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Abstract
Automated Vehicles (AVs) have the capability to manage all driving
tasks, ranging from navigation decisions to vehicle control under
various conditions. They are central to numerous discussions and
are perceived as key factors in enhancing traffic flow, safety, and
mobility. However, drivers of Conventional Vehicles (CVs) may
adjust their behaviors in response to the introduction of AVs, such
as by reducing their safety margins [15]. This study aims to prospec-
tively explore the reasons behind potential behavioral changes in
CV drivers using the theoretical framework of Social Representa-
tions (SR). One of the functions of SR is to guide behaviors and
practices by providing meaning to our actions [1]. Additionally,
SRs have been utilized to foster greater engagement [2]. This paper
presents preliminary results derived from two social psychology
methods: free and hierarchical associations, and a Test of Context
Independence (TCI) to identify the central core of SR. The findings
raise questions about the similarities between the SRs associated
with AVs and CVs. Although this research is ongoing and will
incorporate additional complementary methods, the initial results
already offer valuable insights for adapting road safety measures
to make them more specific and engaging.
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1 Introduction
1.1 Context
Automated Vehicles (AVs) are responsible for all driving activities,
from navigation decisions to vehicle control at all times. They
lie at the core of numerous issues and are perceived as factors in
improving traffic flow, mobility, and road safety [15]. The Soci-
ety of Automotive Engineers (SAE) defines six levels of vehicle
automation: Level 0 denotes no automation, Levels 1 to 3 involve
increasing levels of automation with human oversight, and Levels
4 and 5 describe vehicles that are partially or fully autonomous,
requiring no driver except in certain scenarios.

However, the widespread adoption of autonomous vehicles will
not be instantaneous. It is projected that by 2060, only half of
American traffic will be autonomous [10]. Therefore, it is expected
that various levels of automation will coexist on the roads, resulting
in mixed traffic environments. This perspective aligns with Rogers’
diffusion of innovation curve [19], which suggests that the adoption
of new technologies follows a gradual process where ”innovators”
and ”laggards” coexist.

Our focus is on the potential behavioral adaptations of conven-
tional car drivers in mixed-traffic settings. Studies on the causes of
accidents in traffic shared with AVs indicate that a primary cause
of accidents is the lack of experience among drivers regarding the
operation of AVs. This inexperience, coupled with behaviors such
as driving too closely or too fast behind an AV, contributes to an
increase in rear-end collisions [7, 15]. To anticipate these poten-
tial behavioral changes, we propose examining the field of Social
Representations (SRs) of AVs.

1.2 Literature
1.2.1 Representations and Social Representations (SRs). The con-
cept of ”representation” has been utilized in cognitive sciences for
some time, with related terms including mental models, schemas,
scripts, and mental images [18]. Representations can be either
”transitory,” constructed in real-time during a task to facilitate in-
terpretation, or ”stored in memory”, structuring and stabilizing our
knowledge in long-term memory [5]. Representations serve as an
”essential medium” between our perceptions and our actions, and
cognitive activity can be summarized as the activation and acquisi-
tion of representations [4]. Thus, we have one aspect focused on
understanding and another on knowledge acquisition and construc-
tion. Richardson and Ball distinguish between ”pre-constructed”
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representations, which reflect long-term, stable knowledge, and
”simultaneously constructed” representations, which are developed
dynamically in response to tasks and are more mutable [18].

In the field of social cognition, these notions of representations
are also present, focusing on how individuals process information.
However, Molinier and Rateau contrast social cognition with the
theory of SRs [16]. These two frameworks have long co-existed
without significant integration, yet a dual link can be established
between the individual aspect of social cognition and the collective
aspect of SRs. On one hand, the processes of social cognition con-
tribute to the development of SRs, with elements such as categories,
stereotypes, and causal attributions found in the content and struc-
ture of SRs. While SRs are collective, they are also constructed by
individuals. On the other hand, the process of social cognition can
be modulated by SRs, as individual cognition is based on collective
beliefs.

1.2.2 Social Representations (SRs). The theory of SRs was devel-
oped by Moscovici [14], who emphasized its importance for under-
standing the dynamics of social interactions and the determinants
of behavior. SRs provide a ”functional vision of the world” allowing
individuals or groups to make sense of their actions and understand
reality through their system of references [1]. Abric [1] defines a
structural approach to SRs, with a stable, resistant central core and
a dynamic, context-dependent peripheral system. Three aspects
need to be investigated when studying SRs: content, structure, and
context. Abric identifies four functions of SRs: (1) understanding
and explaining reality, (2) defining identity, (3) guiding behaviors
and practices, and (4) justifying positions and behaviors. SRs can
thus be considered as ”guides to action,”. According to Moscovici,
SRs consist of organized and structured information, beliefs, at-
titudes, and opinions about an object. To fully account for the
components of SRs, a triangulation of methods is required, each
with a specific objective. For instance, interviews are essential
for studying SRs and their context. Other methods, such as free
association (eliciting words related to an object) and hierarchical
evocation (ranking the importance of each elicited word), are more
specific to the structure and content of SRs [6]. Methods like the
Test of Context Independence (TCI) aim to confirm the structure of
SRs [11].

