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Abstract 

Many commentators argue that Autonomous Vehicles (AV) will become widely diffused as a road transport technology around the 

world. Implementation of high levels of automated driving depends on public acceptance of the technology, with comfort and trust 

being two important influencing factors. Hitherto, the evaluation of comfort and trust during travel in fully-automated real-world 

road vehicles is large unexplored. The present paper makes a novel contribution through analysing trust and comfort ratings of 

travel in an AV shuttle vehicle in a test facility. Two unrelated participants, accompanied by a safety operative and a researcher, 

experienced four runs in the AV during which two conditions were presented for each of the independent variables of ‘direction of 

seat face’ (forwards/backwards) and ‘maximum vehicle speed’ (8/16 km/h). Order of presentation was varied between pairs of 

participants. After each run, participants rated the dependent variables ‘trust’ and ‘comfort’ (the latter variable comprised by six 

comfort factors). Expected and evaluative ratings were also obtained during pre-experimental orientation and debriefing sessions. 

A strong correlation was found between comfort and trust, interpreted as indicating trust in the AV as an important predictor of 

perceived comfort. Statistically significant relationships (P<0.001) were found between trust and each of the independent variables, 

but for neither variable in the case of perceived comfort. However, the before and after-experiment ratings for both variables 

showed statistically significant increases, and particularly for daily car drivers. Implications are considered for vehicle design and 

for policymakers promoting ride-share AVs. 
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1. Introduction 

According to Siebert et al. (2013), trust and acceptance of automated or autonomous vehicles (AVs) are important 

factors to consider when evaluating comfort, which might be a discriminant factor for adoption (Bellem et al., 2018). 

There is potential (Sivak and Schoettle, 2015) that travelling in AVs will be more comfortable than being driven by a 

human. If trust is placed in AVs, and riding in them is more comfortable for passengers, overall travel demand might 

increase, with potential negative consequences for traffic congestion and energy consumption. Such negative 

outcomes might be mitigated by providing for existing and additional travel demands through shared-use mobility 

systems (e.g. ride-hailing, ride-sharing, car-pooling, or a combination of these), which are hence seen by many 

commentators as a solution for an efficient adoption of AVs and the ‘connected’ AV (CAV) (Fulton et al., 2017; 

McKinsey, 2016; NACTO, 2016). It is therefore important to consider how comfort is likely to be influence the 

acceptance of CAVs in general, and shared CAVs (SAVs) in particular. 

 

Comfort is usually one of the major aspects when people choose a vehicle to own, or a mobility service, and it is 

an important factor for competition in the automotive sector (Erol et al., 2014). However, it is a very subjective factor, 

as it depends on people’s perceptions and experiences (Vink, 2005). One of the factors influencing perceived comfort, 

particularly in the case of user-acceptance of new technologies and new types of transport service, is the other focus 

of this paper, trust. In the context of AVs, the stakes around trust are particularly high: on the one hand due to the 

radical step of replacing the driver with artificial intelligence and robotics, and on the other, due to the strong claims 

made about the potential of the technology to transform transport systems by improving road safety, traffic efficiency, 

air quality, and access to mobility services (Alessandrini et al., 2014). Whilst considerable caution must be applied in 

predicting the future, particularly where there are significant financial interests (Parkhurst and Lyons, 2018), the study 

by IHS Markit (2017) is one example of a ‘confident’ prediction; in this case estimating that more than 33 million 

AVs will be sold worldwide in 2040, increasing substantially from a forecast 51,000 units for the first year of 

significant volume, seen to be occurring as soon as 2021. 

 

Notably, the IHS Markit predictions relate to private ownership, rather than the shared-use business models some 

commentators favour for their efficiency advantages (International Transport Forum, 2015). The possible scale and 

implications of the adoption of Connected Autonomous Vehicles (CAV) reinforce the importance of Diels et al.’s 

(2017: 3) reminder that “future visions tend to be designed around technologies rather than humans”. For this reason, 

human factors and people’s perceptions both become important in understanding how to design new vehicles and 

transport systems to make them more attractive for potential users. CAV services build around a ridesharing model 

will rely on social, as well as technical, innovation; that there will be a future willingness amongst travelers to share 

a small vehicle with strangers, despite the absence of a physical presence of an operative ‘in authority’. The present 

paper contributes to responding to this challenge through analysing reported comfort and trust ratings from first-time 

users of an autonomous shuttle vehicle, conceived for ride-sharing operation. It begins with a review of comfort and 

trust in road passenger transport. 

 

1.1. The concept of ‘comfort’ and ‘discomfort’ 

According to Helander and Zhang (1997), there is a conceptual difference between comfort and discomfort, thus 

they should be treated as two different topics for discussion. The latter is usually associated with fatigue, pain and 

restricted circulation, and increases over time. It is usually based on physical factors (Vink, 2005). Conversely, the 

former is usually related to aesthetics, relaxation, refreshment and wellbeing. It is not time-dependent (Helander and 

Zhang, 1997) and is mainly related to experience and feelings (Vink, 2005). It is worth noting that comfort might not 

be experienced in the absence of discomfort, whereas discomfort is a factor which tends to dominate when present. 

The literature does not offer a unanimous definition of comfort (Bellem et al., 2018). However, de Looze et al. 

(2003) identified the most common factors as being: (1) comfort is subjective, (2) comfort is influenced by factors 

influencing the body (external) and the body’s response to those influences (internal), and (3) comfort is experienced 
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as a reaction to something. Further, eleven different types of comfort related to ergonomics have been identified by 

Berthelot and Bastien (2009): 

 dimensional comfort  i.e. the design of the vehicle’s components should be in line with the needs of users, 

e.g. size of components, seats, 

 comfort of usage i.e. design of new items/components should reflect considerations of how people would 

use them, 

 contact i.e. measurements of comfort perceived by users when they are in contact with an item, e.g. contact 

pressure on the seat, 

 postural comfort i.e. anthropometry and biomechanics should be considered when designing items to make 

them comfortable, 

 comfort of interaction i.e. the degree of usability of the interface between users and objects, 

 eco-design i.e. items should be more sustainable and with lower negative impacts on public health, 

 comfort credentials of the chosen materials i.e. non-allergic materials to produce components, 

 sensorial comfort i.e. how the user’s five senses are activated by the vehicle’s components, 

 dynamic comfort e.g. level of vibration, 

 hydrothermal comfort i.e. humidity and temperature, 

 physical environmental comfort i.e. noise, light, space ventilation). 

