure the willingness to pay for driver as-

sistance systems of road users aged 50 and older.

RO,: Development of an acceptance model to identify the factors influencing the

acceptance of driver assistance systems within different age groups.

RO;: Development of an acceptance model to investigate the influence of life
events on the factors influencing the acceptance of driver assistance systems
in the 50+ age group.

The research objectives were investigated within the framework of a research pro-
ject (age-appropriate driver assistance systems - AFLASY), in cooperation with
Ford-Werke GmbH, HEAD acoustics GmbH and Allround Team GmbH from
01.04.2017 to 30.06.2020. The ALFASY project was funded by the European Re-
gional Development Fund (ERDF) and aims to develop, build and empirically test
an age-appropriate acoustic driver assistance system that is tailored to the needs of
the steadily growing group of individual mobile older drivers and whose inclusion
in the product portfolio also makes business sense for automotive manufacturers

and suppliers.

The willingness to pay and the acceptance of advanced driver assistance systems
were investigated in various work packages. To increase the explanatory power be-
yond the project, critical life events were also included in the study of acceptance
as moderating variables in the course of the project. The results of the three studies

were summarized in three articles.



1.2. Organization of the dissertation

To answer the research questions, three studies were necessary. In the first study,
the willingness to pay for driver assistance systems of drivers aged 50 and older
was to be determined (research objective 1). For this purpose, a widely used re-
search method (van Westendorp, 1976) was extended to measure willingness to
pay. This study shows that a correlation between willingness to pay and age cannot
be confirmed across the board. However, the age groups 60-69 years and 70-90
years showed a significantly higher willingness to pay than the group 50-59 years
for four of the five driver assistance systems (parking assistance, blind spot assis-

tant, lane departure warning and tire pressure monitoring systems).

Consequently, further acceptance of such driver assistance systems among older
drivers had to be investigated in a second study. Therefore, a structural equation
model was developed as as extension of the technology acceptance model (Davis
et al., 1989) to investigate the acceptance of driver assistance systems. It found that
the acceptance as well as the influence of the perceived usefulness are similarly
high for the old and the young. However, differences exist in the influence of trust
in technology and the opinion of the environment. Both factors tend to be more
important for younger people. For the older generations, the user friendliness of the
systems tends to be essential. The study did not provide sufficient results to draw
sustainable, reliable and valid conclusions. Therefore, selected critical life events
(retirement, birth of a grandchild, serious illness and serious accident) are examined
more closely in a third study. Because no direct influence of these events on the
acceptance of driver assistance systems among older drivers can be shown on the
basis of the study, the moderating effect of these events was examined. It is shown
that critical life events have an influence on the acceptance of driver assistance sys-
tems, but to varying degrees.



The three studies are summarized in three articles:

Article 1:

Article 2:

Article 3:

Gunthner, T., Proff, H., Jovic, J. & Zeymer, L. (2021). Tapping into
Market Opportunities in Aging Societies — the example of advanced
drive assistance systems in the transition to autonomous driving.
Journal of Automotive Technology and Management, 21(1/2), 75-
97. https://doi.org/10.1504/1JATM.2021.113352.

Gunthner, T. & Proff, H. (2021). On the way to autonomous driving:
How age influences the acceptance of driver assistance systems.
Transportation Research Part F: Traffic Psychology and Behaviour,
81, 586-607. https://doi.org/10.1016/].trf.2021.07.006.

Gunthner, T. (n.d.). The Moderating Influence of Life Events on the
Acceptance of Advanced Driver Assistance Systems in Aging Soci-

eties. Computers in Human Behavior Reports, peer review.

The three investigations form the core of the cumulative dissertation (chapters 4 to

6). Chapter 1 was used to parenthesize the three articles. This already explained the

research problem and objective of the thesis. Furthermore, the parenthesis provides

an overview of the theoretical background and the scientific methodology of the

studies (chapters 2 and 3) and summarizes the results at the end of the thesis, dis-

cusses implications for future research and practice and offers future perspective

(chapter 7). Figure 2 summarizes the organization of the study.


https://doi.org/10.1504/IJATM.2021.113352
https://doi.org/10.1016/j.trf.2021.07.006

Chapter 1: Introduction (Problem and research objective, Organization of the dissertation)

Chapter 2: Theoretical background

Chapter 3: Methodology

Chapter 4:

Examination (Article) |

Tapping into Market Opportunities in Aging Societies — the example of advanced
driver assistance systems in the transition to autonomous driving

Research objective RO : Development of a method to measure the willingness to pay for driver as-
sistance systems of road users aged 50 and older.

Research approach RA;: Modified van Westendorp method for measuring willingness to pay
for driver assistance systems in the group of people 50 years and older.

Research result RR,: There is an increased willingness to pay for all persons aged 50 and
older.

Open questions: Willingness to pay exists, but no sufficient results

~

Chapter 5:

Examination (Article) I

assistance systems

On the way to autonomous driving: How age influences the acceptance of driver

the acceptance of driver assistance systems within different age groups.

on driver assistance system acceptance and the moderating effect of age.

are moderated by age.

Open questions: High acceptance in the age group 50+, but no sufficient results

Research objective R0O,: Development of an acceptance model to identify the factors influencing

Research approach RA;: Structural equation modeling to determine the influence of determinants

Research result RR;: Five determinants influence the acceptance of driver assistance systems and

~

Chapter 6:

Examination (Article) Il

Assistance Systems in Aging Societies

The Moderating Influence of Life Events on the Acceptance of Advanced Driver

50+

on driver assistance system acceptance and the moderating effect of life events.

group 50 years and older.

Research objective R03: Development of an acceptance model to investigate the moderating influ-
ence of life events on the factors influencing the acceptance of driver as-sistance systems in the age group

Research approach RAs: Structural equation modeling to determine the influence of determinants

Research result RR3: Life events moderate the acceptance of driver assistance systems in the age

Chapter 7: Summary, implications and outlook

Figure 2: Organization of the dissertation (own design)
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Chapter 2: Theoretical background

Researching age-induced effects with respect to the research questions requires a
concept that empirically examines, analyzes, problematizes, and identifies depend-
encies among older drivers' acceptance, age, and life events as well as their willing-
ness to pay. Regarding the research questions and objectives, the different theoret-

ical foundations are briefly presented below.
Willingness to pay

In order to successfully place driver assistance systems in the market of older driv-
ers, the willingness of this target group to pay for the use of driver assistance sys-
tems must be determined and represents a fundamental prerequisite for the adoption
of these systems in the market. Household theory and explanations of intertemporal
consumption are used to explain the market potential of driver assistance systems
for older drivers (Breidert, 2005; Diller, 2008; Miller et al., 2011; Potoglou & Ka-
naroglou, 2007; Proff, 2019).

According to the household theory, a household, like an individual, can optimize
current and future consumption based on income (Varian, 2014). Research demon-
strates a hump-shaped ("hump-shaped™) progression of the consumer spending
curve over the life cycle (Fernandez-Villaverde & Krueger, 2007; Yang, 2009). A
distinction is made between baskets of goods and services, e.g., necessities, dura-
bles, and luxuries, which change with age. These assumptions are confirmed by the
theory of intertemporal consumption (Blundell et al., 1994), which establishes a
relationship between age and demand via baskets of goods (see Figure 3). The ap-
proach assumes that a household's consumption expenditures are directed in such a
way that the marginal utility of income remains the same over the course of a life-
time. Young people therefore cover their basic needs first. As they grow older (mid-
dle age), once demand is saturated, fewer additional needs are satisfied. Future in-
come growth, income risks and savings can then be more rationally assessed by this
group of people based on their spending behavior (Miles, 1997). The remaining
income gains can consequently be invested in various consumer goods. The baskets

of goods to be derived from the intertemporal consumption behavior of households
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are divided into (Moschis, 2012): (1) young households (basic needs), (2) an aver-
age middle-aged family with younger children, and (3) retired households (goods
of replacement needs, especially for the elderly).

Based on the approach, it can be assumed that a willingness to pay for advanced
driver assistance systems exists among older drivers overall and among individual
age groups. However, the level of willingness to pay at older ages remains unclear

and requires further research.

Shopping cart | Shopping cart 1l Shopping cart llI

Expenses/
Revenue

Taking credit Income

Repay credit/

Savi ]
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Figure 3: Theory of intertemporal consumption (Proff, 2019)

Acceptance

Acceptance models are used in the context of an empirical study to structure exist-
ing approaches and their influencing factors and mechanisms and to place them in
an overall context (Schéfer & Keppler, 2013). They are both visually and verbally
described models that describe the essential components and effect relationships of
the constructs. They can be divided into structural and process models (Abelson &
Levi, 1985).

In structural models, the focus is on analyzing the effect relationships between dif-
ferent determinants, related to a concrete research object (Kornmeier, 2009). Input
models represent the simplest form of a structural model (Schafer & Keppler,
2013). The core of the models is the representation of relevant constructs of ac-
ceptance. However, there is no consideration of effect sizes. Therefore, the results
do not show an acceptance process. Input/output models have the same structure as

input models, but in addition to independent variables of acceptance, they also have
18




dependent variables, which allows for empirical model testing (Kornmeier, 2009).
The output thus represents the outcome of an acceptance process. The feedback
models show the feedback effect of the acceptance process on the influencing fac-
tors and thus assume a circularity of the process, whereby individual influencing
factors are neglected. In this constellation, acceptance is considered to be a dynamic

variable due to the constant testing of the model.

The best-known acceptance model is the Technology Acceptance Model (TAM) by
Davis et al. (1989), which, with its extensions and further developments (see Figure
5), forms the basis of numerous technology acceptance studies (Gefen et al, 2003;
Gefen & Straub 1997; van der Heijden, 2004; Zarmpou et al. 2012). The model is
based on the Theory of Reasoned Action (TRA) and the Theory of Planned Behav-
ior (TPB) (Figure 4 separates the two from each other) and is adapted to the specific
requirements of information systems and technology (Ajzen & Fishbein, 1980;
Ajzen, 1991). It examines the probability of individual user behavior when the sys-

tem is used voluntarily.

Theory of Reasoned Action

Attitude toward
Behavior

A

A 4

Subjective Behavioral
Norm Intention

> Behavior

A

Y A—
Perceived |/

Behavioral
Control Theory of Planned Bahvior

\ 4

Figure 4: Theory of Reasoned Action and Theory of Planned Behavior (Ajzen &
Fishbein, 1980; Ajzen, 1991)

Consistent with the Theory of Reasoned Action, the Technology Acceptance Model
states that perceived usefulness and perceived ease of use have additional influence
on attitudes toward use and intention to use (Davis et al., 1989). The easier the
system is to use and higher the usefulness, the greater a user's willingness to use the

system (Simon, 2001). The model is proven, solid, and the most influential model
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for studying information technology acceptance (Carr, 2008; King & He, 2006;
Koivuméki et al., 2017; Schepers & Wetzels, 2007; Wu et al., 2011), Venkatesh
and Davis (2000) further developed it into TAM 2.

Age has received little attention in previous acceptance studies (Venkatesh et al.,
2003), although it has been included in several studies as an important external var-
iable influencing behavioral intention and technology acceptance (Chung et al.,
2010; Wang et al., 2003). The literature does not have clear results on technology
acceptance in old age, but the meta-analysis by Hauk et al. (2018) indicates a rather
negative influence of age on technology acceptance. Since no clear result or linear
relationship can be derived from the studies across age, acceptance at older ages

remains unclear and requires further research.

Experience Voluntariness Technology Acceptance Model 2

Subjective Norm /

Image \
Perceived
/ Usefulness

lob Relevance

Intention to Use Usage Behavior

Perceived Ease

Output Quality of Use

Technology Acceptance Model

Result
Demonstrability

Figure 5: Technology Acceptance Model (Davis et al., 1989)

Life events over the life course

According to Ryu et al. (2009), life courses and life events influence acceptance
and can thus change the (consumption) behavior of users or consumers and thus

interrupt age-induced effects.

Life-cycle research can be used to derive a deeper understanding of consumer be-
havior based on lifespan (Harrison et al., 2011). This concept assumes that human

life is characterized by passing through a specific sequence of stages (Arndt, 1979)
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and suggests that relationships exist between life stages, demographic, and behav-
ioral characteristics of individuals (Blackwell, 1942). Initially, life-cycle research
focused on families and examined the influence of different life stages on various
factors, including consumption, but looks less at individual transitions such as ed-
ucation, careers, and retirement. In the 1970s, there was a stronger orientation to-
ward the life course with a focus on these individual transitions (Elder, 1978; Ha-
reven, 1978), which included changes in family structure as well as individual de-
velopments. The prevailing view is that life-cycle models must account for changes
in the life course and the timing of life events and transitions. The life cycle concept,
which has been expanded in subsequent decades, considers developments in mod-
ern society when it incorporates the increasing number of growing elderly popula-
tions (Hamermesh, 1984; Krisjanous, 2001), single-parent families (Hill, 1986;
Sundeen, 1990), and gender issues (Gentry et al., 2003). Within empirical research,
the life-cycle concept maps as a determinant of consumption of numerous product
categories, including free-time behavior (Danko & Schaninger, 1990), vacation be-
havior (Lawson, 1991; Fodness, 1992), and health care behavior (Hong and Kim,
2000).

Recent research focuses its analysis on consumers (Bailey et al., 2010; Cornwell et
al., 2008) and their specific roles in different social institutions (in the family, in the
professional environment, in the neighborhood). These are represented in the life
course perspective and are considered in different contexts (Macmillan & Copher,
2005). Here, research examines the consequences of specific transitions between
different roles for the individual (Thomsen & Sorensen, 2006) or resulting patterns
of dependency between individual household members (Cornwell et al., 2008). For
consumer research, the life course perspective implies a focus on individual con-
sumers and their life cycles, as well as the need to examine consumers' household
structures, life courses, and consumption patterns over time (Bauer & Auer-Srnka,
2012). In this regard, according to Elder (1985), "the life course generally refers to
the interweaving of age-graded trajectories, such as occupational careers and family
trajectories, that are subject to changing conditions and future options, as well as
short-term transitions ranging from leaving school to retirement” (Elder, 1994).
Specifically, this research relates to the dynamics of individual life trajectories,
changing social roles, and the stress induced by role transitions and their effects on

consumer behavior. Various life course perspective concepts incorporate life events
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and transitions (Mathur et al., 2008; Schouten, 1991), which are defined as “events
that produce changes in an individual's perceptions (of self, of the world) and in the
organization of his or her roles, resources, and central relationships"” (Hopkins et
al., 2006). Transitions between life cycle stages are considered an important event
that causes behavioral changes in lifestyle and consumption (Hopkins et al., 2006;
Moschis, 2007; Wilkes, 1995). In research, life events can be divided into two cat-
egories: age-based and non-age-based life events, each of which causes a change in
a person’'s life that can be short-term or longer-term and potentially threatening, e.g.

illness, divorce, or death of a partner (see Figure 6).

Life events thus represent stressors of considerable weight in life event research
(Lazarus, 1990). "The more this event changes the person's life and thus the higher
the "readjustment effort™ to the life situation changed by the event" (Filipp, 2007),

the higher the stress of the individual to adjust in balance with the environment.

According to Hultsch & Cornelius (1995), life events can be characterized as a pro-
cess that represents a condensation of an event sequence, or an adaptive effort to
achieve equilibrium. Alternatively, the reason for experiencing a critical life event

and its occurrence may be personal or environmental.

Measurement based on the degree of stress and controllability of life events with
specific measurement instruments has proved difficult in research (Baumeister et
al., 2001; Klumb & Baltes, 2004). Therefore, the single-event approach places a
focus on specific life events and their effects in the life context of the research of
life events (Filipp, 2007).

According to Elder's (1994) life course approach, life events are qualified as social
events and roles that an individual fills over a period of time. In this context, life
events as key elements are not predetermined (Elder, 1998). Consistent with Elder
(1994), Mayer (2009) also sees life courses as entities shaped by the occurrence and

absence of events.

Since the 21st century, the individual life events have also been considered in mo-
bility research following the single event approach and have been referred to as key
events, life course events, disruptive events, life-cycle events, or turning points
(Beige & Axhausen, 2012; de Groot et al., 2011; Lanzendorf, 2010; Marsden &
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Docherty, 2013; Schafer et al., 2012; Scheiner, 2007; Sharmeen et al., 2014; van
der Waerden et al., 2003).
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! Birth of the child Move out f the child - Birth of a grandchild

Age based iWeddimg Divorce

normalized E Move to a new

life events \ First employmient apartment/house
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houshold

Death of the partner

L —
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Significant improvement
of the financial status Dependent on care
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I
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Success in private Success in working Death of a family member
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life events f 1
Major accident Job change Unemployment

Figure 6: Critical life events (based on Filipp, 2007)

The single-event methodology is thus used as the approach in this thesis to analyze
the influence of life events on the behavior of individuals.

Interaction of the explanations

Different theoretical approaches, all of which deal with consumer behavior, are pre-

sented.

e The aim of the theory of intertemporal consumption is to determine con-
sumer behavior on the basis of shopping baskets. The theoretical bases of
the willingness to pay (theory of the intertemporal consumption) only pro-
vide direct measurement values with absolute figures, from which no con-
crete behavior or their background, of special person and age groups, can be
derived.

e The presented technology acceptance models measure the attitude of con-
sumers towards the use of new technologies.

- The explanation of acceptance in the form of acceptance models, with
their different behavioral variables, on the other hand, represent indi-
rectly measurable influencing variables of behavior, such as the inten-
tion to use. In addition, age as a moderating variable can influence the

behavior of different groups of people both positively and negatively.
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- Life Course Theory, on the other hand, is generally concerned with the
behavior of consumers over the course of their lives, considering influ-

encing factors such as critical life events.

These theoretical foundations represent explanatory approaches to completely dif-
ferent problems and research questions. However, research questions often cannot
be answered from within a single discipline, so that a multidisciplinary view and
analysis of partial views is necessary in order to unite, highlight and bring into re-
lation different perspectives on an object of research (Kumar, 2014; Tobi &
Kampen, 2018). Here, the approaches map direct and indirect measured values for
their target areas of consumer behavior, usage behavior and behavioral change,
which can be comparable with each other in relation to the group of consumers.
Thus, the common object of investigation of all approaches in this dissertation is

the measurement of consumer behavior.

With the help of the research objectives and the developed methods and models,
the research questions can be analyzed based on the results. The results can be used
as a foundation for deriving implications for research and practice from a scientific

point of view.
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Chapter 3: Methodology

In order to be able to identify age-induced effects in willingness to pay and in the
acceptance of for driver assistance systems, the needs and consumer behavior of the
group of older drivers must be determined. Based on the three theoretical ap-
proaches, different methods are used to measure the objects of investigation: will-

ingness to pay, acceptance and life events.

Since the willingness to pay is a directly measurable (Kloss & Kunter, 2016), abso-
lute value, the Van Westendorp method is used for the measurement (van Westen-
dorp, 1976).

The explanation of acceptance in the form of acceptance models with their different
behavior-oriented variables, on the other hand, represents indirectly measurable in-
fluencing variables and requires a model to measure these values (Weiber & Muhl-
haus, 2014). For this purpose, structural equation modeling (SEM) is used, which
enables the interrelationships and the simultaneous investigation of several deter-
minants in the form of a structural model and evaluates them with the help of struc-
tural equation analysis (Hair et al., 2017). The acceptance model makes general
statements across all age groups, according to the sample collected. In order to be
able to capture age-dependent behavior, groups of people of different ages must be
used, examined and measured. This is done in the form of multi-group analysis

within the framework of structural equation modeling (Hair et al., 2018).

Life events over the life course, as well as the previously mentioned determinants
of acceptance and age, do not represent a direct influencing variable within the
framework of structural equation modeling (Weiber & Mihlhaus, 2014). In order
to be able to make more detailed statements about the groups of people 50+ among
themselves, they must be included as moderating variables within the framework
of the acceptance model (Chung et al., 2010; Rahman et al., 2019; Venkatesh et al.,
2003) and their influence on the relationships must be measured by means of multi-

group analysis (see Figure 7).

Therefore, the methodological approaches, the operationalization and the validation

of the results with statistical tests are presented below.
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Figure 7: Research model (own design)

Willingness to pay

To determine the willingness to pay for a driver assistance system, the van Westen-
dorp method is used and slightly modified (Kloss & Kunter 2016; van Westendorp
1976). Instead of an open-ended price question as in van Westendorp (1976), four

given prices ("too expensive," "expensive," "cheap," "too cheap") are offered for
evaluation and the expected price of the driver assistance system is determined by
aggregating the responses to the four given prices (Proff et al., 2019). Prices for
each driver assistance system were provided by an international car manufacturer
in Germany, e.g., for Cross Traffic Alert higher than €870, €580 - €870, €290 -
€580, and lower than €290. Based on the literature and using the input from the car
manufacturer, in the evaluation, "too expensive” was recorded with a value of 4,
"expensive" with 3, "cheap™ with 2 and "too cheap™ with 1 (Kloss & Kunter, 2016).
The age of the older respondents was recorded, first the exact age and then the age

group: 50 - 59, 60 - 69 and 70+.
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Acceptance

In order to be able to empirically test the acceptance model for the selected driver
assistance systems, the acceptance (intention to use), which can only be measured
indirectly, and the effect relationships of the individual determinants are repre-
sented by means of a structural equation model. Structural equation modeling rep-
resents the process of formulating a hypothesis system that reflects the assessment
of results obtained by means of structural equation analysis and the illustration of
relationships between the theoretical preliminary considerations and the statistical
model (Weiber & Mihlhaus, 2014). The relationships are estimated based on em-
pirical data using structural equation analysis, presented in visual form in a path
diagram for easier grasp of complex structures, and compared with the a priori as-
sumed relationships (Kornmeier, 2009; Chin, 1998). Structural equation analysis is
capable of considering multiple hypotheses simultaneously (Hair et al., 2017). In
particular, latent variables that are not directly measurable (such as intention to use)
can be measured in their expression using this method (Weiber & Muhlhaus, 2014)
and age-induced effects can be visualized within different groups using a multi-
group analysis (Hair et al., 2018).

To test the hypotheses, structural analysis is performed using Smart-PLS v.3.2.6,
which is based on a variance analytic approach (Weiber & Muhlhaus, 2014). The
estimation is performed using the Partial Least Square (PLS) method. The variable
age and its influence with its different age groups is examined using multi-group
analysis (Hair et al., 2018).

Since there are no global quality criteria in the literature for the variance analytical
approach (PLS) for testing the reliability and validity of structural equation models,
an individual assessment of the measurement and structural models is carried out
using the following quality criteria mentioned in Table 1 according to Hair et al.
(2018): Convergence validity, discriminant validity, indicator reliability, indicator
significance Construct reliability for the measurement model and strength of the
path coefficients, significance of the path coefficients and coefficient of determina-
tion for the structural model.
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Table 1: Quality criteria for the measurement and structural model (own design)

Quality type Criteria Name Value
Measurement model
Convergence validity Average variance AVE >0,5
extracted
Discriminant validity Fornell-Larcker-Cri- FLK VDEV
terion > |KORR &/ und §
/]l
Indicator reliability Share of the vari- A >0,7
ance of an indica-
tior
Indicator significance T-Value t-Value >|+1,96|
Construct reliability How well the latent CR >0,6
variable is meas-
ured by indicators

Structural mode

Strength of the path coefficients Factor loading Y >|+0,1]
S'lgmflcance of the path coeffi- T-Value t-Wert > | +1,96|
cients

Coefficient of determination R2-Value R? >0,3

Life events over the life course

In the acceptance model, life events are included as moderating variables and ex-
amined within the framework of structural equation modeling. Thus, they are only
indirectly measurable factors that can influence acceptance (Hair et al., 2018). To
measure the strength of the influence of life events on acceptance, structural equa-
tion analysis and multi-group analysis are again used. The methodological proce-
dure corresponds to the previous analysis of acceptance.

Operationalization

The van Westendorp method is used to determine the willingness to pay for the
selected driver assistance systems. The subjects are asked to name four prices on
the basis of four questions, from which the optimum price and price sensitivity can
be determined. The operationalization of the Van Westendorp method comprises
the following four price queries (Van Westendorp, 1976):

1. At what price (in Euros) would the assistance system be too expensive for

you, so that you would definitely not buy it?
2. Atwhat price (in Euros) would the assistance system be expensive for you,

but you might buy it anyway?
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3. At what price (in Euros) would the assistance system be cheap for you, i.e.
a good offer?
4. At what price (in Euros) would the assistance system be too cheap for you,

so that you doubt the quality and do not buy it?

The acceptance of the driver assistance system is defined as the customers' intention
to use such a system. It is measured with five independent variables (Personal In-
novativeness, Subjective Norm, Trust in technology, Perceived Ease of Use, Per-
ceived Usefulness) and one dependent variable (Intention to Use). All constructs
are measured with items that already exist in the literature but are adapted to the
background of the research (see Table 2). Acceptability questions were measured
with a 7-point Likert scale ranging from "strongly disagree” to "strongly agree."
Demographic data on driver assistance system experience and product knowledge
were collected using a 7-point interval scale. All other demographic data (gender,
age, net income, education, miles driven per day) were measured using nominal and
ordinal scales. To check the comprehensibility and correctness of the items, a pre-

test was conducted with 50 randomly selected respondents aged 20-90 years.

Table 2: Operationalization of the constructs (own design)

Construct Iltem References

I will use the advanced driver

ITU_01 . Davis et al. (1989);
assistance system
Intention to Use : -y : Venkatesh et al.
I can imagine having the ad- (2003);
ITU_02 | vanced driver assistance system
in my vehicle
People who are important to me
SN 01 would appreciate it if | used the
- advanced driver assistance sys- | Venkatesh & Davis
Subjective Norm tem (2000);
People who influence my be- Venkatesh et al.
SN 02 havior would appreciate it if | (2003)

used the advanced driver assis-
tance system

It would be easy for me to learn
PEOU_01 | how to use the advanced driver | Davis et al. (1989);
assistance system Venkatesh et al.

| do not see any major prob- (2003)
PEOU_02 | lems in operating the advanced
driver assistance system

Perceived Ease of Use

PERIN_O1 | I am interested in new products

I like to experiment with new
information technologies

I regularly keep an eye out for
new products

Personal Innovativeness | PERIN_02 Lee (2019)

PERIN_03
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I am usually the one who in-
PERIN_04 | forms others about new prod-
ucts

I think the advanced driver as- Davis et al. (1989);

PU 01 . ; . Venkatesh & Davis
Perceived Usefulness sistant system is a good idea (2000);
PU 02 I think the advanced driver as- | Venkatesh et al.
- sistant system is useful (2003)
TIT 01 The advanced driver assistance

system is technically reliable

Trust in Technology Gefen et al. (2003);
TIT 02 | can trust the advanced driver
- assistance systems

The operationalization of the life events is identical to the query of the demographic
data, which are measured on a nominal scale of 1 for "Yes, | experienced the event"

or 2 for "No, I did not experience the event."”
Validation of the results

To validate the results, differences in willingness to pay between the different age
groups (50-59 years, 60-69 years, and 70 years and older) are performed using a
two-sample t-test for unpaired samples at a significance level of p < 0.05 (highly
significant) and p < 0.10 (slightly significant). All age groups are compared. Vari-
ance equality is determined at the same significance level (p < 0.05) using Levene's
test (Levene, 1960). In case of variance heterogeneity, Welch's t-test is used to de-
termine significant differences (Welch, 1944). The Pearson correlation coefficient

shows the correlation between age and willingness to pay (Pearson, 1895).

To determine the influence of age and critical life events between pre-defined data
groups such as age groups or critical life events, multi-group analysis is performed
(Hair et al., 2018). The moderating influence of age and life events is thereby tested
by significant differences in path coefficients. For this purpose, the PLS-MGA ap-
proach integrated in SmartPLS is used (Hair et al., 2018). This method uses a non-
parametric significance test to test for significant group differences. A p-value less
than 0.10/0.05/0.01 or greater than 0.90/0.95/0.99 with an error probability of
10%/5%/1% is considered a difference to be significant (Sarstedt et al., 2011,
Henseler et al., 2009).
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1. Introduction

Global car sales figures indicate that the automotive market as a whole is stagnating,
especially in the Triad markets (VDA, 2020). This forces automotive companies to

seek new market opportunities.

