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Abstract

In recent years, C-ITS services have been extensively specified, tested, and deployed, lead-
ing to their first commercial applications. While technical advancements are progressing,
the human factor remains crucial for widespread system implementation. The paper
presents results of two field studies on user acceptance evaluations focusing on six use
cases. Eighteen drivers participated in highway tests, while over 70 individuals responded
to an online survey. The empirical results are discussed considering related literature. A
structured literature review was conducted, starting with 426 papers, of which 32 were
deeply analysed. The key findings of the activities are that the compliance rate is extremely
high for safety-related services like hazard warning. However, compliance rates differ
depending on the use case. People trust information coming from road operators compared
to other sources of traffic information. In-vehicle information does not distract drivers
from driving and must be clear and easy to understand. While user acceptance is high,
particularly for safety-related services, there remains a need for clearer communication
about C-ITS benefits to enhance transparency and trust.

Keywords: C-ITS; user acceptance; field study; motorway; structured literature review

1. Introduction
Over the past 15 years, C-ITS (Cooperative Intelligent Transport Systems) services

have undergone extensive specification, deployment, and testing, leading to their first
commercial applications and rollouts in Europe. C-ITS implies the cooperation of all
connected traffic participants through data exchange. The most common cooperation types
are Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure (V2I), and vice versa, I2V.

1.1. C-ITS Initiatives

The start of the journey in Europe for I2V and V2I communication began with the
EU-funded project COOPERS [1] in 2006, where the focus was on information exchange
of safety-related traffic and infrastructure status between infrastructure and vehicles. The
project with 38 participants from all over Europe delivered valuable specifications and tests
of the system design and possible communication technologies.

Based on the results of COOPERS, but also SAFESPOT [2] and CIVIS [3], the need
for further European-wide cooperation was obvious because the C-ITS services shall work
across borders and among all traffic participants. Therefore, in 2012, the representatives of
the Dutch, German, and Austrian governments signed a memorandum of understanding
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to work on a European C-ITS corridor from Rotterdam to Vienna. In addition, the different
stakeholders recognized that a sustainable solution needs cooperation across industry
sectors and public authorities, leading to the non-formal strategic alliance called the Am-
sterdam Group. The process of cooperation evolved, resulting in the C-Roads platform,
which is a cooperation of member states and road operators [4].

In parallel, the technical aspects have been considered in different projects, stakeholder
groups, and standardization bodies. ECo-AT was the Austrian project of the European
C-ITS corridor [5]. The joint project of the road operator, industry, and academia laid
the foundation for solid specifications and technical tests between the members of the
vehicle and traffic infrastructure sector. Scoop@F was a project in France dealing with the
deployment of cooperative intelligent transport systems [6]. The project simTD [7] was
the largest test field for C-ITS in Germany, where realistic traffic scenarios were addressed.
The outcome and lessons learnt from these projects and many others, like the EU-funded
project InterCor [8], were used as a starting point for a European harmonization of C-ITS
Services in the C-Roads platform.

In the end, the technical framework and the specification of messages are mainly
covered in ETSI (European Telecommunications Standards Institute) [9–11]. The Car-2-
Car Communication Consortium (C2C-CC) [12] brings together the vehicle industry and
focuses on V2X (Vehicle-to-everything) use cases. Moreover, technology-related interest
groups like 5GAA [13] focus on use case deployment seen from a 5G perspective. The
European platform C-Roads is now responsible for harmonising the traffic infrastructure-
related Use Cases and the message profiles to guarantee a cross-border and cross-vendor
interoperability.

1.2. C-ITS Services and Use Cases

Numerous services and use cases have been specified across various stakeholder
groups and projects in Europe. These specifications differ significantly in aspects such as
application areas, naming schemes, and document structures. In the context of C-ITS, key
sources of information include 5GAA, C2C-CC, C-Roads, and ETSI. Based on an analysis
of these sources, services and use cases can be clustered into two broad categories:

• Cooperation mode: Sender and receiver of the messages (V2V, V2I, I2V)
• Day of deployment: Roadmap with services and use cases that are going to be de-

ployed in subsequent phases, called Day 1, Day 2, and Day 3 [14–16].

As there are no exact definitions of what service and use case are part of which
deployment phase, the C2C-CC roadmap presents a useful example of a description of the
phases.

• Day 1 summarizes services relating to “awareness driving,” including basic in-vehicle
warning applications or traffic information (e.g., road works).

• Day 2 comprises services referring to “sensing driving,” including vulnerable road
user protection or semi-automated driving functions (e.g., emergency brake assistant).

• Day 3 concentrates on “cooperative driving,” including cooperative automated driving
functions (e.g., cooperative lane merging).

The services and use cases presented in Table 1 are always realized by a communication
link among ITS stations as specified in the ITS-Station architecture of ETSI [9]. The messages
used for information exchange in the Day 1 services are listed in the C-Roads document [17].
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Table 1. Examples of C-ITS services and use cases.

Service Examples of Use Cases Cooperation Mode Day X

Road Works Warning Inform the driver about a closed lane and
how to drive (pass left or pass right) I2V Day 1

Hazardous Location Notification Inform the driver about a traffic jam, an
obstacle on the road or a slippery road I2V Day 1

In-Vehicle Signage Inform the driver about the current speed
limit I2V Day 1

Signalized Intersection

Inform the driver about the current traffic
light status or the optimal speed to pass the
intersection smoothly, public transport
priority

I2V Day 1

In-Vehicle Warnings
Inform the driver about an approaching
emergency vehicle or exchange information
about a pre-crash event

V2V Day 1

Augmented perception
Perception of non-connected vehicles,
perception of non-connected vulnerable road
users

V2V or I2V Day 2

Vulnerable road user protection Vulnerable road user presence awareness or
collision warning V2V or I2V Day 2

Semi-automated vehicle functions Cooperative emergency brake assistant or
cooperative adaptive cruise control V2V Day 2

Vehicles’ coordination Cooperative lane merging or cooperative
lane change V2V or I2V Day 3

Point of Interest management Automated valet parking in a public garage V2V or I2V Day 3

1.3. C-ITS Roll-Out

Extensive research, testing, and harmonizing of specifications led to the conviction
that the time has come to deploy and commercialize C-ITS services both on the vehicle
and on the traffic infrastructure side on a European level. The starting point is the Day 1
services and use cases mentioned in Table 1. The focus is on raising the awareness of the
drivers by connected in-vehicle driver warnings.

The roll-out of C-ITS equipment started on stretches of motorways with high traffic
volumes and at intersections in urban areas. Kotsi et. al. [18] listed numerous projects on
the European level, funded by different European initiatives such as Connecting Europe
Facility (CEF), Horizon 2020, or ICT Policy Support Programme. The projects not only
focused on pure large-scale hardware deployment, but also on designing and harmonising
the policy framework across Europe. Degrande et al. covered another important aspect of
the roll-out: cost efficiency [19]. They provided guidelines for road authorities on how to
determine the investment and operational cost of the C-ITS infrastructure or how to use
the legacy ITS infrastructure efficiently. C-Roads as a funded project in the CEF program
supports national authorities in financing the roll-out of C-ITS.

C-Roads provides a well-structured overview of the last 8 years of the main achievements
in the deployment of C-ITS infrastructure in Europe [20]. More than 2700 Road-Side-Units
(RSU) are installed and operational in 18 core and 8 associated member states. More than
2200 On-Board units (OBU) are installed in public transport vehicles in 54 cities across Europe.

The Austrian motorway operator ASFINAG deploys a C-ITS system consisting of Road-
Side-Units (RSU) as well as a C-ITS central system that receives and generates C-ITS messages
from and to the vehicles. In Germany, the motorway operator Die Autobahn GmbH des
Bundes deploys a C-ITS system including RSUs on warning trailers and a C-ITS central system.
In addition, the Czech Republic deployed RSUs along 360km of its motorways.

As a next step, cities have started to deploy C-ITS infrastructure. The Scandinavian
countries Denmark, Norway, Sweden, and Finland have joined forces in the NordicWay3
project. In Tampere, Finland, traffic light controllers are connected to the C-ITS backbone and
send traffic light status messages to vehicles. The same approach is being taken in Trento
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in Italy, where 13 intersections have been equipped with C-ITS infrastructure. In Bordeaux,
France, the focus is on the protection and guidance of vulnerable road users (VRU).

Finally, Table 2 provides an overview of the services and use cases rolled out first in
Europe and supported by private or public transport vehicles.

Table 2. First candidates of services and use cases for the roll-out.

