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Abstract 
In emerging "driver-less" automated vehicles (AVs), the intuitive 
communication that exists between human drivers and passen-
gers no longer exists, which can lead to reduced trust and accep-
tance in passengers if they are unclear about what the AV intends 
to do. This paper contributes the foundational understanding of 
how passengers naturally decode drivers’ non-verbal cues about 
their intended action to inform intuitive Human-Machine Interface 
(HMI) designs that try to emulate those cues. Our study investigates 
what cues passengers perceive, their saliency, and interpretation 
through a mixed-method approach combining feld observations, 
experience sampling, and auto-confrontation interviews with 30 
driver-passenger pairs. Analysis of posture, head/eye movements, 
and vestibular sensations revealed four categories of intention cues: 
awareness, interaction, vestibular, and habitual. These fndings pro-
vide empirical foundations for designing AV interfaces that mirror 
natural human communication patterns. We discuss implications 
for designing anthropomorphic HMIs that could enhance trust, 
predictability, and user experience in AVs. 

CCS Concepts 
• Human-centered computing → Empirical studies in inter-
action design; Field studies; User studies. 
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Intention Cues, HMIs, Human-centric Design, Implicit Interaction, 
Anthropomorphism 
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1 Introduction 
The transition to AVs represents a fundamental shift in the role 
of future drivers towards that of a more cooperative driving team 
with the AV [25]. This represents challenges for how human and 
machine communicate and collaborate in real-time driving environ-
ments. Understanding a team member’s intention is fundamental to 
any good collaboration [8], including those cooperations between 
humans and the AV system [25]. 

Humans have a unique capacity for inferring intention from the 
dynamic actions and motions of others [5]. While subtle, these non-
verbal cues are essential to the intuitive coordination of efective 
dyadic interaction [12], including in-vehicle interactions between 
driver and passenger. Passengers use these cues to anticipate the 
driver’s intentions and future actions, such as turning, braking, 
or changing lanes [33, 52]. These intuitive dynamics are perhaps 
most visible when examining interruption behaviours in passenger-
driver interactions [10, 22]. 

In HCI, especially in the feld of Human-Robot Interaction (HRI), 
there has been a large body of research to understand intuitive 
human intention communication across a wide range of application 
domains, with the view to inform the design of more intuitive 
interfaces, that improve trust, and user acceptance and experience 
[58, 59, 66]. To date, this approach has been underexplored in the 
context of "driving robots", or AVs. 

A gap remains in the literature regarding the fundamental knowl-
edge about how drivers’ implicit non-verbal cues communicate 
their intentions within the vehicle. Addressing this gap may inform 
the future design of more intuitive HMIs for AVs on the basis of 
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this fundamental knowledge. Our research aims to address this 
gap by documenting and analysing these natural intention-sharing 
patterns between drivers and passengers. 

This paper makes a novel contribution to HCI by investigating 
the implicit communication between drivers and passengers, focus-
ing on the non-verbal cues that passengers recognise, their saliency, 
and how they are interpreted, through the following research ques-
tions: 

RQ1: What implicit, non-verbal cues do passengers perceive 
as the drivers’ intention cue (syntax)? 

RQ2: What intention cues are passengers particularly aware 
of and why (saliency)? 

RQ3: How are these cues interpreted by passengers (seman-
tics)? 

Through a mixed-method approach—combining naturalistic driv-
ing observations, experience sampling, and technology-assisted 
auto-confrontation interviews—this research uncovers the nuanced 
ways passengers interpret drivers’ non-verbal cues. By exploring 
head and eye movements, posture, and other subtle cues, we con-
tributed empirical fndings that ofer insights into the design of 
anthropomorphic HMIs. These fndings emphasise the integration 
of human intuition and implicit communication into AV interfaces, 
enhancing their capacity to improve user experience in automated 
systems. 

2 Related Work 

2.1 Non-verbal Communication in Human 
Interaction 

Non-verbal communication plays a fundamental role in how hu-
mans interact and cooperate, particularly in dynamic and high-
stakes environments such as driving [39, 52]. A long history of 
research in human interaction has shown that non-verbal subtle 
cues, including facial expressions, posture, and body and eye move-
ments, are critical for conveying intentions and emotions[23]). 

In human-to-human interactions, these cues provide informa-
tion that enables humans to estimate others’ intentions through 
their movements [2], often more quickly and intuitively than verbal 
communication. Research has shown the richness of information 
conveyed through movement cues alone. For instance, researchers 
[3] found that arm kinematics were sufcient to discern difer-
ent intentions (e.g., grasping a bottle for drinking versus pouring) 
through movement analysis. Similarly, Sartori et al. [50] examined 
how observers interpreted the reaching and grasping movements 
of a wooden block under diferent scenarios (cooperation, competi-
tion, or individual action), fnding that observers use distinct cues 
to anticipate others’ actions. Further supporting this, Trujillo et 
al. [57] used stick-light fgures to demonstrate that humans can 
accurately read intentions from movement cues even with limited 
contextual information. These insights into how humans naturally 
interpret movement and intention have sparked signifcant interest 
in the feld of human-robot interaction. 

2.2 Non-verbal Communication in 
Human-Robot Interaction 

HRI research identifed the value of non-verbal communication, 
where it informs more natural and efective robot-human inter-
actions. HRI researchers have focused on various aspects of non-
verbal cues, such as kinesics and proxemics [51, 56]. Studies have 
explored how robots’ non-verbal behaviours infuence human cog-
nition, emotions, and task performance, highlighting the impor-
tance of designing robots that can both recognise and generate 
appropriate non-verbal cues [13, 20, 24, 58, 60]. By incorporating 
these cues into interaction design, researchers and designers may 
create systems that foster more natural, inviting, and accessible 
experiences that foster trust and cooperation [58, 66]. 

Despite extensive research on non-verbal communication in 
human-human human-robot interaction, little attention has been 
paid to how these fndings translate in the context of AVs. Existing 
research on non-verbal communication in this feld has mostly 
surrounded the interaction between AVs and pedestrians [27, 49], 
rather than between the AV and their human driver/passenger. This 
leaves a critical gap regarding situations where human passengers 
may need to infer the intentions of automated systems. While 
studies have identifed drivers’ heads and eyes as valuable markers 
for determining intention, they have generally adopted a data-
driven rather than a human-centric perspective [21, 45]. This study 
bridges this gap by—to the best of our knowledge, for the frst 
time—exploring how passengers decode human drivers’ non-verbal 
cues in real-time driving environments, with the goal of informing 
more intuitive and efective HMI designs for AVs. 