The so-called "silver market™" offers such opportunities, however, they are often
neglected (Kohlbacher & Herstatt, 2011; Matsuno & Kohlbacher, 2019). Since the
populations of industrial nations are getting older (OECD, 2016), this market is
growing. With 199 million people aged 50 and older in 2015, the “silver economy”
represents 39% of the total EU population and is responsible for 40,6% of private
consumption expenditure (European Commission, 2018). In 2025 a population of
42.9% is expected with a share of 44.3% of private consumption expenditure. Due
to the purchasing power and an increasingly growth elderly represent an interesting
customer group (Kohlbacher & Herstatt, 2011; Klimczuk, 2016). In Germany, older
people (in this study people over the age of 50) currently account for more than
40% of the total population (Statistisches Bundesamt, 2018a), and their share of the
total population will continue to rise steeply up to the year 2030 (Schlag, 2013). A
particularly important silver market is the automotive market, because given the
high costs of new cars and increasing income in old age (Statistisches Bundesamt,
2018b; OECD, 2019), the average new car buyer is over 50 years old (KBA, 2017)
and has an average household net income of €4,376 per month (DAT, 2018). Mar-
ket opportunities in the silver auto market become apparent by looking at the num-
ber of vehicle sales. In 2019 two-thirds (63.4%) of the 3.6 million new vehicle reg-
istrations in Germany have been in the age group of 50 years and older (Zentral-
verband Deutsches Kraftfahrzeuggewerbe, 2020) and almost all of them state that
they feel significantly restricted in their mobility without a car. Almost 60 percent
of senior citizens pay for their car in cash with an average vehicle price of €29,750
(DAT, 2018) which also indicates that older people generally have more money

available.

At the same time, older people have never been so mobile as today (Schlag, 2013;
Nobis et al., 2019) and they account for 45% of driving licence holders (KBA,
2019). For older generations, mobility provides and represents independence, social
participation, physical activity and an increased quality of life (Burgard, 2005; Hol-
ley-Moore & Creighton, 2015; Musselwhite, 2018; Musselwhite & Haddad, 2018).
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In the natural aging process, cognitive performance, especially in executive func-
tions such as decision-making and problem-solving, tends to decline (Markowitsch
et al., 2005; Brand & Markowitsch, 2010; Boot et al., 2014). The accomplishment
of tasks in day-to-day traffic becomes more difficult for older road users not only
with increasing traffic density, but due to these age-related physical and cognitive
limitations, which represent a risk to safe driving (Engin et al., 2010; Dobbs &
Schopflocher, 2010; Boot et al., 2014; Souders et al., 2017). The majority of trips
taken by older people are for shopping, family visits, recreation, social engagements

as well as medical related journeys (Duncan et al., 2015).

Therefore, suitable technical assistance that meets the physiological and economic
requirements is needed in order to increase road safety for all road users (Rudinger
et al., 2013; Boot & Scialfa, 2016).

Advanced driver assistance systems already exist to help elderly and other drivers
(Wild, 2014; Karthaus et al., 2016), and they are being continuously improved.
These systems aim to prolong the ability to drive, regardless of the limitations of
the driver. However, although there is a need to support elderly drivers, the success
of many driver assistance systems is far removed from car manufacturers' expecta-
tions (Winner & Schopper, 2015). That is surprising, because studies prove that
people are willing to pay for technologies that improve their quality of life (Schulz
et al., 2013; Souders et al., 2017).

Several studies have investigated age-related aspects of advanced driver assistance
systems, i.e. user acceptance (Son et al., 2015), experience and the barriers to usage
(Truebswetter & Bengler, 2013). However, so far, the only existing studies investi-
gate the willingness to pay for some of these driver assistance systems in older age.
Therefore, the aim of this study is to identify the willingness to pay for advanced

driver assistance systems of people aged 50 and older.

The perfect mobility solution would be autonomous driving for older people. Since,
however, this technology will not reach widespread adoption before 2030 and is
assumed to be very expensive (Deloitte, 2019), this study only examines market

opportunities for driver assistance systems as a transition technology.

Therefore, the article is structured as follows: in section 2, the literature on ad-
vanced driver assistance systems and on market opportunities in aging societies is

reviewed to support the need for an empirical examination of assumptions made on
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the market opportunities of advanced driver assistance systems in aging societies
(section 3). The willingness to pay for five selected driver assistance systems of 181
elderly German drivers is therefore examined in section 4. The article discusses the
results (section 5) and finally concludes with implications, limitations and an out-
look (Section 6).

2. Literature review

2.1. Advanced driver assistance systems in transition to autonomous driving

Driver assistance systems offer a means to enhance active and integrated safety
(Bengler et al., 2014). These systems already exist to help elderly and other drivers
(Wild, 2014; Karthaus et al., 2016) and they are being continuously improved, e.g.
adaptive cruise control, adaptive light systems, attention assist, blind spot detection,
cross traffic alert, cruise control, emergency brake assist, intersection assistant, lane
departure warning, lane keeping assistance, night vision, parking assistance, park
distance control, tyre-pressure monitoring system, traffic jam assistance, traffic sign
recognition (Kukkala et al., 2018).

Advanced driver assistance systems can be seen as an interim technology in the
transition to autonomous driving (Reimer, 2014), i.e. to level 5 automation "no
driver” (see Figure 1). Although these systems are currently only allocated to level
1 to 3 (“eyes off” after “feet off” and “hands off”, see also Figure 1), forecasts
predict that autonomous driving (level 5) will not hit the road and be widely adopted
until 2030 (Deloitte, 2019). Even if, e.g., the CEO of Weymo, John Krafcik, in his
speech at the opening of the International Motor Show (IAA) in September 2019 in
Frankfurt, Germany, reported on experiments with autonomous driving on level 5,
the risk of slow driver reactions on level 3 and 4 autonomous driving is still very
high (Gold et al., 2013; Kyriakidis et al., 2019) and there are many unsolved prob-
lems (with data protection and other issues). For this reason, German and other
manufacturers will concentrate on level 3 and 4 as a transition technology for the

moment.

The ultimate goal of automated and cooperative traffic thus remains a vision of the
future, but intermediate steps towards that aim can be realised by systems that mit-
igate or avoid collisions in selected driving situations (Bengler et al., 2014; Jiménez,
2018).
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Various studies show that if a person has doubts about a technology's safety or ben-
efits, he or she will tend to avoid using it (Rudin-Brown & Parker, 2004; Reimer,
2014). Many drivers do not properly understand the operating characteristics of new
systems and may consequently have even less trust in systems to intervene in criti-
cal situations (Abraham et al., 2017). Older drivers in particular do not understand
the operation of in-vehicle technologies (Shaw et al., 2010; Zhan et al., 2013; Kop-
pel et al., 2013; Eby et al., 2015).

Thus, researchers suggest that autonomous driving technology should be launched
gradually to increase both safety and trust (Kénig & Neumayr, 2017). In order to
tap the full potential of driver assistance systems, increased emphasis should be
placed on driver groups with “special needs”, such as first-time and elderly drivers
(Brookhuis et al., 2001; Bengler et al., 2014). We are therefore considering ad-
vanced driver assistance systems as the pre-stage to autonomous driving and as an
introduction to future autonomous driving, especially for older drivers. In order to
maximise these systems' contribution to overall traffic safety, however, increased

market penetration is required (Lu, 2006; Noy et al., 2018).

2.2. Advanced driver assistance systems and their importance in aging socie-

ties

Driving a car covers a variety of tasks such as operating the vehicle, speed control,
starting and stopping or reacting to different traffic conditions and is an informa-
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tional activity. All decisions while driving are based on human information pro-
cessing which consists of information perception (visual, haptic, acoustic), decision
and response selection and execution of the decision (Wickens et al., 2006). There-
fore, cognitive performance is essential but decreases with age (Brand & Mar-
kowitsch, 2010). Especially cognitive functions such as memory performance and
executive functions, i.e. planning, categorization, monitoring processes and cogni-
tive flexibility, decrease over time (Reuter-Lorenz & Sylvester, 2005; Uekermann
et al., 2006; Ashendorf & McCaffrey, 2008; Hodzik & Lemaire, 2011). Besides an
age-related decrease in cognitive performance, visual skills may also decrease be-
ginning from age 40, which can significantly affect driving (Davidse, 2007). Due
to limited mobility beginning at age 50 (turning to the right and left), fine motor
skills and reduced muscle strength, motor performance decreases with increasing
age as well (Fisk et al., 2009). Older people therefore tend to be insecure and over-
strained, especially in time-critical and difficult traffic situations, which can lead to
an increased error rate (Schlag, 2008). In the US, 39% of those aged 65 and older
suffer with one or more disabilities in hearing, vision and cognitive abilities (Wan
& Larsen, 2014) whilst 44% of aged over 65 Europeans report one or more disabil-
ities. In a pre-test with n = 381 elderly persons (age 50 and older) 2017/18%, we
asked them to describe their age-related physical limitations. Most of the probands
stated to have physical disabilities (28%) and limitations of sensory abilities (34%)
like decreasing vision and information processing. As a result, it can be stated that
age-related sensory, cognitive and motor deficits exist, which all affect driving
(Shaheen & Niemeier, 2001). Already from the age of 40, there is a decrease in

performance, which becomes increasingly severe around age 50.

Suitable driver assistance systems can help to compensate these deficits. In general,
all of the above-mentioned driver assistance systems can help (older) drivers to
compensate for their individual deficits (Schieber, 2006; Fisk et al., 2009). How-
ever, not all driver assistance systems can be studied in a driving simulator. There-
fore, only market-ready, established and easy to implement driver assistance sys-
tems can be tested. In addition, the driver assistance systems examined should focus
on compensating for the above-mentioned deficits and should be based on the

wishes of older people. Furthermore, in the pre-test 2017/18, over 50% of the 381

1 The pre-test is used to check the qualification of the test persons and was conducted from the
beginning of the study in 2017 until the beginning of 2018.
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older drivers tested want assistance with driving, especially in such tasks as driving
on crossroads and in traffic, breaking, accelerating, maintaining speed, changing
lanes and parking situations. For this reason, Cross Traffic Alert (CTA), Park Dis-
tance Control (PDC), Blind Spot Detection (BSD), Lane Departure Warning
(LDW), and the Tyre-Pressure Monitoring System (TPMS) were selected and
proofed.

2.3. Market opportunities in aging societies

Market opportunities in the attractive silver market (that includes 199 million peo-
ple aged 50 and older in the European Union with 40,6% of private consumption
expenditure) result from the behaviour of individual customers. A review of 128
studies on the behaviour of older consumers (Zniva & Weitzl, 2016) showed that
different age-related factors (chronological, biological, psychological and social
age as well as psychosocial characteristics) have an impact on consumer behaviour
and are still being investigated in different fields of marketing research. Ryu et al.
(2009) and Werner et al. (2011) found out that, in particular, psychological well-
being (e.g. coping style, size of social network and role-related emotional health)
as well as life course events (e.g. retirement, becoming a grandparent and loss of

spouse) significantly influence older people’s technology usage behavior.

Travel behaviour research in general considers a number of sociodemographic fac-
tors like age, living situation and environment, life stages, expectations about trans-
portation (Beige & Axhausen, 2008; Sun et al., 2009; Chatterjee et al., 2013; Clark
et al., 2016; Beige & Axhausen, 2017). Kroesen (2014) investigated the influence
of several psychosocial characteristic in travel behaviour and found significant in-
fluence for age, the residential environment, moving house and changing jobs. For
example, working adults who used public transport for non-work trips before re-
tirement, tend to rely on an automobile for these same trips once they enter retire-
ment (Reimer, 2014).

Mobility in old age is often regarded as a way of maintaining quality of life. Driving
a car helps older people to keep their social structures and contacts, to feel inde-
pendent and to improve their mental well-being (Edwards et al, 2009; Musselwhite
et al., 2015). About 89% of all trips made by elderly are by automobile (Santos et
al., 2011).
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That means that the perceived quality of life declines as mobility becomes increas-
ingly restricted (Owsley, 2002; Musselwhite & Haddad, 2010; Holley-Moore &
Creighton, 2015; Musselwhite, 2018; Musselwhite & Haddad, 2018). According to
Fonda et al. (2001), even changes in driving patterns, i.e. only being able to drive
shorter distances or having to make intermediate stops, can have a deleterious effect
on depressive symptoms in older people. Initiatives to assist older people should
therefore focus on strategies that help them to retain or regain driving skills.

However, extending older people's ability to be mobile with driver assistance sys-
tems or, even more so, with autonomous driving has been neglected or barely con-
sidered in research, although some researchers highlight its potential to aid older
people's personal mobility (Reimer, 2014; Musselwhite et al., 2015).

There are, however, studies that prove that driver assistance systems have a high
acceptance and perceived value, especially if drivers have experience with such
systems (Truebswetter & Bengler, 2013; Souders et al., 2017). There are also stud-
ies which show that older drivers in particular tend to have a higher level of ac-
ceptance (Oxley & Mitchell, 1995; Stevens, 2012; Son et al., 2015;) and a more
positive attitude (Viborg, 1999) towards these driver assistance systems than
younger drivers. However, older drivers are more worried about self-driving cars
(Konig & Neumayr, 2017). Furthermore, older adults also tend to have less techno-
logical ability and understanding of features and studies have suggested older adults
learn to use these systems differently, relying more on vehicle manuals, car-sales-

men and less on trial-and-error (Shaw et al., 2010; Eby et al., 2015).

Even closer to actual buying behavior and thus market potential are studies on cus-
tomer willingness to pay. This is because willingness to pay is indicated by “the
highest purchase price that the customer will pay for goods or services” (Proff &
Fojcik, 2014; based on Breidert, 2005; Potoglou & Kanaroglou, 2007; Diller, 2008;
Miller et al., 2011). Schulz et al. (2013) and Souders et al. (2017) show that older
people in particular have a greater willingness to pay for products that improve their

quality of life.

Concerning the willingness to pay for driver assistance systems, results from the
few existing studies differ: Blythe & Curtis (2004) state that there is only a low
willingness to pay for driver assistance systems in general. A more recent study
even shows a gap between the willingness to pay and the actual price for these

systems (BCG, 2015).
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In contrast to these results, Truebswetter (2015) examined the willingness to pay
for driver assistance systems of persons over the age of 50 and found that older
drivers had a greater willingness to pay for these systems, indicating market oppor-
tunities in the silver market. Furthermore, Souders et al. (2017) found, more specif-
ically, that older adults valued blind spot detection about twice as much as younger
adults. Therefore, a high willingness to pay and the existence of market opportuni-
ties can also be assumed for advanced driver assistance systems (Daziano et al.,
2017; Bansal et al., 2016).

In summary, these studies show that although the importance of prolonging mobil-
ity to an older age is undisputed, there is a need for a heavier emphasis on research
about older drivers and their willingness to pay for systems prolonging the ability
to drive. In addition, Elder (1994) observed that age does not have a linear effect
on needs (Glenn, 2003) and that therefore individual age groups of elderly people
need to be considered. The lack of this perspective in the few previous studies un-
derscores the need to examine the willingness to pay for advanced driver assistance
systems of elderly drivers in aggregate and of individual age groups. There seems
to be an interesting market opportunity in the silver market that would benefit from

being analysed further.

3. Assumptions on market opportunities for driver assistance sys-

tems in aging societies

The above-mentioned importance of studies of older drivers' willingness to pay for
safety-relevant solutions and the increasing physical limitations with age, which
can be compensated for by the application of driver assistance systems, combined
with the simultaneous research gap in this field emphasise the need for further quan-

titative research pursuing theory-based assumptions.

It can be stated that driver assistance systems can compensate certain deficits,
meaning that there should be an increased willingness to pay for the addition of
driver assistance systems and the solving of problems in road traffic through these.
For instance, in case of limited mobility, a cross traffic alert, blind spot assistant or
parking assistant makes it easier to handle driving tasks. Moreover, if visual and
cognitive limitations are existent the lane departure warning or the tyre-pressure

monitoring system will give the driver necessary information and support. Of
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course, there are a number of psychological and social factors that can further in-

fluence the willingness to pay negatively or positively.

Therefore, explanations of the differentiation of demand for mobility (the theory of

the household and intertemporal consumption) can be used here (Proff, 2019).

According to the theory of the household, an individual or a household can optimise
present and future consumption according to their income (Varian, 2014). However,
it is unrealistic to assume that households have perfect information. Therefore, dif-
ferent shopping preferences will be distinguished for the procurement of a variety
of goods and services, e.g. daily needs, consumer durables and luxury goods, that

change over time and with age (see Figure 2).

Previous studies confirm that consumption expenditure is a bell curve over the life
cycle (Fernandez-Villaverde & Krueger, 2007; Yang, 2009). This means that ex-
penditure starts low early in life, rises considerably around middle age and then
falls in advanced age. Fernandez-Villaverde & Krueger (2007) model life cycle
profiles of total expenditure peaking typically in the age group of 40 to 50 years.

Shopping basket | Shopping basket I Shoppin basket 11l

Expenditures/
Revenues

Borrowing Income
Loan repayment/

Saving

> Age

Figure 9: Demand for mobility depending on the age of the consumers (Proff, 2019)

These observations are confirmed by the theory of intertemporal consumption be-
haviour (Blundell et al., 1994), which explains the relationship between demand
and age through purchasing preferences. It assumes that a household determines its
consumption expenditure in such way that the marginal utility of income remains
the same over the course of life (age). This means that e.g. young people first meet
their basic needs, and in middle age, people meet additional and less rational needs
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when their demand is saturated. At that age, they can make a more realistic estimate
of expected future income, income risks and saving propensity (Proff, 2019; with
reference to Miles, 1997). Figure 9 shows that income and consumption curves are
unevenly distributed over the life cycle. As a result, borrowing, loan repayment and

savings are unevenly distributed over the life cycle.

Shopping baskets can be derived from the intertemporal consumption behaviour of
households with different needs (Stobbe, 1984; Szmigin & Carrigan, 2001; Mos-
chis, 2012; see also Figure 2):

¢ shopping basket | of young households (basic needs)

e shopping basket Il of an average middle-aged family with younger children

(basic and luxury needs, especially for middle-aged people)

e shopping basket 111 of pensioner households (goods for replacement purposes,

especially for old people).

These population cohorts roughly correspond to the age distribution of the under-
25s, the 25- to 65-year-olds and the over-65s — at least in Germany, where these
relationships were investigated. However, this general trend demonstrates signifi-
cant country-specific differences, because the options for mobility and the degrees
of freedom of the demand for mobility both differ in individual countries (Proff,
2019). In addition, different age groups turned out to have different consumer be-
haviour highlighting older people with a special need for advanced driver assistance
systems, i.e. in the group of people with basket I11 (65+). This applies even more to
the larger group of elderly people over 50, younger members of which are often still

working.

Furthermore, we expand Figure 9, because we assume that elderly people do not
buy goods solely due to the need for replacement. Based on the literature in section

2.2, we also assume that:

e older people have a higher willingness to pay for products that improve their
quality of life (Schulz et al., 2013) and

e in more concrete terms, willingness to pay for driver assistance systems will in-
crease in more advanced age, as these systems are targeted at improving quality
of life and compensate for physical limitations (Davidse, 2005; Fisk et al., 2009;
Tribswetter, 2015; Souders et al., 2017).
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Because Elder (1994) and Silver (1997), Moschis (2012) observed that age does not
have a clear linear effect on needs (see also section 2.2), and thus individual age
groups of elderly people above the age of 50 need to be considered, we can derive

two hypotheses for the investigation as a whole:
H1: Willingness to pay for advanced driver assistance systems correlates with age.

H2: Willingness to pay for advanced driver assistance systems increases with the
average age of different age groups.

4. Empirical study

4.1. Study approach

The hypotheses of increasing willingness to pay for advanced driver assistance sys-
tems with increasing age and with an increase in the average age of a specific group
next have to be translated into an empirical approach. The correlation between age
and willingness to pay for such systems is examined first, followed by a test of the
significance of differences between age groups of elderly people. Furthermore, dif-

ferences in gender, income, product knowledge and experience are tested.
Due to the fact that

e most new vehicles are bought by drivers aged 50 and older (Zentralverband
Deutsches Kraftfahrzeuggewerbe, 2020).

e physical limitations become increasingly severe around age 50 (Wickens et al.,
2006; Davidse, 2007; Fisk et al., 2009; Brand & Markowitsch, 2010; Hodzik &
Lemaire, 2011; Wan & Larsen, 2014) and

e given the regulations on early retirement, this life event, which is important for
the purchase of driver assistance systems, can occur from the age of 50 (OECD,
2019),

this study focuses on drivers over the age of 50 at a single point in time. An inter-
national car manufacturer, located in Germany, supported the planning of this in-
vestigation. Five advanced driver assistance systems in total were selected: Cross
Traffic Alert (CTA), Park Distance Control (PDC), Blind Spot Detection (BSD),
Lane Departure Warning (LDW), and the Tyre-Pressure Monitoring System
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(TPMS). It was assumed that not every driver has experience of using driver assis-

tance systems. Therefore, a two-stage study design was required.

First of all, the participants tested the five selected advanced driver assistance sys-
tems in a driving simulator to ensure that all participants had the same level of
knowledge about the functionality of these systems. A static driving simulator of a
close-to-production vehicle of the compact class was used. The simulator was lo-
cated in a rectangular “cave” in which the simulated environment was projected on
to the wall. In this arrangement, the driver’s field of view outside the vehicle was
180°, so that the entire front of the vehicle was included. Furthermore, the side
mirrors of the vehicle were replaced by screens, which also provided a mirrored
visual representation of the vehicle environment. Additionally, a monitor was
placed behind the vehicle's rear window, this monitor was used for both the rear

view and for the reflection of the image in the interior mirror.

Next, they filled out a questionnaire about their willingness to pay for these tested
advanced driver assistance systems. The relevant assistance system was described

and its functionality depicted in the questionnaire.

Driving simulator ,cave”

with driver assistance systems

Cross Traffic Alert (CTA)

Park Distance Control (PDC)

Lane Departure Warning (LDW) and
Tyre-Pressure Monitoring System
(TPMS),

advanced, through a combination of
optical, haptic and acoustic stimuli

Figure 10: Driving simulator cave (own illustration)

4.2. Operationalisation of the variables

As stated above, willingness to pay is defined by the highest purchase price that
customers will pay for goods or services (Potoglou & Kanaroglou, 2007; Miller et
al., 2011; Proff & Fojcik, 2014; Proff et al., 2019). The price question is normally
asked directly, i.e. not indirectly (e.g. by conjoint analyses, Balderjahn, 1994;
Volckner, 2006; Schmidt & Bijmolt, 2020), with the help of individual partial val-

ues.
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The van Westendorp method was selected to determine the willingness to pay for
an advanced driver assistance system (van Westendorp 1976; Kloss & Kunter
2016), i.e. asking directly for pricing for each individual advanced driver assistance
system. Even if directly asking for prices - especially with more expensive products
and innovative offers which are new to the consumer - can lead to biased results in
this method, it could not be assumed that prospective purchasers (test persons) had
a clear idea of the price they would pay for the different driver assistance systems.
They were not even able to name a price range between a minimum and a maxi-
mum, from which a fair (“average”) price could be determined (Proff et al., 2019).
This was due to the fact that some or all of the five identified driver assistance
systems might be new to the customer. As “really new products” to them (Urban et
al., 1996; Hoeffler, 2003) they will alter market structures and are based on new
technologies on the path to autonomous driving (Urban et al., 1996). Therefore,
they require customers to undergo a market-related and technological learning pro-
cess (Leifer et al., 2001) to create new and unfamiliar knowledge structures (Mo-
reau et al., 2001).

The van Westendorp method was therefore slightly altered: instead of asking for an
open statement of prices which in the test subjects' opinion were “too expensive”,

bE 13 2 ¢

“expensive”, “cheap”, “too cheap”, they were asked to rate four different given
prices as “too expensive”, “expensive”, “cheap” or “too cheap”. The preferred price
for a concrete advanced driver assistance system was then determined by aggregat-
ing the answers to the four given prices (Proff et al., 2019). The prices given for
each driver assistance system were provided by an international automotive OEM
in Germany, e.g. for the Cross Traffic Alert higher than €870, €580 - 870, €290-

580 and lower than €290.

In the evaluation, “too expensive” was captured by value 4, “expensive” by 3,
“cheap” by 2 and “too cheap” by 1. The elderly respondents’ age was recorded,

firstly the exact age and then the age group: 50 - 59, 60 - 69 and 70+.

In addition, control variables were collected: income (in euros), gender (male/fe-
male), product knowledge and experience (each on a 7-point Likert scale from 1 -

very low to 7 - very high).
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4.3. Sample

The study was conducted in the Rhine-Ruhr Area of Germany in 2018. Focusing
on one specific country is of advantage as the comparability of customers is in-
creased, since country-specific effects are eliminated (Miozzo & Yamin, 2012;
Proff, 2019).

A total of 381 drivers above the age of 50 were recruited through newspaper adver-
tisements and an incentive of 40 euros as compensation for participation in the sur-
vey. From September 2017 to January 20182, the respondents' psychological and
physical fitness for experiments and driving in the driving simulator were tested by
psychologists and physicians participating in the project. The remaining drivers
were asked to sign a consent form and were invited again to attend the general sur-

vey. In the end, 181 elderly drivers participated.

5. Results and discussion

5.1. Descriptive statistics

Most of the surveyed elderly drivers were male (144, or 79.6%). Due to the higher
interest of men in technology and although we tried very hard to attract more
women for the study, e.g. with woman-specific adverting of the study, there were
37 (20.4 %) female participants. However, the average age was 65.4 years (standard
deviation SD = 7.945). 49 of the respondents in the sample (27.1 %) were between
50 and 59 years old, 76 (42.0 %) between 60 and 69 and the remaining 56 (30.9 %)
were 70 or older (more than half of them between 70 and 74), see Tab. 1.

The largest group had a net income between €2,001 and— 3,000 per month. The
participants' knowledge and experience of driver assistance systems varied. On a
Likert scale from 1 (none) to 7 (very high), the average evaluation (rating) of their
own product knowledge was 3.26 and the evaluation of their experience was 3.44.
The self-rating of product knowledge was highest in the 60 - 69 group (mean M=
3.4474; standard deviation SD = 1.5526) and lower in the 70+ (M= 3.1250; SD =
1.4655) and 50 - 59 years old (M= 3.1224; SD = 1.4525) age groups.

2 The pre-test with 381 subjects serves as the basis for the main study. Of these 381 subjects, 181
over the age of 50 who participated in the main study remained at the end. This study has been
conducted in the period from the end of 2017 until the beginning of 2018.
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Table 3: Descriptive statistics

Control variables Description (totaT 181) of rePsI:c:):J:::s (%)

Gender Male 144 79.6
Female 37 204
50-59 49 27.1

age group 60-69 76 42
70 + 56 30.9

500- 2 1.1

€501 -1,000 11 6.1

€1,001 - 2,000 31 1.1
€2,001 - 3,000 66 36.5
Net income €3,001 - 4,000 31 17.1
€4,001 - 5,000 12 6.6

€5,001 - 6,000 2 1.1

€6,001+ 10 5.5

No information 16 8.8
1 33 18.2
2 25 13.8
3 31 17.1
(nowledge . 59 326
5 22 12.2

6 9 5.0

7 2 1.1
1 32 17.7
2 22 12.2
Experience 3 34 18.8
with driver assis- 4 49 27.1
tance systems 5 21 11.6
6 17 9.4

7 6 3.3

5.2. Correlation between willingness to pay and age

The test of correlation between age and willingness to pay for the five selected ad-
vanced driver assistance systems showed a partial correlation between the two var-
iables (see Table 2: Correlation table). It was significant for the (7.) Blind Spot
Detection r(181) =.197, p <.001 and for the (9.) Tyre Pressure Monitoring System
r(181) = .211, p < .001. However, there was no significant correlation between age
and the willingness to pay for the other three advanced driver assistance systems

(Cross Traffic Alert, Park Distance Control and Lane Departure Warning). There
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was no correlation with age even with the control variables (product knowledge,
experience and net income). Therefore, hypothesis 1 could only be confirmed for
two out of the five selected driver assistance systems (see Tab. 2).