1.2.3 SRs and road safety. The automation of vehicles represents a
significant change, transforming the driver’s role. More broadly,
the development of artificial intelligence and digital technology
for AVs ”crystallizes several fears” [13]. The representation of AVs
and its evolution with these technologies is a pertinent question,
particularly given the literature on road safety in social psychology,
which remains ”a vast undeveloped field” [8]. The study of SRs of
new technologies is also underrepresented, especially regarding
their integration into daily life [16]. Examining the SRs of AVs
in mixed road traffic contexts offers an innovative perspective,
combining the integration of new technologies with the impact on
individuals’ behavioral adaptations concerning road safety, with a
focus on prevention.

2 Aim of the study and hypotheses
This exploratory study has multiple objectives corresponding to
the methods required for examining SRs of AVs. The objectives
are: (1) to explore the content of AVs’ SRs using free associations,
(2) to determine their structure and central core using the Test of
Context Independence (TCI), and (3) to investigate the context of
these SRs through interviews. We conducted two successive online
questionnaires with different samples of participants. This article
aims to present the preliminary results (work in progress) from the
first two questionnaires of the study on the representations of AVs.

3 Methods
3.1 First questionnaire: free associations
3.1.1 Participants. A total of 373 participants took part in the free
association questionnaire. They were randomly assigned to one of
two conditions: Automated Vehicles (AVs) or Conventional Vehicles
(CVs). The AVs’ condition (n=183) included 115 women, 67 men,
and 1 other. The CVs’ condition (n=190) included 109 women and
81 men. The mean ages were 40 years (min=18; max=79; SD=15.6)
and 38.6 years (min=18; max=78; SD=14.3), respectively.

3.1.2 Procedure and material. Participants were asked to list five
words they consider representative of either AVs or CVs (two dif-
ferent groups). They then ranked these five words from most to
least important and assigned each an emotional valence (positive,
neutral, or negative). The analysis of free associations is prototypi-
cal, highlighting the salience of certain elements by crossing two
criteria: frequency of appearance and rank of evocation [21]. Abric
adds the notion of importance with the method of hierarchical evo-
cations [1]. Important and frequent items constitute the central
core and the others the periphery of the representation. Lexical
analyses were conducted using IRaMuTeQ.

3.2 Second questionnaire: Test of Context
Independence (TCI)

3.2.1 Population. To date, 39 participants (25 women, 13 men, and
1 other) have completed the TCI questionnaire. The mean age
was 36.7 years (min=19; max=65; SD=12). Data collection is still
ongoing, with a target of reaching 200 participants.

3.2.2 Procedure and material. Given the spontaneous nature of the
free association method, we did not provide a definition to avoid
influencing the participants. However, for the TCI, we decided to
give a brief and neutral definition to provide a common base of
knowledge: an AV is a vehicle that can take over the driving activity
without human intervention.

After analyzing the free association results (prototypical analy-
sis), we identified a list of potentially central items (words from the
free associations central core). We also included some peripheral el-
ements of the SR and elements from the CVs’ SR. A total of 26 items
were selected and presented to participants in random order. Each
item was phrased as follows: ”In your opinion, is an autonomous
vehicle always, in all cases, a means of transport that [item, e.g.,
’is driverless’].” Participants responded on a four-point scale: (1)
”definitely no”, (2) ”rather no”, (3) ”rather yes”, (4) ”definitely yes”.
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Table 1: Central core structure verification

Items with a score above the Dmax threshold Comparison with the structure from free associations

cost Periphery
responsibility Periphery
comfort* Central core
fear Periphery
risk Periphery
robot* Central core

* Items with a score above the Dmax threshold (Dmax = 78.2226) and from the central core of AVs’ SR.

Figure 1: AVs and CVs’ structure and content comparison

We used the Dmax index of the Kolmogorov-Smirnov test to deter-
mine the threshold at which the propensity to answer 3 and 4 for
an item does not differ significantly from 100% [12]. Items meeting
this criterion are considered part of the central core.

