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In present ride-hailing contexts, passengers are used to communicating with a driver during a ride.
However, the introduction of Autonomous Vehicles (AVs) presents an interesting scenario, as the
AV has no physical driver on board. Yet a level of fear still exists, as the public is unable to fully
predict or understand its intentions. The concept of an Omnipresent AI was introduced, allowing
for the AI to achieve a sense of presence through 3 postulates previously developed. A simulated
roadtrip scenario experiment was done to ascertain the indicators towards further testing these
3 postulates. This paper outlines these indicators obtained from the experiment could form an
important part of future research.
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1. Introduction

Autonomous Vehicles (AVs) are currently being developed for widespread use in transportation
in the near future. Progress in this area of mobility ranges from solving technical hurdles like battery
capacity, to improving vehicle AI for safer navigation of unexpected events on the road. Yet a gap in
development appears to pervade in the form of its social interaction with passengers. In other words,
the question asked was how an AI can provide assurance and comfort during interactions with new
passengers in ride hailing situations - as a response to a review of earlier findings where passengers
experienced anxiety or distrust of the AI driver?s behaviour. This paper presents the research, results
and analysis from this experiment that could provide useful indicators for future research in this area.

To this aim, a category for this new form of AI was proposed called an Omnipresent AI. From
previous work done by the authors, an Omnipresent AI is defined by 3 Postulates based on existing
communication theories that describe natural forms of communication in human conversation. [33]
These are: 1) That such an AI should adopt a persona to be perceived as a presence, 2) It should be
able to manage information in a manner that leads to appropriate responses and 3) It should be able to
communicate naturally with users despite not having a physical form. A pilot simulation experiment
was set up to first define the qualitative indicators of this new approach to Human-AI interactions in
an AV based on the 3 Postulates. This was done to ascertain the validity and the measurable criteria
of this new form of AI intervention, allowing it to be further tested using more rigorous quantitative
methods. In this paper, the preliminary findings of the pilot study will be discussed in more detail.

2. Background

The approach to this research draws from a need to ascertain the effectiveness of an AI intervention
from a social interaction standpoint. As the technical, logistical and policy challenges
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for Autonomous Vehicles (AVs) are overcome, AVs will be expected to ferry passengers as human 
drivers of today would do. Yet a certain level of anxiety still exists amongst the public surveyed, due 
to a perceived lack of control during the ride [30][1]. A review by Rosenzweig and Bartl showed that 
91.2% of research paths in AV development are related to the user acceptance of the technology [7], 
and not much progress appears to have been done in terms of social interactions to address it. This 
pervading gap in social interactions is seen to exist in the space where humans and AI interact [14] 
[15] [16]. In what ways can passenger anxiety be alleviated in this AV interaction context? 

2.1 Approach 

A survey of recent simulation studies focusing on passenger reactions in different forms of AVs 
[3] [4] [5] [6] show a lack of mediation in terms of user experience, providing an opportunity for 
further improvement. These simulation studies focused on the acceptance of autonomy “as is”, due 
to a lack of understanding of the AI’s possibilities in interaction. [20] The authors want to address 
this research gap to introduce better user acceptance of AVs, with the core belief that the perception 
or display of underlying intelligence can positively affect the level of trust the passenger can have in 
the system. This assumption of course is only valid in future scenarios when AI beings have matured 
to a level of intelligence and competence that approach near equal to humans. In the context of AVs, 
it would be classified as having an autonomy level of 4 or higher. [31] One AV simulation study in 
the direction of improving social interactions reported that participants would trust a vehicle more 
when several anthropomorphic features were assigned to it - the features in the experiment being a 
pre-recorded human voice, a name, and a gender. [2] In this sense, attaching human-like 
characteristics and motivations to nonhuman agents increases the ability to make sense, reduce 
uncertainty, and increase confidence in the agent’s future actions. [8] This suggests incorporating 
human-like behavior being a possible pathway to bring out the AI being’s inherent intelligence 
towards fostering trust.  