Service Use Case Use Case Description

(1) Road Works Warning (1.1) Lane Closure
Inform the driver about road works
ahead with a closed lane and how to
drive (pass left or pass right)

(2) Hazardous Location Warning (2.1) Traffic jam ahead Warning about a traffic jam ahead

(2.2) Emergency of Rescue/Recovery
Vehicle in Intervention

Warning about an emergency vehicle on
the road for example due to an accident

(3) In-vehicle signage (3.1) Traffic Signage Informing about the current speed limit

(4) Signalized Intersection (4.1) Signal Phase and Timing
Information

Informing about the current signal phase
and upcoming signal phases of the traffic
light

(4.2) Traffic light prioritisation Designated vehicles (e.g., tram or public
bus) are given priority at intersections

1.4. C-ITS Impact Areas

C-ITS development and deployment projects require a methodology to assess the
impact of technology use and related benefits. Consequently, the FESTA handbook [21]
was written, where impact assessment is an integral part. The methodology is used in
C-ROADS [22] to evaluate the impact of C-ITS seen from a traffic infrastructure perspective.
It specifies the following impact areas.

1. Functional evaluation: Validation of the real-world performance of the services and
use cases in the vehicle (examples can be found in Table 1)

2. Safety: Validation of the safety improvements (e.g., reduced number of near-collision events)
3. Traffic efficiency: Validation of the traffic efficiency (e.g., reduction of lost time on a

stretch of a road)
4. Environment: Validation of the environmental situation (e.g., reduction of fuel consumption)
5. Socio-economic: Validation of the cost-benefit ratio of the deployed services and use cases.
6. Use acceptance: According to the FESTA handbook, user acceptance is defined as the

degree of approval of a technology by the users.

To get as much positive impact as possible, the C-ITS services must be accepted by the
users. The drivers of the vehicles on the road must trust and comply with the in-vehicle
information provided by the road operator.

1.5. C-ITS Field Studies

The paper includes results of two field-level studies evaluating driver acceptance of
in-vehicle information provided by C-ITS services.

The EU H2020 project ESRIUM was a joint multinational effort to improve the safety
and resource efficiency of road transport. The goal of the project was an accurate digital
map of road surface damage and road wear, which enables stakeholders to proactively take
resource-saving measures. Thus, routing recommendations in terms of lane changes or lane
offsets can both reduce road wear and increase traffic safety. At the same time, preventive
measures of this kind can avoid or delay any road maintenance measures, and artificial
intelligence can be used to identify potential road damage at an early stage. In ESRIUM, the
user acceptance of C-ITS services regarding lane change and lane offset recommendations
was investigated in a field study with ten truck drivers.

The impact assessment study, funded by the Austrian motorway operator ASFINAG,
aimed to evaluate the effects of Day 1 C-ITS services deployed on the Austrian motorway
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network. Specifically, the study examined their impact on traffic safety, efficiency, and
environmental performance, as well as the level of driver acceptance.

1.6. Scope and Research Questions

This paper presents the results of a user acceptance evaluation of C-ITS services,
conducted with a heterogeneous group of 18 drivers in Austria as part of a broader im-
pact assessment. It also includes findings from an online questionnaire completed by
95 participants. The focus lies on I2V services (see Section 1.2), which provide drivers
with information about traffic-related situations and offer driving recommendations in
interurban scenarios. The evaluation was carried out using real-world test drives with
interviews and an online survey. Results of the evaluation were discussed using 26 relevant
papers from the literature. Psychological and cognitive science aspects, however, were
beyond the scope of this paper.

The paper aims to answer the following research questions:

1. What is the perceived level of usefulness of the specific C-ITS services (1) Road Works
Warning, (2) Hazardous Location Notification, (3) In-Vehicle Signage, and (4) Routing
recommendation?

2. How do users rate the perceived ease of use of the specific C-ITS services (1) Road Works
Warning, (2) Hazardous Location Notification, (3) In-Vehicle Signage, and (4) Routing
recommendation?

3. How do users rate the behavioural intention to use the C-ITS services (1) Road Works
Warning, (2) Hazardous Location Notification, (3) In-Vehicle Signage, and (4) Routing
recommendation?

4. To what extent do the findings of the current field studies align with and are supported
by existing C-ITS literature?

The paper is organized as follows: Section 2 provides an overview of the methodology
used for both the user acceptance and the literature review. Section 3 presents the results
of the two field studies, while Section 4 discusses the results and compares them with the
results of the literature review. Section 5 concludes the paper and gives an outlook.

2. Methodology
The aim is to evaluate the acceptance of C-ITS services by drivers. Therefore, two field

studies were conducted (see Section 1.5), including an online questionnaire and test drives
(see Section 2.1). Moreover, relevant literature was reviewed (see Section 2.2), being the
foundation of a later discussion of the field study results. The focus of the user acceptance
was on Infrastructure-to-Vehicle (I2V) C-ITS services. In other words, information is sent
from a traffic management centre to vehicles on a motorway and displayed to the driver in
the vehicle.

The following C-ITS services are covered in the paper (ref. Figure 1):

1. Road Works Warning (RWW), Lane Closure: warning information is given to the driver
due to construction work. The right-most lane of a motorway is temporarily closed.

2. Hazardous Location Notification (HLN), warning for hazardous situations like Emer-
gency of Rescue/Recovery Vehicle in Intervention, and Traffic Jam Ahead warning:
warning information is given to the driver due to an accident or a broken-down
vehicle. The left-most lane of a motorway is closed, and there is a traffic jam.

3. In-Vehicle Signage (IVS), Traffic Signage: information is given to the driver with the
current speed limit on the motorway.

4. Routing recommendations within and between lanes based on the road wear map
(LCR): information is given to the driver to change lane or lane offset due to a pothole
on the lane of the motorway.
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Figure 1. Overview of the evaluation design of user acceptance.

While the C-ITS services 1–3 are specified at European level in C-Roads [4] and
considered as Day 1 service, the fourth service is still under development in the EU-funded
project ESERCOM-D to reach a higher Technical Readiness Level (TRL) [23].

Figure 1 provides a summary of the user acceptance evaluation design. The partici-
pants are car and truck drivers. Two field studies apply the Technology Acceptance Model,
while the literature review follows the PRISMA statement approach. User acceptance
is evaluated through test drives and an online questionnaire. For the literature review,
three categories with related keywords were used to identify relevant studies in different
databases. Finally, the results from the field studies and the literature review are combined
to form an overall picture of user acceptance of C-ITS services.

2.1. Driver Acceptance

Both field-level studies followed the same approach and applied the ‘Technology Ac-
ceptance Model’ (TAM) [24] as a theoretical basis for the driver acceptance evaluation design
(see Figure 2). In the meantime, several extensions of this TAM were developed [25]. For
the paper, the focus is on the original one because the paper wants to evaluate “perceived
usefulness”, “perceived ease of use”, and “behavioural intention to use”(see Section 1.6).

The starting point of the model is “External Variables (EV)”, which provide some
descriptive information and influence the “Perceived Usefulness (U)” and the “Perceived
Ease of Use (E)”. “Perceived Usefulness” and “Perceived Ease of Use” both are the basis for
“Attitude Toward Using (A)”, and “Perceived Ease of Use” additionally has some influence
on “Perceived Usefulness”. The “Attitude Toward Using” influences the “Behavioural
Intention to Use (BI)”, which also has a direct link to the “Perceived Usefulness”. Finally,
the “Behavioural Intention to Use” is the core variable for the “Actual System Use” as the
main target of all innovation ideas. This mirrors the acceptance of the user.

The driver acceptance evaluation design includes two parts:

• Online questionnaire: Evaluation of the driver acceptance with a questionnaire.
• Test drives: Evaluation of the driver acceptance with selected test drivers who experience

the services and give feedback. Interviews with detailed questions for each use case in
the different question categories were conducted before and after the test drives.
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Figure 2. Technology acceptance model.

2.1.1. Online Questionnaire

Online questionnaires are utilized to assess driver acceptance of the C-ITS services. A
total of 95 provided their feedback. The questions were primarily derived from the expertise
of the C-Roads evaluation working group [22]. Each category of questions corresponds to a
component of the TAM as illustrated in Table 3.

Table 3. Overview of question categories and components of TAM.

Question Category Reference to TAM

Demographic data External variables (EV)
Profile External variables (EV)

Accidents External variables (EV)
Previous Knowledge External variables (EV)

Compliance Behavioural intention to Use (BI)

Desired Driving Information External variables (EV),
Behavioural intention to Use (BI)

C-ITS Services Perceived Usefulness (U), Behavioural intention to Use (BI)

2.1.2. Test Drives

The test preparation started with selecting test drivers who agreed to be monitored
and interviewed. The group of test drivers included four female and fourteen male drivers,
where ten people (male) were driving a truck and eight people (four male professionals
and four female non-professional drivers) were driving a car (see Figure 3). The test drives
with the trucks took place in July 2023, and the ones with the cars in November 2024.

The test area was located on the A1 motorway next to Linz, Austria, for the test drives
with the trucks, and on the S1 in the South of Vienna, Austria, with the cars. The motorway
A1 has three lanes and a hard shoulder in each direction, while the motorway S1 has two
lanes and a hard shoulder in each direction. The maximum speed limit is 130 km/h and
100 km/h, respectively.