2.3 Contextualising Non-verbal 
Communication in Automotive HMI Design 

While extensive research exists on social interactions in AV HMI 
design [63], there remains a crucial gap in understanding natu-
ral human driver-passenger non-verbal communication patterns. 
To inform the design of these interfaces, we can look to human 
driver-passenger interactions [33], particularly the non-verbal com-
munication that occurs in this context to convey intentions. Un-
derstanding intuitive human-human communication in current 
driving tasks is essential for designing more human-centred AV 
interactions [44, 64]. 

Prior work has suggested the importance of clear communication 
between human users and automated systems [25, 30], yet we lack 
a detailed understanding of how drivers’ implicit non-verbal cues 
unfold—how they are recognised, how salient they are, and how 
passengers interpret them. 

Automotive HMI design has increasingly turned to anthropo-
morphic depictions of elements and metaphors to create intuitive 
interactions aligning with human communication patterns. These 
approaches, such as Ju’s [33] "Husband metaphor", provide frame-
works for understanding the front-seat passengers’ roles in cooper-
ating driving [34]. The metaphor describes how passengers—similar 
to long-term couples who usually occupy the front seats of the car, 
develop an intuitive understanding of each other’s behaviours with-
out explicit communication—learn to read and interpret drivers’ 
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implicit cues and intentions. This positions the front-seat passen-
ger as an active observer interpreting non-verbal cues and pro-
viding feedback, much like the implicit cooperation that develops 
in long-term relationships. Such approaches provide a conceptual 
foundation for designing HMIs that facilitate more natural human-
machine interactions, particularly relevant in the context of AVs 
where traditional driver roles are being redefned. 

Human-human interaction studies have informed the develop-
ment of anthropomorphic interfaces in human-robot interaction. 
For instance, research on human social cues and gaze patterns has 
led to more intuitive robotic interfaces [13, 24, 36]. In the auto-
motive context, this approach aims to make automated systems 
more relatable and trustworthy. Anthropomorphic HMIs incorpo-
rating human-like gestures, facial expressions, or vocalisations can 
communicate AV intentions in ways more easily understood by 
passengers [14, 35]. 

However, while anthropomorphic elements can improve intu-
itive understanding of AV actions, there is a lack of foundational 
research on replicating the implicit non-verbal cues humans nat-
urally decode in driving contexts. Most current automotive HMI 
designs focus on explicit communication, often increasing cogni-
tive load [40]. Others focusing on anthropomorphic approaches 
only adopt human likeness in their HMIs in their eforts to create 
human-centric HMIs [4, 31, 35, 41, 42, 61, 62, 65]. In contrast, im-
plicit communication through non-verbal cues ofers more seamless 
and intuitive interaction. 

This study addresses this gap by investigating how front-seat 
passengers perceive and interpret drivers’ non-verbal cues in nat-
uralistic driving, aiming to inform future anthropomorphic HMI 
designs that leverage implicit communication for more intuitive 
and less cognitively demanding user experiences. 

3 Methodology 
This study employed a combination of qualitative methods and 
tools to explore how front-seat passengers decode drivers’ non-
verbal cues in real-world driving scenarios. Drawing on Ju’s [33] 
husband metaphor, which emphasises front-seat passenger engage-
ment with driving tasks, all passenger participants were seated 
in the front passenger seat. The study integrated naturalistic ob-
servations, experience sampling, semi-structured interviews, and 
technology-assisted auto-confrontation interviews, to capture real-
time and refective insights into how non-verbal convey driving 
intentions between human driver-passenger pairs. This study was 
extensively rehearsed and iterated through seven pilots (with col-
leagues outside the project), approved by our university’s ethics 
committee (Ethics Approval Number 2000000959) and conducted 
in accordance with our national Code for the Responsible Conduct 
of Research. 

The study was conducted in a naturalistic driving environment 
over the course of two 40-minute drives per participant pair. The 
drives followed two of eight pre-defned routes, encompassing a 
range of road conditions, including highways, intersections, and 
residential streets. These conditions were selected to elicit various 
driving behaviours and situations, providing opportunities to ob-
serve and capture a wide array of non-verbal cues from the driver. 
The frst drive was predefned and the same for all pairs, and the 

second was chosen by the passengers based on their highest fa-
miliarity. This ensured diversity and comparability in the driving 
contexts and familiarity with the routes of the drives. 

3.1 Participant Recruitment and Selection 
We recruited 60 participants (aged 18 to 60), 30 women and 30 men, 
grouped into 30 driver-passenger pairs (13 women and 17 men 
as passengers; 17 women and 13 men as drivers). The pairs were 
selected based on their level of familiarity with each other and 
grouped into 14 pairs of familiar participants who often accompa-
nied each other in driving (e.g., couples, friends) and 16 pairs of 
strangers who had never been driven by each other. This pairing cri-
terion was informed by existing literature’s emphasis on non-verbal 
interpersonal communication and habituation, which suggests the 
cues and signals humans observe can be diferent based on famil-
iarity [11]. By including both familiar and stranger pairs, the study 
ensured that a range of interaction dynamics is captured, though 
diferences between familiarity levels will not be the primary focus 
of this paper. Within each pair, participants self-selected their roles 
as drivers or passengers. The sample of 30 pairs exceeded the thresh-
old for both code saturation (9 interviews) and meaning saturation 
(16-24 interviews) established in qualitative research literature [32]. 
Our larger sample size allowed us to capture potential outliers and 
edge cases while ensuring comprehensive coverage of behavioural 
patterns and their nuanced manifestations. 

Participants were required to be 18+ years of age, possess a valid 
driver’s licence, and demonstrate active driving patterns (2+ hours 
weekly). Additional criteria included familiarity with the inner 
Brisbane road network and good English language profciency. For 
drivers specifcally, it was required the absence of injuries afecting 
driving capability within the previous 6 months along with no 
at-fault crashes within the preceding 2 years. These criteria were 
established to ensure the observation and expression of intentional 
cues through body language during driving. 

Recruitment was carried out through social media and university 
mailing lists, and all participants were fully briefed on the study 
before their involvement. Participants were given a $100 gift card 
voucher as compensation for their participation. 