Table 4: Correlation table

2. 3. 4. 5. 6. 7. 8. 9.
1. Exp. Prod. Net WTP | WTP | WTP | WTP | WTP
Age . Knowl. | Income | CTA | PDC | BSD | LDW | TPMS
1. Age
2. Experience .029

3. Product Knowledge | .024 .708™

4. Net Income -.058 | .241™ .363"

5. WTP for CTA .084 .053 .009 .019

6. WTP for PDC 117 .043 .043 .070 | .652"

7. WTP for BSD 197" 131 .009 123 | .6667 | .758"

8. WTP for LDW 122 .039 .033 137 | .666" | .655" | .688™

9. WTP for TPMS 211" .056 .004 .063 | .507" | .607" | .579" | .580™
* correlation is significant at the 0.01 level (2-tailed) CTA = Cross Traffic Alert
** correlation is significant at the 0.05 level (2-tailed) PDC = Park Distance Control
WTP = Willingness to pay BSP = Blind Sport Detection

LDW = Lane Departure Warning
TPMS = Tire Pressure Monitoring System

These results are in line with Elder's observation (1994) that age does not have a
clear linear effect on needs, and supports the need for a study of individual age

groups among elderly people above the age of 50.

5.3. Age group differences in willingness to pay

To determine mean differences for the willingness to pay between the three age
groups (50 - 59, 60 - 69 and 70+) a two-sample t-test for unpaired samples was
used. Each age group was compared with each of the others. The level of signifi-
cance was set at p < 0.05 (Park Distance Control only < 0.10). Equality of variances

was assessed by Levene’s test (with the p-value also set at p < 0.05. Where the
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assumption of equality of variances was dropped, Welch’s t-test was used instead.
Correlations between willingness to pay for driver assistance systems and age were

determined by Pearson’s correlation.

The results are summarised in Tables 3 to 7. At first glance, the mean values of the
willingness to pay are higher for all five advanced driver assistance systems in the
two older age groups (60 - 69 and 70 +) than in the younger one (50 - 59) and tend
to indicate a higher willingness to pay in older age. However, closer examination is

needed.

The advanced Park Distance Control showed significant differences (Table 3):
willingness to pay on the scale from 1 (too cheap respectively < €335) to 4 (too
expensive respectively > €1.005) in the 60 - 69 group was slightly (insignificantly)
higher than in the 70+ group and in both these groups the willingness to pay was

significantly higher than in the 50 - 59 age group.

Table 5: Willingness to pay for the advanced Park Distance Control (PDC) by age group

Group N Mean SD T df p Hypothesis 2
50-59 49 1.76 522

-2.208 123 .029 Accept
60 - 69 76 2.00 653
50-59 49 1.76 522

-1.738 103 .085 Accept
70-90 56 1.96 687
60 -69 76 2.00 .653
70 - 90 56 1.96 687 .304 130 762 Reject

For the advanced Lane Departure Warning (LDW), too (see Table 4), the age
group 60 - 69 group had the highest value followed by the 70+ group and the 50 -
59 group (with a willingness to pay measured on a scale between < €335 and >
€1005). The comparison of the groups again showed a significant difference be-
tween the 50 - 59 and 60 - 69 age groups and between the 50-59 and 70+ age groups
see Table 4. In addition, there was a significant difference between men and women,

with men having higher willingness to pay.
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Table 6: Willingness to pay for the advanced Lane Departure Warning (LDW) by age group

Group N Mean SD T df P Hypothesis 2
50-59 49 1.67 .658

-2.082 123 .039 Accept
60-69 76 1.93 .699
50-59 49 1.67 .658

-1.713 103 .090 Accept
70-90 56 1.89 .652
60—-69 76 1.93 .699 )

.346 130 .730 Reject

70-90 56 1.89 .652

The analysis of the advanced Blind Spot Detection produced similar results (Table

5). However, here the 70+ age group had the highest average willingness to pay

(measured on the scale from <€290) to >€870) closely followed by the 60 - 69 age

group. The 50 - 59 age group was least willing to pay, again with a highly signifi-

cant difference to both the 60 - 69 group and the 70+ group.

Table 7: Willingness to pay for the advanced Blind Spot Detection (BSD) by age group

Group n Mean SD T Df P Hypothesis 2
50-59 49 1.76 .630

-2.692 123 .008 Accept
60 - 69 76 2.09 715
50-59 49 1.76 630

-2.681 103 .009 Accept
70-90 56 2.11 .705
60 - 69 76 2.09 715

-.120 130 .905 Reject
70-90 56 211 .705

The Tyre Pressure Monitoring system also showed significant differences (Table

6): The highest willingness to pay here was also found in the 70 - 90 age group

(here on the scale from <€250) to >€750) which was again higher than in the 60 -

69 group. In both groups, the willingness to pay was significantly higher than in the

50 - 59 group.
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Table 8: Willingness to pay for the Tyre Pressure Monitoring System (TPMS) by age group

Group n Mean SD T df P Hypothesis 2
50-59 49 1.61 533

-2.698 123 .008 Accept
60 - 69 76 1.91 .636
50-59 49 1.61 533

-2.385 103 .019 Accept
70-90 56 1.93 .783
60 - 69 76 1.91 .636

-.167 130 .867 Reject
70-90 56 1.93 .783

For these four advanced driver assistance systems, hypothesis 2 could be confirmed.
Only the advanced Cross-Traffic Alert showed no more than a slight tendency for
older age groups to have a higher willingness to pay for the system, but no signifi-
cance was found (see Table 7). For the cross-traffic alert, the 60 - 69 group of driv-
ers showed the highest average willingness to pay (<€290) to >€870), followed by
the 70 + group and the 50 - 59 group (see Table 7).

Table 9: Willingness to pay for the Cross-Traffic Alert (CTR) by age group

Group n Mean SD T df p Hypothesis 2
50-59 49 1.98 750

-.984 123 .327 Reject
60— 69 76 2.12 783
50-59 49 1.98 750

-.669 103 .505 Reject
70-90 56 2.07 657
60— 69 76 2.12 783

.365 130 716 Reject
70-90 56 2.07 657

5.4. Discussion of results

The study examined the willingness of elderly drivers to pay for advanced driver
assistance systems, as this field has so far been neglected in research. On the one
hand, this investigation is of value because assistance systems represent a relevant
step on the way to autonomous driving. On the other hand, older people account for

a fairly large proportion of the driving population.

Due to their age-related physiological developments, they have the potential to need
more support than younger groups. According to the hypotheses, they should there-

fore be more willing to pay for driver assistance systems than younger age groups.
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Willingness to pay appeared likely to generally correlate with age (hypothesis H1),
however, this could only be confirmed to a limited extent in the study (significant
confirmation was found for only two of the advanced assistance systems, however,

there was a perceptible trend for them all).

However, a closer look at the three age groups of elderly drivers (50 to 59, 60 to 69
and over 70 years) showed a significant higher willingness to pay in drivers aged
60 or over compared to 50-59-year-olds at least for four of the five systems (Park
Distance Control, Blind Spot Detection, Lane Departure Warning, and Tyre Pres-
sure Monitoring Systems). Though not significant, tendencies towards an increased
willingness to pay could also be observed in the case of the fifth assistance system,
the Cross-Traffic Alert. Therefore, hypothesis H2 was clearly confirmed for the
assistance systems in question: there were significant differences (in one case a
strong tendency) between the 50- to 59-year-old drivers and the over-60s, but no

further distinction within the group of older drivers.

The results showed that there was no clear correlation between willingness to pay
and age, even for safety-related products such as driver assistance systems. Instead,
individual age groups needed to be compared. In future investigations, an examina-
tion should be made as to whether a non-linear, bell-shaped correlation curve might
provide a better explanation, because drivers over 60 had a higher willingness to
pay than drivers between the ages of 50 and 59, but the willingness to pay for some
assistance systems decreases again in drivers over 70 years of age (Park Distance

Control and Lane Distance Warning).

According to e.g. Elder (1994), Silver (1997), Moschis (2012), even more signifi-
cant indications of market opportunities are possible if not only age groups, but also
critical life events (Hutchison, 2018) such as retirement, the birth of a first grand-

child and/or the death of a partner are taken into account.

6. Implications, limitations and outlook

The results show that age has an influence on the willingness to pay for driver as-
sistance systems. Since age itself is undoubtedly not the only variable that influ-
ences willingness to pay and the promising "silver market” could be more effec-

tively accessed, a closer analysis of the market and older people is needed. It is
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advisable to take a closer look at age groups in order to generate even further

growth, especially within the group of older people.

In future studies, a closer examination should be made of whether there is a peak in
willingness to pay, and if so where it lies. Finding this peak is crucial in the search
for new market opportunities for advanced driver assistance systems. Furthermore,
critical life events could have a considerable influence on people's willingness to
pay. This research direction can help transform market potentials into market

growth,

However, the study's limitations are not solely due to a lack of detailed considera-
tion of a peak in willingness to pay for advanced driver assistance systems, possibly
showing a bell-shaped correlation with age and critical life events. There is also a
lack of information about the reasons behind older drivers' increased willingness to
pay. Such reasons should therefore also be examined in a next stage by identifying
the critical life events and other psycho-social variables of older drivers. Further-
more, the study does not explain why the trend towards higher willingness to pay
in the elderly is not significant for all systems. Therefore, an even wider range of
driver assistance systems should be considered in further studies on this topic. An-
other drawback is the local limitation of the residence of the sample. Since all the
test persons come from one small area in western Germany, regional and national
influences may affect the overall results. Also, the investigated sample has more
men than women probably owing to the interest of men in technology. Although,
there was only one significant gender difference detected, the lower share of woman
could have an influence on the result which slightly limits the representativeness of

the sample.

Looking at the future autonomous driving market, it is important to note that the
worldwide market launch and market substitution will take at least another 10 to 15
years. Therefore, developing the stagnating markets of the Triad countries more
effectively and taking advantage of market opportunities in the “silver market” is a

promising route to pursue.
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1. Introduction

In industrialized nations, the elderly population is continuously growing in size and
influence and demographic change will become more visible in the future (Bruns-
bach, 2018; Schlag, 2008a). Increased life expectancy is a consequence of advanced
healthcare systems, improved medicines, enhanced knowledge and better financial
status. The demographic change is considered to be a major challenge for near fu-
ture (European Commission, 2018; OECD, 2016; Peine et al., 2015), e.g. in the EU
there were, in 2015, 199 million people aged 50 and older. This also applies to
Germany, where people over 50 years of age already make up more than 40 percent

of the total population (Statistisches Bundesamt, 2019a).

The “silver economy” also represents 39% of the total EU population and is respon-
sible for 40,6% of private consumption expenditure (European Comission, 2018).
In 2025, the proportion of older people is expected to be 42.9% and the elderly will
have a share of 44.3% in private consumer spending. Due to their purchasing power
the increase in the elderly population represents an interesting customer group
(Klimczuk, 2016; Kohlbacher & Herstatt, 2011).

Simultaneously, older people have never been as mobile as today (Allgemeiner
Deutscher Automobil-Club, 2018; Schlag, 2013). In Germany a total of 39 million
people holds a driving license, 51 percent of whom are 50 years and older
(Kraftfahrt-Bundesamt, 2018). The number of older people with a driver's license
is expected to increase even further (Musselwhite & Haddad, 2018; Shergold et al.,
2015), because it is agreed that individual mobility remains the most important part
of mobility behaviour and symbolizes independence and well-being, especially for
older people (Adler & Rottunda, 2006; Dickerson et al., 2007; Molnar & Eby,
2009). Therefore, losing the ability to drive represents an enormous loss of individ-
ual freedom and social participation (Waller, 1991). Numerous studies reveal that
limited mobility leads to a feeling of uselessness, dissatisfaction as well as depres-
sion and reduces well-being in the elderly (Fonda et al., 2001; Haustein & Siren,
2014; Shaheen & Niemeier, 2001). Therefore, with driving their own car, older
people are able to maintain their independence, social participation and activities
(Limbourg, 1999), which in turn helps to improve their quality of life (Burghard,
2005; Engeln, 2001).

70



Due to their driving experience, older drivers can rely on compensatory strategies
that help them drive more carefully and with more foresight despite physical limi-
tations (Isabelle & Simon, 2020). With a lower number and type of trips (no daily
travel to work) and a lower driving distance per ride, the senior group is dispropor-
tionately involved in accidents, accounting for 13.4% of all accident involvement
compared to their share of the population, making them one of the safest groups of
road users (Statistisches Bundesamt, 2019b). Despite the low involvement in acci-
dents, the elderly group represents one of the highest risk driver populations for
accidents resulting in serious injuries and fatalities (Koppel et al., 2011), requiring
this group to receive special attention. Because with age comes a decline in percep-
tual ability (i.e., vision and hearing), cognitive reaction time (i.e., coordination of
motor skills), cognitive memory and attention, and physical strength and dexterity
(Kline et al., 1992; Shaheen & Niemeier, 2001). Simultaneously, older drivers may
not recognize the decline in certain capabilities (Molnar et al., 2013; Sivak &
Schoettle, 2011). As a result, complex traffic situations become a risk factor and
may cause greater difficulty for older drivers. Perceiving all relevant information
for decision making becomes increasingly difficult with complexity, leading to
problems in everyday situations that require complex interaction with other road
users, such as at intersections, crossing, merging, or changing lanes in heavy traffic.
(Clarke, Ward, Bartle & Truman, 2010; Dukic & Broberg, 2012; Koppel et al.,
2011). In contrast to older drivers, the lack of driving experience is a particular risk
factor for younger drivers (McDonald et al., 2013). This becomes apparent in in-
correct road use (such as cutting turns, speeding up or pulling out when being
passed), not maintaining safety distances or speeding inappropriately. In addition,
it is hazard perception and susceptibility to distraction while driving that present
the greatest risks of accidents among young drivers (Crundall, 2016; Alberti et al.,
2014; Borowsky & Oron-Gilad, 2013). They tend to scan the road more closely
than experienced drivers, making them less effective at anticipating, recognizing,

or reacting to hazards, especially when the hazards are not clearly visible.

The first development and implementation of assistance systems in vehicles has
made it possible to ensure ever greater safety over the years. These first very simple
systems, such as anti-lock braking system (ABS) or electronic stability control

(ESC), which use proprioceptive sensors to measure the internal status of vehicles,
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enable vehicle dynamics to be controlled with the aim of following the driver's de-
sired direction as closely as possible (Bengler et al., 2014). The second important
step in increasing safety is the implementation of more intelligent systems such as
lane departure warning (LDW) and adaptive cruise control (ACC). With the help
of exteroceptive sensors (lidar, radar, video sensors, ultrasonic), the systems collect
information about the road ahead and the presence and driving status of other road
users or their position. Together with the first preliminary stages of artificial intel-
ligence like knowledge-based systems, natural language processing or machine
learning, such driver assistance systems have the potential to increase driving com-
fort and road safety by supporting the driver with information or react in a more
intelligent manner to driving situations (Anderson et al., 2014; Duncan et al., 2015;
Fagnant & Kockelman, 2015). Therefore, more intelligent advanced driver assis-
tance systems (ADAS) like LDW and ACC hold promise in compensating for the
declining capacities of older drivers to extend safe mobility in later years (Eby &
Molnar, 2012). This improves safety by avoiding collisions and provides comfort
to the vehicle’s occupants (Gruyer et al., 2017; Naujoks & Neukum, 2014). More
recently, these ADAS have appeared as the most important and critical step to con-
verge towards fully automated vehicles (Gruyer et al., 2017). In the future, the final
step in maximizing safety will be automated driving, which uses a network of sen-
sors, systems and artificial intelligence to ensure door-to-door mobility autono-

mously, without human intervention.

Although advanced driver assistance systems are therefore necessary, their appli-
cation is lagging behind and only a minority of drivers enjoy the benefits of the
systems. A study by Reagan et al. (2018) reveals that the driver assistance systems
are switched off in 49% of the cars. Low usage rates of assistance systems not only
reveal a poor market penetration but also limit the potential benefits for drivers,
especially older drivers (Trubswetter, & Bengler, 2013; Viktorova & Sucha, 2018).
The reasons why drivers do not use driver assistance systems are multilayered. One
of the reasons is certainly the lack of information and knowledge about these sys-
tems. Tribswetter & Bengler (2013) reveal in their study that only 66% have heard
of a distance control system and only about half know about the existence of sys-
tems such as lane departure warning or blind spot assistance. This information
comes mainly from acquaintances, the media and car dealers, and less than 20%

have had their own experience with driver assistance systems. Another reason also
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seems to be a lack of awareness with regard to the functional limits of the systems.
Due to limitations in technology (such as sensors or cameras) and software (lack of
learning and development of artificial intelligence in the interaction of the individ-
ual systems), driver assistance systems do not yet work in certain driving situations
(Sullivan et al., 2016; Larsson, 2012). For example, the adaptive cruise control sys-
tem has difficulty recognizing motorcycles or bicycles, which can lead to failures
and malfunctions of the system. Although these limitations are known and stated in
the user manual, many users, especially older drivers, are not aware of them, leading
to irritation and refusal of the systems. The evaluation of the effectiveness of a sys-
tem depends to a large extent on the feedback provided by the system (Ghazizadeh
& Lee, 2014). Therefore, the different types of information delivery (visual, acous-

tic, haptic) can be mentioned as a reason for rejection.

A frequently mentioned reason for not using technology is often that with increas-
ing age the acceptance of technology is lower. However, different studies in the
field of acceptance research show both, positive and negative effects on acceptance
(Alexandrakis et al., 2020; Arning & Ziefle, 2007; Escobar-Rodriguez & Bartual-
Sopena, 2013; Hauk et al., 2018; Jimoh et al., 2012; Martins et al., 2014; Morris et
al., 2005; Morris & Venkatesh, 2000). Also studies specifically on the acceptance
of driver assistance systems do not show a clear result (Braun et al., 2019; Larue et
al., 2015; Roberts et al., 2012; Souders & Charness, 2016; Xu et al., 2010). Most of
these studies have in common that they refer to simple driver assistance systems
that are not enhanced by artificial intelligence or machine learning, e.g. ABS, ESC,
GPS navigation or road assistance. We believe that advanced driver assistance sys-
tems, which increasingly make use of artificial intelligence, will be experienced
more positively by older people and can therefore also increase the adoption of au-
tomated driving. Therefore, the aim of this paper is to gain an insight into older
drivers’ acceptance of advanced driver assistance systems, as the technology of
driver assistance systems is the basis of autonomous driving and how to facilitate

the breakthrough of autonomous driving.

In order to examine the influence of age on the acceptance of driver assistance sys-
tems, it was necessary to develop a research model. Based on the literature, suitable
models for this research are the Technology Acceptance Model (TAM) (Davis et
al., 1989) and the Unified Theory of Acceptance and Use of Technology (UTAUT)
(Venkatesh et al., 2003). Both the TAM and its extensions and the UTAUT can be
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used as a basis for the research model to examine the influence of age on the ac-
ceptance of driver assistance systems. However, since conventional acceptance re-
search, especially in the field of driver assistance systems, uses the TAM for its
examinations (Chen & Chen, 2011; Ghazizadeh et al., 2012; Larue et al., 2015; Park
& Kim, 2014; Souders & Charness, 2016) and as we want to continue this research
and allow comparisons, we use the technology acceptance model as a basis for our
research model. Therefore, we have developed and extended a research model in
this article based on the TAM to examine the acceptance of driver assistance sys-
tems of 181 elderly drivers and a comparison group of 46 younger drivers. As a
result, we developed a questionnaire to test the assumed causal relationships and
the moderating effect of age with a multi-group analysis. Because many of the older
drivers in particular are not familiar with the driver assistance systems, they first
had to be familiarized with it. Therefore, they were allowed to experience the assis-
tance systems in a driving simulator and were asked after driving in the simulator.
With the help of the results, the acceptance of older people, and the influence of age
will be discussed. This will on the one hand help to get a better understanding of
the acceptance of advanced driver assistance systems and on the other will give an

important basic understanding regarding autonomous driving in an aging society.

The article is organized as follows: In Section 2 we begin with a literature review
on technology acceptance, technology acceptance in old age and the relevance of
advanced driver assistance system for extending mobility in old age. The theoretical
framework and the research hypotheses are presented in Section 3. In Section 4 the
research methodology is described before the results and discussions are shown in
section 5. The paper ends with a conclusion and a discussion on future work needed

in Section 6.
2. Literature Review

2.1. Technology Acceptance Model

Davis et al. (1989) developed the Technology Acceptance Model (TAM), which
with its extensions and further developments is the basis of numerous technology
acceptance studies (Agarwal, 2000; Bhattacherjee & Sanford, 2006; Gefen et al.,
2003; Gefen & Straub 1997; Herrenkind et al., 2019; Im et al., 2007; Koivumaki et
al., 2006; Koufaris, 2002; Li & Huang, 2009; van der Heijden, 2004; Zarmpou et
al. 2012; Zhang et al., 2020). The model is an adaptation and specialisation of the
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Theory of Reasoned Action (TRA) to the specific requirements of information sys-
tems and technology (Ajzen & Fishbein, 1980). It examines the probability of indi-
vidual user behaviour in the case of voluntary system use and attempts to establish
uniform indicators for various research questions. The intention is to provide a gen-
eral and, at the same time, as simple as possible explanation of the factors of use of
information systems (Legris et al., 2003; Ma & Liu, 2004).

The Technology Acceptance Model states in accordance with the Theory of Rea-
soned Action that the perceived usefulness and the perceived ease of use are two
constructs that have additional influence on the attitude towards use, and respec-
tively the intention to use (Davis et al., 1989). Perceived usefulness is the subjec-
tively assessed probability of the user that the information system used will help
him to improve his performance. Perceived ease of use describes a person's assump-
tion of how easy it is for them to use a system (Davis, 1989; Dillon & Morris, 1996).
The higher the benefit and the easier the system is to use, the greater the willingness
of the person to use the system (Simon, 2001). Since increased ease of use reduces
the user's effort, the perceived ease of use also directly affects the perceived useful-
ness. In the empirical validation of the model, Davis (1989) states that the influence
of the perceived usefulness on the intention to use is much stronger than the indirect
influence of the perceived ease of use (Davis et al., 1989). In summary, based on
the intention to use, the TAM tries to explain why individuals accept and use tech-

nology.

The model is proofed, solid and the most influential model for examining the ac-
ceptance of information technology (Carr, 2008; King & He, 2006; Koivumaki et
al., 2017; Schepers & Wetzels, 2007; Wu et al., 2011). Thus, many research studies
criticise that the technology acceptance model with its two central constructs is not
meaningful enough to provide a complete and comprehensive description of the
acceptance of an information system (Konigstorfer & Groppel-Klein, 2007). To
overcome this criticism, the model is extended by additional external variables and
constructs (Wu & Wang, 2005), linked to other models and research approaches.
Together Venkatesh and Davis (2000) further developed the TAM to TAM 2 (see
Figure 11). Over time, the construct of the attitude toward using has been replaced
by the intention to use, as this is equivalent to the intention to use a system (Schwarz
& Chin, 2007; Wu & Wu, 2005).
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Figure 11: Technology Acceptance Model

2.2. Technology Acceptance Model in old age

In the beginning of technology acceptance research, age has received only little
attention in previous studies (Venkatesh et al., 2003). Although age is seen as an
important external variable influencing behavioural intention and acceptance of
technology in some studies (Chung et al., 2010; Wang et al., 2003), there are several
studies arguing that age is less important (Agarwal & Prasad, 1999; Davis et al.
1989). However, recent studies show that there are age-related differences in the
acceptance and use of technologies (Arning & Ziefle, 2007; Morris & Venkatesh,
2000; Morris et al., 2005). Although most older people have a positive attitude to-
wards technology, they are less interested and less likely to use technology than
younger people (Mitzner et al., 2010; Ryu et al., 2009; Steele et al., 2009; Wang,
2008; Yao et al., 2009).

In the literature there are no clear results concerning technology acceptance in old
age. Several studies show that age has a positive influence on the acceptance of
technology (Jimoh et al., 2012; Martins et al., 2014), while other studies postulate
a negative or not significant influence (Alexandrakis et al., 2020; Escobar-Rodri-
guez & Bartual-Sopena, 2013; Porter & Donthu, 2006; Shin, 2009). The meta-anal-
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ysis of Hauk et al. (2018) reveals a rather negative influence of age on the ac-
ceptance of technology. In the recent past, the TAM has also been applied in ac-
ceptance research in the context of driver assistance systems and autonomous driv-
ing (Chen & Chen, 2011; Ghazizadeh et al., 2012; Kervick et al., 2015; Larue et al.,
2015; Park & Kim, 2014; Rahman et al., 2019; Roberts et al., 2012; Rodel et al.,
2014; Xuetal., 2010). Souders & Charness (2016) investigate the adoption of driver
assistance systems and autonomous driving among older adults (55 and older) and
show that the intention to use a driver assistance system increases with age. Braun
et al. (2019) can show that driver assistance systems experience a high level of
acceptance in the age group 65 and older. However, since the studies cannot provide
a clear result or a linear relationship over age, the acceptance in older age remains

unclear.

2.3. Relevance of advanced driver assistance systems for extending mobility in

old age

Driving a vehicle consists of information acquisition, processing, decision making
and executing the decision (Wickens et al., 2006). All information is received by
the human sensory organs and is based on visual, haptic and acoustic perception.
However, physical and cognitive abilities of an individual such as loss of vision,
memory, knowledge, strength and balance decrease more and more with increasing
age. From age 40 onwards, visual abilities decrease and sensory abilities decrease
around 60 years of age (Meyer, 2004). Both decreasing abilities can have a negative
influence on driving (Davidse, 2006). Cognitive abilities and performance, such as
memory and executive functions, become increasingly weaker with age (Ashendorf
& McCaffrey, 2008; Brand & Markowitsch, 2010; Hodzik & Lemaire, 2011). Most
people notice limited mobility (e.g. turning the body), limited fine motor skills and
low muscle power from the age of 50 (Fisk et al., 2009). For this reason, older
people have particular problems in time-critical traffic situations (Schlag, 2008b)
and almost half of all Europeans over the age of 65 admit having problems with
physical limitations (Wan & Larsen, 2014). Based on these facts, it can be assumed

that physical performance declines more and more from the age of 50.

The process of declining abilities is a gradual process and takes place over a long
period of time. This gives older drivers the opportunity to develop compensatory

strategies with the help of their experience, e.g. an adapted driving style with the
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maintenance of a greater safety distance to compensate for declining reflexes (Isa-
belle & Simon, 2020). Reimer et al. (2013), for example, found that older drivers
are less likely to change lanes and drive in the left lane. Furthermore, data from
Charlton et al. (2013) show that older drivers self-regulate during more demanding
driving tasks by performing fewer secondary tasks while driving (talking, operating
multimedia functions). Despite the driving experience and compensatory strategies
of older drivers, the physical limitations can only be partially compensated.

However, driver assistance systems can help drivers drive smoothly even with
physical limitations (Fisk et al., 2009; Schieber, 2006). Some studies have tested
the effects of driver assistance systems on safety while driving in a simulator. The
different types of driver assistance systems used in these studies include forward
collision warning system (Lubbe, 2017), lane change warning system (van der Hei-
den et al., 2019), dangerous situation warning system (Bella & Silvestri, 2017,
Naujoks & Neukum, 2014), intersection warning system (Werneke & Vollrath,
2013) and stop warning system (Kazazi et al., 2015). The studies show that the use
of the systems led to a reduction of collision rates, fast lane change, reduction of
speed, improvement of braking responses and reduction of the number of collisions.
Although these systems can help elderly drivers to remain mobile for longer and
increase safety, their success remains far below expectations (Reagan et al., 2018;
Viktorova & Sucha, 2018). There is, however, a lack of information about the rea-

sons behind older drivers’ adoption of advanced driver assistance systems.
3. Theoretical framework and research hypotheses

Although the literature shows that technology acceptance tends to be lower for older
people, we assume with Souders & Charness (2016) and Braun et al. (2019) a gen-
erally positive influence of the acceptance due to the need for driver assistance sys-
tems in old age. Therefore, we have extended the basic technology acceptance
model (Davis et al., 1989; Venkatesh & Davis, 2000) by the variable’s trust and

personal innovativeness to increase the degree of explanation.
3.1. TAM

Since the technology acceptance model forms the basis of the research model we
use the intention to use as the main dependent construct (Venkatesh et al., 2003)

and examine the acceptance from the end-user’s point of view. Also, because driver
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assistance systems are spreading only slowly and not everyone has come into con-
tact with them. The intention to use thus represents a dependent variable instead of
actual use (Schwarz & Chin, 2007; Wu & Wu, 2005) and is defined as the “the
degree to which a person intends to use an advanced driver assistance system” (Da-
vis et al., 1989; Venkatesh & Davis, 2000). Along with the TAM, we therefore
hypothesize the following:

H;1: The greater the perceived usefulness, the greater the intention to use ADAS.
H, {: The greater the perceived ease of use, the greater the intention to use ADAS.