The test vehicles were standard trucks and cars. They were equipped, in addition
to the built-in equipment, with a tablet or smartphone mounted next to the driver. The
displayed information to realize the desired C-ITS service was manually triggered by the
co-pilot, who knew the position of the events. The trigger points were specified before
and remained the same for every test drive. The information was presented to the driver
through pictograms displayed on a tablet or smartphone, and additionally, an acoustic
alarm was provided.
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Figure 3. Test drivers.

To analyse the driving behaviour, eye tracking was chosen as an additional source of
information. Within the tests, the mobile eye tracking glasses Pupil Invisible from Pupil
Labs [26] were used to record the eye movements, video of the point of view of the test
drivers, and the audio during the test drive.

The test drives included six test scenarios.

C-ITS service LCR (with trucks)

1. Lane-Offset-Recommendation: Change to the left or the right within the same lane
2. Lane-Change-Recommendation: Change the lane

C-ITS service RWW (with cars)

3. Road Works Warning, right-most lane is closed: Reduce speed and change to the left lane

C-ITS service HLN (with cars)

4. Hazardous Location Notification, Emergency vehicle closes left-most lane: Reduce
speed and change to the right lane

5. Hazardous Location Notification, Traffic jam ahead: Reduce speed, leave the motor-
way at the next exit

C-ITS service IVS (with cars)

6. In-vehicle signage, speed limit: Change speed to the displayed speed limit

All the test drivers were interviewed before and after the test drives (see Table 4). The
interview guidelines were primarily derived from the expertise of the C-Roads evaluation
working group [22]. Each question category refers to a component of the TAM.

Table 4. Interview, key aspects evaluated before and after test drive.

Before Test Drive After Test Drive

Demographic data (EV) -
Profile (EV) -

Accidents (EV) -
Previous Knowledge (EV) -

Desired Driving Information (EV, BI) Traffic sign recognition of C-ITS services (E)
C-ITS Services (U, BI) C-ITS services (U, BI)

2.2. Literature Research

The results of the test drives and the online questionnaire in the presented field studies
are combined with results from the literature to form an overall picture of user acceptance
of C-ITS services, as illustrated in Figure 1. The literature review is an important component
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as it provides a comprehensive overview of existing studies and findings relevant to the
research topic of the paper. This section forms the basis for further analysis and discussion
of the results of the field-level studies in Section 4.

The structured literature analysis was conducted to find out about users’ trust in traffic
information through various information channels, user acceptance of in-vehicle traffic
information, and compliance with traffic regulations and instructions.

For this purpose, the four-phase model from the “PRISMA Statement” by Liberati et al.
was chosen. The model suggests structuring the information flow within an identification,
screening, selection, and inclusion phase to improve the reporting of systematic reviews [27].
For the literature, the following databases were used: ACM, EBSCO, IEEE, Scopus, Springer
Link, and Wiley. The titles of the search were downloaded on 21 August 2024, and the
review was conducted between September 2024 and March 2025.

To structure the search for appropriate literature, three main categories were defined: In-
Vehicle Information, Technology Acceptance, Compliance, Trust, and Transportation Context.
These categories were selected to capture different aspects of in-vehicle information systems, their
acceptance by drivers, and their impact on behaviour and road safety (see Table 5). In Table 6, the
corresponding keywords are presented that were used to create various search strings.

The key challenge in creating the search strings was the limited number of papers
specifically addressing driver acceptance of in-vehicle information provided by C-ITS
services. In contrast, broader topics such as user acceptance or in-vehicle information alone
yielded an overwhelming volume of literature. Consequently, to systematically analyse the
literature, Boolean operators were used to combine these categories, specifically the AND
operator and within the category to link the keywords, the OR operator. This ensures that
the review focuses on studies that examine the relationships between these aspects rather
than considering them in isolation.

In Table 6, the keywords corresponding to the categories can be found.
After defining the search string, a total of 426 studies were retrieved. Following

the removal of duplicates (27 papers), a stepwise screening process, starting with titles,
followed by abstracts, was conducted. During this process, 273 studies were excluded due
to irrelevance, and 2 due to unavailability. As a result, 32 papers remained and underwent
a full-text analysis. Six of these studies were excluded because they lacked contextual
connections to the research topic. Ultimately, 26 studies were identified as relevant for
further thematic analysis. The process is illustrated in Figure 4.

Table 5. Categories for the literature review.

Category 1 Category 2 Category 3

In-Vehicle Information Technology Acceptance Compliance, Trust, and Transportation
Context

These keywords focus on different
types of in-vehicle information systems
and technologies. The goal is to
capture literature that discusses how
information is presented to drivers and
the various systems used for this
purpose. This category encompasses
the broader spectrum of information
delivery mechanisms in vehicles,
including traditional signage and
advanced cooperative systems.

These keywords are related to various
models and factors that determine how
and why drivers accept and trust
in-vehicle information systems.
Technology Acceptance Model (TAM)
and Unified Theory of Acceptance and
Use of Technology (UTAUT) are
prominent frameworks used to study
the acceptance of new technologies.
Including terms like user acceptance,
driver acceptance, and perceived
usefulness helps in understanding the
psychological and behavioural aspects
of technology use in vehicles.

This category focuses on the outcomes
and implications of in-vehicle
information. It includes keywords
related to driver compliance with the
information provided, the
trustworthiness of the information,
and various contextual factors such as
traffic and road conditions. By
investigating these aspects, the search
aims to uncover how effective the
information is in influencing driver
behaviour and ensuring road safety.

In-Vehicle Information AND Technology Acceptance: To understand which
in-vehicle information systems are most accepted by drivers.
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Table 5. Cont.

Category 1 Category 2 Category 3

Technology Acceptance AND Compliance, Trust, and Transportation Context: To
investigate how acceptance of technology influences driver compliance and trust,
and how these impacts driving behaviour and road safety.

In-Vehicle Information AND
Compliance, Trust, and Transportation
Context: To examine how different
types of in-vehicle information affect
driver compliance and trust, and how
this information is used under various
traffic conditions.

see Category 1

Table 6. Keywords used for structured literature review.

Keywords
Category 1

in-vehicle signage (IVS), in-vehicle information (IVIS), cooperative intelligent
transportation system (C-ITS), connected cooperative automated mobility (CCAM),
cooperative automated vehicles

Keywords
Category 2

unified theory of acceptance and use of technology (UTAUT), technology acceptance
model (TAM), user acceptance, driver acceptance, technology acceptance, system
acceptance, adoption of technology, acceptance of in-vehicle technology, user
satisfaction, perceived usefulness, information trust, source credibility, information
reliability, driving behaviour, willingness to use

Keywords
Category 3

compliance, trust, trustworthiness, decision, awareness, distraction, transportation,
road, traffic, roadwork warning (RWW), traffic bans, speed limits, road closures

The papers selected for full-text analysis were published between 2004 and 2024, aligning
with the evolution of C-ITS. These papers were categorized into five groups: five papers focused
on literature reviews or theoretical analyses, which means current literature, white papers,
policies, prior studies, and plans were analyzed. Fifteen papers were about experiments, of
which nine involved driving in a real-world setting. Eleven papers conducted simulation
studies, and eight of these were set within an experimental framework, aiming to manipulate
variables and analyse the outcomes. Five papers obtained results through survey studies or
focus groups. For an overview, see Table 7. For the literature list, see Table A1 in Appendix A,
where the matching of the paper ID and the paper itself is given.

Records identified 
through database 

searching (n = 426) 

 Duplicates removed 
(n = 27)  

  

Records screened (n = 
399) 

 

Records excluded: 
not peer reviewed (n 

= 0) 
not in English or 
German (n = 0) 

not related to topic 
(n = 273) 

not available as full 
paper (n = 2)  

   

Full text articles 
assessed for eligibility 

(n = 32) 

Full-text articles 
excluded with 

reasons 
(n= 6) 

   

 Studies included in 
thematic analysis 

(n = 26)  

Figure 4. Screening process for the literature review.
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Table 7. Literature list according to type of study.

