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Abstract: Warning system for pedestrians (WSP), one of cooperative intelligent transport system
(C-ITS) applications, is designed to increase safety for pedestrians but also for drivers and other road
users. The evaluation of end-user acceptance and perceptions of this technology is crucial before
deploying it in transportation systems. Five WSP human–machine interfaces (HMIs) were designed
and simulated using a driver’s first-view video footage of driving through a pedestrian crossing in
Newcastle upon Tyne. The five WSP designs were evaluated with 24 younger end users (35 years old
and younger). This study first evaluated the usefulness of the unified theory of acceptance and use
of technology (UTAUT) in modelling end-user acceptance in terms of behavioural intentions to use
WSP. The results suggest that the UTAUT can be applied to investigate the end-user acceptance of
WSP, with performance expectancy and effort expectancy influencing the behavioural intentions to
use WSP. Furthermore, we investigated end-user attitudes towards various WSP human–machine
interface (HMI) designs. Participants showed more positive attitudes towards visual-only interfaces
than towards audio-only and multi-modal (combinations of visual and audio) interfaces. Above all,
the findings of this research increase our understanding of public acceptance and perceptions of this
C-ITS application.

Keywords: cooperative vehicle–infrastructure systems; cooperative intelligent transport system
(C-ITS); warning system for pedestrians; human–machine interface; user acceptance; user attitude

1. Introduction

Cooperative intelligent transport systems (C-ITS; also known as cooperative vehicle–
infrastructure systems) enable cars to communicate with each other (vehicle to vehicle
(V2V)) and also allow vehicles to exchange and share information with the infrastructure
(vehicle to infrastructure (V2I)) [1]. Direct communication between vehicles, roadside
infrastructures, and traffic control centres through C-ITS potentially delivers significant
benefits, including improved road safety, traffic management, road user experience, and
energy efficiency, as well as reducing traffic congestion and emissions [2]. Over the last
decade, there has been increasing interest in C-ITS, with projects such as COOPERS,
SAFEPOT, DRIVE C2X, and Compass4D, examining the potential of the design and use of
various types of applications, including road hazard warning (RHW), red light violation
warning (RLVW), weather warning (WW), road works warning (RWW), emergency brake
light warning (EBLW), traffic jam ahead warning (TJAW), in-vehicle signage (IVS) and
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energy efficient intersection (EEIS) [2]. The European Union’s Horizon 2020 Research
and Innovation Programme project C-Mobile (Accelerating C-ITS Mobility Innovation
and Deployment in Europe) introduced C-ITS in eight sites (Barcelona, Bilbao, Bordeaux,
Copenhagen, North Brabant, Newcastle, Thessaloniki, and Vigo). The project ‘integrates
C-ITS concepts in practical, real-life and complex environments that aims to provide a safe
and efficient road transport without casualties and serious injuries on European roads, in
particular in complex urban areas and for vulnerable road users’. Among the variety of
C-ITS applications designed and developed in the C-Mobile project, a warning system
for pedestrians (WSP) has the potential to deliver significant safety benefits for drivers
and pedestrians.

Uncontrolled pedestrian crossings pose safety risks for vehicle drivers and pedestrians,
in addition to negatively affecting the efficiency of urban road networks [3]. The UK
Highway Code states that the ‘driver must give way when a pedestrian has moved onto a
crossing’. However, in reality, drivers may fail to give way to pedestrians, as they may not
be aware of someone crossing the road, or they may ignore the crossing areas [4]. To deal
with such issues, a common strategy is a roadside pedestrian warning system which detects
pedestrians crossing via roadside sensors and warns drivers with flashlights embedded
in the pavement near marked crossings [4,5]. One limitation of such infrastructure could
be that drivers may fail to pay attention to unexpected roadside warnings [6], and people
have much faster responses when a stimulus is closer to them [6]. The development of
CITS-WSP enables a vehicle to communicate with the infrastructure to provide in-vehicle
warnings to drivers through its human–machine interfaces (HMIs). This system would
be particularly beneficial when drivers are distracted or visibility is poor; for example,
pedestrians might emerge from between parked vehicles that block a driver’s sight.

