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ABSTRACT

Addressing the acceptability of automated vehicles (AVs) implies, beyond technical, legal,
or ethical aspects, the debate on perceptions and use intentions. The focus of this study is
placed on questioning the technique by the social dimension: what acceptability profiles
emerge from these perceptions? This study analyzes the determinant factors of AVs
acceptability to identify different Portuguese population clusters. A survey was developed,
in the scope of the AUTODRIVING project, with 501 participants. Three acceptability
clusters were identified: Objectors; Ambivalent; and Enthusiasts. To complement these
results, five focus groups were carried out, involving both professional and regular drivers.
The results enabled the access to a situated point of view, considering the current experience
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of driving, particularly in the case of professional drivers. This study could contribute to
deploying AVs, highlighting the importance of a contextualized analysis hic and nunc, and
allowing to bring to the fore the demands and constraints of driving.

Keywords: Automated vehicles, Acceptability, Technology, Activity point of view

INTRODUCTION

The perspective of automated vehicles (AVs) entering the public space is at the center of the
current debate about the “mobility of the future”. Several studies focused on drivers’
perceptions related to AVs, exploring the acceptability and acknowledging that this is not an
entirely individual process. Acceptability is constructed in a particular socio-organizational
context, whose underlying conditions pose different determinant factors of usage (Dubois
and Bobillier Chaumon, 2009).

This debate around perceptions on technology and intentions to use it requires the assumption
of a psychological standpoint: “acceptability” is a cognitive representation that users have
before using technology, i.e., it is an a priori phenomenon (Bobillier Chaumon, 2016),
whereas “acceptance” is a posteriori pragmatic evaluation, inasmuch as it is “situated” in a
real activity (Bobillier Chaumon, 2016, Alexandre et al. 2018). To assess the acceptance of
a new technological tool, real activity is required, since it is in and by the use that the users’
acceptance is constructed (Dubois and Bobillier Chaumon, 2009, Alexandre et al. 2018).
Bearing in mind such conceptual frontiers between the two constructs, it should be noted a
point in common: they are subjective representations related to sociodemographic variables
and inscribed in specific conditions.

Different studies explored the relations between sociodemographic variables and
acceptability or behavioral intention. On the whole, research has shown that, amongst men,
the younger, living in urban areas and more educated men constitute the population segment
that appears to exhibit higher levels of acceptability towards AVs (Charness et al. 2018,
Nordhoff et al. 2018). The interaction between sociodemographic characteristics and
perceptions, including both perceived benefits (e.g., possibility of doing non-driving tasks
during journeys) and concerns about AVs (e.g., safety; technical unreliability in unexpected
situations), plays a major role in the acceptability of AVs (Kyriakidis et al. 2015).

Lemonnier et al. (2020) developed an extensive literature review about the acceptability of
AVs and noted a lack of clarification of what is actually measured, which makes it difficult
to compare the results of studies regarding the determinants of acceptability. On the one
hand, the authors revealed that the determinants of acceptability vary according to the
measures used; on the other hand, users’ preferences for AVs also vary depending on the
image of AVs held by the respondents (Lemonnier et al. 2020).

This study aims to explore the acceptability of AVs in the frame of a Portuguese research
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project. The AUTODRIVING project combines an extensive survey on the viewpoints of
representative groups of drivers with focus groups, and a driving simulator study to evaluate
driver-vehicle interaction under automated driving scenarios (Lobo et al. 2020). In Portugal,
the acceptability towards AVs is a topic relatively under-explored, with the exception of two
recent studies (Rodrigues et al. 2021, Vicente et al. 2020). For this reason and given the fact
that the use of AVs in Portuguese roads is not yet possible, we focused on the determinants
of acceptability by identifying possible adoption patterns.

METHOD

AUTODRIVING SURVEY

A self-administrated questionnaire was developed to explore Portuguese users’
representations about AVs, considering their expectations (e.g., the possibility to perform
secondary tasks during the journey), concerns (e.g., loss of control; technical unreliability),
trust, and the perceived benefits of AVs. The questionnaire contained 72 items, including
items referring to sociodemographic characteristics (gender, age, education, employment
status, income, location), self-perception on the use of technology, driving status (regular
driver; professional driver; or non-driver) and driving conditions (car ownership, driving
frequency, most frequent reason to use the car), the pleasure of the driving task, knowledge
about AVs, and perceived benefits and concerns about AVs. We have chosen to focus the
questionnaire items on fully automated vehicles (FAV), insofar this level is likely to induce
the greatest reconfiguration in mobility system.