H3;: The greater the perceived ease of use, the greater the perceived usefulness
of ADAS

H,1: The greater the subjective norm, the greater the intention to use ADAS.

Hs4: The greater the subjective norm, the greater the perceived usefulness of
ADAS.

3.2. Trust in Technology

Trust is not included as a determinant in the basic model of the technology ac-
ceptance model. The determinant is a multi-dimensional construct that can consist
of different components or types of trust in technology and the risk that it involves,
and strongly influences acceptance (Lee & Moray, 1992; Lee & See, 2004; Molnar
etal., 2018; Parasuraman & Riley, 1997; Verberne et al., 2012). Mayer et al. (1995)
define trust as the willingness to put oneself in a vulnerable position with a technol-
ogy, combined with a positive expectation of a result or positive future behaviour.
The user therefore decides to trust the system with the idea of having a positive
experience with the technology - in this context in the form of the use of driver
assistance systems. People appreciate dangers and associate a higher risk, especially
with new and unknown systems (Bekiaris & Stevens, 2005). The variable with its
different dimensions represents the fears of people in the context of the use of in-
formation systems with regard to them (Jacoby & Kaplan, 1972). Especially in the
case of technologies that automate actions for humans, trust represents an enormous
acceptance criterion (Choi & Ji, 2015; Gefen et al., 2003; Kaur & Rampersad, 2018;
Lee & See, 2004; Parasuraman et al., 2008; Pavlou, 2003; Tussyadiah et al., 2017)

Similar to an interpersonal relationship, humans also trust a machine or technology
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when using it (Lankton et al. 2014; Tussyadiah et al., 2017; Wang & Benbasat,
2005). The use of driver assistance systems during a journey, a user must have con-
fidence in the system and relies not only on his existing and learned abilities, but
also partly on the driver assistance systems. It has been shown that a user develops
trust in a technology only through performance conviction (Johnson, 2007; Johnson
et al., 2008; Schlosser et al., 2006). Therefore, the basis for trust is the performance
and reliability that a system offers (Beller et al., 2013; Molnar et al., 2018). Trust
in the technology is not only associated with a simple benefit for the user, but it also
influences the perceived ease of use and directly the intention to use the system. We

therefore derive the following hypotheses:
Hg1: The greater the trust in ADAS, the greater intention to use ADAS.
H,;: The greater the trust in ADAS, the greater the perceived usefulness.

Hg;: The greater the trust in ADAS, the greater the perceived ease of use.

3.3. Personal innovativeness

The personal innovativeness is also not included as a determinant in the basic
model. However, Rogers (2003) notes that the adoption of technologies is not based
on the characteristics of innovation, but is influenced by the personal characteristics
of the user. According to Rogers, new technologies and the information about them
can be found within a social system, spread within it and are thus perceived by
potential users. As a result, potential users develop an attitude towards the technol-

ogy and consequently this forms the basis for an adoption decision.

The literature defines the personal innovativeness differently. It can be seen as a
personality trait that indicates to what extent a person adopts and accepts a new
technology (Midgley & Dowling, 1978). Furthermore, it is seen as a tendency to
buy new products at an earlier stage of the market than the rest of the consumers
(Foxall et al., 1998). Agarwal & Prasad (1998) define personal innovativeness as
the enthusiasm of an individual to try a new technology and the willingness to ac-
cept a new innovation earlier than others. They also demonstrated that users with a
higher degree of innovation have a more positive attitude towards technology. Fur-
ther studies on the personal degree of innovation within acceptance research in var-
ious application areas of information systems (online shopping, virtual learning,

blogging, wireless mobile services, mobile device adoption) show that the personal
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degree of innovation has a significant influence on perceived usefulness, perceived
ease of use and intention to use (Bigné-Alcafiiz et al., 2008; Lee, 2019; Lu et al.
2008; Van Raaji & Schepers, 2008; Wang et al., 2010). Consequently, in order to
accept new technologies, potential users should have a high degree of personal in-

novation. Therefore, the following hypotheses are made:

Hy,: The greater the personal innovativeness, the greater the intention to use
ADAS.

Hyp.1: The greater the personal innovativeness, the greater the perceived useful-

ness.

H;11: The greater the personal innovativeness, the greater the perceived ease of

use.

3.4. Moderation Effect of Age

It can also be assumed that the perceived usefulness is higher for older people than
for younger people. Because of physical limitations (Fisk et al., 2009; Hodzik &
Lemaire, 2011; Wan & Larsen, 2014), older people tend to be more restricted in
their ability to drive a vehicle and driver assistance systems can help to compensate

for this and therefore the following hypothesis can be derived:

H;,: Forolder individuals the perceived usefulness has a greater influence on the

intention to use ADAS than for younger individuals.

Although older people are generally open to technology, they are less interested in
all kinds of technology, even if new technologies were available to them and could
be used, they would still not use them (Ryu et al., 2009; Mitzner et al., 2010). This
lack of experience with new technologies inevitably makes it harder for older peo-
ple to operate the systems than for younger ones. This is why a particularly simple
use of technology is important for older people and should lead to driver assistance

systems being viewed more positively. The following hypothesis can be derived:

H,,: For older individuals the perceived ease of use has a higher influence on the

intention to use of ADAS than for younger individuals.

Hs3,: For older individuals the perceived ease of use has a higher influence on the

perceived usefulness of ADAS than for younger individuals.
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Meta analyses already confirm that older people are less influenced by the environ-
ment than younger people (Schepers & Wetzels, 2007; Zhang et al., 2012), which
means that the subjective norm for older people has less influence on their ac-

ceptance. The following hypothesis can be derived:

H,,: For older individuals the subjective norm has a lower influence on the in-

tention to use ADAS than for younger individuals.

Hs5,: For older individuals the subjective norm has a lower influence on the per-

ceived usefulness of ADAS than for younger individuals.

Trust can only be built through interaction and since older people interact less with
new technology and have less experience with new technologies, they may have
little experience and trust in driver assistance systems. Guo et al. (2016) have also
shown that trust in technology is lower among older people than among younger
ones. Trust in driver assistance systems therefore plays a major role, especially for
older people, as they generally have less interaction with new technologies and
therefore trust in technology is not a prerequisite for this group. We therefore derive

the following hypothesis:

Hg,: For older individuals trust has a higher influence on the intention to use

ADAS than for younger individuals.

H,,: Forolderindividuals trust has a higher influence on the perceived usefulness

of ADAS than for younger individuals.

Hg,: For older individuals trust has a higher influence on perceived ease of use

of ADAS than for younger individuals.

In addition, Lee (2019) was able to show that age plays a major role in the degree
of personal innovativeness, because the older the test persons were and the higher
the value, the greater was the influence. However, the problem is that older people
have little experience with technology, they have less interest in technology and
therefore personal innovativeness has less impact on the acceptance of older people.

The following hypothesis can be derived:

Ho,: For older individuals the personal innovativeness has a lower influence on

the intention to use ADAS than for younger individuals.

Hj2: For older individuals the personal innovativeness has a lower influence on

the perceived usefulness of ADAS than for younger individuals.
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H;41.: For older individuals the personal innovativeness has a lower influence on

the perceived ease of use of ADAS than for younger individuals.

Figure 12 shows the final acceptance model with its hypotheses that will be empir-

ically examined in sections 4 and 5.
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Figure 12: Acceptance model

4. Research Methodology
4.1. Measurement & operationalization of constructs

The acceptance of the driver assistance system is defined as the customers' intention
to use such a system. It is measured with five independent variables (Personal In-
novativeness, Subjective Norm, Trust, Perceived Ease of Use, Perceived Useful-
ness) and one dependent variable (Intention to Use). Since acceptance is being ex-
amined from the end-user’s point of view, acceptance is determined by the intention
to use and is therefore a dependent variable instead of actual use (Schwarz & Chin,
2007; Venkatesh et al., 2003; see Figure 12). All of the constructions are measured
with items already existing in the literature, but which have been modified to fit the
background of the research. These six variables are measured in the questionnaire

with a total of 14 items. The questions on acceptance were measured with a 7-stage
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Likert-scale ranging from "completely disagree™ to "fully agree™. Demographic data
on experience with driver assistance systems and product knowledge were meas-
ured using a 7-level interval scale. All other demographic facts (gender, age, net
income, education, driven km per day) were measured using nominal and ordinal
scales. The dependent and independent constructs and their operationalisation are
shown in the appendix (Appendix 1, Table 18). In order to check the comprehensi-
bility and correctness of the 14 items, a pretest of the questions was carried out
using the example of distance control cruise control and sent to 50 randomly se-
lected respondents aged 20-90 years as well as to participating chairs from other
disciplines. Since the survey took place in Germany, all questions have been trans-
lated into the German language and only with grammatical adjustments. The ques-
tions on the points related exclusively to technical questions about the driver assis-
tance system, upon which we adjusted the technical descriptions of the driver assis-

tance systems (see Appendix 2, Figure 14).
4.2. Data collection

In order to investigate the acceptance of driver assistance systems and the influence
of age, a sample that is as large as possible is required. In addition, all test persons
should know and have experienced the advanced driver assistance systems. For this
reason, a preliminary examination was carried out before the main investigation in
which the probands were tested for their eligibility in a driving simulator (see Figure
13).

Figure 13: Static driving simulator
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Due to the partial high age of the test persons, it was necessary to query previous
ilinesses in order to exclude persons with critical illnesses such as epilepsy, demen-
tia and Parkinson's from the tests. In the preliminary examination, reactions in the
driving simulator were also tested, as empirical studies in the driving simulator had
to reckon with the so-called "simulator sickness"”, which can lead to headaches, loss
of orientation, dizziness or nausea and thus to a discontinuation of the tests because
the test persons are artificially tempted to move although they are actually not mov-
ing. Studies show that older people are more frequently affected by "simulator dis-
ease" than younger people (Brooks et al., 2010; Roenker et al., 2003; Schweig et
al., 2018).

To allow for the largest possible random sample, a total of 381 older test persons
were recruited for the study. For this purpose and on the basis of the research model,
an online questionnaire was developed using LimeSurvey. All data was generated
in a period from August 2017 to September 2019° in the west of Germany. All test
persons were invited and medically checked. Afterwards they were driving for
about 45 minutes in the driving simulator and afterwards they filled out the online
questionnaire. After checking for suitability*, a total of 227 drivers from 20 to 90
years old with completed questionnaires remained. 74,6% of the participants are
male and 23,4% are female. The average age of the sample is 58 years with 20,3%
of participants in the age group 20-49, 21,6% of participants in the age group 50-
59, 33,5% of the participants in the age group 60-69 and 24,6% in the age group of
70-90-years of age. The educational background varied as follows among the par-
ticipants: no graduation (0,4%), secondary education (17,1%), qualification for uni-
versity (63%), college of higher education (30,0%), university level (37,9%) and
doctorate (0,9%). Also, the monthly net income differs with less than 500€ (4,8%),
between 500€ and 1.000 (10,6%), between 1.001€ and 2.000 (18,1%), between
2.001€ and 3.000 (34,4%), between 3.001€ and 4.000 (14,5%), between 4.001€ and
5.000 (5,3%), between 5.001€ and 6.000 (0,9%) and more than 6.000€ (4,4%). Most
participants drive about 21 to 50 km per day (35,7%), followed by 6 to 20 km
(30,0%), 51 to 100 km (21,6%), less than 5 km (6,2%), 101 to 150 km (3,5%) and

3 The pre-test with 381 subjects serves as the basis for the main study. From these 381 subjects,
181 over the age of 50 who participated in the main study remained at the end. In addition, 46
subjects under the age of 50 were interviewed and included in the study as a comparison group.
All studies have been conducted in the period from the beginning of 2017 until the end of 2019.

4 The subjects were tested for their fitness for the study on the basis of several medical tests and
a test drive in the simulator.
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more than 150 km per day (0,4%). The complete table of the descriptive statistics

are shown in Table 10.

Table 10: Descriptive statistics

Proportion of

Control variables Description (total 227) AT Average
male 173 74,6
Gender /
female 54 23,4
20-49 46 20,3
50-59 49 21,6
age group 58
60 - 69 76 33,5
70-90 56 24,6
500- 11 4,8
501 - 1.000€ 24 10,6
1.001 - 2.000 € 41 18,1
2.001-3.000 € 78 34,4
Net income 3.001-4.000 € 33 14,5 /
4.001-5.000 € 12 5,3
5.001 - 6.000 € 2 0,9
6.001+ € 10 4,4
No information 16 7,0
No graduation 1 0,4
certificate of s.econdary 11 48
education
general certlflcate.of sec- )8 12,3
ondary education
gene'ral qL'Jallflcatlon for 63 277
Education university entrance /
college of hlgher educa- 30 13,2
tion
university level 86 37,9
doctorate 2 0,9
No information 6 2,6
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<5km 14 6,2
6-20 km 68 30,0
21-50 km 81 35,7
Driven km per day 51-100 km 49 21,6 /
101 - 150 km 8 3,5
> 150 km 1 0,4
No information 6 2,6
yea_rs c')f c?wning 381
driver's license
Product knowledge 3,32
Experience 3,44

4.3. Choice of the driver assistance systems to be tested

For an analysis of the acceptance of advanced driver assistance systems and to em-
pirically measure the effects of the design, a selection of age-appropriate driver as-
sistance systems must be made in advance. Therefore, the study on traffic accidents
of senior citizens in road traffic in Germany is considered (Statistisches Bundesamt,
2019b). According to the statistic, the most frequent misbehaviour in driving a ve-
hicle occurs among senior citizens (65 years and older) in connection with right of
way and priority in road traffic (17.7%), turning, turning around, reversing, entering
a street and accelerating (17.0%) and distance errors (8.8%). Based on the results
of the statistics on accidents involving senior citizens in road traffic in Germany,
Cross-Traffic Alert, Park Distance Control and Lane Departure Warning were fi-

nally selected and implemented in the driving simulator.
5. Results and Discussion

In order to identify and to get a scientific understanding of the acceptance of ad-
vanced driver assistance systems among older people, an empirical model is neces-
sary, as the literature has so far not provided any clear results. Due to the complexity
of the model and to verify the influence of the different determinants on the inten-
tion to use, structural equation modeling (SEM) is applied. Because of the minimum
sample size with at least 30 and fewer requirements for the model (Nitzl, 2010), we
therefore use the PLS-SEM approach (Hair et al., 2017). Thus, we used SmartPLS
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3.2.8 for PLS-based estimations which allows individual settings and with the ap-
plication of the PLS estimation procedure and the Bootstrap Resampling. For the
calculation of the model using PLS-algorithm, the path weighting scheme is se-
lected, with a maximum iteration number of 1000 and a stop criterion of 10-7. Sig-
nificance of the paths of the structural model is checked with the Bootstrap
Resampling method. Therefore, subsamples are set to 1000 for the number of pa-
rameters estimates. For all other estimates we use SPSS Statistics 23. Because of
the SEM approach, we will first verify the measurement model and then the struc-
tural model (Weiber & Mihlhaus, 2014).

5.1. Measurement Model Assessment

First, we need to validate the fit of the model and test the empirical data. Based on
the catalogue of questions by Jarvis et al. (2003), this research operationalised re-
flective measurement models. In addition, measurement models are subject to er-
rors, since indicators only represent individual aspects of the construct, which re-
sults in a loss of information during operationalisation. Therefore, a test of the
quality of the construct measurement is necessary as part of the structural equation
analysis (Trommsdorff, 2004). The quality assessment of the measurement model
is first conducted on the basis of validity using the criteria content validity, conver-
gent validity and discriminant validity and then on the basis of reliability using the
criteria indicator reliability, indicator significance and construct reliability (Hair et
al., 2017).

To guarantee the validity of the content, we use existing scales and items that fit the
research model, and the questionnaire has also been checked by other experts. Con-
vergence validity is tested by average variance extracted (AVE). It describes
whether a construct is correctly reproduced by means of measurement by several
indicators. The criterion is met if the average declared variance is greater than 0.5,
i.e. if more than 50% of the variance of a latent variable is explained by the included
indicators (Fornell & Larcker, 1981).

Using the average explained variance, the criterion of discriminant validity was ex-
amined. According to the Fornell-Larcker criterion, the root of the variance ex-
plained by the average must always be greater than or equal to the correlation of the
construct with another construct (VDEV >[KORR &m und &M |) and we therefore
also checked for cross-loadings (Chin, 1998; Fornell & Larcker, 1981).
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The indicator reliability (IR) indicates the share of the variance of an indicator in
the corresponding total variance of the indicator and considers the factor charges.
The factor charge can have values between zero and one. The higher the values, the
higher the reliability. Half of the variance (50%; 0.5) of the indicator should be
explained by the construct assigned to it, which is expressed in a minimum value
of 0.7 of the factors loading (Hair et al., 2017).

Next, we consider indicator significance, which reflects the degree of significance
between the indicator and the latent variable. It is measured using the T-value and
should have a value greater than |+1.96| (Weiber & Mihlhaus, 2014). Due to the
lack of a normal distribution assumption, the T-values are determined using the
"Bootstrap Resampling Method".

The construct reliability (CR) measures how well the latent variable is measured by
its indicators. Construct reliability can also take on values between zero and one;

the literature recommends a value greater than 0.6 (Bagozzi & Yi, 1988).

Table 11: Composite reliability, average variance extracted and inter-construct correlations

Intention  Personal Inno- Subjective Perceived Perceived
. Trust
to Use vativeness Norm Usefulness Ease of Use

Cross-Traffic-Alert

CR AVE

Intention to

Use 0,974 0,950 0,974

Personal Inno-
vativeness

0,925 0,755 0,293 0,869
Subjective
Norm 0,957 0,918 0,507 0,208 0,958
Trust
0,952 0,908 0,620 0,338 0,558 0,953
Perceived Use-
fulness 0,975 0,952 0,804 0,334 0,490 0,665 0,976
Perceived Ease
of Use
0,881 0,787 0,558 0,240 0,326 0450 0,591 0,887
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Park Distance Control

Acceptance
0,976 0,953 0,976

Personal Inno-
vativeness

0,925 0,755 0,393 0,869
Subjective
Norm 0,973 0,947 0,507 0,176 0,973
Trust
0,961 0,924 0,566 0,285 0,474 0,961
Perceived Use-
fulness 0,978 0,956 0,832 0,351 0,447 0,607 0,978
Perceived Ease
of Use
0,925 0,860 0,529 0,250 0,302 0,420 0,632 0,927
Lane Departure Warning
Acceptance

0,981 0,962 0,981

Personal Inno-

vativeness 0,925 0,756 0,294 0,870
Subjective
Norm 0,987 0,973 0,575 0,219 0,987
Trust
0,975 0,952 0,503 0,223 0,542 0,976
Perceived Use-
fulness 098 0,96 0,808 0,315 0,573 0,553 0,980
Perceived Ease
of Use
0,930 0,869 0,475 0,236 0,280 0,410 0,504 0,932

Note. AVE: average variance extracted; CR: composite reliability; bolded: square root of AVE.

The testing of the research models all three of the advanced driver assistance sys-
tems (Cross-Traffic-Alert, Park Distance Control and Lane Departure Warning) and
indicate that the model fit is acceptable and reliable, thus enabling conclusions
based on the data. The composite reliability of all designs is significantly higher
than the required value of 0.6 and the average variance extracted is constantly above
0.5 as well. With a minimum of 0.809 and a maximum of 0.986, all factor loadings
of the items are far above the required 0.7 and therefore meet the requirements of
the indicator reliability (see Appendix 3, Table 19; Appendix 4, Table 20; Appen-
dix 5, Table 21). In addition, the discriminant validity can also be confirmed with
the Fornell-Larcker criterion; with every AVE higher than the shared variance with

all other constructs (see Table 11).
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5.2. Structural Model Assessment

After avalid and reliable estimate of reflective measurement models has been made,
the quality of the structural model is checked. First of all, criteria are used to assess
the path coefficients, such as the strength of action and significance of the path
coefficients. Then the significance is checked by means of coefficient of determi-
nation (R2).

The analysis of the strength and significance of the path coefficients is based on
regression analysis. The path coefficients can have values from minus one to one.
Values near minus one and one describe a strong influence on the latent variable,
whereas values near zero describe a weak influence. If the values are greater than
0.1, they are considered significant (Chin, 1998). The significance of the effect re-
lationships is checked here, just as with the quality of the measurement models us-
ing the Bootstrap Resampling method, using the T-values and a significance is con-

firmed if the T-value is at least | = 1.96.

The coefficient of determination (R2) indicates the share of the variance of the ex-
ogenous Vvariables affecting the endogenous variables. The value can be between 0
and 1, whereby values of 0.19-0.36 reflect a weak explanatory content, values of
0.37-0.66 an average and values of 0.67-1 a substantial explanatory content (Chin,
1998). The literature therefore requires a value of the coefficient of determination
of at least 0.3.

Table 12: Structural model

Hypothesis Path CTA PDC LDW
H1.1 PU ->ITU 0,618*** 0,706*** 0,657***
H2.1 PEOU -> ITU 0,112** -0,006 0,088*
H3.1 PEOU -> PU 0,343*** 0,420%** 0,288***
H4.1 SN ->ITU 0,115** 0,158*** 0,163***
H5.1 SN -> PU 0,133** 0,143* 0,346%**
H6.1 TIT->ITU 0,093 0,035 0,009
H7.1 TIT ->PU 0,407*** 0,326*** 0,220***
H8.1 TIT -> PEOU 0,417*** 0,380*** 0,376***
H9.1 PERIN -> ITU 0,004 0,109*** 0,031
H10.1 PERIN -> PU 0,087* 0,128*** 0,122%**
H11.1 PERIN -> PEOU 0,099* 0,142** 0,152***
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Dependent variable R-squared

Intention to Use 0,68 0,73 0,68
Perceived Usefulness 0,57 0,57 0,50
Perceived Ease of Use 0,21 0,20 0,19

Note. *** p < .01; ** p < .05; * p < 0.10. CTA: Cross-Traffic-Alert; PDC: Park Distance Control; LDW: Lane Departure
Warning; PU: Perceived Usefulness; ITU: Intention to Use; PEOU: Perceived Ease of Use; SN: Subjective Norm; TIT: Trust

in Technology; PERIN; Personal Innovativeness.

Using the PLS approach and calculation results show that most of the time all cri-
teria are met. For the Cross-Traffic-Alert, 9 of the 11 hypotheses can be confirmed
and the R values also show a good model fit with and R2 = 0.68 for Intention to
Use. In addition, 9 of the 11 hypotheses for the Park Distance Control can be con-
firmed and also the R value with 0.73 of the Intention to Use is higher, which means
a good model fit. Finally, the R value of the Intention to Use of the Lane Departure
Warning is 0.82 and 9 out of 11 hypotheses can be confirmed.

Overall, the basic structure of the TAM (Davis et al., 1989) can therefore be largely
confirmed. For all three models a significant effect of perceived usefulness on in-
tention to use and perceived ease of use on perceived usefulness can be confirmed.
However, in only two cases the influence of the perceived ease of use on the inten-
tion to use could be found. Furthermore, the influence of the subjective norm on the
intention to use and on the perceived usefulness can be confirmed and is thus con-
sistent with TAM2 (Venkatesh & Davis, 2000). The influence of trust in technology
on the perceived usefulness and the perceived ease of use can be confirmed. How-
ever, the influence of trust in technology on the intention to use cannot be con-
firmed. Moreover, the influence of the personal innovativeness can be partially con-
firmed. The results show that there is a significant influence of personal innovative-
ness on the perceived ease of use. Nevertheless, the influence of personal innova-
tiveness on perceived usefulness can only be confirmed in all three models and the
influence of personal innovativeness on intention to use only in one of the three
models (see Table 12 for the results). All three models can therefore be confirmed

for the most part and allow further conclusions.
5.3. Influence of age on the acceptance of advanced driver assistance systems

Predefined data groups (Young: 20-49-year-old; Old: 50-90-year-old; Old1: 50-59-
year-old; Group Old2b: 60-69-year-old; Group 2c: 70-90-year-old) can be used to

test significant differences in their group-specific parameter estimates (e.g. external
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weights, external loads and path coefficients). In order to investigate the influence
of age and due to differences in the path coefficients, we conducted a multi-group
analysis (MGA). We therefore used the PLS-MGA approach, which is integrated
in SmartPLS (Hair et al., 2018). This method uses a non-parametric significance
test to test for significant group differences, with a p-value smaller than
0,10/0,05/0,01 or larger than 0,90/0,95/0,99 for a 10%/5%/1% probability of error
(Henseler et al., 2009; Sarstedt et al., 2011).

5.3.1. Difference between younger and older generations

Table 13: Results of the group analysis for the groups 20-49 and 50-90

CTA PDC LDW
50-90 — 50-90 — 50-90 —
50 - 90 20-49 20-49 50-90 20-49 20-49 50-90 20-49 20-49
PU ->1TU (H1.2) 0,613*** | 0,632*** | -0,018 0,688*** | 0,760*** |-0,072 |0,683*** | 0,606*** | 0,077
PEOU-> ITU (H2.2) 0,097* 0,182 -0,085 0,017 -0,056 0,073 0,035 0,265*** | -0,229*
PEOU -> PU (H3.2) 0,351*** | 0,375*** | -0,024 0,459*** 10,160 0,299* | 0,332*** | 0,059 0,273*
SN -> ITU (H4.2) 0,109** |0,114 -0,004 0,158*** 10,128 0,03 0,166*** | 0,230 -0,064
SN ->PU (H5.2) 0,113* 0,206* -0,094 0,111* 0,297*** |-0,186* | 0,327*** | 0,357*** | -0,030
TIT ->1TU (H6.2) 0,121* -0,017 0,137 0,042 -0,013 0,055 0,035 -0,137 0,172
TIT -> PU (H7.2) 0,417*** | 0,334*** | 0,083 0,325*** | 0,407*** |-0,082 |0,191***|0,397*** |-0,206
TIT -> PEOU (H8.2) 0,476*** | 0,158 0,317* 0,391*** |0,383*** |0,008 0,372*** | 0,421*** | -0,049
PERIN -> ITU (H9.2) 0,007 -0,002 0,008 0,107** 0,141 -0,034 |0,016 0,078 -0,062
PERIN ->PU (H10.2) 0,048 0,281** -0,233* 0,120** 0,163 -0,044 | 0,120** | 0,142 -0,022
PERIN -> PEOU (H11.2) | 0,108 0,075 0,033 0,124* 0,266* -0,142 | 0,159** | 0,122 0,038

Note. *** p < .01; ** p < .05; * p < 0.10. CTA: Cross-Traffic-Alert; PDC: Park Distance Control; LDW: Lane Departure
Warning; PU: Perceived Usefulness; ITU: Intention to Use; PEOU: Perceived Ease of Use; SN: Subjective Norm; TIT: Trust

in Technology; PERIN; Personal Innovativeness.