Driving is a complex, multi-task activity in which a driver needs to interact with
the vehicle to perform primary driving tasks, such as steering, accelerating, braking, and
changing gear [7]. Drivers also perform secondary tasks within the vehicle, which often
involve interacting with the in-vehicle HMI [7]. WSP aims to provide warning alerts to
drivers about potentially dangerous situations involving pedestrians via the in-vehicle
HMI. The HMI design of a WSP should be carefully designed to take into account the fact
that drivers’ engagement with it could potentially contribute to increased distraction if the
driver focuses on the HMI instead of the road [8,9]. Driver distraction is a major factor in
road safety and a key element responsible for crash and near-crash events [10]. Moreover,
the HMI design of the WSP should also consider drivers’ physical and cognitive capabilities,
which are closely linked to the perceived usefulness and the driver’s acceptance of the
system [9]. Since the design of HMIs is strongly associated with the usability and safety
of in-vehicle driver assistance systems [7,11,12], it is imperative to understand drivers’
requirements and their acceptance of HMIs, in order to ensure that a WSP design would be
usable and beneficial to end users [13,14].

1.1. Measuring Driver Acceptance

Driver acceptance is an important criterion in the evaluation of the effectiveness of
in-vehicle HMIs [13,15]. Driver acceptance is defined as ‘the degree to which an individual
intends to use a system and, when available, incorporates the system in his/her driv-
ing’ [16]. Driver acceptance is also strongly associated with a user’s attitudes, subjective
experience, and willingness to use a technology [15]. Modelling technology acceptance
is necessary to increase the likelihood that a particular technology is accepted by end
users [17]. A number of social–psychological models have been developed to explain
and predict factors affecting technology acceptance and use, among which the technology
acceptance model (TAM) [18] and the unified theory of acceptance and use of technology
(UTAUT) [19] are the most commonly used. TAM built upon the theory of reasoned action
(TRA) [20] to suggest that perceived usefulness and perceived ease of use have direct
impacts on behavioural intentions [18]. UTAUT is based on TAM, integrating eight influ-
ential acceptance models into a synthesised technology acceptance model [19]. UTAUT
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proposes four components which could influence an individual’s behavioural intentions to
use technology: performance expectancy (PE), effort expectancy (EE), social influence (SI),
and facilitating conditions (FCs) [19]. Moreover, in this model, age, gender, and experience
are all hypothesised to act as moderators (Figure 1).
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Traditionally, UTAUT has been used to study user intentions to use information
systems, such as health information technology (home telehealth services) [21], educational
and communication technology (interactive whiteboards) [22], mobile banking services [23],
and e-government services [24]. UTAUT has also been applied to understand driver
acceptance of vehicle technology in recent years. For example, Adell [16] used UTAUT to
evaluate the SASPENCE driver support system, which aims to assist drivers to keep safe
speeds and distances from vehicles ahead. Performance expectancy and social influence
were found to have significant effects on behavioural intentions, but the explanatory power
of the model for intentions to use this system was only 20% when independent variables
(PE, EE, and SI) were included in the modelling. Henzler, Boller [25] used UTAUT to
investigate driver acceptance of a driver assistance system which provides eco-driving
recommendations. The results showed that performance expectancy and effort expectancy
may both have a direct effect on behavioural intentions. Rahman and Lesch [17] applied
UTAUT to evaluate driver acceptance of an advanced driver assistance system (ADAS).
The results indicated that the model could account for a 71% variance in behavioural
intentions towards this system, with performance expectancy, effort expectancy, and social
influence found as significant predictors.

1.2. Statement of the Problem

The testing and evaluation of C-ITS applications at an early stage are important for
the successful deployment of these services in a transport system [1]. An important task is
to investigate drivers’ comprehension and understanding of the applications [9]. However,
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knowledge regarding the user’s acceptance and perceptions of C-ITS applications is still
relatively scarce in an underdeveloped research field.