ID Year Affiliation Country

Li
te

ra
tu

re
R

ev
ie

w
,

T
he

or
et

ic
al

A
na

ly
si

s

Ex
pe

ri
m

en
t

R
ea

l-
W

or
ld

D
ri

vi
ng

Si
m

ul
at

io
n

St
ud

y

Su
rv

ey
St

ud
y/

Fo
cu

s
G

ro
up

P01 2024 GR, US x x
P02 2024 KR x x
P03 2023 AU x x
P04 2023 KR x x
P05 2023 FR, UK x
P06 2022 DE, ES, IT, NL, FR x
P07 2022 PL x
P08 2022 AT, DE x
P09 2022 QA, AU x x
P10 2022 US x x
P11 2021 MY x
P12 2021 NL x x
P13 2020 FR, UK x
P14 2019 AU x x
P15 2017 UK x x
P16 2016 US x x
P17 2015 SW x
P18 2014 UK x
P19 2013 IT x x x x
P20 2013 TW x x
P21 2012 DE, AT x
P22 2012 DE x x x
P23 2011 DE, AT x x
P24 2010 SW x x
P25 2008 SW, US x
P26 2004 US x x

SUM 5 15 9 11 5

3. Results
The two field-level studies used the same methodology but differed in the target group

of drivers in the test drives and interviews. In the ESRIUM project, the focus was on truck
drivers; in the ASFINAG study, the participants were car drivers. In the following, the
results of both target groups are presented, starting with the results of the questionnaires,
followed by the results of the test drives.

3.1. Questionnaire Results

The results comprise feedback from participants of an online survey and interviews
with test drivers. While the first group includes any type of driver (truck or car, or
motorcycle), interviews are separated into truck and car drivers. In the ESRIUM project,
the focus was on the C-ITS service LCR (ref. Section 2.1.2) where drivers in the vehicle shall
change lane. The C-ITS services RWW, HLN, and IVS (ref. Section 2.1.2) were in the scope
of the ASFINAG study, where drivers in the vehicle shall primarily reduce speed.

3.1.1. Demographic Data of Users

In the ESRIUM project, the questionnaire results comprise answers from 27 male respondents.
The 27 respondents include interviews of the 10 test drivers of the field test and 17 respondents
of an online questionnaire (see Figure 5). The online survey was open from 21 August 2023
to 30 October 2023. The total sample was 157, net participation was 34, and the survey was
completed by 27 people. The respondents were mainly aged above 35 years. Only 3 respondents
were between 25 and 34 years old. 9 respondents were aged between 35 and 44 years old.
8 respondents were aged between 45 and 54 years old, and 9 respondents were aged 55 years
and over (see Figure 6). Respondents also differed in terms of nationality. 16 Austrian, 6
Italian, 2 Hungarian, 1 Turkish, 1 Rumanian, and 1 Bulgarian truck drivers participated in
the questionnaire. 14 respondents stated that to work as professional truck drivers and drive daily,
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whereas the remaining 13 respondents occasionally drive trucks. 19 respondents drove more than
300,000 km since they obtained their driving license (see Figure 7). Only 4 out of 27 respondents
indicated that they have not been involved in a traffic accident so far. 15 were involved as a
driver, 1 as a passenger, and 7 as a driver as well as a passenger. Regarding the severity of the
road accidents, 18 respondents stated that the accidents caused only limited material damage.
1 respondent stated that serious material damage, but no physical injuries, occurred. 2 respondents
stated that serious material damage and limited physical injuries occurred. Another 2 respondents
indicated serious injuries as a result of the accident.
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Figure 5. Number of participants in the test drives and the online questionnaire.
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Figure 6. Age of the participants in the test drives and online questionnaire.



Appl. Sci. 2025, 15, 7664 13 of 34

 

1

3

4

19

6

16

24

30

0 5 10 15 20 25 30 35

less than 30,000km

30,001 to 100,000km

100,001 to 300,000km

more than 300,001 km

Kilometres driven lifetime

ASFINAG study ESRIUM

Figure 7. Estimated kilometers driven in the lifetime of the participants in the test drives and online
questionnaire.

The ASFINAG study included eight participants in interviews conducted between
5 November 2024 and 7 November 2024 (see Figure 5). The participants were evenly split
between males and females, all of whom were Austrian nationals. The age distribution was
intentionally diverse, with 25% under 25 years, 12.5% between 25 to 34 years, 37.5% between
35 to 44 years, and 25% between 45 to 54 years (see Figure 6). Educational backgrounds were
equally divided between secondary education and university level. All participants held a car
driving license, with 50% also licensed to drive trucks and motorbikes. Driving habits varied,
with half driving less than 10,000 km annually and the other half between 22,001 to 60,000 km.
Most participants drove a car, with 37.5% driving almost daily and 50% a few times a week,
primarily for various reasons, including leisure. Lifetime driving experience showed that 50%
had driven more than 300,000 km (see Figure 7). Regarding accident involvement, 62.5% had
experienced accidents as drivers, with consequences ranging from limited material damage to
serious material damage and limited physical injuries.

In addition, the ASFINAG study included an online survey that was open from
13 November 2024 until 6 December 2024. The total sample was 78, net participation was
73, and the survey was completed by 68 people (see Figure 5). The survey data reveals a
diverse group of participants, predominantly male (69%) and aged between 35 to 44 years
(40%) (see Figure 6). The majority are Austrian nationals (82%) (in total participants of
6 nations) with a high level of education, as 87% have obtained a university degree. All
participants hold a car driving license, with a significant portion also licensed to drive
motorbikes (26%). Most participants drive between 10,001 to 22,000 kilometres annually
(53%) and are frequently on the road, with 50% driving almost daily. The primary vehicle
used is a car (94%), and driving is mainly for various reasons, including leisure (59%). A
substantial number of participants have driven over 300,001 kilometres since obtaining
their license (38%) (see Figure 7). Traffic accident involvement is relatively high, with 41%
having experienced accidents as drivers, though serious consequences are rare, with only
16% reporting serious material damage and limited physical injuries.

3.1.2. Desired Information and Compliance Rate

In the ESRIUM project, truck drivers were consulted regarding their current use of
information systems whilst driving. 22 respondents indicated that they are using an app (e.g.,
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Waze, Google Maps) on their smartphone, 20 stated that they use the built-in navigation
system of their vehicle, and 12 indicated that they are using a separate navigation device
(e.g., TomTom). The overlapping numbers of system usage suggest the parallel use of
information systems while driving. In addition, 18 respondents stated that they used the
traffic information provided via radio. Two respondents stated that they used the warnings
of speed cameras.

With respect to the desired free of charge information, the following ranking could be
observed in the answers of the truck drivers:

• Warnings for actual traffic jams (24/27)
• The regulatory speed limit (20/27)
• Warnings for specific situations—e.g., bad weather, road works, emergency vehicles (20/27)
• Information about sorting lanes and exit/entry of motorways (16/27)
• Speed advice in specific situations, e.g., traffic jams, bad weather, road works (14/27)
• Speed advice at traffic signals (14/27)
• Information in case of base surface quality (14/27)
• Information about the availability of shoulder lanes or peak hour/high occupancy

lanes (11/27)

Regarding the compliance with the provided information, “change lane,” the following
insights were observed in the ESRIUM project. In terms of safety-related information
provided by road operators, 25 out of 27 respondents indicated that they would comply
with a given lane change recommendation. Only 2 respondents indicated that they “do
not know” how they would comply. The results with respect to a safety-related lane
offset recommendation are slightly different. 19 instead of 25 (in the lane change case)
out of 27 respondents stated yes, 4 “no”, and 4 “I don’t know”. Respondents commented
that in terms of safety, they are willing to comply with the lane offset. However, they
also stated that other traffic participants need to understand why they drive a given lane
offset. Additionally, qualitative statements of truck drivers with respect to lane change
manoeuvres during the test drives have been:

• “I would not perform a lane offset manoeuvre at road bridges, since I fear a safety
risk.” [Context: truck driver driving a land offset > 30 cm and crossing the barrier line]

• “I would not perform a lane offset manoeuvre at a highway entrance or exit, because I
fear a collision with vehicles entering/leaving the highway.” [Context: truck driver
driving a land offset > 30 cm and crossing the barrier line]

• “I struggled a bit to estimate if I am driving an offset of 30 cm.”
• “My typical driving behaviour includes an offset to the right. I do not drive in the

middle of a lane, [but] rather on the right side. If I [were to] adhere to an additional
offset, it could be that I would cross the barrier line.”

The answers regarding the compliance with non-safety-related information differ from
those given to safety-related information. A lower number of respondents (10 instead of 25 out
of 27) stated that they would comply with non-safety-related lane change recommendations.
This represents less than half of the respondents. 11 respondents explicitly stated that they
would not comply with non-safety-related lane changes, and 4 indicated that they do not
know. In case of a non-safety-related lane offset recommendation, the number of respondents
that would comply further decreases to 7 out of 25. The answers of the truck drivers highlight
the influence of “safety-relevance” on “compliance with information provided”.