Analyzing the model for the Cross-Traffic-Alert, two significant differences can be
identified between the younger and older group. The influences of personal inno-
vativeness on perceived usefulness is significantly higher for younger participants
and trust in technology on perceived ease of use is significantly higher for older
participants. Also, the results of the Park Distance Control reveal two significant
differences between subjective norm and perceived usefulness and is higher for the
younger group whereas the influence of perceived ease of use on perceived useful-
ness is higher for the older age group. Moreover, there are two significant differ-
ences in the third driver assistance system. The influence of perceived ease of use
on intention to use is higher for the younger people and the influence of perceived

ease of use on perceived usefulness is higher for older test persons (see Table 13).
5.3.2.Differences in older generations

The comparison of the older generations among themselves shows clear differences
in the acceptance depending on age and the examined assistance system. Significant

differences exist between the groups of 50 to 59-year-old and 60 to 69 for five
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cause-effect relationships (see Table 14). For the Cross-Traffic-Alert, trust has a
higher impact on the perceived usefulness for the 60-69-year-old and perceived ease
of use has a higher influence on perceived usefulness for the group of 50-59-year-
old. Looking at the Park Distance Control we can observe two significant differ-
ences. The influence of the subjective norm on the intention to use is higher for the
younger group (50-59), but the influence of the perceived usefulness on the inten-
tion to use is higher for the older group (60-69). The last difference for the Lane
Departure Warning is the effect of trust on the perceived usefulness and is again
higher for the older group (60-69).

Table 14: Results of the group analysis for the groups 50-59 and 60-69

CTA PDC LDW
50-59 - 50-59 — 50-59 -

50-59 |60-69 60-69 50-59 60 - 69 60-69 50-59 |60-69 60-69
PU -> ITU (H1.2) 0,717*** | 0,739*** | -0,022 0,605*** | 0,873*** |-0,268* | 0,732*** | 0,615*** | 0,117
PEOU-> ITU (H2.2) -0,029 0,104 -0,132 -0,035 -0,010 -0,026 | -0,001 0,052 -0,053
PEOU -> PU (H3.2) 0,753*** | 0,238** 0,515*** | 0,469** 0,393*** | 0,076 0,436*** | 0,332*** | 0,104
SN -> ITU (H4.2) 0,115 0,058 0,057 0,228*** |0,126** 0,102 0,088 0,250*** |-0,162
SN ->PU (H5.2) 0,125 0,144 -0,019 0,243** 0,005 0,237* | 0,406*** | 0,174* 0,232
TIT -> ITU (H6.2) 0,064 0,073 -0,009 0,132 -0,057 0,189 0,049 0,065 -0,016
TIT ->PU (H7.2) 0,049 0,542*** | -0,493*** | 0,281** 0,356*** |-0,076 |-0,061 0,306*** | -0,367**
TIT -> PEOU (H8.2) 0,469*** | 0,403*** | 0,065 0,407*** | 0,297** 0,111 0,413*** | 0,210* 0,203
PERIN -> ITU (H9.2) 0,105 -0,032 0,138 0,112 0,060 0,052 0,039 -0,006 0,045
PERIN -> PU (H10.2) -0,009 0,058 -0,068 0,036 0,206** -0,170 | 0,063 0,160* -0,097
PERIN -> PEOU (H11.2) | 0,245** | 0,153 0,092 0,224* 0,132 0,092 0,283** |0,219** 0,064

Note. *** p < .01; ** p < .05; * p < 0.10. CTA: Cross-Traffic-Alert; PDC: Park Distance Control; LDW: Lane Departure
Warning; PU: Perceived Usefulness; ITU: Intention to Use; PEOU: Perceived Ease of Use; SN: Subjective Norm; TIT: Trust
in Technology; PERIN; Personal Innovativeness.

The multi-group analysis for the 50 to 59-year-olds compared with the oldest group
of the 70 -90-year-olds shows three significant differences only for the Cross-Traf-
fic-Alert (see Table 15). The significant paths are identical with the comparison of
the 50-59-year-olds and the 60-69-year-olds. The influence of trust on perceived
usefulness is significantly higher for the 70-90-year-olds and the influence of per-

ceived ease of use on perceived usefulness is significantly higher for the 50 - 59-

year-olds.

Table 15: Results of the group analysis for the groups 50-59 and 70-90

CTA PDC LDW
50-59 - 50-59 - 50-59 -

50-59 |70-90 70-90 50-59 70-90 70-90 50-59 |70-90 70-90
PU->ITU (H1.2) 0,717*** | 0,513*** 0,204 0,605*** | 0,521*** | 0,084 0,732*** | 0,745*** |-0,013
PEOU-> ITU (H2.2) -0,029 0,103 -0,131 -0,035 0,207 -0,242 | -0,001* 0,048 -0,048
PEOU -> PU (H3.2) 0,753*** | 0,161 0,591*** | 0,469*** | 0,537*** | -0,068 | 0,436*** | 0,238* 0,198
SN ->ITU (H4.2) 0,115 0,085 0,029 0,228*** 10,143 0,085 0,088 0,120 -0,033
SN ->PU (H5.2) 0,125 0,005 0,120 0,243** 0,147 0,096 0,406*** | 0,527*** | -0,122
TIT ->1TU (H6.2) 0,064 0,258 -0,193 0,132 0,085 0,047 0,049 0,021 0,028
TIT -> PU (H7.2) 0,049 0,616*** -0,567*** | 0,281** 0,262** 10,019 -0,061 0,169 -0,230
TIT -> PEOU (H8.2) 0,469*** | 0,590*** -0,121 0,407*** | 0,495*** | -0,087 | 0,413*** | 0,478*** | -0,065
PERIN ->1TU (H9.2) 0,105 -0,128 0,234 0,112 -0,009 0,120 0,039 -0,024 0,063
PERIN -> PU (H10.2) -0,009 0,039 -0,048 0,036 0,101 -0,065 |0,063 0,045 0,018
PERIN -> PEOU (H11.2) | 0,245** | -0,053 0,298* 0,224** 0,019 0,205 0,283** |-0,025 0,308
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Note. *** p < .01; ** p < .05; * p < 0.10. CTA: Cross-Traffic-Alert; PDC: Park Distance Control; LDW: Lane Departure
Warning; PU: Perceived Usefulness; ITU: Intention to Use; PEOU: Perceived Ease of Use; SN: Subjective Norm; TIT: Trust
in Technology; PERIN; Personal Innovativeness.

The final analysis of the acceptance differences of the groups 60 - 69 years and 70
- 90 years indicates a significant difference for the Park Distance Control and two
significant differences for the Lane Departure Warning (see Table 16). The first
significant difference for the PDC is the perceived usefulness on the intention to
use and is significantly higher for the group of 60-69-year-old. Next differences for
the LDW are a higher influence of the subjective norm on the perceived usefulness
as well as the influence of trust on the perceived ease of use and is both times higher

for the 70 - 90-year-old group.

Table 16: Results of the group analysis for the groups 60-69 and 70-90

CTA PDC LDW
60-69 — 60-69 — 60-69 —
60-69 |[70-90 70-90 60 - 69 70-90 70-90 60-69 |70-90 70-90
PU -> ITU (H1.2) 0,739*** | 0,513*** | 0,226 0,873*** 0,521*** | 0,352* 0,615*** | 0,745*** | -0,130
PEOU-> ITU (H2.2) 0,104 0,103 0,001 -0,010 0,207 -0,216 0,052 0,048 0,005
PEOU -> PU (H3.2) 0,238* 0,161 0,077 0,393*** 0,537*** |-0,144 0,332*** | 0,238* 0,094
SN -> ITU (H4.2) 0,058 0,085 -0,028 | 0,126** 0,143 -0,017 0,250*** | 0,120 0,130
SN -> PU (H5.2) 0,144* 0,005 0,139 0,005 0,147 -0,142 0,174* |0,527*** | -0,353**
TIT ->1TU (H6.2) 0,073 0,258 -0,185 [ -0,057 0,085 -0,142 0,065 0,021 0,044
TIT -> PU (H7.2) 0,542*** | 0,616*** | -0,074 | 0,356*** 0,262** 0,094 0,306*** | 0,169 0,137
TIT -> PEOU (H8.2) 0,403*** | 0,590*** | -0,187 | 0,297** 0,495*** |-0,198 0,210* | 0,478*** | -0,268*
PERIN -> 1TU (H9.2) -0,032 -0,128 0,096 0,060 -0,009 0,068 -0,006 -0,024 0,018
PERIN -> PU (H10.2) 0,058 0,039 0,020 0,206** 0,101 0,105 0,160 0,045 0,115
PERIN -> PEOU (H11.2) | 0,153 -0,053 0,205 0,132 0,019 0,113 0,219** |-0,025 0,244

Note. *** p < .01; ** p < .05; * p < 0.10. CTA: Cross-Traffic-Alert; PDC: Park Distance Control; LDW: Lane Departure
Warning; PU: Perceived Usefulness; ITU: Intention to Use; PEOU: Perceived Ease of Use; SN: Subjective Norm; TIT: Trust

in Technology; PERIN; Personal Innovativeness.

5.4. Influence of income on the acceptance of advanced driver assistance sys-

tems

Since cost, as a major factor in determining technology acceptance, has often been
overlooked or not considered in previous TAM-related studies (Mallenius, Rossi
& Tuunainen, 2007), the sample's collected income is used to divide the sample
into two groups (Lower income: net income lower than 3.001 €; higher income:
net income higher than 3.000 €). Using the multi-group analysis (Hair et al.,
2018), the sample is tested for significant group differences to address possible
criticism regarding the cost factors.

95



Table 17: Results of the group analysis for the groups low income and high income

CTA PDC LDW

Low in- | High in- Low — Lower in- | Higher in- | Low — | Lower Higher in- | Low —

come come High come come High income | come High
PU -> ITU 0,583*** | 0,692*** | -0,109 0,705*** | 0,727*** |-0,023 | 0,583*** | 0,701*** |-0,118
PEOU-> ITU 0,122 0,089 0,032 -0,001 -0,119 0,117 | 0,116*** | 0,026 0,090
PEOU -> PU 0,397*** | 0,359*** | 0,038 0,489*** | 0,381*** |0,108 | 0,251*** | 0,425*** |-0,174
SN -> ITU 0,138 0,053 0,085 0,177*** 0,120 0,057 | 0,272*** | -0,015 0,287***
SN -> PU 0,172* | 0,144*** | 0,027 0,186*** | 0,025 0,162 | 0,358*** | 0,179 0,179
TIT->ITU 0,120 0,064 0,056 0,006 0,159 -0,153 | -0,071 0,156 -0,228
TIT ->PU 0,388*** | 0,359*** | 0,029 0,242*** | 0,380*** |-0,138 | 0,227*** | 0,207* 0,020
TIT -> PEOU 0,344*** | 0,456*** | -0,112 0,419*** | 0,363*** | 0,056 | 0,444*** | 0,217* 0,227
PERIN -> ITU 0,050 -0,060 0,110 0,118*** | -0,055 0,172 | 0,090* |-0,146*** | 0,235***
PERIN -> PU 0,038 0,129*** | -0,091 0,145*** | 0,091 0,054 | 0,143*** | 0,056 0,087
PERIN -> PEOU 0,000 0,173*** | -0,174 0,097 0,195 -0,098 | 0,091 0,272** -0,181

Note. *** p < .01; ** p < .05; * p < 0.10. CTA: Cross-Traffic-Alert; PDC: Park Distance Control; LDW: Lane Departure
Warning; PU: Perceived Usefulness; ITU: Intention to Use; PEOU: Perceived Ease of Use; SN: Subjective Norm; TIT: Trust

in Technology; PERIN; Personal Innovativeness.

Individual analysis of the two groups low-income and high-income reveals two
significant differences only for the Lane Departure Warning (see Table 17). The
influence of subjective norm and personal innovativeness on the intention to use is
both times higher for the low-income group.

5.5. Discussion of the results

The analysis of the acceptance model shows that most relationships have a signifi-
cant effect on the intention to use advanced driver assistance systems. In the fol-
lowing, the different driver assistance systems will be considered and then dis-

cussed in a comprehensive manner.
5.5.1. Technology Acceptance in any age

According to the technology acceptance models of Davis et al. (1989) and Ven-
katesh & Davis (2000), the majority of the causal connections can be confirmed in
this research. In addition, the other constructs can also be confirmed according to
the literature, although with minor deviations (Choi & Ji, 2015; Lee, 2019; Tus-
syadiah et al., 2017; Wang et al., 2010).

By far the most important effect for test persons is the influence of the perceived
usefulness on the intention to use driver assistance systems (Davis et al., 1989; Fa-
gan et al., 2008). The effect is equally high and important for old and young. Both
groups are thus aware of the usefulness of the systems which they were able to test
in this study. Thereby all three driver assistance systems have a similar weighting.
The older drivers also benefit greatly from the assistance systems, as they can com-
pensate for their increasing physical deficits. For the market, this result means that

the customer group of older drivers in particular can be persuaded to use advanced

96



driver assistance systems by means of a suitable and user-focused value proposi-
tion. By establishing the systems as standard in future vehicles, the demand for ve-
hicles with driver assistance systems could also be awakened among younger driv-
ers at an early stage due to the high benefits across all age groups. The use of tech-

nology as a matter of course is already standard in younger age groups.

In contrast to the existing literature (Gefen et al., 2003), the influence of ease of use
on intention to use can only be partially confirmed in this study, and the influence
is of similar importance for older and younger users. Ease of use is particularly
important for the perceived usefulness of the assistance systems in the overall view
(McCloskey, 2006), it is significantly more important for older people than for
younger people and thus indirectly influences the acceptance. For the implementa-
tion of driver assistance systems in vehicles, this requires the usability of the hu-
man-machine interface to be designed in a particularly simple and straightforward
way. This makes it much easier for drivers to absorb information - especially for
older groups of people, information can be processed efficiently and decisions to
act can be made quickly (Davis et al., 1989; van der Heijden, 2004). At the same
time, a simple operation of driver assistance systems leads to driver assistance sys-

tems being required and established in vehicles.

The influence of the subjective norm on general acceptance tends to be important
for both age groups. The influence on perceived usefulness is even more important
for younger than for older persons (Zhang et al., 2012). Moreover, the test persons
illustrate that the opinion of others and thus the opinion of society has a direct in-
fluence on the intention to use driver assistance systems (Bhattacherjee & Sanford,
2006; Neufeld et al., 2007). And at the same time, a positive view of society also
increases the perceived usefulness. Hence, the success of driver assistance systems
is not only a matter for the automobile manufacturers but also for the politics and
culture of the countries. Political support and the demand for new technologies are
therefore essential in order to achieve a broad diffusion and further development of
the technology towards autonomous driving. There is no need for differentiation

when addressing customer groups.

Furthermore, it was found that users trust in the technology has a major influence
on the perceived usefulness and perceived ease of use of driver assistance systems
(Choi & Ji, 2015; Tussyadiah et al., 2017). Trust was found to be similarly im-
portant for all user groups in the analysis in terms of usefulness and ease of use, but
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tended to be slightly higher among younger users. Trust in technology (just like in
interpersonal relationships) can only be established through positive experiences
and feedback with the systems. It is therefore essential to implement the systems in
vehicles in order to give all kind of drivers the opportunity to experience these sys-
tems and have positive experiences with them. This concerns both manufacturers
and the public sector, for example with systems in public transport. Especially in
rental cars and car sharing vehicles, driver assistance systems are to be offered as
standard in order to get to know and to value the advantages of usage of the tech-

nologies.

The proposed influence of personal innovativeness on intention to use, perceived
usefulness and perceived ease of use can only be confirmed partially and to a lim-
ited extent. However, personal innovativeness has an influence on the acceptance
of driver assistance systems (Lee, 2019; Wang et al., 2010) and for this reason more
opportunities must be created for people in society to get in contact with new, prom-
ising technology in order to be able to recognise the usefulness for oneself. Finally,
the influence of the personal innovativeness on the perceived usefulness and ease
of use is slightly significant overall, but tends to be more important for the older

demographic.

A moderating influence of income can be confirmed from the data only to a small
extent in two cases (influence of subjective norm and personal innovativeness on
intention to use) and is higher for people with low income. The data therefore show
that acceptance is not higher for older people with higher incomes than for younger
people with lower incomes. Although older people generally have a higher income
and are more likely to be able to finance the purchase of driver assistance systems
(Glnthner et al. 2021), younger people with lower incomes are also interested in
driver assistance systems and would like to use them. Regardless of income, as
traffic safety increases, the advantages of intelligent systems exceed their potential

costs.

In summary and as a recommendation, all drivers must be granted the opportunity
to experience new technologies. In particular the usefulness, ease of use and trust
in driver assistance systems must be addressed for the customers. This can be
achieved through marketing campaigns, public events and legal requirements, such
as the mandatory integration of systems in vehicles of all kinds and should already
be included in the standard configuration. Driver assistance systems that are easy
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to operate, easy to understand and promise an individually designed value proposi-

tion will be accepted.
5.5.2. Technology Acceptance in older age

Age as moderating effect can have an influence on the acceptance of driver assis-
tance systems (Braun et al., 2019; Souders & Charness, 2016), but still requires
further investigation. The general comparison of the older persons (50-90 years)
with the younger ones (20-49 years), supports the made assumptions, thus age has
a positive effect on acceptance. In further consideration, the age groups (50-59),

(60-69) and (70-90) are examined more closely and compared with each other.

Across groups, the influences of trust and personal innovativeness on intention to
use are not significant and are therefore negligible, as is the influence of personal
innovativeness on perceived usefulness. Highest influence of perceived usefulness
on acceptance is for the group of 60-69 followed by the group of 50-59-year-old
and 70-90-year-old, which partly confirms that the perceived usefulness is more
important for older people than for younger ones. The gap is likely to be due to the
fact that the oldest group have been driving for many years and are used to driving
without technical support. One reason for this could be that the 50-69-year-olds, in
contrast to the 70-90-year-olds, are likely to still be in working life and therefore
use their vehicles for both business and private purposes. In addition, the fact that
60-69-year-olds see a greater benefit in driver assistance systems could be due to
the fact that they suffer from physical deficits more frequently than younger drivers,
which are compensated for by the use of assistance systems and convey a pleasant,
safe driving experience. Therefore, the oldest ones in particular must be specially
addressed so that they can recognise the benefits of driver assistance systems for
themselves to engage with them and use them. This can be, for example, with spe-
cial courses offered for older people such as driver training or dealer-led familiari-
sation courses. Although the influence of perceived ease of use on intention to use
was partially confirmed in this study, no differences were found in the older age
groups. Therefore, driver assistance systems must be easy to operate at all times for
all target groups of an older age. Moreover, ease of use has a positive effect on the
perceived usefulness in the individual age groups. Consequently, the usefulness in-

creases significantly due to easy usability.

For the age group (50-59), the influences of ease of use on perceived usefulness,

subjective norm on perceived usefulness, and personal innovativeness on ease of
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use are most important when comparing the three age groups to each other. Most
important for the 60-69 age group, however, are the influences of perceived useful-
ness on intention to use and trust on perceived usefulness. For the 70-90 age group,
the influence of trust on the ease of use is the most important factor. For all age
groups, the influence of ease of use on the perceived usefulness, the subjective norm
on the intention to use (except for the 70-90 year olds) and the trust on perceived

usefulness and ease of use remain important.

The trust of 70-90-year-olds in the simple operation and the usefulness of driver
assistance systems needs to be strengthened in order to win over this age group as
users in the long term. For them, the age-related question is whether they should
give up participating in road traffic for safety reasons or whether they can continue
to participate in road traffic by using driver assistance systems. As a well-funded
customer group, they are economically able to afford the costs of purchasing assis-
tive technology. The market could therefore easily satisfy the needs of this age
group with a suitable value proposition and take economic advantage of the demo-
graphic shift towards an increasingly older and more mobile population with in-

creased demand for mobility.

The youngest group values a simple operation of using driver assistance systems in
daily use. For this reason, this group should be persuaded by a simple human-ma-
chine interface, as a result of which trust can also be further increased. This age
group is influenced by the opinions of third parties and should therefore be ad-
dressed more strongly via social norms, for example through increased driving
safety and a reduction in traffic accidents through the assistance systems.

For the 60-69 age group, the perceived usefulness as well as the trust in driver as-
sistance systems is essential, which could, additionally, increase the usefulness of
the system for this group. The primary goal for the success of driver assistance
systems in the market among this age group must be to further develop and increase
trust levels, so that the daily use of driver assistance systems and thus the acceptance
of driver assistance systems becomes the norm. Further technological advances,
such as autonomous driving, would subsequently be so obvious to this age group

that they would probably accept them without hesitation.

In conclusion, driver assistance systems must be easy to operate, clearly under-

standable and helpful to the individual. This will either improve driving comfort,
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compensate for the physical deficits of older drivers, and/or increase safety in traf-
fic. With the above combination as a value proposition, driver assistance systems
and future autonomous driving can be ideally placed in the market, as the elderly at
the same time have the necessary financial means to be able to provide themselves
with systems that are useful to them. The benefits of driver assistance systems are

thus becoming more and more internalized.
6. Conclusion and future work

On the road to autonomous driving, there are still many challenges to be solved,
both technical or political. Driver assistance systems offer the opportunity to sim-
plify the process and create broad acceptance in society toward autonomous driv-
ing.

In line with the technology acceptance model (Davis et al., 1989), we developed a
research model to investigate the acceptance of driver assistance systems specifi-
cally among older people. We demonstrated that not only the known constructs of
the TAM influence acceptance, but also trust in technology (Lee & See, 2004;
Molnar et al., 2018) and personal innovativeness (Lee, 2019; Wang et al., 2010),
whereby age moderates influence on acceptance (Alexandrakis et al., 2020; Martins
etal., 2014). In comparison to many other studies that have focused on more simple
assistance systems (Larue et al., 2015; Roberts et al., 2012; Xu et al., 2010), the
results show that the driver assistance systems examined in this study, which can
learn through artificial intelligence, receive broad acceptance, especially among
older drivers. After all, these systems are experienced more positively by older peo-
ple and can thus also increase the acceptance of automated driving. Artificial intel-
ligence will make assistance systems more and more human in their information
output and decision making about risk, making it easier for the human driver to
accept the information as well as the decisions made by the systems leading to more
informed decisions. With the help of these increasingly learning and intelligent sys-
tems, an even broader acceptance of driver assistance through automation can be
achieved in the future. This can greatly simplify the adoption of autonomous driving
once it is available to the general population, as the systems in autonomous vehicles
are based on the fundamentals of driver assistance systems. The experience of in-
telligent driver assistance systems is therefore of great importance and for the re-

duction of prejudices against autonomous driving.
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In the long term, the behaviour of target groups will change, so technology compa-
nies will have to deal with even more acceptance factors in the future in order to
optimally address assistance systems and not develop the technology in isolation
of, or far from their customers. Especially car manufacturers that present the sim-
plest and yet most pragmatic solutions of driver assistance systems, not only for the
elderly, will prevail in the market. In a supporting role, politics is needed to gain
understanding among the broad mass of car drivers in order to enable the best pos-

sible platform for technical progress.

The following limitations should be considered when interpreting the results. The
sample of the study refers only to the western part of Germany. Further research
should try to cover a broader sample such as including different countries to identify
geographical differences. In our study, subjects had the opportunity to learn about
driver assistance systems in order to have the same baseline. Presumably, the ma-
jority of subjects enrolled in the study were interested in technology. Therefore, the
task in the future will be to recruit people with little or no technical experience for
further studies. Furthermore, it is recommended to examine and compare all age
groups in society to better understand individual acceptance. It would be beneficial
to study age in general and to differentiate between cognitive and chronological age
in different ways (Yang & Shih, 2020). Another limitation can be seen in the ac-
ceptance model itself. Although the model is based on the technology acceptance
model and is extended by relevant constructs on the basis of the literature, there
may be further influencing factors that can affect the acceptance of driver assistance
systems. This study should provide a starting point for further studies in this area,
but should consider using other models such as the UTAUT in order to approach
the topic from a different point of view. Moreover, future studies should focus on
further influences such as psychological aspects or the life course of individuals
(with their life events and their influence on behaviour) to complete the acceptance
criteria (Elder 1994; Lanzendorf, 2003; van der Waerden et al., 2003). Another lim-
iting factor is the choice of driver assistance systems. The study shows a tendency
to evaluate safety-related systems differently from systems that serve comfort (Da-
vidse, 2006). It would therefore be of great interest to extend and investigate the
research to different assistance systems as well. The systems studied are only par-
tially intelligent, which is why future research must focus more on self-learning

driver assistance systems in combination with artificial intelligence, which are then
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able to perform a far-reaching risk assessment of the driver in real time or drive a
vehicle autonomously, considering the entire traffic infrastructure including indi-

vidual traffic risks based on traffic situations.
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APPENDIX
Appendix 1

Table 18: Operationalization of the constructs

Construct

Iltem

References

I will use the advanced driver

Davis et al. (1989);

assistance systems

ITU_01 . Davis et al. (1992);
- assistance system '
4 Venkatesh (2000);
Intention to Use | can imagine having the ad- \;%rg(sa'fesh etal.
ITU 02 | vanced driver assistance system ( - ): .
in my vehicle (Fz'gq%(;'n & Ajzen
People who are important to me | Ajzen & Fishbein
SN 01 would appreciate it if | used the | (1975);
- advanced driver assistance sys- | Taylor & Todd
Subjective Norm tem - (1995); .
People who influence my be- Venkatesh & Davis
SN 02 haviour would appreciate it if I | (2000);
- used the advanced driver assis- | Venkatesh et al.
tance system (2003)
It would be easy for me to learn . )
PEOU_01 | how to use the advanced driver Bzx:z gz?g()iggz)-
. assistance system ' '
Perceived Ease of Use i Venkatesh et al.
I do not see any major prob- (2003)
PEOU_02 | lems in operating the advanced
driver assistance system
PERIN_O1 | I am interested in new products
PERIN_02 I like to (_axperlment Wl_th new Le.z.e _(2019);
information technologies Kénigstorfer
Personal Innovativeness | periN o3 | ! 'e9ularly keep an eye outfor | (2008); Rogers
- new products (2003);
I am usually the one who in- Parasuraman (2000)
PERIN_04 | forms others about new prod-
ucts
. . Ajzen & Fishbei
PU 01 I think the advanced driver as- (115(7%2). IShbein
- sistant system is a good idea Ajzen &1991).
Davis (1989);
Perceived Usefulness Taylor & Toad
I think the advanced driver as- (1995b); :
PU_02 . - Venkatesh & Davis
sistant system is useful (2000);
Venkatesh et al.
(2003)
TIT o1 The advanced driver assistance | Gefen et al. (2003);
- system is technically reliable Pavlou (2003);
Trust in Technology 21?‘2?] ‘z;g(l) 4()2_003);
TIT 02 I can trust the advanced driver McKnight et al.