As an important example of C-ITS applications, the potential safety benefits of WSP
have been widely recognised by previous studies [4,26–30]. However, some studies focused
on WSP that was designed to be implemented on the road [4,26]. For those who studied
in-vehicle WSP, there is a trend in which their focus is mainly from a technical perspective
focusing on the system architecture [27–30]. There is limited research focusing on studying
the WSP from an end-user perspective. The exploration of end users’ attitudes and pref-
erences towards the different designs of HMIs of WSP is significantly under-researched.
The lack of such knowledge may potentially have a negative influence on the usability
of the designed WSP and reduce its potential benefits in terms of enhancing road safety
and efficiency.

1.3. Purpose of the Research

To solve this problem and fill the research gap identified above, this study aims to
evaluate driver acceptance of, and intention to use, the C-ITS application of a warning
system for pedestrians (WSP) while also exploring their attitudes towards various HMI
designs. Two research objectives that the current study addressed were as follows:

• To examine the effect of UTAUT constructs of performance expectancy, effort ex-
pectancy, social influence, and facilitating conditions on users’ behavioural intention
to use WSP;

• To examine user attitudes towards the different types of WSP-HMIs.

2. Materials and Methods
2.1. Design of WSP-HMIs

The evaluation of the characteristics of the HMI in the early stage is necessary since
one important element of the system includes the display and information provided to
the driver. Information or warning messages can be displayed in different formats via in-
vehicle HMIs, such as visual (text or pictures) and auditory display [7,31]. Visual displays
are the most common mode of information presentation, and most HMIs use them as the
primary mode of presentation [7]. In comparison with visual display, the auditory display
is relatively underused for driving tasks. However, several studies have found that using
an auditory display to present information has the least impact on driving performance
and workload [32,33]. Moreover, the use of a multi-modal display with a combination of
auditory and visual information could further enhance driver performance and is preferred
by the majority of users, as discussed by Liu [31], Jakus and Dicke [34], and Edwards and
Emmerson [35]. Therefore, in the current study, based on the driver’s first-view footage of
driving through a pedestrian crossing on the B1318 Gosforth Corridor in Newcastle upon
Tyne, we developed five different WSP-HMIs, including three single-modal displays (one
audio-only and two visual-only displays) and two multi-modal displays. For the auditory
display, we used speech-based information presentations in the form of a digitised human
female voice to provide warning messages, as described by Liu [31]. For the visual display,
we first adopted a pedestrian crossing sign and then combined the sign with a legend
displayed below it. This design was recommended by Payre and Diels [9], who pointed
out that displaying a legend below a warning sign could enhance the driver’s response
and improve comprehension of the sign by users. The multi-modal displays combine
audio and visual displays to provide warning messages with varying complexity to drivers.
The detailed WSP-HMI designs are shown in Table 1 and Figure 2.
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Table 1. Technical description of WSP designs.

HMI Modality Type of HMI Visual Element Auditory Element Description

Auditory HMI
(A HMI) Single-modal N/A

Computer Generated
Voice Message (2000 Hz,

75 dB)

First-view driving footage
integrated with a warning sound.

Graphical Sign HMI
(G HMI) Single-modal Red Graphical Sign N/A

First-view driving footage
integrated with a pedestrian

crossing warning sign.

Graphical Sign + Textual
HMI

(G + T HMI)
Single-modal Red Graphical Sign + Text N/A

First-view driving footage
integrated with a pedestrian
crossing warning sign and a

warning legend below the sign.

Graphical Sign +
Auditory HMI
(G + A HMI)

Multi-modal Red Graphic Sign
Computer Generated

Voice Message (2000 Hz,
75 dB)

First-view driving footage
integrated with a pedestrian
crossing warning sign and a

warning sound.

Graphical Sign+ Textual
+ Auditory HMI
(G + T + A HMI)

Multi-modal Red Graphic Sign + Text
Computer Generated

Voice Message (2000 Hz,
75 dB)

First-view driving footage
integrated with a pedestrian

crossing warning sign, a warning
legend below the sign, and a

warning sound.
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2.2. Measurements

In order to determine the factors affecting users’ intention to use WSP-HMIs, we
adopted measures of performance expectancy, effort expectancy, social influence, facilitating
conditions, and behavioural intentions, based on the UTAUT constructs identified by
Venkatesh and Morris [19]. A total of 18 measurement items were used to measure each
of the UTAUT constructs, as shown in Table 2, with all items measured on a seven-point
Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree).