1.2. Existing passenger car comfort research and CAV-user comfort 

Generally, the evaluation of in-car comfort considers physical parameters that are measured to assess: (1) thermal 

comfort; (2) acoustic comfort; and (3) vibrational comfort. These take into account parameters such as temperature, 

noise, air humidity, lighting, driving position, and the duration of the exposure to each of these factors (Zuska and 

Więckowski, 2018). In addition to these, the most important factors that influence comfort perceived by drivers and 

passengers are acceleration and vibration. In particular, the latter has been shown to be injurious for humans when 

occurring in a frequency spectrum ranging from 0.1 to 100 Hz (Stańczyk and Zuska, 2015). The effect of vibration is 

even more dangerous at high speeds, being responsible for damage to tyres, rims, shock absorbers, suspension 

components or brake discs.  

Erol et al. (2014) found that visual appearance of vehicle seats had a large and statistically-significant effect on 

perceived comfort, with greater effect sizes found for females. Much ergonomic research has focused on ensuring the 

comfort of vehicle seating while at the same time reducing the weight of the vehicle, in order to respond to energy 

efficiency objectives. However, the studies mainly focused on the driver’s seat, supporting the active role of driving 

within the vehicle, and little research exists on car passenger comfort (Erol et al., 2014; Bellem et al., 2018), despite 

passengers not having the cognitive load of the driving task to ‘distract’ them, so their comfort perceptions potentially 

being more acute. This difference in comfort perception has been found also in previous studies (Tan, 2005; Fitzpatrick 

et al., 2007) that suggest car passengers usually experience higher discomfort at lower rates of acceleration than car 

drivers do, probably because they are involved in other tasks during the journey. Also, ‘jerk’ has been widely 

recognized as a determinant of passenger comfort (Le Vine et al., 2005).  

Due to comfort being based in part on personal experience, there are some so-called ‘soft factors’ that influence 

perceptions: smell, noise and service level (Vink and Hallbeck, 2012). It is unclear how personal experience from 

established modes of transport might transfer across to a novel vehicle and operating mode, for different individuals. 

Another important factor influencing passenger’s experienced comfort is the driver’s driving style (Bellem et al., 

2018). Elander et al. (1993) identified preference for speed, acceleration profiles, individual conditions for overtaking, 

preferred headway distance, and abiding to traffic laws as key factors defining a person’s habitual way of manually 

driving.  

However, autonomous driving systems can be expected to have different driving styles to human drivers, as they 

are not prone to emotional influences on driving decisions. It is assumed that they will be developed with smoother, 

more risk-respecting styles than many human drivers exhibit (Chan, 2017). If the AV passenger experience is likely 

to be different, research questions emerge as to whether differences in perceived comfort will arise, and more 

generally, whether the difference in style will be universally welcomed, or for some the AV passenger experience will 
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be in conflict with expectations born from habituated experience, perhaps as a result being seen as insufficiently 

assertive. 

In addition to the above-mentioned factors, other factors such as how far automated driving is in line with the 

expectations of travellers habituated to human driving, as well as experiencing loss of control, might influence comfort 

(Elbanhawi et al., 2015). Other more practical factors might also influence comfort while riding in an automated 

vehicle. CAVs in communication with the road system (i.e. vehicle-to-vehicle and vehicle-to-infrastructure) might 

use information to optimise driving to make it more comfortable (Diels et al., 2017). However, according to Payre 

and Diels (2017), the design of human-machine interfaces becomes very important to avoid or reduce stress due to 

confusion, distraction or disuse of bad quality displays, which compromise the comfort of the travel experience in 

AVs. 

Also according to Diels et al. (2017), autonomous driving will be more pleasant due to it being smoother and 

allowing users to undertake other activities during the journey (e.g. relaxing, working, reading, chatting with other 

passengers), which might increase the level of comfort during the journey. However, some activities that might be 

carried out during the journey, such as reading, might negatively impact on comfort. Also, users might be more 

sensitive to some comfort factors like noise, vibration, temperature because they are not involved anymore in a 

demanding task like driving. According to Diels et al (2016) and Krause et al. (2016) passengers are less able to 

predict the ‘oncoming motion profile’ (the speed and acceleration/deceleration characteristics typical of a vehicle-

driver combination) for an AV, and so can feel conflicting motion cues when engaged in non-driving tasks (e.g. 

reading during the journey). Also, users of future transport systems are expected to be less tolerant to the occurrence 

of motion sickness in automated vehicles compared to other means of transport (Diels et al., 2016). Motion sickness 

might be experienced by as much as 50%-75% of the population under these conditions. On the other hand, according 

to Sivak and Schoettle (2005), the frequency and severity of motion sickness could potentially decrease if self-driving 

vehicles do indeed provide a smoother ride than conventional vehicles. 

In terms of the research agenda, an important difference between comfort in or on traditional vehicles and SAVs is 

that the research to date has focused on investigating drivers’ experiences, whereas the latter, for obvious reasons, will 

focus on passengers, who have not been prioritised until now by research on comfort in cars. According to Diels et al. 

(2017), this is mainly due to commercial reasons that have pushed the automotive industry to focus more on drivers 

(e.g. low car occupancy rates of cars, meaning drivers are the key actors worthy of industry attention). Both for this 

reason, and the fact that some of the business models for CAV services have aspects in common with current public 

transport operations, research on comfort in cars is not the only appropriate reference, particularly for CAVs in ride-

sharing modes. For this reason, we focus next on road public transport. 