3.2 Data Collection Methods and Apparatus 
3.2.1 Observational Field Study. An observational feld study was 
the primary method used to capture the naturalistic, unprompted 
interactions between drivers and passengers. Each vehicle was 
equipped with an array of four GoPro cameras, which recorded 
diferent angles of both the driver and the passenger, as well as the 
road ahead and the interior context of the car. This setup provided 
comprehensive coverage of all key visual cues, allowing us to track 
non-verbal communication throughout the drives. Figure 1 illus-
trates the apparatus and camera placement. The recorded video 
data formed the foundation for subsequent stages of the research, 
such as experience sampling and interviews. 

3.2.2 Experience Sampling Method (ESM). During the drive, par-
ticipants used an inconspicuous wireless clicker to fag moments 
when they perceived non-verbal cues that conveyed the driver’s 
intentions—unbeknown to the driver. These timestamps were syn-
chronised with the video footage, enabling a detailed analysis of the 
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Figure 1: The synchronised recorded footage of the natural 
driving study. On the top left is the view of the driver’s entire 
body. On the top right is the driving context. On the bottom 
left is the view of both driver and passenger. On the bottom 
right is the approximate point of view of the passenger. On 
the timeline below, the various white markers represent the 
sampled experiences of the passenger. 

cues that passengers noticed (see Figure 1). The ESM was critical 
in capturing the subjective perception and the saliency of these 
cues in real-time, providing a timeline of the passengers’ intention 
awareness. 

3.2.3 Technology Assisted Auto Confrontational Semi-Structured 
Interviews. Auto-confrontational interviews [47] aim to elicit deep 
insights into a participant’s thoughts, behaviours, or experiences 
by confronting them with their own actions or situations, e.g, by 
enabling participants to revisit specifc events through recorded 
footage, thereby facilitating detailed recall and articulation of their 
lived experiences and perceptions. 

In our study, following a 10-minute break after each drive, technology-
assisted semi-structured auto-confrontational interviews were im-
mediately conducted with the passengers to gain a deeper under-
standing of their interpretations of the driver’s non-verbal cues. 

The interviews focused on moments fagged during the drive 
(via the clicker) and sought to uncover why those cues were noticed 
and how they were interpreted (see Figure 1). While all fagged 
moments (clicks) were reviewed during the interviews, participants 
occasionally indicated that certain cues were similar to previously 
discussed ones or were unable to recall specifc details of some 
fagged moments. During these interviews, passengers viewed syn-
chronised video playback of the drive, showing only the right side of 
the video to match their perspective (see Figure 2a). This approach 
served two purposes: a) it enabled participants to refect on their 
thought processes and the implicit cues they observed, providing 
valuable insights into their cognitive and emotional responses, and 
b) it avoided directing participants’ attention to specifc, irrelevant, 
or potentially misleading aspects of the video footage. The semi-
structured format ensured consistent coverage of key questions 
such as "How did you know the driver was going to do that?" and 
"What and how did the driver’s body language signal to you?" while 
allowing fexibility for participants to elaborate on their experiences. 

Our approach proved particularly valuable in capturing nuanced 
insights that might otherwise remain unexpressed in traditional 
interview settings. 

Figure 2: A view of the interview apparatus showing a) what 
the passenger sees on their monitor, where half the moni-
tor is blacked out, only the right side is visible and b) the 
researcher sees all the angles recorded on their monitor. 

3.3 Procedure 
Each session took around 3-4 hours from arrival to the end of the 
study. This included check-in, study briefng, consent, prep, two 
approximately 40-minute driving sessions, and the interview. Par-
ticipants (passengers and drivers) were welcomed and introduced 
to each other if they did not know each other (stranger pair). They 
received separate briefngs about their roles in the study. 

The driver participants were briefed in the car to familiarise 
themselves with the research vehicle, including a familiarisation 
drive (accompanied by a researcher). They were instructed to drive 
safely and as naturally as possible during both the test drive and 
the study. After the familiarisation drive, they were asked if they 
felt confdent to continue with the study and sign their consent. 

The passenger participants were briefed about the use of the 
clicker and instructed to use it to “fag” driving situations (see 3.4.2 
Experience Sampling Method) when they either a) detected/inferred 
the driver’s intention from their body language (cues), or b) when 
they felt they lacked sufcient information to infer the driver’s 
intentions. 

After the briefngs, participants began the naturalistic drives. Par-
ticipants were instructed to refrain from conversations during the 
drives to a) not distract participants from their experience sampling 
task (as identifed during piloting) and drivers from their driving 
task (ethics and risk mitigation), b) simulate an environment similar 
to an automated driving experience in which our driver participants 
embody and simulate a non-verbal visual "interface", and c) to iso-
late non-verbal communication to inform non-verbal HMIs. They 
did two drives with a 10-minute break between them. Upon com-
pletion, participants had another short 10-minute break while data 
was extracted and prepared for the subsequent passenger interview. 

Prior to the interview, drivers were debriefed about the passen-
ger’s clicker activities and the reason for withholding this informa-
tion earlier, ensuring their natural behaviour. Drivers then provided 
written consent to continue. Following the interview and debriefs, 
participants could ask questions and receive their participation 
vouchers. During this stage the participants were given the option 
to give consent to their image release. 
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4 Data Analysis 
The data collected from the ESM and interviews were analysed 
using a combination of qualitative thematic analysis [9] and In-
terpretive Phenomenological Analysis (IPA) [53]. For the thematic 
analysis, we carefully examined the video data, which was syn-
chronised with the clicker events, to identify recurrent patterns 
(codes) in the driver’s non-verbal cues, such as head movements, 
eye movements, and posture. We paid particular attention to how 
these non-verbal cues related to the driving context and how pas-
sengers interpreted them, allowing us to build a comprehensive 
understanding of the implicit communication occurring during the 
drives. 

Complementing this approach, IPA explored the subjective ex-
periences of the passengers. It allowed us to understand how pas-
sengers made sense of the implicit communication they observed 
during the drives, and to uncover rich, diverse and nuanced insights 
into how passengers’ interpretation of non-verbal cues contributed 
to their understanding of the driver’s intentions. 

To ensure the validity and reliability of our fndings, we im-
plemented several strategies. We prioritised refexivity and trans-
parency throughout the research process and the IPA. The primary 
researcher engaged in regular refective practices to identify and 
document personal assumptions, biases, and preconceptions that 
might infuence data interpretation. This refexive bracketing [54] 
was complemented by multiple iterations of peer review and de-
briefng, where four research fellows and three professors provided 
external perspectives on the analytic process. These peers reviewed 
video examples representing proposed themes and ofered feedback, 
challenging assumptions and interpretations to streamline emerg-
ing themes. By implementing these measures, we aimed to address 
potential biases in data collection and analysis, ensuring a rigorous 
and transparent research process that accurately represents the 
participants’ experiences and interpretations. 