Table 2. Questionnaire items.

Construct a Adopted Item b

Performance expectancy (PE): the degree to which individuals believe that using WSP will help them increase their
driving performance

PE1 I would find the system useful in my driving.
PE2 Using the system would enable me to react to unsafe driving conditions more quickly.
PE3 Using the system would improve my driving performance.
PE4 Using the system, my risk of being involved in an accident would decrease.

Effort expectancy (EE): the degree of ease associated with the use of a WSP
EE1 I found the system to be clear and understandable.
EE2 I would quickly get used to operating the system.
EE3 I would find the system difficult to use.
EE4 I would find the system a distraction whilst driving.

Social influence (SI): the degree to which individuals perceive that important others (e.g., family, friends, and colleagues) believe
that they should use WSP

SI1 I would use the system if it was recommended by a trusted friend or family member.

SI2 I would use the system if it was recommended by a trusted agency (e.g., police or motoring
authority such as the AA).

SI3 I would use the system if it was recommended by an authority (e.g., by your insurance company).
SI4 In general, the authority would support the use of the system.

Facilitating conditions (FCs): technical support for using a WSP system
FC1 I feel I have the understanding necessary to use the system.
FC2 I believe guidance will be available to me when deciding whether to use the system.
FC3 I believe specific persons (or a group) will be available for assistance with system difficulties.

Behavioural intentions (BIs)
BI1 If my car is equipped with a similar system, I predict that I would use the system when driving.
BI2 Assuming that the system is available, I intend to use the system regularly when I am driving.
BI3 Assuming that I had access to the system, I predict that I would use it in the future.

a UTAUT construct definitions were adapted from Venkatesh and Morris [19]. b Questionnaire items were adapted
from Venkatesh and Morris [19], Adell [16], Rahman and Lesch [17], and Madigan and Louw [36].

2.3. Participants and Research Procedure

The sample consisted of 24 participants, comprising 7 females and 17 males, recruited
from amongst students and staff members at Newcastle University. Their ages ranged from
18 to 35 years (M = 24.50, SD = 4.33).

Ethical approval was granted to the research team by Newcastle University Ethics
Committee before the study. This investigation was carried out using an online survey. Prior
to the experiment, the participants were given a brief introduction concerning the purpose
of the study and the design concepts of the WSP-HMIs. Then, the experiment began, and
the participants were asked to watch the first video clip of a WSP-HMI and subsequently
evaluate it by completing the UTAUT questionnaire. After that, the participants were asked
to repeat this process to evaluate the other four WSP-HMIs. The five videos were presented
in a randomised order.

2.4. Data processing and Analysis

The internal consistency of each scale was evaluated using Cronbach’s alpha. The
resulting values were compared against a minimum value of α = 0.70 in order to evaluate
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reliability coefficients in an absolute sense [37]. To examine construct validity, the entire sets
of subscales were evaluated by means of factor analysis. After that, a hierarchical multiple
regression analysis was employed to test the effect of predictor variables and moderator
variables on behavioural intentions [38]. Ordinal attitudinal data were analysed using
Mann–Whitney U and Friedman tests. Statistical analyses were carried out using IBM SPSS
statistics, version 23.

3. Results
3.1. Behavioural Intentions towards WSP-HMIs

The results of the UTAUT analysis are summarised in this section. Cronbach’s alpha
(α) was first calculated to evaluate the scale reliability. As shown in Table 3, Cronbach’s
alpha (α) values were all above 0.70, indicating high internal consistency was observed in
the data [37]. A factor analysis was conducted to determine the divergent and convergent
validity of all subscales. Application of the Kaiser–Meyer–Olkin (KMO) test for the mea-
surement of sampling adequacy yielded a score of 0.914, indicating that the dataset was
appropriate of data for subsequent factor analysis. Bartlett’s test of sphericity also gave a
significant value (χ2(153) = 2159.00, p < 0.001). The factor structure was then determined
using principal component analysis (PCA) extraction and Promax rotation. Table 3 shows
all factor loadings greater than 0.40, indicating that high construct validity was present in
the data [36,39].

Table 3. Characteristics of WSP HMI.