 

1.3. Existing collective road transport research and CAV-user comfort 

Due to the potential similarities with aspects of the service model, and as they are collective vehicles, the present 

section considers the main factors influencing comfort on buses. Comfort has been recognised as an important factor 

influencing perceived satisfaction with public transport services (Dell’Olio et al., 2011; Fellesson and Friman, 2012; 

Beirão and Cabral, 2007; Lin et al., 2010), and it is indeed used to evaluate bus service quality. In general, and 

analogously to cars, the evaluation of comfort on board buses can be considered a very subjective factor as it depends 

on users’ perception and preferences (Eboli et al., 2016). The literature shows that the perceived level of bus comfort 

varies according to the type of user: generally, regular public transport users perceive greater comfort on board buses 

than car users, or occasional public transport users, who find buses “uncomfortable, too crowded, smelly and airless” 

(Beirão and Cabral, 2007). Dell’Olio et al. (2011) found that perception of bus comfort varies with age. In their study, 

younger bus users put lower values on comfort when they evaluate the quality of bus services. On the other hand, 

adults and older users consider comfort an important factor, probably because they find it more difficult to stay in 

uncomfortable positions for long periods. In general, kinematic parameters significantly affect bus users’ comfort 

(Eboli et al., 2016). They are strongly influenced by the driving style/behavior, making ride comfort a strong factor 

within overall bus passengers’ comfort with acceleration/deceleration and vibration being identified in particular 

(Eriksson and Friberg, 2000; Lin et al., 2010).  
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Probably the point most relevant for understanding potential comfort on board SAVs is that passengers can relax 

and spend their time doing other activities (e.g. reading a book or a newspaper), as they are not involved in driving 

tasks. In the study carried out by Beirão and Cabral (2007), participants identified the fact of not driving whilst on 

public transport as an advantage compared with driving a car. However, this strongly depends on comfort attributes, 

such as availability of soft and clean seats on a bus, temperatures identified as pleasant, and a low occupancy factor. 

In particular, discomfort due to crowding is not only related to having to stand or to share a limited space in a crowded 

environment, but also because it can increase perceptions of risk to personal safety and security (Cox et al., 2006; 

Katz and Rahman, 2010), which can increase anxiety (Cheng, 2010) and stress (Lundberg, 1976; Mohd Mahudin et 

al., 2011, 2012). It can also cause a feeling of invasion of privacy (Wardman and Whelan, 2011) and possibly ill-

health (Cox et al., 2006; Mohd Mahudin et al., 2011). Tirachini et al. (2013) identify crowding discomfort as likely to 

arise when four or five passengers share one square metre on a bus or train. However, for many travellers personal 

space is likely to be reduced below preferred levels well before that density. For this reason, crowding and the amount 

of personal space will be critical factors to consider when designing SAV services and vehicles to appeal to all 

travellers, including those with private transport options.  

However, whilst the ‘system operator’ case for Shared Autonomous Vehicles (SAV) is clear, a convincing ‘user-

case’ for sharing remains to be expounded, in particular explaining why significant numbers of time-poor, relatively 

wealthy travellers would accept longer travel times, sharing a small vehicle with strangers, in return for paying a 

somewhat lower fare (Parkhurst and Lyons, 2018). Nonetheless, if we allow that significant socioeconomic change 

may be possible, and SAVs do develop into a significant market niche, Diels et al. (2017) argues that there are four 

main factors influencing comfort on SAVs (and indeed these would also apply to exclusively-used CAVs): 

 Loss of control, which will be transferred from the human driver to the car system; 

 Coexistence – the need for AVs to share space with other road users (e.g. conventional vehicles, 

pedestrians, cyclists), particularly during the transition period from AVs, making acceptance more 

difficult; 

 Moving environment, e.g. low speed (urban traffic) versus high speed (motorway traffic), as the type of 

traffic (e.g. long distances at constant speed) might influence the biomechanical response of the vehicle 

occupant and the perceived comfort; 

 User expectations about activities which might be possible within a CAV, but which currently remain 

untested propositions by proponents of the technology. 

1.4. Trust in Autonomous Vehicles 

Bellem et al., (2018), citing Siebert, Oehl, Höger, and Pfister (2013), identify a close relationship between comfort 

and trust in the context of AV acceptance. Trust has been widely recognised as an important factor in the acceptance 

of automation across different sectors, as it both depends on people’s beliefs toward automation and influences their 

intention to use it (Carter and Bélanger, 2005; Gefen et al., 2003; Lee and Moray, 1992, 1994; Lee and See, 2004; 

Parasuraman et al., 2008; Pavlou, 2003; Siebert et al., 2013; Choi and Ji, 2015). According to Morgan et al. (2018), it 

can be considered “one of the most important enablers (and indeed barriers) to humans adopting and continuing to use 

new automation technology”. 

Different definitions of trust have been provided by several researchers (Hoff and Bashir, 2015). According to Lee 

and See (2004) ‘trust’ is a subjective factor that depends on individual (e.g. differences on the propensity to trust, 

which influence the initial level of trust), organisational (e.g. other people’s opinion on trustworthiness), and cultural 

(e.g. social norms and expectations) context. They defined trust as “the attitude that an agent will help achieve an 

individual’s goals in a situation characterised by uncertainty and vulnerability”. The social learning theory approach 

assumes that expectations for specific events strongly depend on previous experiences on similar events or situations 

(Rotter, 1971). This is supported by Gold et al. (2015), who found that participants’ self-reported trust in automation 

increased after experiencing automated driving in a simulation trial. Lee and See (2004) stated that trust in automation 

is strictly related to “emotions on human-technology interaction”, which is a key factor for acceptance, but it is also 

important for safety and performance. For this reason, it should be a factor to consider when designing complex, high-

consequence systems like AVs. Despite the difference between interpersonal trust and trust in technology, they have 

some similarities (Hoff and Bashir, 2015). For example, according to Parasumaran and Riley (1997), people’s trust in 
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technology can be considered as their trust in the designers of technological systems. Marsh and Dibben (2003) defined 

a three-layered framework for conceptualising trust variability, which considers: (1) dispositional trust, individual’s 

tendency to trust in automation; (2) situational trust, which depends on the specific context of interaction; and (3) 

learned trust, which is strongly related to past experience with automated systems. Based on this framework, Hoff and 

Bashir (2015) carried out a literature review on trust in automation, identifying the main factors that influence the 

three-layers of trust: 

 Dispositional trust: culture, age, gender, and personality 

 Situational trust: external (e.g. type of system, task difficulty, perceived benefits and risks) and internal 

(e.g. self-confidence, subject matter expertise, mood) factors; 

 Learned trust: initial learned (e.g. pre-existing knowledge) and dynamic learned (e.g. trust during an 

interaction). 