(2011)
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Appendix 2

ltem Strongly Disagree So'mewhat Neutral Somewhat Agree Strongly
agree disagree agree agree
| will use the Adaptive Cruise Control [o] (o] (o] (0] [o] (o] (o]
| can imagine having the Adaptive o o o o o o o

Cruise Control in my vehicle

People who are important to me
would appreciate it if | used the [o] [o] (o] o [o] (o] (o]
Adaptive Cruise Control

People who influence my behaviour
would appreciate it if | used the [o] (o] (o] (o] [o] (o] (o]
Adaptive Cruise Control

It would be easy for me to learn how

to use the Adaptive Cruise Control o 0 o o 0 o o
| do not see any major problems in

operating the Adaptive Cruise Control o o o o 0 o o
| am interested in new products o o o o o o o
! like to e_xpenment W|1fh new o o o o o o o
information technologies

| regularly keep an eye out for new o o o o o o o
products

| am usually the one who informs o o o o o o o
others about new products

| th|n|f the Adaptive Cruise Control is a o o o o o o o
good idea

| think the Adaptive Cruise Control is o o o o o o o
useful

The A.daptlve Frulse Control is o o o o o o o
technically reliable

| can trust the Adaptive Cruise Control (o] (o] (0] (o] [o] (o] (o]

Figure 14: Pretest questionnaire
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Appendix 3

Table 19: Cross-Traffic-Alert - Cross-Loadings

ITU PERIN SN TIT PU PEOU
ITU_O1 0,975 0,284 0,491 0,629 0,790 0,570
ITU_02 0,974 0,287 0,498 0,579 0,777 0,517
TIT_01 0,578 0,342 0,533 0,951 0,617 0,430
TIT_02 0,603 0,303 0,530 0,954 0,650 0,429
SN_01 0,539 0,203 0,968 0,546 0,515 0,316
SN_02 0,421 0,194 0,948 0,522 0,414 0,308
PERIN_O1 0,280 0,896 0,172 0,278 0,319 0,243
PERIN_02 0,290 0,899 0,194 0,307 0,332 0,235
PERIN_03 0,225 0,867 0,202 0,311 0,246 0,181
PERIN_04 0,206 0,809 0,154 0,285 0,246 0,155
PEOU_01 0,540 0,227 0,324 0,417 0,555 0,904
PEOU_02 0,444 0,197 0,250 0,381 0,490 0,870
PU_O1 0,773 0,353 0,457 0,654 0,976 0,602
PU_02 0,796 0,299 0,500 0,644 0,976 0,551
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Appendix 4

Table 20: Park Distance Control - Cross-Loadings

ITU PERIN SN TIT PU PEOU
PERIN_O1 0,374 0,895 0,174 0,233 0,331 0,267
PERIN_02 0,377 0,899 0,179 0,229 0,347 0,253
PERIN_O3 0,310 0,870 0,152 0,282 0,285 0,193
PERIN_04 0,288 0,809 0,09 0,263 0,239 0,127
ITU_O1 0,976 0,354 0,489 0,56 0,816 0,526
ITU_02 0,976 0,413 0,501 0,546 0,808 0,508
TIT_O01 0,579 0,292 0,461 0,967 0,619 0,438
TIT_02 0,505 0,254 0,449 0,956 0,543 0,365
SN_01 0,509 0,176 0,975 0,465 0,455 0,304
SN_02 0,477 0,167 0,971 0,456 0,413 0,283
PEOU_01 0,523 0,246 0,271 0,413 0,619 0,937
PEOU_02 0,455 0,216 0,290 0,363 0,550 0,918
PU_O1 0,791 0,319 0,417 0,583 0,977 0,646
PU_02 0,835 0,367 0,456 0,604 0,978 0,591
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Appendix 5

Table 21: Lane Departure Warning - Cross-Loadings

ITU PERIN SN TIT PU PEOU
TIT_02 0,476 0,219 0,548 0,975 0,539 0,386
TIT_01 0,505 0,217 0,510 0,977 0,541 0,413
SN_01 0,589 0,210 0,987 0,547 0,568 0,274
SN_02 0,545 0,221 0,986 0,521 0,563 0,278
PEOU_O01 0,462 0,214 0,271 0,408 0,471 0,936
PEOU_02 0,422 0,226 0,250 0,354 0,469 0,928
PU_O1 0,771 0,305 0,555 0,550 0,979 0,507
PU_02 0,813 0,313 0,568 0,534 0,980 0,481
PERIN_O1 0,250 0,885 0,187 0,186 0,276 0,244
PERIN_02 0,278 0,891 0,212 0,233 0,313 0,230
PERIN_03 0,257 0,880 0,189 0,208 0,277 0,178
PERIN_04 0,232 0,821 0,168 0,140 0,219 0,158
ITU_O1 0,982 0,271 0,559 0,503 0,808 0,480
ITU_02 0,980 0,306 0,570 0,483 0,778 0,451
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1. Introduction

In modern societies, the use of technologies will continuously increase in size and
influence. A major challenge will be to integrate ongoing digitalization and tech-
nical progress into the everyday lives of all people as part of demographic change
(European Commission, 2018; OECD, 2016; Peine et al., 2015). In this context, the
acceptance of technology is a critical success factor in the implementation of tech-
nology in everyday life (Hu et al., 1999). Recent research results show that younger
generations have a fundamental affinity for technology, enjoy using it and have a
positive attitude toward new technology (Steele et al., 2009; Wang, 2008). This
does not apply in the same way to older generations, as they are biased in their
opinions and the majority are less interested in technology and its use than younger
generations (Mitzner et al., 2010; Ryu et al., 2009).

Individual mobility, particularly the automobile as a means of transportation, can
be used as an outstanding example of technological change. Never before have
older people been as mobile as they are today (Allgemeiner Deutscher Automobil-
Club, 2018). In Germany, 51% of driving license holders are 50 years and older.
Mobility thus represents an essential part of the independence of older people and
thus their well-being (Molnar & Eby, 2009; Dickerson et al., 2007; Adler &
Rottunda, 2006). The use of driver assistance systems in vehicle driving has a sub-
stantial supporting role within this context. They compensate for the declining abil-
ities of older drivers while driving a vehicle and enable safe and individual mobility
in later years (Musselwhite & Haddad, 2018; Musselwhite, 2018; Musselwhite et
al., 2015; Eby & Molnar, 2012; Edwards et al., 2009). Driver assistance systems
are designed to improve safety by avoiding collisions and minimizing energy con-
sumption while increasing comfort for vehicle passengers (Gruyer et al., 2017;
Naujoks & Neukum, 2014). Therefore, driver assistance systems provide an excit-
ing opportunity to further investigate the technology acceptance of the elderly pop-

ulation.

There are many studies on this topic in research, but a clear and unambiguous state-
ment on technology acceptance in old age is missing so far (Hauk et al., 2018).
There is evidence that acceptance and use of technology is not only based on the
ease of use or usefulness of the technology, but that in particular social and cultural

aspects of elderly users can explain the acceptance or rejection of technologies
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(Knowles & Hanson, 2018; Waycott et al., 2016; Mitzner et al., 2016; Chen &
Chan, 2014).

Emerged from travel behavior research, the life-oriented approach seeks to provide
a better understanding by implementing additional determinants and demographic
factors into research models (Herrenkind et al., 2019; Alemi et al., 2018; Lanzen-
dorf, 2003). Regarding this, life events play an important role in that they can
change daily routines and thus lead to a change in mobility behavior; they can also
contribute to the willingness to use driver assistance systems (Janke & Handy 2019;
Busch-Geertsema & Lanzendorf, 2017; Clark et al., 2016; Scheiner & Holz-Rau,
2013; Schafer et al., 2012; Lanzendorf, 2010; van der Waerden et al., 2003).

Life events thus represent an approach to investigate the acceptance of driver assis-
tance systems in more detail. The influence of life events on technology acceptance
in general and on the acceptance of driver assistance systems in particular is still
largely unexplored. To address these gaps, we developed and extended a research
model based on the Technology Acceptance Model. Based on the life course ap-
proach, we consider life events as external social factors that can have a moderating
influence on the variables influencing acceptance. As a result, a questionnaire was
developed to test the hypothesized causal relationships and moderating effect with
a multi-group analysis. To meet the requirements of an aging society, only persons
over 50 years of age from Germany participated. To test whether a life event has an
influence on the acceptance of driver assistance systems, the sample was divided
into two groups: Participants who experienced a specific life event and participants
who did not experience the life event. The results are used to discuss the acceptance
of older people. This leads to a better understanding of the acceptance of technology
in general and more specifically driver assistance systems, which provide an im-

portant basic understanding of mobility in an aging society.

The article is organized as follows: In Section 2, a literature review is conducted on
technology acceptance in old age and various life events in the life course of indi-
viduals that may have an impact on acceptance. In addition, the research hypotheses
are presented. Section 3 describes the research methodology before Section 4 pro-
vides the results of the study. Section 5 deals with the discussion of the results and

concludes with implications and limitation.
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2. Literature Review, theoretical framework and research hypoth-

€Ses

2.1. Technology Acceptance Model in old age

Davis et al. (1989) developed the Technology Acceptance Model (TAM) as an ad-
aptation and specialization of the Theory of Reasoned Action (TRA) (Ajzen &
Fishbein, 1980) which, with its extensions and further developments, has formed
the basis of numerous technology acceptance studies (Herrenkind et al., 2019;
Zarmpou et al. 2012; Li & Huang, 2009; Im et al., 2007; Koivumakiet al., 2006;
Bhattacherjee & Sanford, 2006; van der Heijden, 2004; Gefen et al., 2003; Koufaris,
2002; Agarwal, 2000; Gefen & Straub 1997). It examines the probability of indi-
vidual user behavior of technology for various research questions with the aim of
providing a universal and at the same time as simple as possible explanation of the
factors of information system use (Ma & Liu, 2004; Legris et al., 2003). TAM, in
line with, states that perceived usefulness and perceived ease of use as constructs
influence the attitude toward use and intention to use (Davis et al., 1989). The
higher the usefulness and the easier the system or technology is to use, the greater
the person's willingness to use the technology (Simon, 2001). In summary, based
on intention to use, the TAM attempts to explain why individuals accept and use

technology.

At the beginning of technology acceptance research, age received only little atten-
tion in previous studies (Venkatesh et al., 2003). More recent studies show that
there are age-related differences in technology acceptance and use (Arning &
Ziefle, 2007; Morris et al., 2005; Venkatesh & Davis, 2000). Although most older
people have positive attitudes toward technology, they are less interested and less
likely to use technology than younger people (Mitzner et al., 2010; Steele et al.,
2009; Ryu et al., 2009; Yao et al., 2009; Wang, 2008). There are divergent findings
in the literature on technology acceptance in old age. Some studies show that age
has a positive influence on technology acceptance (Martins et al., 2014; Jimoh et
al., 2012), while others postulate a negative or non-significant influence (Alexan-
drakis et al., 2020; Escobar-Rodriguez & Bartual-Sopena, 2013; Shin, 2009; Porter
& Donthu, 2006). The meta-analysis by Hauk et al. (2018) sums up a rather negative
influence of age on technology acceptance. More recently, the TAM has also been
applied in acceptance research in the context of driver assistance systems (Kervick

et al., 2015; Larue et al., 2015; Park & Kim, 2014; Rodel et al., 2014; Roberts et
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al., 2012; Ghazizadeh et al., 2012; Chen & Chen, 2011; Xu et al., 2010;). Souders
& Charness (2016) examine the adoption of driver assistance systems and autono-
mous driving among older adults (55 years and older) and show that the intention
to use a driver assistance system increases with age. Braun et al. (2019) provide

evidence that driver assistance systems are highly adopted in the 65 and older age
group.

The TAM is proven, robust, and the most influential model for investigating the
acceptance of information technology (Koivumaki et al., 2017; Wu et al., 2011;

Carr, 2008; Schepers & Wetzels, 2007; King & He, 2006). Therefore, we hypothe-

size the following:

H;: The greater the perceived usefulness, the greater the intention to use ADAS.
H,:  The greater the perceived ease of use, the greater the intention to use ADAS.

H3:  The greater the perceived ease of use, the greater the perceived usefulness
of ADAS

H,:  The greater the subjective norm, the greater the intention to use ADAS.

Hs:  The greater the subjective norm, the greater the perceived usefulness of
ADAS.

In many research studies, the validity is questioned because the technology ac-
ceptance model with its central constructs (perceived usefulness, perceived ease of
use and subjective norm) is not meaningful enough to provide a complete and com-
prehensive description of technology acceptance (Konigstorfer & Groppel-Klein,
2007). To overcome this criticism, we add additional external variables and con-
structs to the model and extend it (Wu & Wang, 2005). We extend the model with
the following two determinants to increase the explanatory power of the model.

Trust in Technology: The willingness to put oneself in a vulnerable position with
a technology, combined with a positive expectation, can influence the form of the

use of driver assistance systems in a sustainable way (Mayer et al., 1995)
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Personal Innovativeness: The enthusiasm of the individual to try out new technol-
ogy and his willingness to accept a new innovation earlier than others (Agarwal &
Prasad, 1998).

Therefore, the following additional hypotheses arise:

Hq:  The greater the trust in ADAS, the greater intention to use ADAS.
H,:  The greater the trust in ADAS, the greater the perceived usefulness.
Hg:  The greater the trust in ADAS, the greater the perceived ease of use.

Hy:  The greater the personal innovativeness, the greater the intention to use
ADAS.

H9: The greater the personal innovativeness, the greater the perceived useful-

ness.

H;1: The greater the personal innovativeness, the greater the perceived ease of

use.

2.2. Life Events

Since acceptance research cannot provide a clear result, it is assumed that other
factors, such as the individual life course with different life events, like retirement,
becoming a grandparent and illnesses, can have an influence on the acceptance of
driver assistance systems (Ryu et al., 2009; Elder, 1994). The beginning of life
event research was initiated by the work of Lindemann (1944) in the 1940s, used in
many areas of psychology (Montada, 2008; Jonas & Lebherz, 2005; Horlacher,
2000; Filipp, 1995), and describes "life event™" as situations or events in the life
course of an individual, which can initiate a change in behavior (Filipp, 1995). Life
events are thus considered stressors (Lazarus, 1990). As a result of the stress caused
by an event, an individual may experience an adaptation that affects a person's fur-
ther psychological development and behavior (Selye, 1984). Although the under-
standing of life events varies in the literature (Montada 2008; Filipp, 1995), they
are considered important in the individual's life course and can be divided into age-
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related events (e.g., marriage, birth, retirement), history-related events (e.g., war),

and non-normative events (e.g., unemployment) (Filipp, 2007).
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Figure 15: Life Events (based on Filipp, 2007)

Starting in the 1990s, the life course approach emerged within mobility research
and was applied in various research fields (Dykstra & van Wissen, 1999; Mayer &
Tuma 1990). Initially, it was used to explain long-term mobility behavior (Mulder
& Wagner, 1993), and later it was also used for short-term mobility behavior deci-
sions (Scheiner & Holz-Rau, 2013). According to the approach, human (travel) be-
havior can be explained by its continuity over lifetime and by certain (key) events
that can have large impacts on several life domains. Within the mobility biography
approach, the stability and change of travel behavior is investigated. In this context,
key events can influence and change people's travel behavior over time (Lanzen-
dorf, 2003). Van der Waerden et al. (2003) classified two types of events: key
events and critical events. Key events are “major event[s] in a personal life that will
trigger a process of reconsidering current behaviour” (e.g. reaching the legal age
for a drivers’ license). Critical incident is “an event that has major impact on one’s
attitude” and in contrast to key events occure unexpectedly (e.g. involvement in an
accident). Despite different definitions of events in the literature which can influ-
ence and change behavior (Marsden & Docherty, 2013; Kléckner, 2005; van der
Waerden et al., 2003), "key event" is the most common term within mobility biog-
raphy research (Lanzendorf, 2010; Scheiner, 2007; van der Waerden et al., 2003;
Lanzendorf, 2003). Other terms include "life (course) event" (Schéfer et al., 2012;

De Groot et al., 2011; Kléckner, 2005), "disruptive event" (Marsden & Docherty,
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2013), "life-cycle event™ (Sharmeen et al., 2014), "turning point" (Beige & Ax-
hausen, 2012), "event" (Beige & Axhausen, 2008). Especially in recent years, mo-
bility research has shown increased interest in life events and their influence on
mobility behavior (Herrenkind et al., 2019; Uteng et al., 2019; Wang et al., 2018;
Clark et al., 2016; Schoenduwe et al., 2015; Miiggenburg et al., 2015; Chatterjee &
Scheiner, 2015; Scheiner, 2014; Scheiner & Holz-Rau, 2013; Beige & Axhausen
2012; Beige & Axhausen, 2008; Lanzendorf, 2003). Lanzendorf (2003) can exam-
ine how a new place of residence (and other changes in personal life) affect travel
behavior. In addition, Beige & Axhausen (2012) provide evidence of the relation-
ship between life events (e.g., personal, private events) and long-term mobility de-
cisions over the life course. Furthermore, Chatterjee & Scheiner (2015) find that
life events have an impact on mobility behavior related to bicycle use. In addition,
Miggenburg et al. (2015) examine and summarize the existing literature of mobility
biographies and identify a variety of events (birth of a child, separation from part-
ner, death of partner, illness) and suggest that private and professional life events
have an influence on people's mobility behavior. The influence of life events on
vehicle ownership can be demonstrated by Clark et al. (2016). In the study on the
relationship between life events and carsharing by Uteng et al. (2019), it is found
that events (birth of a child or moving house) have an influence on behavior regard-

ing the choice of carsharing.

Within acceptance research, only Ryu et al. (2009) have measured the influence of
life events on the adoption of user-generated video content by older people. They
surveyed the amount of life events experienced and measured a direct significant
influence on adoption. However, a more detailed influence of life events on the
adoption of driver assistance systems is still unexplored. Based on the definition of
van der Waerden et al. (2003) and the understanding of a life event as a stressor, we
assume that experiencing a specific life event not only changes an individual's mo-
bility behavior, but also behavior in broader domains, e.g., by changing habits and
decision strategies, as already described in behavioral models (Theory of Planned
Behavior, Ajzen, 1991). As life events change the behavior of the individual, they
also influence the acceptance of technology and thus the acceptance of driver assis-
tance systems. In the context of acceptance and mobility research, it is shown that

(mobility) behavior changes with age and thus as a result of life events (Uteng et
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al., 2019). Therefore, selected life events (Figure 15) are used to investigate the

influence of life events on acceptance and their influencing factors.

Research considers the experience of (mild or severe) illnesses to be critical life
events, but so far only a few studies have investigated their influence (Chatterjee &
Scheiner, 2015; Klockner, 2004; van der Waerden et al., 2003). Major illnesses in
particular represent a critical point in an individual's life and influence personal
consciousness and behavior. For this reason, it is assumed that a serious illness
changes the premises in life and therefore moderates the influences that determine

the intention to use an advanced driver assistance system.

Hy,: The life event “Major illness” moderates the influences that determine the

intention to use ADAS.

The birth of a (grand-)child generally brings about a change in living conditions
and thus in mobility behavior (Clark et al., 2014; Beige & Axhausen, 2012; Lan-
zendorf, 2010). It can be assumed that the need for safety will increase and that this
will lead to greater benefits for driver assistance systems. Adapted to this study, the
birth of a child is therefore equal to the birth of a grandchild and it is assumed that
the event moderates the influences that determine the intention to use an advanced

driver assistance system.

Hq3: The life event “Birth of a grandchild” moderates the influences that deter-

mine the intention to use ADAS.

The life event “Retirement” has been the subject of several studies in the past and
has shown that it has an influence on mobility behavior (Clark et al., 2014; Scheiner
& Holz-Rau, 2013). For people who are retired, the available free time and thus
also the driving and mobility behavior is changing. It can be assumed that, for ex-
ample, due to physical limitations, more support is desired when driving. Therefore,
the event moderates the influences that determine the intention to use an advanced

driver assistance system.

Hq4: The life event “Retirement” moderates the influences that determine the in-

tention to use ADAS.

Physical complaints and accidents are generally not age-induced, but correlate with
age, are also seen as life-changing events and are the subject of mobility research

(Klockner, 2004). Accidents in particular are seen as an event that changes a per-
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son's behavior (van der Waerden et al., 2003). Therefore, it is assumed that for peo-
ple who have experienced a serious accident, the life event “Major accident” mod-
erates the influences that determine the intention to use an advanced driver assis-

tance system.

H;5: The life event “Major accident” moderates the influences that determine the

intention to use ADAS.
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Figure 16: Acceptance model

3. Research Methodology

The moderating influence of life events on the acceptance of driver assistance sys-
tems is determined within the framework of a random sample by means of a ques-
tionnaire. In order to ensure an equivalent level of knowledge of the test persons -
generations over 50 years of age - and their suitability®, a preliminary test was con-

ducted in a driving simulator.

5 The subjects were tested for their fitness for the study on the basis of several medical tests and
a test drive in the simulator.
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Due to the sometimes advanced age of the test persons, it was necessary to query
pre-existing conditions in order to exclude individuals with critical illnesses (such
as epilepsy, dementia, and Parkinson's disease) or with "simulator sickness" (head-
aches, dizziness, disorientation, drowsiness, or nausea) from the study (Schweig et
al., 2018; Brooks et al., 2010; Roenker et al., 2003). To analyze the acceptance of
advanced driver assistance systems and to empirically measure the effects of design
and the influence of life events, a selection of age-appropriate driver assistance sys-
tems must be made in advance. According to statistics, the most frequent driving
errors among seniors (65 years and older) occur in connection with right-of-way
and priority in road traffic (17.7%), turning, reversing, entering a road, and accel-
erating (17.0%), as well as distance errors (8.8%) (Statistisches Bundesamt, 2019).
For this reason, the assistance systems Cross Traffic Alert, Park Distance Control

and Lane Departure Warning have been implemented.

In the main study, all items were surveyed by a questionnaire. These were taken
from the existing literature and adapted to the object of investigation, acceptance of
driver assistance systems. The dependent variable acceptance (intention to use) was
measured according to the TAM with the help of five determinants. These six var-
iables are measured in the questionnaire with a total of 14 items. Acceptance ques-
tions were asked using a 7-point Likert scale ranging from "strongly disagree™ to
"strongly agree." Life events were measured on a nominal scale of 1 for "Yes, I
experienced the event™ or 2 for "No, | did not experience the event." Demographic
facts about experience with driver assistance systems and product knowledge were
measured using a 7-point interval scale. All other demographic facts (gender, age,
net income, education, miles driven per day) were measured using hominal and
ordinal scales. The dependent and independent constructs and their operationaliza-

tion are presented in the Appendix (see Table 28).

In order to obtain the largest possible sample, a total of 381 elderly subjects were
recruited for the study. For this purpose, an online questionnaire was developed
based on the research model using LimeSurvey. All data were generated in a period

from August 2017 to September 2019° in the old federal states. All subjects were

6 The pre-test with 381 subjects serves as the basis for the main study. From these 381 subjects,
181 over the age of 50 who participated in the main study remained at the end. All studies have
been conducted in the period from the beginning of 2017 until the end of 2019.

132



invited and medically examined. They then drove in the driving simulator for ap-

proximately 45 minutes and then completed the online questionnaire. After eligi-

bility screening, a total of 181 drivers over 50 years of age remain with completed

questionnaires (see Table 22).

Table 22: Demographic data

n

Proportion of

Control variables Description (total 181) respondents Average
male 144 79,6
Gender female 37 20,4 !
50 - 59 49 27,1
Age group 60 - 69 76 42 65.4
70 -90 56 30,9
Major illness 29 16,0
. Birth of a grandchild 74 40,9
Life Events Retirement 113 62,4 /
Major accident 26 144
500- 2 1,1
501 - 1.000€ 11 6,1
1.001 - 2.000 € 31 17,1
2.001 - 3.000 € 66 36,5
Net income 3.001 - 4.000 € 31 17,1 4.255
4.001 - 5.000 € 12 6,6
5.001 - 6.000 € 2 1,1
6.001+ € 10 5,5
No information 16 8,8
No graduation 1 0.6
certificate of secondary education 10 5.5
genereal certlfﬁ::;?i grl: secondary ed 25 13.8
Education general quallzr(]:;t;ﬂgefor university 59 326 /
college of higher education 12 6.6
university level 66 36.5
doctorate 2 11
No information 6 3,3
<5km 7 3.9
6 - 20 km 54 29.8
21 -50 km 68 37.6
Driven km per day 51 - 100 km 39 21.5 2.92
101 - 150 km 6 3.3
> 150 km 1 0.6
No information 3.3
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years of owning
driver's license 45.6
Product knowledge 3.26
Experience 3.44

4. Data analysis and results

We use the PLS-SEM approach (Hair et al., 2017) due to the minimum sample size
of N = 30 (Nitzl, 2010). For the PLS-based estimations, we use SmartPLS 3.2.8,
which allows custom settings and was used to perform the PLS estimation proce-
dure and bootstrap resampling procedure. For the calculation of the model using
PLS algorithm, the path weighting scheme is chosen, with a maximum iteration
number of 1000 and a stopping criterion of 10-7. The significance of the paths of
the structural model is tested using the bootstrap resampling method. For this pur-
pose, the subsamples are set to 1000 for the number of parameters estimates. For
all other estimates, we use SPSS Statistics 23. In order to empirically test the re-
search model and hypotheses, the intention to use, which can only be measured
indirectly, must be designed using structural equation modeling (SEM) due to its
complexity and the interdependencies between the individual determinants. Based
on the SEM approach, we will first test the measurement model and then the struc-
tural model (Weiber & Mihlhaus, 2014).

4.1. Measurement Model Assessment

In this study, reflective measurement models were operationalized based on the
question cataolg of Jarvis et al. (2013). Within the framework of structural equation
analysis, a review of the quality of construct measurement must be conducted
(Trommsdorff, 2004), because measurement models are subject to error and the
indicators only depict individual aspects of a construct. This leads to a loss of in-
formation in the operationalization. The measurement model is tested for validity
using the criteria of content validity, convergence validity, and discriminant valid-
ity, and then for reliability using the criteria of indicator reliability, indicator signif-

icance, and construct reliability (Hair et al., 2017).

Content validity was ensured by using scales and items adapted for the research

model and review of the questionnaire by experts. Convergence validity is tested
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by the average variance extracted (AVE). It describes whether a construct is cor-
rectly reproduced by measuring it with multiple indicators. The criterion is met if
the average explained variance is greater than 0.5, i.e., if more than 50% of the
variance of a latent variable is explained by the included indicators (Fornell &
Larcker, 1981).

The criterion of discriminant validity was examined using the average explained
variance. According to the Fornell-Larcker criterion, the root of the variance ex-

plained by the mean must always be greater than or equal to the correlation of the

construct with another construct (vVDEV > |KORR&/mund &/n|) (Fornell &
Lacrcker, 1981). The measurement model was also tested for cross-loadings (Chin,
1998).

The indicator reliability (IR) indicates the proportion of the variance of an indicator
in the corresponding total variance of the indicator and considers the factor load-
ings. The factor loading can assume values between zero and one. The higher the
values, the higher the reliability. Half of the variance (50%; 0.5) of the indicator
should be explained by the construct assigned to it, which is expressed by a mini-
mum value of 0.7 of the factors loading (Hair et al., 2017).

Indicator significance, which reflects the degree of significance between the indi-
cator and the latent variable, is measured with the T-value and should have a value
greater than |+1.96| (Weiber & Miuhlhaus, 2014). Due to the lack of a normal dis-
tribution assumption, T-values are determined using the bootstrap resampling

method.

Construct reliability (CR) measures how well the latent variable is measured by its
indicators. Construct reliability can also take values between zero and one; the
literature recommends a value greater than 0.6 (Bagozzi & Yi, 1988).
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Table 23: Construct reliability, average variance extracted and inter-construct correlations

. . . Perceived
R AVE Intention Persctnallnno- Subjective Trust Perceived Ease of
to Use vativeness Norm Usefulness Use
Cross-Traffic-Alert

Intentionto 4 976 0,953 0,976
Use
Personallnno- o35 974 0,201 0,880
vativeness
Subjective 0,955 0,914 0,519 0,223 0,956
Norm
Trust 0,954 0,913 0,652 0,344 0,576 0,956
Perceived Use- ) 075 0,951 0,812 0,312 0,493 0,679 0,975
fulness
Perceived Ease

0,873 0,774 0,581 0,271 0369 0513 0,619 0,880
of Use

Park Distance Control
Acceptance 0,980 0,961 0,980
Personallnno- o35 774 0,399 0,880
vativeness
Subjective 0,976 0,952 0,509 0,194 0,976
Norm
Trust 0,958 0,919 0,580 0,310 0482 0,959
Perceived Use- 50 596 0,833 0,354 0442 0,612 0,980
fulness
Z?Lci"ed Ease 939 0885 0,570 0,244 0330 0429 0,664 0,941
Lane Departure Warning

Acceptance 0,981 0,963 0,981
Personal Inno- ) o35 5775 0,283 0,880
vativeness
Subjective 0,987 0,975 0,574 0,222 0,987
Norm
Trust 0,978 0,957 0,491 0,218 0,509 0,978
Perceived Use- ) 079 0958 0,816 0,314 0,552 0,518 0,979
fulness
Perceived Ease ) 051 0gsa 0,471 0,240 0,305 0,407 0,538 0,924

of Use

Note. AVE: average variance extracted; CR: construct reliability; bolded: square root of AVE.
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The tests of the research models of all three studies show that the model fit is ac-
ceptable and reliable, allowing conclusions to be drawn based on the data. The con-
struct reliability of all designs is well above the required value of 0.6, and the aver-
age extracted variance is also consistently above 0.5. With a minimum of 0.826 and
a maximum of 0.988, all factor loadings of the items are well above the required
value of 0.7, thus meeting the indicator reliability requirements (see Appendix 2:
Table 29, Appendix 3: Table 20, Appendix 4: Table 21). Furthermore, discriminant
validity can also be confirmed with the Fornell-Lacker criterion; with each AVE

higher than the shared variance with all other constructs (see Table 11).