In addition to the aspect of safety relevance, reasons to comply with “Bad Surface
Information” have been investigated. A ranking of the compliance reasons provided by
truck drivers is presented in Figures 8 and 9. For lane change recommendations, 24 out
of 27 truck drivers state that in case of a “lane closure” or “vehicle breakdown,” they will
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comply with it. 22 truck drivers stated that they would perform a lane change in case of
“existing potholes,” whereas 18 truck drivers indicated to do so in case of “expected traffic
jam”. 15 respondents stated to perform a requested lane change in case of “existing ruts”,
and 13 respondents indicated to do so in case of “bad weather conditions” and “paying
less toll”. The ranking with respect to lane offset recommendations is similar to the lane
change recommendation ranking. However, the number of items to be ranked is less in the
lane offset case.
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Figure 8. Compliance with lane change recommendation in case of . . .
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Figure 9. Compliance with the lane offset recommendation in case of . . .

In the ASFINAG study, car drivers in interviews and further people in the online
questionnaire, in total 76 people, were consulted regarding their current use of information
systems whilst driving. The results indicate that smartphone apps for traffic information are
the most popular among users, with 74.5% of respondents using them. This is followed by
built-in navigation systems (42.0%) and traffic information via the radio (57.5%). The use
of separate navigation devices (20.0%) and warnings of speed cameras (6.5%) is relatively
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lower. A small percentage of users reported using other systems not listed in the survey
(9.75%) or not using any system at all (1.5%). These findings suggest a strong preference for
smartphone-based solutions for navigation and traffic information. The data also highlights
the continued relevance of traditional methods such as radio traffic updates and built-in
vehicle systems.

With respect to the desired free of charge information, the following ranking could be
observed in the answers of 76 participants:

• Warnings for actual traffic jams received high recognition, with 71 respondents em-
phasizing the necessity of real-time traffic jam alerts.

• Warnings for specific situations such as bad weather, road works, and emergency
vehicles were deemed crucial by 66 respondents. This highlights the critical need for
situational awareness on the road.

• The regulatory speed limit was acknowledged by 63 respondents. This indicates a
strong consensus on the importance of adhering to speed limits.

• Speed advice in specific situations like traffic jams, bad weather, and road works was
supported by 44 respondents. This suggests a moderate level of importance placed on
adaptive speed recommendations.

• Other advisories were mentioned by 4 respondents, indicating a minimal but notable
interest in additional types of traffic information.

• None of the respondents selected the option indicating no need for advisories, under-
scoring the overall perceived importance of traffic-related information.

Regarding the compliance with the provided information “reduce speed,” the following
insights were observed in the ASFINAG study. Looking at the C-ITS service RWW and
HLN providing safety-related warnings, on average 89% of the respondents would comply
with the warning message and reduce their speed. The approval rate is similar to 84%
in the case of IVS providing speed limit information. The compliance rate drops to 66%
when speed advice information is provided to the drivers (see Figure 10). Additionally,
qualitative statements of the respondents of the online questionnaire with respect to speed
reduction were:
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Figure 10. Compliance with speed reduction in case of . . .

• “I would like to avoid an accident caused by inappropriate speed.” [Context: The
driver receives a warning of a traffic jam ahead]
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• “Trust in the road operator is higher than in the navigation device.” [Context: The
driver receives speed limit information through different channels]

• “I would adhere if the warnings proved to be accurate over time.” [Context: The driver
receives a warning of a hazardous situation and shall reduce speed]

• “Drive with more foresight and be more aware of potential dangers” [Context: The
driver receives a speed advice because of the current traffic situation]

3.1.3. Safety Improvement and Intended Usage

In the ESRIUM questionnaire, the usefulness of bad surface information and its
estimated impact on road safety were investigated. 25 out of 27 respondents indicated that
they consider “bad surface information” as useful. Furthermore, 23 respondents indicated
that they would like to receive bad surface information, and 21 of them do not fear being
distracted from the driving task. Regarding the potential improvement of road safety
through bad surface information provision, 25 out of 27 agree that such information would
improve safety. This is in line with the concerns about unexpected situations caused by
a bad surface. More than half of the respondents (17 out of 27) indicated that they have
concerns about a bad surface.

In the ASFINAG, the online questionnaire and the interviews also covered the question
of whether the participants want to have such in-vehicle information permanently in their
vehicle. Whereas in the interviews, the question was referring to every use case separately,
the online questionnaire included the question once for all use cases. The analysis of
the online questionnaire responses indicates that a substantial proportion of participants
(60–72%) express concerns related to potential driving hazards. These concerns primarily
focus on exceeding the speed limit and encountering unexpected events such as traffic
congestion or road construction. Moreover, a majority of respondents believe that C-ITS
information provision can effectively mitigate driving-related concerns and enhance both
road (78% approval rate) and personal safety (56% approval rate). This finding is further
supported by interviews conducted with test drivers, which revealed a similar sentiment,
although with minor variations observed across different use cases.

Therefore, it is not surprising that results reveal a strong overall preference for the
integration of C-ITS-based in-vehicle information systems. 50% of the respondents of
the online questionnaire and 75–87.5% of the respondents of the interviews agree on
having such an in-vehicle information system. Notably, a clear positive correlation emerges
between the concreteness of the presented use case, the level of user experience with the
use case, and the corresponding approval rate. The substantial proportion of “I don’t know”
responses (35% of the respondents of the online questionnaire) suggests the existence of
untapped potential for further increasing approval rates, likely through enhanced user
education and more tangible demonstrations of the technology’s benefits.

3.1.4. Willingness to Pay

The ESRIUM project and the ASFINAG study also included questions relating to the will-
ingness to pay for in-vehicle information. In ESRIUM, the questions asked for their individual
willingness to pay and a recommendation to their employer to pay for it. The individual’s
willingness to pay was ranked low. Only 1 respondent agreed to be willing to pay, and 3 respon-
dents somewhat agreed. The remaining participants (23 out of 27) did not indicate an individual
willingness to pay. The results regarding the recommendation to the employer to pay for such
information differ: 7 agree, 10 neither agree nor disagree, and 10 disagree.

In the ASFINAG study, the individual willingness to pay for C-ITS-based in-vehicle
information is significantly influenced by a multitude of factors. These factors include the
specific use cases supported by the service, the opportunity for users to experience the
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service, the perceived quality of service, and the proposed pricing structure. 18% of the
respondents of the online questionnaire agreed that they are willing to pay for the service.
They want to pay a monthly fee or even want to pay per use in the range of 5–10 € per
month. Individuals who had the opportunity to experience the use cases firsthand, as
demonstrated through participation in the test drives, exhibited a higher willingness to
pay for such services, between 50% and 75%.

3.2. Test Drive Results

The test drives in the ESRIUM project and the ASFINAG study analysed eye movement
indicators. Fixation and gaze points are key metrics in eye-tracking research. A gaze point
represents the basic unit of measurement—each one corresponds to a raw sample captured by
the eye tracker. For instance, if an eye tracker records at 60 Hz (60 times per second), each
gaze point represents 16.67 milliseconds. When multiple gaze points occur close together in
time and space, they form a fixation—a period during which the eyes remain focused on a
specific object. Fixation durations typically range from 100 to 300 milliseconds [28]. The field
studies primarily examined attention to and distraction from C-ITS in-vehicle information.

In both field studies, a so-called “area of interest” (AOI) was specified. The AOI
includes the smartphone or tablet where the information is displayed to the driver (see
Figure 11 from the ESRIUM project). This AOI signals the manoeuvre request.

Table 8 lists dwell times, assumed distances driven while dwell time, and counts related
to fixations and revisits as a result of the truck’s drives. Fixations last on average 0.468 s, i.e.,
10.4 m driven at a speed of 80 km/h. The minimum of fixations is 66 milliseconds, whereas
the maximum is 1.56 s, and the average is 468 milliseconds. This translates to distances driven,
while Dwell time ranges from 1.47 m to 23.47 m.

While driving, altogether 6 manoeuvres (2 × Lane Change Left, 2 × Lane Change
Right, 2 × Lane Offset) were requested of the truck driver on the motorway. The fixation
metrics for 9 truck drivers indicate that, on average, a truck driver performs a fixation five
times, ranging from a minimum of 1 fixation to a maximum of 12 fixations. Revisits to the
AOI range from 0 to 10 times (average 3).

 

Figure 11. Definition of Areas of Interest.
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Table 8. Fixation- and Gaze-based analysis for AOI “Tablet”.

Fixation Based Metrics AVG MAX MIN

Dwell time (ms) 00:00:00.468 00:00:01.56 00:00:00.66
Distance driven in meter
while Dwell time at speed of 80 km/h 10.40 23.47 1.47

Fixation count 5 12 1
Revisit count 3 10 0
Gaze based metrics
Dwell count 22 40 3
Dwell time (ms) 00:00:05.221 00:00:09.718 00:00:00.691
Distance driven in meter
while Dwell time at speed of 80 km/h 116.02 215.96 15.36

Additionally, heat maps for truck drivers’ gaze points and fixations were generated
within the analysis. The heat maps confirm that the main attention of the truck driver
is given to the vehicles in front of the truck. Minor attention is given to the tachometer.
The number of fixations and gazes in the area of the tablet does not indicate a cluster.
In other words, minor attention was given to this area by the drivers on the motorway.
However, the truck drivers noticed the information provided and complied with it in case
the surrounding environment allowed them to do so.