However, despite the relevance of the work carried out by Hoff and Bashir to AVs in general, it is focused on the 

transition period, with Level 3 automated vehicles; situations which imply that human intervention is still required or 

possible. Little experimental research on trust under high levels of automation (Level 4 or Level 5) has been carried 

out, due to the complexity of estimating trust in a simulated environment, as the final design of future fully-automated 

AVs is not available yet, and there are not many real-world trials with Level 5 AVs (Gold et al., 2015). However, 

some key results of the study of Hoff and Bashir can reasonably be extended to Level 5 automated vehicles; they 

pointed out that the complexity of automation and the novelty of the situation are the main factors influencing trust 

and reliance.  

Another important factor that seems to influence trust ratings is the ‘familiarity’ with AVs. For example, mean 

trust ratings have been shown to increase across experimental runs (Venturer Project Partners, 2018), meaning that 

length of exposure might represent an important factor. Further research on the influence of exposure on trust was a 

factor examined in the research reported in this paper, alongside measurements of the influence of travel speed and 

seating position on trust and comfort. 

In summary, research to date on comfort and trust has identified many factors which contribute to driver and 

passenger ratings, although with an emphasis on the experience of car drivers. However, existing research on comfort 

and trust in AVs is almost exclusively based on simulator studies. Hence, key objectives of the research reported in 

the present paper were to understand whether some of these factors also had discriminatory value on the context of 

AV travel, and to build the evidence base of real-world studies. The remainder of the paper is organised as follows: 

Section 2 describes the design and conduct of the experiment; Section 3 presents the results in respect of four 

hypothesis, while Section 4 considers further analyses of the dependent variables. Finally, Section 5 provides 

conclusions, considerations of limitations and implications for designers and policymakers. 

 

2. Experiment 

The authors were part of a project team considering the potential ‘user cases’ for commercially and socially 

beneficial applications of a specific four-seat electric autonomous vehicle technology (Figure 1), the vehicle being a 

development of a vehicle type in use on a guided transit system at London’s Heathrow Airport. Features of this vehicle 

are that two passengers can be seated facing forwards and another two facing backwards (Figure 2). This configuration 

is also observed in some other CAV shuttle designs. The literature review did not explicitly identify that direction of 

face (DoF) as influencing comfort ratings in a CAV, as no studies on DoF in electric shuffle vehicles (automated, 

guided, or human-driven) were identified, although the range of factors identified as influencing comfort suggested it 

might. However, from the researchers own experiences, it is quite common for some travellers on all kinds of transport 

vehicles to express a preference for being seated facing towards the direction of travel, for reasons of travel comfort. 

Hence, the authors were interested to identify whether DoF would influence comfort ratings, in a context in which the 

driving style would be automated. 
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Hitherto, small electric CAV shuttle vehicles have mainly been deployed in demonstration projects, and in spaces 

in which motor vehicles are other not present or carefully managed. Due either to explicit sharing of space with 

pedestrians and cyclists, or the risk that they might encroach on the space reserved for the CAV, speeds are kept low; 

typically to a fast walking pace of 8km/h. These precautions reflect the early stage of development of the technologies, 

and the ambition of operating in entirely automated mode, albeit with a safety operative present and ready to halt the 

vehicle. In the case of the research reported for the present paper, however, the authors had access to a CAV operating 

on a disused airfield surrounded by secure fencing. In the context of a negligible risk of incursions, the research team 

was able to operate the vehicle at a higher speed than typical for shared space. As members of the public and the 

research team would be travelling in the vehicles, the maximum speed was limited to around 16km/h, but this 

nonetheless gave the opportunity to test whether, in the real-world, trust ratings might be affected by a doubling in 

maximum speed, even if only to a modest absolute level. Although according to Le Vine et al. (2015), 20 miles per 

hour (32km/h) can be considered a ‘comfortable’ speed in a traditional car, otherwise the literature offered little by 

means of direct, relevant evidence on trust, speed and CAVS.  

Having clarified these two knowledge gaps, an experiment was designed to test the following hypotheses: 

 H1: Trust ratings would be significantly lower at the higher speed than the lower speed due to reduced 

confidence in the operating system’s ability to control the vehicle at the higher speed. 

 H2: Trust ratings would be significantly lower seated facing backwards than facing forwards due to the inability 

of a rear-facing passenger to observe the future path of the vehicle. 

 H3: Comfort ratings would be significantly lower when the rater is seated facing backwards than facing forwards, 

due to greater presence of negative influences, such as motion sickness. 

 H4: Comfort ratings would be significantly lower at the higher speed than the lower speed due to greater cabin 

movement, acceleration forces on the body and vibration. 

 

Based on the above hypotheses, trust and comfort were identified as dependent variables and speed and DoF as 

independent variables (Table 1).  

 

Table 1. Independent variables (factors) and related categories. 

Independent variable Category 1 Category 2 

Speed Fast (S1) Slow (S2) 

Direction of Face Facing backwards (D1) Facing forwards (D2) 

 

Figure 1. Westfield Capri autonomous shuttle vehicle Figure 2. Shuttle seating arrangement 
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2.1. Experimental procedure 

The experiment was conducted over three consecutive days (17-19/07/2018) on the disused Filton Airfield, Bristol 

(UK), and involved fifty-seven participants who undertook the procedure as pairs allocated by the research team. Age 

and gender were mixed as far as possible once participant availability constraints had been resolved. Weather 

conditions were typical for southern England in July, with periods of warm sun, sometimes overcast with rain, and 

low-to-moderate wind speeds. 