Construct Item Factor Loading Cronbach’s Alpha α

Performance expectancy (PE)

PE1 0.817

0.933
PE2 0.644
PE3 0.921
PE4 0.943

Effort expectancy (EE)

EE1 0.789

0.708
EE2 0.669
EE3 0.978
EE4 0.723

Social influence (SI)

SI1 0.464

0.896
SI2 0.615
SI3 0.605
SI4 0.681

Facilitating conditions (FCs)
FC1 0.878

0.889FC2 0.859
FC3 0.836

Behavioural intentions (BIs)
BI1 0.822

0.944BI2 0.926
BI3 0.818

Prior to multiple linear regression, correlation analyses were conducted to explore
the interrelationships between scales and their individual relationships with behavioural
intentions. As shown in Table 4, there were significant relationships between behavioural
intentions and performance expectancy (r = 0.866, p < 0.001), effort expectancy (r = 0.695,
p < 0.001), social influence (r = 0.767, p < 0.001), and facilitating conditions (r = 0.632,
p < 0.001).
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Table 4. Correlations between PE, EE, SI, FC and BI.

Factors PE EE SI FC BI

PE 1 0.657 *** 0.777 *** 0.621 *** 0.866 ***
EE 0.657 *** 1 0.702 *** 0.594 *** 0.695 ***
SI 0.777 *** 0.702 *** 1 0.700 *** 0.767 ***
FC 0.621 *** 0.594 *** 0.700 *** 1 0.632 ***
BI 0.866 *** 0.695 *** 0.767 *** 0.632 *** 1

*** p < 0.001.

Hierarchical multiple regression was used to test the moderated research model [38],
and in the current study, the predictor variables (performance expectancy, effort expectancy,
social influence, and facilitating conditions) and the moderator variables (age, gender, and
experience) were entered into the model in separate steps. The results shown in Table 5
indicate that, in the first step of the model, Performance expectancy and effort expectancy
were found to be significant predictors of behavioural intention and were able to explain
78.8% of the variance in behavioural intention. Performance expectancy was found to be
the strongest predictor (β = 0.626, p < 0.001), followed by effort expectancy (β = 0.158,
p = 0.014). However, social influence (β = 0.128, p = 0.112) and facilitating conditions
(β = 0.060, p = 0.333) did not significantly predict behavioural intentions. In the second step
of the model, the demographical variables also did not exhibit a significant effect; these
results agree with the work of Madigan and Louw [36].

Table 5. Results of hierarchical multiple regression.

Step Independent Variable Step1 β Step2 β R2 ∆R2

1

Performance expectancy 0.626 *** 0.648 *** 0.788 0.788
Effort expectancy 0.158 * 0.141 *
Social influence 0.128 0.107

Facilitating conditions 0.060 0.071

2
Age −0.020 0.777 0.001

Gender 0.010
Experience −0.040

* p < 0.05, *** p < 0.001.

3.2. Attitudes towards Different Types of WSP-HMIs

Participants’ attitudes towards the five types of HMI were examined using the ques-
tionnaire items of PE1, PE2, PE3, PE4, EE1, EE2, EE3, EE4, BI1, BI2, and BI3. As Figure 3
shows, the lowest level of enthusiasm was observed for A HMI, for which 58.7% of the
participants showed positive attitudes. This percentage was only slightly higher for G + A
HMI (59.1%). For G + A+T HMI, 62.5% of the participants showed positive attitudes. The
level of enthusiasm then increases to 66.7% for G + T HMI and 67.4% for G HMI.

The results of a Friedman test showed that there was a statistically significant difference
in participants’ attitudes towards the different types of HMI, χ2(4) = 13.994, p = 0.007. A
post hoc Wilcoxon signed-rank test showed that participants’ attitudes towards the G + T
HMI were statistically significantly more positive, compared with A HMI (p = 0.020) and
G + A HMI (p = 0.011). Moreover, participants’ attitudes towards G HMI were statistically
significantly more positive, compared with A HMI (p = 0.012) and G + A HMI (p = 0.016).
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4. Discussion

The evaluation of the acceptance and perceptions of C-ITS services among users is cru-
cial before the deployment of such services in a real-world transportation environment [9].
In the current study, we first applied the UTAUT model to study the users’ acceptance of a
C-ITS service of a WSP. The results indicate that the model was successful in predicting
behavioural intentions towards the WSP, accounting for 78.8% of the total variance.