4.1 Coding Overview 
Thematic analysis of participant reports was conducted using the 
Driving Intention Grammar (DIG) approach. This approach is in-
spired by institutional grammar, an analytical tool developed by 
Elinor Ostrom and Sue Crawford [18] used to systematically dis-
sect and analyse the components of documents. Using DIG, we 
frst broke the reports of passenger observations (syntax) down to 
subject (generally body parts), predicate (action), object (context), 
and adverbs (manner, time, place) (see Table 1). This systematically 
captured the core elements of how passengers reported the driver’s 
non-verbal cues, e.g. “I saw him turn his head (subject) to look (pred-
icate) in my mirror (object), quickly (adverb)”. When participants 
used predicates such as “glancing”, it was coded as defned: looking 
(predicate) quickly (adverb). 

The reports about the passenger’s interpretation (semantics) 
were also broken down into their core components. For example, 
the report “. . . and that meant that he is going to merge to the left 
lane” was coded as “lane change, left”. In other words, DIG helped 
identify key insights related to what was observed, the identifed 
cue and the driving action that the cue conveyed. The semantics 
were subsequently iteratively clustered into themes, as discussed 
in the fndings. 

Table 1: Driving Intention Grammar Tool (DIG) coding ex-
ample (simplifed). 

Subject Predicate Object Adverb 

Head & Eyes 

Hands 

Looking 

Gripping 

At oncoming 
trafc 
Steering 
wheel 

Constantly, 
quick 
Tense, lose 

Head Surveying The surround-
ing 

Repeatedly 

5 Findings 
The reports about the passenger’s interpretation (semantics) were 
also broken down into their core components. For example, the 
report “. . . and that meant that he is going to merge to the left 
lane” was coded as “lane change, left”. In other words, DIG helped 
identify key insights related to what was observed, the identifed 
cue and the driving action that the cue conveyed. The semantics 
were subsequently iteratively clustered into themes, as discussed 
in the fndings. 

These fndings are the results of the 30 participant pairs’ 22.5 
hours of driving and 30 subsequent passenger interviews, each 
40-100 minutes long, resulting in around 35 hours of interview 
data. 

Participants showed a diverse range of clicking patterns, rang-
ing from a minimum of eight clicks to a maximum of 421 clicks 
(Mean=109.6, SD=113.23) recorded across all sessions. On aver-
age, familiar pairs recorded more clicks than stranger pairs in 
both drives (mean=67.1 [SD=68.4, min=4, max=249] vs mean=51.6 
[SD=45.0, min=5, max=194] in drive 1, and mean=53.2 [SD=52.0, 
min=4, max=193] vs mean=51.6 [SD=51.5, min=3, max=180] in drive 
2), and participants clicked more during the frst drive (59.3) than 
in the second drive (52.1). In sum, participants collectively logged 
1899 clicks in drive 1 and 1720 clicks in drive 2, with a total of 
3619 times. Approximately 60% of the clicks were discarded due to 
reasons such as participants not recalling or accidental clicks. A 
total of 1451 clicks remained and were discussed in the interviews. 
They displayed two types of clicking behaviours: a) “atomic” events, 
which represented individual clicks, and b) multiple events, which 
involved multiple consecutive clicks. Around 12% of these events 
involved multiple-clicks instances, while 88% were “atomic” clicks. 

The analysis of passenger interviews revealed key insights into 
how non-verbal cues from drivers are perceived, decoded, and inter-
preted. These fndings emerged through an iterative coding process 
that organised participant observations into themes, focusing on 
driver body language and its implicit communication of intent. 
We focused on the syntax and semantics of driving implicit cues, 
examining posture and head, eye and hand movements. 

5.1 RQ1: Syntax 
The coding process revealed that certain body parts and actions 
were consistently identifed by passengers, particularly head, eye 
and hand movements, as primary indicators of the driver’s inten-
tions. 

https://SD=113.23


CHI ’25, April 26–May 01, 2025, Yokohama, Japan Mohammad Faramarzian, Jorge Pardo, Ilan Mandel, Andry Rakotonirainy, Wendy Ju, and Ronald Schroeter 

5.1.1 Head and Eye Movements. Head and eye movements were 
the most commonly reported intention cues (45%), frequently as-
sociated with checking mirrors, or surveying the surroundings, 
and interpreted as indicators of the driver’s intent to change lanes. 
Passengers commonly reported their driver’s looking at various 
markers in the driving environment and associated them with in-
tentions and potential future driving actions, “. . . he was looking at 
the trafc light, so I was sure she was going to take of as soon as the 
light turned green.” Other times, the observable driver’s head and 
eye movement simply conveyed to the passenger that the driver 
was aware of the driving environment “There are subtle head move-
ments. I just know she is taking in everything well. I knew she was 
scanning everything; I didn’t know how, but I know her, and she does 
that, and I can just tell, with her.” For a list of the discovered codes 
and their relationship, see Figure 3. 

Figure 3: Coding structure of head and eye movements guided 
by DIG. 

5.1.2 Hand and Arm Movements. Participants also noted the dri-
ver’s hand and arm movements (often in relation to the steering 
wheel) as critical cues, especially when signalling or preparing for a 
turn. One participant described the driver’s “tense grip on the steer-
ing wheel” as an indication of heightened focus or decision-making, 
while another associated a “loose grip” with the driver’s confdence 
in knowing the path ahead. Cues such as reaching for the indicator 
or resting hand on the gear stick were commonly observed and 
interpreted as preparatory steps for a manoeuvre. 

The subtlety of these cues, such as “hovering fngers over the 
indicator,” was also noted, with participants acknowledging the im-
portance of these subtle cues in interpreting the driver’s next move. 
At times, the passenger reported only the way the driver gripped 
the steering was indicative of the driver’s intentions, stating, “I 
could tell by how he had his hands on the steering wheel that we were 
going to turn right”. 

These participant observations provide valuable insights as the 
cues they observed are almost imperceptible to researchers through 
video observation. For example, in the situation depicted in Figure 
6, both passengers noted the driver’s fngers hovering over the 
indicator, although it is captured, it is hard to see. For a list of the 
discovered codes and their relationship, see Figure 4. 

Figure 4: Coding structure of arm, hand and fnger observa-
tions guided by DIG. 