The experiment was organised in 3 stages; each lasted approximately 30 minutes. 

Stage 1: Participants arrived at Filton Airfield and entered an interior waiting area where they received an induction 

including information about the project, and health and safety briefing, and were informed about the broad aims of 

the experiment but without revealing the specific hypotheses under test. In line with ethical procedures (approved by 

University Research Ethics Committee under reference FET.18.05.051) consent for participation was established. Pre-

experimental questionnaires covering socio-demographic information and attitudes to and experience with new 

technologies, automation and AVs in particular were administered.  

In Stage 2, the participant pairs were invited into the AV in the company of the safety steward and a member of 

the research team, with one participant seated next to the steward, facing forward, and the other seated diagonally 

opposite, facing backwards towards the steward, and next to the researcher. The researcher’s role was to observe the 

experiment and prompt the participants to complete ratings and swap seats at the appropriate moment. The presence 

of the steward and the researcher also meant the vehicle was full and each participant was riding with three people he 

or she had not met prior to the experiment, thereby, within the constraints of the experiment, creating a social context 

as close to future ridesharing as possible. A vibration monitor and an audio recorder was in operation (with the consent 

of participants) during each run. The analysis of the data collected is beyond the scope of the current paper but the 

presence of the audio recorder to some extent mirrors the likely presence of a remote audio-visual connection to a 

control centre in a future SAV operating model. 

The steward and researcher adopted a friendly disposition and responded to participants, but did not proactively 

seed conversation. When directly asked the automated technology or the experiment they responded, but without 

entering into detailed explanations, nor disclosing the nature of the hypotheses under test. Participants were often keen 

to know at what speed they were travelling, so at the end of Stage 2 they were asked to provide their own estimates 

and were informed about the actual maximum speed.  

Each pair experienced four runs of a standardised circuit coded into the automated driving system of the AV and 

performed on the former runway. The circuits were not a simple ‘oval’ but instead incorporated both left and right-

hand turning movements and the associated accelerations and decelerations that accompanied those. Each pair 

experienced two runs at one of the two speeds (8 or 16 km/h), and then two at the other speed. Order of presentation 

was switched between pairs. After each run participants rated trust in the AV, level of nausea currently perceived, and 

six comfort attributes (seating, noise, acceleration/deceleration, vibration, temperature, and amount of personal space), 

all on ten-point Likert scales. After the first and third runs participants were asked to swap seating positions in order 

to experience the alternate DoF (forwards or backwards). 

Hence, each run generated eight scores from each participant, and together provided one set each for the four 

different possible combinations of the two independent variables. Other than a few minor technical issues, the 

hardware and software operated effectively and consistently throughout the three days of the experiment. 

After the four runs, Stage 3 involved the participants returning to the reception area where they completed a final 

questionnaire about their experiences and were debriefed. The follow-up questionnaire included questions related to 

overall trust in AVs, nausea and perceived comfort (the ‘pre’ and ‘post’ experiment ratings used the same factors and 

scales as in Stage 2). Questionnaire items at Stage 3 also covered participants’ willingness to use SAVs in the future 

under different use cases (including commuting, shopping trip, airport transfer, hospital appointment). 
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2.2. Characteristics of the Sample 

Something more than two-thirds of the sample was male (70.2%). The average age of participants was 51 years 

old, with a median value of 53 years old and a mode equal to 67 years old. The most represented age categories are 

35-44 years old (22.8%) and 65-74 years old (28.1%) - Figure 3.  

 

  

Figure 3. Age and gender of participants 

In terms of travel behaviour, the sample had a range of weekly travel experiences, as reported in Table 2. It is worth 

noting that almost half of sample (47.4%) identified as a daily car driver, whereas most two-thirds walked, including 

as part of a multimodal journey. Even though cycling has been growing as a mode of transport in the city of Bristol, 

and some employment sites do exhibit cycling shares for commuting of over a fifth, daily cyclists were somewhat 

over-represented in the sample with respect to overall travel around the city. 

 

Table 2. “How often do you use each of the following means of transport for URBAN journeys?” 

Frequency Walking Cycling Bus Train Taxi or mini-cab  Car/Van (as driver) Car/Van (as passenger) 

Daily 
38 

66.7% 

13 

22.8% 

8 

14% 

1 

1.8% 

0 

0% 

27 

47.4% 

6 

10.5% 

Weekly 
14 

24.6% 

6 

10.5% 

8 

14% 

6 

10.5% 

3 

5.3% 

23 

40.4% 

25 

43.9% 

 

 

3. Analysis of the Principal Hypotheses 

3.1. Approach to Data Analysis 

Given the research design, based on the same variables being presented to the same subjects across four conditions, 

the hypotheses stated in Section 2 were tested through a two-way repeated measures ANOVA, in order to explore the 

effects of two independent variables (and the combined effect of these) on specific dependent variables.  

The two independent variables (speed, DoF) consist of two categorical, independent groups. Observations are 

independent, as there is no relationship between the observations in each group or between the groups themselves.  

Considering the four different combinations of Speed (S1: faster, S2: slower) and DoF (D1: backwards, D2: forwards), 

there were four dependent combinations of the two dependent variables, which are shown in Table 3.  

 

70%

30%

male female

7

13

7

12

16

1 1

25-34 35-44 45-54 55-64 65-74 75-84 85+
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Table 3. Within-subjects Factors – Dependent and Independent variables 

Independent variables Dependent variables 

Speed DoF Trust Comfort Nausea 

1 
1 Trust_D1_S1 Comfort_D1_S1 Nausea_D1_S1 

2 Trust_D2_S1 Comfort_D2_S1 Nausea_D1_S2 

2 
1 Trsut_D1_S2 Comfort_D1_S2 Nausea_D2_S1 

2 Trust_D2_S2 Comfort_D2_S2 Nausea_D2_S2 

 

3.2. Effect of speed and DoF on trust 

The separate effect of speed (Factor 1) and DoF (Factor 2) on trust, and their combined effect, were analysed to test 

the hypotheses H1 and H2 (as stated in Section 2.1). Considering the different combination of the two factors during 

the four runs, the highest average score for trust is given when participants are travelling at a slower speed facing 

forwards; on the other hand, the lowest average score is given when passengers are travelling at higher speed and 

facing backwards (Table 4). 