In the ASFINAG study, the reaction time to a change on the display was evaluated for
eight car drivers, every use case focusing on the first and second sign of every use case (i.e.,
pre-warning “in 500 m” and first warning sign) to assess the information awareness.

The average reaction time (duration between activating the sign on the display and
first gaze on the display, considering all use cases and test drivers) is shown in Table 9.

Table 9. Overview of reaction time values.

Average Min Max Median

1.82 s 0.33 s 4.54 s 1.58 s

Looking at both car driver groups, i.e., professional and non-professional drivers,
there is no significant difference in the reaction times. On average, the car drivers looked
at the display for the first time 50 m after activating the sign, considering the speed limit
of 100 km/h. There are high and low values in every group. Additionally, the is no
dependency of the reaction time on the use case and signs displayed.

The fixation-based parameters in Table 10 show that, on average, car drivers fixated
(i.e., looking more than 100 ms on the display of the smartphone) the display 7.5 s and did
that 71 times in the 700 s of the test lap. These values are a strong indication that the signs
attract the attention of the car drivers.

Table 10. Fixation- and gaze-based metrics.

Fixation Based
Metrics Average Min Max

Dwell time [ms] 7452.88 2187.00 19,946.90
Fixation count 71 27 92

Gaze Based Metrics Average Min Max

Dwell count 109 34 162
Dwell time [ms] 4860.24 115,614.82 64,646.23

Skip count 67 10 129

The gaze-based parameters in Table 10 show that, on average, test drivers looked at
the display 109 times and in total 49 s on the display during the test lap lasting 700 s. The
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skip count values show that especially the professional drivers looked more often (max.
129), but very short at the display. Whereas the non-professional drivers had a rather low
skip count (min. of 10). The conclusion of the values of the gaze-based parameters is that
the test drivers were not distracted from the pictograms of the display.

Finally, referring to Figure 12, the heatmap aggregated from all gazes during a single
test lap shows that the car drivers focused on the traffic (red and yellow areas) and,
when necessary, looked at the display of the smartphone (green dots in the vicinity of
the smartphone). Hence, the heatmap confirms that the signs on the smartphone do not
distract from driving.

  

Figure 12. Heat map of test drivers.

4. Discussion
The key findings in the two field studies, as outlined in Section 3, are manifold and

are presented in the following. The results are discussed in the context of the literature
research results as presented in Section 2.2.

4.1. Current Use of Information

The users in both C-ITS field studies are familiar with digital information devices in
their current use of information systems while driving. The overlap in the subsequent numbers
indicates that many drivers even use multiple navigation systems at once. In ESRIUM,
roughly 80% of the respondents reported using a navigation app (e.g., Waze, Google Maps)
on their smartphone. Meanwhile, ca. 75% used their vehicle’s built-in navigation system,
and ca. 45% relied on a separate navigation device (e.g., TomTom). In the ASFINAG
study, the results indicate that navigation apps for traffic information are the most popular,
with 74.5% of respondents using them. Built-in navigation systems are used by 42.0% of
respondents. In contrast, separate navigation devices (20.0%) and speed camera warnings
(6.5%) are far less common (see Figure 13).

Also, the literature shows that digital information is consumed whilst driving, evi-
dence has shown that drivers see the mobile phone as their primary system for navigation
and In-Vehicle Information Systems (IVIS) as secondary [29–31]. Even though IVIS is
designed to reduce unsafe mobile phone use while driving, some drivers experience mobile
phones as more intuitive for navigation and communication [29]. Also Oviedo-Trespalacios,
Nandavar, Haworth found that mobile phones are often preferred over IVIS while driving
because IVIS are perceived as having lower usability and lower ease of use [29].
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In summary, the results of the field studies and literature research confirm that smart-
phone navigation apps are the preferred source of information. The studies indicate that
smartphone apps are perceived as more intuitive for both navigation and communication,
whereas IVIS are associated with lower usability. This may be because IVIS with C-ITS
features are relatively new to the commercial market, while smartphones are already widely
used. Additionally, IVIS user interfaces vary between vehicles, whereas smartphone apps
maintain a consistent look and feel across different platforms.
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Figure 13. Current use of information in both field studies.

4.2. Desired Free of Charge Information

The ranking of desired free-of-charge information begins with “Warnings for actual traffic
jams,” which ranked first in both field studies. Nearly 90% to 93% of respondents want
access to this type of information in their vehicle. The second most important type of
information, with an approval rate of 75% to 86%, is “Warnings for specific situations such
as bad weather, roadworks, and emergency vehicles.” In third place is “The regulatory
speed limit,” with 75% to 82% of respondents finding it important. The newly introduced
ESRIUM use case, “Information about poor surface quality (e.g., potholes, ruts),” is relevant
for roughly 50% of respondents.

These findings suggest that drivers prioritize real-time traffic jam alerts to adjust their
driving strategy. There is also strong consensus on the importance of situational awareness
and adhering to speed limits. The top three types of information have been widely used
for years, traditionally delivered through technologies like dynamic road signs or radio. In
contrast, the ESRIUM use case is a newer concept, which may explain its lower approval rate.

Furthermore, research indicates that dynamic road signs, such as overhead gantries,
when combined with in-vehicle systems, enhance compliance with speed regulations
and improve driver situational awareness [32]. Studies also indicate that while IVIS can
complement traditional traffic management systems, they should not replace them entirely,
as drivers currently trust traditional signage more [31]. This indicates that in-vehicle
information systems alone are less effective than an integrated approach that combines
external and in-vehicle guidance [32]. However, road signs remain an effective means of
warning drivers about non-critical or non-urgent events in terms of safety [31].
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Additionally, drivers recognize the benefits of IVIS and V2X communication in pro-
viding real-time updates that improve driving efficiency [33]. The actual effectiveness of
connected vehicle safety features depends on their adoption rate and the quality of the
infrastructure. Therefore, further studies are needed to better understand their long-term
impact on safety and driver behaviour [31]. C-ITS is anticipated to improve vehicle safety,
mitigate congestion causes, and foster efficient, eco-friendly driving [34]. Additionally,
drivers recognize the benefits of IVIS and V2X communication in providing real-time
updates that improve driving efficiency [33].

In summary, both field studies and literature agree that a key benefit of IVIS is the
provision of real-time updates to the drivers. This is a clear advantage compared to
traditional infrastructure, such as dynamic road signs. However, drivers are used to
signage on the road and see IVIS as an add-on for traffic information. Looking at the user
groups in both field studies, other reasons for preferring signage information may be that
most of the participants are experienced drivers with an age of 35+.

4.3. Compliance

Both studies investigated compliance with the provided information. The key finding
is that compliance rates for “reduce speed” or “change lane/lane offset” instructions
are highest when the information is safety-related (see Figure 14). In ESRIUM, truck
drivers showed a 92% compliance rate for safety-related lane change recommendations,
compared to only 37% for non-safety-related ones. A similar trend is observed for lane-
offset manoeuvres: 70% of truck drivers comply with safety-related recommendations,
whereas only 26% follow non-safety-related ones. In the ASFINAG study, compliance with
safety-related warnings was also high. On average, 89% of respondents said they would
reduce their speed in response to road works warnings (RWW) and hazardous location
notifications (HLN). Research has shown that new features such as EVW (Emergency
Vehicle Warning) and EEBL (Emergency Electronic Brake Light) have the highest urgency
for implementation and could enhance safety. IVIS has the potential to improve drivers’
situational awareness and help them anticipate hazardous situations of varying urgency
and criticality at an early stage [31]. A study also demonstrated that drivers were more
likely to comply with in-vehicle information when it was synchronized with external visual
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cues, such as overhead gantries. For instance, the earlier the in-vehicle information was
displayed, the slower the drivers’ speeds were when speed limits were reduced [32].
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Figure 14. Compliance rate of “reduce speed” or “change lane/lane offset” instructions.

Additionally, compliance rates increase with trust in the information provider. In
ESRIUM, truck drivers were asked about their trust in road operators regarding bad surface
information and whether they would use it. The results are clear: roughly 90% rated
road operators as highly or very highly trustworthy, and 92% would use the information.
Similarly, in the ASFINAG study, all car drivers agreed that safety-related information
(RWW and HLN) from a road operator is trustworthy. This trust is reflected in statements
from the online questionnaire, such as: “Trust in the road operator is higher than in the
navigation device,” and “The road operator has more information about road conditions
than I do, especially for unfamiliar routes.”

Finally, the accuracy of the provided information plays a crucial role in compliance.
Some respondents emphasized this in the online questionnaire, stating: “It depends on the
accuracy and implementation of the supplier,” and “Sometimes I don’t find the suggestions
from operators reliable.”