Beyond the scope of research in AVs, research in the direction of according human-like 
interaction also shows promise. The incorporation of not just performative but also social aspects of 
human-to-human communication need to be explored, which include mutual agency in conversation 
[13] [23], the awareness of one’s social role in conversation [34] [24], the consistency of identity and 
past interactions [22], and different modes of human expression [25] [26] [27]. When combined in 
practice, it can provide sufficient evidence to believe that the system can comprehend the situation at 
hand and complement the user’s needs. [11] [12]. To this aim of displaying evidence of cognition and 
intelligence, these approaches can be said to center around the AI being recognized as a social 
presence [9] [21]. While these are not the only factors affecting trust in nonhuman agents [10], its 
contribution is significant and should be explored. For one to achieve a presence involves a discussion 
of one being a social actor in an interaction environment. In an AI context, social presence can also 
be described as a condition when part or all of a person’s perception cannot accurately acknowledge 
the role of technology such that they appear to communicate with one or more other people or entities 
[17]. To bring about this immersion of sensory input to achieve presence [19], new ways of displaying 
social presence need to be developed for AI interaction.  

3. Methodology 

In this research the authors delve deeper, testing a different approach to incorporate a social 
presence to AV AI interactions based on existing communication principles. Towards fostering trust, 
the authors chose to develop a theoretical framework to visibly externalize the AI’s mental processes, 
akin to how a human’s body language and facial expressions when accompanying speech, function 
as additional social signals to strengthen the meaning of speech very efficiently. In an AI context, this 
approach may provide more expressive capabilities to display its intelligence in social interactions. 
This visual identity, or ‘grammar’ to interaction was explored and discussed in our previous work. In 
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the future it’s hoped that this framework can be used by the AI themselves to develop their unique 
visual expressions to aid in individuality and increasing its social presence.  

To unify both the visual and audio aspects of this AI intervention in AVs, it is important to 
consider the 3 Postulates of an Omnipresent AI which are: 

1. Omnipresent AI should adopt a persona to be perceived as a presence. 
2. Omnipresent AI should be able to manage information in a manner that leads to appropriate 

responses. 
3. Omnipresent AI should be able to communicate naturally with users despite not having a 

physical form. 
To begin testing these postulates, it is assumed that the testing environment required 1) a 

simulation environment, 2) an AI Agent with the cognitive capability near equal to a human being, 
and 3) a relevant interaction scenario. Being a pilot study, a design research methodology was used 
to perform usability testing of a simulation prototype to fulfill these conditions. This ensured that the 
feedback provided by participants was genuine as they can feel a sufficient level of immersion to 
elicit truthful reactions and bring about any emergent behavior or phenomena in this AV context [28]. 

4. Methodology 

4.1 Apparatus 

To test the postulates, the experiment was conducted in a controlled lab setting using 2 different 
test platforms, one in Virtual Reality (VR) and the other in a physical mock-up of a car. The 3 
postulates are hoped to be validated using these platforms, as both versions are planned to bring about 
different reactions and anticipations during the simulation. 

The VR platform was developed using a combination of Unreal Engine by Epic Games to render 
the vehicle cabin and Touchdesigner by Derivative to display the added visuals. 

The physical platform involves a 6m x 2.5m interior of an MPV-sized vehicle set in front of 3 
curved projector screens, and an additional flat projector screen on the roof of the mock-up vehicle. 
This physical version uses 2 instances of Touchdesigner to display the road trip scenario and visual 
patterns. 

In both versions, a Wizard of Oz experiment is performed in which one researcher who is hidden 
from view of the participant pretends to be the AI in the simulation. [29] This is to simulate a Level 
5 AV capable of full autonomy and human-like social interactions required to test the conditions of 
the 3 Postulates. This was tested by explicitly displaying the AI’s intentions using both sound and 
visuals to bring about a social presence. It was intentionally decided that the roof of the AV serves as 
the canvas for the ‘visual’ presence of the AI. For the audio component, speakers were placed in four 
corners of the simulation space in both test platforms to allow the AI to converse with the passenger. 
Both versions also play the same pre-recorded 12-minute-long road trip scenario from a housing 
estate in Singapore to the zoo. 

 

 
Figure 1: the two experimental setups used. The physical mock-up setup on the left, and the VR 

setup on the right. Both versions showed the same travel scenario for consistency. 
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4.2 Participants 

Being a pilot study, 10 participants each were chosen from the public to test the two platforms. 
They were then grouped in age ranges of 21-35, 36-55 and 56-70 years to ensure a balanced and 
diverse range of responses. Participants were screened for inclusion criteria including driver license 
status and motion sickness. Participants were also paid a token amount for joining the study. The 
research was approved by the Institutional Review Board in Nanyang Technological University. 