For this study, the acceptability was assessed through four items: In the future, | consider
using a FAV; In the future, given the choice between a FAV or a non-automated vehicle
(NAV), I would opt for the former; In the future, I think it will be comfortable for me to have
my family using a FAV; In the future, I consider using an automated bus. These items are
ordinal and a five-point Likert scale from 1 (‘Completely disagree’) to 5 (‘Fully agree’) was
used. Ethics approval for this study was obtained from the Ethics Committee of the FPCEUP.

PARTICIPANTS

A sample of 501 participants living in Portugal, and gender-balanced (50.7% male; 49.3%
female), completed the online survey. The minimum age threshold was defined according to
the youngest age at which in Portugal it is possible driving on public roads (18 years old).

DATA ANALYSIS

Cluster analysis was employed to determine the presence of patterns of acceptability using
the IBM SPSS (v25.0). A two-phase cluster analysis approach was carried out. Firstly, a
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hierarchical method was used to identify possible appropriate solutions for the number of
clusters. Thus, we first aimed for an exploratory analysis, with an agglomerative (Ward
Method) clustering procedure. Then, in a second stage, the K-means algorithm was used to
form the clusters. The distance measure used was Euclidean Distance and Ward’s criterion
was the chosen aggregation method. The dendrogram was visually examined and validation
measures included inertia investigation and the Calinski—-Harabasz Pseudo-F Index.

The suitability of the different solutions for the number of clusters was tested with K-means.
ANOVA, post hoc pairwise comparisons and chi-square tests were used to characterize
cluster membership based on the pattern of acceptability and their characterization regarding
demographics and self-perception on the use of technology.

RESULTS

Table 1 presents the composition of the sample (N = 501). A first analysis suggested that
solutions of 2, 3, 4 and 8 clusters would be feasible. The Calinski-Harabasz (CH) index, is
defined as the ratio concerning Between-class dispersion (B) and Within-class dispersion
(W). The desired result would be to have the well-separated clusters, that is, higher B(k), and
the elements within the clusters close to each other, implying a lower W(k). As this index is
a ratio between B(k) and W(K), a high value for the index is the best solution. As presented
in Fig. 1, the CH Index is higher for the first three solutions.

Calinski-Haraba

Number of clusters Number of clusters

Figure 1. Explained inertia and Calinski-Harabasz Index

A three-cluster solution seems the best balance between explained inertia (66%) and the CH
Index (481.6), acceptable cluster dimensions (C1: n = 72; C2: n = 211; C3: n = 218) and
interpretability. Table 1 presents the sociodemographic characteristics of each cluster.
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Table 1: Demographic characteristics and self-perception on the use of technology of the
sample and differences (;?) between the clusters

Full Cluster 1 | Cluster 2 | Cluster 3
sample | Objectors | Ambivalent | Enthusiasts| 2 | df | p
n| % |n| % n | % |n| %

Gender 1.7 |2 427
Female 254|50.7 |41 | 56.9 | 108 | 51.2 |105| 48.2
Male 247|49.3 31| 43.1 | 103 | 48.8 |113| 51.8
Age 6.3 |4 177
18 — 35 years 189|378 (28| 389 | 82 [ 389 |79 | 364
36 — 50 years 180|36.0 | 18| 25 79 | 37.4 | 83| 383
51+ years 131 26.2 |26 | 36.1 | 50 | 23.7 | 55| 25.3
Mean age 42.2 (SD =41.4)
Education 17.2 |8 <.05
Basic education 8116 |0 0 3 14 | 5 2.3
High school 100| 20 (20| 27.8 | 42 | 199 | 38| 174
Bachelor's Degree 145(28.9 | 27 | 37.5* | 68 | 32.2 | 50 | 22.9
Master's degree 129|25.7 | 11| 15.3* | 50 | 23.7 | 68 | 31.2*
PhD 119|238 |14 | 194 | 48 | 22.7 | 57| 26.1
Occupation 6.7 |8 .575
Employed 343|685 |42 | 583 | 150 | 71.1 |151| 69.3
Self-employed 34168 | 6 8.3 15| 7.1 |13 6
Unemployed 7114 )1 14 4 19 | 2 0.9
Retired 17| 34 | 4| 56 7 33 | 6 2.8
Student 100| 20 19| 26.4 | 35 | 16.6 | 46 | 21.1
Income! 96 |4 |<.05
Up to 2 national minimum 27.6*