These findings align with the driving simulator study by Payre and Diels, which suggests
that in-vehicle speed limit warnings can enhance drivers’ situational awareness and promote
more stable speed control [32]. However, while participants accepted the use of digital speed
limit warnings via a mobile app, they remained hesitant to fully replace traditional road signs,
highlighting the continued trust in established traffic control measures [32]. User acceptance
of in-vehicle technology is crucial, as it ensures that the systems are utilized, thereby meeting
fundamental design goals such as safety and driving efficiency [35].

Furthermore, it was found that to instill, build, and maintain trust in the user of in-vehicle
information, the information must be accurate [36], delivered precisely [37] and clearly [37],
and relevant, meaning both accurate and context-aware [37]. Otherwise, the credibility and
trust in, for example, an in-vehicle information system, are negatively affected [36].

Results of a study investigating the level of accuracy necessary in IVIS to elicit positive
behavioural and attitudinal responses from drivers indicate that a decrease in system
accuracy leads to a decline in both driving performance and trust and liking of the IVIS.
Females appear to be slightly more tolerant of inaccuracies compared to males [36].

Another interesting finding was that high levels of trust in new systems can lead to a
mismatch between perceived and actual reliability, potentially causing complacency, such
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as following incorrect navigation instructions. Surveys and anecdotal evidence highlight
issues with unreliable guidance from vehicle navigation systems. As drivers tend to develop
over-reliance on guidance information, sometimes ignoring real-world cues, they engage
in dangerous/illegal driving [35].

In summary, the literature confirms key findings from the field-level studies. Safety-
related use cases show the highest compliance rates, regardless of drivers’ age, experience,
or gender. For non-safety-related use cases, interview results revealed that younger and
less experienced drivers found the information helpful, whereas professional truck drivers
tended to be less receptive. Additionally, trust in information provided through IVIS
increases when the content is accurate and clearly presented.

4.4. Usefulness

The usefulness of C-ITS-based information correlates with drivers’ concerns, which
are primarily related to safety-critical and unexpected road situations. In ESRIUM, 62%
of respondents reported concerns about poor road surface conditions. Similar findings
were observed in the ASFINAG study, where a minimum of 60% and a maximum of 72%
of participants expressed concerns about potential driving hazards (see Figure 15). These
concerns mainly revolve around exceeding the speed limit and encountering unexpected
events such as traffic congestion or road construction.

A majority of respondents believe that C-ITS information can help mitigate these
concerns. The ESRIUM questionnaire examined the use of C-ITS services for bad surface
information, with 85% of respondents indicating that they would like to receive such
updates. In the ASFINAG study, 50% of online questionnaire respondents and a minimum
of 75% and a maximum of 87.5% of interview participants agreed that having in-vehicle
C-ITS information is beneficial.

The approval rate primarily depends on the perceived safety benefits. In ESRIUM,
92% of respondents agreed that bad surface information would improve safety. Similarly,
in the ASFINAG study, respondents believed that in-vehicle information enhances both
road safety (78% approval) and personal safety (56% approval). Second, the likelihood of
adoption increases if the C-ITS service is easy to use and understand. In the ESRIUM project,
10 truck drivers were asked to rate the following statement after their test drive: “The bad
surface information provided is clear and easy to understand.” All drivers responded with
“I fully agree.” Similarly, in the ASFINAG study, all eight car drivers unanimously agreed
that the provided C-ITS services were clear and easy to understand, highlighting the high
expected ease of use of these services.

Testing of IVIS revealed a significant difference in the effectiveness of information
delivery to users. Experimental results indicated that fewer errors occurred in response
to hazard warnings when the system provided both aural and visual feedback. Notably,
the accuracy of correct turns improved under complex driving conditions, with this effect
being particularly pronounced among older drivers, who benefited to a greater extent. The
findings suggest that adopting a multimodal approach that integrates visual and aural
feedback may enhance response times and overall driving performance [38]. Also, trust
in IVIS depends on the intuitive design of alerts; auditory signs that match real-world
driving contexts are more effective in gaining user trust [39]. The exclusive use of visual
information presentation may not be optimal, as research indicates that an increased visual
load can negatively impact both hazard detection and lane-keeping performance. Therefore,
interfaces that enable drivers to maintain their focus on the road, such as those integrating
visual and auditory feedback, are considered more suitable from a safety perspective [39].
A study also showed that in order to increase the drivers’ perceived urgency, faster auditory
signals are needed and high fundamental frequencies [31].
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Figure 15. Approval rates for topics relating to the usefulness.

A study with a similar design, featuring warning signals composed of symbols on a
mobile phone accompanied by an acoustic signal, found that urgent IVIS warnings such
as EEBL (Emergency Electronic Brake Light) and EVW (Emergency Vehicle Warning) had
a positive impact on driving behaviour. Additionally, drivers’ reaction times decreased
by an average of 2.8 s when a leading vehicle was visible and by 3.5 s in low-visibility
conditions. Furthermore, the average driving speed decreased after the EEBL warning
was issued. These improvements suggest that IVIS warnings significantly enhance drivers’
situational awareness [35]. Less urgent warnings, such as RWW (Road Work Warning) and
TCW (Traffic Congestion Warning), did not significantly influence driving speed, as road
signs already provided sufficient information about these situations.

An extensive study with 3000 test drivers over 12 months found significant changes
in drivers’ behaviour towards safer trends, including reductions in average speed, hard
braking rate, severe deceleration rate, speeding rate, and excessive speeding rate, after
receiving C-ITS warning services. These findings underscore the importance of C-ITS in
fostering public acceptance of cooperative autonomous driving strategies [34].

The usefulness is rated high in the field studies and literature if users perceive safety
benefits. Additionally, information must be easy to understand. Another aspect covered in
the literature is the way of warning drivers in their vehicles. It seems that the right combina-
tion of acoustic and visual warning further increases the perceived usefulness. Interesting
to mention that the approval rates were equal among the different users regardless of age,
gender, or driving experience.

4.5. Willingness to Pay

Both field studies also investigated participants’ willingness to pay for C-ITS services.
This willingness is influenced by several factors, including the specific use cases supported
by the service, the opportunity to test the service in real-life settings, the degree of cus-
tomization, perceived service quality, and the proposed pricing structure. In the ESRIUM
project, 14 truck drivers strongly disagreed, and five more or less disagreed with paying
for bad surface information. Three drivers indicated a willingness to pay, ranging from
somewhat agree to agree. When asked whether their employers should cover the cost, 37%
neither agreed nor disagreed. Similarly, in the ASFINAG study, 18% of online questionnaire
respondents expressed willingness to pay for the service. Participants who experienced the
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use cases firsthand during the test drives exhibited a higher willingness to pay, with ap-
proval rates between 50% and 75%, depending on the C-ITS service. Respondents preferred
either a monthly fee or a pay-per-use model, typically ranging between 5–10 € per month.

Overall, willingness to pay remains low as presented in Figure 16, but is highly
dependent on expected benefits. Certain user concerns must be alleviated through the
information provided by C-ITS services. In the ASFINAG study, two-thirds of test drivers
were willing to pay for traffic jam alerts, as they anticipated a higher level of personal safety.
A similar trend is observed in the latest 2025 Global Automotive Consumer Study issued
by Deloitte [40], where 48% of 1306 respondents in Germany expressed willingness to pay
for safety-related services such as emergency assistance (e.g., collision detection).
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Figure 16. Results of the willingness to pay feedback.

Lastly, personalization and seamless integration into daily driving habits influence
IVIS acceptance. Research shows that users are more likely to accept IVIS when they can
tailor settings to their needs [41]. Users may be more willing to pay for IVIS if these systems
can be tailored to their individual driving behaviour.

Data sharing is a sensitive topic for the users that should be kept in mind. Data
exchange was accepted if the information was shared exclusively within the community of
app users [35]. There appears to be a trade-off between privacy and the perceived benefits
of the app—the higher the perceived value, the lower the privacy concerns [35]. This also
suggests that if the perceived benefit for the individual is higher, the likelihood rises that
the system is used, which may affect the willingness to pay.

In summary, the results of both studies indicate that willingness to pay remains low
unless users experience the benefits firsthand, for example, during test drives. In the
ASFINAG study, male and female, professional and non-professional drivers showed
similar reactions. This tendency is confirmed by the Deloitte study. However, willingness
may increase if the in-vehicle information design is personalized and seamlessly integrated
into users’ daily routines.

4.6. Attention and Distraction

The field studies also examined attention to and distraction from C-ITS in-vehicle infor-
mation. Eye movement assessments were conducted on 10 truck drivers and 8 car drivers
during their test drives. For truck drivers, fixation durations ranged from a minimum of
66 milliseconds to a maximum of 1.56 s, with an average of 468 milliseconds. In contrast,
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car drivers exhibited significantly longer fixation durations, with a minimum of 2.2 s, an
average of 7.45 s, and a maximum of 19.95 s. These findings indicate that car drivers spend
more time looking at their smartphones than truck drivers. A possible explanation is that
truck drivers only needed to focus on two types of information, while car drivers had to
process four types. Additionally, in the ASFINAG study also 25% of the drivers were young
and inexperienced drivers.