5.1.3 Facial Expression and Postures. Changes in the driver’s pos-
ture were less frequently noted but were still signifcant when 
observed. Research suggests that posture changes usually are re-
lated to arousal or anxiety [23, 28]. This aligns with the participants’ 
reports (see Table 2). Participants described instances where the 
driver’s posture suggested discomfort, readiness for action, or in-
decision. One participant interpreted that when the driver “sat 
up straighter” at a busy intersection, they were preparing for a 
complex manoeuvre. In addition, a relaxed posture was reported 
several times to cue the driver’s confdence. This posture-based cue 
provided the passenger with additional context about the driver’s 
attention and SA. However, most of the reports of posture were 
made in tandem with head and eye movements, making the re-
ported posture movements as kinesics adaptor used to get a better 
view of the environment. For a list of the discovered codes and their 
relationship see Figure 5. 

Figure 5: Coding structure of shoulder, posture and face ob-
servations guided by DIG. 

5.1.4 Leg, Foot, and “Car”. The study revealed an unexpected 
source of driver intention inference, which was predominantly “the 
car”, rather than observing the leg and foot. Passengers consistently 
reported their ability to glean information about the driver’s inten-
tions through vibrations, inertia, and sounds of the car, perceived 
through touch, vestibular and auditory senses. 
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Participants demonstrated a remarkable ability to interpret subtle 
vehicle movements. For instance, passengers noted "I felt the driver 
(stopping)" or “he slowed down quite a bit when he realised he had 
to change lanes”, illustrating how vestibular cues can reveal the 
driver’s immediate actions. Another participant reported, "Probably 
just the patting of the brake, it’s subtle. I was hearing it in the car’s 
motor", and yet another noted, "I felt he rolled of the accelerator," 
highlighting the close association between vestibular cues and the 
auditory cue (sound of engine) or the visual cue of the driver’s 
manipulation of the pedals with the foot. This highlights the multi-
sensory nature of this perception, which did not lend itself to in-
depth coding using DIG identifying predicates and objects. 

The absence of expected vestibular cues was also frequently 
reported where passengers observed protocol discrepancies. Pas-
sengers mentioned instances like "didn’t slow down in time" or 
"going slow, he was unsure of his surroundings, not making sudden 
movements." Vestibular cues, far from being mere physical feedback, 
serve as a rich source of information about the driver’s intentions, 
competence, and cognitive processes when interpreted alongside 
other contextual cues. 

5.2 RQ2: Saliency — Reinforcement Through 
Repetitions, Timing, and Intensity of Cues 

Table 2 presents an overview of the percentages that individual DIG 
subjects, generally body parts as discussed above, were perceived 
as providing an intention cue. They are clustered in their semantic 
themes as discussed further in section 5.3. in relation to RQ3: aware-
ness cues, interaction cues, vestibular cues, and unique or habitual 
cues. Table 2 quantifes the saliency of DIG subjects in relation to 
intention. In turn, we discuss factors that further reinforced what 
passengers were aware of and why. 

Amongst the behaviours reported, there were aspects of some 
of the observed behaviours (coded by adverb using DIG) that stood 
out based on how they infuenced the passenger’s interpretations. 
These were repetition and exaggeration which helped the passenger 
interpret the urgency and the certainty of the driving intentions. 
Other times, it was the prominence of events unfolding in the 
driving context that reinforced the interpretation of the driver’s 
Intentions. 

Repetition plays a crucial role in this communication process. 
Passengers often emphasised that the repetition of multiple cues 
provided certainty of the driver’s intentions. As one participant re-
marked, “When he checked both mirrors and looked over his shoulder, 
I knew he was going to change lanes.” For example, one participant 
explained, “When he does the double head turn, it’s more like he com-
mits to the lane change.” This observation was common, allowing 
passenger participants to report their interpretations of the driver’s 
intentions with more certainty. One of the most common intentions 
reported was lane change, which was made up of two or more head 
turns, identifying the second head turn to be broader (see Figure 
6). Even when no immediate action followed, passengers attrib-
uted meaning to the cues, recognising them as part of the driver’s 
decision-making process with certainty. 

Exaggeration of the observed cues serves as another important 
attribute. These were the intensity and subtlety of the observed 
movements of the driver. Participants often used words such as 

Table 2: Percentages of DIG subjects, generally body parts, 
perceived as providing an intention cue. 

Awareness Cues Interaction Cues 

Eyes 23% Hand 16% 
Head 22% Finger <1% 
Posture 5% Arm <1% 

Total 50% Total 16% 

Vestibular Cues Unique and Habitual Cues 

Vestibular 28% Face 3% 
Leg 2% Posture <1% 
Foot 1% 

Total 31% Total 3% 

Figure 6: Two passenger pairs’ distinct observations of simi-
lar repeated head-turns that implicitly communicate a lane 
change. On the top is a “big” or “broad” head movements, 
whereas on the bottom, head movements are reported with-
out adverbs. 

“kept looking”, “many times”, “quick”, or “checked” to signify the 
intensity of the observed cue. When they reported on intense body 
movements, they were able to infer the urgency of the driver’s 
intention using words such as “tense” and “drastic”. Usually, the 
sense of urgency interpreted was due to the observation of intense 
driver movements. These interpretations of urgency in anticipated 
action could signify that the driving intentions would be anticipated 
to take place sooner rather than later. 

On the other hand, observation of subtle body movements did 
not change the urgency of the intentions. Observation of broad, 
clear movement allowed the passenger to report their interpreta-
tions more confdently, thus making them more certain about the 
anticipated intentions of the driver. Passengers reported “big” or 
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“broad” movements, which further reinforced the salience of the 
cue, as seen in Figure 6 (top). The movements are broader and more 
salient. The various ways the same cues were performed reinforced 
the passenger’s confdence in predicting the driver’s intentions. 

5.3 RQ3: Semantics 
The thematic analysis revealed that passengers rely on a combina-
tion of various implicit cues within the driving context to decode 
the driver’s intentions. However, these cues were not always per-
fectly aligned with the driver’s actual behaviour. In some instances, 
passengers reported cues that seemed to indicate one action but 
were followed by a diferent outcome, such as a delayed or cancelled 
lane change. As one participant refected, “Sometimes he ends up not 
changing lanes, but that doesn’t afect me; he just probably changed 
his mind.” This highlights the interpretative nature of decoding 
non-verbal cues, where passengers consistently acknowledge the 
fuidity of intentions during the driving task. 