4.2. Structural Model Assessment

Now the goodness of the structural model is checked after a valid and reliable esti-
mation of the reflexive measurement models has been done. First, criteria are used
to assess the path coefficients, such as the effect size and significance of the path
coefficients. Then, significance is tested using the coefficient of determination (R?).

The path coefficients can take values from minus one to one. Values close to minus
one and one describe a strong influence on the latent variable, while values close to
zero describe a weak influence. When values are greater than 0.1, they are consid-
ered significant (Chin, 1998). The significance of the effect relationships is tested
here, as with the goodness of measurement models using the bootstrap resampling
method, using the T-values, and significance is confirmed if the T-value is at least
| +1.96].

The coefficient of determination (R?) indicates what proportion of the variance of
the exogenous variables affects the endogenous variables. The value can range from
0 to 1, with values of 0.19-0.36 reflecting weak explanatory power, values of 0.37-
0.66 reflecting medium explanatory power, and values of 0.67-1 reflecting high
explanatory power (Chin, 1998). In the literature, a value of the coefficient of de-

termination of at least 0.3 is required.

The use of the PLS approach and the calculation results show that mostly all criteria
are met (see Appendix 5: Table 12). For Cross-Traffic Alert, 8 of the 11 hypotheses
can be confirmed and also the R-values show a good model fit with and R2 = 0. 69

for Intention to Use (see Figure 17).
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Figure 17: Structural model results - CTA

It can be confirmed 9 of the 11 hypotheses for Park Distance Control and also the
R-value is higher with 0. 73 for Intention to Use, which means a good model fit (see

Figure 18).
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Figure 18: Structural model results — PDC

Finally, the R value of Intention to Use is highest for Lane Departure Warning at

0.82; 8 of 11 hypotheses can be confirmed (see Figure 19).
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Figure 19: Structural model results - LDW

Overall, the basic structure of the TAM (Davis et al., 1989) can be largely con-
firmed. All three models confirm a significant influence of perceived usefulness on
usage intention and of perceived ease of use on usage intention. A significant influ-
ence of perceived ease of use on intention to use could not be found. In contrast,
the influence of subjective norm on usage intention and on perceived usefulness
can be confirmed and is thus consistent with TAM2 (Venkatesh & Davis, 2000).
The influence of trust in technology on perceived usefulness and perceived ease of
use can be confirmed, but the influence of trust in technology on intention to use
can only be confirmed in one of the three models. The results show that there is a
significant influence of personal innovativeness on perceived ease of use. The in-
fluence of personal innovativeness on perceived usefulness can only be confirmed
in two of the three models, and the influence of personal innovativeness on intention
to use can only be confirmed in one of the three models (see Table 2 for the results).
Thus, all three models can be confirmed for the most part and allow for further

conclusions.

4.3. Multi-Group Analysis

In order to detect significant differences of predefined data groups in their group-

specific parametric estimates, we performed a multigroup analysis. The moderating
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influence of life events is thereby tested by significant differences in path coeffi-
cients. For this purpose, we used the PLS-MGA approach integrated in SmartPLS
(Hair et al., 2018). This method uses a non-parametric significance test to test for
significant group differences. With a p-value less than 0.10/0.05/0.01 or greater
than 0.90/0.95/0.99 with an error probability of 10%/5%/1%, a difference is con-

sidered significant (Sarstedt et al., 2011; Henseler et al., 2009).

4.3.1.Major illness

Table 24: Results of the group analysis - Major illness

CTA PDC LDW

illness No illness ""?955‘ illness No illness |IIr_1ess— illness No illness ""?933—

no illness no illness no illness
PU->ITU 0.892*** | 0.572*** 0.320** 0.810%** 0.64*** 0.170 0.667*** 0.644*** 0.009
PEQOU-> ITU 0.287 0.085 0.203 -0.209 0.060 0.269* -0.060 -0.069 0.131
PEOU -> PU 0.292 0.357*** 0.065 0.406*** 0.462*** 0.055 0.432*** 0.437*** 0.138
SN -> ITU -0.081 0.134%*** 0.216* 0.412%* 0.113%** 0.299** 0.171 0.196*** 0.003
SN -> PU 0.265 0.097 0.168 0.342* 0.078 0.264 0.429*** 0.429*** 0.113
TIT->I1TU -0.127 0.150** 0.277* -0.137 0.104 0.240 0.193 0.181 0.190
TIT ->PU 0.371 0.415%*** 0.044 0.242* 0.334*** 0.092 0.191 0.182** 0.011
TIT -> PEOU 0.672%** | 0.426*** 0.247** 0.381%* 0.388*** 0.006 0.271* 0.295*** 0.089
PERIN -> ITU -0.099 0.025 0.125* -0.131 0.151%** 0.282** -0.043 -0.04 0.073
PERIN -> PU -0.013 0.057 0.070 0.006 0.134%** 0.128 -0.008 0.019** 0.147
PERIN -> PEOU 0.151 0.116* 0.035 0.263 0.116 0.147 0.354 0.300*** 0.171

Note. *** p < .01; ** p < .05; * p < 0.10. CTA: Cross-Traffic-Alert; PDC: Park Distance Control; LDW: Lane Departure
Warning; PU: Perceived Usefulness; ITU: Intention to Use; PEOU: Perceived Ease of Use; SN: Subjective Norm; TIT: Trust
in Technology; PERIN; Personal Innovativeness.

Experiencing an illness leads to five significant differences in the cross-traffic alert.
The influence between personal innovativeness and intention to use, subjective
norm and intention to use, and trust in technology and intention to use is signifi-
cantly lower for subjects who have experienced a severe illness. In contrast, the
influence of trust in technology on perceived ease of use and perceived usefulness
on intention to use is significantly higher in subjects who experienced severe illness.
Park Distance Control analysis reveals three significant differences between per-
sonal innovativeness and intention to use, subjective norm and intention to use, and
perceived ease of use and intention to use. The first and third effects are lower for
subjects with a medical condition, and the second effect is higher for subjects with
a medical condition. There is no significant difference in the analysis of lane depar-

ture warning (see Table 24).

It remains to summarize that serious illness has partial influence for the intention to
use CTA and PDC, with gradually more significant differences in the CTA. Life
event does not have a singular significant influence in the LDW. Hypothesis H;5 is

confirmed.
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4.3.2.Birth of a grandchild

Table 25: Results of the group analysis - Birth of a grandchild

CTA PDC LDW
) No grand- Grandchild ) No grand- Grandchild ) No grand- Grandchild
Grandchild child - No_ Grandchild child - No' Grandchild child - No_
grandchild grandchild grandchild
PU ->ITU 0.533*** | 0.635*** 0.102 0.671*** | 0.691*** 0.021 0.634*** | 0.713*** 0.079
PEQOU-> ITU 0.091 0.152** 0.060 0.204** -0.074 0.278** 0.105 0.002 0.102
PEOU -> PU 0.242* 0.480*** 0.238* 0.513%** 0.424%*** 0.088 0.290%*** 0.336%** 0.045
SN ->ITU 0.189** 0.046 0.143* 0.121%* 0.189*** 0.068 0.176** 0.154 0.022
SN -> PU 0.135* 0.077 0.058 0.080 0.152* 0.071 0.428*** | 0.246*** 0.181*
TIT ->ITU 0.171 0.095 0.077 -0.016 0.067 0.083 0.037 0.045 0.009
TIT ->PU 0.526*** | (0.322*** 0.204* 0.390*** | 0.260*** 0.129 0.220** 0.177* 0.043
TIT -> PEOU 0.502*** | 0.468*** 0.035 0.381%** 0.402*** 0.022 0.419*** | 0.340*** 0.079
PERIN -> ITU -0.067 0.045 0.112 0.045 0.126 0.081 0.034 -0.004 0.037
PERIN -> PU 0.055 0.034 0.021 0.049 0.177** 0.128 0.029 0.207*** 0.178**
PERIN -> PEOU 0.109 0.156* 0.047 0.129 0.117 0.012 0.096 0.210** 0.114

Note. *** p < .01; ** p < .05; * p < 0.10. CTA: Cross-Traffic-Alert; PDC: Park Distance Control; LDW: Lane Departure
Warning; PU: Perceived Usefulness; ITU: Intention to Use; PEOU: Perceived Ease of Use; SN: Subjective Norm; TIT: Trust
in Technology; PERIN; Personal Innovativeness.

Analyzing the model for the Cross-Traffic-Alert, three significant differences can
be identified after the birth of a child. The influence of subjective norm on intention
to use and trust in technology on intention to use is significantly higher for candi-
dates with a grandchild. Whereas the influence of the perceived ease of use on per-
ceived usefulness is lower for persons with a grandchild. The results of the Park
Distance Control reveal only one significant difference between perceived ease of
use and intention to use and is higher for the group with a grandchild. Moreover,
there are two significant differences in the Lane Departure Warning. The influence
of personal innovativeness on perceived usefulness is lower for the group with
grandchild’s and the influence of subjective norm on perceived usefulness is higher

for probands with a grandchild (see Table 25).

It remains to summarize that the birth of a grandchild has partial influence for the
intention to use CTA and PDC, but a low level of differences can be measured. Life

event does not have a singular influence in LDW. Hypothesis Hy3 is confirmed.
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4.3.3.Retirement

Table 26: Results of the group analysis - Retirement

CTA PDC LDW
retired '\lt?rtege' rs)etzt::t)idrea retired Not retired n%it::tzicie;i retired Not retired r?o?t::?regi

PU -> ITU 0.523*** | (,729*** 0.207* 0.736*** | 0.606*** 0.130 0.631*** | 0.733*** 0.102
PEOU-> ITU 0.131 0.040 0.092 0.001 0.039 0.038 0.045 0.016 0.029
PEOU -> PU 0.383*** | (0.391*** 0.007 0.427*** 0.523*** 0.095 0.328*** 0.326*** 0.002
SN -> ITU 0.075 0.112 0.037 0.135** 0.197** 0.062 0.162** 0.190 0.028
SN -> PU 0.060 0.139 0.079 0.084 0.111 0.027 0.383*** 0.165 0.218
TIT->1TU 0.244*** -0.043 0.287** 0.025 0.093 0.069 0.135* -0.073 0.208
TIT ->PU 0.443*** | 0.331*** 0.111 0.377*** 0.238*** 0.139 0.204** 0.150 0.054
TIT -> PEOU 0.560*** | 0.379*** 0.181* 0.482%** 0.243** 0.239** 0.429*** 0.245* 0.184
PERIN -> ITU -0.041 0.091 0.132 0.084 0.127 0.043 0.014 -0.017 0.031
PERIN -> PU 0.034 0.061 0.028 0.100 0.167 0.068 0.091 0.235** 0.143
PERIN -> PEOU 0.092 0.227*%* 0.135 0.060 0.245%* 0.185* 0.105 0.254** 0.149

Note. *** p < .01; ** p < .05; * p < 0.10. CTA: Cross-Traffic-Alert; PDC: Park Distance Control; LDW: Lane Departure
Warning; PU: Perceived Usefulness; ITU: Intention to Use; PEOU: Perceived Ease of Use; SN: Subjective Norm; TIT: Trust
in Technology; PERIN; Personal Innovativeness.

When examining the Cross-Traffic Alert model, three significant differences can
be identified after retirement. The influence of trust in technology on intention to
use and on perceived usefulness is significantly higher for individuals who are re-
tired. The influence of perceived usefulness on intention to use is lower for individ-
uals who are retired. The Park Distance Control results show two significant differ-
ences. The influence of personal innovativeness on perceived ease of use is lower
for non-retired subjects, whereas the influence of confidence in technology on per-
ceived ease of use is higher for retired subjects. However, there is no significant
difference in the analysis of lane departure warning (see Table 26).

It remains to summarize that retirement age has a partial influence on the intention
to use CTA and PDC. However, there are gradual differences in the two study
groups. Life event does not have a singular influence in LDW. Hypothesis Hqy4 is

confirmed.
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4.3.4.Major accident

Table 27: Results of the group analysis — Major accident

CTA PDC LDW
. accident — . accident — . accident —
. No acci- . . No acci- . . No acci- .
accident dent no acci- accident dent no acci- accident dent no acci-
dent dent dent
PU -> ITU 0.437 0.634*** 0.197 0.579** 0.692*** 0.113 0.759*** 0.667*** 0.092
PEOU-> ITU -0.144 0.150** 0.295* -0.161 0.026 0.187 -0.171 0.062 0.233
PEOU -> PU 0.375** 0.397*** 0.022 0.108 0.493*** 0.385* 0.354 0.329*** 0.025
SN -> ITU 0.105 0.101** 0.004 0.079 0.145%** 0.066 -0.028 0.183*** 0.212
SN -> PU 0.046 0.113* 0.067 -0.195 0.138** 0.333** 0.233 0.340*** 0.107
TIT->1TU 0.372 0.074 0.299 0.228 0.037 0.191 0.246 0.016 0.231
TIT ->PU 0.539*** 0.342%** 0.197 0.758*** 0.261*** 0.496** 0.234 0.186** 0.049
TIT -> PEOU 0.459%** | 0.524*** 0.065 0.184 0.425%** 0.241 0.481*** 0.347*** 0.134
PERIN -> ITU -0.064 0.018 0.082 0.201 0.108* 0.093 0.066 0.018 0.049
PERIN -> PU -0.049 0.084 0.133 0.305** 0.122* 0.183 0.139 0.114* 0.025
PERIN -> PEOU 0.133 0.092 0.040 0.240 0.090 0.149 0.148 0.168** 0.020

Note. *** p < .01; ** p < .05; * p < 0.10. CTA: Cross-Traffic-Alert; PDC: Park Distance Control; LDW: Lane Departure
Warning; PU: Perceived Usefulness; ITU: Intention to Use; PEOU: Perceived Ease of Use; SN: Subjective Norm; TIT: Trust

in Technology; PERIN; Personal Innovativeness.

The model analysis for the cross-traffic alert shows a significant difference after
experiencing a serious accident. The influence of perceived ease of use on intention
to use is significantly lower for subjects who experienced a serious accident. The
Park Distance Control results show three significant differences between subjective
norm and perceived usefulness, confidence in technology and intention to use, and
perceived ease of use and perceived usefulness. The first and third effects are lower
for subjects with an accident, and the second is higher for subjects with an accident.
There is no significant difference in the analysis of lane departure warning (see
Table 27).

To sum up, an accident has a minor influence on the intention to use CTA and PDC.
The life event has no significant influence on the LDW. The hypothesis Hy5 is con-

firmed.

5. Discussion and implications

The analysis of the acceptance model reveals that most relationships have a signif-
icant influence on the intention to use advanced driver assistance systems, as well
as that life events influence these relationships. In the following, the results are dis-

cussed and implications are presented.
5.1. Technology acceptance model

Most of the causal relationships of the TAM of Davis et al. (1989) can be confirmed

in this study. In addition, the results regarding the additional determinants of trust
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and personal innovativeness are in line with the literature and can be confirmed as
well (Lee, 2019; Tussyadiah et al., 2017; Choi & Ji, 2015; Wang et al., 2010)

The influence of perceived usefulness on the intention to use is by far the most
important effect for the generation 50 and older among the determinants studied.
Therefore, it is important to communicate the usefulness of driver assistance sys-
tems for future mobility. The high influence of perceived ease of use on perceived
usefulness shows that users appreciate systems being easy to use and expect the
system to work without any effort. Furthermore, the probands illustrate that the
opinion of others, and thus the opinion of society, has a direct influence on the
intention to use driver assistance systems. In this context, a positive opinion of so-
ciety also increases perceived usefulness. The success of driver assistance systems
is thus a reflection of the culture, consequently of politics and possible lobbyists.
The call for new technologies and their support by politicians are therefore essential
to achieve broad social diffusion. According to the results of this study, user trust
in technology has a major influence on the perceived usefulness and perceived ease
of use of driver assistance systems. This trust in the technology is evidently built

up through positive experiences and feedback with the systems.

Therefore, it is important to give older people the opportunity to experience, use
and have positive feedback on these systems. This applies both to what is offered
by manufacturers and to what is offered by the public sector, e.g., in the context of
public transportation systems. The influence of personal innovativeness on inten-
tion to use, perceived usefulness and perceived ease of use can be neglected, as it

was confirmed only to a very limited extent.

In summary, there is an urgent need to open up opportunities for older people to
experience new technologies. In particular, the usefulness, ease of use, and confi-
dence in driver assistance systems should be communicated. This can be achieved
through marketing campaigns, public events and legal requirements, such as man-

datory integration of systems in vehicles of all types.
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5.2. Life events

Life events have a moderating effect on acceptance of driver assistance systems,

but require more detailed examination.

Experiencing a serious illness inevitably and in almost all cases leads to a change
in behavior that can regularly influence driving. Users with this experience are par-
ticularly interested in the benefits promised by an assistance system. This group has
confidence in technology, implying that using technology is easy for them. To ap-
peal to this group, it is important to elaborate on the benefits of the systems and
their ability to perform tasks on the road, and to make use of the system palatable

to this group by making it easy to operate.

The birth of a grandchild influences acceptance and can lead to a change in the
behavior of the subjects. For older subjects who have a grandchild, the influence of
subjective norm on intention to use and perceived usefulness is higher and more
important than for subjects without a grandchild. In addition, the influence of trust
on perceived usefulness and ease of use is important. This result suggests that older
people with grandchildren are influenced to use driver assistance systems by opin-
ions of their immediate environment. Moreover, they feel more confident about
technology and its use, as ease of use is important to them, but not as important as
it is to people without grandchildren. In the case of older people with grandchildren,
acceptance of driver assistance systems can be increased primarily through trust in

technology and social opinion.

Among older people who are already retired, trust in technology is significantly
different and higher than among people who are not retired and strongly influences
the intention and ease of perceived usefulness. One reason for this could be that
retired people have ample time and opportunities to learn about new technologies.
Due to this knowledge advantage, a higher level of trust may result without being
able to draw on the corresponding experience with these systems. For both groups,
the assessment by the immediate environment and a particularly easy use of driver
assistance systems are equally important. Although the influence of usefulness on
the intention to use plays a major role, it is slightly lower for people who are retired
than for the other group. Therefore, not only should confidence in the technology
be further strengthened among retired persons, but the usefulness of the system

should also be addressed.
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The fact that mainly the experience of a serious traffic accident could change the
behavior regarding driver assistance systems has been confirmed. For users who
have been involved in a serious accident, the influence of trust in the technology on
the perceived usefulness is significantly higher than for people who have not expe-
rienced an accident. In contrast, the opinion of the immediate environment and ease
of use are less important to this group of people. This is not surprising, since such
a serious event puts the usefulness of the system in the foreground and not its ease
of use. This group, which has already had an accident, must be offered assistance

systems that minimize the risk of accidents and ensure a higher level of safety.
5.3. Implications

Technological improvement and the emergence of new technologies, consequently
the replacement of human action, constantly raises the issue of the acceptance of
technology. The acceptance model used in this study and its determinants helps to
explain the reasons for the acceptance of driver assistance systems in more detail.
Therefore, this model can be recommended for further use in research. We observed
that perceived usefulness and confidence in the technology are significant determi-
nants of acceptance of driver assistance systems. The results therefore justify add-
ing other variables and demographic factors, such as life events, to technology ac-
ceptance models to increase the explanatory power of acceptance studies (Ven-
katesh et al, 2003; Venkatesh & Davis, 2000; Davis et al, 1989). This study has
shown that life events are highly significant in terms of acceptance and can explain
human behavior. Accordingly, it is essential to include life events as moderators or
determinants within studies to investigate human behavior regarding the use of new

technologies (acceptance).

The sample and results of this study allow us to provide strategic implications for
automotive industry management, policy makers, and society to guide and shape
the responsible development and commercialization of driver assistance systems.
The first implication is that any organization seeking to participate and compete in
this sector must develop a strategy based on individual life courses and the evolv-
ing, differentiated needs of the subjects. The effect size of the respective determi-
nants on the intention to use suggests the following practical implications to pro-

mote the acceptance of driver assistance systems and to prevent their rejection.

a) The automotive industry should focus its marketing strategies on the dimen-

sion "trust in driver assistance systems", which, due to its high explanatory
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power, represents the largest part of the perceived usefulness and the inten-
tion to use. Marketing should, in order to promote this use, emphasize its
benefits in relation to society, e.g. through improved quality of life, optimi-
zation of road safety, and economic and climatic resources. To prevent re-
jection, the marketing strategy must focus on reducing and eliminating
driver empowerment through technology related to the use of driver assis-

tance systems.

b) In addition, due to the importance of the usefulness of assistance systems,
the public sector must implement them on a mandatory basis in public
transport in order to further raise awareness of safety through practical ex-
amples and to demonstrate and guarantee the usefulness of the systems to

the individual.

c) A key factor of the strategy for the generations 50+ is human behavior as
the primary key to the acceptance of driver assistance systems. This is be-
cause all participant groups with the different life events investigated
wanted to benefit from a driver assistance system because they have confi-
dence in the technology and they see the perceived benefit in improving
their road safety. Therefore, those who want to place assistance systems on
the market should align their strategies with the self-interest of the respec-
tive participant groups in their marketing campaigns. Retirees, for example,
focus on the ease of use of the systems, while people with grandchildren

value the opinion of those around them.

d) Despite significant differences due to the moderating life events, it is sur-
prising that in the end the participants' own need for safety is the primary
motivation for the usefulness and thus for the use of driver assistance sys-
tems. Therefore, all organizations, primarily the automotive industry,
should focus on safety aspects and ease of use in the development and dis-
semination of driver assistance systems in order to increase the attractive-

ness of the systems.

Thus, driver assistance systems that can generally reduce the frequency of traffic

accidents and the severity of road accidents must have priority in research and de-
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velopment up to future autonomous driving (Level 2 to 5, SAE 2016). The lobby-
ists of the management of the automotive industry are responsible for holding pol-
iticians accountable for the implementation and promotion of such assistance sys-
tems and for bringing about the penetration of the market with safety-relevant sys-
tems by means of suitable subsidies. Last but not least, the attractiveness of the
assistance systems to be advertised in this way will be determined by their selling
price on the market, which must be within the customer's willingness to pay (Gunth-
ner et al., 2020).

5.4. Limitations and future work

The sample of this paper refers to the western part of Germany. Further research
should therefore try to make a more comprehensive sample of the entire Germany
or cross-border in Europe or worldwide to show geographical, ethnic and cultural
differences in the use of assistance systems. Based on the findings of the study, it
can be assumed that mainly people interested in technology registered for the study
and are thus already very familiar with technology. In future studies, it should be
considered to acquire test persons who do not have an affinity to technology, in
order to be able to better evaluate the handling and user-friendliness of and with
assistance systems. The study covers four selected life events, which in our view
can significantly influence acceptance. However, this does not exclude the possi-
bility that other life events may also be moderators of acceptance. Therefore, future
research should investigate other life events and factors that might influence ac-
ceptance. In addition, the sample size for conducting the multi-group analysis was
below the required minimum size of N=30 for two life events. To provide even
more valid results, future studies will need to significantly increase the sample
quantitative. Furthermore, the study does not explain why life events only partially
influence the acceptance of certain driver assistance systems. Therefore, an even
broader range of driver assistance systems should be the subject of further studies
on this topic, up to studies of the acceptance of fully autonomous driving. The study
is limited to the age group 50 years and older. In order to better understand individ-
ual life courses and to be able to map them with driver assistance systems, all age

groups in society should be studied and compared.
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APPENDIX

Appendix 1

Table 28: Operationalization of the constructs

Construct

Item

References

I will use the advanced driver

Davis et al. (1989);

ITU_01 assistance system Venkatesh (2000);
Intention to U Venkatesh et al.
ention to Use | can imagine having the ad- (2003);
ITU_02 | vanced driver assistance system | Fishbein & Ajzen
in my vehicle (2010)
PERIN_O1 | I am interested in new products
I like to experiment with new infor-
PERIN_02 mation technologies. Lee (2019);
Personal Innovativeness | pgriN o3 | | regularly keep an eye outfor | Rogers (2003);
- new products
I am usually the one who in-
PERIN_04 | forms others about new prod-
ucts
People who are important to me
SN 01 would appreciate it if | used the | Taylor & Todd
- advanced driver assistance sys- | (1995);
Subiective Norm tem Venkatesh & Davis
. People who influence my be- (2000);
SN 02 haviour would appreciate it if | | Venkatesh et al.
- used the advanced driver assis- | (2003)
tance system
It would be easy for me to learn . )
PEOU_01 | how to use the advanced driver Dav!s (1989); )
assistance system Davis et al. (1989);
Perceived Ease of Use i Venkatesh et al.
I do not see any major problems | (2003)
PEOU_02 | in operating the advanced driver
assistance system
I think the advanced driver assis Ajzen (1991);
PU_ 01 . . - Davis (1989);
tant system is a good idea Taylor & Todd
Perceived Usefulness sgr?lfgt;esh & Davis
I think the advanced driver assis- .
PU_02 tant system is useful 8;32; esh et al
(2003)
The advanced driver assistance
7ot system is technically reliable
Gefen et al. (2003);
Trust in Technology Pavlou (2003);
TIT 02 I can trust the advanced driver

assistance systems
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Appendix 2

Table 29: Cross-Traffic-Alert - Cross-Loadings

ITU PERIN SN TIT PU PEOU
ITU_O1 0.977 0.276 0.499 0.657 0.797 0.607
ITU_02 0.976 0.292 0.515 0.616 0.788 0.527
PERIN_O1  0.276 0.906 0.202 0.286 0.302 0.253
PERIN_02  0.289 0.898 0.204 0.309 0.313 0.246
PERIN_O3  0.241 0.884 0.226 0.324 0.240 0.236
PERIN_O04  0.206 0.829 0.147 0.297 0.231 0.219
SN_01 0.554 0.215 0.968 0.565 0.525 0.359
SN_02 0.422 0.212 0.944 0.535 0.403 0.346
TIT_01 0.612 0.349 0.561 0.954 0.631 0.493
TIT_02 0.635 0.309 0.540 0.957 0.665 0.486
PU_O1 0.784 0.328 0.460 0.666 0.975 0.635
PU_02 0.799 0.280 0.503 0.658 0.975 0.573
PEOU_01  0.567 0.276 0.375 0.490 0.594 0.906
PEOU_02  0.447 0.194 0.265 0.406 0.488 0.853
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Appendix 3

Table 30: Park Distance Control - Cross-Loadings

ITU PERIN SN TIT PU PEOU
ITU_O1 0.980 0.355 0.505 0.580 0.818 0.552
ITU_02 0.980 0.427 0.492 0.558 0.815 0.566
PERIN_O1  0.380 0.907 0.192 0.246 0.339 0.239
PERIN_02  0.382 0.899 0.204 0.236 0.346 0.233
PERIN_O03  0.332 0.885 0.178 0.321 0.302 0.223
PERIN_O04  0.298 0.826 0.090 0.303 0.243 0.153
SN_01 0.519 0.196 0.978 0.469 0.454 0.334
SN_02 0.472 0.182 0.973 0.472 0.406 0.308
TIT_01 0.595 0.316 0.462 0.965 0.623 0.452
TIT_02 0.510 0.274 0.462 0.952 0.545 0.364
PU_O1 0.796 0.324 0.414 0.589 0.980 0.693
PU_02 0.836 0.369 0.452 0.611 0.980 0.609
PEOU_01  0.564 0.235 0.311 0.433 0.654 0.947
PEOU_02  0.506 0.224 0.309 0.371 0.592 0.934
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Appendix 4

Table 31: Lane Departure Warning - Cross-Loadings

ITU PERIN SN TIT PU PEOU
ITU_O1 0.982 0.254 0.560 0.496 0.819 0.473
ITU_02 0.981 0.303 0.567 0.467 0.782 0.451
PERIN_O01  0.228 0.894 0.175 0.155 0.249 0.222
PERIN_02  0.269 0.891 0.226 0.230 0.319 0.234
PERIN_O3  0.274 0.897 0.214 0.224 0.304 0.210
PERIN_O04  0.216 0.837 0.152 0.144 0.216 0.176
SN_01 0.591 0.214 0.988 0.515 0.550 0.302
SN_02 0.542 0.224 0.987 0.489 0.540 0.299
TIT_01 0.491 0.211 0.483 0.979 0.508 0.408
TIT_02 0.469 0.215 0.513 0.978 0.506 0.388
PU_O1 0.771 0.307 0.530 0.518 0.978 0.542
PU_02 0.825 0.308 0.550 0.497 0.980 0.512
PEOU_O1 0.454 0.212 0.293 0.405 0.495 0.928
PEOU_02 0.415 0.233 0.270 0.345 0.500 0.920

152



Appendix 5

Table 32: Structural model

Hypothesis Path CTA PDC LDW
H1 PU ->ITU 0.613*** 0.688*** 0.683***
(supported)
H2 PEOU -> ITU 0.097 0.017 0.035
(not supported)
(Sup';ﬁe 9 PEOU -> PU 0.351*** 0.459%** 0.332%**
H4 SN -> ITU 0.109%* 0.158%** 0.166%**
(supported)
H5 SN -> PU 0.113* 0.111* 0.327***
(supported)
H6 TIT->ITU 0.121* 0.042 0.035
(partly supported)
H/ TIT ->PU 0.417%** 0.325%** 0.191%**
(supported)
H8 TIT -> PEOU 0.476%** 0.391%** 0.372%**
(supported)
HO PERIN -> ITU 0.007 0.107** 0.016
(partly supported)
H10 PERIN -> PU 0.048 0.120%* 0.120%*
(partly supported)
H11 PERIN -> PEQU 0.108* 0.124* 0.159**
(supported)
Dependent variable R-squared
Intention to Use 0.69 0.73 0.82
Perceived Usefulness 0.57 0.60 0.66
Perceived Ease of Use 0.27 0.20 0.25

Note. *** p < .01; ** p < .05; * p < 0.10. CTA: Cross-Traffic-Alert; PDC: Park Distance Control; LDW: Lane Departure
Warning; PU: Perceived Usefulness; ITU: Intention to Use; PEOU: Perceived Ease of Use; SN: Subjective Norm; TIT: Trust
in Technology; PERIN; Personal Innovativeness.
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Chapter 7: Summary, implications and outlook

7.1. Summary of the results

As stated in the introduction to this dissertation (Chapter 1), driver assistance sys-
tems can generate new market opportunities and sales potential for the automotive
market, especially in the increasingly large customer group of older drivers with
steadily growing purchasing power (DAT, 2018; Statistisches Bundesamt, 2019;
Zentralverband Deutsches Kraftfahrzeuggewerbe, 2020). Therefore, there should
be strong market opportunities for the introduction of advanced driver assistance
systems in the international automotive market. This expectation is supported by
increasing mobility, especially the increased mobility behavior of older road users
in the 50+ age group. This age group has increasing problems moving safely in road
traffic due to physical limitations. Driver assistance systems can compensate for
this. Nevertheless, the success of assistance systems on the market falls far short of

expectations.