154(34.3 24| 393 | 75 |39.9%| 55
wages

Between 3 to 4 national

minimum wages 189|421 24| 393 | 79 | 41.8 | 86| 43.2

5 or more national minimum 106] 23.6 | 13 | 21.3 35 |18.5*| 58 | 29.1*

wages
Location 16 4 <.05
Predominantly urban area 352|70.3 |41 | 56.9* | 143 | 67.8 |168| 77.1*
Medium urban area 110| 22 | 19| 26.4 | 51 | 24.2 | 40 | 18.3

Predominantly rural area 39|78 (12| 16.7*| 17 | 81 | 10| 4.6*

Self-perception on the use of

technology 296 |4 |<.001

Willing to use new technologies

. 178|355 |13 | 18.1* | 61 |28.9*|104| 47.7*
as soon as they are available

Prefer to wait a while 294|58.7 | 52 | 72.2* | 135 | 64* |107| 49.1*
Not very adept of technological .
change 29|58 | 7| 97 15 | 71 | 7 | 3.2

1 In 2020, the Portuguese minimum wage was €635.
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Cluster 1, titled “Objectors”, presents the lower values for the four intentions variables, while
cluster 2, titled “Ambivalent”, shows near average values and cluster 3, titled “Enthusiasts”,
demonstrates the highest means (Table 2).

Table 2: Mean and SD (z-scores) for the four acceptability variables on the three clusters

Cluster 1 Cluster 2 Cluster 3
Objectors Ambivalent Enthusiasts

M SD M SD M SD
Consider using FAV -1.79 0.6 -0.13 0.6 0.72 0.49
Would prefer FAV to NAV -1.49 0.52 | -0.35 059 [0.83| 0.58
Comfortable with family using FAV -1.67 0.66 | -0.25 0.59 0.79 0.46
Consider using an automated bus -1.51 0.8 -0.24 0.7 0.73 0.52

Table 3 presents differences in these clusters concerning AVs appeal, perceived benefits,
concerns and the pleasurability of the driving task.

Table 3: Description of the three clusters: Mean (SD) and One-Way Analyses of Variance

(Games-Howell post hoc test)

Full Cluster 1 Cluster 2 Cluster 3 F dft | afe

sample | Objectors | Ambivalent | Enthusiasts | Score P
| find AVs an 3.7 2.4 3.5 4.2 142.2
appealing concept* | (0.96) | (0.89) (0.79) 0.66) |(welch)| 2 |1859] <001

. - 4 4.3 4 3.9

| enjoy drivingV (0.98) (0.96) (0.96) (1.01) 3.6 2 | 459 | <.001
Perceived benefits of AVs
. . 3.7 2.9 3.6 4 47
Higher safety (0.87) (1.02) (0.76) (0.71) (Welch) 2 |[181.7| <.001
Opportunity to 3.3 2.7 3.3 3.6 23.9
improve mobility* | (0.89) | (0.98) (0.79) 0.83) |(welch)| 2 [1882] <001
Travel-time 3.2 2.6 3.2 3.4
savings* ©094) | (085) (0.89) (0.92) 247 | 2 | 498 | <.001
Reduction of gas 3.6 3.2 3.6 3.8
emissions* (0.84) (0.9) (0.78) (0.83) 146 | 2 | 498 | <.001
Perform non-
s . 3.9 3.3 3.8 4.2 41
Qr|V|ngtisksdur|ng (0.77) (0.86) (0.71) (0.65) (Welch) 2 |184.9| <.001
journeys
Concerns about AVs

3.6 4.1 3.7 3.4 20.9
Lower safety* (0.76) (0.68) (0.65) (0.82) (Welch) 2 203 | <.001
e " 3.2 35 3.2 3.1
Difficult to use (0.75) (0.68) (0.75) (0.76) 9.1 2 498 | <.001
Data privacy 3.6 4 3.6 3.6
issues* (0.86) ©0.8) (0.83) (0.89) 64 | 2 | 498 | <.001
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Loss of manual 3.3 3.9 3.4 3.1 19.5
driving pleasure* | (0.95) |  (0.93) (0.82) 0.98) |welch)| 2 |1957| <001
Job losses (truck
. ! 34 3.9 3.4 3.2

buses, taxi 10.3 2 498 | <.001
drivers)* 1.2) (1.17) (1.15) (1.21)
Issues related to