This study uncovered several key themes related to the implicit 
non-verbal cues that passengers observe and interpret while de-
coding driver intentions. These cues—categorised as (i) Driver’s 
Situational Awareness (DSA) cues, (ii) interaction cues, (iii) vestibu-
lar cues, and (iv) habitual cues—each provide diferent insights into 
how passengers understand the driver’s body language to decode 
the driver’s intention. This knowledge can inform the design of 
human-centric automotive interfaces. 

5.3.1 Awareness Cues - Driver’s Situational Awareness Information. 
Awareness cues provide passengers with insights into what they 
perceive as the driver’s situation awareness regarding the driving 
environment. These cues often involve head and eye movements, 
such as checking mirrors or looking at specifc road elements. Pas-
sengers frequently interpreted these movements as indicators of 
the driver’s awareness, even if no immediate action followed, from 
which intention, and sometimes competence, was inferred. 

One participant noted how “he was looking to the left” as a signal 
that the driver was aware of other vehicles, even though no lane 
change occurred. While these cues do not necessarily communicate 
immediate intention, they ofer passengers a sense of the driver’s 
ongoing assessment of the environment and their prioritisation. 

Observing these awareness cues contributed to passengers’ feel-
ings of security and confdence in the driver’s competence, en-
hancing their overall comfort during the drive. By signalling the 
driver’s focus on relevant elements of the driving context, aware-
ness cues provide valuable feedback and reassurance that the driver 
is engaged in the task at hand. 

5.3.2 Interaction Cues – Feedforward Information. Interaction cues, 
primarily involving the driver’s physical engagement with vehicle 
controls like the steering wheel, indicators, or gearshift, serve as im-
mediate feedforward information for passengers. These cues allow 
passengers to instantly interpret the driver’s imminent intentions, 
closely aligning with Ju’s [33] concept of "feedforward" regarding 
interactions. 

This immediate interpretation enables passengers to anticipate 
actions and potentially intervene if necessary. Passengers reported 
that subtle hand and arm movements, such as "extended his hand, 
reaching for the indicator" or "where his hands were on the steering 

wheel", were reliable indicators of impending manoeuvres. One 
participant noted, "it allowed me to know what’s coming before it 
happens," highlighting the predictive nature of these cues. The way 
the hands gripped the steering wheel also allowed the passengers 
an insight into the driver’s state, “her hands were tightly gripped on 
the steering wheel. Good. The driver is ready for any situation.” 

The steering wheel emerged as a focal point for these observa-
tions, with interaction cues ranking as the third most frequently 
observed category. Passengers demonstrated a remarkable ability 
to monitor various vehicle controls in detail, primarily by observing 
the driver’s hands. The saliency of interaction cues emphasises the 
importance of anticipating the interaction with vehicle controls. 

The saliency of these cues underscores the importance of de-
signing interfaces that provide passengers with clear, yet implicit, 
feedback on vehicle actions—ensuring that they are aware of the 
vehicle’s intended movements without overwhelming them with 
explicit information. 

5.3.3 Multisensory Cues – Multipurpose Feedback and Feedforward 
Information. Multisensory cues proved to be signifcant indicators 
of driver intent in combination with contextual awareness. Vestibu-
lar cues often serve as an immediate and tangible form of feedback 
about the driver’s actions, perceived by passengers through the 
vehicle’s physical movements, changes in inertia, including acceler-
ation, deceleration, and directional shifts, and are often augmented 
in combination with auditory, visual or haptic cues. 

The direct and instantaneous nature of these cues provides pas-
sengers with real-time information about the driver’s control inputs. 
The physical sensations allowed passengers to interpret the dri-
ver’s immediate action as feedback, and intentions as feedforward: 
"I felt the car slowing down [feedback], and I knew he was going to 
stop [feedforward]". They are, therefore, multi-purpose, serving as 
a rich source of information about the driver’s intentions, compe-
tence, and cognitive processes when interpreted alongside other 
contextual cues. 

Unlike other cue types that may indicate future intentions, mul-
tisensory cues ofer immediate feedback on the vehicle’s current 
state and dynamics. This direct physical feedback provides passen-
gers with a visceral sense of the driver’s control over the vehicle, 
enhancing their awareness of ongoing manoeuvres and immediate 
changes in the driving situation. 

5.3.4 Unique and Habitual Cues - Driver State and Feedforward 
Information. Unique cues were typically one-of observations made 
by passengers, particularly in unfamiliar driving pairs. These cues 
often involved behaviours or gestures that were not part of the 
driver’s regular routine, such as “tapping on the steering wheel” or 
“fdgeting.” One participant noted that these unusual gestures made 
them unsure of the driver’s intentions at frst but later helped them 
understand the driver’s mood or focus. 

In contrast, familiar driving pairs reported habitual cues more 
commonly by observing their expressions and posture with con-
sistent behaviour they had observed in their drivers over time. Ha-
bitual cues are often performed automatically and can be a strong 
predictor of future behaviour in similar situations [48]. For instance, 
one participant confdently stated “There, see! She is thinking. ((bit-
ing his lips)) biting her lip, and then she looked, [intonating as if to 
suggest steps], and then she merged, and then her face relaxed . . . I 
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knew exactly what she was going to do there” referring to the driver’s 
familiar facial expressions and postures. When probed to clarify 
how he can interpret such resolute interpretations, as the interview 
apparatus did not allow full view of the driver’s face (see Figure 
7) he stated, “. . . we’ve been living together for what, 40 years, and 
we climb together, and we cycle together, so we learn to watch out 
for everything. It’s just the way it is.” In the study of kinesics, these 
facial expressions and irregular body movements can be categorised 
as afect displays, which are usually involuntary and can contain 
emotional meaning [6]. 

Figure 7: Example of the intricate habitual cue of passenger 
interaction with her face during the drive (Left). During the 
interview, Bill mimics the same hand interactions of the 
intricate habitual cue, which he has learnt to interpret as 
diferent levels of the driver’s concern with the state of the 
environment (Right). 

As passengers usually understand these cues through experience 
with the driver and require habituation, we label them habitual cues. 
These habitual cues often conveyed deeper insights into the driver’s 
cognitive state, such as planning or hesitation, and were recognised 
quickly by passengers who had prior experience with the driver. 
This distinction between unique and habitual cues highlights the 
potential for HMIs to allow users to adapt to HMIs over time based 
on the user’s familiarity with the system. 

6 Discussion 

6.1 Implications for HMI Design 
Our fndings present both observed human intention cues (syntax), 
their saliency, and how a human interprets them (semantics). They 
provide valuable insights into the complex interplay between driver 
cues and passenger interpretations. This can inform future human-
centric HMI designs for AVs mimicking or abstracting the human 
driver’s behaviour, which we discuss as follows. 