Fixation-based parameters indicate that both truck and car drivers fixated (i.e., looked for
more than 100 milliseconds) on the tablet or smartphone. These values strongly suggest that the
signs attract the attention of both groups. This finding was further supported by post-test drive
interviews, where 7 out of 8 car drivers agreed that the in-vehicle information did not distract
them from driving. Finally, as shown in Figure 17, only around 20% of the participants of the
online questionnaires agreed that C-ITS services would distract them from driving.
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Figure 17. Results of online questionnaires in terms of distraction.

Additionally, heat maps of truck and car drivers’ gaze points and fixations were
generated as part of the analysis. The heat maps confirm that drivers primarily focus on the
vehicles in front of them. This further supports the conclusion that in-vehicle information
does not distract drivers from the road.

IVIS aims to serve as helpful advisors for navigation-specific information; however,
they risk distracting the driver with excessive information. One approach to mitigating
this issue is to share information during low-workload situations, such as at traffic lights
or when the driver’s workload can be directly estimated using user context information
(through additional sensors). Another strategy would be to generally reduce the amount
of information provided. Recommender systems, for instance, could achieve this through
personalization and context adaptivity [37]. To limit distraction, it has been found that voice-
based interactions with IVIS may reduce driver distraction compared to visual interfaces.
Screen-based interaction requires the driver to divert their eyes and attention from the road
to the screen [36].

Navigation system designers must consider not only the challenges of distraction and
excessive cognitive workload [35] but also additional factors such as routing efficiency and
its impact on safety and comfort. Findings suggest that these aspects may be of greater
concern to drivers than distraction alone [35]. IVIS has the potential to elevate cognitive
workload, which may consequently result in riskier driving behaviour [39]. While IVIS
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can improve driver awareness, poorly designed auditory alerts may increase cognitive
workload and cause attentional narrowing, impacting driving performance [39].

Research has shown that in tests where IVI was displayed within the central line of
sight, participants only needed to briefly glance at the mobile phone display. This task
was easy for participants, as they did not have to spend extended periods looking at the
display to perceive symbols or information. Visual attention does not necessarily require
individuals to directly fixate on a target—this ability, known as covert attention, allows
individuals to focus on an object within their visual field without making eye movements.
Both field studies confirmed this effect, particularly among experts. Similarly, Payre, Diels
suggests that this ability can improve with experience, such as through familiarity with
GPS or traffic navigation apps [31]. Additionally, previous research has demonstrated that
acoustic signals, when combined with visual signs, enhance drivers’ readiness to respond
to hazards and critical events [31]. However, it should be noted that drivers perceive an
excessive number of warnings as potentially distracting [31].

Connected vehicle features, such as in-vehicle warnings transmitted via vehicle-to-
vehicle (V2V) and vehicle-to-infrastructure (V2I) technologies, enhance drivers’ situation
awareness and support safer driving decisions [31].

Modern IVIS systems contain a wealth of information. However, not all information
can be directly conveyed to the user, as this could lead to information overload for the user.
The effectiveness of the data shared with the user depends on intuitive user interfaces [37].

In summary, both field studies indicate that attention to in-vehicle information is
high, while distraction remains low regardless of gender, age, and driving experience.
This is supported by eye-tracking assessments, driver interviews, and results from online
questionnaires. The literature confirms this observation but also highlights additional
constraints to minimize distraction, such as limiting the amount of information, ensuring
clarity, and incorporating acoustic or voice-based information where possible.

5. Conclusions
During the last 15 years, C-ITS services have been extensively specified, deployed, and

tested, culminating in their initial commercial applications and rollouts. Starting from research
projects and in the late 2000s, finally, commercial deployments are available in interurban and
urban areas. With the increasing maturity, it became more and more important to understand
the specific impacts of C-ITS and how users accept the provided services.

In two field studies, ESRIUM and ASFINAG studied the user acceptance of four dif-
ferent C-ITS services were evaluated following the approach of the Technology Acceptance
Model. Evaluation included a mixed-method approach to gain both insights during real-life
driving situations and further insights from an online questionnaire. In total, 10 truck
drivers and 8 car drivers experienced the C-ITS service in real life in the vehicle. 27 and
68 people, respectively, took part in the ESRIUM and ASFINAG study online questionnaire.

In the following, the main results are summarized based on the research questions (ref.
Section 1.6).

1. Perceived level of usefulness: In both field studies, around 60% of respondents reported con-
cerns about poor road surface conditions or potential driving hazards. In the ESRIUM
study, 85% of participants expressed interest in receiving such information through
in-vehicle systems. Similarly, in the ASFINAG study, 50% of online respondents and
between 75% and 87.5% of interview participants agreed that in-vehicle C-ITS informa-
tion is helpful. Trust in these systems increases when the information comes from road
operators; roughly 90% of ESRIUM participants and all ASFINAG test drivers reported
trusting operator-provided data. Furthermore, most participants (92% in ESRIUM and
78% in ASFINAG) believed that road safety is significantly improved by this information.
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Both studies also found that drivers paid close attention to in-vehicle alerts, with minimal
distraction, regardless of age, gender, or driving experience.

2. Perceived ease of use: In the ESRIUM project, all 10 truck drivers strongly agreed that the
bad surface information provided during their test drive was clear and easy to understand.
Likewise, in the ASFINAG study, every car driver reported that the C-ITS services were
straightforward and intuitive, underscoring the system’s strong ease of use.

3. Behavioral intention to use: Between 90% and 93% of respondents in both field studies
expressed a desire to receive in-vehicle warnings about current traffic jams. The second
most valued information type, with approval rates between 75% and 86%, was warnings
about specific situations such as bad weather, roadworks, or approaching emergency
vehicles. Regulatory speed limit information ranked third, considered important by
75% to 82% of participants. The newly introduced ESRIUM use case—notifications
about poor road surface quality like potholes or ruts—was relevant for about 50%
of respondents. Participants were most likely to follow “reduce speed” or “change
lane” instructions when the alerts were clearly linked to safety. However, willingness
to pay remained low among online respondents—only 18% in the ASFINAG study
and just three drivers in the ESRIUM project. In contrast, those who experienced the
services firsthand during test drives were more receptive, with 50% to 75% indicating a
willingness to pay, depending on the specific service. Among these, preferred payment
models included either a monthly fee or a pay-per-use system, typically ranging from
5 to 10 euros per month.

4. Alignment and support by existing C-ITS literature: In general, IVIS and C-ITS play a
vital role in improving road safety and ensuring compliance with traffic regulations
by delivering real-time updates and enhancing situational awareness [33,42]. IVIS
warnings, in particular, have been shown to significantly improve drivers’ awareness
of road conditions [35]. A large-scale study involving 3000 test drivers over 12 months
found that such systems led to measurable behavioural shifts, including reduced
average speeds—an indicator of safer driving patterns [34]. However, in-vehicle
systems alone are less effective than when combined with external guidance, under-
scoring the value of an integrated approach [32]. User acceptance also increases when
drivers can customize the system to their preferences [41]. While studies confirm that
in-vehicle information causes minimal distraction, researchers emphasize the need to
limit information volume to further reduce potential cognitive overload.

To sum up, from a user acceptance perspective, the C-ITS services tested in the two field
studies demonstrate high perceived usefulness, ease of use, and compliance rates, along with
low distraction levels. These factors strongly suggest that C-ITS services will achieve even higher
driver acceptance in the near future. The literature research conducted largely confirmed the
key findings. It also highlighted additional aspects in this area, such as the impact of traditional
road signage on the degree of acceptance or the design of the user interface.

The two field studies focused on interurban C-ITS-based use cases, some already
harmonized in C-Roads with a high Technical Readiness Level (TRL), while others were
newly specified and tested in the ESRIUM project with a lower TRL. The new EU-funded
project ESERCOM-D aims to investigate use cases with high TRL, particularly in rural areas.
While a higher TRL enhances the user experience for drivers, rural areas introduce new
constraints on driving strategies, such as two-way roads, intersections, and vulnerable road
users. Additionally, the ESERCOM-D project will collect further data on user acceptance,
supporting the scalability and transferability of results to broader contexts.

Finally, C-ITS-based services are crucial for automated driving. In the domain of CCAM
(Connected Cooperative Automated Driving), user acceptance is also highly significant.
The EU-funded project FAME developed a European Common Evaluation Methodology
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Handbook for Connected, Cooperative, and Automated Mobility [43]. It includes sections on
user acceptance and possible methodologies, such as the Technology Acceptance Model.
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