Performance expectancy was the strongest predictor of behavioural intentions of
individuals, implying their belief that using the WSP would help them to detect pedes-
trians more quickly and improve their driving performance. This finding corresponds
with those of studies by Adell [16] and Rahman and Lesch [17], which also identified
performance expectancy as the strongest predictor of the acceptability of driver support
systems. The definition of performance expectancy is very similar to that of perceived
usefulness in TAM [19]. Rahman and Lesch [17] pointed out that perceived usefulness
can be defined as a belief in the usefulness of ADAS in enhancing driving performance,
and it was shown to have a direct effect on behavioural intentions. Similarly, the WSP
aims to enhance driving performance, such as increased safety for drivers and other road
users, and improved driver satisfaction. This perception of enhanced performance may
contribute to the behavioural intentions to use the WSP.

Effort expectancy also had a strong impact on behavioural intentions to use the WSP,
indicating that effort was a factor in such behavioural intentions. This finding is also
supported by Rahman and Lesch [17], who identified effort expectancy as the second
predictor affecting users’ acceptance of ADAS. To minimise the effect of secondary tasks on
driving performance, it is necessary for an in-vehicle HMI to be easy to use and the input
and output of the system should be clearly understandable [40]. Moreover, enhancement of
performance is associated with a system that is easier to use [17]. The WSP service provides
warning messages to users via auditory, visual, or multi-modal displays, and these various
HMIs may improve the effectiveness of the functionality of the WSP. Consequently, it may
be convenient for drivers to use it.

However, social influence failed to achieve significance in affecting behavioural in-
tentions, suggesting that other people’s opinions may not have such a strong impact on
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whether an individual will choose to use a WSP. The social influence measure is built upon
the construct of social factors from the model of PC utilisation (MPCU). Social factors were
specifically used to measure users’ acceptance of computer systems in organisations, where
the influence of co-workers may be more relevant [21]. Venkatesh and Morris [19] pointed
out that ‘The role of social influence in technology acceptance decisions is complex and
subject to a wide range of contingent influences’. Individuals’ decisions about the use of
technology were voluntary in nature, and therefore, in such circumstances, the opinions of
other people may not have significant effects on individual beliefs about the use of WSP.

Finally, facilitating conditions were not found to have significant impacts on be-
havioural intentions to use the WSP. In a car, facilitating conditions could be interpreted as
the availability of a learning tool, a help menu, a manual, or a passenger that could support
the driver in understanding and performing certain tasks [40]. In order to ensure that users
had some knowledge of a specific type of driving technology, a previous study carried out
by Madigan and Louw [36] asked participants to use the automated road transport systems
(ARTSs) at least once before they completed the questionnaire. Consequently, it was found
that facilitating conditions did have a positive impact on behavioural intentions to use
ARTS. It is important that the users had a chance to interact with in-vehicle systems and
understand the role of such systems in their driving, as discussed by Rahman, Lesch [17].
They found that participants who had experienced a driving simulator showed a signifi-
cantly higher intention to use the ADAS than those who merely completed an online survey.
Taken together, in order to further evaluate whether UTAUT could be a productive model
in influencing users’ acceptance of WSP, future studies should consider other approaches
(such as driving simulators) to provide users with hands-on experience of using a WSP.