6.1.1 Informing Awareness Interfaces. Awareness cues are critical 
as they convey not only intentions but also information about driv-
ing competency, resulting in trust, feeling of safety and comfort. 
This underscores the importance of visual cues in conveying situa-
tional awareness and suggests that future HMI designs should pri-
oritise visual feedback mechanisms. Current vehicle HMIs typically 
provide a birds-eye view of constant feedback on all driving-related 
markers without bias [7]. However, our research indicates that a 
more nuanced, context-aware approach could be more intuitive. 

Interfaces could highlight specifc elements based on the vehi-
cle’s current driving context, fltering out less critical information, 
such as parked cars in a separate parking lot (see Figure 8). Less 

prominent but important markers, such as the trafc lights or other 
road users with actual confict potential, are emphasised to signify 
the vehicle’s focus and nuanced understanding of what is relevant 
in the current driving situation. As an abstraction of the passen-
ger’s head, a blue feld of vision could be animated and informed by 
the passenger’s observation of the driver’s head movements. This 
approach aligns more closely with how human drivers naturally 
process and prioritise information in specifc driving scenarios. 

Figure 8: Left: Screenshot of Tesla’s situation awareness feed-
back Photograph by Francesco Barontini. Right: An altered 
image of Teslas’ situation awareness, only emphasising con-
textual elements highlighted by our participants’ reports 
associated with the intention of turning in a junction (image 
retrieved and adapted from uk.motor1.com). 

A comprehensive HMI design should consider complementary 
sensory modalities to provide a more holistic representation of 
the vehicle’s awareness and intentions. The design of HMIs could 
beneft from incorporating visual emphasis or repetition to signal 
critical information or intentions. For instance, HMIs could use 
pulsing or repeated but subtle visual cues to indicate important 
actions or environmental factors. 

Implementing these fndings in AV HMIs’ design could min-
imise cognitive burdens, improve trust in automated systems, and 
enhance overall user experience. As AV technology continues to 
advance, it is crucial to develop interfaces that efectively commu-
nicate the system’s awareness, mirroring the subtle yet informative 
awareness cues that human drivers provide. 

6.1.2 Feedforward HMIs using Interaction Cues. Interaction cues, 
primarily involving the driver’s hands and arms, serve as crucial 
feedforward information, allowing passengers to anticipate the 
driver’s intentions before actions are executed. These subtle move-
ments, such as changes in steering wheel grip or reaching for con-
trols, provide implicit yet powerful signals that passengers rely on 
to interpret upcoming manoeuvres. 

In the context of AV interface design, replicating these interaction 
cues presents an opportunity to enhance user trust and comfort. 
Visual abstractions of hand movements, similar to those explored 
in recent animation studies by Gomaa, Zitt, and Reyes [26] and 
Kang et al. [35], could ofer an ambient way to convey feedforward 
information around the steering wheel. Additionally, both tactile 
and visual feedback around the steering wheel, inspired by work in 
human-robot interaction like that of Tinga et al. [55], could provide 
embodied cues that mimic the subtle changes passengers observe in 
human drivers. However, while this type of research often relies on 
animated characters to synthesise interactions, our research allows 
drawing from natural studies of real-world behaviour. 

https://uk.motor1.com
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Our fndings suggest that subtle visual and tactile abstractions 
of the observed cues, such as changes in ambient lighting or haptic 
feedback on the steering wheel, could efectively replicate the im-
plicit signals that passengers observe and decode driver intentions. 
While similar interfaces are already incorporated into some steer-
ing wheel designs, they often lack grounding in specifc human 
behaviours. The goal of such human-centric interfaces would be to 
create a feedforward system that communicates impending vehi-
cle control engagements, allowing AV users to anticipate actions 
and intervene if necessary. This approach aligns with the natural 
way passengers interpret driver behaviour and could signifcantly 
enhance the user experience in AVs. 

6.1.3 Feedback HMIs Using Vestibular Cues. Vestibular cues, on 
the other hand, provide immediate feedback [1] rather than feedfor-
ward information. These cues, experienced through subtle changes 
in longitudinal and lateral accelerations, represent the actual execu-
tion of the driver’s intentions [16]. Unlike other cue types, vestibular 
feedback is instantaneous and directly tied to the vehicle’s move-
ments [37]. This immediacy makes vestibular cues particularly 
valuable for validating the observer’s previous interpretations. 

Vestibular cues are subtle but salient, immediate and implicit. Yet, 
they are largely under-researched as a complementary HMI modal-
ity that does not overwhelm users with explicit information. In the 
context of AV design, a more intentional design of these vestibular 
cues through vehicle dynamics (or haptic interfaces) could ofer 
a human-centric approach to conveying vehicle intent. By simu-
lating the subtle physical sensations associated with acceleration, 
deceleration, and turning, AVs could provide users with an intuitive 
understanding and early feedback of the vehicle’s actions [16, 17]. 

6.1.4 Habitual cues. The distinction between unique and habit-
ual cues observed in human drivers ofers valuable insights for 
designing future AV HMIs. By leveraging these concepts, design-
ers can create more intuitive and communicative interfaces that 
enhance passenger trust and comfort. One promising approach to 
incorporate both unique and habitual cues in AV HMIs is the use 
of visual cues such as mood lighting to communicate the vehicle’s 
"mood" or operational state, similar to Dandekar et al.’s [19] designs. 
This design element can communicate the AV’s confdence level 
and stress in various driving scenarios. When navigating complex 
environments, the AV HMI could employ various colour scheme 
that indicates heightened alertness or stress. For instance, amber 
or orange lights could signify caution and increased focus, while 
pulsing patterns might mimic the "fdgeting" observed in human 
drivers. 

AV HMIs can leverage the principle of habituation by ofering 
customisable interfaces implementing a learning system that adapts 
its communication style based on user facial expressions and reac-
tions to diferent contexts. As users become more familiar with the 
system, the HMI could provide less or more detailed information, 
mirroring the way passengers learn to interpret subtle cues from 
human drivers over time. 

To bridge the gap between human drivers and AVs, designers can 
incorporate subtle, human-like behaviours into the HMI. For exam-
ple, the system could simulate "lip-biting" or "thinking" moments 
through brief pauses or changes in light patterns before execut-
ing complex manoeuvres. Using directional lighting to indicate 

intended actions could mimic how passengers observe a driver’s 
gaze, while implementing a "relaxation" state after successfully 
navigating challenging situations could further humanise the AV’s 
behaviour. These examples highlight the necessity in utilisation 
of our fndings to guide designs that use the interior as an HMI to 
communicate the AV’s emotions [38]. The association of emotions 
to AVs through HMIs have been the focus of external HMI research 
[43]. 