�<0G = [(1 − 1.36/√=) ∗ 100]

4 Results
4.1 Free associations
The free association task regarding AVs yielded 915 words, with
a hapax rate of 25.35% (232 unique words) and 950 words, with a
hapax rate of 17.05% (162 unique words) for CVs. The respective
polarity indexes (0.13, 0.31) suggest a generally neutral representa-
tion. It is defined as (positive words - negative words) / total words,
to assess if the SR is positive (>0.4) or negative (<-0.4). Whereas
the neutrality indexes (-0.43, -0.50) indicate a higher proportion of
positive and negative items compared to neutral ones. It is defined
as (neutral words - sum of positive and negative words) / total
words, it helps determine whether a neutral polarity index arises
from a majority of neutral words (>0.4) or a majority of positive
and negative words (<-0.4). We conducted for each condition a
prototypical analysis of elements with a minimum frequency of 5,
main results are shown in Figure 1.

Using Hierarchical Descending Classification (HDC) [17], we
clustered AVs’ items based on their proximity and co-occurrence
into classes. Each class was assigned a general theme, grouping
the most associated items. We have identified 3 themes: general
characteristics (future, Tesla, electric, risk, etc.), disadvantages and

consequences (danger, accident, responsibility, insecurity, etc.), and
benefits (security, freedom, simplicity, peace of mind, etc.).

4.2 TCI
TheTCI allowed us to verify the centrality of the representation core.
Itemswith a response propensity of 3 or 4 above the Dmax threshold
(Dmax = 78.2226) are considered part of the central core. They are
presented in Table 1. The second column presents a comparison of
the results from free associations.

5 Discussion
5.1 Towards a representational model
These preliminary results suggest that the SR of AVs shares elements
with the SR of CVs. The common elements, particularly within the
central core, raise questions since a representation is fundamentally
different when its central core differs [1]. Based on the data from
the free associations alone, it is challenging to define a distinct
representation of AVs. However, the TCI has helped refine our
results and specify the central core for AVs.

As data collection is still ongoing, a comprehensive discussion
of the results is not yet possible. Nevertheless, it is noteworthy that
elements such as “comfort” and “robot” are part of the central core.
Other interesting findings have emerged. While we can currently
identify only two elements in the central core, some peripheral ele-
ments from the free associations show a response propensity of 3
or 4 higher than the Dmax index, including “cost”, “artificial intelli-
gence”, “responsibility”, etc. This suggests that the SR of AVs is part
of a broader context, as indicated by the comparison of free associ-
ations, and highlights the importance of distinguishing AVs from
CVs to better understand the centrality of AVs’ representations.

Starting from the themes, a model of AVs’ SR seems to appear.
Certain themes stand out: autonomy, danger, characteristics, and
benefits. In Figure 2, we visualize the clusters determined by the
HDC: general characteristics are mainly at the bottom, disadvan-
tages and consequences are in the center, and benefits are at the
top.

These initial findings also highlight contrasting themes such as
“danger” versus “safety” and “peace of mind” versus “awareness”.
Given the extensive scientific literature addressing trust in AVs
[20], and the general consensus that individuals tend to express
trust, we are prompted to question the source of this trust when
terms like “danger” and “accident” are frequently mentioned. It
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Figure 2: AVs’ representation model based on the analysis of
similarities

begs the question of why “security” is central while these con-
cerns remain peripheral, despite their intrinsic relevance within
the context. Therefore, we need to consider and understand the
current context surrounding AVs to interpret how individuals per-
ceive and reconcile the potential risks and benefits associated with
AV technology.

5.2 Limits and prospects
During the study design, decisions were made regarding whether
to provide a definition of AV. One limitation is the lack of context
for the SR. It’s important to investigate the content, structure, and
context of the representations. We focused on content and struc-
ture but need to supplement these findings with interviews. We
conducted a quantitative analysis using IRaMuTeQ software, but
adding a qualitative analysis outside the framework of our prelimi-
nary quantitative results would be beneficial to identify additional
themes and compare them with the quantitative findings. We plan
to adapt the Implicit Association Test (IAT) [9] to distinguish be-
tween AVs and CVs more accurately. This categorization task will
help us determine the extent to which an item is categorized as
belonging to AV rather than CV. This approach will provide a new
perspective, complementing our results with a method from outside
the field of SRs.

A longer-term perspective is to use these results to design appro-
priate road safety measures. If we identify certain representations
among specific types of populations (age, driving habits, driving
experience, most frequently used type of road, etc.), we can tailor
prevention strategies around the core of their representation. Stud-
ies [2, 3] have shown the importance of studying SRs for engaging

communication, particularly the use of items from the central core
of the representation. It is therefore relevant to verify which ele-
ments are common to all, which are specific, and to which people
they are specific.
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