In the current study, we also evaluated users’ attitudes towards various WSP-HMI
modalities. The results firstly show that participants had the least positive attitudes to-
wards the auditory HMI (A HMI). This finding corresponds with those of Jakus and
Dicke [34], who found users’ experience of an auditory HMI led to perceptions that it
was less predictable, supportive, and secure than audio–visual displays. Additionally, we
found that participants had lower levels of enthusiasm for multi-model HMIs (G + A HMI
and G + T + A HMI) than visual-only HMIs (G HMI and G + T HMI). Finally, the results
show that there is no significant difference in positive attitudes between G HMI and G + T
HMI. In the real world, both auditory and visual displays are associated with distraction.
Compared with visual displays, users may feel that an auditory display is more distracting
and annoying in that they cannot ignore it selectively [41]. Moreover, drivers were more
seriously distracted by additional auditory warning messages if they were already some-
what distracted by different in-vehicle visual displays [8]. Furthermore, increased numbers
of modalities result in increased ratings of urgency and annoyance among drivers [42].
Taken together, this might be a possible explanation for why participants preferred to
use visual-only displays. However, although we found that participants had less positive
attitudes towards multi-modal WSP-HMIs, it is still worth designing and developing such
displays. Previous studies have reported that the audio–visual modality could in fact
enhance driving performance and decrease mental load [34,35]. Moreover, Sodnik and
Dicke [32] found that initially, users prefer to use visual interfaces because they were more
effective and easier for the user, but they found auditory interfaces became more effective
after a few uses. Therefore, there is a need for customised and/or hierarchical design in the
future. For an in-vehicle alert system, it is important to consider when to present alarms to
drivers; therefore, there is a need to further investigate the interaction effects between the
urgency and modality of the WSP on driver acceptance and performance. The present study
is based on videos, but it will be worth investigating drivers’ behaviour and performance
and their subjective preferences towards WSP if they are seeing and experiencing these
HMIs in a simulated or real driving environment.
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5. Conclusions

This study aimed to understand end-user acceptance and perceptions towards one
C-ITS application of a warning system for pedestrians (WSP). Five WSP concepts differenti-
ated between HMI modalities were envisioned using a first-view, video-based method and
subsequently evaluated with younger end users. We adopted the UTAUT to evaluate social–
psychological factors affecting user acceptance of WSP. The results show that the UTAUT
model was successful in predicting behavioural intentions towards the WSP, with strong
explanatory power. Its performance and ease of use seem to be important factors influenc-
ing user acceptance of the WSP. Secondly, we investigated users’ attitudes towards various
WSP-HMI designs, and most test subjects were found to prefer visual-only interfaces rather
than audio-only and multi-modal interfaces. Auditory display and a multi-modal display
with additional auditory warning messages may be more distracting and annoying to
drivers. However, it is still worth considering and designing multi-model WSP HMIs in
the future, as this design has the potential to improve drivers’ driving performance and
decrease mental workload. Taken together, these findings provide evidence that increases
our understanding of public acceptance and perceptions of this C-ITS application.

This study has generated useful knowledge to inform the design of the C-ITS warning
system for pedestrians. There are still research limitations. This study revealed that the first-
view, video-based method of envisioning designs is cost-efficient, safe, and eco-friendly but
also effective in envisioning and evaluating the HMI designs of C-ITS systems. However,
it is still necessary to further evaluate the designs in high fidelity simulated environment
as well as in a real-world driving environment. Further research is planned to develop a
prototype of the WSP system based on the findings of this study and evaluate it using the
Newcastle University driving simulator as well as on real vehicles. Additionally, due to the
limited time and resources, this study was not able to recruit a gender-balanced sample;
therefore, future research could repeat the current study using a gender-balanced sample
and investigate the impact of gender on end users’ preferences of C-ITS WSP systems.
In addition, although the participants of this study were from a younger age group (aged
35 years and younger), the designed WSP system has the potential to benefit road users of
all ages. Therefore, further studies evaluating the WSP designs with middle-aged and older
age groups are planned. Considering older people were found to be a heterogeneous group
when interacting with automated vehicles [43], it is worth for further studies to explore
the influence of the different subgroups of older people on the acceptance and preferences
of the C-ITS WSP. Furthermore, the sample size of the current study is 24, future studies
could adopt a larger sample size to examine the effect of WSP on end users’ acceptance.
Nonetheless, in order to further evaluate the usefulness of UTAUT and the acceptance of
and preferences concerning WSP, future studies could consider using other approaches
(such as driving simulators and virtual reality) to provide users with hands-on experience
and enable them to interact with the designed systems. Finally, the current study focuses
on WSP implemented in conventional vehicles with level 0 of automation. With the trend
of the rapid development of vehicles with higher levels of automation (SAE Level 3 and
over) [11,43–46], future research could explore how WSP could facilitate safe and efficient
driving of automated vehicles.
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