 

Table 4. Within Subjects effect - Descriptive statistics – Trust (N=52) 

Dependent Variable M SD 

Trust_D1_S1 6.67 3.353 

Trust_D2_S1 8.35 1.655 

Trust_D1_S2 8.56 1.290 

Trust_D2_S2 8.77 1.182 

 

Mauchly’s Test indicated Sphericity has been violated (χ2 (0) =0, p=0.00), so a Greenhouse-Geisser adjustment was 

required. The Two-Way repeated Measures (ANOVA) shows there is a significant main effect according to how 

fast/slow the vehicle was travelling (speed - F(1)=19.213, p<.05), a significant main effect according to direction of 

face (DoF - F(1)=17.729, p<.05), and a significant interaction between these two variables (F(1)=12.081, p<.05). 

Results are shown in Table 5.  

 

Table 5. Within Subjects effect - F values - Trust 

Factor df MS F Sig. 

Speed 1.000 69.231 19.213 .000 

DoF 1.000 46.173 17.729 .000 

Speed*DoF 1.000 27.769 12.081 .001 

 

According the estimates in Table 6, participants who face forwards (D2) placed more trust in the AV, with a mean 

value ranging from 8.35 (when travelling at higher speed) to 8.77 (when travelling at lower speed). In general, 

participants trusted less when they travelled at the higher speed, in whichever direction they were seated, although 

trust when travelling at the higher speed facing backwards (8.35) was lower than trust when travelling at lower speed 

facing forwards (8.56). Hence, results from the ANOVA therefore supported both the experimental hypotheses for 

trust (H1 and H2). Although the absolute differences in the means between the three conditions other than facing 

backwards at the higher speed (6.67) is small, the operating speeds were also both relatively low, and it is notable that 

a significant effect was found with a maximum speed of 16km/h.  
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Table 6. Within Subjects Effect - Estimates - Trust 

Speed DoF M SE 

95% Confidence Interval 

Lower Bound Upper Bound 

1 1 6.673 .465 5.740 7.607 

2 8.346 .230 7.885 8.807 

2 1 8.558 .179 8.199 8.917 

2 8.769 .164 8.440 9.098 

 

3.3. Effect of speed and DoF on comfort 

Similarly to trust, the effect of speed (Factor 1) and DoF (Factor 2) on comfort, and their combined effect, were 

analysed to test hypotheses H3 and H4. As in the case of speed, the highest mean comfort ratings were given when 

participants had travelled facing forwards at the lower speed, and the lowest mean comfort ratings when participants 

were facing forwards at the higher speed. However, differences between the mean comfort scores for the combined 

variables were absent or small and not significant, leading to the acceptance of the null hypotheses (Table 7). 

 

Table 7. Within Subjects effect - Descriptive statistics – Comfort (N=57) 

Dependent Variable M SD 

Comfort_D1_S1 6.51 1.525 

Comfort_D2_S1 6.35 1.950 

Comfort_D1_S2 6.51 1.692 

Comfort_D2_S2 6.60 1.474 

 

However, considering the sample, the estimated marginal means (Table 8) show that the mean values are much closer 

to each other. In general, participants feel more comfortable travelling at higher speeds, or when they travel facing 

forwards at higher speed (6.596). It is worth noting that values are much closer to each other for comfort than for trust.  

 

Table 8. Within Subjects Effect - Estimates - Comfort 

Speed DoF M SE 
95% Confidence Interval 

Lower Bound Upper Bound 

1 1 6.509 .202 6.104 6.913 

2 6.351 .258 5.833 6.868 

2 1 6.509 .224 6.060 6.958 

2 6.596 .195 6.205 6.988 

 

4. Further Analysis of Trust and Comfort 

The following subsections present the findings of further analysis carried out on the core topics of interest using One-

Way repeated measures ANOVA for the Stage 2 ratings and a paired t-test of some of the Stage 1 and 3 questionnaire 

data to compare participant attitudes and ratings before and after riding in the AV. 
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4.1. Comfort and trust variations with length of exposure to the AV 

The Stage 2 experimental results showed that trust ratings increased between Runs 1 and 2, and again slightly after 

Run 3, but not Run 4 (Table 9). However, the skewness coefficients are less than two times their standard errors, so 

the data are not normally distributed. In particular, they are all negative, meaning the data are right-modal distributed 

(mode is closer to the higher values of the scale), which indicates participants expressed high scores. However, the 

one-way repeated measures (ANOVA) showed that increased experience did not have a significant effect on trust 

(F(1.38)=0.511, p>.05). Therefore the findings are consistent with the first run being associated with slight anxiety 

about the experience, but already after two runs in the AV trust scores are more favourable. However, given the small 

differences, more research and higher speeds would be necessary to explore this further. 

 

Table 9. Descriptive statistics for "Trust" during the four runs 

 Trust (run 1) Trust (run 2) Trust (run 3) Trust (run 4) 

N Valid 54 52 53 53 

Missing 3 5 4 4 

M 8.19 8.46 8.51 8.51 

Mode 8 10 10 10 

SD 1.991 1.448 1.514 1.601 

 

Comfort was rated by participants in Stage 2 against the six factors shown in Table 10. 