 
Table 1: Participants by age group and gender 

 
 
 Age Groups 

 
21-35 

 
36-55 

 
56-70 

 Total by Gender 
 

 Male (Physical) 2 2 1  5 
 Male (VR) 2 2 1  5 
 Female (Physical) 3 1 1  5 
 Female (VR) 1 2 2  5 
 Total Participants  20 

4.3 Experimental Design 

In both versions of the experiment, participants were briefed about the experiment being a road 
trip where they were asked to roleplay a passenger traveling from their home in a nearby housing 
estate to Singapore Zoo to meet their family members who are already there. They were also briefed 
that the driver is an AI who will be fetching them, but it was not disclosed that the AI is played by a 
researcher hidden from view. A researcher who knows about the entire experiment setup also sat with 
the participant as a co-passenger in the simulation. In both versions, a pre-recorded zoo trip video 
plays in the front of the simulated vehicle. As the trip progresses, the ‘AI’ will start its audio-visual 
interaction in the experiment in the form of light conversation, with added visual patterns on the roof 
that accompany the AI’s speech. To ensure data consistency, the co-passenger and AI take turns to 
ask a series of scripted questions regarding the trip and the participant’s travel experiences. Any other 
questions or topics that were elicited by the participant in the experiment were entertained and 
regarded as continuing the natural flow of conversation to maintain the perception of natural human-
like interaction. At the end of the road trip, each participant completed an open-ended questionnaire 
that assessed initial reactions, anxiety, and effectiveness of the AI interventions. Using both the 
scripted travel questions and post-simulation questionnaire, the indicators eligible for further testing 
of the 3 postulates were derived. 

5. Results 

Referring to the previous work of the authors, these 3 postulates can be hypothesized as 
maintaining the consistency of several qualities, shown in Table 1. To establish parameters, the 
postulates can be separated into distinct categories. These qualities are first interpreted in the context 
of AVs, then separated into hypothesized indicators to test the validity of the postulates shown. The 
hypothesized indicators are then indirectly tested through a semi-formal design questionnaire as part 
of the usability testing method. Responses are recorded, then coded into categories in Table 2 to Table 
4 along with the frequency of occurrence. 
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Table 1: Hypothesized Indicators for the 3 Postulates 
 

Postulate   Hypothesized Indicator 

1 Displaying a presence to be perceived as a trusted 
presence  

 1a) Consistency of Personality 
 1b) Consistency of Social Role 

2 Managing information that leads to appropriate 
responses 

 2a) Consistency of Contextual Cues 
 2b) Consistency of Passenger Emotional State 

3 Communicate naturally even without a physical form  3a) Consistency of Immersion in Conversation 
 3b) Consistency in Use of Space 

5.1 Postulate 1 

Postulate 1 is indirectly tested through 2 questions asked in the design questionnaire. The 
indicators point towards features of interaction that aid in bringing about a consistent personality and 
social role. The questions that pertain to the indicators for Postulate 1 are: 

1. Were the graphics presented (in terms of the color, shapes, and animation) sufficient to convey 
what the driver wanted to say? 

2. How did you feel when entering a vehicle without a driver present? 
 

Table 2: Occurrence of Indicators for Postulate 1 
 

Hypothesized 
Indicators Group  Resultant Indicators Occurrence 

Personality AI Visual      
Presentation 

 Shape 
 Animation 
 Color 
 Visual Engagement 
 Spatial Arrangement 

60% 
25% 
20% 
20% 
15% 

Social Role AI as Driver 
 Understanding of Technology 
 Social Engagement (Enjoying Company) 
 Safety Concerns 

35% 
20% 
5% 

Personality, Social 
Role User Related 

 Initial Novelty of Experience 
 User Agency 
 Task Comfort 

40% 
10% 
5% 

 
From the responses given, participants mention the shape of the animated graphics affecting the 

AI’s visual presentation the most. In terms of the AI’s social role, participants mention their 
understanding of the technology being an important factor. For user related indicators, the initial 
experience of entering an AV, whether positive or negative also was mentioned the most. These 
indicators point toward further progress needed in briefing or explaining the user on how the 
technology works to increase passenger comfort. 

5.2 Postulate 2 

Postulate 2 is indirectly tested in 2 simple yes or no questions asked by the AI in the roadtrip 
travel simulation. The indicators are more task based and focus on the range of responses possible in 
an interaction. The questions that pertain to the indicators for Postulate 2 are: 

1) “There are two options to go to the zoo, Woodlands Rd and the BKE. Do you happen to have 
a preference?” 