There is a research gap regarding this market situation, because studies and scien-
tific results of the willingness to pay of elderly persons for driver assistance systems
are missing. As a result, research objective RO, aims to determine the willingness

to pay for driver assistance systems in the 50+ age group.

Existing literature on measuring technology acceptance is guided by the approved
acceptance models (Agarwal, 2000; Bhattacherjee & Sanford, 2006; Gefen et al.,
2003; Gefen & Straub 1997; Herrenkind et al., 2019b; Im et al., 2007; Koivumaéki
et al., 2006; Koufaris, 2002; Li & Huang, 2009; van der Heijden, 2004; Zarmpou et
al. 2012; Zhang et al., 2020), such as the TAM (Dauvis et al., 1989) or the UTAUT
(Venkatesh et al., 2003). In terms of acceptance of driver assistance systems, few
quantitative studies exist (Chen & Chen, 2011; Ghazizadeh et al., 2012; Kervick et
al., 2015; Larue et al., 2015; Park & Kim, 2014; Rahman et al., 2019; Roberts et al.,
2012; Rodel et al., 2014; Xu et al., 2010). However, purchasing behavior is influ-
enced, among other factors, by acceptance toward the technology offered. Yet, the
influencing factors as critical success factors to use a technology are unclear. These
can be determined and analyzed by different models. Since no clear statement on
technology acceptance in old age can be made in this context in the literature, re-
search objective RO, sets out to determine the factors influencing the acceptance of

driver assistance systems within different age groups.
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Although the results do not allow any clear conclusions to be drawn about ac-
ceptance, they do show that there must be other factors influencing acceptance. The
implementation of cultural and sociological aspects such as critical life events
should further increase the explanatory power of acceptance. Moderating variables,
such as inclusion of the group of older persons and life courses with their different
life events, are hardly investigated in technology acceptance models (Braun et al.,
2019; Souders & Charness, 2016); related to life courses, studies are not available
at all. This results in research objective RO; with the development of an acceptance
model to capture the moderating influences of life events on the factors influencing

acceptance in the 50+ age group.

The stated research objectives of this dissertation are examined with the help of the
theoretical approaches presented in chapter 2, after the theoretical foundations of
willingness to pay (theory of intertemporal consumption), technology acceptance

models and critical life events have been comprehensively presented

On the basis of these theoretical foundations, for the determination of the results of
research objectives 1 to 3, the "Van Westendorp method" is used to investigate
willingness to pay (van Westendorp, 1976). To measure the influence of age and
critical life events on acceptance, two acceptance models are developed using struc-
tural equation modeling and tested for differences using multi-group analysis. To
validate the results, t-tests with pre-specified error probabilities are used (see chap-
ter 3).

The analysis of willingness to pay shows that a correlation between willingness to
pay and age cannot be confirmed across the board (see Chapter 4). A closer look at
the age groups reveals a significantly higher willingness to pay for four of the five
systems (regarded parking assist, blind spot assist, lane departure warning and tire
pressure monitoring systems) for the 60-69 and 70-90 age groups than for the 50-
59 age group. Trends toward increased willingness to pay among the elderly were
also observed for the fifth assistance system, cross-traffic assist, although not sig-
nificantly. The established research objective RO, was achieved by the determined

willingness to pay.

In order to obtain a reliable theoretical approach for measuring the acceptance of
driver assistance systems, Chapter 5 identifies factors from the models already
known in the literature that have an influence on the intention to use and develops

an extended acceptance model from this. Due to its influencing factors, extensions
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and moderators, this model is able to generate valid results on the acceptance of
three selected driver assistance systems (Cross Traffic Assist, Parking Assist and
Lane Departure Warning) in the age groups presented. Using a quantitative survey
and the analytical methodology of structural equation modeling (Hair et al., 2017;
Weiber & Mihlhaus, 2014), results are obtained and the acceptance model is vali-
dated. With the exception of three influences that can be neglected in the overall
analysis, all determinants and influences of the acceptance model are confirmed.
After the evaluation, it can be seen that the influencing variables "perceived useful-

ness", "perceived ease of use" and "trust in technology" are significant in determin-
ing the level of acceptance. The higher the influence of these determinants, the
greater the acceptance. As a result, the more useful and simpler a driver assistance
system is to use and the more one trusts the system, the more willing drivers are to
use a system. For the generations question, it remains to be determined after the
evaluation that the benefit for old and young is equally high, but trust in technology
and the opinion of the environment tends to be more important for younger people.
On the other hand, the user-friendliness of the systems is more essential for the
older generations. The established research objective RO, is achieved with the help

of the acceptance model developed and with the inclusion of age as a moderator.

While chapter 5 examines the acceptance, influencing factors and age of different
generations (20-90 years), chapter 6 deals with another behavioral approach of crit-
ical life events (Beige & Axhausen, 2012; de Groot et al., 2011; Elder, 1994; Lan-
zendorf, 2010; Marsden & Docherty, 2013; Ryu et al., 2009; Schéfer et al., 2012;
Scheiner, 2007; Sharmeen et al., 2014; van der Waerden et al., 2003) and exclu-
sively with the group of people 50 years and older in order to further increase the
explanatory power of the original model. Therefore, in this chapter, the validity of
this statement is analyzed on the basis of four selected life events (serious illness,
birth of a child, retirement, and serious traffic accident) by means of a quantitative
examination. The relationships of all determinants of the developed acceptance
model are examined, considering the moderation of life events. The result states
that the mentioned events have influence on the acceptance of driver assistance sys-
tems. For persons who have experienced the life event "serious illness", this is con-
cretized in the fact that the benefit of and trust in a driver assistance system are
particularly important. On the other hand, the "birth of a child" influences the be-

havior of this group of people in that trust and the opinion of the environment have
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a significant value in the intention to use a driver assistance system. The experience
of "retirement” or a "serious traffic accident” increases the importance of trust in
technology, especially in driver assistance systems. For the group of "retirees"” the
benefit and the simplicity of use are important at the same time. The latter influence
is less important for the "accident victims™ group. The personal environment also
plays a lesser role for this group of users. Thus, critical life events also contain an
explanatory contribution, as influencing factors on the acceptance of driver assis-
tance systems in the 50+ age group. The established research objective RO is
achieved with the help of the developed acceptance model and with the inclusion

of the critical life events as moderators.

7.2. Implications for research and practice

Based on the findings of this dissertation on the willingness to pay for driver assis-
tance systems (research objective RO;) and on the examined influencing factors of
the acceptance of driver assistance systems in the group of people 50+ (research
objective RO, ) and the critical life events (research objective RO5), implications for

research and for practice can be derived.
7.2.1. Implications for research

Based on research objective RO, the willingness to pay for driver assistance sys-
tems for the group 50+ is determined from the theoretical foundations and the re-
sults are validated with the help of quantitative data. The results of this study show
that older drivers are willing to pay for driver assistance systems and are thus in

line with previous research findings.

The study by Arndt (2011), which examines the parking assistant and the rain sen-
sor among other assistance systems, establishes a willingness to pay for these assis-
tance systems. Parallels to the present study (chapter 4) exist insofar as a price range
of 200-500€ is determined for the parking assistant, which almost coincides with
the results of this study. In both Arndt (2011) and the present study, the price range
was based on the prices actually existing on the market, which the survey partici-
pants may already have known. Blythe & Curtis (2004) also note a willingness to
pay for driver assistance systems, although they classify this as rather low. For the
assistance systems studied, parking assist, lane departure warning, cruise control,

etc., a willingness to pay with a price range of up to $500 was determined by Blythe
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& Curtis (2004) despite the rather low willingness to pay. As a result, this study
also corresponds to the price range of the present study. For the other assistance
systems examined in this study, a similar price range is found for the respective

driver assistance system.

In comparison to the previous studies (Arndt, 2011; Blythe & Curtis, 2004), this
study focuses on older drivers (age group 50+) as the research object and their will-
ingness to pay. Comparable studies are not yet available, since research has so far
regularly examined only the willingness to pay for driver assistance systems in gen-
eral. The work thus represents a first tendency for the special groups of people 50+,
which must be examined more closely and differentiated by further investigations.
For example, the price range or a specific absolute willingness to pay could be ex-
amined in more detail, and specific age limits could be determined from which the
willingness to pay increases or decreases. The results of this work can therefore be
used as a basis for future research and show a first tendency. A consistent verifica-
tion of the assumption that willingness to pay for driver assistance systems in-
creases with age is urgently needed for valid confirmation of the said assumption.
In order to better reflect the reasons for the willingness to pay, further research ap-
proaches need to be generated at this point and verified by studies using conjoint
analyses. As an example, the high income in old age could be causal for the will-
ingness to pay, which could not be confirmed in this study. The causes of the further
result of the study, that the willingness to pay of drivers does not increase with
increasing experience and product knowledge, would have to be examined in more
detail.

As a result of the research objective RO,, the determinants of perceived usefulness,
perceived ease of use, subjective norm, personal innovativeness, and trust can be
confirmed as key factors influencing the acceptance of driver assistance systems
(Braun et al., 2019; Chen & Chen, 2011; Ghazizadeh et al, 2012; Kervick et al,
2015; Larue et al, 2015; Park & Kim, 2014; Rahman et al, 2019; Roberts et al, 2012;
Rodel et al, 2014; Souders & Charness, 2016; Xu et al, 2010). Following the con-
structs of the various technology acceptance models related in the literature, the
determinants have been taken from the literature and reviewed to determine tech-
nology acceptance. Therefore, the results gained with this dissertation (Chapter 5)
basically match the results of the research due to the congruence of the research
method (Chen & Chen, 2011; Ghazizadeh et al., 2012; Kervick et al., 2015; Larue
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et al., 2015; Park & Kim, 2014; Rahman et al., 2019; Roberts et al., 2012; Rodel et
al., 2014; Xu et al., 2010). This is because the influencing factors mentioned in the
literature also have a significant impact on acceptance. However, gradual differ-
ences arise when considering the influence of the determinants on the acceptance
of driver assistance systems, because the individual determinants can have a differ-

ent significance for the respective user depending on the object of investigation.

The result of this work also agrees with the view represented in the literature that
human acceptance behavior in the group of people 50+ is characterized and influ-
enced by the determinants mentioned above (e.g. Braun et al., 2019). In contrast to
Hauk et al. (2018), this work determines a generally high acceptance for driver as-
sistance systems and thereby diverges considerably from the results of the research.

As a contribution to future research, these findings imply a closer look at the degree
of individual influence of each determinant for drivers. In this context, the individ-
ual usefulness of the technology to the driver is determined using perceived useful-
ness (Braun et al., 2019; Park & Kim, 2014; Rahman et al., 2019). To get a more
detailed understanding of the perceived usefulness, the background of the perceived
usefulness, or the way it is used, for the individual user needs to be determined.
This will allow a more detailed result on the causes of the usefulness to be pre-
sented.

The simplest possible handling of the technology can also lead to an increase in
usefulness, because the perceived ease of use has a high impact as an influencing
factor, especially among older drivers (Chen & Chan, 2011; Roberts et al., 2012).
Therefore, the perceived ease of use must be further classified by asking and ana-
lyzing the user's individual assessment of when a use is easy for them through stud-

ies.

Social norms and values influence the acceptance of driver assistance systems as
part of the subjective norm and should be addressed in future research to investigate
the causes of driver opinion formation (Chen & Chan, 2011; Kervick et al., 2015;
Larue et al., 2015; Rahman et al., 2019).

In addition to perceived usefulness, the determinant of trust in technology has sig-
nificant influence on the acceptance of driver assistance systems according to both
the findings in the literature and this dissertation (Braun et al., 2019; Ghazizadeh et
al., 2012; Rahman et al., 2019; Xu et al., 2010). For researchers, this finding implies
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a need for further research on when and how much interaction with technology is
necessary for users to feel and manifest "trust in technology” (Beller et al., 2013;
Choi & Ji, 2015; Gefen et al., 2003; Johnson et al., 2008; Kaur & Rampersad, 2018;
Lee & See, 2004; Molnar et al., 2018; Parasuraman et al., 2008; Pavlou, 2003; Tus-
syadiah et al., 2017).

A direct influence of the personal innovativeness on acceptance is not confirmed in
the study. Nevertheless, it is shown that acceptance depends on individual tendency
and interest in and with technology via the determinants of perceived usefulness
and perceived ease of use (Chen & Chen, 2011; Herrenkind et al.; 2019a; Lee, 2019;
Wang et al., 2010). Research needs to focus - to gain a better understanding of driver
assistance system users - on the influencing factors that determine a user's personal
level of innovation (genetics, education, environment, and society) in order to better
capture the personality structure of users (see also Bigné-Alcafiiz et al., 2008; Lee,
2019; Lu et al. 2008; Van Raaji & Schepers, 2008; Wang et al., 2010).

In general, the investigation of factors influencing acceptance requires further re-
search related to the age of drivers (Braun et al., 2019; Chen & Chan, 2011). This
is because, although the present study confirms a high acceptance of driver assis-
tance systems among the age group 50+, it contradicts the findings of the meta-
analysis by Hauk et. Al (2018), which postulates a rather negative influence of age
on technology acceptance for the older group. The study provides insight into the
degree of relationships of individual determinants in age. Future research needs to
take a closer look at these relationships in the context of age, in which acceptance
models are extended to include new determinants adapted to the topic (Rahman et
al., 2019). In this way, the explanatory power can be further increased and a unified
understanding of technology acceptance in old age can be formed. Only in this way
can age-induced effects be made quantitatively and qualitatively measurable and
identified, so that reliable and valid results can be derived from this diversity of
data.

The results of the study show for research objective RO5 that the selected life events
significantly influence the degree of impact of individual determinants on ac-
ceptance (chapter 6). Comparable studies do not yet exist, so a comparison with the
existing literature is not possible. However, Herrenkind et al. (2019b) state a corre-
lation that the life course theory has an influence on acceptance as a determinant
within the framework of a technology acceptance model. Surprising in this context
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is the result that experiencing life events decreases the acceptance of driver assis-
tance systems in the age group 50+. This result is in line with the findings of Ryu
et al. (2009). The present work thus generates a basic understanding of critical life
events as a moderating variable in the context of technology acceptance models and
thereby opens up broad areas of investigation of the effect of life events on technol-
ogy acceptance. The shown result that acceptance decreases with the occurrence of
life events is in contrast to the earlier mentioned result that acceptance is generally
high and increases in old age without the life events. This interaction between ac-
ceptance, age, and life events requires further research with additional research
questions on the specific age boundaries in order to compare and evaluate the recent
studies. In order to generate further scientific knowledge, the study groups need to

be validated with a larger and more diverse sample.
7.2.2. Implications for practice

In times of digitalization, companies can achieve a lasting competitive advantage
through a market offering tailored to the customer and thus a value proposition
adapted to the user, and thereby hold their position in an increasingly dynamic au-
tomotive market (SAE, 2020). Based on the results of this study, it can be stated
that the proportion of older drivers will continue to increase in the future and rep-
resent a relevant buyer group for the market. The automotive market should there-
fore pay special attention to the needs and limitations of older drivers when design-

ing and equipping new vehicles.

Older drivers are willing to pay for technical comfort and to improve their road
safety with the relevant driver assistance systems. However, they are not prepared
to pay more than around €600 for an assistance system (see also Arndt, 2011; Blythe
& Curtis, 2004; SAE, 2020). Manufacturers must therefore take these financial cir-
cumstances into account when pricing future new vehicles. The recommendation to
automotive manufacturers and suppliers is to plan business models for individual
driver assistance systems as comprehensively and as early as possible, with the in-
volvement of older drivers (SAE, 2020). It makes sense to offer driver assistance
systems bundled in equipment packages and to include these packages in the basic
equipment of new vehicles at no extra charge or to install them and activate them if

required at a charge.
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With the EU Type Approval Regulation (EU, 2019), policymakers have created a
legal framework for the mandatory use of advanced and safety-relevant driver as-
sistance systems in road traffic. This trend should be further accelerated by further
political steps in order to thereby increase road safety and reduce the fatality rate in
road traffic accidents. At the same time, today's dominant automotive manufactur-
ers should proactively shape this progress in order to avoid undesirable develop-
ments and create optimal operations for implementing autonomous driving on the
market. Therefore, now is the right time in combination with a suitable business
model to transform individual mobility towards autonomous driving (Bengler,
2014). This will noticeably change the market and open up other possible use cases
such as autonomous driving. This will result in further data-based business models.
The data obtained by intelligent vehicles can be further commercialized to insur-

ance companies and advertisers (Martens & Muller-Langer, 2018).

Driver assistance systems are generally suitable for providing older drivers with
driving comfort and safety as well as compensating for physical limitations. Users
are generally more cautious, skeptical, and rational about new technology as they
age because of their basic understanding and being deterred and concerned about
their safety and physical integrity (Liang et al., 2020). The needs of this target group
must be the focus of automotive manufacturers and policymakers when implement-

ing strategies to promote the diffusion of driver assistance systems.

The marketing strategies of the automotive industry should focus on drivers' trust
in driver assistance systems, as trust accounts for a very high level of perceived
usefulness and intention to use (Herrenkind et al., 2019b). This further increases
perceived usefulness for older drivers in particular (Tribswetter & Bengler, 2013).
To promote trust, marketing should focus on user ownership, e.g., optimizing road
safety, economic and climate resources. To counteract the existing skepticism of
older users, driver assistance systems must be offered technically and, in their hu-
man-machine communication in such a way that their use supports and relieves the
driver, but does not disesmpower him (Bengler et al., 2014; Davidse, 2007; Park &
Kim, 2014; Young et al., 2016;). This is because the development of driver assis-
tance systems has not always been user-oriented up to now and is therefore partly
responsible for the low acceptance and success on the market (Beiker & Burgelman,

2020; Maurer, 2012; SAE, 2021). In order for assistance systems to be successful
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on the market, the development of new simple user interfaces should accompany

the increasing number of assistance systems (Bengler et al., 2014).

One way to promote the integration of driver assistance systems into new vehicles
and make them accessible to the target group is to equip new vehicles, rental vehi-
cles and loaner cars with selected, safety-relevant driver assistance systems as
standard equipment. This would give (older) drivers the opportunity to experience
the benefits of the new systems and learn to appreciate the features. In addition,
manufacturers could provide trainers to help older drivers use the systems for the
first time or video tutorials to facilitate and ensure the use of these systems by older
drivers (Trubswetter, 2015). Product designers could actively use the influence of
subjective norms to encourage the purchase of intelligent driver assistance systems
in a social atmosphere characterized by diversity of opinion regarding driver assis-
tance systems (Sohn & Kwon, 2019). In addition, manufacturers should suggest and
communicate only benefits of driver assistance systems to users through targeted
advertising, regarding road safety and comfort, and related marketing communica-
tions (Kervick et al., 2015). This is because consumers may be resistant to innova-

tions due to negative feelings such as fear, uncertainty, and doubt (Ram, 1987).

With the help of this approach, customers can at the same time be bound to the
manufacturer offering the product in such a way that they associate it inseparably
with their product and the company's brand and ultimately equate it with safety and
comfort (Sohn & Kwon, 2019). In this way, manufacturers can create an individual

value proposition and brand identity that can bring industry dominance.

For the public sector, the results of this work imply that perceived usefulness is the
greatest predictor of acceptance and that assistance systems must be made manda-
tory in public transit to allow passengers to experience the comfort and safety of

these systems in a tangible way (Herrenkind et al., 2019b).

With regard to the constantly increasing age of the population, for the generation
50+, human behavior is the primary key to the acceptance of driver assistance sys-
tems and thus a crucial factor for the successful placement of the systems on the
market (Braun et al., 2019). All participant groups in the study, including those with
critical life events, indicated they would benefit from a driver assistance system
because they expected it to improve their road safety. This confidence in the tech-
nology together with road safety represents to a large extent the perceived useful-

ness. For car manufacturers, this means that their (marketing) strategy should be
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geared precisely to the self-interests of the respective groups of people, e.g., the
ease of use of the systems for retirees, while the opinion of other people is of high
value for the group with grandchildren.

When looking at the life events, it can be seen that these regularly accumulate with
increasing age and the acceptance of driver assistance systems decreases with an
increasing number of critical life events (Ryu et al., 2009). This result is surprising
in relation to the fact that ultimately, participants' own need for safety is the primary
motivation for the usefulness and for the use of driver assistance systems (Liang et
al., 2020). Therefore, automotive manufacturers and policymakers should place
special importance on safety aspects and user-friendliness when developing, imple-
menting, and marketing driver assistance systems to individuals with life events
(Herrenkind et al., 2019b) in order to further increase the attractiveness of the sys-
tems. For the group of people whose life events have led to physical limitations
(illness, accident), assistance systems must be promoted in such a way that it is
accepted by consumers as a pre-stage of autonomous driving and understood as
compensation for independent driving up to old age. The other two groups of life
events (grandchildren and retirement) can be persuaded in particular by maximizing

their safety thinking as a value proposition of the assistance systems.

The goal of all efforts by the market participants involved (manufacturers, politics,
society) must be to lead mobility users toward autonomous driving not only from a
climatic perspective (Herrenkind et al., 2019b), but also due to economic factors in
order to secure and strengthen the technological competitive advantage of the Ger-

man automotive industry nationally and internationally.

7.3. Limitation and outlook

The samples in this paper refer to the western part of Germany. Further research
should therefore attempt to create a more comprehensive sample for the Federal
Republic of Germany or cross-border in Europe and/or worldwide and to include
geographical (Herrenkind et al., 2019a), ethnic and cultural differences in the stud-
ies on acceptance and willingness to pay for assistance systems (Park & Kim, 2014).
Based on the results of the studies, it can be assumed that subjects who were more

interested in technology and who were already very familiar with technology were
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recruited for the study (Rahman et al., 2019). Future studies should therefore ac-
quire subjects who are not familiar with technology in order to assess the handling
and usability of and with assistance systems of these groups of people in more detail
(Park & Kim, 2014). In addition, the sample size for conducting multigroup analysis
is sometimes below the required minimum size of N=30 (Roberts et al., 2012; Soud-
ers et al., 2017). To provide even more valid results, future studies will need to
significantly increase the sample size (Liang et al., 2020).

In the future, willingness to pay should be researched more intensively by means of
studies, for example for individual age groups (older and younger people) or occu-
pational groups, and supplemented by variables influencing willingness to pay as
well as motives. As such variables, it remains to be investigated, for example,
whether the manufacturer's brand or product design can have an influence on the
willingness to pay for driver assistance systems. Further studies could shed more
light on whether there is a connection between willingness to pay and acceptance,
and if so, what that connection is (Arndt, 2011). This could also include determining
specific age limits at which willingness to pay increases or decreases. Based on the
results of the study, there remains room for further research into the conditions un-
der which there would be a greater willingness to pay for driver assistance systems.
This would require identifying both the groups of people and other features of the

driver assistance systems that result in a willingness to pay above €600.

The extension of the acceptance models to include additional determinants must be
addressed and prioritized in future studies, as there are certainly other influencing
variables besides age and the selected critical life events that have not yet been
identified within this and other studies, such as other aspects of life course research
(Herrenkind et al., 2019a). In addition, it is of great interest to extend the study to
other assistance systems to make characteristic differences of driver assistance sys-
tems visible. Other acceptance models, such as the UTAUT, can also be used in
future studies due to the different determinants to either validate the results of this
study or to obtain differentiated results as a basis for further research (Herrenkind
et al., 2019b).

Furthermore, it is recommended to conduct research in all age groups of society in
order to filter out, understand, and compare individual differences in acceptance
(Chen & Chen, 2011). Future research should not only examine age in general, but
should differentiate between cognitive and chronological age on the acceptance of
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driver assistance systems to better categorize the statements from the group of peo-
ple (Yang & Shih, 2020). The results show that there is a basic acceptance towards
technological progress and automation. For the development of society, it remains
to be examined in which other areas of life, such as consumer goods for daily use,
automation is accepted in order to generate more quality of life through technolog-
ical progress. For this reason, further interdisciplinary research should be conducted
to determine the social impact of full automation and to examine the way in which

it can be introduced into various areas of life and its impact on people's needs.

This dissertation finds that the four selected life events can significantly influence
acceptance. It is possible that other life events may also moderate acceptance. Fu-
ture research should therefore address life events that occur in adolescence or adult-
hood and explore them further (Miggenburg et al., 2015), because it can be as-
sumed that such age-independent life events can also influence acceptance. Future
studies should examine a longer life stage and its modification by specific life
events on a person-specific basis in order to determine and analyze the degree of
acceptance before and after the respective life events, if applicable (Clark et al.,
2016).

The results show that all age groups accept the use of technology, including auton-
omous driving. This leaves room for automotive manufacturers and policymakers
to focus on autonomous driving as a central issue of new mobility concepts in the
future (Bengler et al., 2014). Here, the question of whether automobiles will con-
tinue to be purchased by private and public users or whether they will be replaced
by mobility-as-a-service offerings will play a role. This is because the question
arises for every user as to whether the acquisition of an autonomously driving ve-
hicle makes sense and is financially advantageous, considering that vehicles gener-
ally have a standing time of 23 hours a day during which they are unused (Umwelt-
bundesamt, 2020). In this case, consumers have to compare costs and benefits
against Mobility-as-a-Service offers. This means that automakers and policymakers
are called upon to develop attractive business models in the future that can meet the
needs of users, such as cost/usefulness as well as individual and climate-neutral

mobility.
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