 

Table 10. Mean values (M) and Standard Deviation (SD) of comfort during the four runs 

 
 

Seating Noise 
Acceleration & 

Deceleration 
Vibrations Temperature 

Amount of 

personal space 

Run 1 M 7.33 6.12 6.00 5.72 5.84 7.70 

 SD 1.940 1.871 2.220 1.925 2.404 2.053 

Run 2 M 7.42  6.09  6.04  5.89  5.58  7.72  

 SD 1.861 1.796 2.044 1.875 2.352 2.016 

Run 3 M 7.47  6.26  6.09  5.98  5.44  7.77  

 SD 1.853 1.837 2.190 1.950 2.479 1.852 

Run 4 M 7.44  6.20  6.30  5.91  5.16  7.80  

 SD 1.832 1.843 1.908 1.985 2.724 1.958 

 

 

These ratings were then combined to provide an average comfort rating for each run. Only very minor, statistically 

insignificant differences emerged (F(1.96)=0.108, p>.05) (Table 11). 
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Table 11. Descriptive statistics for overall "Comfort" during the four runs.  

 
Comfort (Run 1) Comfort (Run 2) Comfort (Run 3) Comfort (Run 4) 

N Valid 57 57 57 57 

Missing 0 0 0 0 

M 6.45 6.46 6.50 6.45 

Mode 8 5a 6a 8 

SD 1.458 1.355 1.503 1.587 

 

However, it is notable that whilst the difference between Run 4 and Run 1 ratings for five of the comfort factors was 

a small positive (of up to 0.3 scale points), temperature showed a larger negative change of 0.7 scale points. Also, the 

dispersion of the temperature data was highest (SD = 2.37) which likely reflects the perceived comfort of the in-

vehicle temperature changing along with variation of the ambient temperature across the day. In contrast, the highest 

rating was given to personal space. Given the compact design of the vehicle this result was not confidently expected, 

given that the vehicle was full occupied by previously unacquainted participants and experimenters.  

Air conditioning (AC) is relatively rare in the UK outside of large commercial and public buildings, and was not 

traditionally a comfort feature of road public transport services, although has seen growing application alongside the 

rise of AC fitted as a standard feature on most private car models produced for a global marketplace (Parkhurst & 

Parnaby, 2008). The Westfield AV does have an AC capability, but its use has a significant impact on the battery 

range of the vehicle. Even with charging breaks, it was estimated that it would not be possible with confidence to 

operate the vehicle for a sufficient number of hours to achieve the target number of participants. Therefore, the 

decision was taken not to deploy the AC during the trial, which subsequently clearly impacted on the ratings for 

temperature, evidenced by comments made to the research team that the vehicle was “too hot” and “needs air 

conditioning”. Notably, though, the conditions were not so extreme that any of the participants exercised the right to 

terminate their involvement. Although the experimental context represented an intensive operating environment, it is 

notable that modelling scenarios for urban SAV fleets assume very intense utilization (e.g. International Transport 

Forum, 2015), emphasizing that further developments in vehicle design are necessary before electric SAV operations 

are a realistic proposition. 

Notably, if temperature is excluded from the calculation of overall comfort, the ratings increase across the runs with 

a pattern similar to that for trust, although the differences are not significant (F(1.64)=1.227, p>.05). The absolute 

levels of the comfort ratings suggest that most participants, with the exception of temperature for some, found comfort 

levels to be satisfactory for an in-vehicle duration of about half an hour. 

4.2. Comparison of participant’s expectations and valuations before and after riding in the AV 

A correlation analysis was performed to compare pre-experimental expectations and final evaluations of comfort, trust 

and nausea. The results showed a strong, statistically significant relationship between expected comfort and initial 

trust in AVs (r=0.614, p<.001). A weak correlation was found between expected comfort and self-reported nausea 

prior to the experiment (r=0.337, p<.05). There was also a weak correlation between initial trust and nausea before 

the experiment (r=0.304, p<.05) and interest in AVs (r=-0.303, p<.05). It may be that the low levels of self-reported 

nausea related to the journey to the location of the experiment that had just been made (variously by private car, bus, 

or cycle), or reflected low-level anxiety about riding in the AV or taking part in the experiment. 

There was also a strong statistically significant relationship between the post-experimental ratings of comfort of and 

trust in the AV (r=0.622, p<.01). However, unlike the pre-experimental data, comfort and nausea after the runs were 

not significantly correlated (r=-0.262, p>.05).  

The correlation analysis also identified interesting relationships between initial trust in the AV and initial opinions 

about AVs (r=0.391, p<.001) and initial interest in AVs (r=-0.303, p<.05). The findings suggest that people who have 

favourable/positive opinions towards and a high interest in AVs tend to trust them more. 

No correlations between age or gender and comfort or trust were identified.  

The differences in comfort and trust ratings and self-reported nausea before and after the experimental runs were 

investigated through paired t-test analysis, with the following being the key findings:- 
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A moderate correlation (r=0.304, p<.05) was found between expected and final comfort scores, and a statistically 

significant difference between comfort scores before (M=6.65, SD=1.74) and after (M=7.49, SD=1.58) the experiment 

(p<.05), t=-3.24, p<.05. These findings suggest participants found AVs to be more somewhat more comfortable in 

practice than expected (0.8 on the rating scale).  

There was a strong correlation (r=0.615, p<.001) between initial and final trust in AVs, and a statistically-significant 

difference between trust before the experiment (M=6.79, SD=1.89) and trust scores after the experiment (M=7.84, 

SD=1.77), t=-4.942, p<.001. These findings suggest that participants were more trusting of AVs after the experience 

of riding in an AV, with the difference amounting to approximately one point on the rating scale. 

A statistically significant difference was identified between the level of self-reported nausea declared before (M=1.41, 

SD=2.56) and after (M=0.66, SD=1.34) the experiment (t=2.059, p<.05). As the vehicle movement itself would be 

more likely to promote nausea than reduce it, the reduction (of 0.8 scale points) perhaps supports the explanation that 

the low levels of pre-experimental nausea were anxiety-related. However, in this case the correlation of values before 

and after the experiment was not statistically significant. 