PR 3.8 4.1 3.8 3.7 54 21471
reliability in case of 2 <.001
accident* Q) (0.83) (0.95) (1.08) (Welch)

* Significant differences (p < .05) between all clusters
V Significant differences (p < .05) between clusters C1 and C2

DISCUSSION
PATTERNS OF ACCEPTABILITY

Three clusters were identified based on the respondents’ intentions to use a FAV, preferences
for FAV to NAV, degree of comfort to entrust the safety of a family member to a FAV, and
intentions to use an automated bus. Some noteworthy features should be underlined. First, to
consider AVs an appealing concept distinguishes all the clusters identified. Second, the
participants allocated to the AVs Ambivalent cluster report a higher level of pleasure in
manual driving and, at the same time, consider AVs as an appealing concept. Yet, these
participants demonstrate more concerns about AVs than AVs enthusiasts. The debate about
acceptability appears to be more expressive among the members of this group. Pettigrew et
al. (2019) underlined the need to explore other variables influencing the membership of this
group. Third, the pleasurability of the driving task plays a crucial role in determining
acceptability. Here lies a possible explanation for the fact that Portuguese participants
allocated to cluster 1 (Objectors) showed less overall acceptability: these respondents could
expect that AVs will be on average less enjoyable than manual driving. Hartwitch et al.
(2018) stressed that such results tend to be obtained without participants having had the
opportunity to experience an automated driving situation. Notwithstanding, research has
emphasized the need to include the pleasure of manual driving when addressing the
acceptability of future AVs (Hartwich et al. 2018, Payre et al. 2014).

Finally, one of the main distinguishing characteristics between the two extreme clusters
(Objectors and Enthusiasts) is related to the perceived concerns and benefits about AVs (see
Table 3), mainly in terms of perceived safety.

BEYOND THE SOCIAL ACCEPTABILITY: THE SITUATED
ACCEPTANCE
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The results of the AUTODRIVING survey were complemented with five focus groups, with
38 participants (Simdes et al. 2021): 7 professional drivers (taxi drivers; driving instructors)
and 31 regular drivers. The exploration of the participants’ views made it possible to emerge
a debate regarding their “experience” as drivers. It is this experience that constitutes a
reference to the cognitive representation about a possible future situation, which in this case
(AVs) is largely unprecedented. The participants within focus groups gave to know other
views, i.e., the intention to use AVs is situated in the context of their current experience. The
professional drivers put forward concerns about (i) loss of pleasure of driving (“The higher
level of automation, the higher level of pleasure is taken away from the driver”); (ii) drivers’
status (“The driver moves from an active to a passive driver, and in the last level [of
automation] he/she’ll be a mere passenger”); (iii) loss of ability to perform some driving
tasks (“Today’s AVs already limit driving, these vehicles almost drive for themselves™); and
(iv) job losses among professional drivers (“With AVs, driving schools would go under (...)
At this point, | immediately link [the AVs] to unemployment in different sectors, namely taxi
drivers, right? And bus drivers, long-haul truck drivers, etc.”).

CONCLUSIONS

Although there are different acceptability paradigms (Barcenilla and Bastien, 2009, Bobillier
Chaumon, 2016), in the field of work psychology, addressing the higher, or lower,
acceptability of technology ought not to overlook the “activity point of view” (Silva and
Cunha, 2022) and the specificities of each context where these technologies are used. The
absence of this view in the discussion about a future activity could lead to considering the
responses less favorable to technology somehow as a result of “resistance to change”. On the
contrary, the analysis of technology acceptability should be situated in relation to the
experience in using such technologies and the experience and contexts of driving (Cunha et
al. 2021). Precisely, the focus groups enabled to bring to the fore the experience of the
participants as drivers (professional and non-professional drivers), contextualizing their
expectations and concerns about AVs in relation to the current experience of driving. In this
vein, instead of seeking to change perceptions about AVs, the identification of acceptability
levels should seek to assist the design of technology, which will be then practical assessed.
For instance, to gauge situated acceptance, simulation studies are important to approach the
probable future activity of the users (Daniellou, 2007). It is precisely what is currently
underway within the AUTODRIVING project, with the design of simulation scenarios of
automated driving. This is an intentional methodological path, which is consistent with the
perspective of creating conditions to sustain a practice-based acceptability.
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