2) (after weather question prompt) …” Do you guys happen to have an umbrella?” 
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Table 3: Occurrence of Indicators for Postulate 2 
 

Hypothesized 
Indicators Group  Resultant Indicators Occurrence 

Contextual 
Cues 

Participant 
Response 

 Response Given within Context 
 User Initiated Question 
 Follow-up Question 
 Unexpected Reply 
 Change in Topic 

100% 
23.5% 
17.6% 
14.7% 
11.7% 

Passenger 
Emotional State 

Participant 
Response  Uncertain Reply 11.7% 

AI Response  Error Handling 11.7% 
 

From the responses given, the AI in an AV should have the contextual knowledge available to 
handle not only indirect follow-up replies, but also improvise when the user initiates these questions. 
As the ‘AI’ was played by a researcher, the recommended testing criteria for chatbots such as 
Understanding, Navigation, Intelligence and Error Management were excluded as the ‘AI’ was able 
to perform these to a ‘human level of capacity’ [32]. This is shown in the Response Given within 
Context rate of 100%. This may also explain why passenger emotional state was not found to be as 
critical a testing criterion, as the ‘AI’ was able to handle misunderstandings or misheard questions 
well. In the simulation, the only signs of a disturbance in emotional state appeared to happen when 1 
participant quickly changed the topic abruptly after answering the question. 

5.3 Postulate 3 

Postulate 3 is indirectly tested through 2 questions asked in the design questionnaire. The 
indicators point towards features of interaction that aid in bringing about consistency in immersion 
and use of space. The questions that pertain to the indicators for Postulate 2 are: 

1) Was there a moment in the trip that made you feel uncomfortable? 
2) Did the actions of the driver make you feel less anxious? 

 
Table 4: Occurrence of Indicators for Postulate 3 

 
Hypothesized 

Indicators Group  Resultant Indicators Occurrence 

Immersion in 
Interaction 

AI Related 

 Natural Conversation 
 Positive Presence (Calm, Confident) 
 Accurate Response 
 Voice Quality 
 Initiated Conversation 

35% 
27.5% 
17.5% 
15% 
7.5% 

Scenario 
Related  Driving Performance 25% 

User Related  Trust 
 Familiarity 

2.5% 
2.5% 

Use of Space AI Related  Visuals 15% 
 

In terms of immersion, the ability to engage in natural conversation, the ability to display a 
positive presence and provide accurate responses were the most recorded. This points towards further 
work needed in enhancing the AI’s conversational ability through other sensory experiences to bring 
about a consistent social presence. The Use of Space in natural communication also appears to be less 
effective than the immersive aspect. This may be attributed to the first-time experience of the 
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participants in such an environment, and more work needs to be done to make the communicative 
aspects of the AI more identifiable in future experiments. 

6. Discussion 

The simulated scenario format described was done to obtain indicators to use as testable criteria 
for future research of the 3 postulates for Omnipresent AI. This approach started with an idea to 
address AI-human interaction in a different manner. As there is a need for a different kind of 
intelligence to handle the navigation and socializing tasks of vehicle drivers, the concept of an 
Omnipresent AI was developed from which the 3 postulates were derived to describe Omnipresent 
AI. The indicators obtained through this pilot study sufficiently validates the postulates, and points 
towards implementations that need to be improved, for example in the display of visuals. Due to the 
complex research premise, the experiment was performed in this present manner described to test the 
aspects of universal communication principles found in the 3 postulates. One limitation of this 
experiment is the lack of group interactions in a travel scenario. Another limitation is the lack of 
different travel scenarios, which limited the responses to only casual trip contexts. Further testing can 
be performed with other scenarios such as traffic jams and emergencies to ascertain all the 
communicative abilities needed by the AI towards increasing passenger acceptance.  

7. Conclusion 

This paper indicates that the 3 postulates proposed for an Omnipresent AI are significant in 
developing AI-Human social interaction, based on universal communication principles. Indicators 
recorded from participant responses in a simulation experiment point towards the premise for further 
validation of the 3 postulates. The authors intend to continue utilizing the simulation platforms, and 
building on the different interaction modes to incorporate the postulates, in order to  bring about near 
human interactions in an autonomous vehicle.    
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