 

4.3. Focus on car drivers 

The literature review (Section 1) highlighted that previous research has mainly focused on car drivers rather than 

car passengers when investigating comfort. However, in the new era of SAVs, the current car driver will lose the 

active role, moving to a more passive role of passenger. For this reason, we explored descriptive and correlational 

analysis whether there were any differences in rates of trust and comfort between people who reported driving a car 

every day (47.4% of the sample) and those who did not (being daily car passengers, pedestrians, cyclists, or bus users). 

 

Table 12. Comfort levels reported by daily car drivers and other participants before and after the experimental runs 

 Participants who drove a car every day All other participants 

 

Level of comfort expected 

in AV 

Level of comfort reported 

after AV experience 

Level of comfort expected 

in AV 

Level of comfort reported 

after AV experience 

N Valid 27 27 29 29 

Missing 0 0 0 0 

M 6.48 7.70 6.86 7.38 

SD 1.929 1.382 1.552 1.720 

Skewness -.647 .013 .000 -.459 

SE of Skewness .448 .448 .434 .434 

Minimum 1 5 4 3 

Maximum 10 10 10 10 

 

The descriptive statistics for comfort (Table 12) showed that mean expected comfort levels before the experiment 

were somewhat lower for car drivers (M=6.48; SD=1.93) than for other participants (M=6.86; SD=1.55). Both groups 

provided higher ratings after the runs, but car driver comfort levels increased by more than a scale-point (M=7.70; 

SD=1.38), whereas the other participants showed a lower increase (M=7.38; SD=1.72) meaning the positions of the 

groups reversed, with car drivers reporting higher comfort than the others.. 

Similar results emerged for trust (Table 13), which was lower for car drivers (M=6.59; SD=1.99) than for the other 

participants (M=7.03; SD=1.80) before the experiment, but then higher for car drivers (M=8.30; SD=1.73) than the 

others (M=7.41; SD=1.76) after the experiment. 

The finding may reflect car drivers being more committed to their current mode of transport, or having higher 

concerns for comfort levels and in-vehicle safety than the other group. Alternatively, greater experience of being a car 

or bus passenger, so being driven by others in vehicles with differing comfort levels may have resulted in the ‘other’ 

group having more positive, realistic, and stable expectations. 
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Table 13. Focus on car drivers. Descriptive statistics - trust rates 

 Participants who drove a car every day All other participants 

 

Level of trust in AV’s 

ability to respond to 

events before experience 

Level of trust in AV’s 

ability to respond to 

events after experience 

Level of trust in AV’s 

ability to respond to 

events before experience 

Level of trust in AV’s 

ability to respond to 

events after experience 

N Valid 27 27 29 29 

Missing 0 0 0 0 

M 6.59 8.30 7.03 7.41 

SD 1.986 1.728 1.802 1.763 

Skewness -.880 -.642 -1.116 -.855 

SE of Skewness .448 .448 .434 .434 

Minimum 1 5 3 3 

Maximum 10 10 9 10 

 

Results of the paired t-test for daily car drivers showed a moderate correlation (r=.46, p<.05) between expected and 

final comfort scores, and statistically significant differences between comfort scores before and after the experiment 

(t=-3.562, p=.001). In terms of trust before/after the experiment, the correlation is much higher (r=.732, p<.001; t=-

6.408; p<.001). This is an interesting result, as it shows that car drivers more reticent towards AVs prior to 

experiencing the ride, but showed a 1.7 mean scale-point increase towards trust in the ‘after’ rating, even though the 

technology experienced was not yet in public service. It may be that factors such as not being in control was less of a 

concern in practice than in principle. 

With the caveats of a small sample size and a safety steward being visibly present, it would appear that for novice 

riders at least, exposure is indeed important for acceptability ratings, and particularly so for car drivers. 

 

5. Conclusion 

The present paper represents one of few contributions so far to the literature on AVs and SAVs based on a real-

world experiment, rather than simulator-based scenario study. The AV was capable of fully automated driving within 

a defined environment, so represented a high level of technological development, but one not yet in public operation. 

Participants, who had a high level of interest in CAVs, but had not experienced riding in an AV shuttle vehicle before, 

experienced the vehicle in ‘shared use’ mode for around half an hour in which four experimental runs were undertaken. 

To our knowledge the research represents an early test of public reactions to the social and physiological conditions 

of a small SAV vehicle environment. 

The sample size (N=57) was sufficient for the experimental design, but was opportunistically recruited; additional 

studies are needed to replicate the findings before they can be confidently applied to a wider population. The study 

also focused on an AV shuttle ‘pod’ vehicle for ‘last-mile’ applications and the results are likely not directly 

generalisable to all possible forms of future CAVs. Also, the social environment of our ‘SAV’ was more controlled 

than a completely ‘omnibus’ shared service might potentially be. Nonetheless, many features or such a service were 

captured, and therefore the findings represent a relevant, early contribution to the knowledge base. 

The study found significant effects of travel speed and DoF on trust, even though the highest maximum speed was 

modest, compared with the service speed of powered road transport modes. The effect due to seating position are 

potentially explained in terms of the inability of a rearwards-facing passenger to observe the future path of the vehicle 

(Diels et al., 2016; Krause et al., 2016), although it should be observed that the forwards-facing field of vision is also 

limited within the type of vehicle used in the experiment. 

On the other hand, speed and DoF did not have any significant effect on comfort, despite the association of facing 

backwards with motion sickness. This may reflect the low maximum speed of the experiment. 
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In terms of comparison between comfort and trust, strong relationships were found both before and after. There 

was also a moderate correlation between comfort and nausea before the experiment (r=0.31). No significant 

differences were found in comfort and trust ratings with length of exposure. As with previous work evaluating trust 

in AVs and AV simulators (Venturer Project Partners, 2018), no gender and age-related effects were found for comfort 

or trust. 

Lastly, the daily car drivers in our sample showed significantly less favourable trust and comfort expectations 

towards riding in an AV compared with those who did not drive every day, but actually became the more favourable 

group for both variables after the experience. This provisionary finding is potentially important given the importance 

the literature gives to trust and comfort and the focus previous work has had on car drivers. 
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