By thoughtfully integrating these elements, AV HMIs can create 
a more natural and intuitive communication channel with pas-
sengers. This approach of basing the designs of HMI informed by 
observable driver behaviour has the potential to increase trust and 
comfort in automated driving systems by providing familiar cues 
that passengers can learn to interpret over time, much like they do 
with human drivers. 

6.1.5 Summary. In summary, our fndings may ofer signifcant 
implications for the refnement of anthropomorphic design strate-
gies in AV interfaces. By leveraging body language data from real 
drivers, researchers may develop HMIs that communicate inten-
tions in a more nuanced and human-like manner, going beyond 
mere visual likeness to incorporate authentic driver behaviours. 
This approach addresses the limitations of current eforts in hu-
man avatar integration, which often fail to accurately represent 
driver behaviour [4, 31, 42, 55]. This human-centric approach to 
HMI design may have the potential to signifcantly enhance user 
trust, comfort, and overall experience in automated driving systems, 
bridging the gap between human drivers and AVs. 

6.2 Limitations 
While this study provides valuable insights, several limitations 
should be acknowledged. Participant instruction and recall posed 
signifcant challenges. Despite careful briefng, some participants 
forgot instructions or their sampling task, necessitating reminders 
before the second drive. More critically, over half of the sampled 
moments were not remembered during interviews, with partici-
pants often unable to explain their clicks. Recall, when present, was 
often non-linear, requiring careful review with recorded footage. 

Click frequency varied widely among participants (mean=109.6, 
SD=113.23), afecting interview depth. Some participants used sin-
gle clicks for multiple cues, while others used multiple clicks for 
single observations. Although these variations complicated analy-
sis, the clicks remained valuable for identifying common themes 
and cues. Furthermore, maintaining participant engagement during 
the lengthy auto-confrontational interviews (often exceeding an 
hour) was challenging. We employed a mix of question types and 
positive feedback to keep participants focused and motivated. 

Our recruitment method may have introduced generalisability 
concerns, including self-selection bias, sample size and seating po-
sitions. All passengers were seated in the front passenger seat. This 
may limit the generalisability in terms of the visual perspective 
from which participants made their driver intention observation. 
Lastly, instructing people to refrain from talking is another lim-
itation. While this constraint may have introduced an artifcial 
element to the interaction context, particularly for familiar pairs, it 
was methodologically necessary to observe non-verbal cues with-
out verbal communication interference. Furthermore, the study’s 

https://SD=113.23
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sample size, self-selection bias, and cultural context may infuence 
the interpretation and expression of non-verbal cues, potentially 
limiting the applicability of fndings to other cultural settings. 

However, we still observed numerous instances of passengers 
identifying implicit intention. The value of qualitative feldwork 
lies not in the quantity of observations but in uncovering repeatable 
patterns of diferent phenomena [15]. In our case, the repeatable 
patterns reveal how passengers decode drivers’ non-verbal cues. 
These patterns represent fundamental social practices in driver-
passenger interactions and may ofer generalisable insights into 
how passengers interpret driver intentions, regardless of specifc 
contextual constraints. 

Despite these limitations and acknowledging the methodological 
challenges, our diverse sample provided rich insights into driver-
passenger interactions and intention cues. We acknowledged chal-
lenges in participant recall, click frequency variability, and poten-
tial biases. While our sample size limits generalisability, the depth 
and variety of data gathered ofer a valuable foundation for under-
standing the complexity of non-verbal communication in driving 
contexts. These limitations highlight areas for methodological re-
fnement in future studies of driver-passenger interactions. 

6.3 Future Work 
Our study lays the groundwork for further exploration of non-
verbal communication in driving contexts and its implications for 
AV design. Future research should address limitations in real-time 
data collection and conduct comprehensive validation studies of 
human-centric cues. These studies could employ trained actors 
in simulators, to investigate implicit understanding across demo-
graphics, determine optimal levels of abstraction for information 
presentation, and evaluate impacts on user trust, transparency, and 
predictability. Our methodology could inform the development and 
evaluation of interactive, cooperative driving mechanisms, with a 
focus on their efects on driving safety and user experience. We 
propose leveraging our dataset and participant elaborations to en-
hance AI training in AVs, particularly in natural language process-
ing and large language models, for sophisticated interpretation, 
understanding and contextualisation of human cues and emotions. 
These directions aim to advance the development of more intuitive, 
user-friendly, and culturally adaptable automated driving systems. 

7 Conclusion 
This study investigated how passengers decode drivers’ non-verbal 
cues during real-time driving interactions, providing insights into 
the implicit communication that occurs between drivers and pas-
sengers. By examining body language cues such as posture, head, 
eye, and hand movements, we uncovered patterns in how these 
cues are recognised, decoded and interpreted by passengers. 

These fndings suggest that subtle implicit non-verbal commu-
nication plays a signifcant role in cooperative driving. We high-
light the importance of diferent cue types, including awareness 
cues, interaction cues, vestibular cues, and habitual cues. We show 
how each cue type contributes to how passengers perceive the 
driver’s intentions and provide insights into how they may af-
fect predictability and trust, feelings of safety, and confdence in 
driving competence. We discuss how these fndings about human 

implicit communication in vehicles may inform the design of fu-
ture human-centric HMIs for AVs, and guide the design of visual, 
haptics, auditory, and anthropomorphic approaches. By leveraging 
these observations, future AVs’ HMIs could incorporate more natu-
ral, human-like interactions, ofering intuitive feedback to drivers 
without overwhelming them. 

Our study’s implications extend beyond immediate AV inter-
face design, encompassing broader applications in transportation 
systems. The precise timing and contextual execution of driver 
intention cues, crucial for passenger experiences, can inform com-
munication strategies in human-centric navigational systems and 
automated public transport. These insights have potential applica-
tions in ride-sharing services, ofering valuable guidance for pas-
senger care and driver training programs [29, 46]. 

In conclusion, this study lays the groundwork for creating more 
intuitive, human-centred AV interfaces by understanding how pas-
sengers decode and interpret a human driver’s implicit non-verbal 
cues. Just as the turn signal originated from explicit hand gestures 
incorporating these fndings into future HMI designs, we can move 
closer to developing automated systems that foster trust, safety, and 
comfort through abstractions of implicit, human-like interactions. 
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